12 SEP 2003 HYDROXY- AM NO THERMALLY CURED UNDERCCAT FOR 193 NM LI THOGRAPHY
FI ELD OF THE | NVENTI ON The present invention relates to deep WV |lithography
used in sem conductor manufacturing and nore particularly to underdca§EP 2003
| ayers for chemically anplified bilayer resist systens. BACKGROUND TO THE
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substrate during exposure. The formation of standing waves in the resist
reduces resolution and CUSERGFRGENTHD YATE ;NVERTIOROr exanpl e, standing
waves in a positive resis ‘ P20t

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 I-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 256 nm and
193 nm. The problem with using deep UV wavelengths is that resists used at the higher
wavelengths were too absorbent and insensitive. Thus, in order to utilize deep UV light
wavelengths, new resist materials with low optical absorption and enhanced sensitivities

were needed.

Chemically amplified resist materials have recently been developed through the
use of acid-labile polymers in order to meet the above-mentioned criteria. They have
shown great promise in increasing resolution. However, chemically amplified resist
systems have many shortcomings. One problem is standing wave effects, which occur
when monochromatic deep UV light 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
resolution of the resist. In addition, chemcally anplified resist
profiles and resolution may change due to substrate poi soning. 12 SEP 2063
Particularly, this effect occurs when the substrate has a nitride |ayer.

It is believed that the NNH bond in the nitride filmdeactivates the acid

at the nitride/resist interface. For a Fo_sitive resjst, this results in an

i nsol ubl enderey, toanstlieinthivot plebp sesistisehprienglerisee sedusing the respiuttion of the
resist/substrate interface. Furthernore, |ithographic aspect ratios require
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removed, which in turn decreased the etch resistance.

Utilizing an underlayer or undercoat film that is placed on the substrate before the
chemical amplified film is applied can reduce the above-mentioned problems. The
undercoat absorbs most of the decia 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

etch resistance.

In the typical bilayer resist process, the undercoat layer is applied on the substrate.
The chemically amplified resist is then applied on the undercoat layer, exposed to deep
UV light and developed to form images in the chemically amplified resist topcoat. The
bilayer resist system is then placed in an oxygen plasma etch environment to etch the
undercoat in the areas where the chemically amplified resist has been removed by the
development. The chemically amplified resist in a bilayer system typically contains

silicon and is thus able to withstand oxygen plasma etching. After the bottom layer is



1 2 SEP 2003 etched, the resist systemcan be used for subsequent

processi ng such as non-oxygen plasma etch chem stry which renoves tugv
under |l yi ng substrate. Even though the undercoat attenuates standing %%pzm
and substrate poisoning, it poses other problens. First, sone undercoat

| ayers are soluble to the chemcal anplified resist solvent conponent. If
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to align the exposure mask to the layer %%I ow the resist. |If the “undercoat
| ayer i stheaesalbtanr ehiensitivity néfHedop edist lagit willdediethimhantally affectashit i s t oo
attenuated to be useful. However, if the undercoat |ayer is not absorbent
enough, standing waves may occur. A fornul ator nust bal ance these
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etch resistance to plasma chem e et resi stance of the undercoat
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comercially viable. Furthernpre, sone_undercoat |ayers, require exposure
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| ayer Carl‘aﬁ‘?s ﬁxﬂgﬂﬂeﬁﬂatcﬁ&ﬁo%%ﬁg}gﬂ&nvi gLess-1inking undercoat layers is

that they require long exposure tinmes to form sufficient cross-links. The
| ong exposure tinmes severely constrain throughput and add to the cost of
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than ot hehsorbent 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.

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.

Furthermore, some undercoat layers require UV exposure in order to form cross-
links before the radiation sensitive resist topcoat layer can be applied. The problem with
UV cross-linking undercoat layers is that they require long exposure times to form
sufficient cross-links. The long exposure times severely constrain throughput and add to
the cost of producing integrated circuits. The UV tools also do not provide uniform

exposure so that some areas of the undercoat layer may be cross-linked more than other



3 12SEP2003 areas of the undercoat layer. In addition, UV cross-I|inking
exposure tools are very expensive and are not included in nost resist
coating tools because of expense and space linmitations. Some under dda$EP 2003
| ayers are cross-linked by heating. However, the problemwth these
undercoat layers is that they require high curing tenperatures and | ong
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dissolved in a solvent and used as an undercoat |ayer in deep W
|'i thography. In addition, the present invention also relates to a

phot ol i t hogr agh 503 fan SHPSIJFARE pRASRIih&inigh (G pfoviRR! 4 Blefmaly thrabiel | y
cured undercoat conposition-on the ) i
polymer composition that is useful for an undercoat layer in deep UV lithography.
Another object of the present invention is to provide an undercoat layer, which is cured at
temperatures less than about 250° C and for a time less than about 3 minutes. It is a
further object of this invention to provide an undercoat layer which is insoluble to the top

resist’s solvent system, minimizes reflectivity effects, and has an etch rate comparable to

novolaks.

Other and further objects, advantages and features of the present invention shall

become apparent as described below.

SUMMARY OF THE INVENTION

The present invention is directed to a thermally curable polymer composition
comprising a hydroxyl-containing polymer, an amino cross-linking agent and a thermal
acid generator. The thermally curable polymer composition may be dissolved in a

solvent and used as an undercoat layer in deep UV lithography.

In addition, the present invention also relates to a photolithographic coated

substrate comprising: a substrate, a thermally cured undercoat composition on the



4 12SEP2003 substrate, and a radiation-sensitive resist topcoat on the
thermal |y cured undercoat conposition. Furthernore, the present invention
further relates to a process for using the photolithographic coated £ SEP 2003
substrate for the production of relief structures. DETAI LED DESCRI PTI ON AND
EMBODI MENTS This invention relates to a thermally curable pol yner

conposi ti [ -for form ng an undercoat |ayer in deep W
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acid generator and. Wen the conposition is hea

gener at orPhgiditereaembic ¢catedsubstiatn o iter@abdwmtivmof eliofsriciurdd ng agent resul ting
in a very strong electrophillic group. This group reacts with a hydroxyl
group on the hydroxyl- containing polynmer form ng a cured cross-Iinked

polymer matrix. Any pErAfRED BRSARIPFRAIN A d.ng agent mpy be used in the
present application ™~ such a "v OR "~~“=!".‘!4-'”-'--‘!" ed and

etherified nmelam nes, nmethylolated and/or nethylolated and etherified

guanam nes andg%he | i ke. The preferred am no cross-linking agents have the
general for rmul BYS FVRPYEINelatey to ¢ tgrmally gursble polNREREOmpositismbatith atagdeor

unsubst i tyit g, Iam{.}m-'@' kyd: e R R6_are t.,ndependently a
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cross-1li ”k'ﬂrg ents %‘re, thoxya;ﬁl mel am nes such as

hexanet hGRYy T‘U%"I‘ :’}iﬂ“& i 47ad BERETRIBE ARty iR berepmpositéon is heated, the thermal

hexaret h%i@é&%ﬁ%’r'ﬁ%ﬁﬁea the %0%@%@ Q0o cross-linking agent resulting in a very
strong electrophillic group. This group reacts with a hydroxyl group on the hydroxyl-

containing polymer forminga cured cross-linked polymer matrix.

Any suitable amino cross-linking agent may be used in the present application
such as methylolated and/or methylolated and etherified melamines, methylolated and/or

methylolated and etherified guanamines and the like. The preferred amino cross-linking
agents have the general formula:

Rs
N_ N_ N
RZ/ = T \R4
N YN
Y
wherein Y is NRsRg or a substituted or unsubstituted aryl or alkyl group; and R; to R are

independently a hydrogen or a group of the formula —CH,0H or —CH,0R,; wherein
R is a alkyl group of about 1 to § carbons.

Examples of suitable melamine cross-linking agents are methoxyaklylmelamines such

as hexamethoxymethylmelamine, trimethoxymethyimelamine, hexamethoxyethylmelamine,



t et ramet hoxyet hyl mel am ne, hexar net hoxypr opyl nel am ne,

pent anmet hoxypropyl nel amine, and the |ike. The preferred nel am ne
cross-1linking agent i s hexanet hoxynet hyl mel am ne. The thernmal acid 12 SEP 2003
generator of the present invention has the general fornula: where R7 is a
substituted or unsubstituted al kyl, cycloal kyl or aromatic group wherein

t he subsUtu@g v% is. a n}agl ogen, al koxy, aromatic, nitro or am no
group; arTEIYNPXER gg%l?@me éﬁ&ﬁh@ﬁﬂ?ﬂp)’%¢ aaine ﬁeﬂ@m%@@wgﬂ@ﬁhﬁ(ﬂmr or

nat ogen, Sos i T erRl ot RS TR B etne.

heterocycllc Mor e preferable t her mal aC|d generators are cycl ohexyl p-

t ol uenesul f onat e, nent hyl p-tol uenesul fonate and cycl ohexyl 2,4, 6-
triisopropyl behiEdhunial adhatnsratonnf thespresenhisyensionhas ﬂie@na;abfmmaw aromati c
or heterocyclic zing is connected onto the benzene ring of the thermm
acid generator such as, for exanple, the annulated aromatic shown bel ow
Annul ated aromatic The preferred thergs generators are cycl ohexyl
p-tol uenesul fonate, menthyl p-tol genet e, bornyl p-tol uenesul fonate,
cycl ohexyl triisopropylbenzenesulfqnate clohexyl 4- met hoxybenzene

sul fonate. 6 1 2 SEP 2003 THe-ther o
shoul d not be consi dered photoaci dll gen: . Any sensitivity that the

t hermal acid generators would have“to U t should be very poor, and

t hey cannot practically be used in pHatolithoyraphy as a photoacid
generator. The thermally curabl e pol ynmer conposition also conprises a

hydr oxyl - contalnlng pol ymer.. Any suitable hydroxyl-containing polyner may

be used SYReEe Baisfolubssvis Obwbst@%almnmalmuor eropfatic\aréuphekeninl the
hydr oxyst thacr | at e cl oal k
yar oxy S subafted BAIb oy ki BROY, Ui O oiBBLDAGEN B68x, BAUEY 2! kY

acrylate or I'at e
mdependently selected from hydrogen, Imear or branched Cito C4 alkyl, alkoxy, amino,

alkylamino, aryl, alkenyl, halogen, acyloxy, cycloalkyl, or annulated cycloalkyl, aromatic

or heterocyclic. More preferable thermal acid generators are cyclohexyl p-

toluenesulfonate, menthyl p-toluenesulfonate and cyclohexyl 2,4,6-

triisopropylbenzenesulfonate.

