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LI THOGRAPHI C APPLI CATI ON FI ELD OF THE | NVENTI ON [ 0002] The present

i nvent i orwoebetmsisho deep UV |ithography used in sem ceqdus2as/007588

manuf acturing 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 to define the active elenments and interconnecting structures on
m croel ectronic devices. Until recently, g-line (436 nm and I-line (365
nm wavel engths of i EIQMFG.LQEGWREEQINDER@@A'P‘J' k of mcrolithographic

applications. However r d inmensions of
resol ution, the wavel elr?g'ﬂ"ﬁf‘ Fﬁ ht use Iém?llgﬁol i t hography in

sem conduct or manufacturing has been reduced into the deep WV regions of
254 nmand 193 nm As the patterns and wavel engths becone finer, the
materials properties of the photoresists used for pattern delineation have
beconme nore and nore demanding. In particular, requirenments of

sensitivity, transparency, aesthetics of the imge produced, and the
selectivity of the resists to etch conditions for pattern transfer becone

nore and nore strenuous. g deep WV wavel engths is
that resists used at the hFW%eglﬁwﬂ?ﬂwre t oo absorbent and
insensitive. Because of this, the traditional |ithographic materials, such

as novol aks, di azonapht hoqui nones, etc., are unsw able -1 WD 2Q05/ 089150
PCT/ USY83/ 00758Be pr%&qrﬁrim/enépnur¢la‘598| épgéegea Kbegraphy oMse Liﬂ)

manuf aghy &dﬁ@%rb?ﬂﬁﬂﬂ?d—ﬂﬁﬂér A rﬂBQﬁ [])érﬂc&\rah | & Gﬁ‘cgs Srcbt II'ag

wavel eng new re al's w't ow opt orptio enhanced
sensi themically awplified dildger wsistgysients.addi tional iithographic technl ques.

BACKGROUND TO THE INVENTION

{0003] Integrated circuit production relies on the use of photolithographic
processes to define the active elements and interconnecting structures 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 technique called chem cal
anplification in which an acid generated by photolysis catal yzes a

sol ubi | i twoswszmshisof rom al kal i i nsol uble to al kali sol ulplce/usgooseorssal of an
acid sensitive group protecting an alkali-sotubittzing noiety. The
principle of chemcal anplification as a basis for photoresist operation
has been known for sone years (see US Patent No. 4,491, 628). Most
chemcally anplified resists have been designed around the use of acid
sensi Rlatfermsfaradirailargesseale integratiod (VS4) manufaciuheoxyd beyenk dbusvint i ves.

0005 . _chem cal |l i 5 | st t h . .
shor t YR i ST AR, iepd Baleacrting (B0R' reBleL uTaferighy Sutio by, oriieel
nonochisoplidrcand enbbheéd ednsififitied et hbagded afong wigh badttional libbghbaie during
exposure.. The formation of standing waves in the resist reduces resol ution

and ciGRBRIGUes newi dth variations. For exanple, standing waves in a positive
resist have a tendency to result in a foot at the resist/substrate
interface reducing the resolution of . the resist. [0006] In addition,

chen [08D4Y anpl Advantedeshatorgsisis ukesllyeendploysolechnimuenealiedahendealdue t o
substrate. poi sqni ng., Particul arl his effect ofgcurs en.the. substrate
nas ePFIdRERaydHch pp 2ol gerdralicby RipBheE tIARZRE B JUTALYAeRe ni tr1 de
fi 1 m freipafkaivinsSribid'® aRhl sfubldBy Parhéldl®f BASICK sensitvd affip Préfedlingosi tive
resist, this results in an_insoluble area, and ejther resist scunm ng, or
a f oo&n alkalivselyhilzing meiely: rErepringiplersf ghemicad gowlificatiemas @drasis fart hogr aphi ¢
aspec ' I LGAl | bl g8l r be thin, e.g.,
bout PHpiBresi Sl by BeCHRADGA 1 s8R el et 35 PphEHE! )0

2005/ 9891 B2 8pCMbsREidhiRallp 8mplified resisisihayeibeen ddsigned asunddha ase
excel | ent plaspa etch rﬁsis ance Sﬁch t resi st igg%%ri{leatures can be
A

t
L ansPEAGY eashie Cattr i eslas of priPansh e ydEoxYshie VS dor to

decrease absorbance of the chemcally a nplified resist, aromatic groups,

such as those in novol aks had to be renoved, which in turn decreased the
et ch [0005] However, chemically amplified resist systems have many

shortcomings. One problem is standing wave effects, which occur when
monochromatic is reflected off the surface of a reflective substrate during exposure.
The formation of standing waves in the resist reduces resolution and causes
linewidth variations. For example, standing waves in a positive resist have a
tendency to result in a foot at the resist/substrate interface reducing the resoclution of

the resist.

[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 nost common type of photoresists are called "single
| ayer" photoresists in which the photoresist has both the function of

I magi ng awo 2pészssoet ch resi stance. Single | ayer resi SPETOSR005/007588
anti-reflective coatings to mnimze standing wave problens, which also
assists in decreasing problenms with substrate poisoning. However, there
are distinct performance tradeoffs between resist absorbance, inmage

Port waimrediies henbsinda e Srslestaaomatee fotrlance SsnaReL AR ayor or
under fm@; féa'tt%%h,%{n bé t@n@fafbopaom qnfwaétdrﬂeﬁy|n§e§ws%rawe HARWSUeF ain

anpl i resi st Imis applied can reduce th bove- menti oned probl ens
and bowlek to rttemmsm ahaorbance add befahamically @wllﬁmﬂ)ve&str lmgomnatiegyolpPs, absor bs

The. SirikAe0SR in naveleks.fad T4 EARoToTrhaR, U desfeag i, 808 © o

resi s;-ésggaﬁ.ééate I nterface. Furtherm)re t he undercoat | ayer can contain
some aromatic groups to provide substrate etch resistance. [0010] In the
typi cal bilayer resist process, the undercoat |ayer is applied on the

fugig o%b%gigggé@%a@g M@Tpﬂ blﬁﬁt@% fS bid ?él@dt"eﬁ@@%ybr%&arésms der coat

an deve mimages 1 nt
chem mtdhythen;pihotbrwtst haESSbﬁﬂ'l mep‘uneﬁon Eihnsnaglm)aed masmatetslysesstar@et hen

P oasSisly Ehen iR AR A rSiitve RBRUPEE R i Bl mes e Bt " | "
devel %ﬁe?ﬁélsomgnswm*a@é}’ebxmgrmbblfeh@wrtﬁ%usétmt@ poistrlimy e Howaet aiete/pi cal |y

contains silicon and s thus able to withstand oxygen plasna etching by
conveate rdjstingd petfornance tsadgaien b@t\m&‘uefestshaﬁbﬁ%‘é@ﬂ% t HB?%OB’ON?@ et ch

01 chetsyh, SocPuRbetd, piharial L EISbENGR Yinh B WOF GAIMGHY IHVEt '

non- ogagﬁmn@lu@fmmret@éseshem stry that renoves the underl ying substrate.

[0009] Utilizing an underlayer or undercoat film that is placed on the substrate
before the chemical amplified resist film is applied can reduce the above-mentioned
problems and break the performance tradeoffs described above. The undercoat
absorbs most of the deep UV light attenuating standing wave effects. In addition, the
undercoat prevents deactivation of the acid catalyst at the resist/substrate interface.
Furthermore, the undercoat layer can contain some aromatic 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
poi soning, it poses other problens. First, some undercoat |ayers are

sol ubl e twot2bes/0setsem cal anplified resist sol vent conpomremtus20085/0vt58se i s
interm xi ng between the top and undercoat |ayers, the resolution and
sensitivity of the top resist layer will be detrinentally affected. [0012]
In addition, if there is a large difference in the index of refraction

bet we the chem cal anplifje esi st and . the undercoat, Jayer, lLight wll
ot | oherofhe PREOT el dBeAtchade eSSt gy ste Brioah Pauiged dpr SbsefiShtne

resis i i oA it i inkhe two

I ayerém%%-%ﬁ%ghﬁg(?gq?%n ggg%%‘fpgﬁsln& ﬁ‘ﬁ%‘é@?gﬁﬁg{%ﬁ (ét%;ﬁg?‘ﬁédlﬂafe g?'g ces

m ni ndwstiateand t he i magi nary portion "k" of the index of refraction of the

two | ayers nmust be optimzed to mnimze reflectivity effects. [0013]
Anot her problemw th undercoating layers is that they are sonetinmes too

absorfognt] becausgeindutfip iire LaticAdad bittengates istayding ReaveSoand sebsttateduct or
manuf act uri ng, deep UV exposure togls utilize the sanme wavel ertl)?tg) f light
to boPfisorirgol doshe aother Broblergs: &itst, spine HRJRIERSL IAversALk spivble, ﬁ!?yer

bel . L Sk : i ted
1 oht Chtfichbaipliied FedeoNBRS(ERRInGY i thefe fsOfhtiRRG R web i tnd By o7 ef,
underamhtundaysatilayers] tihd sesolation eanal gbnsitivtyaofditvey tom vesisintayeo sdlirhe A

f or mul at,or t aal ance these conpeting objectives. [0014] In addition,
sone G%HB}‘%'E;‘VS& %dvery poor plasma etch resistance to plasm chem stry.
The etch resistance of the undercoat should be conparable to the etch rate

of novolak resins in order to be comercially viable. -4 WO 2005/ 089150
PCT/ USR4@5/ 007588 apdiion), iEdneteeisnsr kargs ghiergnger bokhe ingex &f teffgriien uv

expos i rder t. B G AN L @t gl ve

Feoi <pefisish e Heplibal AP B3kt oy o ugicBat Rl AR IPRAELSHINGE

under gadércbal Biyer icaubingt stahdingr weveé reffecinig thexpsistir & huisntise teal fpmrtion

sufficient cross-links. The |ong exposure tinmes sever el%q const rta}i*n

t hr oudhpiitthadadexal tejragiioncefdne Oéﬁbﬁ'ﬁdm@t '?%F@%a'ioe%s nfiglly matcheL v
to have their differences minimized, and the imaginary portion “k” of the index of
refraction of the two layers must be optimized to minimize reflectivity effects.

[0013] Another problem with undercoating layers is that they are sometimes
too absorbent because of incorporation of aromatic groups. Some semiconductor
manufacturing deep UV exposure tools utilize the same wavelength of light to both
expose the resist and to align the exposure mask to the layer below the resist. If the
undercoat layer is too absorbent, the reflected light needed for alignment is too
attenuated to be useful. However, if the undercoat layer is not absorbent enough,

standing 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 uniformexposure so that sone areas of the
undercoat |ayer may be cross-linked nore than other areas of the undercoat
| ayer. | rwaddesisersp UV cross-1inking exposure tools ar@Crasgsopsssi ve and
are not included in nost resist coating tools because of expense and space
limtations. [0016] Sone undercoat |ayers are cross-linked by heating.
However, the problemw th sone of these undercoat |ayers is that they

| ayor LRI Do SpEhftfiermn G Shfla uiReRRe 1t PGPy M, BEBore I Brbeitid P oyer

shoul forbﬁc igsdipke baéfoteem&eradnat‘@ﬁ slegisitive rabigt Eépamht fl@ye@cén pe dppdied! han 180
seconﬁi? After curin t he der coat shoul have a h| h gl ass tranS| tion
u

t enpe problemyiths Lah ere E’éfﬂgnfmﬂ?r@ﬁai $ alsythat Q)'cé%%'rﬁg lagy not

t {
e e R A S A s T
ol i gocengrdin dnrauighppblendeadd & the cost oppdiucing mhegatmi:cmwttsalﬂumbl\é

t f t f tl
Cont o4O ARBIH RO BVELR AT X RALLR o ek 0SS O 08 IR DAL Py o
repl agRiieRé cRissCRnladBithe tRa \WBhdl 4re88 dvfth@mduﬁdoayu@}éi afchdefitisr, Uxeasur es.
This reésults in increased costs and is_undesirable, 018] In certain

appl i cassdinking expesutedpplshaie Yoy @xpengivecancbare pet i ipemestdesistr f ace
of th It to acconplish with
under @{oﬁgéeggm ng ¥ﬁéerpm bcross‘fééaelgmnft";tI oRE- the tenperature rises and

t he nunber of crosslinks increase, the gI ass transition tenperature of the
filmj ases. _ This ke5| nore diffi t he.film,to flow and
pl anaté@{,ﬁ?t he sSOEMe M eref‘Pﬂfs ayerg g&re. ‘?50 %&%@8@?3@%@“%@%5/ ®7588
deS' rg%tﬁeﬁmome séﬁ1é ¥ theB! GﬁHé@ba’t"’%ﬁ&]’s %ﬁﬂﬁt' meyasedanﬁes rniqhe cufing mpr ove

[ anari zation. However, use | ower ol ecul ar "wei g yrrers in the
undert@:aperatmsa&j@l@@ guring)ﬁmesmﬁéona thedgpdayarcarebe (ﬁnﬁ'ﬂﬂ@e Ipprdes
phot OB%Séésr%m'errr&gfly %seﬁfl,oﬁﬁ&ércoat layers should be curable at temperatures below
250 °C and for a time less than 180 seconds. After curing, the undercoat should
have a high glass transition temperature to withstand subsequent high temperature

processing and not intermix with the resist layer.

[0017] Even at temperatures below 250 °C sublimation of small amounts of
the undercoated formulation (e.g. TAGs, oligomers from the polymer, etc.) or
products (e.g. acids, alcohols, water) from the thermal curing frequently occur. This
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 requirenents for no interm xing, no sublimation,
good substrate plasma etch resistance, good planarization properties, and
optical wWoapevispess appropriately conpl enenti ng the photrorascaxs/oetsat ed over
t he undercoat, the undercoat nust be conpatible with at | east one edge
bead renover acceptable to the sem conductor industry as well as give
excel lent conpatibility with the photoresist coated over the undercoat so
that |ithographic performance (e.g. .photospeed, wall,h profiles depth of

F bcusOCSIFHI BrHise e, v PRl et BTl s Possiblé £ (mrdvs: tihose

| SSUEeS|ah AR M Aua q ' bAat ot her
B N L
conposan i achersély hinojpast e thee dithegraphiat performaanikan cifethe phatieresist dmadingl ecul ar
wei ght _polyners may be enpl oyed wi thout major adverse inpacts in other
perfopﬁﬁﬁé' areas. SUMVARY OF THE | NVENTI ON [ 0020] The present invention is
directed to a novel thermally curable wundercoat conposition conprising a)

a. polyner of Structure | conprising repeating unjts of St_rua&tgure [, 111,
and 100195 wo 2toaddition 4o thetequireprats foes intermixingrno suplipatiencgesd - . o) n

o) P, RIS S Tipsrpatiop pobies, ot Sogmes o om

r epr epropesties appwptiabelp omple®@nting rthe photeresist -coatidRayer theoupderraat,

repr e?heenltjﬁdgrcg}é’g %%%?%eact:gn%g{iblg% | léty Jea% 8H e%\éi Q@aJ ?é)n%\}er acceptable
to the semiconductor industry as well as give excellent compatibility with the
photoresist coated over the undercoat so that lithographic performance (e.g.
photospeed, wall profiles, depth of focus, adhesion, efc.) are not adversely impacted.
Solutions for these issues individually frequently adversely impact the performance
in other areas. The present invention is directed to thermally curable polymer
compositions with decreased 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



to 3 carbon atons; Mrepresents a C5_7 cycl oal kyl ene group or an aryl ene
group having from6 to 18 carbon atons; Wrepresents a single bond, a
-COO gr owp,2003089150- (C=0) -, or -(SM2)-; R3 represents aPaydrsogsnoms®m or a
| i near unsubstituted or substituted alkyl having from5 to 30 carbon atons
or an unsubstituted or substituted cycloal kyl group having from5 to 30
carbon atons, a bridged unsubstituted or substituted alicyclic hydrocarbon
group having fromb5 to 25 carbon atons or an unsubstituted or substituted
aryl group having from6 to 18 gatbon atons or an _arylal kyl group having
from7 tg118 carbon atons; n islan integer from1l o 3, g is an integer

fromO tp 3, the sumof n and™§ g.no greate R4 is a linear or
br anc clic C, - C10 alkyl or a halogen g ; is an al kyl or
branchedf al kyl = or cyclic alkyl jor an unsubstitute or substituted

al i cycli ar bon atons or OtR7 group where R6 is

gr.oup fig 5to
a C-10 Yin¥ar W‘ﬁ%nched al group and i s ®inear, branched or
cyclic alkyl or an unsubstit ufge substituted aIicWEclic group or an

unsubstituted o r substituteg arg? Qi) a I kyl arongbic group having 1
to 30 carbon atons and t i & [ nteger about 1 to 4; b) a phenolic
crosslinker having Structure -7 WO 2005/ 089150 PCT/ US2005/0807588 8 Rlo
HO X p R 11 wherein. p i-s an integer about 2 to 6; R8 is a -CH20R12 group;
R9 is a hyllyogen atom -CH20R1@Ilyroup, C1-C5 al kyl (Wpup, or aryl; Rlo Rll
and R12 are each independently a hydrogen atom or a Cl-C5 al kyl group; X
is adi- tri-, tetra-, penta- or -hexa- valent alkyl or arylal kyl noiety;

c) a whéreibaehi A gemdepbRlehth APhydrogdn Bfdntof aMl alk{ISgBEb having from 1
to 3 carbon atoms or a halogen atom; L represents a single bond, a -COO- group, or
a -CON(R?)- group; R? represents a hydrogen atom or an alkyl group having from 1
to 3 carbon atoms; M represents a Csy cycloalkylene group or an arylene group
having from 6 to 18 carbon atoms; W represents a single bond, a —~COO- group, —O-,
-(C=0)-, or -(SO.)-; R® represents a hydrogen atom or a linear unsubstituted or
substituted alkyl having from 5 to 30 carbon atoms or 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 or 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



A R20) ED v (H)z wherein Ais a phenyl or naphthyl group, R20 is an al kyl
or a cyclic alkyl or an wunsubstituted or substituted alicyclic group
havi ng 5 wo 28@&/@arsbon atons; when A is phenyl, x is anPCmusges/oofsssrom 1
to 3, yis an integer of fromO to 5 the sumof x and y being no greater
than 6, and z is 6-x-y; when Ais naphthyl, x is an integer froml to 3, vy
is an integer fromO to 7, the sumof x and y being no greater than 8, and
Zzis 8 x-y; Bis a primary, secondary, or tertiary unsubstituted or
substituted al kyl or carbocyclic or heterocyclic amne having 4 to 30

car bon atong; and 2éga solvent. -8 WD 2005/ 089150 PCT/ US2005/ 007588 [0021]

In additio ent invention also relates to novel polyners for the
under goat cd $, and a photolithographic coated substrate

conprj si ng: a thermally cured undercoat conposition on the
substrg@e, 2 st coated over the thermally cured undercoat
conp I on. R fhe present invention further relates to a

process for Qsing thejphotdlithographic coated substrate for the
produttion of \ $tfr uct ures. DETAI LED DESCRI PTI ON AND EMBODI MENTS

[ 0022\ ThegR¥ nventignt provides a thermally curable polyner conposition to be
used as an undercoat in i thogmhi c processes that has | ow sublimtion
tendenci es and good planariza n capabilities that is conpatible with

hi gh performance |ithographic imaging with high fornulation |atitude. The

present invention is directed to a novel thermkd cur_%) e under coat

conpo¥Neri R shBhiiategsr aiPuészI GareR @faSt(?ﬁé(Sgr eé‘io%’o r 'S iPngY4'e88%t i ng

uni t sa@fn St LAALORE Idroup,! ©1-@NAIKY grBdpRar 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;

c¢) a thermal acid generator (TAG) of Structure VI

(SOgH)x

RZO)y

(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.



RLLMWR3 OO OHn (R4)qg (1) (il) (rrr) (1v) wherein each RL is
i ndependently a hydrogen atomor an al kyl group having from1l to 3 carbon
at ons or woOhadsagersoat om L represents a single bond, a PCOTS2gs00T388 or -9
WO 2005/ 089150 PCT/ US2005/ 007588 a -CON(R2)- group; R2 represents a
hydrogen atom or an al kyl group having froml to 3 carbon atons; M
represents a C5.7 cycl oal kyl ene group or an arylene group having from®6 to

or < (1681 ™ R naidiBh 8 Brisshtdnihtncaivs s thav el odlliners foitas: or
SUbStmﬁdéregataédfﬁ(ﬂJoQﬁdhé‘garfdé’ étdneh aﬁﬁb%ﬁt&fé\i@st% m&ﬁgtﬁ@sa' tuted or

substituted cycloal kyl" group having fromb5 to 30 car a bridged
unsubsthstiated thermauuwredjuedemoat:y@mmsmnmcfae@ubsgam@ndawl ng from5 to

ot o e B Poafts Blar HAAHGRh M PEGH B O Rl FRHBYRORE, 00,

at onstherpresentinvah@gefurfiied Telatdsotoda pfbdessdor using dgephdtolithograghid, the sum
of n an g being no greater than 5; R4 is a linear or branched or cyclic

Cl - eayjedsupsirate tor QWVC@PB@V@'I@SF@CWQ%I kyl or branched al kyl or
cyclic al kyl or an unsubstituted or substituted alicyclic group, having 5
to 30 carbon atons or (R60)tR7 group where R6 is a Cl-10 linear or
branched al kyl ene DETAMILEBrDESTCRIPTIONAND EMBQDMIENTScycl i c al kyl or an
unsubstituted or substituted alicyclic group or a n unsubstituted or s
ubstituted a romatic or a Ikyl a romatic g roup having 1 to 30 carbon

at OWBQOUZQ]t i's Wﬁe'nﬁb@r@tﬂfn BRSVided attRedthall}) carable pelyhfercdamssdditidteto bavi ng

Structure’V s
used as an undercoat in lithographic processes that has low sublimation tendencies

and good planarization capabilities that is compatible with high performance
lithographic imaging with high formulation latitude.

The present invention is directed to a novel thermally curable undercoat

composition comprising:

a) a polymer of Structure | comprising repeating units of Structure {l, {il, and IV
R1 R1
R1
\(\}:::_W__«RC* o 0

OH), Ls

(In) () (IV)

R*)
e M

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
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(HO)( p R11 (V) wherein pis an integer about 2 to 6; R8 is a -CH20R12
group; RO is a hydrogen atom -CH20R12 group, C1-C5 al kyl group, or aryl;
R10, R11 wodokliBmne each -10 WO 2005/ 089150 PCT/ US200BC00R828/007588

i ndependently a hydrogen atom or a Cl-C5 alkyl group; Xis a di- tri-
tetra-, penta- or hexa- valent alkyl or arylalkyl noiety; c) a thernmal
aci d generator (TAG) of Structure VI (803H)x Rzo) v (Hz wherein Ais a

h I ht h R20 | k ' | kyl
P neure oY e untls reoreaants 4 chRrdte st of g Py Hevia 88 %t oms.
when £y Bscarl%‘r?%‘fémsxN‘lﬁ'eéfés!eﬂ@@ecsf?fcyﬁrd@mﬂeﬁ@g%up/ drSarararweh@gﬁcupf from
O0to 5 the sumof x and Wrgrﬁ greater than 6, and z 1s 6-X- when A

i's nabh\tlm’fmn’kﬁ itcsmrcarh@le@mmw r@sﬁntsa singlg hand, g<OP-arewR.0-@v 7, the

secondsr g o 18Rra §° rRbEReRts G BloBooflhn of, gt b DY
et oD ot s 15
compr PR ERUPGAYiRG: §OBY 5510 (R GAEION Rlomp: 8 BAAGeY IavDRHT: SEat i ng
uni t %ﬁb@t d%chzEﬁdj rlﬁ/dH)car@ r%oﬁg“ﬂ?%‘iéﬁ‘l‘brﬁ@r{boﬂs %r%ﬂfﬁte&‘s%’@ahaw ng

from car roups include nethyl, ethyl,
pr opyLlnSLdIsﬁtuted)-qurmﬂwoﬂtuladeaaﬂ rgrduRihayirg fl’grdr dent&marben W*DmSLOFr apr esent s

a si n%ry?al?ﬁ grcbup having frgmofpd 18 caaboncg\l%%z,)n is an integer from 1103, gqis an
integer from O to 3, the sum of n and q being no greater than 5; R* is a linear or
branched or cyclic C4 — C4p alkyl or a halogen group; RS is an alkyl or branched alkyl
or cydlic alkyl or an unsubstituted or substituted alicyclic group, having 5 to 30
carbon atoms or (RCO)R” group where R® is a Ci-qo linear or branched alkylene
group and R’ is linear, branched or cyclic alkyl or an unsubstituted or substituted
alicyclic group oran unsubstituted or s ubstituted aromatic or alkyl aromatic g roup
having 1 to 30 carbon atoms and t is an integer about 1 10 4;

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 -



group, wherein R2 represents a hydrogen atom or an al kyl group having from
1 to 3 carbon atons. Preferred L groups are a single bond, or a -COO
group. Mwepne&ssatss a C5-C7 cycl oal kyl ene group or a CeRCcTAB2@5phERE gr oup.
Preferred M groups are a C5-C7 cycloal kyl ene group or a C6-Cy 0 aryl ene
group Wrepresents a single bond, a -COO group, a -(CO- group, or an
(SQA2)- group. The preferred Wis a single bond. -11 WD 2005/ 089150

