NOVEL PHOTGOSENSI TI VE BI LAYER COVPCSI TI ON [ 0001] Field
of the Invention [0002] This invention relates to
wiovder2256esi ns for photosensitive conpositi onSPCT/US2004/026979
phot osensi tive conpositions derived therefrom and
processes of use of the photosensitive conpositions
for photolithography in the production of
sem conduct I he
avent on [ IOV REETOSENSIE BICaYERCOMPOSIAON
m ni aturization of sem conductor devices has caused an
i ncreased rigor in the photolithography used to
pelopeate the fine patterns of those devices. The
denands for finer resolution have caused the shrinkage
of i magi ng wavel engths from 365 n (high pressure
mercury lanp) to 248 nm (KrF exciner |asers), to 193
nm (ArF excinmer |asers) and beyond. As the patterns
and wavel engt hs becorRieldi ofthe Ihbentidheri al s properties
of the photoresists used for pattern delineation have
become nore and nore demanding. n particular,
[0 | e RisOinastiRh! Iklaide  tof RBET SRChs 3BP! PRbSENsitive
f the i mage produ and the selectivity t he
capssiions ;m(nhsenmtdxet ccompoa‘smonqndeneem tlnemﬁsfre rariepaoesses
re strenuqus. Becaus
o et 1 | pRoIBEPIe: amasses ©canablfispsning in the
Qﬂo@lﬁ@ﬁ@%i? E@r%i&dh@[]@ﬁ)r delites a%ﬁ%éiféﬂé‘lé abl e pl atforns
for ultra largescale integration (ULSI) manufacture
and beyond. [0004] Advanced photoresists usually

enpl oy a techni queg,.c ' jfication in
whi ch an acid gen?r%‘i%gggagﬁg%gﬁbggggéht alyzes a
solubility swtch fromalkali insoluble to alkali
sol ubl e by renoval of an acid sensitive group

19098kt i ngThe &PRUNYIDG oMri¥e | fo MginLEEgtionThel semiconductor
% ?é?é M AaBeq & mé‘r‘@%bé q&‘ W A gth?ﬁi{h%i/Qﬁhy used to

oresi st operation ha known f some
cﬂslmauStrmeimpattlerns%féthséﬂé)ncek/b%ecdlmnan@d; for finer resolution

ﬁmpel Icfausgd the shrinkage of imaging wavelengths from 365 nm (high
pressure mercury lamp) to 248 nm (KrF excimer lasers), to 193 nm (ArF
excimer lasers) and beyond. As the patterns and wavelengths become finer,
the materials properties of the photoresists used for pattern delineation have
become more and more demanding. In particdfaf, réquirements of sensitivify,
transparency, aesthetics of the image produced, and the selectivity of the
resists to etch conditions for pattern transfer become more and more
strenuous. Because of this, the traditional lithographic materials, such as
novolaks, diazonaphthoquinones, etc., are unsuitable platforms for uitra large-

scale integration (ULSI) manufacture and beyond.

[0004] Advanced photoresists usually employ a technique called
chemical amplification in which an acid generated by photolysis catalyzes a
solubility switch from alkali insoluble to alkali soluble by removal of an acid

sensitive group protecting an alkali-solubilizing moiety. The principle of



resi sts have been designed around the use of acid
sensitive carboxylic esters or acid sensitive

whyasoxest yrene derivati ves. [0005] The nDst CPOTUR2004/026979
type of photoresists are called "single |ayer"
photoresists in which the photoresist has both the
mﬁfﬁlcﬁbﬁmﬁ“f'FM ﬁg ahasis &5 RU0kereRist @pegatior bas been known

R URGE yBRR e ves Eén\f'l@@ AQQ;ITU%?‘B? T Qo %nﬁ{:glﬂl amplified

resistance 1 use of Tayer resis
rasiste haye theenaddsigned brdtmyiethe&metqa‘mcm sehsmvaparmﬂvh\o esters

a thin photore3| st ima i s deposited over a
%@%Qéﬁnﬁn 'Mﬁé\ymwgtw ’8"65%(' &scoat) The phot or esi st

| ayer is assigned the function of inmaging and the
undercoat i s assigned the function of plasma etch

[009i53 t anceTheimagtecommndyas ioétphotqrp'sism bge calfedafsingle layer”
si l.icon and Eﬁﬁ rov descrtaln [

PRBIERIStS e e D 477 iEon S dmgaing and

gl%ﬁ% & reks|sttde. p?\ﬁbﬂfe@%lp’ﬁrééb?ﬂﬁf §6RIngSthRCkedd Iﬁigﬁ etch
etter substrate plasma etch resistance than a singl

resisdangshdnveias the usneofbmlatyayersyeﬁlﬁtn’qsysgemﬁ?gﬁowlb'ea bllayer
REE R REDE0 A e LRSI BRIAPG TRl BPostea over o

Biicker tplansddihy Ia\yém(mc@acoamﬂme qjmg)r@SbngaVerleeaSSIgned the
silicon_in the bi|ayer resist oxidizes tg silicon

finslioR 6t iRaoNBcNstiNe widercortds AFFFed b fuartion affidasma etch
KGN REE B'ir%felr r¢ toféslé"lé't?bléﬁﬂi% Q:%Y iA"gid éﬂ\u%nﬁhﬁse provides

I mage patter e resis rans erre nt o
cmmbancmh/lanta@emnml EISOh.ftIOhI frampeusipd dbiones irmagingdiimise In many

found xanp n Pat ent No 3 7

s 68 AR shel sy iRicTeal Sag TR ViRE Belis gibstrate
B@@ﬁa%tcﬁ‘?b@i%tén%e‘ t'h‘éﬁrepgfnplee%yaﬁbﬁbﬁ)réélslt Tehé bilayer system is
entirety. Summary of nventi on 06] One aspect
inagehwigenesposeth ang dev@oped (o] umm/ec drrtioms 19§ thel ymercoat.

AL velstare EBEOSeDln S ALl sty AR & G35’ Aiforising
ORJgEIE! | TId i gilicorl imtthe e@ﬁyeanesmvmze@ftossmu@rﬁ Wfiéxide and
wherein Rl is a noi erzcéicont aining an ethylenically

predectsr theengerlyingry reat. The uncovered” undercoat ‘is oxidized
away and thus the image pattern in the resist is transferred into the undercoat.

Examples of bilayer photoresists can be found for example in US Patent Nos.
US 6,359,078, US 5,985,524 and US 6,028,154, US 6,146,793, US 6,165,682

each of which is incorporated herein in their entirety.
Summary of the Invention

[0006] One aspect of the invention is a novel silicon-containing polymer
useful for single or bilayer photoresist applications which comprises a polymer
obtained through polymerization of at least one monomer of Structure I,
wherein R' is a moiety containing an ethylenically unsaturated polymerizable
group, each R? is independently a C;-C3 alkylene group, and each R® is
independently a Ci.19 linear or cyclic alkyl group, a Ces19 aromatic or

substituted aromatic group, a C4.g alkoxy methyl, or a C.g alkoxy ethyl group.
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group, each R2 is independently a Cl- 3 al kyl ene
group, and each R3 is independently a linear or cyclic
w@bdogh2gsoup, a 6-1 aromatic or substituted arp@EUSD04/026979
group, a al koxy nethyl, or a al koxy ethyl group.
Structure [0007] Anot her aspect of the invention
descri bed herein is novel photosensitive conpositions
(phot oresi sts) conprising: a) at |east one polyner
conprising a co-polyner obtained through
pol yneri zation of at |east one nononer of Structure b)
at | east one photoacid generator, and c) at |east one
sol vent. [0008] Another aspect of the invention is a
bi | ayer photoresi st stack conprising the
af orenent i oned phot osensitive cqiposition, an
undercoat, and a sem conductor dubstrate. [0009]
Anot her enbodi nent of thisOinvefition is a process for
the lithographic treatnent ofya substrate by neans of
a bilayer photoresist process that conprises: a)
provi di ng a substrate, ina first coating
step said substrate wi §P und%gc at solution, c)
baki ng to rempve sol vent ) coat g E? in a second coating
step a photosensitive g3 ﬁb&§u§(on RF this invention
over the undercoat to produce a bilayer photoresist
stack, e) exposing the ¢¢%€[ qu|st stack, f)
developlng t he phot osensi %onp05|t|on portion of
t he bil ayer photoresist stack making a portion of the
under | yi ng under coat vi sibl e,

[0007] Another aspect of the invention described herein is novel
photosensitive compositions (photoresists) comprising:
a) at least one polymer comprising a co-polymer obtained through
polymerization of at least one monomer of Structure |
b) at least one photoacid generator, and

c) at least one solvent.

[0008] Another aspect of the invention is a bilayer photoresist stack
.comprising the aforementioned photosensitive composition, an undercoat,

and a semiconductor substrate.

[0009] Another embodiment of this invention is a process for the
lithographic treatment of a substrate by means of a bilayer photoresist

process that comprises:

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat
solution,

c) baking to remove soivent,



g) rinsing the bilayer photoresist stack, and h)
etching the visible undercoat in an oxidizing plasm

wo ooopextsce a bilayer relief image. Detail ed PCT/US2004/026979
Description of the Invention [0010] The present
i nvention conprjses a polyner obtained through, .
pol yn#) i zat i ¢7ptHO 1BA “F%&@@ Qg@élngﬁ%grpr@ﬁosgq%ﬂa/ptﬁ%nposmon
wher ei n R i g @ TRiSHtorcOMraha! eficed] bi
unsat ur at ed,&ptmsymari zarg?\e%rgbgﬁgl,geg%baﬁ@ C{%{s]c db ayer
i ndependent | phato@sSt stagK, ene group, and each R3 is

i nd dent | i . li | kyl ,
ar omaft ¢ or ARSI TERIBPE IR StE oup, “a 1.8 al koxy
met hyky, or addveforsthyi e/ pRbtdsenSitiod RorRbsHioRigdHién bethe

[0011]" The nonomer of SP_ructure contains two parts, a
moi ety cont abildyegphatosesigt siack makingia partioraeftte underlying
pol yneri zabl e gr - nd a cyclic portion that

contai ns si Il'r"?:cgﬂf%%}a\{ﬁ%gﬁ’and oxygen. Exanples of Rl

i ncl uge, butrimdigg i bildysripedtdresistissek Uamd ed al kenes,
vinyl ethers, or acrylate or nethacryl ate groups.

Exanphés of elghinggbeyiiblemsiesceatdnpb axidizing plasieato
-al kenes, i [ ; C- linear or-
cyclic al kylé}ggp)cl iagﬁi'gggtfbgi_regngﬁg ‘es of preferred
pol yneri zabl e groups are vinyl, allyl, 1-butenyl, 1-

vi nyl oxyet hyl , d.2-ethyl acryl gyl, 2-propyl acryl oyl
or 2-cycl ohexyIDaegéflﬁf’jéﬁgﬁm}Lﬁﬂi."%'@R)!L’P{Ie cyclic
portion of the nmononmer having Structure contains
silicon, carbon, and oxygen. The size of the ring is

from ] 5 t oThboptesenitiomention sciqmprisasefaerp@umelt lobtained

i n tructure. .contains silicon ato an IS a 1.
IReBHgR SR ey Pa R et s BB wRL 37 SUiRRHE] wikerBin ' is o
SISty crtaifiinglan BeHylshisBIeuRsRhREE bolyherizaWe Rfoup, each R?
groups may be either two of the sanme grqups
is independéntly a C4-C; alkylene group, and each R” is independently a Cy.1o
linear or cyclic alkyl group, a Cg.19 aromatic or substituted aromatic group, a

C+.g alkoxy methyl, or a C4.g alkoxy ethyl group.