Annulated means that the cycloalkyl, aromatic or heterocyclic ring is connected

onto the benzene ring of the thermal acid generator such as, for example, the annulated

@ Arnmulated aromatic

The preferred thermal acid generators are cyciohexyl p-toluenesulfonate, menthyl

aromatic shown below

p-toluenesulfonate, bornyl p-toluenesulfonate, cyclohexyl triisopropylbenzenesulfonate,

cyclohexyl 4-methoxybenzene sulfonate.



and the like. This invention also contenpl ates copolynmers, terpolyners, and
the like of the foregoing naned polyners. In addition, polynmers containing
novol aks may al so be used. Preferably, polyners conprising nononer 1driEP<2003
of cycl ohexanol, hydroxystyrene hydroxyal kyl acrylate or nethacryl ate,
aryl al kyl al cohol s and hydroxycycl oal kyl acrylate or nethacrylate have a
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addi ti ofpentieor NP kdnkitRityRhetHROhY TR RITBaREAbQ WoRY have & UV Uipar _
conprise nononer units of “cycloaliphatic esters of acrylic or nethacrylic

aci d. Sushbaldl be exxgnpbes andf thepnmmeot pratticllyf be ysddodd photalithographeras of

acrylic qr nefhacrylic acid are cycl ohexyl acrylate or methacryl ate,

4-tert- a&k}‘@ﬂ‘%‘ I acrylate or nethacrylate and isobonyl acrylate or

met hacryl ate, adamantyl acryl ates and net hacryl ates, dicycl opentenyl

acryl ates and nethacryl ates, 2-(dicyl copenteneyloxy)ethyl acrylates and

met hacr yl at esTheathermdiky durdtde pdlymeprahprsiten alwnampmsesd hydrotylepotlagung phat i ¢
lic or li.c acid are,isobornyl ac

ester of acr . ihgc yl ate or
et hacr yROBEr FADh SHHGI DY SRSV FPATANGS PONHR EhAC JEFY M AR PR her
. . . _ ! | at
o et hec e B B o R et e o
met hacr yietheeryia duygroxyoydsallay] ecrybareloomytedrnlate, aryalkyhtleolwis, aByleleshal at e,
2- hyd thyl. . | af th | ate, 3- hyd | |
et hacr ik B S (S BReBRAT s con b acs oprbrgsy aaaners, SR le B sBre
acryl at etthg{%?%?&La%eﬁ?&l@&@. 8 2DYEERNMRYMAs BRfaMidY FovlakiBidiegsybat e  and

the 'like. hydr oxyal Kyl acryl ate or nethacryl'ate nononer
units cuasedai ns primary hydroxyl groups, although secondary and tertiary
al cohol groups or mxtures of primary and secondary or primary, secondary
and tertiary al cohol groups nay be used. Suitable exanples of secondary

al cohol s are BrdfatdbiQXpoldmeRtdyipetsing monomer units of cyclohexanol, hydroxystyrene
hydroxyalkyl acrylate or methacrylate, arylalkyl alcohols and hydroxycycloalkyl acrylate
or methacrylate have a number average molecular weight of about 3000 to 38,000, more

preferably 14,000 to 30,000 and even more preferably about 18,000 to 22,000.

In addition, the thermally curable polymer composition may also further comprise
monomer units of cycloaliphatic esters of dcrylic or methacrylic acid. Suitable examples
of monomer units of cycloaliphatic esters of acrylic or methacrylic acid are cyclohexyl
acrylate or methacrylate, 4-tert-butylcyclohexyl acrylate or methacrylate and isobornyl
acrylate or methacrylate, adamantyl acrylates and methacrylates, dicyclopentenyl
acrylates and methacrylates, 2-(dicylcopenteneyloxy)ethyl acrylates and methacrylates
and the like. The preferred monomer units of cycloaliphatic ester of acrylic or

methacrylic acid are isobornyl acrylate or methacrylate.

Furthermore, the hydroxyl-containing polymer may further comprise aromatic

monomer units, preferably styrene or biphenyl acrylate or methacrylate.



acrylate or nethacryl ate, 3-hydroxy-3-nethypropyl acrylate,

4- hydr oxy-4-net hyl butyl acrylate or nethacrylate, 5-hydroxy-5-nmethy ZF& 003
propyl acrylate or nmethacrylate, and the |I|ike. The preferred hydroxya y?
acrylate or nethacrylate is 2-hydroxyethyl acrylate or nethacryl ate.

Sui t abl e exanpl es of aryl al kyl al cohol rmnorrer units are benzyl al cohol, 4-

nmet hyl - benzyl al coho enzyl . al c al cohol ha- rreth I
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pr ef er abl 000 to. 10, 000; and a copoly ydroxystyrene and a
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nore preferably gbout 82 to 95 wt. % of bydroxyl containing polyner. The
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conposi ti ref I 0.2 n out 5
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pr ef er abl bout 1.5 to0 3.5 . 0% 8 12SEP2003 The thernmally curable
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whi ch vmlﬂncthlaenﬂme its shelf life. formatlon results in non-uniform
coatings and linewdth wvariations across the substrate when the thermally
curabl e pol yner conposition is used as an undercoat |ayer in

m crol i t hogr apSyitable examples of arylalkyl alcohol monomer units are benzyl alcohol, 4-
methyl-benzyl alcohol, 4-ethyl-benzyl alcohol, cumyl alcohol, alpha-methyl benzyl
alcohol, 2-phenyl-1-ethanol, 3-phenyl-1-propanol, and 1-naphthyl methanol.

Other preferred. copolymers useful in the thermally curable polymer composition
are a copolymer of styrene and allyl alcohol monomer units with a weight average
molecular weight of about 2000 to 20,000, preferably 2000 to 10,000; and a copolymer of
hydroxystyrene and a cycloaliphatic esters of acrylic or methacrylic acid monomer units
with.a number average molecular weights of about 9000 to 38,000, preferably about
14,000 to 30,000, more preferably about 18,000 to 22,000.

The thermally curable polymer composition preferably contains about 75 to 95
wt. %, and more preferably about 82 to 95 wt. % of bydroxyl containing polymer. The
amount of the amino cross-linking agent in the thermally curable polymer composition is
preferably about 3 to 20 wt. % and more preferably about 5 to 15 wt. %. The amount of
the thermal acid generator in the thermally curable polymer composition s preferably

about 0.5 to 5 wt. % and more preferably about 1.5 to 3.5 wi. %.



The nore preferable polyners of the present invention conprise polyners
with the follow ng nononer units: HO Polyner 1 OH Pol ynmer 2 wherei nZEE%’SZUUJ
and R16 are independently selected fromhydrogen or nethyl. 9 1 2 é

2003 Pol yner 1 conprises about 40 to 75 nole % of isobonyl acrylate or

met hacryl ate nononmer units and about 25 to 60 nole % of hydroxystyrene

monomer uni t STLREhSHHRIY %u%'f@f)@)l?/ﬁ‘%r e&ﬂpi)lsllﬁ&l bP HeOprah e irb¢epfiors bt gooNONEr
0

units and about 40 to” 61 nole f al al cohol” nonomer units. Anot her
pr ef er abbegipoignifirant poks-Hpking uniikit aeacbpod yemeprerastretifphewty§0° 45 Gicaificany

met hacryl ate _.and ro thyl acry] at r methacrylate. The amunt of

bi phenyl crogﬁ-}lsﬁggg:}/ﬁ‘ngﬁé? Iﬁg%ﬁ% iq Sﬁa'ggﬁ?tl@oa W%g’o{emﬂe’éat%ea%ﬁhh@?lamunt
of Nydropy@LOuts SRAF e Coer satfaas Khilkeint SoRBRSm! QoditheR tari lifieaciTne
pol ymeri zat1 on of the pol ymers descri bed above may be carried out by any
sui t abl evagdtions atmat thasupstaewsersthe theamally eerablagiobyaber gompnstipn sstusehas The
nunber average mol ecul ar weight of Polynmers 1 and 3 are about 9,000 to
38, 000, pRr&R ra%téa%ahwcral,ﬂé}egap% 20, 000 and nore preferable about 18, 000
.to 22,000. The wei ght average nol ecul ar weight of polymer 2 is about
2,000 to 20,000, preferably about 2000 to 10,000. The present invention

al so rel at es tTheanphopreferitio golapletLol hatresest bsentidrecompriser padymers veith
substrate, a thermally cured undercoat conposition on the substrate, and a
radi at i ofhesEleMRg MOPRBEEYNISopcoat on the thermal |y cured under coat
conposition. The thermally cured undercoat conposition conprises the
thermal Iy curable. polyner conposition that conprises a

hydr oxyl - cont ai ni ng pol yner, an arﬂlgo cross-1inking

g

HO

g

wherein Rys and Ry¢ are independently selected from hydrogen or methyl.

Polymer 1

Polymer 2



agent and a thermal acid generator which has been heated to forma
cross-linked matrix. Any of the polyners described above nay be use gsﬁﬁzﬂﬂj
t he hydroxyl -contai ning polyner. Preferably, the hydroxyl-containin
polymer is selected fromPolyners | or 2. The present invention further
relates to a process for using the photolithographic coated substrate for

h d ' f f he h
phot 01 | ¢ hogr appiRmEchPeRPEsh byl o R A B sctRbnl e TnEbr mBbBEY * "
sensi ti Ve, [esh&tunt@REPMout 85 860 Rbfe %4 h?@ﬂoﬁquﬁﬂgmﬁ%rﬁ%ﬂﬁn@ resi st inmage

by devel oping the radiation-sensitive résis opcoat with a devel oper to
formopen areas in the radiation Jo 1 2 SEP 2003 sensitive resist topcoat.

In addition, the thermally cu nde coat S|t|on may b ved in

the open areast @WF%%CB’@PET"E@B‘W alsé %"F‘E@Fﬁ“ﬁgﬁ%‘g@ 4 WY any

sui tabl e QG ofg)g gigyl%bggnngﬁ&ﬁmnﬁ_gchl ng to forman image in the
erc

thermal ly cure at conposition. One advantage of the thermally
curabl e polyner conposition is that it may be cured at a tenperature of

| ess than about 250 C f | th t ds._Thi
maiz i t ;r)]a?t iogﬁP%hFﬁlP‘G&?%]F %rﬁls)m'éFﬁ H’@g‘ggéfs "? g x %Brrgiﬁblplé%ﬁ’ I%ngag? 8Fn| wher e
enper at Uf.gq 300 h{ HqC fﬂ}}‘sﬂ 1] SPRMUARIAE! PRETERIGEHRlof Vhiphiyl 1 Y.