PCT/ UgéOOS/ 007588 [0024] In the repeati nrq unit_having Structure Il, R3

repr d ﬁpw&rﬁwl@@éﬂgaamm 8F aLtrEnaly gr@yeb&Is@@b&lmietgarbeenﬁaupéd al kyl
havi or a cycloal kyl group having fromb5 to 30
car borﬁe)gi Q/g]e?mttaﬂw?’&aﬁrgfdaRﬂ cycl?’c hydrocarbon group having from5 to 25
carbon atons or an aryl group having from6 to 18 carbon atons or an al kyl

aryl 0 from7 t rbop atgnms. Suitable exanples of R3
inclu‘g)eaﬂ{)ﬁr y@”ﬁ&“?fﬂ%"(éﬁ@%%&#& ﬁ,\ﬂrret hyl, ethyl, propyl, butyl,

i sopropyl, isobutyl, tert-butyl, cyclohexyl, cyclopentyl, cycloheptyl
cyclooctyl, C cIononyI, cycl odecanyl, cycl odecanenet hyl, cyci ododecyl,
cycl odecan 3N, bhieyglo[l.1.1]pentyl, bicyclo[2. 1.1 ]hexyl,

bi cycl6 21 ]h%?t yclo[3 1.1 Jheptyl, bicyclo[2.2.2]octyl,

bi cycf - o ﬁncfclo[4 1.1]octyl, bicyclo[3.2. 2] nonyl

bi cycNg 1] nonyl, ™8 clo[4.2.1] nonyl, bicyclo[5.1. 1] nonyl,

bi cycl o[ 3. If@ecyl ’ bi cycl o[ 4. 2. 2] decyl , bicyclo[4.3.1]decyl,

bi cyct o[ 5. 2. m bi cycl o[ 3. 3. 3] undecyl, bicycl o[ 4. 3. 2] undecyl,

bi cycl o[ 4. 4. 1]u cyl, bicyclo[5. 3. 1]undecy|, bi cycl o[ 4. 4. 2] dodecyl ,

bi cycl o[ 5. 3. 2] dodecyl, bicycl o[ 5. 3. 3]tridecy| bicyclo[5 4.2]tridecyl,

bi cy cI 1].tridec ada ntyI nty

tri ey %{esn A 18@2;051%%!035 grouet yaaﬂ %’ @r128/cli¢ albyl(¥u8Bany! ,
phenyhns%ﬁ%ﬁéd o?*%% ¥itehdy Ia'hc %Hav;b havi BttByéGr%mﬂn aftind; Renén lis
Preferre are a ydrogen om~ cycl open cycl ohexyl,

bi cycpbgyl2x {5 areintgger efdtomt {d 3, wisaraintsgd emﬂﬁ m 0 to 5, the sum of x and y

et r 2B5BRdIGoTEET 5o B2 %mhai-mﬁén%hsn%ph‘%bﬁnﬁ%%ﬂey g
napht Byl a4 intagéit Rymn@ e, tigs eum ofboaaé]y @ihg dol greateamphass, @hdrmisoaver s

generating the repeating unit of Structu
x-y;, B is a prlmary, secondary, or tertiary unsubstltuted or substituted alkyl or

carbocyclic or heterocyclic amine having 4 to 30 carbon atoms; and

d) a solvent.
[0023] The polymer employed in the thermally curable polymer composition
comprises repeating units of Structures Il, lil, and IV. In the repeating unit having

Structure 11, R is a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms.
Examples of R! groups include methyl, ethyl, propyl, and iso-propyl. Preferred R! are
hydrogen and methyl. L represents a single bond, a -COO- group, or a -CON(R?)-
group, wherein R? represents a hydrogen atom or an alkyl group having from 1to 3
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.
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(I'1) include, but are not limted to styrene, 4-nethylstyrene,

4- met hoxystyrene, 4- cycl ohexystyrene, 3-cycl ohexystyrene,

1- vi nyl napbthed/moesp 2- vi nyl napt hanl ene, 4- phenyl st yr eneCTAspivsnyisss yr ene,
4- (4' - phenoxyphenyl )styrene, 4-(4'- methoxyphenyl)styrene,

4- (4' - acetyl phenyl )styrene, 4-(4'-benzoyl phenyl)styrene, N

nmet hyl phenyl acryl am de, N-nethyl phenyl net hacryl am de,

N, N- di met hyl acryl am de, 4- cycl ohexyl phenyl acryl at e,

4- cycl ohexyl phenyl met hacryl ate, 4- cyclopentylphenylacrylate

2005, BEREEG” et e SRR b KR FayhoCHEuAURD I KB R8N £ harobiondhémt O
3- Cy%m@dmﬁbp“ﬂBNbﬁm&Umr&Ut&i’Cltutﬁd‘ alkgkhawhgrfymmmﬁhmcsglcm‘rbon atoms or a

S R B R haes & 4 EraR R R ARSI MG Sydrocarbon

2- Cy04;@b %Wﬂwm&alﬁ@rban éwﬁ%éaafzéwéa?eﬁbduﬁhaam@yﬂr@he@ to 18 carbon

2-cycl openty | acrylate, 2- cycl opentyl phenyl net hacryl at e,

2- cycafomomyarpa Ayt giauix baving fm|Bkﬁeﬂﬁwq@h@mpﬁmha&wtameeexamples of

(5~ prentsBieritodie, ek yRIFD S lAERuh rietnyy oI oYoP SR IUbitish,

phenyishphgnyi t@&tttmy'x [ Ylcgdlohexyd: beﬂyel@pbhtyme nw«aolnmbigt e cyclooctyl, cyclononyl
(4- benzoyl )pheny met hacr | at e, (4" -met he{ gggl ohexyl )ph E)yl acr %h
4 (4' cYAqdamaBYle| ohex§yY Wmﬁ"h%ryl at gycladodecyl, cyclodecanémethy,

& (B”B@Tg@hg?’fébmi&ﬁ??&d@m&ﬂé@ blcgclo£221]heptyl bicyclo[3.1.1]heptyl,

t ert - bioyslbl2/2.Pluiy | ) dheycjo[asr. {laoty, bicyclo[4 1.1]octyl, bicyclo[3.2.2]nonyl,

ﬁhféb@%ﬁﬁf@ﬁ%%ﬁ g NS5 Bt bR sy 1 ) Biv2SARRAIEHN ace,

4 (4' bichsieprzy éwrexybbcﬁa@wis a?ﬂébﬂt e, bxcyclo[52 1ldecyl,  bicyclo[3.3. 3]undecyl
-(4' - bronoc héx z_() éeﬁ*. hacryl at e,
rret hybwmlbbhgﬂby&%m ieyslp ylﬂuad%é{ '@lcyQiOI(543 AJundecyl, bicyclo[4.4.2]dodecyl,

x: Eﬁé@?é@@i'o%'y'zfcy Cﬁ%ﬁ@%}?‘ﬁlﬁ %FEQ?W aiﬁlietﬂicgl[%ﬁ i]fndecyl bicyclo[5.5.1]tridecyl,

met hozgamahtyhy | cycl ohexgdazmbatwmmmylacr yl ate, tricyclo[5,2,1 ,0*®|decanemethyl,

b3 BBREN A IS et~ BORMP AR, T R o
naphthylmethyl and the like. Preferred R® are a hydrogen atom, cyclopentyl,
cyclohexyl, bicyclo[2.2.1]heptyl, adamantyl, adamantylmethyl, tricyclo[5,2,1,0**decyl,
tricyclo]5,2,1,0%%decanemethyl, tetracycio[4,4,0,1%°,1"'%dodecanyl, phenyl, benzyl,
phenylethyl, naphthyl and naphthylmethyl group.

[0025] Suitable examples of monomers generating the repeating unit of Structure
(1) include, but are not limited to styrene, 4-methylstyrene, 4-methoxystyrene, 4-
cyclohexystyrene, 3-cyclohexystyrene, 1-vinylnaphthalene, 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 hyl phenyl ) phenyl net hacrytate, 4-(4'-tert-butyl phenyl)phenyl acryl at e,
4-(4' -tert- butyl phenyl) phenyl net hacryl ate,

4- (4' - chlwoapésasyispphenyl acryl ate, 4-(4' - chl orophenyl) poergkenstohzes yl at e,
4-(4' - bronmophenyl ) phenyl acryl ate, 4-(4'- bronophenyl)phenyl net hacryl ate,
4- (4' - met hyl car bonyl phenyl ) phenyl acryl ate, 4-(4'-

nmet hyl car bonyl phenyl ) phenyl net hacryl ate, 4-(4'-

met hox r bonyl hny henyl acryl ate, 4-(4 -

met ho% %ﬂ@@ﬂg &%ﬁg %}? 'met hacryl aéé’g’cpﬁ‘eﬁ)ﬁ'@ﬁ?ﬂyﬁpmb ) phenyl acr3d at e,
(4- phgnHeyipheRyimdisay|tat hacryl at e,3 tddams I'p'ﬂéh BeK henyl acryl aje,

(4- methyl sul fonyl Yphenyl net hacryl ate, (%- benz I suI phenyl acryl at e,

(4- beyagpentylpbenyimethasyylate,hacr yl at e, 3-&MdOhaetylphm1ylamyletq;r eferred 3-

& ot R IRAR BRI, oo o 3Gl somiehGBu AR Y] U205 ocBrsas

cycl OBWWYFfmﬂylnﬂethbamdtét yrene, 3-gheplogéntyphenylacrylate, 2-
4-(4' - et hoxyphenyl)styrene 4- (4'-acetyl phenyl)styrene,
4- cy cP¥HRREAtRbeRYIRetRACRYIate.4- cycl ohexgiCyEOReP hmw:l@qrw@ée 2-

e

(4 bepberWl)ppbaymcmlﬂtbac(sqémelaggphen?nethacndbmjyl(erlyémﬂ)@henylacrylate (2-
et hypg%%hsﬁy'm%ﬁa% eﬁ%t VR B iem aelgia. o 4o R7 RN RRAY IRRIRGPAS! at o,

4- (4 4-(gbinetiRfoyeloHe ?b} Qd‘r‘yl&éhacﬁt-lféi %&hy!cyclohexyl)phenylmethacrylate 4-
4- (4' - bronocycl ohexy henyl acryl at e, &1
br om@ﬁm@hyzyqzlpbﬁmmhegymylgteﬂ 64-(3 -met! ylcyclohexyl)phenylmethacrylate 4-(4’-

fl gj fé?@ﬂtylcg@ﬁ Eg?ﬁ%j Cye yﬁ%ﬁ?% % B%@y*%g'@ﬁMfoaﬂeéyl)ﬁb?qylme‘thacrylate, 4-(4'-

met Eo&hbmdgoimhb&ylmmg%adrywwpy: a4¥(41-el1leroogrel©h'exyl)phenylmethacrylate 4-(4’-
met hoxycar bo ohe enyl met cr ate

4- (4 CMS 'b?f&f%?&gg?i at e (2 0% {hwhehsryimethaariethact i at e,
4-(4 - 4 - chl orophenyl ) phenyl net haig.y4:at e,
(4- phgﬁyﬁggﬁ g‘ty‘%)lﬁ'g%\f[%l aﬁﬂa(éi phenyi sul f onyl ) phenyl et hacrﬁgd{ e,

( 4- benl@tlhydmrbonylbyqdhbawl)mefa(hﬂ?tfmca"a’f@nd the like. Most preferred(4'-
exanpl e%hoxyca onycycl e&?ﬁghéﬂﬂa§}yia%ture (I'1) include styrene, 4- 4-(4'-

methoxycarbonylcyclohexyl)phenylmethacrylate, 4-(4’-methylphenyl)phenylacrylate, 4-

(4'-methylphenyl)phenylmethacrylate,  4-(3’-methylphenyl)phenylacrylate, 4-(3’-
methylphenyl)phenylmethacrylate, 4-(4'-tert-butylphenyl)phenylacrylate, 4-(4’-tert-
butylphenyl)phenylmethacrylate, 4-(4'-chlorophenyl)phenylacrylate, 4-(4’-
chlorophenyl)phenylmethacrylate, 4-(4’-bromophenyl)phenylacrylate, 4-(4’-
bromophenyl)phenylmethacrylate, 4-(4'-methylcarbonylphenyl)phenylacrylate, — 4-(4'-
methylcarbonylphenyl)phenylmethacrylate, 4-(4’-
methoxycarbonylphenyl)phenylacrylate, 4-(4'-
methoxycarbonylphenyl)phenylmethacrylate,  (4-phenylsulfonyl)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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met hyl styrene, 4-nmet hoxystyrene, 4-cycl ohexystyrene, 4-phenylstyrene, 1-

vi nyl napht hal ene, 2-vi nyl napt hanl ene, 4-cycl ohexyl phenyl acryl ate, 4-

cycl ohexywpheosisosohacr yl at e, 4-bi phenyl acryl ate, 4-bi premyuscwsharssy| at e

and the like. [0026) The polymer of Structure |I further includes a

repeating unit represented by Structure (111), wherein Rl has the neaning

as defined above; nis an integer froml to 2, qis an integer fromO to

3, the sumof n and q bei n?y no greater than 5; wherein R4 is a linear or
I

br anm@l@h@ws:ty@nee @phenwrs angeyd- plaenwshaeagen4dﬁonwth@mnf@masm@wp|4es of
t I
- butth HeSybREh ity e, 2 SyBheidript IR, Wous Bhatph PhiHacralis PPY!
(F)) ct ]y I 4—cya%lcﬂl1?eip.‘tszi!ogﬁn3élag?/laiep Wbyclohémyr/g)uheﬁylmechnbamno ﬁg?hemwad:rylaﬁ% ) 4-
referre
al kylb Iah%wne&acyﬁa’tg sg“‘gﬁ @E)I%Eanﬁ atex &ggnz?ﬂh F‘r&\ ‘%P rrg/‘ﬂorrers
genergéémg) (I Pi) i ng)sud,ﬁewcﬁﬂ S pheRy fRAy 1A, 4- hydr oxysiyr ene,

- hydr oxys ene hy roxystyrene yI”-4- hydroxystyr ene,

2- termthul%'bbhexwm@mwmmm Aﬁmmmonwcmm)py\egy@crylate 4-(4'-

nyor Ry SEseRBSSPRCHY Riinadyllyr R -brdfadiRy g brphichiie >0t o8

3,4. 5bﬁofﬂdt)ﬁdlbﬁé¥ﬂ?}pﬁ etiyEnethachyldteret Hy, %%&hﬁlbamtﬁ'ty}ﬁy@m\exyl)phenylacrylate

3,5-tert-butyl dr oxystyrene and the |ike. Preferred exarrp es

monondr4- @@ka@rbwl@tdqr@wt)@hqnylmwhm@& 4- hydr oxyst yr ene, p (4'-

hyd The nost preferred L
gener ST RVERBon o FRRREAEEINGUS, | fone ™ To0o7) ?Lrﬁrag?{‘ig?%ﬁe
ggpIOW@é@ﬂamod?wclgfeﬂylmh@mﬁhmmaﬂﬁL A mmhwmw%gl:e\s{(lggylwée, 4-
hydro@f Be'@ﬁ)P W&ﬂ%ﬁlh ry?atg, P mz@)chlcgﬂ ﬁ%n)éfp&ﬂngafrg &Pl €. a-
o aceémaﬂbﬂ‘}égﬂ‘w‘@f yrbetidchiBty| Si | oxsiNeRIsICHbpREngRotel e (4

pol ymeri z the protecting group is renpved 0028 he p ‘\a(rre,r of
Str ucpherwlsulﬁamyt)hbenylﬁ@twaw 2 eazylsglfgnylﬂphee‘wﬂragmﬂ%ﬂa@ angtt e ke e

(l V) MEE RS BRSmblS B AOMIndR GBhbRRMA AN BHABIMPidcfud® SHfréhs, AL kYl
methylstyrene,  4-methoxystyrene,  4-cyclohexystyrene,  4-phenylstyrene, 1-
vinylnaphthalene, 2-vinylnapthanlene, 4-cyclohexylphenylacrylate, 4-
cyclohexylphenylmethacrylate, 4-biphenylacrylate, 4-biphenylmethacrylate and the like.

[0026] The polymer of Structure | further includes a repeating unit represented by
Structure (II), wherein R" has the meaning as defined above; n is an integer from 1 to 2,
g is an integer from 0 to 3, the sum of n and g being no greater than 5; wherein R*is 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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an unsubstituted or substituted alicyclic group having 5 to 30 carbon atons
or (REROtR7 group where R6 is a Cl-10 linear or branched al kyl ene group
and R7 iswe2pévmarsp branched or cyclic al kyl or an unseb3tiscasaa’ses
substituted alicyclic group or an wunsubstituted or s ubstituted aromatic
or a lkyl aromatic group having | to 30 carbon atons and t is an integer
froml to about 4. [0029] Suitable exanples of R5 include but are not

i m t | oh | | tyl ..l oh I , I,
cycl SatEsIong o SirarEeRFne.” & sralfudtaiens | sdes Bk IRRe,
bi CY®,QBﬁnéth%l@%deys@I’% | @BQe&-bhiMh}rdrox?éWféﬂu@ [ahd2thid TIR®! YPreferred

bi cyclo[ 3. 1. 1] heptyl, bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl,

bi cy&Xeplas 19bcmphomers yaenrsgrating 2fhusitre Kilbydndpdes 4rpydigyystyrene, 3-

bi cy n Jie Ll n wrddd4C 3 I :

oi cyapfrclsudpigcihd yBitsRitrrplocie mAr BB PR gonerating
bi cy Sinjcture. 1R]isidaceaydxysbirenel o 4. 3. 2] undecyl, bicycl o[ 4. 4. 1] undecyl ,

bi cycl o[ 5. 3. 1] undecyl, bicycl o[ 4. 4. 2] dodecyl, bicycl o[ 5. 3. 2] dodecyl,

bi cyclo[5.3.3]tridecyl, bicyclo[5.4.2]tridecyl, bicyclo[5.5.1]tridecyl,

ada , ada t il ' [ i e MMeidwlovided b
tetr c?/%ilqo[ 4, 47§%%¢I§§7?%0T82%’E§§%3I‘%‘§9d9%{ ‘ES%VE%‘."@@% \/\ggoo%/eosgywo
PCT/ Ush@D® clerisativerrasf ther budrexyitpigserpf whishi it Irgmovepls.ohERy | example,

bi cycla[ 2.1, 1] hexyl .bi,cycl o].2. 2. I | .

e ey P SERE Ty RABUT =179 &0 GBS arayBiely Gy A dodogiffind or 4

tet r&ﬁmtmﬂﬁloﬁg&yi@wé@,&?bélébhéﬂﬂ@@&helpol@’tﬁmm;anl dhexprotecting group is

propyl oxycycl ohexyl, isopropyl oxycycl ohexyl, tricyclo[5, 2,1, 02, 6]decyl,

et hoX¢MAVEJel o 5, 2, 1, 02- 6] decyl , and et hoxydi cycl opent enyl . [0030]
Sui t abl e exanples of R6 include but are not Iimted to nethyl ene, ethylene,
propyl ene, butyl ene, isopropylene, isobutylene and the |like. Preferred
exangDe28jf Re Thepblyher of Bjruetue | furtpst ivckidesrairepegiingpynibrapresenjed by

Sui t gbl e .exa es, of . RZqi.nclude but are n i o ted I
cyel GRERNS VoGt e b Tueifnd o8, Afnecl Sho R obfl S At atot or
cycl osieaASEHEE. orcabsaRAsE Slidyclic gyUpP tewineBtd B0 cartooyatbmslod (RiQ)Rt yI
bi cycl o[ 2. 1. 1] hexGyI_ , bicyclo[2.2. 1] heptyl, 7 . .
group where R” is a C4-1p 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 s ubstituted aromatic or alkyl aromatic group having 1 to 30 carbon

atoms and tis an integer from 1 to about 4.

[0029] Suitable examples of R® include but are not limited to cyclohexyl,
cyclopentyl, cycloheptyl cyclooctyl, cyclononyl, cyclodecanyl, cyclodecanemethyl,
cyclododecyl, cyclodecanemethyl, bicyclo[1.1.1]pentyl, bicyclof2.1.1]hexyl,
bicyclo[2.2.1]heptyl,  bicyclo[3.1.1]heptyl, bicyclo[2.2.2]octyl,  bicyclo[3.2.1]Joctyl,
bicyclo[4.1.1]octyl,  bicycio[3.2.2]nonyl, bicyclo[3.3.1Jnonyl,  bicyclo[4.2.1]nonyl,
bicyclo[5.1.1]nonyl,  bicyclo[3.3.2]decyl, bicyclo[4.2.2]decyl,  bicyclo[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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bi cycl o[ 3. 1. 1] heptyl, bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl,

bi cyclo[4.1. 1]octyl, bicyclo[3.2.2]nonyl, bicyclo[3.3.1]nonyl,

bi cycl o[ 4v@.2843m8osh, bi cycl o[ 5. 1. 1] nonyl,  bi cycl o[ 3. 3. PLaarsgé05/007588

bi cycl o[ 4. 2. 2] decyl, bicyclo[4.3.1]decyl, bicyclo[5.2.1]decyl,

bi cycl o[ 3. 3. 3] undecyl, bicyclo[4.3.2]undecyl, bicyclo[4.4.1]undecyl,

bi cycl o[ 5. 3. 1]Jundecyl, bicyclo[4. 4. 2] dodecyl, bicyclo[5. 3. 2] dodecyl,

bi cycl 0j5.3.3]tridecyl, bicyclo[5.4.2]tridecyl, bicyclo[5.5.1]tridecyl,
adarralﬁte;fdarrech@aamplgd ob:t RY Ilnclwtie;wd:lobexyﬂ dny:lymo[z flidhekd] Bicyclo[22, Hheptyll |

YRk et (SRR bR AL el B3, DoraaehAHEY
bi cy cicafady éo[gf}zt‘@)ﬁyr’ ,17m]§ddédéh k2. 1] h@IIhbXI/G d?d)l@é’)@))lo[ 3. 1. 2[irbIi)?ll@tkyd:yclohexyl
bi cycl o[ 27 2 octyl icyclo nyl lcyclo[3

de
E. cy cisepmpyloxyeaighexyl, btrtgmlol&;ﬁ ?Shg%ﬁil;f]dmgcyﬁt @X)Sp@y%?[&geﬂzq%kg%gyl, land
I cyc I cyclo undec I cycl o[ 4. 4. 2] dodec
bi cyc{ag{ogycﬁ?‘ﬂ%c%ﬂ; bi czcl o[ 5.3.3]tri de%:/yl bi czcl o% 5. 4. 2} tri de%:/yl ,
bicyclo[5.5. 1]tridecyl, adamantyl, adamantyl nethyl
t I 2,1,02 d ld
tetr ST 2. 2 SebIe STAMPRRAR: naﬁ@pe%@@gé]noimngé LR —

gener e I cl ipAted
o oy Bl BEBARY kB Bho CLRHGONTR, afldthe KB PAIofEl SERupIeh of RO

PCT/ Us@lQis/ €ibyls86, propylenpeany isopropydens. cycl opent yi met hacryl at e,
cycl oheptyl acryl ate, cycl oheptyl nethacryl ate, bicycio[2.1.1}hexyl acryl ate,
bi cycl o[ 2. 1. 1] hexyl nmet hacryl ate, bicycl o[ 2. 2. 1] heptyl acryl at e,

bi CYCFM?I] 2. Bditadl ékéfﬂbié@@f)ﬁﬁh@ludb@ﬂ!@k@[r@i Tirriifecictoydyatolydof, esyclopentyl,

bicyclo[3.2. 1 Joctylnethacrylate, isobornylacrylate

i sobofy§PReRtHasglogetyl, cxelananyly | axciadesaryl 2 g% ﬁ?%@%’f‘ﬁgﬁﬁlylcﬂf’@dwecyl

: :: g;gp&%@ %m%ng%hg% ggg% 88 1y | ﬁl{f‘entYI bicyclo[2.1. 1]hexyl,  bicyclo[2.2.1]heptyl,

tri cybioyblo[R1 1 ]i0eptd] declaane[QtQ/Q]m:tyl,ar r 31:1@{(&0[3 2.1]octyl, bicyclo[4.1.1]octyl,

E:E IQ%P@EZQ'%S&V% é’ﬁygﬂg]ggg Cany C?IYT)@P& %t1én°'ylhyl Bigye q[yco']]nonylh I

g{ E;lr Qﬁm 8!8ded, hyl Bit9clB{4/2 PdemA,hy | bieybel4.8erjdecyly | aticyctd[5)2. €kecyl, ycol
bicyclo[3.3.3Jundecyl, bicyclo[4.3.2]undecyl, bicyclo[4.4.1]undecyl, 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]tridecyt, 'adamantyl, adamantylmethyl, dicyclopentenyl,
tricyclo[5,2,1,0%%decyl, tricyclo[5,2,1,0*Cjdecanemethyl,
tetracyclo[4,4,0,1%%,17"°ldodecanyl and the like. Preferred examples of R’ include
cyclohexyl, bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl, bicyclo[3.1.1lheptyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.2]nonyl,  bicyclo[3.3.2]decyl, bicyclo[4.2.2]decyl,
bicyclo[3.3.3]Jundecyl, bicyclo[4.3.2Jundecyl, bicyclof4.4.1jundecyl, bicyclo[5.3.1]Jundecyl,
bicyclo4.4.2]dodecyl, bicyclo[5.3.2]dodecyl, bicyclo[5.3.3]tridecyl, bicyclo[5.4.2]tridecyl,
bicyclo]5.5.1}tridecyl, adamantyl, adamantylmethyl, tricyclo[5,2,1,02'6]decanemethyl,
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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acrylate, ethylene glycol ethyl ether nethacrylate, ethylene glycol

di cycl opentenyl ether acrylate, ethylene glycol dicyclopentenyl ether
met hacr ylwoeposaisisbene gl ycol phenyl ether acryl ate, etrhylusa@sghissol
phenyl ether methacryl ate, ethylene glycol benzyl ether acrylate and

et hyl ene gl ycol benzyl ether methacrylate the like. Preferred exanple of
nononmers generating repeating units of Structure (I11) include

cycl ohe é$acryla e, cycl ohexyl met hacr

| at
bi cycPHoPentyadatemet hacr yP¥aiepentyl Y@@M@'@@r yl ate, F¥MRrtyRreAMEcryl ate,
ada”aﬂffd({)lgé‘ﬁtylh?%ga%ry @@mant yl methacryl ate, bicyclo[2.1.1]hexylacrylate,

tricyc ecyl acryl at e,
tri cyblcg{tlﬁ[&]m]mmemaytyimehyl acryl ate, et hyl dieyglbj:?!1]lmeptylacetater

th et hyl | ycol di cycl tenyl eth | at |
oy oPodPBIER IR aHERS, et hacr vl at e, et hyPENEOGT 5P SiRoRiMber ner
acryl pic§elofs.hlisut nwtumylaﬂchenyl n%mhylaamdiécryl atieb&inyithettRice/iates!

benzyl ether acrylate and 6; ene gl benzyl et her get hacryl at e.