Structure |

[0011] The monomer of Structure | contains two parts, a moiety
containing an ethylenically unsaturated, polymerizable group R! and a cyclic
portion that contains silicon, carbon and oxygen. Examples of R' include, but
are not limited to, unsaturated alkenes, vinyl ethers, or acrylate or
methacrylate groups. Examples of such polymerizable groups are Cy¢ linear

1-alkenes, Ci.¢ linear vinyl ethers, and C,.g linear or cyclic alkyl acrylic esters.



descri bed above or two different groups with two
nmet hyl ene groups being preferred. R3is a |inear or

wa@ymbsioz22at kyl group, aromatic or substituted apOIEE1004/026979

al koxy net hyI or al koxy et hyl groups Exanpl es of
ferred roups includ rreth et hy| ro
m B 101 BRpTeRN rmetsRI B RLDE e WAk, oRBR 1 -bRenyl, 1-
I
rf}ﬂ @ﬁﬂﬁq Qtl'h?f‘%gyldw -?F?fp)réxeézﬂ%‘ogl %r Wcl&?é)ﬂ/g acryloyl

y et oup
@mumag Structure include but are not Irmted to, the
follow ng conpounds. lalblc/ - . / - . Idlef Ig lh
"0 O .S ' 1k[0014] The cyclic noiety found in

fo012t ure MRy Q&Iré%ﬁrﬁ@ﬁ'ﬁﬁtﬁehﬁoh@ﬁer %@quoBtr%tLﬁe | contains
mal oni c ester with the anion sal

sHiconacarbpol podeaxyggny ekha Biga cwfrtha rmg is from about 5 to about 8

Attt ) SRr et S AR Bityald 2 flion Stoms ana R s

depmstihaneé abilarms B8 ropydae dgrsaboWith &shRithgné @dup being
procedures tq_obtain fhe nonocar oxyI ic acid

dRaevRIEfrERd- THRE R JR adbviRA Mayake Fider itwat ofvthecaame groups
ERSCS) SBeE 41 S ! BEpgRERR L FEnfirkogBitS boin
pséferretli caRY de prBeesdiesar mecyrflrcWalkyh greup) |1Gksh r atomdatic or
suLsthte'ga(ar)omatrc, 8?53[ alkoxy methyl, or Cig alkoxy ethyl groups.
Examples of preferred R® groups include methyl, ethyl, propyl, or isopropyl,
cyclopropyl, cyclopentyl or cyclohexyl, phenyl, 4-methylphenyl, methoxy

methyl, ethoxy methyl or methoxy ethyl groups.

[0013] Examples of compounds having Structure | include, but are not
limited to, the following compounds.

S S



R OHR 1| JPC catalyst [0015] The present invention
al so includes polyners conprising a co polyner of at

wo emsi2nse nononer of Structure and at | east oPeT/ES1004/026979

sensitive ethylenically unsaturated, polynerizable
nmononer. The nonomer contai ns masked al kal

sol ubilizing group that upon treatnent wi th acid,
unmasks the al kali_sol ubilizing group. Exanples Ef7
such acid sensitive polynerizabke nonmers incl ude
but are not limtled to, acid l'abilée protected acrylic
aci d nononers, protected hydroxystyrene nononers, and
acid | abil e protected norbornyl ene carboxyl at 12

Structure. ructure Structure |V as described in
t he nmononers| of Structur H1V. [0016] nAx§tructure ||

R4 is a hydr , 1-3 al kyl group, or a 1-3
[ ~Exanpl es of preferred R4

groups include hydroge methyl or trifl t hyl
group. R§'is ar acid cl eavabfe protecting group-that
gener at es car oxylic gcid-when cl eaved pyaci'ds R5 may
be C4.20 branched or cycI|¢‘aIkyI C2-8 linear or

cyclic a-al koxy al kyl. Those skllled in the art

under stand fdat exanpl es qf RS substituentsydhavi ng
tertiary carbons or which constitute al pha al koxy
esters have higher acid sensitivities. Exanples of

preferred R5 incl met hoxynet hyl, et hoxynet hyl,
tert-butyl, tert-anyl, 1- nethylcycl ohexyl,

1- et hyl cycl opentyl, -nethyl adamantyl,
1-isopropylidene adamantyl, tetrahydrpfuranyl, or

t et rahydr opyr a . Specific exanpl es~of nononers of
Structure Il include, but are not Illimted to, t-butyl
acrylate, .tcbutyl nethacryl ate t hyl cycl ohexyl

net hacryl ate| tetrahydropyranyl acryl ate, tanyl
acrylate, t-anmyl nethacryl ate, 1inethyladanmantyl

acrylgte, - e hylhydroxiﬁgi\

(7 AT
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nmet hacryl ate, t-butyl trifluoronethylacrylate, and 1-
nmet hyl cycl ohexyl trifluoronethylacrylate. [0017] n

wkoosor2se |11 R6 is selected fromH, C -C | ovweeT/abi094/026979
CN, or CH2C 2R13; R7 and R8 are each independently
selected fromH, linear or branched CrC al kyl, or

hal ogen; RO is H, or branched or linear CrC al kyl; R10

is selected fromsubstituted or unsubstituted phenyl,

a substituted or unsubstituted linear, branched or

{9e14]c Cl- Theé achymoietytfoomdin Struolmrrelil maygpasptthesized by the

A or iy Pialang et ufbiifie nier Sat it el malgnate followed
%Sﬁclléa%tléh k\)ﬁtﬁ”’k? blﬁéﬂlo%‘ﬂkﬁyd?s@x%nbné&ﬂsadwt e %ﬁhc diester

selected fromH, linear or branched or cyclic al

obtaired shn dhemn ibe: hydralyzed sudedacadbexybated Wsingstandard malonic

%ﬁ Q%&ﬁﬂﬁﬁ'%ﬁ%{ﬁg Csy Po PBt@ln @i@ g"on%%ftiotgv c? %ﬁ@ derivative. The

W‘rﬁi@fﬁomweﬂﬁh atewgtﬁw eahltheR®e bgta@meaamsfg kibe tdppropriate

gaction of a hydroxystyrenic nononer (e

ﬁy@m@/g\gﬁ Bieegesirach monpimsn 0fe$ﬁ@¢tutﬁ1dié#3"'lﬂ:kﬂl¢wn esterification
n et her under basic

g)%lgz‘ls%bg’nénéjéf \Hﬁicﬁ iqs ﬂg%ara@ega?ﬁ’cl ude, but are not

limted to 4- (1 et hoxyet hoxy) styrene,

4- ( 1- met hoxyet hoxy) styrene,

4-(1-t- but et hoxy) styrene, O. _OH
4- (1-cy ohe yl o et hoxy)styrene, 4-(1- o j:
cycl ohe W et hoxyhtﬁyf*e 2, H 2 )
4 (1- phenylget h | oxyet ng)%lc% eped! and 4- R\'F R &
- pr opoxyet hoxy) styren ernatively and nor %3/3‘\0/ i ]?

cormon t he nmononer units fornmed from pol ynmerization
of nmononers of Structure Il may instead be forned
after polynerization by reaction of hydr oxystyrenic
units in the polymer with vinyl @ R or vinyl

et her/al cohol m xtures under acidi¢ conditi ons as
described in U S. Patent No. 6 3 hereJ,nR—OH

i ncorporated by reference. [0 8 'ﬁtﬂr uct ur etahdt R14
is an acid cl eavabl e protecti nfd/g'?o’u RPhat gener at es
carboxylic acid when cl eaved by acid. R14 nmay be C4-20
branched or cyclic alkyl, C-S linear or cyclic
&OQﬂfﬁoxy alTkgl presaokiavektioh et mcludesapalymeds cotprising a co-

88&%‘?{3 af%'lge\;ﬁtgpe%gngr%%srtolf tSk'ruc{urerf deaq Iéaesrttone gmd sensitive

ethylenically unsaturated, polymerizable monomer. The monomer contains a

masked alkali solubilizing group that upon treatment with acid, unmasks the
alkali solubilizing group.  Examples of such acid sensitive polymerizable
monomers include, but are not limited to, acid labile protected acrylic acid
monomers, protected hydroxystyrene monomers, and acid labile protected

norbornylene carboxylates



constitute al pha al koxy esters have higher acid

sensitivities. Exanples of preferred R14 include
woredosoxeset hyl , et hoxymet hyl, tert-butyl, tertremyb2004626979

nmet hyl cycl ohexyl, 1-nethylcycl opentyl, -nethyl

adamantyl, 1-isopropylidene adamantyl,

tetrahydrofuranyl, or tetrahydropyranyl. Suitable

exanpl es of nononers of StryctRre |V include, but are

not limted to, the nethoxyngthyl, tbutyl, -nethyl

adamantyl R t-anyl, 1-isopr i deneadamantyl, and 1-
nmet hyl | ohexyl esters '
acid. [00&3p This inventio

bor nene- 2- gar box§l i c
conprisiglg at | east one Sig’
Structuregs at Ieast}gné) v@ sensitive &fhytenically
unsat ur ated, pol ynerizabl e nrononer, and at | east one
other ethylenically unsa ied, pol ynerizable
property enhanci ng nononer B onodi fy and enhance
desirabl e properties of the copolyner. Suitable
nodi fyi ng nononers include radical polynerizable vinyl
mononer 8TeeH as acryl at ¥gcwpBt hacryl at es, \dtupgpre IV
et hers, vinyl esters, substituted and unsubstituted
styrenes and the |ike. Exanples of preferred nodifying
nd% deecribadnioltbe enormumersraf Statctliiesilt-Bd t o, met hyl
acrylate, nethyl methacryl ate, hydroxyethyl acrylate,
met hyl vinyl ether, ethyl vinyl ether, ethyleneglyco

vjoosie] et herin Sticane. Il tRDG W YORRE, CANGh| B Co
s[tyr e;]e. [0020] Additi onal exz:\.lr%f,gl egswgf g:?eflte%{dged B. or a Cis

nfflEQTiRRieHo vt r grosipe  ufrxamites edf gyefareedarRy dgrodps  include
) 508 51 5 el et

Syroupt thak geherStasicaroryld beidhehen tiddhMedi Iy Heida R ma@be Cy.n
or branched al kyl or _a |inear or branched 1-4 al koxy
a

PEEheRES Gyslia alylrereineas wicyplicionatkoxymaliv arldise skilled in
atlh%y:%rt %8&%{3@[ %ﬁ%&%}(ﬁ@?!)eusgc?f %gﬂtﬁgﬁgerﬂtl's%:@gmg tertiary carbons or

perfluorinate
which constitute alpha alkoxy esters have higher acid sensitivities. Examples

of preferred R® include methoxymethyl, ethoxymethyl, tert-butyl, tert-amyt, 1-
methylcyclohexyl, 1-methylcyclopentyl, 1-methyl adamantyl, 1-isopropylidene
adamantyl, tetrahydrofuranyl, or tetrahydropyranyl. Specific examples of
monomers of Structure Il include, but are not limited to, t-butyl acrylate, t-butyl
methacrylate, 1-methyicyclohexyl methacryiate, tetrahydropyranyl acrylate, t-
amyl acrylate, t-amyl methacrylate, 1-methyladamantyl acrylate, 1-methyl-
hydroxyadamantyl methacrylate, t-butylh trifluoromethylacrylate, and 1-
methylcyclohexyl trifluoromethylacryiate.