Pref erably, pol ymer corposition is cured

t enper at ua@ﬁla&ebmmai:ﬁﬂhté ds 2660tG0 &an@0 rmob Yr afcbﬂab&ryoxbntuﬁele,rdxvmﬁefﬂ atures

of 180 to 220 C. The prefer s are fromabout 30 to 180
seconds a#fdYRire Cé)‘é‘ﬁl@/a]?‘}‘%ﬁﬁ&oog(g o 120 seconds. Both the

undercoat and the radi ati on-sensitive conpositions are uniformy applied
to a substrate by known coating nethods. The conpositions are sol ubilized
in an organi ¢ Thelpulynterastibr blothe patyimegs dessyiberk abayisi madbe arsisd Ut §%EPKg,

di ppi ng, kni am nati.on, . brushi 05 V, zroll
coati ng. fbﬁ%%?ﬁmaﬂi%ﬁ% RFSSS gt frcegreﬁlerag ] g%z\%}eﬂ?g %?ﬁ%gﬁ%fﬁfc% ut 0.1
to nore t %rrecmr WeRBHR BEPARfRIPT &idy aelapolir QOO0 381000, preferably about 14,000

to 20,000 and more preferable about 18,000.to 22,000. The weight average molecular

weight of polymer 2 is about 2,000 to 20,000, preferably about 2000 to 10,000.

The present invention also relates to a photolithographic coated substrate
comprising;: a substrate, a thermally cured undercoat composition on the substrate, and
a radiation-sensitive resist topcoat on the thermally cured undercoat composition.
The thermally cured undercoat composition comprises the thermally curable. polymer
composition that comprises a hydroxyl-containing polymer, an amino cross-linking
agent and a thermal acid generator which has been heated to form a cross-linked matrix.
Any of the polymers described above may be used as the hydroxyl-containing polymer.
Preferably, the hydroxyl-containing polymer is selected from Polymers 1 or 2.

The present invention further relates to a process for using the photolithographic
coated substrate for the production of relief structures comprising the steps of?
providing the photolithographic coated substrate, imagewise exposing the radiation-
sensitive resist topcoat to actinic radiation; and forming a resist image by developing the

radiation-sensitive rtesist topcoat with a developer to form open areas in the radiation-

10



0.1 to 1.5 urn for the radiation-sensitive resist and about 0.3 to 3.0 um
for the undercoat |ayer. After the coating operation, the solvent i?fﬁP2W3
generally renoved by curing or drying. Suitable solvents for both tﬂ
undercoat and top radiation-sensitive conpositions include ketones, ethers
and esters, such as nethyl ethyl ketone, nethyl | sobutyl ketone, 2-

hept anongens r@flﬁﬂ%ﬁet REn GYGHER, et}&é‘ 1¢ clifel WP?SchbaPéo%Pp&ﬁitﬁ;ﬂernéf gtate,

2- net hoxyet oxyet hanol - et o yet hyl acet at

1- net hoxyerﬁe‘mdomymeampehaﬁreas ofl thi2- dlewmpicdmdxatlbmnmsemeyﬂesmcmmba by eh}yosol ve
acetate, propylene glycol nonoethyl ether acetate, prop Iene | ycol met hyl
et her acé&pifabde p??é?ﬁﬁwucfl\ AT PRYESD RIANA ctrhing 49 formne ipase ip w@ﬂe heewrpd

pyruvat e, gethyl. 3 A8k Xypropi onat e, ethyl 3-nmethoxypropionate, N
met hyl - 2-pyrroli i‘don , 1, 4-di oxane, ethylene glycol nonoi sopropyl ether,
diethylene 1i 1 Z SEP 2003 egcoI nmonoet hyl ether, diethylene glycol
nmononet hyl ether, diethyl ene ycol dinet hyl ether and the |ike. The
radi ati on- senQTﬁ advapiags of ﬂt%g‘@w@llbpw@h@ W%@n@ommn 5nﬁlﬁfa§t Ib@’ bay

t abl dj.at t
oo 11 oguiBuiedt WmeERRR o 6 YRR o om0t SERG SR phge gar ot A8
those di §6d6n88dThid rhhl® it Ieﬁltmwg&mﬁaﬂa%m%ﬁ?coamgeﬁo? ﬂes%%ystah%ﬁér@bl Y,

for a bilayer resist system the radiation-sensitive resist contain
silicon ﬁmmﬂ%@nd Hme constaiyiy ane 1p1p@stmt fot @wmlgrczai \patahefr alh‘c&rarbiﬂl thti on

sensitiv |st at ¢ rises a y in follow
nononer tb%p%(ﬁ RPSEI ‘EOC%I d E?rﬁ?m Stﬁfg f #% (590 Si
(" -x+9) 3an§'m(§r@)ﬁeferably between temperatures of 180 to 220° C. The preferably curable

nes are from about 30 to 180 seconds and more preferably from about 60 to 120

seconds.

Both the undercoat and the radiation-sensitive compositions are uniformly applied
to a substrate by known coating methods. The compositions are solubilized in an organic
solvent and the coatings may be applied by spin-coating, dipping, knife coating,
lamination, brushing, spraying, and reverse-roll coating. The coating thickness range
generally covers values of about 0.1 to more than 10 pm and more preferably from about
0.1 to 1.5 um for the radiation-sensitive resist and about 0.3 to 3.0 um for the undercoat

layer. After the coating operation, the solvent is generally removed by curing or drying.

Suitable solvents for both the undercoat and top radiation-sensitive compositions
include ketones, ethers and esters, such as methyl ethyl ketone, methyl isobutyl ketone, 2-
heptanone, cyclopentanone, cyclehexanone, 2-methoxy-1-propylene acetate, 2-
methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate, l-methoxy-2-propyl acetate,
1.2-dimethoxy ethane ethyl acetate, cellosolve acetate, propylene glycol monoethyl ether
acetate, propylene glycol methyl ether acetate, methyl lactate, ethyl lactate, methyl
pyruvate, ethyl pyruvate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, N-
methyl-2-pyrrolidone, 1,4-dioxane, ethylene glycol monoisopropyl ether, diethylene

i1



wherein R13 is nmethyl or hydroxyethyl, R11 is hydrogen, nethyl or
CH2CO2CH3, and Rzs and R b are hydrogen or nethyl, with each choi Cﬁmu
i ndependently. The radiation-sensitive resist will also contain a p c‘? [-F
generating (PAG conmpound. The PAG conpounds may be of any suitable type
such as sul foniumor iodoniumsalts, nitrobenzyl esters, imdosulfonates
esters and the like. Typically, the PAGw || be present in an anount of
about | to |1 0% based on the weight of the polynmer. For the production of
relief structures, the radiation-sensitive resist is imgew se exposed to
actinic radiation. The term i nmagew se' exposure includes both exposure

t hrough a photomask containing a predeterm ned pattern, exposure by neans
of a conputer controlled | aser beam which is noved over the surface of the
coated su : rfeyPHL&E! di digle@sd ron beans,
and expos%ﬁgaﬁ&ﬁgggaﬁ'%(a}]%&sc % Pgrggéor ays or W&?g&i&?tﬁugﬁﬁg

cor r espondthey andidk likefhe i magewi se exposure generates acid in the exposed
regions of the resist which cleaves the acid labile groups resulting in a
pol ymer which is aqueous soluble. Typically, after inmgew se exposure, the
chemical |y anphe fadistion-essigre redist topeat ofhi prosastiinyentign puy be appoiehle heati ng

treat nent VLI I C | et-es,.t aaty t phot: i,d generat or
with the é%:(#}%toﬂa%?sﬁ‘}é’%g}r‘%ﬂbsﬂnﬁf ﬁlsa}ynggcgwgﬁse Q%Bﬁ?e@ﬁd%’gaﬁe‘gt
t r eat ment radiatcingn ntect deep ANV, regioe sechpsshate discussed infU.§.RatendPos. 5,492,793

radi ati On-aﬁgg'silathlﬁyf 'I'f]lgﬁt%%f éﬂ%%&#%%?&ﬁ yys{em\é?%ég}'on%ﬁi‘ﬁmegésiis? MmN a

aqueous devel oper. C e particula evel oper depends on The
type of plootisrséicios to protect itfrom ewiger plesmatetvhinga uprefergble riviation bgnitive r esi n or

the phot ol ysi %ﬁﬂﬁ.ﬁ Eﬁg%ris 0P85 Q0pri se aqueous
sol utions %#lggfg%aggétﬁoﬁr\/&ﬁ lorcganl %c?fe\(/*g%%g%r Irln&%tlf?]gs t hereof may have

been added. Particularly preferred devel opers are aqueous al kali ne

sol utions. These inclBde, for, exanplRs, aqueous sol utRegps of al kali netal
silicates, p L.a;,—%tdr ngi-dw-apd%ar bo —b@s—ga parti cul ar of
N . .
tetra al kyl amoni umf@__L oxi des, an?_ore pr et er abl %_\__:t__:ot r amet hyl anmoni um
0 Q

hydr oxi de
[ .
Ry ( (]:H;_ s
21N

(CH);si—C o O—si (cHy)s
Si(CH),

—O‘.'

wherein Ry3 is methyl or hydroxysthyl, R, is hydrogen, methyl or CH;CO;CHj, and Rys
and Ri¢ are hydrogen or methyl, with each choice made independently.

The radiation-sensitive resist will also contain a photoacid generating (PAG)
compound. The PAG compounds may be of any suitable type such as sulfonium or
iodonjum salts, nitrobenzyl esters, imidosulfonates esters and the like. Typically, the
PAG will be present in an emount of about 1 to 10% based on the weight of the polymer.