[ 0033pdamanpiaciwiaiss of adﬁrgam lregthaeny %%n betitysielped 140 o}ﬂqcu@crylate
Cort SERGERIES. | (AU ReRYARIaBY! IR EIE 2T LER o RERE AR, P 0ceos
but ateirawt:lo[4 Aj0, P, ’[7d°]dbdeeanyﬂanﬂylaw or control | ed rad| cal

I t t | t
it U R0 i“ﬂ" 21@%%35% plBsiiaten; HHR06RS. <oluihla” BetEHosEhet based
on_t hgch it lERe giPYétﬁer' 'Pnétﬁécr@%‘tém%thﬁéhéogb cwhleﬂhlyu Bthigy N may
-17 WO 20057 08 150 /USZOO 007588 be Set FOI nt of the

sol venctylathe ethyipree glyook eyl esherimedhaandpien cetbulerleh gly@@h@!mc anetemylty, and

the deUBmAkTERShierd ol fehdoetindh 456 TrEBAENILs, (IERS dhL o
concepheayli ether aictylaRs, vetageadoglicd). gHEhyt @tt&hon’aethéﬁrylm% athyenefglycolt i at or
to total noles of npnonmer., The preferred ran ncentration

t
|3 bebaga] SihSESGVBIS @ SUVIGTS AR R $iHer i Beliacrete, B Wh-co o
gggar?frefeyéﬂ ERhplR & RENGHefL88Rrind Ripgdathg’ usi6£BukreIlSinfateeen

cyclohexylacrylate, cyclohexylmethacrylate, bicyclof2.1.1}hexylmethacrylate,
isobornylacrylate, isobornylmethacrylate, adamantylacrylate,
adamantylmethacrylate, tricyclo[5,2,1,0*%|decylacrylate,

tricyclo[5,2,1,0>%|decylmethylacrylate, ethylene glycol ethyl ether methacrylate,
ethylene glycol dicyclopentenyl ether acrylate, ethylene glycol dicyclopentenyl ether
methacrylate, ethylene glycol phenyl ether acrylate, ethylene glycol phenyl ether
methacrylate, ethylene glycol benzyl 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
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.0.5 to about 8.0 % noles of initiator to total noles of nononer. [0035]
Exanpl es of suitable free radical initiators include, but are not limted
to, benzoyb pevissisde, 2, 2' -azobi sisobutyronitrile, PCT/US2005/007588

2,2 -azobi s(nmethylisobutyronitrile), dinethyl 2,2'-azobisisobutyrate and I
auroyl peroxide. Optionally, a chain transfer agent (e.g. carbon
tetrabrom de or 1-dodecanet hi ol) may be included. [0036] Suitable solvents

f I [ I di
t ot r BRI Paibo D kAl e SaRH oFle tRmPAIELS iblaved ey dengnd on
et hy'tf\ﬁ %%ﬁmk er P&8Bittye %ﬁ kY& BataNHeO rmm%” ofefriee rce&’a‘l%ﬁtaQ thiee bpafatiigopy r an,

met hy et one, | sob0t one, difrgl yme or any
conb|temp|emtutehe|r bythe dEﬁOﬂm&tIQﬁab'alf} e afdlae Ii’tlféﬂOby preci pitation of the

pol ymeri zation solution into an appropriate amount of solvent in which the
polymer is insoluble. The precipitated polymer may be isolated by
filtrebsen and Sl Wstiakbre eoMestiAtiont Arechaiwi@s dbpuin0. 091 stomaboet ski | | ed

in the art. [0037] The polymers of Structurge | oyed in tg@ resent
i nveritG.8:% meles of iniatghto WialmglesafimerEer. weh @IﬁrgE 4 rangep

O| I I
et yricoRifaien < Bohitephout B 16 2B08LS 0 Hblos OF BRIAGH ITYIRERBIEE 500 | <
pr ef ajfrmdnovheweﬁg’m nose peejerredtrbagel loduinitiatoy bona;dmpratlmn i betwvegn pbbytt yr ene
of fr ut about.. referred. The val ue of Mwv can
be debet %&Hﬂ%ygsp m%%aﬁ 5‘?@0 3%'8&2“’&%‘3 ol RN ABe005) 089150

PCT/ US2005/ 007588 gel perneation chromatography as described, for exanple,
in Jan Rabek, Experinmental Methods in Polymer Chemstry, John Wi e &Sons,
New YOORS] 1983. Examnplesoifyatiitebler feeyadicat I’ﬁ‘é,il%@ﬁy‘mudfhwqtaﬁféé‘qtﬂmq to

S0t o B ARG, oAy 2 PR TRoSpRaNd

absorditigthyl Z2-akobisisybutsrade crasisurol ipregoxide. fid ptubmlly‘ IAgC halmdtramfer when

applied as a TCU materjal ., Each eat unit, i s_focused on at |east one
of t HRORNed. caman habraraide®rsdodic: &away b&Sndif6ed.
[0036] Suitable solvents for polymerization include, but are not limited to,

dioxane, tetrahydrofuran, 2-methyltetrahydrofuran, acetonitrile, toluene, ethylacetate,
propylene glycol monomethy! ether acetate, tetrahydropyran, methyl ethyl ketone,
methyl isobutyl ketone, and diglyme or any combination thereof. Polymers may be
isolated by precipitation of the polymerization solution into an appropriate amount of
solvent in which the polymer is insoluble. The precipitated 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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have sone inpact on nore than other functions, This inpact is dependent on
the specific nononer being enpl oyed. Changi ng the anmount of nononer

repr esentwd 206508p150i n t he fornmul a can vary plasma etch Pesitsce@soersand
absorbance, which will strongly vary the optical paraneter k, whose
influence is on the reflection control of TCU material. The crosslinking
density and rate is determ ned by the anmount of nononer represented by

Structure [1l in the above formula, which also affects the optical
par an@@lePermeatien sehromatograplivi Pet feseibeshm ol @xamPle.st ihcdan aRabeki m

form apRg o t 0 oners of
st v uce et eREl Meods”h PByRGy Chembin hR WTIER 8B TRod ork o 183U he
opt i nTihe rpolgdispdrsity alfuthe 1'potyrme1f naet iramge rfdew {nfp abdud oépllexprefetesd (k) are
about ]]%0 to, 1.g?ﬁz§&3 0.12 agwg res ect ver. [ 0039] The absorbance

pr opePey@isparsity gbt M@PE‘%fforH 98 Q‘I“e gth can be altered by

adj usting the particular nononers or by the concentration of the

i ndi vidual nononers. Its hould b e noted t hat the absorbance o gi ven

pol ynig§l038kray beRepagatingeunitsasf 8trﬂcwrearlit Iveansl BhinRartrakgeinting, §9|Ubﬂlﬂkat i on

or opostd stossipChg SR Tohpih RReROM, P cfPRlpl O RIELL Bfeplar Pah

pr opefdpeating sinitds focusea 4| atﬂbés&@t&@hﬂweahre&mfuat:trmm)wemgbwe tisutimay he
pol ymer used in 248 application havi n'g Strycture 1] "3'% ran e fr m about
50%4 t Bav samegaast g wpreh gy ether funrtiopac itis 4PPast ISt dPepRAF ts in

the p B

T R BEEBHR b BmilGid. ChahGG et ot imoNEH preé”%srer"é%"
concebyrihin dine dormuepecEn waryuplasma eteht resigiangarendhahsarbasceusthiele Wil i s
from apout 40t abot?OrmIrO/Arm -l r

F eponstavens e oRtel fargReRr iatngPailunie B FE TR AT o,
about TEY mRdtafial”ThENErosSNAGRY IdRinsy =id m@agtdet@mmneasbyrthteharrmhyrmr
having Structure 11l .may range from about 10% t o, about 40 m)lgé %

pr ef emas@mergiepeasentad bi Yrugterselk inntheyabeve fasmulg Waichhalsonalie sy t@?r ucture
L aptréeﬂ rBa?Qrﬂgter X0 The solvent solubility, plasma etch resistance, and film forming

properties can be optimized by choosing appropriate co-monomers of Structure |l
and IV. Generally, for 248 and 193 nm microlithography the optimum range of
values for refractive index (n) and complex index (k) are about 1.50 to 1.80 and 0.12
to 0.28 respectively.

[0039] The absorbance propetrties of the polymers at a given wavelength 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 polynmer having Structure |1l is fromabout 15 to about 30 nolar % A
nost pr efwonreas/osesncent rati on of repeating units in thePpolusa@s/ONESs Ng
Structure 11l is fromabout 15% to about 25 nolar % The concentration of
repeating units in the polyner having Structure IV may range from about 5%
to about 40 nolar % A preferred concentration of repeating units in the
pol y i r 0 f (o) 93% i A nore
prefe PR 30 ‘?wﬁé{bogf ?gnrﬁ?)l%yr)% eAa@?)ﬁg Bﬁéﬁﬁ%&ggn{%ﬁe’&t%& ‘%& %@Pﬁéméi ructure
IV i Smfihemd}kmalt hé\'ﬁngcsmmaute BGs rfuimuab%lt A0 tostbqut fe miadr %onenostat i on of
repeatin |tS|nthe mer hav tructure |V i a 15% to
aboutp@ég sonagnlipgen o Teberung oD Praiymier nayBorSiTHARIe bl By ¢

descr Y/ A 8 mer 20 WO
2005/ 89150 /Togr? uS t(%(g& (?(I)%FSéBR\if?ﬁ(jfroéR% %nt%t%ln;& gre%aﬁglgﬁﬂgtlgaﬁorpbyn %ﬁ kyl

gr ouph&éng n§trﬂ¢tura Il r@ysrangebioematous 16%o tthahlalﬂfo@érﬁn%lﬁﬁr% Ra preferegs
bstitu bstitute {
Ro> - Gongerlyifio o Feseengnieity ] RS Polydt R Sty G R droai £ o

unsubsy id BbSGk 95 nselBs bt UA eRorel p@%ﬁed?c@iwm’aﬂan Iofg'eﬁemngmmw botheat ons or
(R3O0t R7 %rou where R30 is | i near aqr br&_ched al k tlﬁngq;%‘éfup and

R7 i SPOWW@Q aving rfuaiee Wr'sc‘f’ﬁ@l‘ ﬁéo‘éﬂ 1@40 houl F0umelassei e ituted
ali Cy&)ﬁc%n%ﬂ&ﬁ’ ﬁf’Fep%%tTB{lﬁﬁggﬁ 'tﬁéjgé’lgm%l; haVlR§ 9thudi@e IAMi8 TRirh Gbdut 36Ky |

aromat1 Cc group havin car atons]; n 1s an integer of about 1 to
2 andtd absuta®b wmﬂlag% affeiconcerdration[@0epgating yinis 9n dbecpolyaerhgying

Str ucg!tlr{:ce:t%rev IV méayr erange fofn e;;b%h{ eéi% & a%%%t B molar %. A preferred
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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application R4 R4 R2Z4 O O-R26 (OH)n 25 (VNI) wherein R24 is a hydrogen
atomor a nethyl group; R25 is an unsubstituted or substituted aronmatic
group hawoQo@Basa30 carbon atons; R26 is a cyclic al kyl POT/tsR005/007588
unsubstituted or substituted alicyclic group having 5 to 30 carbon atons or
(R3O0)tR7 group where R30 is a C2-4 linear or branched al kyl ene group and
R7 is a linear, branched or cyclic alkyl or an unsubstituted or
substituted alicyclic group or an -21 WO 2005/089150 PCT/ US2005/ 007588
unsubstitut ed or substituted aromatic or alkyl aromatic group having | to

30 Ca ‘Qf’%@g h%tcﬁ'ﬁ‘o‘r%%%fl ﬂﬁ@%rep% frofh 414 @gé@oﬁ%t%ﬁ{se&er of

about e concentratl ating units 1n e pol yner
used arhamﬁn alopi; t|$ an umsubsiifutsdr ercsubstituted eromatimgeour mﬂmagroa% to

bout 4 % d f t th
o ER A RS R 2 ds A SYRTOURD I B Ern At Bioup: B4 R arclischker e B "n mor e

pr ef eUhQ&bﬁmﬁéG'Hrrs@meOtéH alic‘?@mﬁgﬂdﬂlﬁ HEVirgS5 td BO tdaeb e bioRE oh Pyt ruct ure
11 is from about to about "30 lar % A nost preferred ;;oncentratl on of

r epeagroup whiere Rn ishe @ok inear @a\hra@cfadr alylane groups andonR’ dpdimtearso t o

about l,a h entr n r

navi ngrRIRr el EIGE e t implithnded: P Sbsftiel eyl idfio P8R

||O|r Ief eunfeubstmmtgdeﬁtsrfgtstltl}me@bramm&ﬁm algylltaronxa)tlb grolne tpmvuy%;rﬂrtomc?/cagadh ructure
is from about % a ar, % erred concentration

of reBtRAPFYISAN ntegey of bgf‘ﬁléla"?‘"%g\glaﬁ’g'“ﬁﬁ}eﬁ@gg\*& ?(P “is fromabout 15 to

about 30 molar % A nost preferred concentration of repeating units in the

pol ymer having Structure Il is fromabout 15% to about 25 nolar % The
concef@¢42]i on oPolyeparstd espribed by $ tructueespBily @ee atiso preferred for 248 nm
application
. R24 R24 R24
o 0 07 So—x®
(OH),
25
(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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Structure IV may range from about 20%to about 85 nolar % A preferred
concentration of repeating units in the polyner having Structure IVis from
about 30 weone/mbsot 80 nolar % A nore preferred concerCrats2as/ oofsss
repeating units in the polynmer having Structure IV is fromabout 40 to
about 70 nolar % A nost preferred concentration of repeating units in the
pol ynmer havi ng Structure IVis from about 50% to about 70 nolar % [0044]

Preferre rs f 193 I d bed | X
5 W SDs TR b o1y B AsBBIag0 P 01 REOTREtHErcipg having A REATDD )
(1) reﬁ\%rﬁm .Eﬂan' 1ﬁte©ﬁ'?-‘é6689ﬁb @%H‘é\zlg%}ngihgédﬁrgf QbsuAg 29 from 1 to 3

car bon at ons, al ogen at om rogen atom and a Cl1-C4
al kyl group; R27 is a hydrogen or a substitut ed or unsubstituted C5-C7

cycl a cyclic alkyl or. an sub |tuted or su

al i cﬁng gr oup H?aﬁ"ﬁ‘&gﬁé"%%d) c%?rpﬁaﬂn%t% S"P‘ %;‘tfgd'f!) t%iér e R3D
IS a Sphlitatibm eRAVING SHGENED BAdma kithg® eroth @bBuRBY, R)? abﬁuta40|mcblaﬁl% baanched
or cyclic alkyl or an unsubstituted or substituted alicyclic gr up or an

unsubRtieferrad gorgerdiation; af repaatingd Halts m he pohayer Heying: SEUGHEUl HEFIMg | to
2Doce SRR RN 5 B T 567S pROog oo riopsagRp e, o
pr ef eifrtae palymep Bavimg Stvpd:tuceiﬂll isrfsord abd0t 260t/ QB&MSED ROIAUZR0@EM@Bst588 R24
R4 Rgféferred concentration of repeating units in the polymer having Structure i is from
about 15% to about 25 molar %. The concentration of repeating 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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0128 (OH)n 2s (X) wherein R24 is selected fromthe group consisting of
a hydrogen atomand a nethyl group; R28 is selected fromthe group
consi sti myoahosasersel i ¢ al kyl , an unsubstituted or substcratseasabiseyclic
group having 5 to 30 carbon atonms and (R300 tR7 group where R30 is a C2-4
| i near or branched al kyl ene group and R7 is selected fromthe group
consisting of a linear, branched or cyclic al kyl, an unsubstituted or
substituted alicyclic group, and an unsubstituted or substituted aro=matic
or al kyl aronﬁtlc grgym having 1 to 30 carbon atoms and t is an integer of
about | to 4;,,R29 is ¢ substitRted or unsubstituted C5-C7 cycl oal kyl
group; and n |s an infeger bout 1 to 2. [0046] The thermally curable

: i PLI enolic crosslinker having Structure V
> e *R'ROHO R (V) wherein p is an
i nt eger about| 2 to 6; |R8 is a|-CH20R12 group; R9 is a hydrogen atom

- CH2OR12 group or aryl; R10, Rl11l and Rl12 are each

i ndependent 3 S 7 er a Cl-C5 al kyl group; Xis a di- tri-
tetra-, ent aQ<yI or arylalkyl moiety. Exanples of the
di- tri -, e jeht a-_jor hexa- {val ent al kyl or aryl al kyl noiety include,
but are not : R13 R15 R% CH3

(IX)

wherein R' is a hydrogen atom, an alky! 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 CH3 CH3 e H3BCCH3 H3ICCH3 1/ CH3 R6 H3C CH3 H3C CH3 OH OH
z \'1 \ Rla HOOH Re Rle R17 wherein R13, Rl14, R15, R16, are

i ndependewbl2goszoshsdr ogen at om or a Cl1-C5 al kyl group ; PRIUS20E80881 R19
are each independently a C1-C5 al kyl, a C5-C8 cycloal kyl or -25 WO

2005/ 089150 PCT/ US2005/ 007588 a cycl oal kyl phenyl group and Z is a bond,
-0-, -S, a C5-C8 cycloalkyl or a cycloal kyi phenyl group. [0047] Exanpl es
of the phenol ic crosslinker having Structure V include but are not |imted

to, H3COH2C 2OCH3 HO OH \ OH HO H3COH2C CH2COCH3
H3COH2C CH2GO

(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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OH V-4 V-2 CH20CH3 CH20CH3 OH HO OH H3COH2C H3COH2C CH2OCH3 CH2(OCH3
H3COH2C CH20CH3 HO\ / / \ OH H3COH2C CH2OCH3 H3COH2C CN20CH3 HO I | e OH
H3COH2C GwRQEMASTIH0CH2OCH3 CH20CH3 V-3 V-4  -26 WO 2005p,08AK2@5/007588

PCT/ US2005/ 007588 OH H3COH2C CH20CH3 H3COH2C CH20CH3 HO OH H3COH2C

CH20OCH3 H3COH2C \ CH200H3 OH V-5 ON H3COHZC CH2CCH3 HI COH2C CH CH20CHa
CHZOCH3 3 HO\ \ / ORH

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,

R13
R14
HsC CHg
H4C CH;
/\é/\ /\@

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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CHa H3COH2C CH2OCH3 GHZOCH3 H3COHZC CH2OCH3 OH V-6 V-7 CH2OCH3 CH3OCH3 COH
OHHO\ | \ OH H3COH2C CH2OCH3H3COH3C CH2OCH3 H3COH2C CH200H3 Rt Rt e
H300H2C GMBREMYSH3ICOH2C CH20CH3 H3COH2C , ~CH20C H3 OH EelTMS20054087588 9 - 27
WD 2005/ 089150 PCT/ US2005/ 007588 CH20OCH3 H20CH3 HO OH OH OH HsCOH2C CH2

CH2OCH3 H2COH20 e / CH2OCH3 ~e |~ e e H3COH2C CHZOCH3 CH2 H3COH2C e
CHZOCH3 HO e e OH OH H

a cycloalkylphenyl group and Z is a bond, -O-, -S-, a Cs-Cs cycloalkyl or a
cycloalkylphenyl group.

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

HaCOH,C
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CH2OCH3 H20CH3 v-10 v-11 Of H3COH3C \ / CH3OCH3 3COH2C \ | \ CH2OCH3 HO
OH HO e e OH CH3OCH3 CH3OCH3 H2OCH3 OH CH20OCH3 V-12 V-13 OH H3COHzZC
CH3OCH3 HBQQhB/8IBHPOCH3 HO HO OH OH HO / COH CH2OCH3 Cirz DaTid30058 0GR
CHzOCt-y V-14 V-15 H3COH2C\ \ / CH2CCH3 HO HO Il e \ | OH OH CH2OCH3
CH20CH3 V-16 [0048] Crosslinkers enployed in this invention can be
purchased comercially, or prepared by hydroxymethylation or

al koxynet hyl atign of the corresponding phenols using standard techni ques
known to those kkilled in the art. -28 WO 2005/ 089150 PCT/ US2005/ 007588

[ 0049] 2 hermal+§2€Elr abl e under| ayer conpositions conprises a thernal
aci d G) Ofycekf ucture VI (S@BH)x Rzo) v (H)z VI wherein Ais
a phenyf § roup, R20 is an al kyl or a cyclic alkyd or an

H3COH,C
OH
HaCOH,C CH,0CH;H,COH,C GH,0CH;,
/ ‘
H3COH,C CH;0CH, HyCOHLC CH,OCH,
OH
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unsubstituted or substituted alicyclic group having 5 to 30 carbon atons;
when Ais phenyl, x is an integer of froml to 3, y is an integer of from
0 to 5, twe2sawnsefsox and y being no greater than 6, an@Cz/usg006/0879s when A
is naphthyl, x is an integer froml to 3, y is 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 substituted al kyl or carbocyclic
or heterocyc anln géylng 4 to 30 carbon atons. [0050] A variety of a
romatic s ul ? a mne s alts can be enployed as the TAG including
t hose di"8 Ot . Nos. 3,474, 05#, 4,200, 729,044, 251, 665 and

5,187, 019. : he TAG wi | | J@éc%@o ery Iowvolatllltcy‘oag
tenquéﬁg S 0 20C. SUit abhe i ncl ude but are
not I''mied to p cycﬁoﬁentyl hexy )clohexyl cl ooctyl, nonyl,

, cyclodecanyl cycl odeganenet hyl ,
cyclodecanenet bicyclo[l.l.l]pentyl, bj c cIo[2.1.1
bi cycl o[ 2. 2. 1] |, bicyclo[3.1. 1] heptyl,} bicycfo[2.2.2]octyl,

bi cycl of 3. 2. 1]octyl and the |ike. Suitabl ezexanpl es of grmary, secondary,

cycl ononyl,

t ert iHaeoRC -~-o<w@@®ubstituted a or carbo C group

cont ai ni ng ' de but are Lirtited diBu A1y dchput yl am ne,
dloctylagl'- dli | 2 , trllsobu1f7anln-, dicyclohe}glanlne
N—ethyld}cyclohexyla ' 1- et hyl pyrrolidi &, 1-butyl py¥tolidine,

pi per di ne, lﬁméﬂhylp|%é$%d|ne hexanet hyl ene! m ne, heptanet hyl enei m ne, F
t r opaviel0 qU|nucI|d|ne and the |ike. SU|tabIé/éiaanes het er ocycl i ¢ am nes
i ncl ude but are not? Ilnlted to 4-methyl - |-oxa-34aza-cycl opent ane,

F I~ 1- oxa-"$- azp- cycl ofent ane,
za- cycl ohexane, 1-az#s oK
| o 3. 3. 0] oct ane,

PCT/ US2005/ 07538
4, 4-di met hyl -1 - 6x
3, 7- di oxa- 5- et hyl

)
SN

1-aza- 3, 7-di oxa-,5-n&t hyl bi cycl o[ 3. 3. 0] oct ane, i-
aza- 3, 7- di oxa- 5Y f%%tbutylblcyclo[s 3. g oct ane "ﬁdcghe like. Most preferred

TAG i s CDX- i s a dodecyl benzene sul f q; e, sal t
suppl &8 i o YT E e 0 p s+~ 17 o Ki ng
I ndustries USA.
HO OH HO OH
CH,0OCH, CHoOCHy CH,OCH,
[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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P0511 TAGs enployed in this invention can be purchased commercially, or
prepared by reaction of the corresponding amne with the desired sul fonic
acid. [0862poshiseisbher mal aci d generators descri bed aboweTalseasaoTsss be
consi dered photoacid generators. Any sensitivity that the thermal acid
generators would have to UV light should be very poor, and they cannot
practically be used in photolithography as a photoacid generator. [0053]
Sui t sol v r ael e ; ers,
cucH e e e e Som Bl g eufi
acetatid generatgry(TA® afStatuneeflhyl et her acetate, nethyl lactate, ethyl
| actate, nethyl 3- nethoxypropionate, N-nethyl-2-pyrrolidone, ethylene
gl ycol nonoi sopropyl ether, diethylene glycol nonoethyl ether, diethylene
gl ycol di ngtomjx ether_and the like. [0054] This invention relates to an

e bead rempfer)\conpatible thermally curable polynmer conposition,
he Ly Q;m ng an undercoat |ayer in deep WV |lithography.
| al |y curabke pél yner conposition conprises the polyner of
Structur® T5-fyhe crosslinker \gf Structure V, the TAG of Structure VI and a
sol vent. Wen the conposition’is cast as a filmand is heated, the thernal
acid generator generates an acid that catal yzes the reaction of the
hydr oxynet hyl or _ al koxynet hyl group nd subsequent reaction with the
ORI AL s BrRhehyl o naphthyt SRS RS, St AU ifan R AIRE Y b Al o

the (?mﬁﬂb%ftmﬁeélbr ggbitﬁgfﬁe?pélécgcng&gg}@apzﬁg\ﬁﬁé’@t% REHIASARPR: AT 2R8A [[§055] The

t her y curable p Itron contains, on a total solids basis,
abouph&tylish integeyof oot ¢tabl y imaoninteger efdrepduie Dihesy efny ansh ¥

pr ef grabl bout .72 t.0 QU % pf r r . The
PouReRgo Gt B8 o A SR ahivnell R hefi KIS o Thissel a0
conpgsy id an intsgér fesimalur, e dun abauind3Pbehg 1id graédrethahl8y ahchbmislBeut 3 to
about 27 wt% and nore preferably from about 3 to

V ) a , about .2 .. % The
amouXt; d3 1Bh@ RIHeARYalSesendatye s tartiary; HngyRstityted o sy S@@M@”‘Mﬁ)ﬂ?mr
COMPEShbkPdic & Het@BepRUmrehdving 9980 aon tonid.€f er abl y

[0050] A v ariety of aromatic s ulfonic acid amine salts can be employed as the
TAG, including those disclosed in U.S. Pat. Nos. 3,474, 054, 4,200,729, 4,251,665 and
5,187,019. Preferably the TAG will have a very low volatility at temperature s between
170 ~ 220°C. Suitable examples of R include but are not limited to pentyl, cyclopentyl,
hexyl, cyclohexyl, cyclooctyl, nonyl, cyclononyl, decanyl, cyclodecanyt,
cyclodecanemethyl, cyclododecyl, cyclodecanemethyl, bicyclo[1. 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-
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fromabout 0.2 to about 4 wt % and nore preferably from about 0.2 to about
3 w. [0056] The undercoat conpositions are solubilized in the organic

sol vent s woesevashesd above to prepare the undercoat fornecattisens/0o7Asspeci fic
concentration is not mandatory, although the concentration enpl oyed nust
be in the proper range to obtain the desired coating thickness with the
specific coating tool being enployed. 1In general the total solids content
enpl oyed is fromabout 4.0 to about 35.0 wt% preferably fromabout 5.0 to
about didgt-buimM-dooxandrarercyclopentansh| vh4-dimethyblroxa-3pazarcyelbbexanss. ol -aga- %

[ 0057], -Th e y c I C : javention
shoul ’%%@%%@%tﬁ%b ’%ﬁ@ﬁ ??A?Ctgﬁ%s g@ {‘%aﬁ%qﬁgg%én ? iqﬂel ‘d‘%&ﬁé?g&@edr?% er gt ure

?f abgp4-350dioka-55tegihu Wll@iaytﬂo[amel\z]cténﬁémgfftmlika WSﬁpﬂWﬂ’legaFA_\?ds gm»l(-
ormation_at roaom tenperature, ich wi reduce its she i fe. ,

f or ma2i1BRE r whightis & dodraylegnzene rﬁu‘f%‘&tqcr'dﬁ% SPE ﬁé'pW'%(? Rt gﬁﬁoa/t?iaﬁ ¥i¥er oss
the s i CeTRBYEDI I s used as an
undergﬁgl?rp?rae;ﬁgy]yisﬁl %E@%Iaﬁéﬁﬂgﬁp .mFgg‘ng’%rﬁﬁlﬁ'esent gils%{/g%ﬁ'on al so
relates to a photolithographic bilayer coated substrate conprising: a

subst e, a fi of the thermally cured undercoat 11 S

descr [1 g1 above*g]@&%@p@egﬂng‘%é}vﬁﬁ{'@ cgﬂﬂaeaﬁpg%]aﬂ%ﬁgﬁoﬂﬁm@ﬂﬁeor resi st
coat eér &d bgeeé&@fnrmha cOHBSFoNTIAG BAM with Rik® dbbired sulfdiic WEld2005/ 089150
PCT/ US2005/ 007588 [0059] The substrate nmay be, for exanple, sem conductor
materials such as a silicon wafer or a ceram c substrate, glass, netal,

pl ast | ot he 16 L wa fd SRd NS

under ((S)oa conpogpg:’ﬂg%mnag? c@eﬁ%l%%%%gghe%ﬁllb%grérﬁoybt 0 aquﬁl&t g%)legnsg%%%td rate by
known phottacithgeredratuds.. AGyaensiivite tha dse thenvialideid demneratoes wotild hawetted t o

spra ting, In coatin fset printin rorller. ¢ k. en
ot ot oo out b ves adtoandine cearbot Siachigly B8 egh i BBRLIRBudY
coati %%, @:&9{ b chepitofp0ating. [0061] After the first coating step, the
t acky iﬂ o? under coat conposition is

[0053] Suitable solvents for the undercoat includg ketones, ethers and esters,
such as 2-heptanone, cyclohexanone, propylene glycol monoethyl ether acetate,
propylene glycol methyl ether acetate, methyl lactate, ethyl lactate, methyl 3-
methoxypropionate, N-methyl-2-pyrrolidone, ethylene glycol monoisopropyl ether,
diethylene glycol monoethyl ether, diethylene glycol dimethyl ether and the like.