[0017] In Structure Ill R® is selected from H, C4-C, lower alkyl, CN, or
CH,CO,R™; R” and R® are each independently selected from H, linear or
branched C;-C4 alkyl, or halogen; R® is H, or branched or linear Cq-C4 alkyl;
R js selected from substituted or unsubstituted phenyl, a substituted or

unsubstituted linear, branched or cyclic C4-Cyg alkyl, optionally containing an



branched, or cyclic alkyl group, C. o alicyclic alkyl
group, a Cl-20 linear, branched, or cyclic ether
w@emap2226T a aromatic group; and R18 is a C ab&DK§2000026979
a al kyl ester, alkyl carboxylate, or hydroxyl group.
[0021] Exanples of R15 include, but are not limted
gtherngt 1@pter graun, apwﬁﬁ)tlﬁuteﬁe@rhmubggtmg@, phgpylalkylene or a

bﬁﬂﬁtgﬁ-\‘]l or%bsﬁtu&{d n@? i é)’/dqlev'agl%léﬁe UGRUre M R12 4re

I'nc but are not I"c” arihydri de "or
mdelpendenuty aelbytdd fdem H, 022} oElammhed omfcypllceCeﬂ@dH@lG)r Cs-

E%? PGS e atE TRMoRdinGre Branshed” BRastbe valic alkyl,
tﬁﬂtre%d Rlﬁsﬁb@h‘tﬁ?ed 'E)‘F\'engz‘ aper Qﬁ?%llcgEﬁé“@&l@ o Monomers

| ['uoronet hyl group. Exahples of sult oups
hawhldStrumure dH enaptbd |pnepaarddttny they deacteon ofret hydroxystyrenic

oo ity GRSl oy A GHERg EndghaRgie capaitons or

D@ﬁbté"‘ﬂprﬁi ﬁﬁl@sethBF @ﬂh@éf aas@@mh@ﬁsofsﬁﬂaﬂee@aﬁméylncmde
cycl ohexyl, adamantyl, tetrahydrofuranyl

hab%ne’rmt lignitrehts. 4{3@&@9@/@@% glyremg, ed- h’omﬁtb@weihlmm@tyrene

O Rehok IS S POhelB o RsuBheY | 40-
nmlbla@xwétaymyémw)sméhej 4qetﬂmiywtmlexymh@watyrene and 4-

acryl ate, trifluoronethylacryl ate or napht hyl

%PW?HI%Y?W §98] élt&ﬁ?ﬂté@%ﬁ”ﬂl@o@? oQﬂjamonmtbeemonomer
BH&s ArndPfro ;?]% gﬁl@n%&h rmﬁfjﬁ\%ﬂ@ﬁxelr%? tE*Qt’ljuctLﬁ'IeWlmae){ H‘IS tead be

I'sopropyl, oxy, net carboxyl ate
tcanmdxgrﬂatpmlymedzatm Iaxy eeachxamb hgdrax&si;yrezile unés |rRﬁ83 polymer

net h th b | at th
RiRLBRyT BE™ ot Feg iR B KLISs Wb RGNS as
gbseied i Y)9. Patéast! N@QS 39(9't31<7‘riferé‘|ﬁt|néd Feﬁgd‘b? reference
propyl ene, butene, al Iy al cohol aceta Vi nyl

acetic acid, nethyl vinyl acetic aC|d or nethyl allyl

FE ORISR RSP R i, oo
generates carkoxyhiciatrbivReaidiéaea spati. IR'Mgnay be C,.o branched
or cyclic alkyl, C,.g linear or cyclic a-alkoxy alkyl. Those skilled in the art
understand that examples of R'* substituents having tertiary carbons or which
constitute alpha alkoxy esters have higher acid sensitivities. Examples of
preferred R' include methoxymethyl, ethoxymethyl, tert-butyl, tert-amyl; 1-
methylcyclohexyl, 1-methylcyclopentyl, 1-methyl adamantyl, 1-isopropylidene
adamantyl, tetrahydrofuranyl, or tetrahydropyranyl. Suitable examples of
monomers of Structure |V include‘, but are not limited to, the methoxymethyl, t-
butyl, 1-methyl adamantyl, t-amyl, 1-isopropylideneadamantyl, and 1-

methylcyclohexyl esters of 5-norbornene-2-carboxylic acid.

[0019] This invention also concerns co-polymers comprising at least
one silicon containing monomer of Structure |, at least one acid sensitive
ethylenically unsaturated, polymerizable monomer, and at least one other

ethylenically unsaturated, polymerizable property enhancing monomer to



nononmer may be enployed as long as it has a

pol yneri zabl e doubl e bond. Exanpl es of such silicon
w@onsarnsng nononers i nclude, but are not | i mpedusmN4/026979

allyltrial kyl silanes, vinyltrialkylsilanes,

trial kylsilyl nmethacrylates or acryl ates, cyclic si

|
madifyc Adaebbapee adegirables propatiesosyf {ee haepglymess o¥uitable
gﬁ#@@ﬁ%&%ﬁ%éﬁg&%%ﬁgk@ PR%d’ganéj Vi AR 8s such as

contal ni ng  NONONErs
abiyyhétlbsr,e_t hwtlza?c%rgl_altes,vivilwlt réthetslhylvsiziyl arestenspt lsabsytutedy and
met trinet si | ane, nethacr X L
HRedStited( SBToRATANY 108 H6r | anEXamples sberrefeired umedifying
ﬁfo&%‘rﬁé’r@t UrQub&: [ BR2S4ren St Wnﬁik’?d? to$ Mdthyl Sarylate, methyl
ydro a P al kyl r Q/

gen, I near or branched group, o
metbacrytate, b hydehxgethgl - rpatd, | methylavieyl ather, ethglupinyl ether,

B etat oo vt 6D ety PoRNE RS G ipiy shene.
al kyl group, or a aromatic group. Preferred exanples

of R20 include ethyl, propyl, iso-butyl, cyclopentyl,
§002Meny| . AldiRepl TxempES el RreterRhemogifyingi snonomers  are

[ . r r re

BN 80 58l SRR & St VorER bRt Mrycgye w1, or
alkenes »f Stuctureddrt s an et hyl enically unsaturated
group. Such processes include, but are not linmted to,
free radi cal® or controkl®d radical polynerizations,
Suc ésses typl_n;s\(:'__ ly are run==R a so| vent or

sol yent m xture using a_cat al yst or\i nREY at or .

Ini—' at oks _shoul d be ¢hosen based on the tenperature
t@ be &npl &ed in thé)p'giyneri zation, which in turn
may be set by the boiling point of the solvent. The
tenperature enpl oyed may depend on the nononer

st abBkruttyre ¥nd t hStroetued Yt i ¢ abi IStiuctwé \ihe cat al yst
at the operating tenperature or by the deconposition
half-life of the initiator. [0027] Suitable initiation

GRRFGRIRBLLARS, L (REbpRer ahonly nOPd: L ARPUL: BaRcfhd C, 4

noles of initiat nol es of nonore

atkekgrdredpr R1OB afhydibderatHiIC golimeaintarairandhés et wesup, or a
about 0.01 to abgut S.rﬁﬁ%,rml es ofinitiator,to total
HReJs Obf biapRBAer C1-THRe %"t'”?i?@f @'lkV'e@r?%gB ofis @ Cipo linear,
it iatior, .C an e ,d Scbet ab 0 out
E%ﬂd&%ﬁblo&@%@@i él:k?f g?éhmd,tgp%oot‘ygf%h@ Y Grdud, 02 2B linear,
branched, or cyclic ether group, or a Cy.1o aromatic group; and R is a Cy5

alkoxy, or a C.s alkyl ester, alkyl carboxylate, or hydroxyl group.

[0021] Examples of R include, but are not limited to, methyl, ethyl,
propyl, methoxy, ethoxy, and isopropyl.  Examples of monomers having
Structure V include, but are not limited to, maleic anhydride or citraconic

anhydride.

[0022] Examples of preferred R groups include hydrogen, methyl,
ethyl, isopropyl, trifluoroethyl or trifluoromethyl groups. Examples of preferred
R'® groups include hydrogen, methy! or trifluoromethyl group. Examples of
suitable R'” groups include, but are not limited to, hydrogen, methyl, ethyl,
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nol es of nononmer. [0028] Exanples of suitable free

radical initiators include, but are not limted to,
whenzoyld2sper oxi de, 2, 2' - azobi si sobutyronitril epCRUR2004/026979

azobis(nethylisobutyronitrile) di met hyl

Qfﬁ%? Ibly%yggg’étﬁﬂlrat (r'a%fﬁ@g Bi"aurg%aﬂ gféty g%{Fquﬁirofuranyl or
F(%OZ r Hé&ﬁgﬂe pﬁenQPQﬁ Ih’{)o#;rbnggy ﬁreefé,lﬁ&lj l&?H}Pele’s of R"7

uita sol vent s rization inc
bre methyrhotethylm aystbhexyl, dadamaetylt detrahydtofifranydn, or naphthyl
acetonitrile

2-met h t | .
BEpaL BB Py BT M et RIS Ry LS Einclude, but are
letlﬁ‘rﬁrfed et raBHl Orlﬁ)éfr%brylﬁlﬂ hyHa@aRy K@iﬁ&&ylafé‘v‘t Byélohexyl

i sobutyl ketone, “and diglyme or any conbi nation
methaaylateol \hverexyedyyl be metbrariateby phemyl pi eapiate, of methyl

b eRDET Aol & RS hBER R, P00 OBl e The

preci pitated pol ymer rray be isolated by filtration and
dr| ed usi n% conventi onal, techni ques known by soneone
89923]ed i nExaepigs | O[d%soprqwe,s nBriEeal putwarghnot Mignited to,

Bl oBBPRISHTRL oY 5By FRIMGAR W?ﬂ%tﬁr'a%%ﬁé Yiate, ethy

ebepes s | o sipa o o e
ar

BoSn oty BUBORLE v aIND CRIoamalen A SRaiaen nEfagples of

AeHoONEr3NEifg kg w gﬁ&ruesr Haetar@mo@hrnqrar el mwene

as described,”for exanple, In k, Experimen
hetelmedellylralmhqrneliyl ehetatetwryyl amrun amid eryezsorhsrnyl\ewtrc acid or

York 3319’8%11 "_I'he pol ydi spersity of the polynmer may
4 £to about 6. A preferred pol ydi spersity of
the poI ymer is fromabout 1 to about 4. A npbst
referred ol ydi spersity of the polyner is from about
24} abou pyonﬁbesi eTéorerlrrmer%nOfasth&s pBVeRiaN fmayusentain

bHdﬂoﬁQle@il% L?ﬁoﬁt‘rgg{ |% ﬁ%r§t rﬂﬁls?ri’(géfee.rsrlggﬁg containing

gont al n sur nononer eriv
monomer may be employed as Iong as it has a polymerizable double bond.

Examples of such silicon containing monomers include, but are not limited to,
allyltrialkylsilanes, vinyltrialkylsilanes, trialkylsilyl methacrylates or acrylates,
cyclic silyl methacrylates or acrylates, and POSS methacrylates or acrylates
(see Structure IX). Preferred examples of silicon containing monomers
include allytrimethylsilane, vinyltrimethylsilane, methacryloxy
methyltrimethylsilane, methacryloxy propyltris(trimethylsiloxy)silane, or a
POSS molecule of Structure IX.
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nmononers of Structure , an acid sensitive
et hyl eni cal | y unsat ur at ed, pol yneri zabl e nononer such
w@sgoosizes7 nononer s having Structure H 1V and PrOp®Es10¢4/026979
Enhanci ng nononers. [0032] Specifically the pol yner
must contain a sufficient anpunt of nononer units
derived fromthe nononer having Structure (silicon
cont ai ni ng nonormer) %that the inmaging | ayer can act
as a barrier for an based etch, a sufficient anount
of an acid sensit et hyl eni cal | y unsaturat ed,
pol yneri zabl e nononen==@ order to switch the
solubility of the p@ ynmer after exposure from
i nsoluble to solubl &in aqueous al kali, and a
sufficient amount of Ja property emtélnci ng nononer to
inpart the desired gnhhancengnt tqf pol ymer (e.g.
hydrophilicity, Tg e hagce(). Sgggifle anount s of any
one of the nonomer type t i 11 _be 34 gcfed by the
chem cal and physicaIRﬂi\ELr es ﬁ/iqgoother nonomner
types. [0033] The pol ymepnSfrust contgpn a suffici ent
anount of nonomer units dekjved b(ba1at | east one
nononer havi ng Structurgﬂf§ \ 7chh co tai g ng nonomner )

so that the imaging | ayer C‘E\ﬁ) act a’Barrier for an
O based etch. The % of the iorre® required for this
function will depend on t %ilicon content in the

nmononer. The level of silicon in copolyners is from
about 4 to about % by weight, preferably from about 6
to about % by weight. As the silicon content is

' ased, r oligyRi.cal c s s

19928 hob Iy %?v&%%hxﬁgy'?be'gaadﬁ%%ggﬁf%ﬁﬁéﬁﬁ?f’ﬁé’ramhed alkyl
grewsr o1y aBitearcompranehedeC, s peeflusrinatah aligntg@otp; each R is
derived fromthe nononer of Structure augnented bg t he

inflanesdsAtiva Aydragen.: @ érap linean sanchsst 7R Aycliscrlkregroup, a
0341} i t
R o) 8, PR o e o B of

owhudamethyl, pgropylprisoeodyl, oycl@entylk or phényln t he pol ymer

is fromabout 10 to about 40 nolar % A nore preferred
content of the nonomer of Structure 1 in the polyner

[602610M abqye pAyMEPWacRBones of this invention can be prepared from
the corresponding monomers by any suitable conventional polymerization
process which reacts an ethylenically unsaturated group. Such processes
incllljde,’ 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 be set
by the boiling point of the solvent. The temperature employed may depend on
the monomer stability, and the catalytic ability of the catalyst at the operating
temperature or by the decomposition half-life of the initiator.