For the production of relief structures, the radiation-sensitive resist is imagewise
exposed 1o actinic radiation. The term ‘imagewise’ exposure includes both exposure
through a photomask conteining a predetermined patiern, exposure by means of a
computer controlled laser beam which is moved over the surface of the coated substrate,

exposure by means of computer-controlled electron beams, and exposurc by means of X-

iz



(TMAH). If desired, relatively small anounts of wetting agents and/or
organi ¢ solvents can also be added to these solutions. The )
radi ati on-sensitive resist used for the bilayer process descri bed abak&P 2003

will typically contain silicon or have silicon incorporated into the
resist after developnment. After inmages are forned in the
radi ati on-sensitive resist, the substrate will be placed in an

pl asma- et chi ng envi ronnment conprising oxygen so that the underlayer coating
will be renoved. The silicon incorporated in the radiation-sensitive
resist fornms silicon dioxide when exposed to an oxygen plasma and protects
it frombeing etched so that relief structures can be forned in the

under coat I ?BrU’eflraf{th}cjﬁ@xgwx%ﬂmﬁ $HBK STEPimakfAseSekpsiufPgceant s34 g t he
bilayer reli éf structure I's general gsubj ected to_ at |east agne, further

treatnent sireWewnbestd cogiang of therresis thichy deages the agid dapile garups srAUliBg NG t he

bi l ayer cosbiDgier Wiieh Yous sdllSle CRMIORy! 4R} BiMgewiso BxyRburd lﬁbﬁﬂﬂﬁcﬂl%
deposition of "another material on the substrate or an etchlél?ag of re
of the

substrate. ¥mplfigdsresist wilb bessulpected(tg 4, BeMhIERRPSIE| HeANREU BRI

resist coat chgpibleO e thRGHITH AbBadiy RineAldr WithYhetcidlAbiR ghoagd. oXygen pl asna
etch. It was surprising and unexpected that the present thermally curable

pol ymer conposition worked well as an undercoat |ayer for |ithography with

the am no crossahki.nki t1h . en bonds
in the cross-1i nﬁ?hﬁﬁdg%ﬁg%&ﬁ% SnyVcit BeSRERIhd BRlerbil hebxbod

up d deactivate the acid in a positive
radi ati on seres$ of ke topsradiatioresepiitivengpsishargrtypicailyoremeved By alissolytiop & fher

resi st SCUMENgG.0GeIdpePt ThE chiiEe bERlSEdUIAL deAddpet RERLAAEE 1he Hpyayer, the
foll owi ng exanpl es showed that the resolution of the resist was excellent

and that t heketowsist Pyt wgbe pates of Ga PalyrecTeYs ot HSrP&&‘PBB‘étF“?Wér f ace.
Thi s invent igefritSd. 1R ALRESHePEnOWmiphsd dukHR soRBba b Wisédhol WhHIEH Oigadis t O
exanpl es, which are not by way of limtation, but by way dojv illustration.
EXAVPLE 1 Solvents or mixtures théreof may have been added. Particularly preferréd developers are
aqueous alkaline solutions. These include, for example, agueous solutions of alkali metal
silicates, phosphates, hydroxides and carbonates, but in particular of tetra
alkylammonium hydroxides, and more preferably tetramethylammonium hydroxide
(TMAH). If desired, relatively small amounts of wetting agents and/or organic solvents

can also be added to these solutions.

The radiation-sensitive resist used for the bilayer process described above will
typically contain silicon or have silicon incorporated into the resist afier devclopment.
After images are formed in the radiation-sensitive resist, the substrate will be placed in an
plasma-etching environment comprising oxygen so that the underlayer coating will be
removed. The silicon incorporated in the radiation-sensitive resist forms silicon dioxide
when exposed to an oxygen plasma and protects it from being ctched so that relief

structures can be formed in the undercoat lzyer.

Afler the oxygen plasma step, the substrete carrying the bilayer relief structure is
generally subjected to at least one further treatment step which changes the subslrate in
areas not covered by the bilayer costing. Typicaily, this can be implantation of a dopant,
deposition of another material on the substrate or an etching of the substrate. This is



Synthesis Procedure for Polymer 1 In a 100 m three-necked round bottom
flask equi pped with a magnetic stir bar, addition funnel, condenser',z §E’Pd'[0[|3
nitrogen inlet-outlet was added a m xture of 21.0 g of isobonyl

nmet hacrylate, 9.0 g of 4-hydroxystyrene 30 ml of tetrahydrofuran (THF) and
0.45 g of 2,2'-azobis(2-nmethylbutyronitrile). The m xture was heated to 65C

and stirred,, f 18, hours. The spl utiaon was precipitated by addition to 1
liter of“*ﬂ’é%r{g@?w %Bytéhee’e"ﬁ’r"élcf’ Il’t“d?@%&?“flg@é‘?@&s pEate SYmepllay ari ed
for 1 hoffodmd®fyeen PRESE eR8PI rator vacuum  subsequently dissolved in SO ni
of THE and repréecipitated in | liter of hexanes. The precipitate was

filtered, and the solid dried at 4 nbar for 24 hours. The yield of polyner

was bet ween 77_80%1t The above é%ner was suspended in a m xture of 70 nm
i soproponal , 50 ni “‘THPS alfgPr WeXpggsdHthat gbe  rresint (thermallit ssdhiper e.

After T gblysiet ROmpUaRS GBliedASI SOl Ry EOR ShAPHIINGE B ALRE bY

adding | liter of water. The suspension was
of wat er crpsgtligkingiagedt. hEkaeees aTtmicemothad theasitrogat bews irdhd oroféfnidng

precipitated by .th dditjon of.1.2 ljter qf hexangs. The precipitate was
filter edggggo\yﬁwﬁg&fl@n{a eelhﬁmude’@é‘a'dFé? 19N seppitiye fasstesdingin annpar 14
12SEP200sbiuble? 4reBONE cithde! rBGM! b HrSa i LY

di stributions were neasured using a m{er%ﬂgﬁﬁﬁﬁjﬂ&%ﬁro#&cg&%ph. The

nunber aviomEyer, ithe tlowing wainples shawed thad 28 reacidtiorhef thelrysiitspar aicelNent MV Mn)

- was 2.80 | deconposi t.i on asur ement s TEA) re perforned using a
Per ki n- EFDW%?]E Strar fé’p%\%“ﬁjé’e%? o8 @F‘“(W‘@&gcﬁtm&i\‘e’g%g a wei ght | oss of

50% bet ween 260-380C. The structure and conposition of polyners was
anal yzed using a Bruker 250 MHz NMR-spectronmeter. The nole % of isobornyl
met hacryl at e BYRWRJS chplained delogvoln futhierodgtail ywithrreforases! 00exaDPMPLE 2

Ther mal | . sithon using Pol.ymer 1 A 15% by wei ght
t her mal | %’%’ﬁ%@%%I@n%gsﬂﬁwﬁ%?%ﬁhﬁt ed by

EXAMPLE 1

Synthesis Procedure for Polymer 1

In a 100 ml three-necked round bottom flask equipped with a magnetic stir bar,
addition funnel, condenser, and nitrogen inlet-outlet was added a mixture of 21.0 g of
isobornyl methacrylate, 9.0 g of 4-hydroxystyrene 30 ml of tetrahydrofuran (THF) and
0.45 g of 2,2'-azobis(2-methylbutyronitrile). The mixture was heated to 65°C and stirred
for 18 hours. The solution was precipitated by addition to 1 liter of hexanes, and the
precipitate was filtered. The solid was dried for 1 hour under a water aspirator vacuwm,
subsequently dissolved in 80 m! of THF and reprecipitated in 1 liter of hexanes. The
precipitate was filtered, and the solid dried at 4 mbar for 24 hours. The yield of polymer
was between 77-80%. The above polymer was suspended in a mixture of 70 ml
isoproponal, 50 ml THF and 29.5 ml of NH4OH under a nitrogen atmosphere. After
refluxing ovemnight, the solution was cooled and precipitated by adding 1 liter of water.
The suspension was filtered and washed with 50 ml of water and 50 ml of hexanes. The
solid was redissolved in THF and precipitated by the addition of 1.2 liter of hexanes. The

precipitate was filtered according to the above procedure. The solid was dried at 4 mbar
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conbining 2.18g of Polyner 1 from Exanple 1 above, 0.3 g of

hexamet hoxynet hyl mel am ne and 0.8g of cycl ohexyl p-toluenesulfonateq | rle?; 3
g of propylene glycol nethyl ether acetate (PGVEA). The mixture was ro 6280
overni ght, and the undercoat solution was filtered twice through a 0.1 Fun
Teflon filter. EXAMPLE 3 Thermally Curabl e Pol yner Conposition using

Pol yrer fgr 4 Adls. bmmuwawveﬁgaﬁm hylecularbéightpdibtyibetions ovapo sictsuwed weisg
formul ated by _conbining 2.18g of Pol yner 2 obtained from Sci en%ég
Pol yrer aPMetencEerp. liawd chpunategrah. of ke Jumbss ausagumoleavlar weight s ol )

8 ? gl 3fen ﬁﬁgﬂ%&? é%ﬁ}ﬁ-& %l(ﬂﬁl’@map‘%%@pgsn(g ycof11 (a)'(&dh%ﬁ% mcgs&zégt:rg%nés
(PGVEA) (TGYD) Werd Eéxffor\ﬁ&si 9hg edPerkir E]ngﬂirt thexured grbmmetrd:e enadpter SAIGATHN was

flltered twice through a 0.1 pmfilter. 15 1 S E P 2003 EXAI\/PLEO?
Pr epar atgl'@ngcﬁ weightyess ﬂeé@%tb%"%ﬂ ROBABQE: eff'hﬁ/égl‘%‘ﬁ{% andh §PBROSEHPh Of he

f or mul atl of Exa and b 0 r 0 pm
thick f |R Wr‘ﬁ?ﬁ %ﬂy&ﬁ(}é’é}?&% e rgé?s (%[}\(/:[g‘aﬁp&t%rgetgsrol #‘%(I)ﬂ} g\ger t he

under Coeifsotio’alﬂdﬂrméﬁétrﬁaiéeﬁasaéo%mﬁhf: Hold vdimydeonystete avad 48%.j i m  thi ck

film The radiation-sensitive resist topcoat was a chemcally anplified
resist systemconprising a terpolyner of tetrahydropyranyl nethacryl ate

/[ met hyl met hacrylate/ methacryl om%ri s(trinmethoxy) silane, a

triphenylsul foniumtriflate PAG yl i m dol e base conpound and

PGVEA sol vent. Thehepahly Coedife PoBan & Compesines asing Pohgnanl | SI 248 nm
wavel engt h stepper. The wafer was post exposure baked at 100 Cfor I mn

and devel oped for 30 sec in 0.262 N aqueous TM .H. The wafer was spun dry
and the i mage,Wggea n §69P¥ad P 1dd &
SEM s showed th ?’ %gr tsq%%rﬁ%g}g élﬂgblgoﬁﬁ%&lgp CEHIl%'ﬁegr es?sgt %Muéaer cogt
i nt er f acéomifing 2.18g of Polymer 1 from Example 1 above, 0.3g of hexamethoxymethylmelamine
and 0.8g of cyclohexyl p-toluenesulfonate in 17 g of propylene glycol methyl ether acetate
(PGMEA). The mixture was rolled overnight, and the undercoat solution was filtered twice

through a 0.1 um Teflon filter.