[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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baked in a first bake step. The baking nmay take place at one tenperature or
multiple tenperatures in one or nore steps. Baking may take place on a hot
pl ate or wo200sz8p30s types of ovens known to those skil lpet/tiseoosiaersas t .

Sui tabl e ovens include ovens with thermal heating, vacuum ovens wth
thermal heating, and infrared ovens or infrared track nodul es. Typi cal
times enpl oyed for baking will depend on the chosen baking neans and the

desi th
ore, SSLIE, 7 othe SIERAERY b boliner BSmBIGHSh cOneiiien Sty SBIed) tDe
pl at ebasip| ayoutg6a tb\ABSSWEp"/qorme@ablyt gtpoutar0 ttonab?wtaﬁﬁewf%prangbmme 0.5

t t 0-130 C,
ol | guteag ol 2B Boaub b 6 B hSRmerDrrubursst s Th ARG efpi cal 1y
bet wegp cr@@élh'ﬁklﬂg %g@nf P %%brrﬁél@ GirabRe @ol%@r éb%o@fti@:ﬁ% Fronh lasomnzier coat

filmis cured for ut 5 mnutes to about mnutes typically between
abouttommmsﬁcw’rabfoLwemablydromaboutrﬁj‘@rmt %M/e@néub@mermeéerablytfm al | owned

to coo fe t 3 her. i,S.cured at
t erp ROl bavpebaere bt 1507 sBhict BB, BReHER P BB Muifs “bet weon
t enpefrkiais cm‘fabﬂegﬁolyﬁ\e?%%ﬁsu'ﬂneis mfoﬂ'i abalil @1 to wbout Bres Y%armrefaratsty about 30
to 180 seconds and nore preferably from abqut 60 %‘B (Sout 1ti econds.

Typi c&EPMrabaut 02 &k abeyt dayt Yoardd MmosenPEefelAbIY fom abewt G0 ‘M*on -
WO 20905/ 089150 PCT/ US2005/ 007588 [0062] In a second coating step, the

under Coat coated substrate is then coated with a photoresist and in a
second baki ng step, baked. Coating and baki ng equi pnent descri bed above

topentDUBHT e ohbe ditskedtoEnBlsStons, 2ré oty i¥ The dbanlccbolas"d 8! 1 o
tine aégbrtdéa lstve’ R0propBPe e Uh8erabsk frinbildienk N NBpEeifit febeentpition i8d in the

art. referred nethod of baking is on a hot plate, Wen baking on a hot

pl at eno ndaﬂory,ua%@ugadbe congemtaatinm erplyad rm!tlii heiniheURropeRTaNgeds a
temep gl 45 Q&R l)¥tnl?§ (BRI 170 shelific ¥3athg 4661 Sém%m;%%@ake

In general the total solids content employed is from about 4.0 to about 35.0 wt%,
preferably from about 5.0 to about 30.0 wi%, and more preferably from about 5.0 to
about 25.0 wt. %.

[0057] The thermally curable polymer composition of the present invention
should not begin significant cross-linking until it reaches a temperature of about 50°
C. Significant cross-linking below 50° C may lead to gel formation at 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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paranmeters may vary dependi ng on the Deep WV photoresist and sol vent

enpl oyed. Typical filmthickness may range from about 100 nmto about 1/2
m cron. [WO@B}5/08hsophot or esi st nay be any suitabl e radi aCrars2@s087588 ve
resist. It is typically a chemcally anplified resist sensitivet o
radiation in the deep UV region such as those discussed in U S. Patent
Nos. 5,492,793 and 5, 747, 622. Preferably for a bil ayer resi st system the

di at.i.an- t t t I f
o astHRo8] < nothehsd Hay be oS BraRel. Semufmi et elEhls slhas F cont o n
an abiedn wardr#id deraffic SIS GE4E nda, %s’ﬁé‘& StRESHIGEMR fioup. Exanpl es
of suitable alkali solubilizing groups include, but are not [imted to,

carboxylic acids, phenols, hydroxyim des, hydroxymethylimdes, fluorinated

= cofighs) 2nd, Sy AIAS coBOgTBERS L G AheoBRBEPY ALpuig o o
al koypiifarhity e, a asudtabley Isubstpatepby lgfowwpeoatnr@anpilmsof cswtlhgbmtmbcbg ked
al ka] i soI ubi l'i zi ng %roups i ncl ude, but are not ed to, lll|e¥

esll:) engludg, i ane oY, Tigdieg, o sar%soaﬁ%ankwam set Rﬂrﬁ'é‘ﬂs
f
t U{iea:}*g%fb}‘éen gtnlr}gﬁ@ OX¥iriiifR codlifg ! nt&% MebAd, Lﬁl%ﬁ)a:égnﬂme i0

bl oc i zing groups can be found Im US ts US5468589,
US449mﬂH$LaUS&&ﬁﬁﬁSEmcmHﬁlg?QSGl US6329125, and US5206317, which are

i ncorporated herein by reference. [0064] Suitable polyners for the inaging
| ayer are those which contain both silicon and bl ocked al kali sol ubilizing

gr ouppe1pul t abhfeP e/ ik Toalif tslwethw&abk fipd SNRARIDEIAEDHGositior is
PCT/ @26035/ 007588 silicon con?ent of abou% 5 to about 30% silicon by

wei ghekedoinea Brst bakp sigmeThe hakingtmay takgi place af pae fempatadvwe o BHk-MBuUt 8 to

. UsRRERires iBon o RoREsnse S B e PR b 2T P PiE, .

US588aiatss typss68fl396ns WRbWA 1tb2those nskilledSHO 81eb 2ut. euuabl&euvetmoim:lmdeyner s
a(rarel g{/es%%ltgghg%a %}%aéggbgggﬁg%%%ﬁgggtht 2?%% Reaflng, emdal n?raredb‘g\l? L gat on,
or infrared track modules. Typical times e mployed for baking will depend on -the
chosen baking means and the desired time and temperature and will be knowrs to
those skilled in the art. A preferred method of baking is ona hot plate. Wihen
baking on a hot plate employing a two step process, typical times range from ab out
0.5 minute to about 5 minutes at temperatures typically between about 80-130 °C,
followed by a cure step for about 0.5 minutes to about 5 minutes typically between
about 170 °C to about 250 °C. In a one step process, the undercoat film is cured for
about 0.5 minutes to about 5 minutes typically between about 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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whi ch are incorporated herein by reference. The silicon content may be
contained in the polyner before coating as in the above references or the
pol ymer maQ 2b&s/083ishyl at ed after coating as in US Pat ent #COE630600Gsand
US6110637, which are incorporated herein by reference. [0065] The

radi ati on-sensitive resist wll also contain a photoacid generating (PAG
conpound. The PAG conpounds nmay be of any suitable type such as sulfonium

or io 'Tmsalbgs, ni trobenzyl ester im osulfona*t s esters .ang the |ike.
Typi C&ﬁ?ﬁ? the PA@ RFPPD éﬂ#’@ge BPj ?hear{‘_ 2 ﬁaoﬁ‘f stratey 1§ o9ieased on
the weh@htwigl alpioteRsisiBhd ih W8&dontnyaling &, BakBE! WBsatthaI8ReE bakiig

conpounds nmay be used in the photoresist conposition. The photoacid
gener agvipmantpdracdbedrabavel forkthewsndgigoal meyuble, employedanpypicabfimas sal t s

such ' | I i ym_...sul.f oxani ' ] salt .

nit ro%g‘wgé}fe?ﬁﬁ%%{@%ewgr ,pef)‘)a(i hés{f}%f gﬁg%%gﬁaqkmgﬁéﬁ%ng{ee?aétrl]cdllar

Dl R B v e e e r por at ed
exanmple. in - Pat en S. an ch are incorporate
her ei fikilgd i ﬁ\eearénc%preﬁsrrpam@tﬁoaaf beldpgds paH bpiselplss eV\)JB@é‘rﬁﬂké@Q B8R &ui t abl e

oxi nme f t ; Uj I agy; eper Sga
perf|§gjﬁ ﬁ%‘%ﬁ@ﬁ?ﬁh@% 188 o ehoBl U.5oflie {Eﬁa‘i‘ﬁff%ny utes 18% as
di sc| teyaperatures Hatcally hidwesb4aibout §00EY [toSabhauibl 40 3GmpOptinusm phalteaci d

et B o h DR HepBoaPRL TR B MG ARE BB ompioves
3-(p- ngiéﬁnﬁ!ﬁvﬂﬁ&méls@XNéy ranigiecront ibduP @My th-abod 1YIOnREh, 089150
PCT/ US2005/ 007588 phenyl propyl et her,

N- (p- dodecyl benzenesul f onyl oxy) - 1, 8- napht hal i m de and N _ _

(27 oL LonY P ndofesaningp ey BB asmsghstle bl o

tri phiypitallyd tchemicalbht oplified resistdensitivesto fadiation i dhel eleept YVpregigin

sulf Ogiuc marsrethggg %issclljjlsfsgé] ?r% %’St lglaggl? N(l)ls. %9462%51 g‘ncti ré,%ﬂ%ﬁﬂ%r@?enrg%w, fonate,
for a bilayer resist system, the radiation-sensitive resist will contain silicon to protect
it from oxygen plasma etching. Examples of suitable chemically amplified resists
contain an alkali solubilizing group blocked by an acid sensitive group. Examples of
suitable alkali solubilizing groups include, but are not limited to, carboxylic acids,
phenols, hydroxyimides, hydroxymethylimides, fluorinated alcohols and silanols.
Examples of suitable blocking groups include, but are not limited 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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tri phenyl sul foni um hexafl uoropropanesul fonate, triphenyl sulfonium
nonaf | uor obut anesul fonate, triphenyl sulfonium perfl uorooctanesul fonate,

t ri phenylwo=oéFmsmisaom phenyl sul fonate, triphenyl sul fonipamus2eosiobnsks phenyl
sul fonate, triphenyl sulfonium 4-nethoxyphenyl sulfonate, triphenyl

sul foni um 4- chl or ophenyl sulfonate, triphenyl sulfonium canphorsulfonate,
4- et hyI phenyl di phenyl sul fonium trifluoronethanesul fonate,

bl | f |

D1 STEs Beh R qbiokf 8T atilt! R Willcohy R A biTEd HoR K are

j t e?‘IOSbLWI%HI lS“BOMlcOﬂl::]Q]ﬁefmm Etlii)]?llf 8rio Laboll]lcl ol sitioort lampll : ef ofiauitable
-ne 0OX en en Su on (A oro (0]

o PO RolY R, GAPLBE TouTd r Lise ralseSl SRl 8s, “08bTsses2,

4 chlsoonbeay! v GomwEl, Y8dmpionD uSBBébslm F UShe e 5573 Pize, and

bi s(4-chl orop hen sul fonium trifl'uoronethanesul f onat e,

tri s(ﬁ@ﬂﬁﬁaﬁhemﬁngr sulltabialnmymers pre dinclasedniss WS Faterts WS6531260,

o s WSRSERYIDR R T dtept AnpRCati. oRp il KB, AR SA7 8P codoBidenaeges.

tri swmﬂeyh@bmyéteamefr@unlbymeféi@n@é | The elficon eoatsnt heaabe contained in
4- tert butyl phenfyﬂ -di phenyl sul foni um hexaf| uor opropane sul f onat e,

4- methfo fﬁh@%ﬂngs% flaniihena o8y SBTRIRIIGSSr Bhahe RAlYMBR4ApaY be

n133| p | | f
4-ch *‘%%ﬁe%ﬁ?ygﬁwei%{é mﬂggm um ﬁexa uorop?@%aH§BSL 367na\{V2|Chb?ge(
chl oirmphonated péreiry by sefefenteum hexaf | uor opr opane sul f onat e,

tris(4-chlrophenyl) sul foni um hexafl uoropropane sul f onat e,
4- et hyl phenyl - di phenyl sul foni um perfl uorooctanesul fonate,

bi s ( fbom hyl phepgl r)adm@ﬂyéen%mvte%smmmars‘d SOMtERT hpRsioadia rRrating
tris-4-nethyl pheni/ sul foni um peril uoroocatanesul fonat e,

4 te(IPAﬁatqqrp dThen A6 eampenndsninsyr be (@ aBY tsri@bla tyrshsueh as

& RSB o S bR BRI 2o e

per f Mypicatig,t theePAG nihdtepredenthinoam @Eneoyrt-afi abiorrtyl t ¢ dl0Pe biased on the

per fl ugrooctane  sul fonate, bis(4-chlorophenyl)-phenyl sulfonium
per f Wﬁbgmégt tBR @O MeTonat e, tris(4-

[0066] Any suitable photoacid generator compounds may be used in the
photoresist composition. The photoacid generator compounds are well known and
include, for example, onium salts such as diazonium, sulfonium, sulfoxonium and
jodonium salts, nitrobenzylsulfonate esters, oximesulfonates, imidosuifonates and
disulfones. Suitable photoacid generator compounds are disclosed, for example, in
US-Patent Nos. US5558978 and US 5468589 which are incorporated herein by
reference. US-Patent No. US6261738 disclose examples of suitable oximesulfonate
PAGs. Other suitable photoacid generators are perfluoroalkyl 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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chl rophenyl) sul foni um perfl uorooctane sul fonate, diphenyl iodonium

hexaf | uor opr opane sul fonate, di phenyl iodoni um 4-nethyl phenyl sulfonate,

bi s(4-t erwo 2bastogbhenyl )i odoni um tri fl uoronet hane sul f ora@TAIS2005/007588

bi s(4-tert-butyl phenyl)iodoni um hexafl uoronethane sul fohate, and

bi s(4-cycl ohexyl phenyl )i odoni um trifluoronmethane sulfonate. [0069] Further
exanpl es of suitable photoacid generators for use in this invention are

bi s(p-tol uenesul fonyl ) di azonet hane, net hyl sul f on

t ol uepbsnylprapyl deﬁmneN#(am@demylbynzenes@ﬁgmdm ohgmaphmahmlde and N-

g: g?tlw' A ﬂé\"ﬁ 3&8@&8 %@Wﬁ&%zomt hane,

bi s(1- nethylethylsulfonyl)dlazonethane
bis(c clohexylsulfonyl)dlazonethane,

to: ue It onyl Exa e%rféxwwwwwa. gl&mrw\%%d byt pagen ot dirpitpd to,

t

ot hy PRSP SYlfori R BiARAE" Gfsfendt STRORARF BHior BBy tipReRRt Mitforfin lodide,

1- Id| azrdphbnytrsiulll‘r)ﬂlsmi memdneésqifbaafl trR)le lybm.tbﬁmaf ;umtrqmome&qnesalfmﬂw -2-(p-
t

cgcrgnﬁe %o??@"fagﬁgrgnet Hﬁ | U%Ig‘%( Pégﬁs"ﬁ%ﬂﬁ oheiv?lg%mfl Onylsugo@ugp

| met hﬁa @é&bﬁﬂ%suﬂfoﬁé@z%bhedyl sutfonium perﬂuorooctanesulfonate triphenyl
di net hyl et hyl sul fonylz 3, 3-di met'hyl - 2- but anone, cety g
met hy isetforiusuphenyl m@ﬁréflﬁberéyl sulfonium 4-methyl phen sulfonat tnphenyl

bens o llor By AREEBhoRIR UG at: HAEY sufoniih! £RARopfc Sfohate,
esul f efiphanyd- Meulfghiutn bunamhersmnémhexﬁLméﬂﬂl;ﬂmylzdippenyl su!fomum
| Sopr SHaDmSidsRIOABlnanesul | I ETBIMRO A Ly SUTOh
2-di a%@_l.{o € fi{%ﬁé'ﬁééﬂl %Yé aﬁﬁhﬁhf‘ethyﬂﬁﬁényl biiifphivdn trifluoromethanesulfonate,

di azo- uenes )acetate, 2-nitrobenzyl p-toluenesul fonate, 2, 6-
di ni t eteehbytylghenyl- dmh‘@ﬂul fSuHanlelm ztnﬂu@'pmetthwh‘gmat&, _4-methoxyphenyl-’

o SR B8, St o A FRRRACD, BRIRRRA kel T

y ehpl oye
tnﬂuoromethanesulfonate 4-chlorophenyl-diphenyl sulfonium
trifluoromethanesulfonate, bis(4-chlorophenyl)-phenyl sulfonium

trifluoromethanesulfonate, tris(4-chlrophenyl) sulfonium trifluoromethanesulfonate, 4-
methylphenyl-diphenyl sulfonium hexafluoropropanesulfonate, bis(4-methylphenyl)-
phenyl sulfonium hexafluoropropanesulfonate, {ris-4-methylphenyl  sulfonium
hexafluoropropanesulfonate, 4-tert-butylphenyl-diphenyl sulfonium
hexafluoropropane sulfonate, 4-methoxyphenyl-diphenyl sulfonium
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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anounts of about 0.0001 to 20% by wei ght of polyner solids and nore
preferably about 1 %to 10% by wei ght of polyner solids. [0071] Suitable
sol vent s Wwonroasgs9rsadi ati on-sensi tive conpositions incl ugeT/usetsnarsss et her s
and esters, such as nethyl ethyl ketone, nethyl isobutyl ketone, 2-

hept anone, cycl opent anone, cycl ohexanone, 2-nethoxy-1-propyl ene acetate, 2-
nmet hoxyet hanol , 2-ethoxyethanol, 2-ethoxyethyl acetate, |-nmethoxy-2-propyl

t : 4 th ] |
oy uaBEEigle ™ st c A uSioBenATab RSy SORREY ' beififBbétans! OEV! ene
ol s i psi o L5
- met hoxypr opj onat e e - 2- - :
mnoi%@fﬂﬁw&)et h%ll‘lfor@i"@t hyg%'ﬁlé’ogf{%%%]e nDﬁHE?'Pé;P’ et KRheny); et'?fi}l?rglﬁ'@ gl zcol
mnorﬁ%@f@o\%@gang'r?ﬁgf{gaéétt%ggipgﬁxgqbd&mmMetﬁylbﬁ;ényl%nuﬁpfllarébbismertihe

sol vent's enp otoresi st conpoSitions W e chosen with a
vi ew botylnheénybiodahium | itifjuckomethane pauifpmate,r dus(d-tert-hutdpbaag)iedenivand t op

oot creaberBRIbe pufhas e SRR A PloEPoRlm IR Helibing 1T |
on thgyitoHgeof functionalities incorporated in the acid |abile polyner,

t he photoacid generator, and the coating nethod. The sol vent shoul d be
i nert, should dissolve all the conponents in the photoresist, should not

under y chepj r ' | n sfeul i

re-r e@&ggl e onﬁgﬁ%'ﬁg&%ﬁﬁ‘gggc%va%@%m?m Qﬁﬁ g%ég%g)lrtsi %ﬁaﬁ‘&eﬁiﬁ)o%‘iisrrent ,
base padhtiones ray be higgedluencshfony)uiidznneathane,c onposthylaitfonyhe pir pose of
the base additive,is to, scavenge protons presepnt in . the resy gt prior
to be;q%eqqﬁgpgl@g;o&et{\ﬁgeact inic radiation. Tﬁ'@yﬁ'gé'bexybﬁ%@%ﬂf@ﬂatﬁ tack and
cl eavaSﬁetﬂirleﬁt]ﬁsﬁ%lgfdfrglphﬁd%bh%taé@é{ps lrsirs(h Plediﬁﬁéiﬁﬂett’@/idﬁoﬂw?@iazoméﬂﬁmby

I ncreasing 't he mance and stability of the resist. In additig_rjﬁ)], t he

base bisghneethylethysuiomyl)diazameathane| bisgevalohaxyjsuforylidipzmeitiages r

m grafing too.f an I i e percentage 0fy_ blypt he

conpo ‘?‘?%‘?F@fﬁé‘&['&%é(g‘°£‘re§%?¥b{:°i\§{ﬂ'éy%rﬁ%\?€ﬁgt han the p hot fga@iégﬁ'gljeg rator o

r ot hesiwesssulfonyRimbpphehbhe, ty becones too 2-n@thanesulfonyl-2-methyl-(4-
methylthiopropiophenone,  2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-

methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-
toluenesulfonyl)propane, 1-cyclohexylsulfonyl-1cyclohexylcarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(1,1-
dimethylethylsulfonyl)-3,3-dimethyl-2-butanone, 1-acetyl-1-(1-
methylethylsulfonyl)diazomethane, 1-diazo-1-(p-toluenesulfonyl)-3,3-dimethyi-2-
butanone, 1-diazo-1-benzenesulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(p-
toluenesulfonyl)-3-methyl-2-butanone, cyclohexyl 2-diazo-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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WO 2005/ 089150 PCT/ US2005/ 007588 | ow. The preferred range of the base
conpounds, when present, is about 3%to 50% by wei ght of the photoacid
gener at orwoanyrosakd Ni t r ogenous bases are preferred. Secraisc@senmapl es of
base additives are 2-nethylim dazole, tetranmethyl amoni um hydroxi de,

t et rabut yl ammoni um hydroxi de, triisopropylam ne, 4- dinethylam nopryidine,
4, 4" -di am nodi phenyl et her 2,4,5-triphenylimdazole, and 1, 5-

di ' | of 4. nd, 1, 4. d
{00730 s *hay ThE' RagiaRcI GsiiETaIRG: EPDBPUIT S Fkale STOHEYSRhSBr (B on of
the comMes of AbouP oldtD 126 DOVE by aekight @rnpd@r\ﬁ@t RBUESE anHNFioRY Prefesdbipot

poi son the conposition and nust” be capabl e w t hstandi ng the process
condi @beut1Yentol flerky weight eheolyeer splida nent s.  Exanpl es of suitable dyes are
fl uorenone derivatives, anthracene derivatives or pyrene derivatives.

O her specific dyes that are suitable for photoresist conpositions are
descrifogri]i n U. Suitdblesndolmts SE3832. ra{dﬁhl‘bﬂr;lsem&w@hmdw'imans inclogesi ti on

may further conprise conventlonal i ves _such a h t d
U f alselanes, SRGSE AeHOSRIS (b AP MedNd A efana ey e SoBUbRGeR A e

appr Opfel rﬁn%e% &G’pé}ﬁghéhé/ec? rekénd‘r@wﬂﬁétﬁbk -ﬁaprtagg@.)e H&%tert@vezlt i on

further tés rocess ormng a pattern on substrate which
conpr mdboxMhénbll ﬁvathgxwtbalwlstettbtprretWI ape’tam dimgthexyibprapyt acetBie,coat i ng

f at t b h h N
compod A RREBPY HIEShe BT erats: obfiohs abhilemieraont i sudhediTh
coat | Rahédry @etéﬁét %l@ﬁ?l@ﬁb' Gigcait m@trwr RRSroaesthly, vyl 1ditaten deliyl dattates,
produce a bil ayer ot oresi st stack, E. exposjng e bila phot or esi st

st ack mﬁhybwewatﬁ re@hyl Hy e osh Btmetérowrﬁagn@t%rl\lﬁa%hwﬁ% Pdffotlﬂ@t%. | ayer
phot ores i fixane &thyiEHd e8! MOhblsoPrdPyl biter MgHeHe GyEAdRbARGEHYY Efeb! €.

diethylene glycol monomethyl ether, diethylene glycol dimethyl ether, and the like.
The solvents employed in the top photoresist compositions will be chosen with a
view toward compatibility with the polymer resin in the undercoat and top photoresist
compositions. F or example, the choice of solvent for the photoresist composition
and the concentration thereof depends principally on the type of functionalities
incorporated in the acid labile polymer, the photoacid 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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WD 2005/ 089150 PCT/ US2005/ 007588 G rinsing the bilayer photoresist stack,
and H. etching the visible undercoat in an oxidizing plasma to produce a

bi | ayer welw&fospbreage. [ 0076] For this process, the sub®CraiSe®s/0a158% i ng,
and baking steps are as described for the bilayer stack previously. [0077]
For the production of relief structures, the radiation-sensitive resist is
I rnagew se exposed to actinic radiation. The term'imgew se' exposure

i ncl

o t o 106 BreRREddel 6PUE B8 BITERGs BRLR SHeBdn) PRBUA 10T,
SECh ﬁ}% aoy m%@i?mj ef the ‘gb@magﬂ: ge?etfartcm'l b@rﬂpbamtr N&ecugepm'.ehbaeesrmved over
t he sur ce O e coate supstra osur a

conputldf e&?r‘i’t §PE@'&'%‘F’@WP'§§ Hchane a%l&’fﬁv gr@gthg'gm?%%e detraoeid or
rays, drieHRm a réﬂééon@ét@dméhm%]@m' ”ﬁﬁﬁ’ék@% %ﬁﬁeg%@fﬂﬁrﬂér ayes aci d

In the exposed regions of resi st which catal yzes eavage of the
aci d Ichmratrylagnmpsyldeeuntti’rdgammodrmhyhﬁhemm %E-trrphemNdeaz@el amﬂ &.5- [0078]

or of oA RO, o8 4,8 BBt SNEXL0RndRT a5 of (e coat i ng

bet ween exposure and treat ment with the devel oper. Wth the aid of this
heat treat nment, "post - exposure bake", virtually conpl ete reaction

of t hdOBE3ld IabrW)éengﬂ%ﬁ aflded t-thephaieresist i incigase tthﬁ’eatéﬁ‘i’irm'%‘e‘?féhﬁt ed by
t he emgg,g e T, r t t

post - exposur e rﬁa@&“@aﬁ%? %]%tﬁﬁnwgygggaﬁpmﬁ?g{ﬁ \'Hai%sgrﬁ]o es‘§%’%tt| gl ly on
the f wowpasiidn Bhdsmost beecqmbieref withstandinghthet proees$ caoditiongdndudingr and
onthe co centration of th t The exposed resi st ..i

typicd gtf ei?@en%%?mp!?seg?g?p 5‘2? ay%@r?oﬁ‘igﬁﬁo%r&é{ﬁ'@gmé%econds
to a érﬁmdébﬂét&?wairbes Wrﬁiﬁéﬁ@@eﬂ@éﬁv&xpemerr%dé@ke dyed tHaM o QuitaBieC t o
130C for about 5 seconds to 180 seconds. Any suitable heatr ng neans nay be

enpl oyfetphotpresigh esirapesitiomeare d@sqrﬂ,s@dsn |LbSaPﬂ®r1t Ploape938

[0074] The photoresist - composition may further comprise conventional
additives such as adhesion promoters and surfactants. A person skilled in the art
will be able to choose the appropriate desired additive and its concentration.