[0027] Suitable initiation concentrations are between about 0.001 to
about 5.0 % moles of initiator to total moles of monomer. The preferred range

of initiator concentration is between about 0.01 to about 3.0 % moles of
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molar % A nost preferred content of the nononer of
Structure 1 in the polyner is fromabout to about 30
worpdoan2257 [ 0035] The pol ynmer must contai n nDNOPET/USIVW4/626979
derived froma sufficient anobunt of at |east one acid
sensitive, ethylenically unsaturated, pol ynerizable
iritiadere o itatabraelest of swinomert hdheomast inreferied tange of initiator

t.er 0. I
CONMIT 2P dbBRR Ml YOG BROLYDIE o ABLUR fckfr g ot
atodes obMYmoplee. % of nonomer units derived from one or

nore acid sensitive, ethylenically unsaturated,

pol ymeri zabl e nononers. A preferred pol yner

S' Li oEng’leé:er@[litétﬂgff?éﬁT‘rﬁneé‘ltmﬁ@t(ﬁrg |ﬂBI‘EIHE B0t are not

A) of a non derive rom at ast one
Bmitedt i vim, et bghzmylcal pgroxideat uraﬁéazobmlsy)betyrambﬂe, 2,2'-

e radingah BB0ria] el 225 3R sisBrEblgy i lauroy

geroxird f@Pﬁi‘Jr@élly' BaSHaiR Marlfdrth i Ibld. \Wrbon tetrabrom|de or 1-
et hyl eni cal 'y unsaturated, polynerizable group. A np

gdedecanethiol)ongyrbe indugedi tion will conprise from about
35 to about 45 nol e% of a nononer derived from at
| east one acid sensitive, ethylenically unsaturated,

[oo2erer i zaBuRagleostivert® 436 poljrergatiyiBnclits,! bGoaveahst limited
mononer units derived froma sufficient anbunt of at

t%a@*pxam@ etepdrgfusam adunaihyhetamdrotusan ngsetonitrile, toluene,
t t

SEpAACES ATGAERE o Hr RIS BH R, Shrahyaropyran,

amhylcﬁthyll ketome] methyh}sdibmqbﬁlldeltmé yandT diglyaada @ iamwy, ccnnblmahon

h resista ce. e concentration f PrO y
T R oHpREaray b FolAEHhY REPCRESIGM, ch ey Shlymerization
§€’19H6n 1|nf53|eﬁ1" a{?ﬂr@pﬁé&@%n@@n%fe gﬁ/@ﬁt 3 WRRAL S olymer is
Property Enhancing nonomer. A preferred concentration

insotyble.sThe qreaipiated: polybmart meg belisolatedabyrdilsation and dried
trat

BB R SRy SRR B e e

is from about 5 to about 45 nole % [0037] A specific

anpl e of _a preferred copol yner conprises from
[0030] The molecular welght w) of the polymer may range from

about 6000 to about 100,000. A preferred molecular weight of the copolymer
is from about 7,000 to about 60,000. A most preferred molecular weight of

- the copolymer is from about 12,000 to about 30,000. The value of Mw can be
determined by such standard methods as gel permeation chromatography as
described, for example, in Jan Rabek, Experimental Methods in Polymer
Chemistry, John Wiley&Sons, New York, 1983. The polydispersity of the
polymer may range from 1 to about 6. A preferred polydispersity of the
polymer is from about 1 to about 4. A most preferred polydispersity of the
polymer is from about 1.5 to about 3.

[0031] To function as a polymer for use in a chemically amplified resist,

the polymer must contain suitable ratios of monomer units derived from

monomers of Structure |, an acid sensitive ethylenically unsaturated,
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about 10% to about 50 nole % nmal ei ¢ anhydride, from
about 10% to about 40 nole %

wa 2582251 et r anet hyl - 1, 3-di si | a- 2- oxacycl ohexaPeT/Us2004/026979
carboxylic acid allyl ester (ACDS), and from about 25%

to about 50 nole %t met hacr Iate
PolrieTabls mariaer BiC 56 THoisk mPEPBErGhaRg Siructure 11V, and

om about 20% to about 45 nole %
PRopa ERha bR e mer ° °

rom about 15%to about 35 nmole %
1,1, 3, 3- tetranethyl 1, 3-di si | a- 2- oxacycl ohexane
about

I d f
GRS SRS ARt 58Pl oG RS SurR S8 St o

nisHomét e)ur{lﬁo%%}lvéﬁ'ofrbﬁf tePembhbme?XAERNE Shrudture | (silicon
preferred copol ymer conprises from about "10%to abou

cgotaifing mememer) sty the theaging dayerozan agtoss adammeuforsan O;

o348 5t o lsienhgmonns o il sensitivs etnuenisall. wissbygted
pylyinterg@ible Indreinied Ierrd@%tt@rsvxim&BDS)a salnpilifyr @mrﬁi)pultyn?eﬁ%fter

to about 50 nole %tertbutyl nethacrylate (or
e?‘@@%“'BJf‘VP inselyblex to) solublgydp @%‘P@%ﬁ“@i' @k‘ﬁn%lséﬁ'c'em amount

PP Tty SAPREL PG BRACRY B b, BB kg o

rom a to ab
piblymér (bgehyc&mphlhyity,lT@e«hhanta)Z -Suitable amounts of any one of

B 50 R Llso5 Lo AE oS proprios of
tﬁ@bfhe*?%dﬁorﬂéﬁﬂ/ﬁ@é)" ate (or tert-butyl acrylate)
[0

Anot her “specific exanple of a preferred
copol yrrer corrprl ses from about 10%to about 50 nole %

f t 10% bout
GRS G °AdhE PilVinar B E08tn Ao lidef B bnal o Giohoter units
defivedUroth aEldRE IR Romsifef h@ﬂhngtﬁJcﬂJréOI gﬁ%ﬂn l:@ntalnlng
nol e %of t-butyl rrethacrylate co-3-(3,5,7,9,1_,13,

npneeRen SeHPpbEe imaainglays san acas a be]mer for an O, based etch.
Qcs

Bl PRI 5 0er TS RENARA, dcperd on th sifon

confenit ynrthie mompmere STHe leneldfailicoPOivh dapohmeats né&rdmlaao% 4 to

oRBAEE LI e SO Kl o Bt s
theet ﬁgtg(% | %rﬁsﬁl‘quf [RPeARRUt thd THIFREH typidaMY Eb&omes more
hydrophoblc which may be adjusted for using the Property Enhancing
monomer.  The silicon content derived from the- monomer of Structure |

augmented by the inclusion of an additional silicon containing monomer.

[0034] The polymer comprises from about 1 to about 50 mole % of the
monomer of Structure I. A preferred content of the monomer of Structure 1 in
the polymer is from about 10 to about 40 molar %. A more preferred content
of the monomer of Structure 1 in the polymer is from about 15 to about 35
molar %. A most preferred content of the monomer of Structure 1 in the

polymer is from about 15 to about 30 molar %.

[0035] The polymer must contain monomer units derived from a

sufficient amount of at least one acid sensitive, ethylenically unsaturated,
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[ 0040] The novel copolynmers of this invention can be
fornmulated into a radi ation sensitive photoresi st

W@ 0008083267 on i ncor porating any suitabl e phot oae¢TUS2004/026979
generator and a suitable spin casting solvent. [0041]

rON RSzl MRS TLOMSASPLIBIET BECRORPLY B gebaner afer

&SB@u@tf%rﬁ iRSQUbROBEsAIENBiR igliBoas! bfkai criReh Qs/mer comprises
Sui tabl e cl asses of photoaci d generators generating

fromn fabout 28dpdabdut AQdenoleute af Bnanemer unitsedetivgd from one or

sul foni,um or..i od [ts Xl | f onat

B Ao oy e sfissfiiald. Jihm8R2ass: monomers. A

phéfefregiiythetitdrdpasitio A Hilk temphsé fih abelio2® & hBout 50 mole%
ener ator conpounds are disclosed, for exanple, in US

afle AONQHREr rweg5$romsatariaa@s%le4@@l<$8@enaWeehemyéemcally

RSRIRBERLEN DS Sl ol T EHBhsd HELTHLP composiion

vw(rjmbbn;rrmas.g droan péolit 801to albbylt 45 lmhcﬁleuybf a mmneﬁderlved f(;om at
I sclosed jn US, Pate No. US 5,554 664, incqrporate
@?eﬁtém ggid r%?'é?'fé‘f?oeetﬂ[f'@@l?@f'y Hnsafiried Pdvnarraklprgroup. A

¢
BRSO RS o BoBL0516 ou 45
nhxde%gofmrmOponeafrdem/edTﬂn@maatyleagt ongsaaid seheitive] ethylanically
odo m o et be substituted or
%ﬁ@h‘&@'@gt H?@H‘eﬂzﬁ‘b eggrg s, such as unsubstituted
phenyl or naphthyl, or these noieties may be

substituted by one or nore substituents such as
[083Glgen, The @okymer anustaicesigin moRomed/ onitsi dedved from a

ST 50 B B ol B BB B e T A e
desired edhahtemphotoomel sbigeeer EExmpley dﬁ@owmeﬁpmdp@bﬁ@ which
organi c sul fonic acid anion, such as those deriyved