EXAMPLE 3
Thermally Curable Polymer Composition using Polymer 2

A 15% by weight thermally curable polymer composition was formulated by
combining 2.18g of Polymer 2 obtained from Scientific Polymer Products, Inc. (60 mole
% styrene and 40 mole % allyl alcohol), 0.3g of hexamethoxymethylmelamine and 0.8g
of cyclohexyl p-toluenesulfonate in 17 g of propylene glycol methyl ether acetate
(PGMEA). The mixture was rolled overnight, and the undercoat solution was filtered

twice through a 0.1 pm filter.

15




standi ng waves, and no interm xi ng of the undercoat and. the inmaging

The bil ayer

as 0.14 pmin a dense line structure and 0.12 urn for an isolated |I
structure. In addition, the glass transition tenperature of the undercoat
was greater than 250 C, which shows that it can withstand subsequent high

t enperature processing. Furthernore,

undercoat was within 15% of the etch rate af novol aks. EXAMPLES 5-12

Preparation and Lithographic Resu

resol uti on was excell ent and coul d resol ve features as 3

| ayer .

7P 2003

t he oxygen plasma etch rate of the

ayer Resist Table 1 bel ow shows

the lithographic results of ﬂé&gm%ﬁl@ﬂ%&"'ﬁégps of polymer | in Exanple
(

2 with an am no cross-I|inking agent

t her mal

(um Li nes

exa

t hoxynet hyl nel am ne) and a

aci d generator (cyclohexyl p-toluenesulfonate). The formul ation and
|'i t hographic

Tabl o1 Pol yrmé) SHCG: BEEE IR RPRGORRATE DA B BEEA HERErAt | HORBSE Ut on
Exanpl e( %?ﬁtf E@glggﬁn]%ﬁ%dgg ?.rls%%ﬁ aire) Rensea kafhinednbigvarRist epRaRMdsnes

140. 13
spin coated over the undercoat layer and baked at 100°C for 1 min to yield a 0.25 pm

thick film. The radiation-sensitive resist topcoat was a chemically amplified resist
system comprising a terpolymer of tetrahydropyranylmethacrylate /methyl methacrylate/
methacryloxypropyl tris(trimethoxy) silane, a triphenylsulfonium-triflate PAG, a
tripbenylimidole base compound and PGMEA solvent. The coated wafer was then
exposed using an ISI 248 nm wavelength stepper. The wafer was post exposure baked at
100° C for 1 min and developed for 30 sec in 0.262 N aqueous TMAH. The wafer was
spun dry and the image was analyzed by scanning electron microscopy (SEM). The
SEM’s showed that there was no scumming or foot at the resist/undercoat interface, no
standing waves, and no intermixing of the undercoat and.the imaging layer. The bilayer
resolution was excellent and could resolve features as small as 0.14 pm in a dense line
structure and 0.12 um for an isolated line structure. In addition, the glass transition
temperature of the undercoat was greater than 250° C, which shows that it can withstand
subsequent high temperature processing. Furthermore, the oxygen plasma etch rate of the

undercoat was within 15% of the etch rate of novolaks.

EXAMPLES 5-12
Preparation and Lithographic Results of Bilayer Resist

Table 1 below shows the lithographic resuits of different formulations of polymer 1
in Example 2 with an amino cross-linking agent (hexamethoxymethylmelamine} and a
thermal acid generator (cyclohexyl p-toluenesulfonate). The formulation and lithographic

procedures are the same as Examples 2 and 4.




62. 600. 300.11170. 140. 13 72. 700. 230. 08170. 140. 12 82.810.15 ' 0. 05170. 140. 13
92.410. 270. 0415. 40. 140. 12 103. 710. 680. 1125. 50. 150. 13 12 SEP 2003
113. 940. 450. 1125. 50. 140. 12 124. 160. 230. 1125. 50. 150. 13 SEM s showed t hat
there were no scunm ng or foot at the resist/undercoat interface, no
standi ng waves, and no interm xing of the undercoat and the inaging |ayer.
EXAMPLES 13- 14 Preparation and Lithographi ¢ Results of Bilayer Resist Table
2 bel ow t lithographic results of two copolyners of hydroxystyrene and

i sobony| [rxahwde yPatymef bif findsatlediingi | Fherdal Ao n8GMIB4A 9-Rdsolktiory | Bgshitican(
thermal gcid gemeratar scri bed ip_ Exanpl es t hroygh 12. The polynmer in
exanmpl e 13 cont ai ﬁ@’a‘g‘% 8&hloy, hydroQV?F{;&ene Zﬁﬁ‘“ﬁ)s NEE 0% | sﬁﬁgﬁiﬁll

net hacrylfate. The pol yner ¢ Wanpl e(g;,ﬁns cont @i ns 25 "[Bale?(u%‘i)h /g&%m)yrene

and 75 le % is¢bornyl fethacryl ate.” Table 2
Exanpl ePqlymer Cr 85I i nkif @dFher mal Ai IPGQVEAReS$DI ut i arfResol ut | om3
(gr ans) AgentCenerator{grai tans) (grans)lines (umlinks

ptCenerator{fgratns)ybDenselsol ated (i
(urn) 133.%840. 53029825 500880, 13 1430-840. 530. 1325. 50.| 05 13 17013 SEP b003

SEM s shgwedthatStHer € (Wg N0 STUulRgTy—or—fpot—at—the—rest+stfyndercont
interface\,pF no st ézr? I ng Tﬁg@és, and n%b% nterm’xmg of tq:]é1 underg'zgt and| t he
i magi ng lfayer. Theghoregopng is i11Tughsative pij;the greg€nt ThyeRtT on pnd
is not canstrued!{as limting

9 2.41 0.27 0.04 15.4 0.14 0.12
10 37 0.68 0.11 25.5 0.15 0.13
11 394 0.45 0.11 25.5 0.14 0.12
12 4.16 0.23 0.11 25.5 0.15 0.13

SEM’s showed that there were no scumming or foot at the resisthundercoat interface,

no standing waves, and no intermixing of the undercoat and the imaging layer.

EXAMPLES 13-14
Preparation and Lithographic Results of Bilayer Resist

Table 2 below the lithographic results of two copolymers of hydroxystyrene and
isobornyl methacrylate formulated with the amino cross-linking agent and thermal acid
generator described in Examples 5 through 12. The polymer in exampie 13 contains 55
mole % hydroxystyrene and 45 mole % isobornyl methacrylate. The polymer in example 14
contains 25 mole % hydroxystyrene and 75 mole % isoborny! methacrylate.

Table 2
Example | Polymer { Cross-linking | Thermal Acid | PGMEA | Resolution | Resolution
(grams) | Agent Generator (grams) | Dense Isolated
' (grams) (grams) lines (urn) | Lines (um)
13 3.84 0.53 0.13 25.5 0.15 0.13

14 3.84 0.53 0.13 255 0.15 0.13




thereof. The invention is defined by the following clainms with equival ents
of the clains to be included therein. is 1 2 SEP 2003 What is clairﬁ% IS
1. Athermally curable polynmer conposition conprising a EP 2003
hydr oxyl - cont ai ni ng pol ymer, an amino cross-linking. agent and a therma
acid generator, wherein said hydroxyl- containing polyner conprises a

pol ynmer sel ect m.t h consi sting of: a .h drox | - cont ai ni ng
pol ymer conpri g}?%’%sr gloﬁ'%% jat @5’?‘ TBRP chgf’ﬁm&é@%%'&lﬂ ‘H@e‘ﬁ JitMgtarenol yer
vei ght  anestaging®hes Hnd nowat@iikin@lof the @&ert e 208 BOBnadald) a

hydr oxyl - cont ai ni ng pol ynmer conprising nono- neric units of a

hydr oxyst yr ene and i sobor nyl acrylate or i sobornyl nethacryl ate and having

a polymer num aver a Iecul ght of 14, 000 to 30,000;. and said
am no cross-| i Qeg%’@ri?ih‘é?‘qvﬁé’ msam tpesnHen aid ignot eonge@s fiIRRE Vi a.

11 R4 hT Bt WhRs Bl | 185 H"E%%RG’
and substituted or uaf:]héﬂaggslst's?e:tﬁteg g}%yil%[ gqﬁuﬁggrougaogﬂﬁrg& b&lgw are
i ndependeb ingluded theegd from t he group. consi sting




of hydrogen, ---CH20H and CH2OR17 where R17 is a al kyl group of about | to
8 carbons. 2. The conposition of claim1 wherein the thermal acid

generator has the general structure: R12 Rii where R7 is a substitiul 8BP @403

unsubstituted al kyl, cycloal kyl or aromatic group wherein the substituted

group is a halogen, al koxy, aromatic, nitro or amno group; and Rs to RI12

are i ndependently t'%g | inear or branched Cl to C4 al kyl, al koxy,
am no, al kyl am no,

é}qggg‘%’enﬁ qal ogen cyl ox cycl oal kyl, or
annul at ed cycl oal “,a‘l%?méi'f'gxﬁpo H@F%:roglé’ élﬁ?fx‘fjg}?%f& 219 12 SEP 2003 3.
The conposition ofYEPRHPARRRER LS 8’)‘(’?’.1-1 Wt Thi ng pol yner
conpri ses the fol F%?n_@e%ﬂo?ﬁﬁiiﬁ?n‘?rﬁ'ﬁf’t herelty Sqifh B¥sfoXiler ein R15 and R16
are i ndependent | ycaieg @alypen pemmises g palypee sricaiest romg 1 a hydr ogen and
methyl . 4. The coffg8Ricersstiogelc| aim3 wherein the nole % of nononmer unit
(A) is about 2S to (802 hytlexgheondintepPdipingr QULSHSINgONEWE?- (B) is about 40 to
75 nmole % 5. The composiunit ofeliyf aledhel sndhawing e eplymenweighdr oxy| -
average molecular welght of 2,000 to 20,000, and
(b) a bydroxyl-containing polymer comprising mono-
meric units of a hydroxystyrene and isobornyl acrylate
or isobornyl methacrylate and having a polymer num-
ber average molecular weight of 14,000 to 30,000; and
said amino cross-linking agent has the geoeral formula:

Rig PR
/N N N\
Y
N\ N
Y

wherein Y is selected from the group consisting of NRsRg,
and substituted or unsubstituted ary! or alkyl group, and R4
to Re are independently selected from the group.consisting
of hydrogen, —CH,OH and CH,OR,7 where R, is a alkyl
group of about 1 to 8 carbons.