[0075] The invention further relates to a process for forming a pattern on a

substrate which comprises the following process steps:

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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WO 2005/ 089150 PCT/ US2005/ 007588 [0079] After inagew se exposure and any
heat treatnment of the material, the exposed areas of the photoresist are
renoved bwodbesasbisbi on i n an agueous base devel oper toPgersec@s@0HEss el i ef
structure. Exanples of suitable bases include, but are not limted to,

i norganic al kalis (e.g., potassium hydroxide, sodium hydroxide, ammonia
wat er), pri mary am nes (e.g., ethylam ne, n-propylamne), secondary am nes

(e.g. diethy f‘{&'@h ITaﬂ/ePnPﬂBWr?ﬁ_km%k tatﬁgtlary am nes (e.g.,

triethyl amne nes tri et hanol am ne), quaternary ammoni um
salts (e.gH, etclemgathaausklbleaundmbuah inyahy oxiditgng p&asmaatdnpkmmmnatmayer

hydr oxi de) , F%{n xtures thereof. The concentration of base enpl oyed w !l
vary dependi rr AMa%e: base sol ubil i ty of the polymer enployed and the
speci fic base errpl oyed. The nost preferred devel opers are those containing
t et ranet hyl anmoni um hydroxide (TMAH). Suitable concentrations of TMAH

r ange[®476th aboufor dhiso peeasss, 4be substiatest icontinan andppalding isiers A@WAR of a

surfa oper. [0080] Devel opnent can be carried
out b@te%& esf:i @{%%ﬁﬂ%gl o%gcég g’,%\éwpuddl ing, or others imlar devel oping
nmet hods known to those skilled in the art at tenperatures fromabout 10 C

to 40 C for about 30 secqgnds to_ about m nut th or wt hout itation.
Aft er [QRR7A) opneﬁpr i roaHstan Ghiviel StHEHISR BB RGRIoNFenSNE RS T o

ri ”Seiﬁ\gg&ﬁ(isé'@g) éigi‘ glﬁiicv\%Hfaft|oﬂr fRe 18 Z‘ﬁﬁa%@v@n@%oté U8 iREluES or

nore sur by spi nning, baking o ate, I n an oven,
or ot beth exposurb! thromgins. pmalosm]skmtmmdgaa |poedeiemmed\mtteers,i axpassieel f or

Si 11 obH THReRy BF A b gt euBspL ek BATE BIREAE. ff eRimbRacRe are -

f or regopripuitére cbﬁﬁbleéd Mserepsarmi WRiches! flovel h@verntt@edurfm&sifrméecomédj be
pl aced in a plasnma-etching environnent conpri S|ng oxygen so that the

under B&pelraleo aXPeRE Y Means rwpEPUe-qaniroled £ gl expRsuresi st .
The g;é{' :{rﬂ}%‘%ﬂs'&cﬂr@gé ac{reﬂv' %ggwe@agq) a beﬁeégxﬂ?d OQ Yﬁ’aél@s 'ﬁe n?éi@i:v §é' i con

di oxi expos o0 an asm an ects the resi rom
bei ngexpobaré gendrades weld iaf the e xposed regions of the resist w hich catalyzes the

cleavage of the acid labile groups resulting in a polymer which is aqueous soluble.

[0078] The process described above for the production of relief structures
preferably includes, as a further process measure, heating of the coating between
exposure and treatment with the developer. With the aid of this heat treatment,
known as "post-exposure bake", virtually complete reaction of the acid labile groups
in the polymer resin with the acid generated by the exposure is achieved. 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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structures can be forned in the undercoat |ayer. -40 WD 2005/ 089150

PCT/ US2005/ 007588 (0082] After the oxygen plasnma step, the substrate
carryi ng wbeodsidsanser relief structure is generally subjpettusdoosmomss | east
one further treatnment step, which changes the substrate in areas not
covered by the bilayer coating. Typically, this can be inplantation of a
dopant, deposition of another material on the substrate or an etching of

t he S@Sftét ate. -rlé&l s.s usuyally foll ovve(g by the renoval of the resist

coat | TSI om « Hillel imageRise eYpoRiiPI 3thgnikhepl e rinasahf dba rteyde tae ch
0083 . . i iy o n

exampE RO Se AR e Pt SIot e FoRiouol iy PRboliiBh B e ) Bk B850 10 e

speci tieegloppot8gpnate cakclisy sirtcitre: Brxaropldarcf stitablpdiasesrindade,dutiane

Tetrah f THF) :  Th j Xt f . nor d, chain t f t

ver e BYGIBTRE ol Htganin caRale ¢l Fos B o YRR R Bl

ref | uvanpaodRN WRiter)2 HrafBA! adrtines pé.ggeeﬂgﬁbmin@agq-gr’dmnamm!@% Feybndatyvas
egasse y

heated to 55C whil'e stirring. Solution : by bubbling N2 wt
syri ngdines (em.ndigthdaming, sdtrrpranylasnine) tertigry ramisiese.gudgethyt@ainghd t he

sol ut | te = h r -~ no, er The
react ?%ﬁh%@%g %b?hgﬁﬁé%ﬁoé%%{%Z}BO . a%{ﬂglrd)}éac i'ﬁémn@])i(t us:agtg vvges'g'di | ut ed
by Lretéhlzmlethywnggingur?ndilydnﬁd'ri]d&n lr!reatﬂétbydiaﬂenmﬁumt ihydrd)dde), f?ncD lziwmme'em .
nmet hano re adde r..met olysis., T i xture was refl ux t 64C an
the - BrobaEne et aten ook bass RO AN ot T criomnaing ot Bt BigsPe

di sti kbgbilR) &St poRaasr Sndbikyéd ahd Be SpBeifill bade @PRBIONE. ! OTHO Mhdst
tenperature, Anberlyst 15 resin (15 g) was added to the mxture to ion
exchapipfenedndexsiopersare those codtainng tetramethylanamppiumbydioxidec(TddAldhd t he

et ha SO eP SRR S P fardR O HolF 18 Rout Bl dniciorg o
filtrappavpriatd amé@sitast arsdfactatecar( 80a@ddéd to he déNdlgperfi I tration, the solid

was dried at 60C for 48 h under vacuum Mol ecul ar wei ghts and nol ecul ar
wei ght distributions were neasured

[0080] Development can be carried out by means of immersion, spray,
puddling, or other similar developing m ethods known to those skilled in the art at
temperatures from about 10 °C to 40 °C for about 30 seconds to about 5 minutes
with or without agitation. After development, the relief pattern may be optionally
rinsed with a rinse comprising de-ionized water or de-ionized water containing one or
more surfactants and dried by spinning, baking on a hot plate, in an oven, or other
suitable means.

[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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using a Waters Corp. liquid chromatograph (refractive index detection,

M1l ennium -41 WO 2005/ 089150 PCT/ US2005/ 007588 (GPC V software),

equi pped wot2boddseishol | owi ng Phenogel -10, 7.8 x 250 nmm celCums2005/00G4#, 500A
& 50A (from Phenonena) and THE el uent. Thernmal deconposition neasurenents
(TGA) were perfornmed using a Perkin-Elner thermal gravinmetric analyzer.
The glass transition tenperature (Tg) of the polyner was neasured using a
Perkin-Elmer Pyris 1 Differential Scanning Calorineter at a heating rate of
20C/ mi nute. The structure and conposition of polyner were analyzed with a 1

H NMR082Ing a Biftekdhe 409gbhinidérita stes,thersibstrateSearryingl el bifager pslidkyt i cal
dat a o{r t he, pol yner exanpl e .0%0085’5(] Sytnt hesis Exanple 1 The m xture of
monongryetie !ﬁp %‘Wi?f?['y ﬁﬁpﬁgﬁ‘?‘f/f idepstong; Lﬁt,heé.t@@f!“%najﬁﬁpv whisBiaheig8s yr ene
10.5 I ! t t
ot hameopubsPate Paledd ot LOYeBASP e Hilafior KoaRREL BINCAT: B can Be ) o6
vs  nisilaptationanti ac dapant, r depdsitiora 9é rancthefo detenalt bh othe( sulidrate ,or3a0 wt % v
Tr anc U o oS et e ThisE 6 ety et B et & e et Sopufig
91. 3gfroRdfe SuliBGle @méélos’?gga ﬁm?t)fmé/@x?ge‘wslagmaé&ﬁ. of mononers [4-biphenyl
g, L. nol ),

net hacryl ate (62. 74 acetoxy styrene (14.23 g, 0.087 nol)
and et hyl ene gl ycol dicyclopentenyl ether nethacrylate (23.03 g, 0.087

nmol ) ] initi r; T 6 9 : '

rr sl S8 ent | 3T BAINA G irsleg pyiniiy iy e 7 R RIpIAT gl

pol ynirwhiet theqart anyl perdeméagesnanedly weighé dnless attiverevisel spacifiédar i fi cati on
enpl oyed 5.0 g sodi um et hoxi de solution. Yield: 91.5g, 95% [0087]

Synt hesis Exanpl e 3 The m xture of nonomers [4-bi phenyl nethacrylate (54.09

9, 0. fB4Tel ) .  GRdraK Syhtléttd Proced @ for PblyrferiFitiordid et hyl ene gl ycol

di cycl opent enyl et her
Tetrahydrofuran (THF):

The mixture of monomers and chain transfer agent were dissolved in THF
under N3 in a round bottom flask ‘equipped with a reflux condenser, a temperature
probe and a gas inlet. The mixture was heated to 55°C while stirring. Solution
degassed by bubbling N2 with syringe for 15 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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-42 WD 2005/ 089150 PCT/ US2005/007588 nethacrylate (23.82 g, 0.09 nol)] and
initiator VAZO 67 (6.00 g, 6.0 wt% vs nononers) and chain t ransfer agent
1- dodecarwohnaros¢5080 g, 30 W% vs initiator) were pol yogniSzed/oerssor di ng
to the general procedure above. Transesterification enployed 6.0 g sodium
met hoxi de solution. Yield: 85.5g, 91% [0088] Synthesis Exanple 4 The

m xture of nononers [ bi phenyl nmet hacryl ate [ BPMA] (37. 74g; 0. 158 nol ),

t 8, 54 0, 052 d thI |ycol I t I
ot her (CRE:Yaotpressl scuibngs Wi i Bbuiisl PRepiocin '8 xardt G sebmms
1- dodegapet HOGA &15&8 (fr8m W\eWb%é?fa)'éHd W@)uéﬁ%r erh@pﬁéphéé&nhasnﬁénﬁ g of
PGVEA (propyl en;asr %ﬁé&)b\tﬁrmt yl ethér acetate) (40% of solid nder fl ow of

N2 i nmeasgoemen etcoperfoasrd ¢sjog pd fterkin-kiaer éﬁ&rmalcgmum@ac and a

s

W % oh PerkineEimeseRyris N1 6DerevfitidPBERn admmetetow % heatinp rmmtdfes to
the r g:%: on mxture and stirred for 24 ? N2. The  di sappearﬁqce of B
§ inuts- e d hsys topeture; apg comrosiiqnef 810 vinenw ere gnalyzedy ity 2

resid mg@ Hexdru

t errpetrugé u r§§ Mﬁl‘ﬁﬁ—ﬁ% %% Mﬁfs %lr%bgg? hoxi I’d eﬁ%mﬁg{éﬁgt‘cﬁ%#ﬁd&a%&}f o nd 50

m nmd'(mlymemmnmldsad to the flask. The reaction m xture was refluxed for
3 h and about 25 ml of nethanol was renoved by azeotropic distillation
using a Dean-Stark trap. The solution was then cooled to roomtenperature
and 1fpgssy of Amberlyst 15 regyhthesiscEr@ple1it. The reaction mxture was
stirred for 2h and the resin was isolated by filtration. The solution was
distilled to half of the volune under vacuum <60C to renove net hanol and

o1 it i on va LSS SAOmeREmSERiRbIA' melibiviale, (Taaf Sor YRy il

m xt uaeetoky nmstyoses 5(1015&3 e r(yOGﬁthE)calyd a&tbyl[aBé’l\@lk(:Gl?dwglppénmﬁ&l rebher,
methacrylate (17.07 g, 0.065 mol)] and initiator VAZO 67 (6.00 g, 6.0 wt% vs
monomers) and chain transfer agent 1-dodecanethiol (1.80 g, 30 wt% v s initiator)
were polymerized according fo the general procedure above. Transesterification
employed 4.0 g sodium methoxide solution. Yield: 91.3g, 94%.

[0086] Synthesis Example 2

The mixture of monomers [4-biphenyl methacrylate (62.74 g, 0.263 mol),
acetoxy styrene (14.23 g, 0.087 mol) and ethylene glycol 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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acetoxy styrene (8.54 g; 0.0527 nol) and ethyl enegl ycol dicycl opentenyl
ether -43 WD 2005/ 089150 PCT/ US2005/ 007588 met hacryl ate (13.82 g; 0.0527
nol ) and wbanes/assensf er agent, 1-dodecanethiol (1.08 gpC3Aseedso0H7588
initiator) were dissolved in 83.6 g of PGVEA (propyl ene glycol nethyl

et her acetate) (40% of solid) under flow of N2, in a 500 nlL, round bottom
flask equipped wth a reflux condenser and a gas inlet. The m xture was

2. 2 - relfhobia (o 27 g SN o] P VAZO, B, L Bhok, e NI TR 4
Of P%ﬁoms Jartste e heih Oraingferaagekit Trdodeesndtisiol (8023 O A%V 1 vitietor)Then,
t he terrperature was slowy increased to 80C and stirred for 4 _In under N2.

The dW§E@pB@B/mﬁﬁ€§doﬁCBP'mQN§%t aggnasakaraspdescabevag dransestarfieatipn ot 254
AL fo df&r%ées%cgtfgl'm idtPSolufih. %Leld_fggs g%g’xéwe was cool ed to room
terrpera n, 2.0 go e

sodr um et hoxi n nethanol (10 wt % and 50
m net hanol were added to the fl ask. The reaction m xture was refluxed for

3 h a out 25 m of methano S re azeotropic distillation
usi ng@%ﬁan- Stark trap. The S%N Ha‘lcool ed to room tenperature

and 10.0 g of Anberlyst 15 resin was added toit. The reaction mxture was
stirred for 2h and the resin was separated bl?ﬁ/‘tfiltration. The sol ution was

di stilled The miduresi merormersuibiphanyk mejaacy &%WN(WJM@ thd mohel  and
O ot Bty SRR, S ELEERA SRSyl RS MY e ¢
m Xt upestiedcrytateo(Med. SZ[QMEDBhEde) et fehaiy trahsfef 28eng trdofedavehiob(1). 08 4-
chai no: 30 ¥t 6 ilizen YersmdsahetnnyrsBa 8t ECNERGRiomArhe aupal HelBl ved | n
Thi 11 STeP B #02 ot ey YR oy r‘“ﬁ‘.“%?‘é“%?ﬁ"Pﬁ"Lb""“?d’“%d)@%sf'a?SSed to
m xt ueeuipped Sitham teflas chrdereatr tand @QGSﬂldet 2Fhé mirtwse yets/heatedde 7précessed
as de%_%r \Peg Ii‘O t hSe7§e n rreaeI %/d]lcgl |n|t|ator, Dupont product, 2,2’-azobis(2-
methylbutyronitrile )] (3.6 g, 6 wt% of monomer used) in 6.4g of PGMEA was added
slowly for 15 minutes to the reaction mixture and stirred for 24 h under No. The
disappearance of BPMA was monitored by GPC using a UV detector at 254 nm.
After 24 h, fesidual BPMA was <0.1%. The reaction mixture was cooled o room
temperature. Then, 2.0 g of sodium methoxide in methanol (10 wt %) and 50 ml
methanol were added to the flask. The reaction mixture was refluxed for 3 h and
about 25 ml of methanol was removed by azeotropic distillation using a Dean-Stark
~trap. The solution was then 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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Procedure for Polynerization in Tetrahydrofuran. -44 WO 2005/ 089150

PCT/ US2005/ 007588 [0091] Synthesis Exanple 7 The m xture of nononers

[ cycl ohexwD 2nevdsarsny| ate (32.73 g, 0.1945 not), 4- acet exyasgeosioe7s8d0. 52 g,
0.0648 not) and styrene (6.75 g, 0.0648 not)] was dissolved in THE (73 g,
40% solid) in a 500 nL three neck round bottom flask. The initiator
VAZO-67 (1.5 g, 0.0078 nol) dissolved in THE (2 g) was added to nixture at

oty nietlBRaRs LBk aad: T20ma0 indid gl s B8kt PRPRL rfdeRnaliBLUCE . for
Pol yngr 8@@t% ©F infials) Wﬁi’r&%@é@lf/@@m BG@%] ofSYGMESI grd@y@nél glxgomﬂ@m’w xt ure

of m)norrers Lﬁyclohexyl rret hacryl ate (2

acet oRYer 60514@% &f soligham tf)ovarqﬂ Nz m/@u 6@@@me@ww hettom flask (12. 79

Tot) R, Bl 3P GBI | TH HRERE By B P57 e

bot t orheh asiyAZihe 67@i t[frdeor re\éne?@ 6|?ntrazo:5 GDu;Qer13Qrdmbi dzgsakcv@éi(zL n THE

g) was added to m xture at 55C and was heated to 65C for 24 The

(2
pol ynmethwbutwm@&%)é@ Bs0.de yd¥s pemanemartsedd e BAd of FGMEAWSS adéq@r e for

oF woslady i1 P o RO b et miRfge] | BHER 0% B @aRIS ad Mol X" U1 ©
acet 8m055a8€redm? ]89°(D5\rgi sﬂrfﬂiligr 4t ¥nH%@dl;lé Chied dfgapp?a&mwlofﬁPMlAaﬁsg %2 79
g, np I ol v n %

neck F'&ﬁﬂ#@redogg/t%\é%fs a@asaﬂhz déﬁ@qtpa%&@ﬁr%@ e(“%Ob' &43@5'%3%%\/@0%8 'ee
di ssokpady,| Frhgr'jﬁa&t%r@)wa\gscoo?@aiqe denﬁntéhgﬁaﬁhe 55ﬂ1éndsz g RpajgRsliho 65C

for 24 h aln transtfer agent Wwas us ner was rocessed as
descr nnﬁhbxme |mm@baeolaq1OSth/h)and:50 Pricoethanel W@fe Bdﬂ?dé@ |ﬂ2@ﬂB@|ﬂ The

Tet ra l% %ure was refluxed for 3 h and about 25 ml of methanol was removed by
azeotropic distillation using a Dean-Stark trap. The solution was then cooled to room
temperature and 10.0 g of Amberlyst 15 resin was added to it. The reaction mixture
was stirred for 2h and the resin was separated by filtration. The solution was distilled
to half of the volume under vacuum <60°C to remove methanol and by-product,
propylene glycol methyl ether. Finally, a 30 wt% of solid solution was made by
adding PGMEA to it.

[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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WD 2005/ 089150 PCT/ US2005/ 007588 [0094] Synthesis Exanple 10 The m xture
of nononers [cycl ohexyl nethacrylate (27.69 g, 0.1646 not), 4-

acet oxystwoen&/881580 g, 0. 0549 not) and 4-cycl ohexyi phemrgir/usetdsacTsgs at e
(13.41 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 55C and was heated to 65C for 24 h. The
polyrrer was processed as described in the General Synthetic Procedure for

Pol y tion in Tetrahydrof ug fipesis Exanple 11 he m xture
of no fs [ cycl ohexyl net hacr g&é)?ﬁ@ *10 1646 not), 4-

acetoxystyrene (8..90 g, 0.0549 not) and 4- cyclohexyiphenyl nmet hacryl ate
13.41 g, . 054 d' d T % 500 nL

ghr ee nngTg%maf%regg’% Hf’rﬂmcl?arﬁﬁgﬁz Sok’ ee?%‘: ‘?‘ieg?%&l&é%ﬁg ng %‘ﬂ% 5“8)1 not )

di SSOédﬁdxydiyrEHE (.52 gxaso oeﬂd%ot)Oaﬁuxgwf@eat(aw g"mdomg hesifjedato 65C

for 24 1t chai n transfer aﬁ@t was used. The yner was Frocessed as
nca

descr d@édve@k in HElF e840 %y 80 5pP gvk dhies mwk F'Qil'}d*r’@@ﬁt@fatf ask. The

Tet

[gy(r:?o %’@{\%‘zphac?pgglf ngw‘g@é"gd%a%hgn ]\'ﬂl'-:rtfg ace (fddxe% ;}ﬁ Q(ﬁgf@(ag 90 g,

2h25ﬁ5t5‘f@)ta)1]dands heGEEdI? a?mmgg hn:gl:z?ah atléwod(g%ﬁ agé?’gwas OJS&BgQThelt )] dand
i ransfer agen odecane no issolved in

THE (RSMTET a9, Btacased ms SeeeriRet it oo, aneral et prede

i ni tf%@?é{&g%ﬁfnﬂ-éﬂzmgjr&u%m mot) di sgol ved |un THE (2 g) was added to

m xture’at 55C and was heated to 65C for 24 h. The pol ynmer was processed
as described in the General Synthetic Procedure for Polynerization in

Tet rattz(ﬁ?gf uran. -46 WO 2005/ o%zégeggé%%gpééoomss (0097] Synthesis

Exanp

The mixture of monomers [cyclohexyl methacrylate (28.16g, 0.1674 mol), 4~
acetoxystyrene (9.05 g, 0.0558 mol) and 4-6yclohexylphenyl acrylate (12.79 g,
0.0558 mol)] and chain transfer agent 1-dodecanethiol (0.8 g, 0.0040 mol) were
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. The polymer was processed as described in
the General Synthetic Procedure for Polymerization in Tetrahydrofuran.

[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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The m xture of nononers [TCD nethacrylate (22.94 g, 0.104 nol), 4-

acet oxystyrene (12.51 g, 0,078 nol) and 4-cycl ohexyl styrene(14.55 g, 0.078
noi )] amstlocheiasotsnansf er agent 1-dodecanethiol (1.5 g, POTAGZED5N015ES W\er e
dissolved in THE (148 g, 25%solid) in a 500 nL three neck round bottom
flask. The 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

pol ymer was processed as described in the General Synthetic Procedure for
Pol ynmeri zation in Tetrahydrofuran. [0098] Synthesis Exanpl e 14 The m xture

f rm@@gg S [4-phenyl styrene ( , 4- acetoxystyrene (8.40
0. LD|) and et hyl enegl yc%?ngfecycFQ enyI et her nethacrylate (15.39

g; 0.058 m)l) and chain transfer agent 1- dodecanethi ol (1.5 g, 0.0074 nol)

are di oI THE %

bottolrns;cs | a5ie ‘? Af f']Oei‘tQ:!ﬂéR?Aé %Be{(\g)’geﬁ‘ac@’? @7&)5? @ﬁ‘&km?@ug‘n THE (5
9) i Séceta%?)%h@ (8 dgﬂ@bme mbl)iﬁﬁ mcbﬁehﬂﬁhéﬁyﬂ meﬁmqsyrbw (B#H4h g, The
polymer is ‘processe descri b Gener al © Synt etlc Procedure for

Pol yn@/0548tmek] pnd chain drgesfer @gsnt 1 mwﬂwb(ﬂmepm a1l WetR

0 e LAY WA P10, W e

PCT/ Up2sr VRZ6%Y (416 ga0.020® niif) 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.