"@@bpﬁt‘%ﬂ’i‘é‘ﬂp% inGlude. Ryt Ay edTOtén'm'WafPr Eyd&m"t%hh Bga@queSDn
r 0 et c
£ PRISS, IBA OfBRlgtEncel® THeC LoLEEARRTR b (PRiperty Enhancing
nsarmhet mtthd oopolynmrbnaytram@frommmnl moiarL%rto radoiogitl 66 Mmole
orlnate sul acj d derlvatlv

fl f
R e d8psBs Pdbeug Erirelibsd TanRETssna Rrals TG PoPsUration
rafgé REfroRSASEL MEtR8bSUIS@Wible %. A more preferred concentration

range is from about 20 to about 45 mole %. A most preferred concentration

range is-from about 25 to about 45 mole-%: -

[0037] A specific example of a preferred copolymer comprises from
about 10% to about 50 mole % maleic anhydride, from about 10% to about 40
mole % 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane carboxylic acid allyl
ester (ACDS), and from about 25% to about 50 mole % tert-butyl methacrylate
(or tert-butyl acrylate). A more preferred example copolymer comprises from
about 20% to about 45 mole % maleic anhydride, from about 15% to about 35
mole % 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane carboxylic acid allyl
ester, and from about 30% to about 45 mole % tert-butyl methacrylate (or tert-
butyl acrylate).
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are preferred. Exanples of such substituents are

hal ogens, such as chlorine, and particularly fluorine,
wa@bdogh222such as nethyl, ethyl, n-propyl, or alkOrRYS$2004/026979

such as nethoxy, ethoxy, or n-propoxy or simlar

substituents. [00 ..JThe-ani on of the toaci d -

44 h
8l at or ﬁﬁ'?t"t% ?’Rf;rﬂf%?éﬁ'fnplﬁ oaia/areéﬁg?gvﬁqn?'xrﬂ@r comprises
FBRPUBLEN Y 09 kP AbBEL g@ PR e/§ rn?ﬂeic-r%r’ﬂ'\ﬂfrﬁlfef;f/fo‘?ﬁ about 10% to

nmonoval ent "anion 1's derived froma partia
Bboot 40amete G pdr3,Bdetramathedi13+tisiiaiZzoxanydloheixahe-carboxylic

ST R HALATIAL P S85eCHa Rt sam
R g Sl ) i B A ot

sopdlgmien vonqutises, frami ghioes 20% td Bboutu4d medlb 2eanaleic anhydride,

ul fonate, triphen sul foni u .
I |00 Gk h B LbbOarS. TPyl AR 3-disila-2-
. t &, Lhe '
R e R0 A0 Fmotha bl Her ST e from about
peYd touabmdctSametLld tentad eyl methaceyisie (utdrobutyimapiydats)
sul fonate, triphenyl sulfonium 4-nmethyl phenyl
sul fonate, triphenyl sulfonium

ﬁqd‘ﬂﬂ] hoxypl?\‘?&%éru%ﬁé?;ri\‘% %xaﬁwbié’%ﬁ%yk)r%?g{rffg NédpBlymer comprises

chlor ophenyl sulfonate, tripheny oni um
tranpabosul D%n ta @bout 56t mplep e mydledi amfdyides fitoho @bowt 10% to

S0 R o GES RE AR T PoAa(B. 25% 6 Sbbut 5B1R6Me o tert
butys - fhetddiylarheand  Sorf @BouMm2 to about 10 mole % of t-butyl

trifluoromethanesul fonate -tert-butyl phenyl -di phenyl

4
aathaenylate-crid-(2br/e9d 1 Hantaheptaeidpentacycio
Bemyd - di.pb f on|
o7 o o o IERA 2 LR melnpsnyrte. velpemyEtor

Tfluor onet ha I'phen onru
POS 3 uoAametd prefentll mxantle £opblyatarioemyrisesi fiddvengibout 20% to

Blg%ﬁqléﬁmmgi%%léﬁg ocnghg%,]rﬁ%{ﬁgrgﬁégﬁm 15% to about 35 mole %
MJ?I?SWRC@Q?W'%%‘% %boh{ ?5 (Aolehd.r RISV thethacrylate and

onium trifluoronet hanesul f onat e,
fromeabguitchtangthouti ohels Vo mettiaonylkthyl-POSS.
hexaf | uor opr opanesul f onat e, bi s(4-net hyl phenyl) - phenyl
sul f oni um hexaf | uor opr opanesul f onat e,

[0040]4- et ipeMtRRY bopsly@ifé Bfthis invention can be formulated into a
radiatiofi~ 'sensitive “photoresist composition incorporating any suitable

photoacid generator and a suitable spin casting solvent.

[0041] Any suitable photoacid generator compound may be used in the

photoresist composition. Preferred photoacid generators are those
generating sulfonic acids. Suitable classes of photoacid generators

generating sulfonic acids include, but are not limited to, sulfonium or iodonium
salts, oximidosulfonates, bissulfonyldiazomethane compounds, and
nitrobenzylsulfonate esters. Suitable photoacid generator compounds are
disclosed, for example, in US Patent Nos. US 5,558,978 and US 5,468,589,

which are incorporated herein by reference. Other suitable photoacid
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hexaf | uor opr opanesul f onat e,
4-tert-butyl phenyl -di phenyl sul fonium
weooabta2eT opr opane sul fonat e, 4-net hoxyphenyl - B phisIg4/026979
sul f oni um hexaf | uor opr opane sul f onat e,
mesi tyl - di phenyl sul foni um hexaf| uor opr opane
genératerseares periunroalken uifenyd heathides:lanshipgriuoroalkyl sulfonyl

BFEBS ARTSFERRENT Y AR M 5 4804 RERaI RSB st b

fafefemieat e, tris(4- chlrophenyl) sul fonium
hexaf | uor opr opane sul fonate, 4-nethyl phenyl -di phenyl
sul f oni um perfl uorooct anesul f onat e,

i -met h &%Ep - i . .
Ejeor%%uor oo}rﬁ a es%llt(% gﬁg e%%t%gs&ﬁgurlret uilrpp%néjnl)(l)ponlum sulfonates
ard bmﬁéngmﬂ Isrlmh;]ﬂriaojll fsglfaniarr_elandi fdiiagrgl iedonium fsrlfonates being more
4-tert - nyl - di phe oni um per f | uor ooct ane
Dol bb SVrausy BRI SOIGHERyAT KRonBT dAptes inay be

ogFt ; , Lt bl ; [
B B0 oF ARELSH RN BT oDy Shefl BNy p LI oy or
papliitbyl, wnthes¢ Inieties mmebe Wubstitued blyi arfetor more substituents

chl,orophenyl ) - phenyl | foni um parf!l Qoclane .

St Graraose: Ea Anf Bon el SEiH BHAh firo Substituents. The
BR/ Ghalfysoaics saitentd ARiaeh dﬁi/llégiﬁﬂy ImayoBe Ma!8ame or different.
hexaf | uor opr opane sul fonate,” di phenyl” i odoni um

4- et hyl phenyl sul fonate, bis(4-tertbutyl phenyl)

() O RIS RO Sy e, g ooy uiatle

srfdnin autfoniendcitli aifidn, such adexiydgeheeyived aslodieprotonation from
trifluoropethane sul fonate. &%_46] The choi ce of )

aeids &l aliphatie. fyclaripbrtis carbelissspmabs. Apgragyslic-aromatic or
SR S oA S S D Sy B Bt
Paltiaty rfluorinatgshor pedfiudrigatedr sulfonjc acid dérivatives iongulfonic acid

JpvlitescosURuRT o e e pRoP e BRI 1S 18R ERPGIdE Scd group
HROBFeIOTadY EXBRPIERbT SGSH SUISSHitUerity drd HakyEPRNSHEIF adRfAlorine,
shoul d be re-renovabl e on drying after coatin

gnd panticulary fegring, fadeylt sushpam metiedi ethyk m-rpmyg i'ograllkm«y, such
: o |
e Al SHBOS or RSP RTf sTAlaEBRa™ENEs: anone

cycl opent anone, cycl ohexanone, 2-methoxy-1-propyl ene

iF:JIOCOetttjilt © -Z:I'he*'a’nion of the photoacid -generator may be monovalent or
divalent, with the monovalent anion being preferred. The preferred
monovalent anion is derived from a partially fluorinated of perfluorinated

sulfonic acid, with fluorinated alkyl sulfonate anions being more preferable.

[0045] Examples of suitable onium salts included but are not limited to,
triphenyl sulfonium bromide, triphenyl sulfonium chloride, triphenyl sulfonium
iodide, triphenyl sulfonium methane sulfonate, triphenyl sulfonium
trifluoromethanesulfonate, triphenyl sulfonium hexafluoropropanesulfonate,
triphenyl  sulfonium  nonafluorobutanesulfonate, triphenyl  sulfonium
perfluorooctanesulfonate, triphenyl sulfonium phenyl sulfonate, triphenyl

sulfonium 4-methyl phenyl sulfonate, triphenyl sulfonium 4-methoxyphenyl
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met hoxyet hanol , 2- et hoxyot hanol, 2-ethoxyet hyl

acetate, |-nethoxy-2-propyl acetate, ,2-dinethoxy
webdvane2et hyl acetate, cellosolve acetate, propyl/Esm®04/026979

gl ycol nonoethyl ether acetate, nethyl | act at e et hyl

Iactate met hyl i/ruvate et hyl pyruvate,
fanatex i inesyb shitfeniug qu=h|@tq9@@nml><§mffeﬁﬁtenérﬂ@enyl sulfonium

rroI i done, . ene gl ycol
non gﬁétp#ég "et her, |etrf1i %ﬁgf@wrd@bgﬁgnoeth I sulfonium
’eiﬂherqmelthehnghlmtg,l ycol ma(mrrm’tthbh@Ni)ephemylet hy| esudfonium
lL.ycol dineth ether, and the |ike. rred )
gg%’@?’ff‘gthéf‘@s%'fm?ene gl ycol ”SFfL@' Y'HE}?“ t her sulfonium
e, and 7] n
et . "D ma Y P Ripf Tl g hygonium
trlﬁleommemlaessslfortaﬁerpo& t i érmethioxyphemadsiphenyt he bassallfonlum

d h
Bitfpkinigrahel it be; bt P PRsRUEEER [ he act i nigulfonium

frildbASrhethanéb@lfdraas, pfeVenHSChﬁ’drbéﬁénﬁfdibWérﬁﬂVage ofsulfonium
the acid | abile groups by the undesiTabl e acids

triflepeyeihapeaufonales he pebistd-ehiosephanysehanylity ofsulfonium
onrthe b a diff
el ShosP Mt Lan "o R ARBEh Rl o ot siforium

frmmmrdeilhewesmfme ution. Iimeethylphenylacgph@rﬁylbase I rsulfonium
t he con$)03| ti on houI d be signifi cant%%fy | ower than the

Bﬁ’éﬁ fiioe Ef‘@éﬂ%? Bty ot NE-TethRhHOrRRIMEI 1 | V|S[uy0nlum
referr base .
H@fé?%?%ﬁl%ﬁ\AEQ%Ifoﬂé?ep :lgout A t ) %’3& . Sulfonium

conpounds en present, is by weig

bexafn@r@prbpeaesmfcgmr at or 4<tenm¢muhemylmmgemybus bamtfenium
referred. Suit

exa as itives are
BFaRipRiaPaRzo o SUlhA Gt Iy TTEROT Ry R BRBRV k. StifBnium
hekafRfondpropaRe ne“,thé?n'él)z’e@''r ﬁ?@sﬁﬂ*dlblﬁérﬁﬁ %ﬂi@ﬂﬂ]rﬁrﬁé}@ﬂuﬁmpmpane
di met hyl am nopr i ne, 4, i am nodi phenyl -ether,
sulfprgte r |4pqatdg5g ¥\¢nulac;§|§h@nylaﬁqlfon|um hexafluoropropane sulfonate,

éi’sgzl gh@?% @% &ﬁeéwi 8%"%}3%’3 %g%iﬂgg@g{)%ﬁn% sulfonate, tris(4-

phied eyl ) sulfoniuro Hiekiafio rapyo faiet sudfonataps- Mhylphenyl diphenyl
conventional additives, such as adhesion pronp

St TueTosRtaNeRLPRIPs, DRKHMEIRYIABeBHLBNeRY!  Sulfonium
g&rfﬁ.%édféﬁéﬁﬂkohaté he art wigik A@etRishdi choose t hgironium

ppropriate
perfluoroocatanesulfonate, 4-tert-butylphenyl-diphenyl sulfonium

perfluorooctane ~—sulfonate; " 4-methoxyphenyl-diphenyl sulfonium
perfluorooctane suifonate, mesityl-diphenyl sulfonium perfluorooctane
sulfonate, 4-chlorophenyl-diphenyl sulfonium perfluorooctane sulfonate, bis(4-
chlorophenyl)-phenyl sulfonium perfluorooctane sulfonate, tris(4-chirophenyl)
sulfonium perfluorooctane sulfonate, diphenyl iodonium hexafluoropropane
sulfonate, diphenyl iodonium 4-methylphenyl sulfonate, bis(4-tert-
butylphenyl)iodonium trifluoromethane sulfonate, bis(4-tert-
butylphenyl)iodonium hexafluoromethane sulfonate, and bis(4-

cyclohexylphenyl)iodonium trifluoromethane sulfonate.