2. The composition of claim 1 wherein the thermal acid
generator has the general structure:

Ry Rg
o]
I
Ry—0O—S Rio
I
O
Rz Rp

where R, is a substituted or unsubstituted alkyl, cycloalkyl
or aromatic group wherein the substituted group is a
halogen, alkoxy, aromatic, nitro or amino group; and Rg to
R,, are independently hydrogen, linear or branched C; to C,

alkyl, alkoxy, amino, alkylamino, aryl, alkenyl, halogen,

acyloxy, cycloalkyl, or annulated cycloalkyl, aromatic or
heterocyclic groups.



contai ning pol ymer conprises the follow ng nononer units: (C) 20 12 SEP
2003 (D) 6. The conposition of claim5 wherein the nole % of nonone %ﬁ?zmu
is about 39 to 60 nole % and the nole % of nonomer (D) is about 40

nmole % 7. The conposition of claim2 wherein the thermal acid generator

is selected fromthe group consisting of cyclo- hexyl p-tol uenesulfonate,
ment hyl p-tol uenesul fonate, bornyl p toluenesulfonate cycl ohexyl

triisopropyl benzen S fonate and ¢ nethox benzenesul fonate. 8.
A thermal |y curabl OuBMH 85 aPB ﬁg droxyl cont ai ni ng
pol ymer, an an1no°%¥%@§ IPOHBICh FORgERRS 1hg w¥ﬁe@* d gener at or,

wherein said hydrb%?l- cont ai ni ng pol ymer conprises: a hydroxyl-containing
pol ymer conprising a nononeric unit of alkyl alcohol and having a pol yner
wei ght average nol ecul ar- wei ght of 2,000 to 20,000, and said am no
cross-linking agent has the general fornula: R R3 N R YNY R4 Y wherein
Y is selected fromthe group consisting of NR5RG,

(A)

HO
(B
Rig
0“41*
o]

wherein R, and R4 are independently selected from the
group consisting of a hydrogen and methyl.

4. The composition of claim 3 wherein the mole % of
monomer unit (A) is about 25 to 60 mole % and the mole %
of monomer (B) is about 40 to 75 mole %.

S. The composition of claim 1 wherein the hydroxyl-
containing polymer comprises the following monomer units:

\Eff§§\
X

©



and substituted or unsubstituted aryl or alkyl group, and R, to R6 are

I ndependently selected fromthe group consisting of hydrogen, Cli—%cgi aﬁ&
CH20OR17 where RP is a al kyl group of about 1 to 8 carbons. 9. The P
conposition of claim8 wherein the thermal acid generator has the general
structure: Rio 21 12 SEP 2003 where R7 is a substituted or unsubstituted

al kyl, cycloal kyl or aromatic group wherein the substituted group is a

hal ogen, al koxy, aromatic, nitro or amno group; and k) to RI12 are

i ndependent |y hydrogen, linear qQr,brapched C1 to C4 alkyl, al koxy, am no,
al kyl am no, aryl, al kenyl, hal ogéw, yl oxy, cycloal kyl, or annul ated
cycl oal kyl, aromatic or heterocyclyc groups. 10. The conposition of claim
9 wherein the thermal acid generatoggis selected fromthe group consisting
of : cycl o- hexyl p-toluenesul fonate, nenthyl p-toluenesul fonate, bornyl
p-toluenesulfonate, cycl ohexyl triis-opropyl benzenesul fonate, and

cycl ohexyl - 4- met hokyBerepamestior gha FéﬂSIﬂhﬂﬁmﬂH%FW&f%yoéurable pol ymer
conposi tion conpr |“3qﬂf9@3°f&))d§/é'?%&9?1%%fﬂaler%ﬁgd BS19H& ohn ani no

cross-1inking agem% )ﬂhéFWﬁ a or wher ej n sai d hydroxyl -
cont ai ni ng pol yner & F&ﬁ 1‘1 ErSWt %’?C‘gﬁﬂlﬁlrrer conpri sing
MONOMeri ¢ generator 1s sele ctc from thc roup consmlm

hexyl p-toluenesulfonate, menthyl p-toluenesulfonate,
bornyl p-toluenesulfonate, cyclohexyl
triisopropylbenzenesulfonate, and cyclohexyl
4-pethoxybenzenesulfonate.

8. A thermally curable polymer composition corprising a
hydroxyl-containing polymer, an amino cross-linking agent
and a thermal acid generator, wherein said hydroxyl-
containing polymer comprises:

a hydroxyl-containing polymer comprising a monomeric
unit of allyl alcohol and having a polymer weight
average molecular weight of 2,000 to 20,000, and said
amino cross-linking agent has the general formula:

Ry
SN

Rz/Y
\Y

wherein Y is selected from the group consisting of NRsRs,
and substituted or unsubstituted aryl or alkyl group, and R,
to Rg are independently selected from the group consisting
of hydrogen, —CH,OH and CH,0R,; where R7 is a alkyl

group of about 1 to § carbons.
9. The composition of claim 8 wherein the thermal acid
generator has the general structure:

2

Rg Ry
\




units of a hydroxystyrene and isobornyl acrylate or isobornyl nethacryl ate
and having a pol yner nunber average nol ecul ar weight of 14,000 to 3?%5%0%
and said am no cross-1linking agent has the-general fornmula: R Y i 2083
Is selected fromthe group consisting of NRSR6, and substituted or
unsubstituted aryl or alkyl group, and R, to R6 are independently sel ected
fromthe group consisting of hydrogen, -CH2OH and CH2OR1l7 where R17 is a
al kyl group of about | tq 8 carbons. 12. The conposition of claim11l
wherein the ther mal WBEEs &7 g2 pebsifngd praensibriingedalkz), cxglealietlure: Rio 22 1 2 S
E P 2003 where R i¥ O t PTOUP SHDGEIDy By BESTUR e & /PKIA 2 cycl oal kyl  or
aromatic group wher&%th %’i)’b%ﬁop’ca&?’éﬁ“@r‘?éﬂﬂm?%gfﬁup?h%lddﬁ‘@, al koxy,
aromatic, nitro or AmdogFRSAfENIY hydreger.dines of brageked @ Sendent |y hydr ogen,
linear or branched &Yl ey, amiggy alkylappna, arglyiatksnylhalpeami no, aryl |

al kenyl ,, hal ogen, 2 %oﬁgym39$I@hP%V¥¥e Fydpmkiyla e 9Toal kyl ,  aromati c
or heterocyclic grtﬁﬁffﬁ CYCYQ EIOHRE conposition of claim 12 wherein the
thermal acid gener at 'rmes,c%ﬂoéﬁ‘loéd’fﬂab‘ﬁmf’t‘H’éer@?ld]ﬂf’pmé%iaﬁlldi ng of: cycl o-
hexyl p-tol uenesul fERERET Faeledicd fiom deugner oPrdsiag of: cxsdpnyl

p-tol uenesul f onat e, heetybmjfpémesulfonate, menthyl p-toluenesulfonate,
bornyl p-toluenesulfonate, cyclohexyl

triisopropylbenzenesulfonate, and cyclohexyl
4-methoxybenzenesulfonate.

I1. A thermally curable polymer composition comprising
a hydroxyl-containing polymer, an amino cross-linking

agent and a thermal acid generator , wherein said hydroxyl-
containing polymer comprises:

a hydroxyl-containing polymer comprising monomeric
units of a hydroxystyrene and isobornyl acrylate or
isobornyl methacrylate and having a polymer number
average molecular weight of 14,000 to 30,000; and

said amino cross-linking agent has the general formula:

RI‘N N N fa
SN
N.\\‘I/N

Y

wherein Y is selected from the group consisting of NR;Rg,
and substituted or unsubstituted aryl or alkyl group, and R,
to R¢ are independently selected from the group consisting
of hydrogen, —CH,0OH and CH,0R;; where Rj7is a alkyl
group of about 1 to 8 carbons.

12. The composition of claim 11 wherein the thermal acid
generator has the general structure:

Ry Rg
0
l
RT_O_“S RIU
I
0]
Ria Ry

22



triisopropyl benzenesul fonate, and cycl ohexyl 4-nethoxybenzenesul fonate.
14. A photolithographic sensitive coated substrate conprising: (a) a
substrate; (b) a thermally cured undercoat on the substrate; and ngEPIZU[B
radi ati on-sensitive resist topcoat on the thermally cured underco

wherein said thermally cured undercoat conprises a thermally cured
conposi tion coviprd By iscp subkiytded oy binsbstitated ialkyl, pytlpaltyl an am no
cross-|inki ng ageabmand ganiphevherdin theisdbgrted gfroup inerei n sai d

radi at i on- sensihalogen, raigixglarb@pipaitrd & aiadgrouepbdd/Ranpl i fied resi st

cont ai ni ng si | ikgQare iddeperideatle bt egenskiRat sitirenchéd Cl @ @) 14 wherein said
hydr oxyl - cont alkyil,ngkee), Yo, CAUNAMBES af) k&1, Uiilégnsel ect ed from the

group consi sti ngyleky, cyBdkOK WFtnheRRd dJ¥BEIRXY adihticaer yl ate or :
nmet hacryl at e, hﬁé@%@yyﬁyg@ggg kyl acrylate or nethacrylate, benzyl alcohols,

and allyl al COhO'lsanHﬁ odiflbr & 12} umﬁr&m%ﬁup&ra ate of claim 14
wherein said t or%%éfect &ﬁ%@r Scorﬂ?tu structure RkO where
R7 is a substit % g}gﬂg tnhtteu ﬂg_" 1k¥_t0 g % ¥ aromatic group

wherein the squs e s@ t|c nitro or am no
group; and R$ n hydrogen | i near or
branched C, to t84! ?a& efg 6 %/'! zf‘l"l?of)yc 8 o, al kyl am no, aryl,

al kenyl , hal oge%m 8§ 5’;& neg P 51 kyl, or annul at ed cycl oal kyl, aromatic
and heterocyclic groups. 17. The coated substrate of claim 15 wherein said

hydr oxyl - 14, A photolithographic sensitive coated substrale

comprising;

) a subsirate;

{b) a thermally cured undercoat on the substrate; and

{c) a radiation-sensilive resisi lopcoat on the thermally cured undercoat;

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

wherein said radiation-sensilive resist lopcoat is a chemically amplified resist

containing silicon.