[0095] 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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2 111 0.19 13175 1.97 124 305 IV 0.21 Mo Il 0.51 Iff 0.28 11262 1.88 118
300 3 Lt~J IV 0.221 1l 0.59 111 0.20 15700 1.95 4 1V 0.21 Ha a 11 0.60
i1 0.19 wOQMes/@9sd - - 51V 0.21 1 |11 0.15 6 1 0 0 11PCO/UB00500888 2. 21 90
256 |1V 0.66 off CH3 11 0.29 7 f 0 111 0.24 22812 2.16 120 312 1V 0.47 aH
CH o ~0110.22 8 1 off 111 0.20 13216 2.71 98 311 1|V 0.68 -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
Qo - b\(w m| 0.16 |14666| 1.92 | 128 | 310
1 O V| 015
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WD 2005/ 089150 PCT/ US2005/007588 O'a 11 0.20 9 111 0.22 40189 4.35 113
301 IVO0O.58 HP OA Il 0.25 10 IIl 0.20 8132 2.05 97 285 1V 0.55 wU I
0.24 11 "wO2doIns2(3028966 3.92 122 275 1V 0.56 o ~ o | PCc@uB4005201588 0. 19
6031 2.04 84 268 IV 0.57 Il 0.33 13 111 0.27 12300 3.0 138 318 1V 0.40 11
0.59 14 O.! 111 0.21 15400 2.5 140 275 1V 0.20 -49 WO 2005/ 089150

PCT/ US2005/ 007588 [0100] Table 2A contains information on polyners

obt ai npd TTpma_pol'ymer vendon by cusfom Synthesi s, fabte 3A

O

Y i1} 0.60

2 Y | 019 (13175 1.97 | 124 | 305
T || 021
>

e o

° o | 051
Wi&w | 028 |11262| 1.88 | 118 300

v} 0.21

| 059
k/\@J M) 0.20 15700 1.95 - -

4 S | 0.21
®
m 1| 0.60
g | 019 {11044 2.14 - -
5 \@:j | 0.21
&
— T,
il 015

| 0.66

6 O @ (5 o m| 019 |10088] 2.21 | 90 256

] 0.29

7 O O é o im| 0.24 |22812| 216 | 120 | 312

V| 047

m 0.20 |13216| 2.71 98 3
vV} 0.58
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Pol ymer Mol e Ratio of Mononer

NVR MV PDI Tg

(O

by Il

11 1V P-1 0.63 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, o6 2805389583 P-4 0.63 0.19 0.18 17,897 2.51 102CTRS2008/0638%. 19
0.18 12,800 2.21 P-6 0.65 0.18 0.17 12,241 2.36 P-7 0.65 0.18 0.17 13,473
2.41 P-8 0.61 0.19 0.20 13,135 2.35 P-9 0.63 0.19 0.18 16,708 2.11 114
P-10 0.62 0.21 0.17 15,848 2.54 101 P-11 0.57 0.21 0.22 13703 1.69 P-12

0.59 0.f20 0. 21 1581[T 79 [U"J.Ul abtre B cgntains T rnfjormatipn on pol yners
obtainﬁhdfro r{ by custlomsynthesgis HICH O~ OOI, | ~
of f -sr WO 2005/0 150 / PE/ 00{588 Tahl e 2B Pol yjmer Mb| e Rati o of
Monomer MV RDI Tg ({) by© il 433 |'Wase| ass | 113 | 301
0 ivi 0,58
0.25
10 0.20 | 8132 | 2.05 97 285
0.55
| o024
11 | 020 |28966| 3.92 | 122 275
WV} 0.56
| 024
12 | 019 | 6031 | 204 | 84 268
v 057
) 0.33
13 e i) 0.27 |12300| 3.0 138 318
O @ \@E> V| 0.40
| 059
14 o °{m | 021 |15400| 2.5 140 275
DOy v | 020
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P-13 0.24 0.19 0.57 9900 1.9 [0102] Table 3, lists information about TAGs
used in exanples in this application. Table 3: TAG TAG TAG Nane TAG Type

Sol vent %vacbesoisexanpl e s stem A CHTS Cycl ohexyl - 10@CTiuss§osabzsss B
Nacure 5925 Anmine neutralized isopropanol 25 DDBSA C Nacure 1323 Am ne
neutralized Xyl ene 21 DNNSA D Nacure XC- Polyneric Xylene 25 3210 DDBSA
coval ent blocked E Nacure 1953 DDBSA coval ent n-butanol / 2 25 Dbl ocked
but ox nol e 1557 Am n eutral zed n- an - 5 DNNSA but o
et hang) Og’ Nacurgl\glﬁ%ﬁﬁ%tﬁml %‘/PBHQW"’W %('ﬁ W 2167

A nevRRydr Y edtemRiMiifbsi/- 5 DDBSA | CDX-2168E Ami ne neutral i zed PGVE 27.5

DDBSA DDBSA ™. dgdecyl bgnzenesul fonic aci d; DNNSA :
di nonyl napht hatgne ic acid . [0103] Undercoat Fornul ation Exanple 1
(Conpar ati ve) 0 undercoat solution in a 20z anber bottle, 7.02g of

pol yner P-1, [ ‘\/o\%
»
Table 2A
Polymer | Mole Ratio of Monomer o
" by NWIR MW PDI Tg (°C)
! Hi \Y)
P-1 0.63 (018 |0.19 15,174 2.24 106
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 0.61 1019|020 {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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2.00g (15% sol ution) of CYMEL 303 cross linker, 0.199 of TAG A, and 40. 80g
of -51 WD 2005/089150 PCT/ US2005/ 007588 propyl ene glycol nethyl ether

acet at e (WOoltBSospsne m xed. The m xture was then rol | egCowseonsghtsgs and t he
undercoat solution was filtered through a 0.20pmfilter. CYMEL 303 is an
al koxymet hyi mel am ne crosslinker fromCytec Industries. [0104] Undercoat
Formul ati on Exanple 2 (Conparative) For 50g of undercoat solution in a 20z
anber bottle, 6.96g of polynmer P-2, 2.00g (15% sol ution) of CYMEL 303
cross linker, 0.96g of TAG B sol kakdle2Band 40.08g of propyl ene gl ycol

met hyl Bt 3 o PR renxed—Thenrxture—was then roll ed

over ni ﬁ?‘?fﬁgnc (“ﬁ]ezﬁﬁ'ﬁgercoat "dawti on wag oIl t ef €g (chr qugh a 0. 20pm
filter]*[0105] PWAN¥¥ coat Formil ati on Exanple 3 [Conpardtive) For 50g of
under cpat sol dfjf on[ijy a[2pz arfber bottle,| 6. 94g[of polyner P-2, 2.00g (15%
solution) of CQCYMEL 1303 aross llinker, 1.26g of TAG C soljution, and 39.80g

of prop¥rthe gi%¢ol) Wt hPi57et HA0ACet at e |(IRBVEA) - were ni xed. The nmixture
was t hemrotted—overnght—and—the—undercoat—sorution—was filtered through
a 0.20pm filter. (0106] Undercoat Formnul ati on Exanple 4 (Conparative) For
50g of undercoat solution in a 20z anber bottle, 6.96g of polyner P-2,

2. 00gid 0 sol uthBR) fih3a ' i i sol ution, and
40. 08{; 1(J););ffz?p_r opyl ene %Fﬁg?ﬁm@? hyl @‘ﬁ?%%ggg?é@?%%%s mﬁe@m xed. The

nm xt uPBPliGgieNnt hen rol | ed overni ght, and the undercoat solution was filtered
through a 0.20pm filter. [0107] Undercoat Fornul ati on Exanple 5

(Conpar ative) For 50g of underc‘o tleg.;;) {on in a 2oz anber bottle, 6.96g of
polymer P-2, 2.00g (15% sol uti L 303 cross linker, 0.96g of TAG
E solu

Hof—and—40Q--08gof—propyl enaﬁLy-GGI-mhw_eLhap.acat_al_e_(_PGVEA)
were mxedA&he |i JAG Name TAG Type Solvent % active
example system

A CHTS Cyclohexyl - 100
tosylate

B Nacure 5925 | Amine neutralized | Isopropanol 25
DDBSA

C Nacure 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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-52 WO 2005/ 089150 PCT/ US2005/ 007588 was then rolled overnight, and the
undercoat solution was filtered through a 0.20pm filter. [0108] Undercoat
For mul at iwo 2B0szospise 6 ( Conparative) For 50g of under coatCIaiSatoson7sss) a 20z
anber bottle, 6.94g of polymer P-2, 2.00g (15% sol ution) of CYMEL 303
cross linker,1.06g of TAG F solution, and 40.01g of propylene glycol

met hyl ether acetate (PGVEA) were m xed. The mxture was then rolled
overni ght, and the undercoat solution was filtered through a 0.20pm

fi | t epropytargnylycsldeethybethen arelpte (RBMEAIWaTe Mixeds nﬁbeawwp was tsgy of

ol ut TR BfetlpR abd s MR sl g itfét dreBdol (F a0 ioro” 15g
of pr@WEbeogI|s/anIalkmyrlmethwhb@maéetcws&an?@eﬁaADw_ecenmmﬂé$ The mixture
was then rolled overnight, and the undercoat solution was filtered through

a 0.20pm filter. [0110] Exanple 1 Sublinmation Testing Procedure

(Comprofidve) AubbeRoATARUIEIBNELMSICS (CafBabaligs) vas wel ghed on an

anal ytical scale significant Is water will be known as the
col l ection Fmafseg ofEmﬂerccmtasdﬂt@nf ir nZloat arohembettleni G.96g afepiolpmes R-&n 150mm

bare gj F|I ess after c 00A. .. The_coat ed
waferéméd@ gﬂﬁ 8&5@%‘ %If?gt %’P&%é'r%?‘f h(?gé gf gﬁc%d‘dtfo'hb%n 8.22
cm  Aq0afdger ;ﬁrb?%ema blycenmeugsﬂ retl‘i’éraéﬂétﬁé (PG‘MERPW@re&m)@Ut eThé narRirer

of 130mm and a i cknéss of Znm was t hen placed an of the coated

waf er wapH@en dpllest eyasRightfand mwdﬁa@oqﬂ%é@no\ﬁ% ft"ﬁéecréhnoaehra Re2OUMo| i shed
si de . The two wafers were then |lowered directly onto the 205C

hot pl até ‘for 5 seconds. After five seconds both wafers were renoved from
the hotplate. The collection wafer was allowed to cool on a chill plate

For 1?OF O%ﬁonds' Undercoat Formulation Example 3 (Comparative)

For 50g of undercoat solution in a 20z amber hottle, 6.94g of polymer P-2,
2.00g (15% solution) of CYMEL 303 cross linker, 1.26g of TAG C solution, and
39.80g 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.

[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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The coated wafer was then discarded. This procedure was repeated for all
ten -53 WO 2005/089150 PCT/ US2005/ 007588 coated wafers. After the tenth
waf er, amwlotzhes/oseisght of the coll ection wafer was obt aiPoedsasd/ovtses del t a
between the starting weight and final weight was cal culated. This
procedure was repeated for all the exanple formulations. [0111] The results
for the sublimation testing for each of the exanples can be found in Table
4. Al ex r| gts are tcorrparatlve Tabl e 4 of the Fornul ations
and s\BB{ rQETnight nd; the Uﬂﬂﬁﬂméﬁwt'ﬁﬁmﬂ&ﬁqrﬁ%mﬁ@@ 8da20pa yner
Crossfme'giherrral Acid TAG (% in Weight of fornmula- (%in |Iinking Generator
formula- collected tion Ex. # fornmul a- Agent (TAG tion) sublinate(grans)
tion) 1 14.01 CYMEL A 0.38 0.00244 303 2 13.92 CYMEL B 0.48 0.00021 303 3

13. 87 0 3.9 YMEL D 0.48 0.00020 303 5 13.92
el 88T 25 o pdattoat dtmulatiah Eximirie (fombaristitels 303 7 13 87 CHMEL G
0.53 0. 000rgr 56§ 3f undercoat solution in a 20z amber bottle, 6.94g of polymer P-2,

2.00g (15% so.lution) of CYMEL 303 cross linker,1.06g of TAG F solution, and

40.01g 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.

[0109] Undercoat Formulation Example 7 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 6.94g of polymer P-2,
2.00g (15% solution) of CYMEL 303 cross linker, 0.88g of TAG G solution, and
40.18g 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.

[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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[0112] Data in Table 4 shows that the type of TAG used greatly influences
the anmount of material being sublined during curing of the undercoat
[0113] UmwlerearziisofBor nul at i on Exanpl e 8 (Conparative) FoPrCPAs2@6/00T5d®r coat
solution in a 20z anber bottle, 6.989 of polymer P-9, 2.00g (15% sol ution)
of CYMEL 303 cross linker, 0.90g of TAG B solution, and 40.13g of

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

0. 20gPRtad Pelars. - BHOISBh ORIEB RIS BT loPesRolastoh] WEIRIChES AL

F I StReR 2
o DB aUARE SR, StABOR RS tpting e 5%‘8%“%"2"%%‘3‘?%‘ B oA ke

cr osJ His ptosedute @8y repeate\d;f@@bﬂhetemmpl%lfmnwatm of propyl ene gl ycol

met hyl ether acetate (PGVEA) were mixed. The m xture was then rolled
overni ght, and the undercoat solution was filtered through a 0.20pmfilter.
Powdgoh{ 1k is ameaieganyfmtthalsabmdamrymtm@ fdr ezrohsstlthe lexarles lcablbe from
Cytec Industries. ;0115 Under coat Fornul ati on Exanpl e 10 For 50g of
underfesad insbakleidorAll aXREHENtE AR CORPAIAWE. 5. 03g of pol ymer P-9, 15.00g

(15% sol ution) of cross linker V-7, 0.90g of TAG B sol ution, and 29.08g of

Phen " roiTaRI a0 sty °§&Q§rF°‘*ﬁﬁ“ f"ﬁfggl@uggt"*ﬁ%‘ﬁ%é?@‘? Urag {hrough a

 Chem

. Be—6 \,u SH 34 FO+361
Lith Qat &5 ]‘Cr sEl t h A?"?)e 8¥e| m trench 280nm
pitc - a({3r1'Mcon Mi e st ﬁ)i 81L A‘n@)ble from
FUJI Fitom gﬁl&q‘m Mg r5| s, k) ovéellhrious rcoa or mil ati ons
was exari-hed— AN sanpl-as vpu coated & |"|+ I ss—ofi 500nm
undeﬁ éoat and cu?"egrat ?O%ygﬁf gr 90 ‘seconds b"és 006’24‘?1
2 13.92 CYMEL B 0.48 0.00021
303
3 13.87 CYMEL C 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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m thickness of 235nm A softbake of 125C for 90 seconds was appli ed.

Al'l waf erwo 2oevos9ERposed with a Canon EX6 stepper 0. 65NRCRNISA008/007588
illumnation using 248 nm light. 0.80 / 0.50 sigma. X post exposure bake
of 115C for 90 seconds was applied and wafers were puddl e devel oped with
OPD262 for 60 seconds and rinsed with DI water. Profiles of 140nm trench
280 piich were then e I ned w.th H tachj.cross ..-55 WD 2005/ 089150

PCT/ BE{ZWESI 0075@@?@%‘1@9&@“&%‘??ﬁ‘ﬁ%%‘?@@orﬂQ?ﬂ?tt“égcan be found in Table
5. Lithographic Experinments 1-3 are conparative. Table 5: Summary of the

Formul ations and Profile results of TIS 2481L-01-23 w th the Undercoat
For nul at i 6A8 500t ¢foundiedemat polufivsrinGr @og-arabes bottirh &5.98g of aclyreer P-Root i ng

: U L0k | 9 ks o e . | gz ~f | a-
rgent 109 (B0 Pl dPonRine bSE RS b AGH o Yubam g\ oy
( TAGHT Promflerie glybél BietbiVethdt. £ébtatcO(REBMEA)OREre niksd.2 Thel mithrd-Wad 0. 60 B
0. 45 Heav 1 303 footin 3 9 13.80 Powder) 0.75 B 0.45 Heavy ink footing
4 10155 SYeq.oyeinighy. e the undargoatslitionvas iterest trah aitbediesiiere t he

| Pr PRFRAINK Ns SHR! | i aritt EAR N coat
formul ati oﬁlmdngséataﬁvg%wﬁn%z;@?é{ﬁe@?ﬁ%@gIr&gopshi C %‘gr orﬁ%‘lr?cgwﬁgf %gé
phot tmdusitigs. by i ncreasing the width of the inage at the

phot or esi st - under coat

proximty bake. TIS 2481 L-01-23 was spun on top of UL coated wafers to a
fil
| |

[0115] Undercoat F ormulation Example 10

For 50g of undercoat solution in a 20z amber bottle, 5.03g of polymer P-9,
15.00g (15% solution) of cross linker V-7, 0.90g of TAG B solution, and 29.08¢g 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. V-7
can be obtained from Honshu Chemicals.

[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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interface (footing).

0. 50g of

gl ycol nethyl ether

roll ed overnight, and the
filter.

ExanpPeactippal aft iPvfileFor

Tr oysol ,

s 11 TPBRAY

a |l %solution of the surfactant Troysol,

Shmary of

was

58

bot t

| e,

7.38g of polyner
0. 05g ofPCTAS200580158% | On,
and 41.31 g of propyl ene
acetate (PGVEA) were m xed. The m xture was then

[0117] Undercoat Fornul ati on Exanple 11 (Conparative)
For 50g of undercoat solution in a 20z anber
0. 77g (15%0©=0dumspn) of CYMEL 303 cross |inker,

P- 6,

under coat solution was filtered through a 0.20pm

e,
1 on,

and 41. 31g of propyl ene gl ycol
(d over

FtatiQhs af

r ol

-56 WO 2005/ 089150 PCT/ US2005/ 007588

| nkefoeReg 3 B e

met hyl

iy

et

and. t he

eurgite Rk

her

[0118] Undercoat Formul ation
Regdtsocatnber tyad goilatlensSi n lHthegrarivGer
0.779 (15% sol ution) of CYMEL 303 cross
0.50g of a 1% solution of the surfactant
acetate (PGVEA) were

TR

ol uti on
Exanpl e

13 (Comparative) For S0¢if the YRHERYat FOriulafong! a 20z anber bottle, 7.38g

of pol yner

TAG H sol uti on,

41. 31g of

P- 8,
0.
pr opyl en

50g of a
e gl ycol

0.77g (15% sol ution)

of CYMEL 303 cross linker,

0

1% sol uti on of the surfactant Troysol,

net hyl

et her

m Xt ulr Eithwn
t hr oughExa

( Conpak at i
pol yner P-
H soljution

sUnden r
De@dtpm f
y forniada-
[ tion Ex77
#0. 509

har.

pf

PPOkythepV ¢
[ ¢
Hiogmoda-u |
prien)5% s
a 1%

b Cnosgat |
) BGKingUr
hédgeobat
bl ut i on)
sol utig

Cxosb-t hd
diakerd%s

isol uti g
forfmulbaiVe
iop) t he

Thendak
FPxmidrul a;
rGénerar
ItoB03 ¢
(TABY ac

Dtien)anber
ross |ink
t ant Troy

| Footinga g
Dt E401un

henche,
280ram 05
5Blteh an

of priopyl e
was then r

hé gl yco
bl | ed ov

ettty |
or ni ght

OYIMEL
308 t hd

ac &t e
underé

( PGNEA)
oat _sol

we PB8mi x
Ut i on_was

p @, 002AéE
filtere

a 0.20pm f

| Bter. [

D1 AB]950n(

| €VAMEELL
303

Foi08dl at

i onBExa

pl 8.456 (

Cottpavyat
footing

3

9

13.80

Powderl
ink

0.75

B

0.45

Heavy
footing

4

10

10.05

V-7

4.50

B

0.45

Heavy

. 05g of
and

acetate (PGVEA) were nixed. The
cDAG (Yoinu
t foomulaean

filtered

7.38g of
g of TAG
41. 319
m xt ure

d t hrough
ive)

footing

Table 5 shows that despite the improvement in sublimation performance, the TAG

change in the undercoat formulation negatively impacts the lithographic performance

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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For 50g of undercoat solution in a 2oz anber bottle, 7.38g of polyner P-2,
0.779 (15% solution) of CYMEL 303 cross linker, 0.05g of TAG H sol ution,

0. 50g of woO2068%meisati on of the surfactant Troysol, and 2€TABkgooshHos®pyl ene
gl ycol methyl ether -57 WD 2005/089150 PCT/ US2005/ 007588 acetate (PGVEA)
were m xed. The m xture was then rolled overnight, and the undercoat
solution was filtered through a 0.20pmfilter. [0122] Undercoat Formul ation

Exanp (Conpar,ative)_ For 5 under,coat solutjon in a 20z anber
bor 1| 118 365 ° IBAHBTGRAE Famulatign Exg Al R SLOmPRRING CYVEL 303 cr oss
| i nker, 0.05g of TAG H solution, 0.50g of a 1% solution of the surfactant

Troysol, and 41.31 g of propylene glycol net hgl ether acetate (PGVEA) were
m xed. TheFor &0araf wastereoat rsalutidreit aviezranber, bolile, Vid8g ohpelyowstP-Sol uti on

17" BHEEPRBN E oo PR obE e TPhe BF TS PRI Sl o7 36
of poli yresiuford of e ShEaéthRYTESY sl iand) 49{3168MEbropYRNer gipcol Irhathgr eth@r 05g of
TAG H sol ution a 1%solution of e surfactant Tr oy;\é)ig@%and

0.50g of ¢ t th
41. 313°8Rtey BEMEN: Warg cBixedet He Bbfwie Wagsdhanerallpdvpyemight e . The
m xtu : : i under coat solution was filtered
througﬁd&a%ggg%%@ﬂ\{ag?I.lterﬁgfﬁ?u%n%g??gg?ﬁlg%r'rrml ation Exanple 18 For 50g of
undercoat solution in a 20z anber bottle, 6.36g of polynmer P-5, 7.50g (15%

sol ut of crgss, lin V-7 0. of, T solution, 0.50g of a 1%

sol ut tcgﬂb])f theﬁé'ﬁllef%%? n?rwré\}'é’é‘lq?s)&!ﬂﬁl%g Bﬁrﬂf‘fé}yl ene glycol nethyl
ether acetate (PGVEA) were m xed. The m xture was then roll ed over.night,
and the wundercoat solution was filtered through a 0.20pmfilter. [0125]

Under coat FEor Alpaefi wndeireatpselution in s2oxcambes bolie: 5638 of pobmeey Befsss
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.

[0120] Undercoat Formulation Example 14 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 7.38g of polymer P-7,
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.
[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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For 50g of undercoat solution in a 2oz anber bottle, 6.36g of polynmer P-2,
7.50g (15% sol ution) of cross linker V-7, 0.05g of TAG H solution, 0.50g of
a 1% solwbi200s/mp150he surfactant Troysol, and 35.59g of pprasgéosnarsgs ycol
met hyl ether acetate (PGVEA) were m xed. The mixture was then rolled
overni ght, and the undercoat solution was filtered through a 0.20pm
filter. [0126] Undercoat Formnul ati on Exanple 20 For 50g of undercoat
solution in a 20z anber bottle,_ 6.36g of polyner P-3, 7.509 (15% sol ution)
of crafate %ME?\hwece. Hgett Ties Mix euwa%ﬁ!%eo.rpdjgdo@veammtyg &%l the on of

t he : ﬁﬁ’"@ ene glycol nethyl ether

acet Z‘?@%@E&gﬁ\%{@gﬁ@%gt e ﬁ‘l%x?'fgpgﬁw?éert hen rol | ed overnight, and the
undercoat solution was filtered through a 0.20pmfilter. [0127]

Li t hagy, iC | es 5-14 Lithographi rformance, of 140nm trench 280nm
pi tcﬁ[%ﬂzgﬂg TF@@%‘&-’S _orggxlg{;@? mlﬁﬁg' PBEAYN®r mul ati ons was

exam ned. Al sanples were spun coated to a filmthickness of 500nm

undercoat and cured at 200C for 90 seconds proxim_ty bake. TIS 2481L-01-23
was spun drert 990 of undesengt s@lutigneinsa 2ozaambempotile; gldkas f oplyBE 2, A

sof t . n € 1 ed with
o Caro Ao RN ot YRR 50 0 il omg)or ARG 31 SquiEh 0 0T 50
0. 50 si1&rsolufion @ tthesprfactaat Padysohanti1EIC31@of plopdemndlycolancthypeihed and

waf ers were e devel oped with OPD262 for 60 seconds and rin with Dl
wat or Soaiee GPONEAY Wors Bheds0 ThAGTRAGRNERCHER DIodpYerIoRbr a7 s
exam @%r%%rsgl%idﬂ &ﬁ?tgﬁhe@d%ﬁfm% D¢ In fikdd for profile. Results can be

found in Ta ographi c "exanples 5-11 are conparative. -59 WO
2005/ 089150 PCT/ US2005/ 007588 Table 6: Sunmary of the Fornul ati ons and

naer (FgPfrer - PfteleondbiaibnSalhbia i1 Gooffparaday orm ations HTR

For 50g of undercoat solution in a 20z amber bottle, 7.38g of polymer P-3,
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 methyi ether
acetate (PGMEA) were mixed. The mixture was then rolled overnight, and the
undercoat solution was filtered through a 0.20pm filter.

[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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Ex. coat Mv linking -linker in (%in Failure 130 # formu- Agent (%in
formula- formula- and/or lation fornmu tion) tion) 140nm lation) trench 5
11 12, 24IwGQ¥MEnsOs@3 0. 03 85.00 Yes 303 6 12 12, 800 CYREL/U32@3/007588 85. 00
Yes 303 7 13 13,135 CYMEL 0.23 0.03 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 16 15, 848
CYMEL 0.23 0.03 85.00 No 303 11 17 18,845 CYMEL 0.23 0.03 85.00 No 303 12
18 12,800 V-7_2.25 0.03 85.00 No , 13 19 14,473 V-7 2.25 0.03 85.00 No 14
20 18, 845 Kory5g of amderapat solufionNs a Rezamber RottignBe3bs shealymealtPidie

; : 88! . BHPS ShoAMIRL “the
pol yret R o4 SRELOAM 8L EREDIEF BT EDR0dd BHPAG HHolbidh 0808 £ Vs
cr osssolufien dfrtheostnfautanbiroysoh and B6.50g safl pomyteme FHGopeathyle st

under coat ' s | ow subl,i ilon,and allo th se of .  low np| ecul ar
wei gh?cegﬁﬁ%ﬁ%@l%_r WpEt aKedy gﬁb?i '?B?H’rgnwaﬁnt\p‘éﬂdfoﬁﬁan‘?vqrﬂ\gm aed 18l ecul ar
vei ghlindetBegt dolutid W FilteRAAMIGIRM H0PDuRSTilk€ mance gives nore fornul ation
| atitude to account for batch to batch pol yner variations.