[0046] The choice of solvent for the photoresist composition and the

concentration thereof depends principally on the type of functionalities
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desired additive and its concentration. [0049] The
silicon-containing polynmer will conprise fromabout 1
w0 o00abm2s7 20 W % of the photosensitive conposiPCDOS2005626979
phot oaci d generator will conprise fromabout 0.2 to
about 3 wt % of the photosensitive conposition. The
sorraratasoin dhe amid tlakile mevwsensthei pBotossiso senpmionegnd the
bo 0 t. 9 %
ARG, hRMoR.°alnd rdlvely SpRBRL o dndlhBOEN iR an e
dbomponenterin it photopésishishookd ncﬁdﬁdelrg@an;mhehﬁml eehetion with
about 0.01 to about % by-wei ght ry% The i )
B}?o%negn%rftsc?@ﬁlp%@um Bﬁgedﬁ@oyableawg R aflenerating. opuitable
gblﬁ/&ﬁ{sefgr ﬂﬁeghb@réga gbﬁf?%%ﬁi'&hcﬁd NeheRIdeY keﬁ?{es ethers and
exa e use ectro Iat| ng resi
pBMsmsmmlasrmtmd etbyll Ketonee snethyl sebubi l{abone hE—heptanone,

ductlon of pr i n | at e S|st for chem ca
R IPPR o8NS e RYFRNEXERENS) ouietanol-ProR g at cdcetate, 2
ﬁﬁétﬁébwe‘fhanwe%&ﬁék@tﬁaﬁ&atz EBox Pé@él%%é' Péhethoxy-2-propyl
condi t'i ons of the coated substrates d|

aceteteli hgtgimetivoe1pthane sl aaetatet O@Bmwmamates propylene

3REp| FgrHBtnEaTer didtag i fedt ddbodle, B gyruvate,
ethyll tpgeuvate s pietlyyl CR-atdtAGxypropidnaie; ogthlin@.meéftoxgbropionate, N-
printing, roller coating, screen printing, extrusion

gthyhgpYelisioneus 1dodionage. cethyisng &mqlngvormlfgppropyl ether,
[ n a

ARG Geol BHAIAD S "enline R Re Ry eier,

dm‘tl&ylem glycalr drrheth:yu bsthegt and gthas dikenet Bkefenédstsolvents are

ot her anic film The coati thi ckpess ran

Biatshend GV EBPROTRINASSH Acslile: 4 hebtHTEnenapd ciipd dactate.

than 10 mm After the coating operation, the sol vent

is generally renoved by drying. The drying step is

typically a heating step call ed soft bake where the

t and,s te tedt t er at ure  of
(A" 50" BRIdt et SrpBitity Badh GOHRERS HAY £ added to
tReph&dregistaiorigdditior. oThapembode sribesisel &dditiVeeld to scavenge

m nut es, dependi ng on the thickness,
protons present in the photoresist prior to bemg irradiated by the actinic

ﬂ_

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 Iowe_r than the photoacid generator or
otherwise the photosensitivity becomes too low. The preferred range of the
base compounds, when present, is about 3% to 50% by weight of the
photoacid generator compound. Nitrogenous bases are preferred. Suitable
examples of base additives are 2-methylimidazole, tetramethyl ammonium
hydroxide, tetrabutylammonium hydroxide, triisopropylamine, 4-
dimethylaminopryidine, 4,4’-diaminodiphenyl ether, 2,4,5-triphenylimidazole,
and 1,5-diazabiCycIo[4.3.0]non-5—ene, and 1,8-diazabicyclo[5.4.0]lundec-7-

ene.
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the heating el enment and the end use of the resist. Any
sui tabl e baki ng neansmay be enpl oyed. Exanpl es of

wa@ niosakd2s7 baki ng neans include, but are not |iPpdT/e82000026979
a hot plate, an infrared oven, and a convection oven.
&0052] For _t he productlon of reli ef structures, the
WARIr at e ddi RiRPArasStRERARIIQT asaysiur@sﬁﬁ@mmserpqryentlonal

%efmg , 'ég?éﬁe%s%hé@&ntﬁ %oth@%%%{emsgém%wﬁxh.bnors and

I NCl udes h~exposure t onask conta

suffaecthetsr A perdopakillednn tlex mtswrllebémbrm’@nwoﬁseahe appropriate
control | ed | as? beam whi ch i s noved over the

co
9&%%&é‘dgft'vtef?é‘dc'E?a?c&Pe@JﬁQPFate exposure by neans of

conmputer-control |l ed el ectron beans, and exposure by
means of Xrays or UV rays through a correspondi ng
0e349] [OOSS]heRaHibaMcont&t’smiugcmiymahiwih campiee o, alioue 1 to

hat di at t.o which th t
3bhuf 20 1% of B3 b sat e nimaes fort v ni\ogqe"cm"gé’é‘%regorwm
ABApPHsE fr@fPabdiitfo. 261 dMut I328L 05 of Ahé p%éfdé@ﬁ‘smk/éscﬁfnﬁposmon
el ectron beans and x-rays sources. The nost preferable

T4@i mlvem eotenicdf thedhatgsensitiieecompesitien apay mrme from about

PEELER. 2865 SOSN8, Mt Tl for o

phetazepditivei coating. r eTheetoatentedtionest ppedredl adiditives ma%/ range
i ncludes, as a further process neasure, heating of t

oM ?H@U%%p\lé@@b@%b&ﬁ@ymgm eatnment with the

devel oper. Wth the aid of this heat treatnment, known

as "post-exposure bake", virtually conplete reacti on
$00501e aci dHealphbtorgsist iquenpositiorisher@osyitadle rfesi a marnber of

bt iodndt Brpcanies s RS ocierBrusy Recampe used as
efttopating st ;Blé%‘é étbmré§sta@6|dé@98§§t PES8Nor Fhe brdHhctlon

the functionalities of the polymer resin, the type' of
atipdingisgeplates, resist dar tch@numicr@ﬂhnmtqronesm in Hbseproguction of

TREBEE euiee Y BRSHpeCEofinds bt osd {Bhfbb o e

coated Substiates @iffer Abcomirefiyer r ed post exposure bake is
fromabout 80 Cto 130 C for

[0051] The photoresist composition is applied uniformly to a suitable
substrate by known coating methods. Coating methods include, but are not
limited to spray coating;” spin-coating, offset printing, roller coating, screen
printing, extrusion coating, meniscus coating, curtain coating, dip coating, and
immersion coating.  The substrate may be, for example, semiconductor
materials such as a silicon wafer or a ceramic substrate, glass, metal, plastic
or other organic film. The coating thickness range generally covers values of
about 0.1 micron to more than 10 mm. After the coating operation, the
solvent is generally removed by drying. The drying step is typically a heating
step called soft bake where the resist and substrate are heated to a
temperature of about 50°C to 150°C for a few seconds to about 30 minutes;
preferably for about 5 seconds to a few minutes, depending on the thickness,
the heating element and the end use of the resist. Any suitable baking means
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about 5 seconds to 180 seconds. Any suitable heating
nmeans nmay be enpl oyed. The preferred heating neans is
w@2dven2pbat e. [ 0055] After inagew se exposure BOMUSIVY4/026979
heat treatnment of the material, the exposed areas of
t he ghotoresist are renoved b%Idissqution I nan
e

e ermpleredie RxagHes b syiakledbaking meeans inglydes thut @re not
Fﬁﬁ‘ﬂgp t§ S %t I%'(t)ér ac*ﬁnlﬁgrg?q?fé\fér{‘ %Iplddaecorp\ligcttlgﬁeo\fém '

hydr oxi de SOdI um hydrOX| de, anmmonia water), primry

nes (e.gqg., .eth m.ne, ropyl am ne), secon _
ﬁéﬁﬁ?ﬁls Ee gor&h%py Ustiph.of Telfe rﬁgry%a»ypan?he@ubsttr@#% Pﬁ@&?d with
fie Z) %tdr@ 8t cohfdoRitidw! %”b?ﬁasedalirﬁggé’\lv%@ n%e( ?erHT imagewise’

hano am ne quat ernary anmmonfum sal t
egposuret hmlademnbuhim repghosured ethrowdh aet Ipytbmmmk ucmntalnmg a
e concentratl 0

Bg%c{ee?%rr%lpég e%eﬂ'%rm é%gé%saétg\gﬂﬁg?@s QE contr Iedf laser
@@hH’bWhId}Ms%ot'&? oRef MféE‘{su#a’&@ ey et é@ﬁeﬂ%b%ﬂ@% féx‘bosure by

base e | oyed. The nost preferred devel opers are those

| GNpEter-aaBroladaeivsiDN ieEy, GXidieXORvRe Py means of X-

AR A o,

surfactant can be added to the devel oper. [0056]

Devel opnent_ can be carried out by means of ipmersion
£0053] pud@adiﬁj'ono‘?o%ﬁ%rw@P%qaﬂrb%%% operdy PRUTABSIhat emit

o 3o (HREE 58 1 APacll Srflel B st TS EEES Hoiuae

hnghupmssw’ra lhnemurwlampul(rl'agxd:mterdmsers\f Adt exevmsdr dpserst electron
he reli attern may %onl%ringeﬂwtha
el %B‘irﬁ% 2P P UIES o Ee‘iﬂ‘ I &adigHPn squieasepre Krf
eRBhrMhSErs Yy WrF'E?(E:ﬁnéMbEéFst SMitBngNghdareC2hd¥m and 193 nm
spi nni ng, baking on a hot plate, in an oven, or other

sespestvelyneans. [0057] After the devel opnent step, the
substrate carrying the resist coating is generally
subjected to at | east one further treatnent step,

{¢054] changes thscesgbslesatifed Nated\RASon otheC Pred@stiddy of relief
tsprSct%t:gsE %rree}glrasbtly (l:noc?tﬁdlesg 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.

[0055] After imagewise exposure and any heat treatment of the

material, the exposed areas of the photoresist are removed by dissolution in
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Typically, this can be inplantation of a dopant,
deposition of another nmaterial on the substrate or an

wetabkiorysof the substrate. This is usually folPOmes2004026979
the renoval of the resist coating fromthe substrate

AP o R BRBhBr A GeEACa.telif Sictyre, Eopples of

ismt@mbibyseﬁﬁtyclb@e esutlapg et limited o) inbrgaynis alkahs &.g., potassium
process over _an undercoat. Anot herenbodi nent o this

|hb{06mdfbn sodliugn pme@%de,oramrwenla t%@rbpmnm%@mm (e.g.,
I t
i) PO MO sty Bfed 80, RURGERRe. ar

ipropyldmirst), ctestiargg amlapssae@ ,S Ubethykenaine),t lal@oholamines (e.g.
und oat .solution, C. baking to r?rmve sol vent

IR RAGIRMING. SRS T I By ST 1 1bs dRETEty Bmmonium
FOERANIS.| Srliny Birino AUAT{nRoRE, bR WISEREOIelr.  The

oduce a bilayer photoresi'st stack, E. exposing t
l@ohawtratmofsbam aoiployed w&me‘lammdrr@ pnaln@baaeusqlumlity of

t|on rthon t he bb % tor staf f d

B RRR e ErBRiaghdIng Sedtc BASE THILrESSTHe FHoRf freferre

developstd %ré hﬁobe I @yﬁé|nM@omraeﬁemyla‘iﬁm@munadebmde (TMAR).
etching the visible undercoat in an oxi |Z|n3 | asma

Sblltpblﬁm@@c%ntﬁﬁtloﬁﬁe@f TMARf ranggglson abgal 13miosababh%. In
at I S ahle

B2 0 iy RBuS Sy B Pkl ko 2B ppogg o the

evelopetr.t ed to, substrat es of silicon, alum num

copper, chrom um nickel, gold, ferrous netals,

al um nunt copper al l oys, polyneric resins, silicon

fogse)de. ISHhefEhrflbe%afd Sl w War{seéﬁ iffnersion, spray,
on nJ tri sj i cgn arseni de, m ar seni de,
puddling, or other snmllar developing methods 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.

e mrE————

[0057]  After the development step, the substrate carrying the resist
coating is generally subjected to at least one further treatment step, which
changes the substrate in areas not covered by the photoresist coating.
Typically, this can be implantation of a dopant, deposition of another material
on the substrate or an etching of the substrate. This is usually followed by the
removal of the resist coating from the substrate using a suitable stripping
method.