15. The coated subsirale of claim 14 wherein said hydroxyl-
conlaining polymer comprises monomer unils selected from the group consisting of;
hydroxystyrene, hydroxyalkyl acrylate or methacrylate, hydroxycycloalkyl acrylate or

methacrylale, benzyl alcohols, and allyl alcohol monomer units.

16. The coaled subsirate of claim 14 wherein said thermal acid
generalor has the general struciure:

Rg Rg
g —
R+—-0—S R
7 oo g
0
R'u R”

where Ry is a subsiituled or unsubstiluted alkyl, cycioalkyl ar aramslic group
wherein the substiluted group is halogen, alkoxy, eromalic, nitro or amino group; and Rg

1o Rqz are independently selected from hydrogen, linear or bianched C, 1o Cy alkyl,



cont ai ni ng pol ynmer conprises nononer units selected fromthe group
consisting of: hydroxyal kyl acrylate or nethacrylale and allyl al cohol
units. 118. The coated substrate of claim 14 wherein said hydroxyl-12 SEP 2003
contai ni ng pol ynmer further conprises nononer units of cycloaliphalic ester
of acrylic or neth acrylic acid units. 19. The coated substrate of claim
14 wherein sajd h droxgl cont ai ni ng pol ynmer conprises the follow ng

mononer uni t £ CPAFMN) o, AviRRlsenith a"l@f@%&"@%%ééﬂehdwwiea hydr ogen or

a net hyl . 20.Cyﬁl'dm<y¢:@a>h@dc sithsteial@ic @fousd ai m 19 wherein the nole % of

mononer unit (A) is about 25 to 60 nole /a and the nole 0/6 of nononer unit
(B) is about 40 to 75 nole % 24 1 2 SE P 2003 21, The coated substrate of
cl ai m 14 wherei n Wai d hydr okl cozted nitairse ﬁlglapmha/\mmewwmryb@ﬁﬁ the foll ow ng

t Sontki m22omThe, wh th
oo G of n‘gﬁéé‘%ﬁ% prnditSs BRREA JBHABEIBH Gordbe it e TsR 8 06 of romorer
is

unit (D) B’fya'klﬂﬁcﬁf@eﬂ”ﬁﬁ?m’% apg alyeshelvatsed substrate of claim 14
wherein the hydroxyl-containing polyner conprlses bi phenyl acryl ate or
met hacryl al e and 4ghydr oxyel-hyl ac I ate. 24. The coated
substrate of claim 23 wher e-lmré CF% ‘5 88’?'”‘ iﬁ"g VPRt e or

net hacryl al e“?E2i3RSERlY 5 fyrhegmpres n%amj ubile! araiiptatafester of acrylic or

methacrylic acid unils.

19. The coated substrate of claim 14 wherein said hydroxyl-

containing polymer comprises the following monomer units:

R
15 Rlﬁ

HO

(A} (B)
wherein Rq5 and Rqg are independenily a hydrogen or a methyl.

20. The coated subsirate of clzim 19 wherein the maole % of

monomer unil (A) is about 25 10 60 mole % and the mole % of monomer unit (B)is
about 40 10 75 mole %.

24



hydr oxyet hyl acrylate or nethacrylate is about 10 to 50 nole % 25.
(Cancelled) 26. (Cancelled) 27. The coated substrate of claim 14 MP?GEPQ¥3
said amino cross- |linking agent has the general fornmula R\ /R3 N ~

\' R Y wherein Y is NRSR6, or a substituted or unsubstituted aryl or alkyl
group, R to R6 are independently a'hydrogen or a group of the fornula
-CH20H or CH20R17 where R17_is a alkyl group of about 1 to 8 carbons. 25 1
2 SEP 2003 28. A {rocess fo?hetCH@e‘bF‘tS’El'Lﬁ% P’c?ﬁ“”bf“ visrgiesaidhyeigeyur es

conpri sing t kentsihegpolphér comprickOhBTdIGviAg FBRIRAuSEDSt rat e; wherein said
coated substrate conprises_a, substrate; a thermally cured undercoat

di sposed on said substrate;~g ation\%%en3|t|ve resi st topcoat

di sposed on said thermally c
under coat conprises a thermallly cyred conposi tli
hydr oxyl - cont ai ni ng pol yner, an 1 no cross-1li'nking agent and a thernal
acid generator; and wherein sa adi ati on-sensit{ve resist topcoat is a
chemcally anplified resist co ning silicon: (bpHi magew se exposi ng
said radi ation-sensitive resist topcoat to actinic radiation; and (c)
formng a resist inmage by devel opiig said radiati ¢i}-sensitive resist
topcoat w th a devel oper.

22. The coaled substrale of claim 21 wherein the mole % of
monomer unit (C) is about 39-60 mole % and the mole % of monomer unit (D) is aboul
4010 61 mole %.

23. The coated substraie of claim 14 wherein the
hydroxyl-conlaining polymer comprises biphenyl acrylate or methacryate and

hydroxyethyt acrylate or methacrylate,

24, The coated substrale of claim 23 wherein the amount of
biphenyl acrylate or methacrylale is aboul 50 to 90 mole % and the amouni of
hydroxyethyl acrylale or methacrylate is aboui 10 1o 50 mole %.

25. (Cancelled)

26. (Cancelled)

27. The coaled substrate of claim 14 wherein s3id amino cross-

linking agent has the general formula

wherein Y is NRsRs, or a subslituted or unsubstituted aryl or alky! gréup, R, 1o Re
are independently a hydrogen or a group of the formula —=CH;OH or CH;OR 7 where R.q;
is a alkyl group of about 1 1o 8 carbons.
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29. The process of claim 28, wherein said hydroxyl- containing polyner
conpri ses about 30 to 60 nole % of hydroxystyrene nononmer units a11$ gpzﬁﬂ?
70 nol e % of isobornyl acrylale or methacrylaie nonomer units. 30 ﬁ
process of claim 28, wherein said hydroxyl- containing polyner conprises
about 39 to 60 nole % of styrene nononer units and about 40 to 61 nole %
of allyl alcohol nonomer units. 31. The E}rocess of claim?28, wherein said

hydroxyl - cont ai APng pol yner conpri Re€saiblie PEE Fier GeeiAbIEc¥edt bi pheny!
acryl ate or cmrhagurwsadpeofand 10 to 50 nol e % of hydroxyethyl acrylate or

met hacryl ate, t(aép forggg%%!neﬁg)bg@ﬁ% Whmﬁ RS Bll Aifhial, T Ur Lher

conpri si ng the s Ving sai er ne cured rcoat composition to
form an i magebshitecohermaly Cuﬁdpﬁéttf‘ﬁﬂaﬂ gi H?P@?Ch?ﬂﬁa@ %%ﬁ@iei e rgdEioBd substrate
conpri si ng: sdmivareSisidbatdpoded on 3aitl MRfmmER] biyteCuidedodtvdereaostd on t he

substrate, and ) Bl lAhON SRISLUYG 3o LorkDRRALn AR B ther i 1y

cured undercoa erern sald nder coat
conprises a PyiPkgdnpinngmelmenALRENE PRS- inkiaepIIsINeG ‘%F"ﬁ?‘d’tcﬁxyl cont ai ni ng
pol ynmer, an @éﬁe@or@ér%ﬁre}dlﬂ'ﬂﬁd?gdlagﬁ&énsaﬂdrealshhﬁl‘oélfaiact&ﬁ"hdéllg.ge:ﬁrﬁﬁ@'t or;

wher ei n sai dres)égc m m S lrclctmau ning polyner further conprises nononer units of
cycl oal i phaliCes c?f ylic or nethacrylic acid units. 35. The coal ed
substrate of cl al(‘Ph 34m3WéP@P<lPP5§ai5€fdfﬁ@#‘%ﬁ’e“ab‘i‘?des'ﬁé’tﬁé‘iaélo(?ﬁ"'}‘fas t he gener al

structure: RdBiation: and
{c) forming a resist image by developing said radiation-sensitive resist topcoal

with a developer.

29, The process of claim 28, wherein said hydroxy!-
coniaining polymer comprises aboul 30 to 60 mole % of hydroxystyrene monomer unils

and 40 1o 70 mole % of isobormny! acrylate or methacrylate monomer units.

20. The process of claim 28, wherein said hydroxvl-
conizining pelymer comprises aboul 38 o 60 mole % of styrene monomer unils and

shoul 40 1o 61 mole % of iyl alcohol monomer units.

31. The process of claim 28, wherein said hydroxyl-
containing polyrmer comprises about 50 10 80 mole % of biphenyl acrylate or

methacrylate and 10 1o 50 mole % of hydroxyethyl acrylate or methacrylate,
32. (Cancelled)

33, The process of claim 28, furlher comprising the step
ol

remaoving said thermally cured undercoatl composition to form an image thereof.