[0126] Undercoat Formulation Example 20

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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[ 0128] Undercoat Fornul ati on Exanple 21 (Conparative) For 20g of undercoat
solution, to a loz anber bottle were added, 8.97g of polyner solution
(P-13) (3X02068&0spex0i n PGVEA), 2.00g (15% sol ution) of C¥RVEWS28680T58DSS

| i nker, 0.055g of TAG H solution, 0.21g of 1% Troysol solution in PGQVEA,
-60 WO 2005/ 089150 PCT/ US2005/ 007588 and 9.96g of propyl ene glycol nethyl
et her acetate (PGQVEA). The m xture was then roll ed overnight, and the

lé(r;(rjercoa}t o| n vvasf ered th s |2 renfi [r Unde{gogt
"W 35w Fgag% %&P@ efioR3 ahsthrdfisrou i af TS A

1oz 803 '9?‘3 of polynmer solution (P-13) (31.9 wt%in
P 12g of Powder| | nk cross linker 00559 of TAG H solution, 0.21g
of llokith: g\kiwsler sPelymen i| CroenEA, Crass 9TAB §%of |eneA§hgﬁd9n net hyl
et herE&ace-tCQﬂb (|P8wEA) . Thiakingxt [nliakekakint hen r gl(%add ~ ovelr Failie 138nH t he

underitoat| fa@Mirt i on was fliAgest ed Phirougierauta-2( ﬂﬁ'if\“i' Rter| 29 ®80] Unhder coat
For nul at i|6#i@xanpl e 23 For 20g |dermHdetieMat sqlti on, t/o14PMM2z anper bottle
were_added, 8 61g of  palymer sidatienon (P-13) 1(31 9 w9 ’irﬁ“qﬂ'FJ\/FAl 1. 6g of
V-7 |c§ osq Mi nkelr 123406 wi| ONE- PEVBR | 0. 883g df $REOH spl utYewm, 0|21g of 1%
Troylsol_dol ution in PGVEAO3and | 9 53glof propylene glychl methyl bt her
acetlsi e ((HEVEA)| 12/8@0 i tQ¥MEMak @.B2n| rB0Bed |ov8BADght| an¥es he ﬂndercoat
solutionlwas filtered tHrd®8gh al 0 20pmfilter | [0131] lndercoat

For il at |08 Exan?.83%4 AIYMEg pf0.2der cB&8 sdl uBPOR, th a YBY amber bottle
ver e_adddd, 8. 4Rg of _pql3PFer sblutioh (P-13) I(31.9 w%in PQVEA)| 2.Qy of
V-7 |c8 osq Mi nkey 13,4836 wt| O¥MRL PARA | 0. 083g of BAROOH spl ut ¥8H, 0]21g of 1%
Troyjsol dolutioh in PGVEAO3and | 9. 32glof propyl ene glycbl net th bt her

aceti®e (|FGVEA)| 14743 ni NtC¥MEWaE ©.R3n| r8i0Bed lovéB®0ght | an¥eshe linder coat
solutionjwas filtered thrd#3gh a|0.20pmfilter [0132] lindercoat
For nuitat i|ol§ Exapfs,84®5 -|GAYMEL | 0.23 0.03 85.00 No
303
11 17 18,845 CYMEL 0.23 0.03 85.00 No
303
12 18 12,800 V-7 2.25 0.03 85.00 No
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 undercoat formulations using the cross linker
CYMEL 303 require higher polymer Mw to obtain adequate lithographic
performance. Use of the V-7 crosslinker in combination with an amiine 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,
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WO 2005/ 089150 PCT/ US2005/ 007588 For 20g of undercoat solution, to a loz
anber bottle were added, 8.23g of polyner solution (P-13) (31.9 W% in
PGVEA), 2WOQoaoswtsé cross |inker (15%w % in PGQVEA), @CDEA3005/0075865 H
solution, 0.218 of 1% Troysol solution in PGVEA, and 9.118 of propylene

gl ycol methyl ether acetate (PGVEA). The m xture was then rolled

overni ght, and the undercoat solution was filtered through a 0.20pmfilter.
[ 0133] Undercoat Fornul ati on Exanpl e 26 For f undercoat solution, to a
| 0z =aisb9.96gtaf nsomdene glygebmeysggnes pcelsle Wé&%s@fu PMIXBIE WS then 9wt o i n

PGVEA), Varld HeXadr bl itk tn RGN o, gorof TAG H

sol uti gﬁs}oggﬁ@tb?ﬁq% royégg‘?%gg|l‘&{b?'§’1é‘%ﬁ|%ﬁgva, n 0&@) ggrgﬁofr pr opyl ene

gl ycol methyl ether acetate (PGVEA). The m xture was then rolled

overnj gh and the undercoat . sol ution fildtered through a 0.20pmfilter.
[0134[]Oq@éher co "ﬁwﬁfﬂfﬁwi P‘@mﬁ;‘\gégr(%p%qatﬂ'ﬁéer coat solution, to a
| oz anber bottle were added, 8.43g of polyner solution (P-13) (31.9 wt% in

PGVEA), 2.Qg of V-7 cross linker (15%wW %in PGVEA), 0.044g of TAG H
sol uti on, Bor29g of urdeTgas)selution) {e ifohoz anrguebottiey weregaddad, §r9(8 8hy| ene

I | t hyl t oﬁ\{ﬁﬁﬁ; i I
gvé?ﬁ?gﬂﬁ,epé%lﬁ{oﬂg(%ﬂﬁr@i‘gt M;SI ut grqﬁ- 4 éqi?#tradr? ed ﬁ%@ﬁghc"ggéo."gg%rm filter.
[ 01350.066gasfcDAG Hogaluticat, i RP1dood % ardfsd sollRbn iof P @MEAc aad s96aoifon, to a
loz anber bott|e were added,

8. 24 |y sol.ution (P-13 1.9 % in
PGVEAPTOPYleng elvcol methys et qrn%@*afglg%w%oﬁ)o | hep & Wap tﬁa?‘ o'fpﬁ%G H
sol ut} : 9 Salidd ba thtslgha @Rdundrilkekg of propyl ene
gl yco?gﬁé]{%’%ﬁ%r%géﬁe%%}%%é’.m{'lbﬁg@rtﬁ xt urg vvas”t hén rol | ed
overni ght, and the undercoat solution was filtered through a 0.20pmfilter.

'szZFX\%é@S52?88%8?5%%&’*%%?%?%@%{4%%@%@0 bber bottle vere added, . 4lg.
o
For 20g of undercoat solution, to a 1oz amber bottle were added, 8.61g of
polymer solution (P-13) (31.9 wt% in PGMEA), 1.6g of V-7 cross linker (15% wt % in
PGMEA), 0.054g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA, and
9.53g of propylene glycol methyl ether acetate (PGMEA). The mixture was then
rolled overnight, and the undercoat solution was filtered through a 0.20pum filter.

[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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pol ymer solution (P-13) (31.9 wt%in PGQVEA), 2.0y of V-7 cross |linker (15%
w %in PGVEA), 0.066g of TAG H solution, 0.21g of 1% Troysol solution in
PGVEA, amwto 200588g150f propyl ene gl ycol nethyl ether acet ate/uSB@sEK)SSS The

m xture was then rolled overnight, and the undercoat solution was filtered
through a 0.20pmfilter. [0137] Undercoat Formul ati on Exanple 30 For 20g
of undercoat solution, to a loz anber bottle were added, 8.22g of polyner
solution (P-13) (31.9 % in PGVEA), 2.4g of V-7 cross linker (15%w %in
PGVEA, O. EGBQOQfofm@eIFCcmiI salifion, t0.219zdmbes b’oﬁﬂgsﬂereoehddéobﬂ 28g BEBVEA, and

henbof e eaoB R BT 9, ittt REMER 205N or aperdbiel (Tashett Biifougn a
0. ZOPG‘MEApro o&ﬂ?b@&h&ﬂ B@ﬁlﬁl@ﬁhOQ@X@ﬁTme’irollﬁoQébIUtﬁhow P@tMEApahaor mance

of 120nmtrench (240nm pitch) using a silicon_ containing resist

19319-19g- pr(ocwéﬁneaﬁhy@olf H@#“M#Lﬂhﬁ'r pretate dPEMHER). Mitlee naixéure waS. theever
t ed
v PR ARRG0R cnl ha YRR AR PRI Pl G B SRR RgePUT coat e

contact bake. TIS 1931L 54- 20 was spun on top of UL coated wafers to a film
thic of 235 ftb of _125C f 60 seconds was applied. Al

waf e@%ﬁere eﬁ g& ‘?f"é a PPr%’E%!'BR"?\iérostepper usi ng 0. 60NA annul ar
i1lum nation; 0 80/0.70 sigma with 193 nmlight. A post exposure bake of

115C for 60 seconds was applied and wafers were puddl e devel oped with
OPD262 f oFos@0geafoiticramat soluticrdowh tlozCambar bottlepararer addedid .Big Qj‘f t he

scct POAIST S RRpP Tl “rrGhy. TS0 s MG IERR wt b

Li t hp@MBA),cO.B4 FAGH %@dﬁfbﬁ @rzmg:omm Ttayee! solerioDir? PGMIERD bnd
PCT/ US2005 00758 Table 7: of the Fornul atlons and Profjle results

f TPS3goch propylens glyceh mqtbylmf@@r GogiatedPRMEN-onshe; MAGUIGHWaS hefss-
Of oS sllelSeerhigVERARAL UifdRrdd A Sbiuki¥n was filtered through a 0.20pm filter.

[0134] Undercoat Formulation Example 27

For 20g of undercoat solution, to a 10z amber bottle vvere added, 8.43g of
polymer solution (P-13) (31.9 wt% in PGMEA), 2.0g of V-7 cross linker (15% wt % in
PGMEA), 0.044g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA, and
9.32g 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.

[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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Ex. # -coat Agent ng linker (% (%ge (1 in (/ in of 120nmtrench fornu in
formula- formula- -lation fornula- tion) tion) tion) 15 21 3 3MEL 0. 23

0. 075 85.W0 wmevmsps0f ooting 16 22 nkwderu 0.23 0. 075 85P0@/uAdévsmd™as f ai | ur e
17 23 V-7 1.2 0.075 85.00 Vertical, clean profiles T8 _ 24 V-7 1.5 0.075
85.00 Vertical, clean rofiles 19 25 V-7 1.8 0.075 85.00 Vertical, clean
profiles 20 26 1 V-7 1.2 0.060 85,00 Vertical, clean profiles 21 27 V-7
1.5 0.060 85.00 Vertical, clean profiles 22 28 v-7 1.8 0.060 85.00

Verti E136]cl eanUngemqatdaomgﬂatjomEmmple@ 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 fornulations using the cross linker V-7 in

conbi nat i oFo20Y oTAﬁadé,rccmtosmmt@orr qbt@ﬂ okidrhiogrr B@lhleCWéaé beded e.4a9h dfhe
i magi ng | ayer acrQss a_range TAG and cross, Linker | oadi ngs in th

under PEMMErselutiont(Pakd), (S Wite. m(ﬂw@p@gg O 417i GiRSS inkerip &Wh%@cept bl
sever pAek) \0sby o TAGH Bluiblico MY bETALHI/BELAMLAYTPOUEN LR  The

use o crosslinker resu una ab e adhesion’'fallure of
t he | @adfionof beopyieneaglyeohmethyl ether acetate (PGMEA) The mixture was then

rolled overnight, and the undercoat solution was filtered through a 0.20pm filter.
[0137] Undercoat Formulation 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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[ 0139] Undercoat Fornul ati on Exanple 31 For 50g of undercoat solution in a
20z anber bottle, 17.09g of polynmer P-11 solution (35%in PGQVEA), 10.0g
(15% sol woano339BEVEA) of cross linker V-7, -64 WO 2006rQB82d5007588

PCT/ US2005/ 007588 0. 05g of TAG | solution, and 22.86g of PGVEA were m xed.
The m xture was then rolled overnight, and the undercoat sol ution was
filtered through a 0.20pmfilter. [0140] Undercoat Formul ati on Exanple 32
For 50g of undercoat solution in a 20z anber bottle, 17.09g of polynmer P-12
solution (35%in PGIVEA) 10. g (15% solution in PGVEA) of cross |inker V-7,

?hgﬁ ﬁGSh $§?£%irﬁ%t% er CO&@E'(% utl oﬁnavg-gﬂ‘;f lg:{ier ediif[ EII: gu\é\ﬁsa

0. ZOpN 'ihP n er ¥ 2 Under coat Fornul ation Exanples 31 and 32

were tested m*rnrrh et tg the procedure des; '1b| e 8
ﬁggiﬁg ild TAG (%
r%& 309 ten

cont ai h&ithe | dinder 4 Crepstn| ec‘é’sehderc'r Hpg
on) Agent 31 11. 96 V-7 1

1 y
in Wi gBRt-iof ¢oftalct e’dentfor'ﬂheéﬂ%on N |
subl i mht e( gr and9rmyEy

in ?ene
et

0.03 0/00003 |3#tied t9hbos (He%Mata jn Table 8 shqws that
t he combinatiaon of tl ‘_||7nrl sl fenie Ld—TFAG—and—t he
al koxyni® hyl at{@d phe 023 ohl ﬁ?gce amsUFeo®Ng dubl i mat e,
| ower éeven_-than th nJA')1 Unterecoat—Ebrmil ati-on—Exd | e 33
For 20046 of und@rco 80875 anber 8,80t 1 b I L Adhsplogdallyre We)
I prepared i i (18% sol uti L. PCMVEA)
0 SOt ontog v T R V) 7t TV MM ARV =1 7. v~ SR
profiles
18 24 v-7 1.5 0.075 85.00 Vertical, clean
profiles
19 25 v-7 1.8 0.075 85.00 Vertical, clean
profiles
20 26 V-7 1.2 0.060 85.00 Vertical, clean
- profiles
21 27 v-7 1.5 0.060 85.00 Vertical, clean
profiles
22 28 V-1 1.8 0.060 85.00 Vertical, clean
profiles
23 29 V-7 15 0.020 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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PGVEA) of crosslinker V-1, 3.25 of TAG C solution and 70.08 of PGQGVEA are
-65 WO 2005/ 089150 PCT/ US2005/ 007588 m xed. The m xture is then rolled

over ni ghtwoaneb/ashsounder coat solution is filtered throegh/s2@520%88filter.
[ 0143] Lithographic Exanple 25 The undercoat from Undercoat Fornul ation
Exanple 33 is lithographically tested using the procedure enployed in

Li t hographi ¢ Exanples 1-4. The resultant 140 nm features have good

For 80596 TbAsobionsard22oma o CMEA versaRbiet 1165 TGP EPe polymer
Cor U SH Vel ARy iAo sdhutoiag MefopaR ezt et ‘and 17,5

of PGVEA The mnmixture is then rolled overnight, and the undercoat sol ution

%, e AR kL 700 s 2

le 34 is lithographically tested
usi ng the procedure enployed in Lithographic Exanples 15-24. The resultant
120 nm features have good resolution with excellent adhesion. [0146] Wile

t he i nventPid0g 9§ updersoabselutionin Acogiambet botilers ¢ H36eof Bolymer Fspécific
o PAPTRAL T TEPOMEN oy BRR R 7, EMER af s IR UER' "

vari a?l ons ‘ca ma eparting from scopé of the
i nveOotlsgeof TAB d eqallutibing ahd 22086t refiRGMBAcwert miked. Theinsixtune evadettieho enbr ace

1, G R ol S L 2

and
under coat conposition conprising a) a polynmer of Structure | conprising

repeating units of Structure Il, Ill, and IV
[0141 EXAMPLE 2

Undercoat Formulation Examples 31 and 32 were tested according to the

procedure described in Example 1. Table 8 contains the resuilts.

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

-65 -



R RIR (I) L-MWR3 0 (oHn Rs (R4)v (I'1) (111) (IV) wherein each R

i s independently selected fromthe group consisting of a hydrogen atom an
al kyl gr onp 20@visazof rom 1 to 3 carbon atons, and a hal ogem/ust@si001588 s
selected from the group consisting of (1) a single bond and a - CON(R2) -
group wherein R2 is selected fromthe group consisting of a hydrogen atom
and an al kyl group having from!| to 3 carbon atoms when Mis a C5.7

cycl oal k s selected fr mth nsi stin a,.single
bond, Mieloogie dnbiifre i ghen Tolspvomidis, ahd dogpRdBrcit edifloncl Blerdd ™ o
the ofpsyIL0S mfef a hydrogen atom a linear unsubstituted or
substituted al kyl having from5 to 30 carbon atons, an unsubstituted or

substituted cycl oal kyl group having from5 to 30 carbon atonms, a bridged
unsubst.itut ed i | i ¢ hydrocarbon group having from5 to
25 ca@éhratonsottiﬁgmgﬁﬁdﬂlg?%r substituted aryl group having from 6
to 18 carbon atons and an arylalkyl group having from?7 to 18 carbon

atoms; nis an integer from1l to 3 @‘E‘LS an_integer, fromO to 3, the sum

of n and qlbeiungerepatgiramy Hndergat EF ormgiiation. EXRE) 33giso ﬁboam%?q{' R is
sel eC{e%gierJ LSy tnséﬂg)gégtgjor%%;ﬁg@gé%gﬁh@rﬁgwggmgﬁg@%omanth@we@umt group

havi n | ene group having from 6
to 1814&nh0feaﬂresﬂlavwgaodsebeluﬁenlwﬁthcamcelim\t@dhapioncons| sting of a - COO
group, -0-, -(C=O-, and -(S02)-, and R3 is selected fromthe group
consisting of a hydrogen atom a linear unsubstituted or substituted al kyl
havi ne {4y ﬁ)m 5 t gndérécatermulRiion BxarHpRusst i tuted or  substituted

cycl oal kyl' group having fromb5 to 30 carbon atons, a bridged
For 50g of undercoat solution in a 2 oz amber bottle, 30.39 of the polymer
prepared in Synthesis Example 14 (13% solution in PGMEA), 1.3 g (20% solution in
PGMEA) of crosslinker V-10, 0.82 of TAG F solution, and 17.5 of PGMEA .The
mixture is then rolled overnight, and the undercoat solution 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,
madification and variations that fall with the spirit and scope of the appended claims.
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unsubstituted or substituted alicyclic hydrocarbon group having from5 to 25
carbon atons, an unsubstituted or substituted aryl group having from6 to 18
carbon atons and an aryl al kyl group having from7 to 18 carbon atons; n is
an 67 integer froml to 3, qis an integer fromO to 3, the sumof n and q
being no greater than 5; (3) a -COO group when Mis cycl oal kyl ene, Wis
sel ected fromthe group consisting of -COO, -0-, -C=O and -(SQ2)- and R3
is selectg& f{onj t he group consisting of a hydrogen atom a |inear
unsubst it ut 88281 substituted alkyl having from5 to 30 carbon atoms, an
unsubstituted or substituted cycloal kyl group having from5 to 30 carbon
atons, a bri dgetharmallysturable wileroatsqapOpition eempEsingycl i ¢ hydr ocar bon group
havi ng fr conepolymepsf Sauddom [ sompusingrepeatgghwits plSteurture Il, lmadilVut ed aryl
group having from®6 to 18 carbon atons and an aryl al kyl group having from?7
to 18 carbon atonms; n is an integer from1l to 3, g is an integer hrom O to
3, the sumof n and gl!being no greater ghan 5; and (4)grla -COO- group when M
i s cycloal kyl ene, Wi i ngl e bond_a is selected fromthe group
consisting of alin stituted ' ving fromb5 to
30 carbon atons, an unsubstituted or substituted cycl opl kyl group having
fromb5 to 30 carbon 3%9£§4_§ﬂfrigged ungubstituted or pubstituted alicyclic
hydr ocar bon group having™MromT5 25 on atons, substituted or
substituted aryl group having from6fjfto 18)carbon &’ns afd an aryl al kyl
group having from7 to 18 carbon atpns; IS an integer from1 to 3, gis
an integer from 0 to 3, the sum of /gg?;ﬂ eH)g no greaRer then 5; R4 is
sel ected fromthe group consisting of I near or branched or cyclic Cl-C
al kyl and a hal ogen group; R5 is séRéhted fromthe group consisting of a
| i near, branched or cycli& al kyl and an @gzubstitutedﬁgé substituted
alicyclic group, having 5 po 30 carbon at , and a ( )cR7 group where R6
is a C-10 linear or branched al kyl ene group and R7 is selected fromthe
group consyidéin@adl R 8islihdeperdentdy selediikrath they@bis calskithg ofud hjdis pérsdtbiut ed

an alkyl group having from 1 to 3 carbon atoms, and a halogen atom; L is selected from

the group consisting of

(1) a single bond and a —CON(R*)— group wherein R? is selected from the
group consisting of a hydrogen atom and an alkyl group having from 1 to 3
carbon atoms when M is a Cs.; cycloalkylene group, W is selected from the group
consisting of a single bond, a —COO— group, —O—, —(C=0)—, and —
(SO,)—, and 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 1 to 3, q is an integer from 0 to 3, the sum of n and q being no
greater than 5;

(2) a —CONR?*— group wherein R? is selected from the group consisting of a
hydrogen atom and an alky! group having from 1 to 3 carbon atoms, when M is an
arylene group having from 6 to 18 carbon atoms, W is selected from the group
consisting of a —COO— group, —O0—, —(C=0)—, and —(S0*—, and R% s
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
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or substituted alicyclic group and an unsubstituted or substituted aromatic
or alkyl aromatic group having | to 30 carbon atons and t is an integer
froml to 4; b) a phenolic crosslinker having Structure V (V) R R o HO X
RO RI1 P wherein pis an integer of about 2 to 6; R8 is a -CH20OR12 group; RO
Is selected fromthe group consisting of a hydrogen atom -CH2OR12 group,
Cl-C5 al kyl group, and aryl; Rio, R' and R12 are each independently

sel ected fromthe group consisting of a hydrogen atom and a Cl-C5 al kyl
group; X is a diintegeriromtletor 3-g ipaminiegesfromeRaovhltensumlalyl awst q beingl vd ky!

noi ety; 68 c) a&rmrﬁban%imd generator (TAG of Structure VI (SGBH x B
:20) Y O wherei n (3 as—€6l(eet gdup mdwen tNes gydogikdenes iV8tis mgeaéd &rophtrydrognd a
napht hyl group, cBadstirg ofseCoct-ed—f@-om-tOeOgr anp—cB0s)-stahd & ¢ serotedlfioyl or a
cyclic alkyl andh@mgrdu H\ESMSf@Mngﬁd t0Jdroget Rsdrh | tiRdarabrsalkinhted @F QUstinayd Ng 5
to 30 carbon at Qg hWWRE frfm StoPIEAWon aXorh$ aRMnduBSBEARE or Qhbstifudd dyclodllgl Y 1S
an integer of f%‘?&l h&x@néfroﬁlhﬁtégﬂ‘c%o% a?d?ﬁk M@ﬁ?é@uﬁ%b&itﬁé&%& shbut and
z is 6-x-y; whe élélg? vﬂ&fr&%%%rzs ntathfs,3an Q/nsh&stfﬁged nteger
fromO to 7, ? %mt d& ?Er éf{] gom%t%l%ac Foon& 61lnsa da%agyflal(éls B

is aprimry, s

bocycl | %Vt% T3 rhoh St A o Bheh i 3, o g MR
gg{vgﬁ%/? I2C Xrti{bﬁogi ey up ptamand Htgr’lf)’g%?atﬁr& zlat“ on conpri si ng H) a

(4) a —COO— group when M is cycloalkylene, W is a single bond and R® is
selected from the group consisting of 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 1 to 3, q is an integer from
0 to 3, the sum of n and q being no greater then 5;

R*is selected from the group consisting of a linear or branched or cyclic C;-Cyq alkyl and
a halogen group; R’ is selected from the group consisting of a linear, branched or cyclic
alkyl and an unsubstituted or substituted alicyclic group, having 5 to 30 carbon atoms,
and a (R°O)R’ group where R®is a C.io 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 from 1 to 4;

b) a phenolic crosslinker having Structure V

R? R10
R’ R
p
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 C;-Cs alkyl group; X is a di- tri-, tetra-, penta- or hexa-valent alkyl or
arylalkyl moiety;

V)
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a) a polymer of Structure | conprising repeating units selected fromthe
group consisting of Structures VII, VIII, and X (VI]) R R R 00 "~ R
R22 (OH)" Rza R24 Rza (VIIl) OO0 OOR6 1 (OH), R25 69 (x) R24 Rza Rea O
0Ol 00 Rz8 (OH),, R229 wherein R is selected fromthe group consisting
of a hydrogen atom an al kyl group having froml| to 3 carbon atons and a
hal ogen atom R24 is selected fromthe group consisting of a hydrogen atom
and a et hyl oup; R21 is an unsubstituted or substituted aromatic group
havi ng C6- @Bﬂgrcanad@ﬁldaeomtor@mb of Structire Ybst i t ut ed or substituted aromatic
group having C6-C30 carbon atons; R29 is a substituted or unsubstituted
C5-C7 cyclalky group; R22 is selected fronlthe group consisting of a
hydrogen and a Cl-C4 al kyl grqup-(SERehx and R28 are selected fromthe

group consisting of cyclic g @n, substituted or substituted
arbon” atlon®, Jand (R3 0),R7 group where R0

alicyclic group having 5 to
is a C24 linear or branched : e grooy and R7 is selected fromthe
group consisting of linear, branc a4 or cyclic alkyl, an unsubstituted or

substi t ut ed

wherein A is selected from the group consisting of a phenyl and a naphthyl group, R*® is
selected from the group consisting of an alkyl or a cyclic alkyl and 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 to 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 §—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.
2. A thermally curable undercoat composition comprising

a) a polymer of Structure I comprising repeating units selected from the group consisting
of Structures VII, VIII, and X

(V1)

(VIID)
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alicyclic group, an unsubstituted or substituted aromatic or al kyl aromatic
group having I to 30 carbon atons; nis an integer of about | to 2 andt is
an integer about | to 4; b) a phenolic crosslinker having Structure V R8 Rl
H('O P wherein p is an integer of about 2 to 6; R8 is a -CH20R12 group; RO
is selected fromthe group consisting of a hydrogen atom -CH20R12 group,
Cl-C5 al kyl group, and aryl; R10 R11l and R12 are each independently
selected fromthe group consisting of a hydrogen atom and a Cl1-C5 al kyl
group; Xis adi- tri-, tetra-, penta- or hex valent or arylalkyl noiety;
70 c) a thermal acid generator (TAG of Structure VI G SQBipx B O wherein
A is selected fromthe group comsistingef a phgayl and a naphthyl group,
R20is selected fromthe grg ti kyl or a cyclic alkyl and
an unsubstituted or substi i having 5 to 30 carbon
atonms; when A is phenyl, x is a to 3, y is an integer of
from0O to 5, the sumof x and in then 6, and z is 6-x-y;
when A is naphthyl, x is an i%htegeP is an integer fromO to
7, the sumof x and y being no great , sZ 1S 8-x-y; bis a

primary, secondary, or ter unsu uted or~substituted al kyl or
carbocyclic or heterocycli ¢ amnrne ha®Hrg 4 to 30 carbon atons; and d) a
solvent. 3. Athermally cu | eJJunder coat conposition according to claim?2
wherein the polyner of St%zP rel is a polymer of Structure VII (Vi)

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* is selected from the group
consisting of a hydrogen atom and a methy! group; R?! is an unsubstituted or substituted
aromatic group having C¢-Cso carbon atoms; RS is an unsubstituted or substituted
aromatic group havmg Cs-Cso carbon atoms; R? is a substituted or unsubstituted Cs-C,
cyclalky group, R*is selected from the group consisting of a hydrogen and a C,-C, alkyl
group, R%, R*, and R? are selected from the group consisting of cyclic al g/l an
unsubstituted or substituted alicyclic group having 5 to 30 carbon atoms and (R*°0)R’
group where R is a Cy.4 linear or branched alkylene group and R’ is selected from the
group consisting of linear, branched or cyclic alkyl, an unsubstituted or substituted
alicyclic group, an unsubstituted or substituted aromatic or alkyl aromatic group having 1
to 30 carbon atoms; n is an integer of about 1 to 2 and t is an integer about 1 to 4;

b) a phenolic crosslinker having Structure V

o o ™)

o @

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 1 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 C;-Cs alkyl group; X is a di- tri-, tetra-, penta- or hex valent or arylalkyl
molety;
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RLRLRLOO R23 R21 R22 (OH)" wherein R is selected fromthe group
consisting of a hydrogen atom an al kyl group having froml to 3 carbon
atons and a hal ogen atom R21 is an unsubstituted or substituted aronmatic
group havi ng C6-C30 carbon atons; R22 is selected fromthe group consisting
of a hydrogen atomand a C-C4 al kyl group, R23 is selected fromthe group
consisting of cyclic alkyl, an unsubstituted or substituted alicyclic group
having 5 to 30 carbagon atons, and (R300) 1R7 group where R30 is a C2-4 |inear
or br anched®)a ReAMehacid gerfsatonrd ®rofirug@re¥t ed from the group consisting of
| i near, branched or cyclic alkyl, an wunsubstituted or substituted alicyclic
group, and an unsubstituted or substituted aromatic 71 or al kyl aromatic
group having 1 to 30 carbon_atgneg,ap iS an integer of | to 2 and t is an

integer 1 to 4. 4. A therpall¥ CE#? e~Tunger coat conposition according to

claim 2 wherein the polypea o uc is a polynmer of Structure VIII
Q-2

group consi sting of a hydrogen

RIA (M11) p24 Rea OO0 E (O. AU wherein R24 is selected fromthe
#Hzom and a nmethyl group; R25 is an
unsubstituted or substituted aromatic group having C6-C30 carbon atons; R26
is selected fromthe group consisting a cyclic alkyl or an unsubstituted or
substituted alicyclic group having 5 to 30 carbon atons and a (R300tR7

roup where 0.is.a -4 linear or branched al kyl en roup and R7.is
selected fr¥ eHeA gt Slgstebiiamndhs Bgup cPRsiRtAR ofla Bhety Ghd ahaphthy [ group, R &

selected from the group consisting of an alkyl or a cyclic alkyl and 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 to S, the sum of x and y being no greater then 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 then 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.