[0058] Alternatively, the photosensitive composition of this invention
may be employed in a multilayer resist process over an undercoat. Another
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i ndi um phosphi de, indium sel enide, indiumtin oxide,

tantal um polysilicon, inorganic glasses, ceram cs and
w@bdosws225ni tri des, or oxides of the nmetal s |i sP@mUS2004/026979

above. Substrates of the type utilized in

sem conduct or . nanuf act ure or manufacture of other

embedinentcolcBifpBVERIYN &3 8 piperes fUdthel libeerarhiq eatspent of a
w&ﬁfeg?g&mgéﬁéwbﬁéstér»eéievpro%éé that Uyt S

suita ot oresi st applications and optionally
baked simlarly to a photosensitive coating to renove
sol vent. Filmthick es{s of the undercoat will vary
depengi rpgowﬂmpr?e%@éia €application but generally range

from gbouhtif§h Mi@éltdo%ﬁﬁgts%éﬁgéiﬁtsub@trgﬁ@wﬁﬁ APl B coat
Thi ckness of from about 1500 Angstrons to about 5000

Angst r orseludios, pref erred. [0061] Any suitable

filmgorm r i ial may be used for the

fi rst&cobz?tkﬂﬁ;gt%(r%ﬁg)é&cé@eﬁtayer), such as phenolic

resi np, deafibg avhaebyndevalifi stepsa pRotoBehyitite denipdsitidos of
pol y(nmet h)acryl ate resins, or styrene-allyl alcohol _
copol yndhisrRgmnion aygr the vadersgat éb@rtoguaweblmépaptore&st
requi redgeharacteristics. First, there should be no

I nterm X1 ng’between the undercoat and resist.
Gener Bl lexpbbing theyilageraekistgtatkpy enpl oyi ng a pol yner

not soluple in the photosensitive conpposition casting
ol veht Svelspna e Meptasa IO THRRIES RoMiafof the biager
crossli nHoRGrebist SR ck PsIGRg 2PIHGA b bhe: lﬁhdéiﬁ/inl%gndercoat

phot osensi tive conposition casting sol vent.
crossl i Mdilplg, may be thermally or photochenically

i nducad and be done .duri. t he baking step to

r enmov 'J%fqﬁgﬁlla\\/gwh%tpr?%é}%@‘gbﬁngte step. Exanpl es
0 - phpt et&aAY &R vieitle LRGEFBEAL Y A% Bkidind) pladRttEtCHdbECe a
may be found in US Patents Nos. US 6, 146, 793, U

6, 054, 24dayergefebipmageg7, and US 6, 165, 682, US
6, 108, 808 and t hose based upon the disclosure in US

t Appki.cat.i.on . 552.489. hereby bncorporated
[958t or onaby S8R Uestael R i Pt FRSHAEY 8 Shable
saskarae8for rah thisaehtivaviaclude! B8t sreaitt ginliedi o substrates of
aqueous al kal i ne devel oper enployed in form n? t he
piltgepd aluminum, copper, chromium, ~ nickel, gold, Terrous metals,
aluminum/copper alloys, polymeric resins, silicon dioxide, doped silicon
dioxide, silicone resins, silicon nitride, silicon arsenide, gallium_ arsenide,
indium phosphide, indium selenide, indium-tin oxide, tantalum, polysilicon,
inorganic glasses, ceramics and alloys, nitrides, or oxides of the metals listed
above. Substrates of the type utilized in semiconductor manufacture or

manufacture of other electronic components are preferred.

[0060] Films of undercoats are typically spuh cast from solvents
suitable for photoresist applications and optionally baked similarly to a
photosensitive coating to remove solvent. Film thickness of the undercoat will
vary depending on the exact application but generally range from about 800
Angstroms to about 10,000 angstroms. Thickness of from about 1500

Angstroms to about 5000 Angstroms are preferred.
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in the photosensitive conposition. A third

characteristic the undercoat |ayer should have is good
w@b@snoe26t ch resi stance to a plasma to etch theCT/US2004/026979
substrate. n addition, the optical (n,k) paraneters of

an undercoat should be optim zed for the exposure

wavel engt h and photosensitive conposition enployed so

BR8P oo noap Uik i Riing Bt HRAEHAAE 0 Bs08 for the

fokt toating l(mrmad&rcoat myer)e soicht dee pbeaoko asings, partlcularly novolak
pstanti.al l bstrate as, describ

B05e POBARIR) TERBS p RODETE BE TN et T O ShTeRG ally alcohol

dﬁWﬁeﬁ@sYr%“ SafsblerHdedcéas H?ivbaé@/eraﬂtr@ablr@(ﬁ "cﬁéractensﬂcs

rinsing (as described previously) are preferred

fopsti dherle shepld bpt honintermiking betyeess th¢ 00BHreadtt andaresist.
el i ef ge_is far d i,n_the hotosens tive

E8hpely (B abe BoHEVRUR BiPlbEcE PRV not soluble in the

M@éé@ﬁﬁ@b@%p@@“ﬁbh%@ﬁg SOWBN i GFi D cQStHRELA - film of undercoat
Treatnment with the oxygen plasma etch is continued

and iqrossliakingd ér todeduce éﬁiv@ﬂtw i tthe sehqfparRsitiveh @iogposition
0 in di.hy S

d ‘ﬁnpogcr)rlglgﬁf ?h l;o%%grﬂgrﬁ é gpchk%g}gﬁﬂg or SIottochemlcally

ihdoesd aadpmyabel deneaiudmgrtheﬁaka smbblto alenmend captimg toleent or

eq UI nment. e 0 e silicon jn nmononer of
SEPEERTS g&%ygwn&@ﬁs oqfosehfat@c{m@w sk dhermal rosslinking
@3@8&@' rﬂ§%e%% Hhhsugfpét%ﬁ@ NBEGU@G%%O?% fl1§"8,054,248,

ng etched so t Rat a | ayer relief structure s’
Yo rev8d3,2Bd0 a6 UStﬁeﬂGﬁJﬁéZokgﬁgémQﬂ 3B8randt tapse thased upon the

JAERUR B ORLPYePE Arbioshor KL Eoiiod apdberebyaBeminpated by
ref&@Bncdhi ch changes the substrate in areas not covered

by the bilayer coating. Typically this can be
i npl antation of a dopant deposi ti on of anot her

BB 21, O, SRR PRI BIENIB ot Ao YRR e is

this fu reatment
resistadd tetheoaquetqisi 3|kamdedelbpeﬁetrfpeb;@dbmtfoahmdome image
repoval with _a suitable stripper or by plasma ashin

inrthe Phatesansitive eabpesition.ocAdLird schaé‘iféﬁ'f@lﬂ: thiefu'?f@é’a‘éféi layer
SHOUM AEVE & §88d PRisni EILRIEERRMRIRNS 4 PashtdRidtah the substrate.

In addition, the optical (n,k) parameters of an undercoat should be optimized
for the exposure wavelength and photosensitive composition employed so as

to minimize reflections.

[0063] Coating, exposing, developing and rinsing the photosensitive
composition of this invention while on the overcoat is substantially the same
as on a substrate as described above. Baking the photoresist film after
coating to remove solvent and drying the bilayer stack after rinsing (as

described previously) are preferred optional steps option in this process.

[0064] After a relief image is formed in the photosensitive composition,
the substrate is placed in a plasma-etching environment comprising oxygen.

Treatment with the oxygen plasma etch is continued until the undercoat is
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[ 0066] The present invention is further described in

detail by the follow ng exanpl es. MONOVER SYNTHESI S
wWEXMPLBs1 Synt hesi s of PCT/US2004/026979

1, 1- di car bet hoxy- 3, 3, 5, 5 tetranet hyl - 3, 5-di si |l a- 4-

oxacycl ohexane (CDS E) [0067] Reaction nethod: | \ Sk

WWO&@O@@C@S\WY\GT%M jopEcoating - asotieenHra@eved by

. E . :
%b%{é%:lié roungj @q%?to% n@ﬁi;%l%@gpe r\%:t(?ﬁ %a%r @I@(ﬁ%n’ time,
EonpEatae, aadcijrmsmefwrlhdeépawu upondke isgugimaatseraghbgedd. The
T G e N T B e
By)fb’érﬂﬁla%?f% 8Rd Shis- ;?r%téli% }h@%ﬂﬁér&anﬂ%ﬂWéR}heﬁn that a

€ suspension wascooled to ~5 Cin an ice/water
mdﬁytelneelcﬁfcsltr@@twas$)ﬁl1rmedn was added di ethyl nal onate
(192.00 g, 1.20 nol) dropw se through the addition
funnel. (CAUTION. A large quantity of Hgas is

poesyed. ) Mhentidexaitii plagmacitep htheds @ididte @h?lh@t e bilayer

was conpl ete, the suspension had turned to a ear
%Eﬁt&tr@ﬁturwé gengralo sublestadr to whdeastapr duttherstreatraent step,

W |crhr bﬁ'gn%?ss é}gé) %tu\'tngg@@h i %g%%se éﬁbp ooered b?othg bﬂ-éﬂ/etr hc‘?oatmg.

utron
DypiCaly) thiorahibhd msiantatieoh oflddspantxdeposilics o?f“ar@theﬁ. rhaterial
@nﬁl%%over a 5 mnute period through the additio
U

SUb3iFale,rzRENBE Githe FHbSHR. TALH Win{usther dregimentsstep,
ﬁwi ?@ﬂ'teﬁ:gbfédtlog ABafnG K HRYRH HBAPtheAshbRERBRNeMfoval with a

suitable stripper or by plasma ashing, after which the entire process is

repeated, if needed, to produce further structures onto the substrate.

[0066] The present invention is further described in detail by the

following examples.