34, A phololithographic sensitive coated substrale comprising:
(2) 8 substrate;
(b) a thermally cured undercoat on the substrale; and

(c) a radiation-sensitive resist lopcoat on the thermally cured undercoat;
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where R7 is substituted or unsubstituled al kyl, cycloal kyl or aromatic
group wherein the substituted group is hal ogen, al koxy, aromatic, nitro or
am no group, and Re to Rl12 are independently selected fron1hydrogqn25Epzw3
| i near or branched Cl1 to C, al kyl, alkoxy, am no, alkylam no, aryl

al kenyl, hal ogen, acyl oxy, cycloalkyl or annul ated cycl oal kyl, aromati ¢

and het er ocycl i C Wi t%@fmaﬂh%réa%hgebaﬁ I;sfe%ta%é?%awc%#eg‘cé’i# osi ere' n said
ri ses the | owm ng nononer ReAi (A (6)

hydr oxyl - contalnlng ggg %ﬂe gg
wherein R 5 andRI B RGN HﬁW?'é”ﬁ?ﬂPG@éﬁm5P939WﬁPWV1me@?'1 2 SE P
2003 37, The=2tdaeratatgubstrate of claim 36, wherein the note % of nononer

uni t (A) i's abOUtWhZFEé nt&m(?g %on(glﬂ%jpélmr TRlE co/r(h;g)rIs Q{%QQJJE%éﬁHt”' (B) is

about 40 to apq]? e coated substrate © erein said
am no cross- F’( IRITHGC SHYRY 2 WS of REhEeePdt Ufer nula R\ 'R8 R~ | I{ \R4 N
u NY wherein Y is NRSR6, or a substituted or unsubstituted aryl or alkyl

group, Rl to R6 3€r e | ndeﬂ%ﬁ!‘.@ﬁ@& g%sﬁat@é’#\’aﬁgﬁqwﬂgreﬂ sgr%%gr)mé?% i%he formula
- CH2CH or CHéCRl al kyl group of about 1 carbons. 39.

A phot ol i t hodf ap 9€m§gﬁéﬁf?@€”8ﬁﬁFed substrate conprising: (a) a
substrate; (b) a thermally cured undercoa& on rhe substrate; and
0

1l
Rr-0—§ Ryo

Q
R]J RH

where R; is & substiluted or unsubstituled zlkyl, cycloalky! or aromatic group
wherein the substiiuled group is halogen, alkoxy, aromatic, nifro or amino group; and Ry

lo R4z are independently selected from hydrogen, linear or brenched Cq 10 C, alkyl,

alkoxy, amina, alkylamino, aryl, alkenyl, halogen, acyloxy, cycloalkyl, or annulaled
cycloalkyl, aromatic and heterocyclic groups.

38. The coaled subsirale of claim 34, wherein said hydroxyl-containing
polymer comprises the following monomer units:

Ris Ryq

HO

(A) (B)

wherein R.s and Rqg aire independently & hydrogen or a methyl.
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(c) a radiation-sensitive resist topcoat on the thermally cured undercoat:
wherein said thermally cured undercoat conprises a thermally cured
conposition conprising a hydroxyl-containing polyner, an am no 12 SEP 2003
cross-linking agent and a thermal acid generator; wherein said

hydr oxyl - cont ai ni ng pol yner conprises bi phenyl acrylale or nethacrylate
and hydroxyethyl acrylaie or nethacrylate. 40. The coated substrate of

cl ai m 39, wherei F’sai d t hEEfaRehbY sl aeimitorhtias hemwlgémemnedomst r uct ur e:
R 0 where R7ubis(Adissbsttzistaseeclor, 210 sebsdd % bt @shoMekiii (B oY ebsadday s or
aromatic groyp, sherein the substituted group is hal ogen, alkoxy, aromatic,
nitro or amno group; and R6 to R 2 are independently selected from
hydrogen, linear or branched Cl to C4 al kyl, al koxy, am no, alkylam no,

aryl, al kenyl, haBogen, amglcoxyd sueyehoakisyd 34, Aherain B 84 RE crosdmking! Kyl |
aromati c and hel fLOGYGLIL, @hLoups. 28 12SEP2003 41. The coal ed substrate of
claim39 wherein said™amno cross-linking agent has the general fornula
RV/RBNNN" R2/ Ir Y R4 whereR Y is NRSEEg or a substituted or
unsubslituted aryl or al kyl group, RNt oNRG nare i ndependently a hydrogen
or a group of the fornula - CH2OH oﬁzCﬁZﬁRﬁW/mﬁage R17 is a al kyl group of
about 1 to 8 carbons. 42. A process fowghe production of relief structures
conprising the

\!

wherein Y is NRsRs, or 2 substituied or unsubstituled ary! or alkyl group, Rq 10 Rg
are independently a hydrogen or a group of the formula —CH,OH or CH,OR,; where Ryy
is a2 atky! group of about 1 10 8 carbans.

38 A pholotithographic sensitive coaled substrate comprising:

{a) a substrale;

(b)  ahermally cured undercoat on the subsirate; and

(c) a radiation-sensilive resis! lopcoat on the thermally cured undercos!;

wherein said thermally cured undercoal comprises a thermally cured composition
comprising a hydroxyl-coniaining polymer, an amino cross-linking agent and a thermal
acid generator;

wherein said hydroxyl-containing polymer comprises biphenyl acrylate of

methacrylale and hydroxyethyl acrylale or methacrylate.

40, The coated substrate of claim 39, wherein said thermal acid

generator has the general structure:

Rg Ry
i
R-0—S Ryg
O
Rid Ri

where Ry is a substituted or unsubstituled alkyl, cycloalkyl or aromatic group
wherein the subsliluted group is halogen, alkoxy, aromatic, nitro or 2mino group; and Rg
1o Ry; a2re independently selected from hydrogen, linear or branched C4 to C, alky],
atkoxy, amino, alkylamino, aryl, alkeny, halogen, acyioxy, cycloalkyl, or annulaled

cycloalkyl, aromalic and helerocyclic groups,
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steps of: (a) formng a coal ed substrate; wherein said coal ed substrate
conprises a substrate; a thermally cured undercoat di sposed on saHd SEP 2003
substrate; and a radiation- sensitive resist topcoat di sposed on sai%
thermal |y cured undercoat; wherein said thermally cured undercoat
conprises a thermally cured conposition conprising a hydroxyl-containing
pol ymer, an am no cross-Iinking %%ent and a thernmal acid generator; and

bt

wherei n sai d hydrbxyl - cont % ®rihgsyeraine cleims? esreio eipeiisesossgnbner  uni ts
of cycl oal i pha¢ittiaesiceendb i@euyl i c or methacrylic acid units; (b) imagew se
exposing said radi ation-sensitive resist topcoat to actinic radiation; and
(c) formng a resist inmage by devel opi ng said radi ati on-sensitive resi st
topcoat with a devel oper. 43. The process of claim42, wherein said

hydr oxyl - cont ai ni ng pol yner conprises the follow ng nononer units: 29 1 2
S E P 2003 140 (A) (B) wherein R15 and R16 are independently a hydrogen or
a nethyl. 44. The process of claim43, wherein the nole % of nononer unit
(A is about 25 to 60 nole % and the nole % of nmononmer unit (B) is about
40 to 75 nole % 45. The process of claim42, further conprising the step
of : renmoving said thermally cured undercoat conposition to form an i nmage
thereof. 46. A process for the prqguction of relief structures conprising
the steps of: (a) formng a coale \gybs%ratﬁr'mherein sai d coated

substrate conprises a R \T; \Tf ~
2 I Ry
N N

S

Y

wherein Y is NRgRe, or a subsiituted or unsubstituted aryl or alky! group, R4 10 Re
are independently 3 hydrogen or a group of the formula —CH0H or CH:OR,; where R4y

is a alky! group of about 1 to B carhnns,

42, A process for the production of relief structures comprising the
sieps of:

{2} forming a coated subsirate; wherein said coaled substrale comprises a
subsirale; a thermally cured undercoal disposed on said substrate; and 2 radiation-
sensilive resist 1opcoat disposed on said thermally cured undercoal; wherein said
thermally cured undercoat comprises a thermally cured composition comprising a
hydroxyl-containing polymer, an amino cross-linking agen! and a thermal acid
generalor; and wherein said hydroxyl-containing polymer further comprises monomer
units of cycloaliphatic ester of acrylic or methacrylic acid unils;

(b) imagewise exposing said radiation-sensilive resist topcoat 10 aclinic
radiation; and

(c) forming a resist image by developing said radiation-sensilive resist 1opcoatl

with a.developer.

43, The process of claim 42, wherein said hydroxyl-containing palymer

comprises the {ollowing monomer units:
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substrate; a thermally cured undercoat di sposed on said substrate; and a
radi ation- sensitive resist topcoat disposed on said thermally cure
undercoat; wherein said thernmally cured undercoat conprises a therﬁb]ﬁﬂPZMH
cured conposition conprising a hydroxyl-containing polyner, an am no
cross-linking agent and a thermal agid generator; and wherein said

hydr oxyl - cont ai ni ng pol yner conpri ges, bi phenyl
and hydroxyet hyl acrylale @ hat e;
radi al i on-sensitive resist tlopedat/ toyactinic
resi st image by devel opi ng sl Adi
devel oper. 47. The process of clal
acrylate or methacrylate is al

dl e or nmethacrylate

se exposing said

n, and (c) formng a
SIst topcoat wth a
m 46, mhereinot e anount of bi phenyl

50 to 90 nol e and the anount of
hydroxyet hyl acrylate or nmethasrylate is about 10°to 50 nole % 48, The
process of claim46, further conprising the step of: nenobving said
thermal |y cured undercoat conpdSition to forman ifmagelt hereof. 30

acry

{A) (B)
wherein Rss and Rq¢ are independenily a hydrogen or a methyl.

44, The process of claim 43, wherein the mole % of monomer unit (A)

is about 25 1o 60 mole % and the mole % of monomer unit (B) is about 40 1o 75 mole %.

45, The process of claim 42, further comprising the slep of:

removing said thermally cured undercoat compaosition to form an image ihereof.

46, A process for the production of relief siructures comprising the
sleps of:

(=) forming a coaled subsirate; wherein said coated subsirale comprises 3
subsirale; a thermally cured undercoat disposed on said subsirale; and a radiation-
sensitive resist topcoat disposed on said thermally cured undercozi; wherein said
thermaily cured undercoat comprises a thermally cured composition comprising a
hydroxyl-conaining polymer, an amino cross-linking agent and a thermal acid
generator; and wherein said hydroxyl-containing polymer comprises biphenyl acrylale or
melhacrylate and hydroxyethyl acrylaie or methacrylate;

{b) imagewise exposing said radiation-sensilive resist iopcoat to aclinic
radiglion; and

{c}  forming a resist image by developing said radiation-sensilive resist lopcoat
with 2 developer.

47, The process of claim 46, wherein the amaouni of biphenyl acrylale or
methacrylale is aboui 50 10 80 mole % 2nd the amount of hydroxyethyl acrylzte or
methacrylale is about 10 1o 50 mole %.

48. The process of claim 46, further comprising the siep of:

removing said thermally cured undercoal composition 1o form an image thereof,
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