3. A thermally curable undercoat composition according to claim 2 wherein the
polymer of Structure [ is a polymer of Structure VII

(VID)

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*' is an unsubstituted or
substituted aromatic group having Ce-Cs carbon atoms; R* is selected from the group
consisting of a hydrogen atom and a C,-C4 alkyl group, R® is selected from the group
consisting of cyclic alkyl, an unsubstituted or substituted alicyclic group having 5 to 30
carbon atoms, and (R*®0)R” group where R*® is a C,.4 linear or branched alkylene group
and R is selected from the group consisting of linear, branched or cyclic atkyl, an
unsubstituted or substituted alicyclic group, and an unsubstituted or substituted aromatic

71



branched or cyclic al kyl group, an unsubstituted or substituted alicyclic
group, and wunsubstituted or substituted aromatic or al kyl aromatic group
having 1 to 30 carbon atons and t is an integer of about 1 to 4; and n is
an integer of 1 to 2. 5. Athermally curable undercoat conposition
conprising: a) a polyner of Structure IX(IX) R RI R 00 R2s 27 R22
(OH)" wherein R is selected fromthe group consisting of a hydrogen atom
an al kyl g | t R22 is
sel ect ed fﬁgjf BRSO b B ind P s B RE GO T i At O e i
group; R27 a su stltuted or unsubstituted C5-C7 cycloal kyl; R28 is

selectedfromthe i Sti of a cyclic alk n u t|t ted or
substi t ut edt aI i oyiR %ﬁ fj?‘fg(’% ctoalpgétlerétaf)‘i?ﬁd‘ég&f’rsgﬂﬂ’dg ‘P%ﬁ 72
group wher BOIRBEY § sSt’é‘C@e h‘slalpr?@é?eré’f SERIRENEY al kyl ene group and R7 is
selected fromthe group consj,sting o; a I|ne%r branchedvar cyclic al kyl,
an unsubstituted or substi igyclic g up, and an unsubstituted or
substituted aromatic or .2 2 , L sying | to 30 carbon atons
and t is an integer of 1 to 4 and n{is an |nteger of 1 to 3. b) a phenolic

crosslinker having Structured O X RO R11 P wherein p is an
integer of about 2 to 6; R3¥ i 6—R3 is selected fromthe
group consi sting of a hydrpgen at -QH20R12 group, Cl1-C5 al kyl group, and
aryl; R1Q AN

| (OHD),

A

RZS

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 C¢-Cs 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, and
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 1 to 2.

5. A thermally curable undercoat composition comprising:

a) a polymer of Structure IX

(IX)

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* is selected from the group
consisting of a hydrogen atom, and a C1-C4 alkyl group; R* is a substituted or
unsubstituted Cs-Cs cycloalkyl; R28 is selected from the group consisting of a cyclic alkyl,
an unsubstituted or substituted alicyclic group having 5 to 30 carbon atoms and (R*°0)R’
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R11 and R12 are each independently selected fromthe group consisting of a
hydrogen atom and a Cl1-C5 al kyl group; Xis a di- tri-, tetra-, penta- or
hexa- val ent alkyl or arylalkyl noiety; c) a thernmal acid generator (TAG
of Structure VI (SBH)s R20)r (Hyz wherein Ais selected fromthe group
consi sting of a phenyl and a naphthyl group, R20 is selected fromthe group
consisting of an alkyl or a cyclic al kyl and an unsubstituted or
substituted allcycll rou avin 0 carbon atong; i enyl, X
i's an i nt eg8PUPSthery X o eh 8§braﬂ31 ata € EoYR B} B’ tSOSeQ?ctefirfm of x
and y bei ngEfyPgoasisEre pharinsar, bamhid 5 %cls@ 3lkylwheringubssitutechht Ryhistituedi s an
i nt eger frosligyctip ggoupy angd aalnumsub@g@tpd for srbituted apmatiseorsalisylogrosatingreupbei ng
no greater thindang 8o 3hdarbon stodisxngt isBniisteger pf I had,yand s6s emitdeger of bto d.erti ary
unsubstituted or substituted al kyl or carbocyclic or heterocyclic am ne
having 4 t @) 3phanliborssinkeBhavandStel)ctige Yol vent. 73 6. A thernally curable
under coat conposition according to claim2 wherein the pol ynmer of Structure
| is a polynmer of Structure X RR4 R4 Rza (X) OO za (R29 wherein
R24 is selected fromthe group consis{ing of a hydrogeﬁ atom and a net hyl
group; R28 is selected fromRthe gridlip, consisting of a cyclic alkyl, an
unsubstituted or substitfuted “\alicAclig group having 5 to 30 carbon atons
and (R300)tR7 group where R30 r or branched al kyl ene group
e

and R7 is sel ected from|soe of a linear, branched or
cyclic alkyl, an unsubstltute alicyclic group, and an

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 alky! group, and aryl; R',
R'" and R'? are each independently selected from the group consisting of a hydrogen
atom, and a C,-Cs alkyl group; X is a di- tri-, tetra-, penta- or hexa- valent alkyl or
arylalkyl moiety;

¢) a thermal acid generator (TAG) of Structure VI

(SO3H)x
RZO)y

(H)z

wherein A is selected from the group consisting of a phenyl and a naphthyl group, R s
selected from the group consisting of an alkyl or a cyclic alkyl and 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 to 5, the sum of x and y being no greater then 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.



unsubstituted or substituted aromatic or al kyl aromatic group having | to 30
carbon atons and t is an integer of 1 to 4; R29 is a substituted or
unsubstituted C5-C7 cycloal kyl group; and nis an integer of Ito 2. 7. A
thermal |y curabl e undercoat conposition according to claiml wherein, in
repeating unit of Structure Il, RL is selected fromthe group consisting of
hydrogen and nethyl; Wis a single bond; and wherein when Mis a C5-C7
cycl oal kyl ene group and L is a sinqle bond. 8. A thermal]|y curable

under coat €onpodi teuRalyorprble ungerspatacqmopitien ageording et ¢lrld 2 Whspn $Eng
repeating belymsr of Stoicpued israepalymenqfiStrugiiee Xv R Rt R (1) L-MWR3 (11) |
(OHhn RS (R4)a (IV) (11l) 74 wherein each R is independently sel ected
fromthe group consisting of a hydrogen atom an al kyl @ oup having from |
to 3 carbon atons, and a hal®gen atBm L isR¥elected from the group
consisting of (1) a sing [ ’ }
wherein R2 is selected pup consji Sting of a hydrogen atom and an
allcyl group having froml ans; when Mis a C5.7
cycl oal kyl ene group, and ¥¥1 SN (5" he group consisting of a
single bond, a -COO grou and -(S2)-; and (2) a -COO
group, and a - CON(R2) - p whergyn B2 is sek&cted fromthe group

consi sting of a hydrogegh at angnﬂ al kyl group having froml to 3 carbon
atons, when Mis an ar rou aving from6 to 18 carbon atonms, W is

selected fromthe grou Isting of a -COO group, -0-, -(C=O-,

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*0)R’ group where R is a C,. 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 1 to 4; R* is a substituted or unsubstituted Cs-C7 cycloalkyl
group; and n is an integer of 1 to 2.

7. A thermally curable undercoat composition according to claim 1 wherein, in
repeating unit of Structure II, R' is selected from the group consisting of hydrogen and
methyl; W is a single bond; and wherein when M is a Cs-C; cycloalkylene group and L is
a single bond.

8. A thermally curable undercoat composition comprising

a) a polymer of Structure [ comprising repeating units of Structure I, Ill, and IV

‘ I
N " o ®



and -(SQ2)-; R is selected fromthe group consisting of a cycl opentyl,

cycl ohexyl, adamantyl, Dbicycle[2.2.1 ]Jheptyl, tricycle[5.2.1.02.6]decyl,
phenyl and naphthyl; n is an integer froml to 3, gis an integer fromO to
3, the sumof n and g being no greater then 5; R4 is selected fromthe
group consisting of a linear or branched or cyclic Cl-Cl0 al kyl and a

hal ogen group; R5 is selected fromthe group consisting of a linear,
branched or clic alkyl. and  an unsubstituted or subsfituted alicyclic
group, havi wggrsmteecfsB%dp%ﬁn%ﬂwﬁmle%%ham R@mupﬁ?nsg%tw@ﬁv%ﬁw@g%aﬁogu a
Cl-10 |ineafm #Kylgrapr havdngfrR) kite’ grbematany: 20 4 Baleganeaderagl i sedsptadi&mr oup
consi sti ng B ggeupigessstingifanched or cyclic alkyl, an unsubstituted or
substituted alicyclic group and an unsubstituted or substituted aromatic or
al kyl aromatic @)ewndebomt al @GO gauppmdat erGONMRI)— goupnwhetmgRtisf r om |
to 4; b) a phenodeletedrfess thengtetp bensistgg S & igdropen Aoif\dhd aR&IRI @rddp havihg O RO
R11 P wherein p frsman tb I}t e466n @fondpoilen2M B H.CsREytivalkyehdidedtb? agd oMps RO is

sel ected from t hglec@dOfdn GRO giowhi dolsiinglotlty Sih g ¥andt LMCOGH2 SR, group,
Cl - G5 al kyl group.capfl_aryli. _RE)) Rapqand Rl27are each independently
sel ected fromthe group consisti‘ng’of a hydrogen atom and a C]-C5 al kyl
group; X is a digtri-~detra- nt az exa-val ent .abkyl or ryl al kyl
noiety; 75 c) a Qﬁgr ngpdaci%obﬂéigggt OPO?[F% gfou%Wﬁllﬁ:(r:et'ﬁ?%ys\ﬂe%Cffg t%?,RZO) %
B (H)z group consisting of°a hydrogen atom and an alkyl group having ftom | to 3

carbon atoms, when M is an arylene group having from 6 to 18 carbon atoms, W

is selected from the group consisting of a —COO— group, —O—, —(C=0)—,

and —(SO%)—;

R® is selected from the group consisting of a cyclopentyl, cyclohexyl, adamantyl,
bicycle[2.2.1]heptyl, tricycle[5.2.1.0%%]decyl, pheny! and naphthyl; n is an integer from 1
to 3, q is an integer from 0 to 3, the sum of n and q being no greater then 5; R* is selected
from the group consisting of a linear or branched or cyclic C;-Cg alkyl and a halogen
group; R’ is selected from the group consisting of a linear, branched or cyclic alkyl and
an unsubstituted or substituted alicyclic group, having 5 to 30 carbon atoms, and a
(R®0)R group where R®is a Cy.q 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 from 1 to 4;

b) a phenolic crosslinker having Structure V

R8 RIO (V)

" @

R9 RH

wherein p is an integer of about 2 to 6; R¥isa —CH,0R"? 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 C;-Cs alkyl group; X is a di- tri-, tetra-, penta- or hexa-valent alkyl or
arylalkyl moiety;
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wherein Ais selected fromthe group consisting of a phenyl and a napht hyl
group, R20 is selected fromthe group consisting of an alkyl or a cyclic
al kyl and an unsubstituted or substituted alicyclic group having 5 to 30
carbon atons; when A is phenyl, x is an integer of froml to 3, y is an
integer of fromO to 5 the sumof x and y being no greater than 6, and z
is 6-Xx-vy; mhen A is naphthyl, x is an integer from1l to 3, y is an integer
fromO to the sum of X bei ng no_greater than 8, and z is 8-x-y; B
is a prlnanaﬂ§€@ﬂﬁ9 ﬁ§nma@F(ﬂ%éi? t Cﬂﬁgﬁﬁstituted or substituted al kyl or
carbocyclic or heterocyclic am ne haV|ng 4 to 30 carbon atons; and d) a
solvent. 9. A thermally curable undercoat conposition accordlng toclaim1l
wherein, in the repeating uni re III wherein R1L is selected
fromthe group consisting of R4 is selected fromthe
group consi sting of a hydrog oup and a C)-C4 linear or

claim1l1 wherein, in repeating oni ;@% g 1l, R is selected fromthe
group consisting of hydrogen and nethyl; Wis a single bond; and wherein
when Mis a C5-C7 cycloal kylene group L is selected fromthe group

consi sting of a single bond and a -COO group; and R3 is selected fromthe

group con3| ent ¢ cl oh

bi cycl e[ 2. 2” EE? cﬁ% ?4% cqn mé%éééi my Héﬁ aphihyl §19 &%23 in

t he repeatﬁﬂ§3 Fg§PW o g?ﬁan ¢ 3P dgsyosdedins’ gr oup
consi st i ng STStRYRH Bigusiicagiauiaving S to Iucarbonsaiomas tvdien iy Shemd. Y iseipnE&fisi st i ng
of a hydr o@éfromt bip 3.4 inan dejeger § fap Qs dheuncat X ppd s keingmotgrearsikan Gl ky |
group; andand pigfrecyepben Ang neuphthylo)ﬁ isStnrintegen feom V, to hp issdminRger Somddbect ed
from the gfiothp scandixstndngbaiig Bo greatenthen B andod s\Beixef; 2B & 4 plveptyy becomthayyant | vy,
adamant y| net kerfiary uhsubytitueddsor 2ulstibe & hittgcanamrichislic, ordrreétrocyclic amine having

et hoxydi cyaltopeeiesy htomsldnd A process for formng a pattern on a substrate
conprising the follow ng process steps: a. providing a substrate, b.
coating indgag&géﬁ_coating step said substrate with a thermally curable

9. A thermally curable undercoat composition according to claim 1 wherein, in the
repeating unit of Structure III, wherein R' is selected from the group consisting of
hydrogen and methyl; R* is selected from the group consisting of a hydrogen atom, a
halogen group and a C;-Cy linear or branched group.

10. A thermally curable undercoat composition according to claim 1 wherein, in
repeating unit of Structure II, R' is selected from the group consisting of hydrogen and
methyl; W is a single bond; and wherein when M is a Cs-C; cycloalkylene group L is
selected from the group consisting of a single bond and a —COO— group; and R? is
selected from the group -consisting of cyclopentyl, cyclohexyl, adamantyl,
bicycle[2.2.1.]heptyl, trlcycle[S 2.1.0%%1decyl, phenyl and naphthyl; in the repeating unit
of Structure III, wherein R' is selected from the group consisting of hydrogen and methyl;
R*is selected from the group con51st1ng of a hydrogen atom, a halogen group and a C;- C4
linear or branched alkyl group; and, in the repeating unit of Structure IV, wherein 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.

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,
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under coat conposition of claiml1, 76 c. curing said undercoat conposition,
d. coating in a second coating step a photoresist over the undercoat to
produce a bil ayer photoresist stack, e. exposing the bilayer photoresist
stack to provide a photosensitive conposition portion of the bilayer

phot oresi st stack, f. devel oping the photosensitive conposition portion of
the bilayer photoresist stack making a portion of the underlying undercoat
visible, g. rinsing the bilayer photoresist stack, and h. etching the

vi si bl e undercoat in an oxidizing plasma to produce a bilayer relief image.
12. A process faor focwmingsadd paietceatcoatpositisnibst rate conpri sing the foll ow ng
process steps: a. providing a substrate, b. coating in a first coating step
sai d substrate wth @odthelifalkédng Usaksttepdisiosaat ot@MROSIdet @A f claim 3,
c. curing said undergpal, cCOBRRIE phRbtesibh-stdcRat i Ng in a second coating step a
photoresi st over the undercoat’ to produce a bllayer phot oresi st stack, e.

exposing the biLayer pfiglor s gé 3 erph &Egas&cfe gvragq%& SE0R! ve

conposition portlon § evel oping t he
phot osensi ti ve conpo§?TP%%t %g bﬁ?é toresi st stack making

a portion of the underlying undercoat visible, . r|n5|ng t he bilayer

phot or esi st st adk, aﬁﬁv%oplﬁﬁ tRiPk toﬁqﬁ‘é‘t\)’%?rﬁp‘é‘ttﬂﬁ‘d@lr%‘a‘? thtbidayebxi di zi ng
pl asma to produce a Iphptagesist stacéqméfmg ragreion oBthe Andarbéngsunderroat Usikieng a

pattern on a substrate conprising the follow ng process

g. rinsing the bilayer photoresist stack, and
h. etching the visible undercoat in an oxidizing plasma to produce a bilayer
relief image.
12. 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 3,
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 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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steps: a. providing a substrate, 77 b. coating in a first coating step said
substrate with a thermally curable undercoat conposition of claim4, c.
curing said undercoat conposition, d. coating in a second coating step a
phot oresi st over the undercoat to produce a bilayer photoresist stack, e.
exposi ng the bilayer photoresist stack to provide a photosensitive
conposition portion of the bilayer photoresist stack, f. devel oping the
phot osensitive conposition portion of the bilayer photoresist stack naking
a portion of tlwe undeatingiing fundestagatepwaki sabarate @ith aitsinaly tdigblbi | ayer

phot oresi st stack, aAgkrboat edrBpositibntdiRlaihsi bl e undercoat in an oxidizi ng

pl asma to produce a bilayer relief inmage. 14. A process for formng a

pattern on a sybstrapg, LomPhdREdaat okigbhOW ng process steps: a. providing
a substrate, b. coating in a first atlng step said substrate with a

thermal |y curabl e IG n of sai d
under coat conpg5|t|§8%ﬁﬁ g e%BHB&ﬁngs f gﬁmgn%%%PY%éﬁ%wgénga%ﬁotoresist
over the undercoat P& “6?%5@%@r8<ﬁﬂfﬁ§ aBhot or esi st stack, e. exposing the
bi | ayer photoresist stack to provide a photosensitive conposition portion
of the bilayer ¢phot Sr%sirgtth%blmr photora@wr%btmgov% atosyBHEEL i ve
conposi tion port|onC@Wm@$@9¢ﬂmbg@@fmph$n@rE@ﬁ@ﬁMSWﬁ@ maki ng a portion of
t he underlying undercoat visible, g. rinsing the bilayer photoresist stack,
and 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.
4. 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 5,
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 to produce a bilayer
relief image.
I5. A process for forming a pattern on a substrate comprising the following process
steps:
a. providing a substrate,
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h. etching the visible undercoat in an oxidizing plasma to produce a bil ayer
relief image. 15. A process for formng a pattern on a substrate conpri sing
the follow ng process steps: a. providing a substrate, 78 b. coating in a
first coating step said substrate with a thermally curable undercoat
conposition of claim®6, c. curing said undercoat conposition, d. coating in
a second coating step a photoresist over the undercoat to produce a bil ayer
phot oresi st stack, e. exposing the bilayer photoresist stack to provide a
phot osensitive conposition portion of the bilayer photoresist stack, f.
devel opi ng t hebphot asgingiirt a fiest caatipg siep s@d systrateovithod thetneallyi dusabder

phot or esi st stack madkder@ascapgposition o6€lainhé, under| yi ng undercoat visible, g.
rinsing the bilayer photoresist stack, and h. etching the visible undercoat

in an oxidizing pIa&g&gggmghggggﬁCamgbgﬁMpr relief image. 16. A process for
form ng a pattern on a substrate conpr|5|ng the follow ng process steps: a.

broviding a Sugstr algyiDin £ 0L ekl & né ORbioROR g iRt BRRBYd, SubSt rat e

with a thermal 'y cur I on a|n1 curing said

under coat conp05|t|gﬁlﬁfaﬁﬂgﬁw%&%mmg ond coating step a photoreS|st
over the undercoat to prod C qﬁla er %qgtoreslst tack . exposing the
bi | ayer phot or Esi st ©¥aHg th ﬁwau? Loresish HaEoOdNRYIds ¢ 8 m@ﬁﬁﬁ8¥?t|on portion

of the bilayer phot eprBRgsyiongrogiga of the bllayer 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.

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 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 to produce a bilayer
relief image.

17. A process for forming a pattern on a substrate comprising the following process
steps:
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f. devel opi ng the photosensitive conposition portion of the bilayer

phot oresi st 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 imge. 17. A process for
formng a pattern on a substrate conprising the foll ow ng process steps: 79
a. providing a substrate, b. coating in a first coating step said substrate
with a thermally curable undercoat conposition of claim8, c. curing said
under coat conposition, d. coating in a second coating step a photoresi st
over the undereoat pwvidingasubstratehi | ayer phot oresi st stack, e. exposing the
bi | ayer photoresist stack to provide a photosensitive conposition portion
of the bilayer bphot esidigsi a Sikckatink stepayidlsostiag witea feahabensatie ve

conposition portlonuﬂ@ﬂ&ﬂgahh@ﬁmeof@mghgreS|st stack making a portion of
t he underlyi ng undercoat visible, . rinsing the bilayer photoresist stack,

and h. etchi _ng t he XW%‘% M{Eigf'c'bﬁt%hp'foﬂtﬁ? oxi di zing plasma to produce a
o]

bi | ayer relief’ i mge A process rm ng apattern on asubstrate
conprising the follomnn a bstrate,
coating in a fitst § iq?caaggoa%@gs%ﬁskba@éem PR SUBEREN ©' Cur 2
under coat conposi ti BH’ SIW§HCkg sai d undercoat conposition, d.
coating in a second coatl nﬁ; step phot oresi st over the undercoat to

€. exposing the bllayer photore515t 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.
18. 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 9,
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 to produce a bilayer

relief image.
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produce a bil ayer photoresist stack, e. exposing the bilayer photoresist
stack to provide a photosensitive conposition portion of the bilayer

phot oresi st stack, f. devel opi ng the photosensitive conposition portion of
the bilayer photoresist stack making a portion of the underlying undercoat
visible, g. rinsing the bilayer photoresist stack, and h. etching the

vi si bl e undercoat in an oxidizing plasnma to produce a bilayer relief inmage.
80 19. A process for formng a pattern on a substrate conprising the

fol | owi ng }¥r ocdsBrocesdpiformingy patiean AY 2 uBgE soamrrising the Selawige iPFoCEssf i r st
coating ststPS'sai d substrate with a thermally curable undercoat conposition
of claim10, c. curing said undercoat conposition, d. coating in a second
coating step aaphot preosdisg a emstratthe undercoat to produce a bil ayer

phot oresi st stack, e. exposing the bilayer photoresist stack to provide a
phot osensi tive b, cOnMpesingiing fiRQcbathg s&p shidgubittagyeith PRias@sEghbist ack, f.
devel opi ng the phot gagiedat bMBp&RMRAQTictai/Nopor tion of the bilayer

phot oresi st stack naking a portion of the underlying undercoat visible, g.

rinsing the bi%@yefdﬁ%ﬁ&ﬁ&&&%hxaﬁéﬁﬁmﬁﬁaﬁ I't, etching the visible undercoat
[

in an oxidizing plasma to produce a ayer relief image. 20. A bilayer
relief image produced by .the prqcess of claimi11l, 21.. A cpated substrate
conprising a s@nicoﬁaﬁg%d?aéﬂggﬁfgiggé Rt ‘4%?%%8Vﬂé®hﬂg@ﬁPﬁgﬁ of claiml
wherein the conposi PIUHCHT DL REqLoesstSiikher " coated with a photoresi st.

€. 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.

20. A bilayer relief image produced by the process of claim 11.

21. 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.

22. 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 2,

c. 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,
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22. 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 curable undercoat conposition of claim 2,

c. curing said undercoat conposition, d. coating in a second coating step a
phot oresi st over the undercoat to produce a bilayer photoresist stack, e.
exposi ng the bilayer photoresist stack to provide a photosensitive

conposition portion of the hil r _phot oresi st. stack f... devel opi ng t he
oot ogensi 11 ve. Eompott'ePaedhs MR s Bl Ehan s e bl S, 20\ "Nk ng
a portion of the unddISFFHY SEkIBREDER ROFEGNATLNE ypderlyine upderp Vﬁfsq Qyer

phot oresi st stack, and _h. etching the visible undercoat in an oxidi zing

pl asma to produge a fb@sllf%/té? bilgyer P@toqeﬁm@&ckwﬁ A bil ayer relief imge
produced by the process of claim?22. 24. A coated substrate conprising a
seni conduct or shibst reitleng thatvésiblp ynddneoat mompasdizing plasha ¢d priodu alhikyei n t he
conposition of cl ai meliefiimageirt her coated with photoresist. 82

23. A bilayer relief image produced by the process of claim 22.

24, A coated substrate comprising a semiconductor substrate coated by the
composition of claim 2 wherein the composition of claim 1| is further coated with
photoresist.
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