MONOMER SYNTHESIS EXAMPLE 1

Synthesis of 1,1-dicarbethoxy-3,3,5,5-tetramethyl-3,5-disila-4-
oxacyclohexane (CDS_E)

[0067] Reaction method:
\\ \ /\ Cl
s. S EtOOC  COOEt
EtOOC \0 \
NaH i

Na+ -

E00c” S COOE > cH >
diethyl carbitol  g00c diethyl carbitol — S

/e N
To a dry 1L 3-neck round bottom flask equipped with a reflex condenser,
addition funnel and a N; gas inlet was added di(ethyleneglycol) diethyl ether
(diethyl carbitol) (650 mL, 590.85 g). To the solvent was added sodium

hydride (28.80 g, 1.20 mol) under a N, atmosphere, and the suspension was
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reaction was nonitored by GC. After 20 hr, GC showed
that a trace anount of

whe@sokd2er onet hyl ) - t et ranet hyl di si | oxane r emai PETUS2004/026979
(retention tinme: .5 mn.). The m xture was cooled to
roomtenperature and the .mixture was transferred to a

eeqled 40 o1, *¢ U RN Icelwater batbolaithe C&’ﬁéﬁdeﬁHWer&@i was added
420 IS AV2L00 2920 | XSS RAY By runne

(GAVTIGNJAt argec qudmtite of di.0gas s éwleed ) Ahenvwhehsdtitivri bf the
500 m d turated aqueous s

dRirGl misfotaspovas CompRte B shRPETTI) SRcE (.4 Slesa solution

el reA&icet Mtu@%@tﬁeé@@@ td W“@%n@sétﬁﬂng W @6b{t|nued for 30

evaporator. The remaining solution was vacuum
ahirgttes | adl t5@ r &oveEot Hbedigodution eatgbPcolQ d\r&st hilen added

aaieib Ry s R (76 788 4 Borthratsy a 5 minute
$&RFEthrélgRfthé RRldfiondRINRES Thes ﬁéadnbﬁrmmeowwltn@ﬁi heated to

retention tine: 15.2 mn.). The solution of the crude

t&d8t "Gvadnd stiFring wase caslinued apdeb@ W2t atorasphere tvdiile the

BELOATH AP SRS BN L08R o
hs&:M@DS?etlﬁyﬂPfs&ﬂanﬁ@t&ykilsﬂOXam rechaiddOGetdntion tigk: 11.5 min.).

cetic acid s - - To a 3-neck, round bottom fl ask
Torimiute Wasicoploc i Hore mBRiatTe 3Kt iNfbipreWas signsferred

GEBHRIILFmAHSROIE SRS SHLELENAE S8, G e
ongank2layed was segamgtdd oTheoadqueaus thyet 2Basriextrabtedgvith ethyl
oKt Gl BLeand 15 oD kP Rk S eraMAshesgni water
@5 500 mL) and saturated aqueous sodium chloride (500 mL). The organic
layer was separated, and the ethyl acetate was removed using a rotary
evaporator. The remaining solution was vacuum distilled to remove the
di(ethyleneglycol) diethyl ether (b.p. 70 °C @ 8 mm Hg). The solution was
concentrated to a final weight of 182 g of crude CDS _E. GC of the crude
CDS_E solution was obtained (retention time: 15.2 min.). The solution of the

crude product was used in the next reaction without further purification.

MONOMER SYNTHESIS EXAMPLE 2

Synthesis of 1-carboxy-3,3,5,5-tetramethyl-3,5-disila-4-oxacyclohexane
(CDS)

[0068] Reaction method:

26



showed that all of the starting material had been
consuned. A distillation head and condenser was
wa@rdoaoed7 and 191 g of solvent was renoved at PCT/US2004/026979
at nospheric pressure. The m xture was cooled to room
tenperature, and further cooling in an ice/water bath
while stirring for 30 m nutes gave suspensi on.

-0. 1- 02§12H dgi. 0.85 -

095-10(2H d), 45((;44\ 12.05 (
R SYNTHESI S EXAMPLE 3 Synt hesits of ,

3 3- tetramet hyl -1, 3-di si | a- 2- oxacycl ohexane- car boxyl i
¢ acid allyl ester (ACDS) [0069] Reacti on net hod: PTSA,

TOLHETE 39BiP 6uMl-b0tAR B LR l0ieof rBfle Eoaner.

thermaceuple; @nddukeating h}dntlal waﬁcﬂdd@ﬁ&hégcruﬁé?scﬂutmmbj CDS_E

80 B o TR Aol nr B 2alBIABERE e (Bpd Pt 524.50 g) anc

Rpdrdchlotickadid am25maL 21 5@fd) UXh& QRIRIE 8&¥as THEh ﬁ@btétd' Rﬁ1 16 °C,

was then heated to reflux the solvent (-1 5
pedtstirrgdvad sl 1601 whﬂgdh@maqtlonwa@mqur%buﬁ After 20 h, GC

SRbUES ] AfbhE G PR b7 oL fufon neac
ahe oondenserwagisc ettacHed 0oandondl egpef agdlvént avdb tréfmoved at

m xture was transferred to a 500 nL separatory funnel.
ghBOSRNakiSHBrassHIR- | bhe viBtyigswas Gealed §8t£ﬂ%@é§"’ﬁlﬁﬁ%@[@» and

RRIFSricRe g JE nyo e B e PuORIT0E S0TRRIIE ggve qwnie

dusmehsiorer TM;S@lspEmsmn was &ltes Bntt $reedoliddwasedried under

VR Sind0: o BhelC i raive P RgbA 0, B Hie WUl starting

Sis%éﬂlb:ldhﬁ’eths?l)t@tr\éﬁwéth\ﬁdfsn@%d'é;rh%-a white solid. 'H NMR (DMSO-de):
§ -0.1- 0.2 (12H, m), 0.85 - 0.9 (2H, d), 0.95 - 1.0 (2H, d), 2.45(1H, m), 12.05
(1H, br).

MONOMER SYNTHESIS EXAMPLE 3

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid allyl ester (ACDS)

[0069] Reaction method:
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Fraction one (b.p. 86 C@3 mm Hg) contained the

desired product contam nated with a snmall anount of
whysopozxistt (1.0 g). The second fraction (b. p. PORUSLMB026979

nm Hg) contained the desired product ACDS (18.8g, 82%

yield) a 32 colorless liquid. HNW (CDCl.): d 0.0 -

0.2 ,5,09-10(4Hm), 2.65 (1H,

: 5.15 - 5.20 (2H, dd), 5.9 (1H m.
MONOVER SYNTHESI S %MELEA nt hesi s of |,
met hyl - 17 3- di si | a- 2- oxacycl ohexa boxyl i

cC a |d but|enyl ester (BCDS) [0070] Reacti
: Tol uBTSACI®ITene 100 L round
wer ‘a@ﬁé\ (5.00 g, 22.89 mmwol) and t
m_f To the'* m xture were added 3-but ene- (4.9
68.7 mol ) and p-tol uenesul fonic acid rmnoh#[)%te (O 2
g, cébd ytic amount). The flask was fitted

Dean-Stark trap and a reflux condenser. The sol ution
was then heated to reflux the solvent (-120 C, and
heating was continued until no further water was

tola aét)emumund@om@anﬂaslamrerame(d@m 119 Afg,e89.3 rhmol) and

B 1785 e P B LB ol CAdG A6 BICORAE (TR G0, 267.0

Miridly bRd Rolhdrasssifenicestid ench réfe (9ePg! aa@Nticl ati6Eht). The
The tol uene sol uti on was washed wi th saturated aqueous

ﬂ&?rma(szﬁtsgdsmth@) Deaa-Starktrapeanthguedus copdenser. The solution
bl et Bon R s PR ion B PR i Wi

ﬁnﬂultnmfwthmsrvaienmstaoﬂibetédan ther@ém—ﬁta}kamv @tdhr)t After 3 hr,
The renminin [ S _yacuum

L o 1t ] S0 FalaEsi Sverer S80PUROAnd Moo Mrture was
845188 t5Génie rH?ﬁraQGFét the Hﬁxﬂ?? v{)a%dtr%hgfé%b tp g 500 mL
d w 0 uct

cont am nat e a sha am)unt y-pro
g()parﬁtmysfenmidTheetomeoa gdiution a&sovasti@d witin sagmrated aqueous

%%?&%HB@ r%Ef’!ar aPurrgpedcaqueous éodlumgdhlorlcé (125 mL). The

organic layer was separated and dried over MgSO4. The mixture was filtered

and the filtrate was concentrated on a rotary evaporator to remove the
toluene. The remaining liquid was vacuum distilled to give two fractions.
Fraction one (b.p. 86 °C@ 3 mm Hg) contained the desired product
contaminated with a small amount of by-product (1.0 g). The second fraction
(b.p. 92 °C@ 3 mm Hg) contained the desired product ACDS (18.8g, 82%
yield) as a colorless liquid. 'H NMR (CDCls): § 0.0 - 0.2 (12H, m), 0.9 - 1.0
(4H, m), 2.65 (1H, m), 4.55- 4.65 (2H, d), 5.15 - 5.20 (2H, dd), 5.9 (1H, m).

MONOMER SYNTHESIS EXAMPLE 4

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid butenyl ester (BCDS)

[0070] Reaction method:
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yield) a s a colorless liquid. HNW (CDCl): d 0.O0-

0.2 (12H, m, 0.9-1 .0 (4H, m, 2.5 - 2.55 (2H, ) ,
wdzfﬁ)5/022257n) 4.1- 4.15 (2H, t), 5.0 - 5.1 (2HCNPS2084/&6979
. MONOMVER SYNTHESI S EXAMPLE5 Synt hesi s of ,

g tetrﬁrret hyl -1, 3-di si | a- 2- oxacycl ohexane- car boxyl i

onyethyl ester (CDSVE) [0079h.R 3 o™\ A

rret hod] Oxal yl chl ori de To a 500 L rounfd bottom
fl ask re added g, 73.2 mol)
t et rahy furan 60 m_i The m xture

C ut der Nl and 6 dr_Dgs of di met hyl fornmafi de
Tosithe mi Xt PR TRlYeRhen added_23{25g, 483.1

m*ryl Bb/ok\'{ll yl chloride through an add/t\e@/f nnel .

V\hen all of the oxalyl chloride was a the m xture
q\é\grmed to roomtenperature. Then the geogdire was
stlr g at roomtenperature for additional 1 hr under
N . GC analysis showed that all starting material was
consuned, and then the m xture was concentrated under

KR G000 3 PR bRl BminGNRIShes 15 & olir 288 Hhepol) anc

{0 8@ dn). XTYT BeWaixthife et dgdde? - 34batepk-1-ol (4.95 9, 68.7

triethylamne (219.1 nmmol) through an addition funne

avRe!) AhAD-toluemgubenistanid emnsihydmte (DR 0, eatabiticveaount). The

ﬁ%gﬁ\é@% WenegﬁﬁgagPte%géjtgmei'ﬁgr&gﬂ.éitHéﬁgﬁfcéggsh%?ﬁﬁi}%g%dlution

whe théex theatedvas reflux thedsaver® (©120r°0, ﬁ'hdsheaTlhg WagtcohBnued
was warnmed to room tenperature under

it ma Whﬁﬁé’v%ﬁh\!\’@ﬁl@de?@ﬂ inghg rDeansSteHE tsqpsbe?nanoﬁﬂer 3 hr,
Shadead iz Oall mp’aans erreder'é‘-c%g%@d' TheShitkre was

he m xture was t to a
caped db aopnd mempbratﬂ'ltee andgthe mixtaye wasatransfehed tol 8250 mL

saturate HCO X 75 nL nd, sat urate

SRS SuakloToR BRERE oo Vel M athHatibld aqueous
NaHCO; (2 x 30 mL) and saturated aqueous sodium chloride (50 mL). The
organic layer was separated and dried over MgSQ,4. The mixture was filtered

and the filtrate was concentrated on a rotary evaporator to remove the
toluene. The remaining liquid was vacuum distilled to give two fractions.
Fraction one (b.p. 94-95 °C@ 2 mm Hg) contained the desired product
contaminated with a small amount of by-product (1.0 .g).- The second fraction
.(b.p. 95-97 °C@ 2 mm Hg) contained the desired product BCDS (7.4 g, 40%
yield) as a colorless liquid. "H NMR (CDCls): 8 0.0- 0.2 (12H, m), 0.9-1.0 (4H,
m), 2.5 - 2.55 (2H, m), 2.65 (1H, m), 4.1- 4.15(2H, t), 5.0 - 5.1 (2H, m), 5.8
(1H, m).

MONOMER SYNTHESIS EXAMPLE 5

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid vinyloxyethyl ester (CDSVE)

[0071] Reaction method:
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was separated and dried over MgSO . The m xture was

filtered and the filtrate was concentrated on a rotary
weyaporasor to renove the toluene. The renai ni PQI/USTHO4/0R6979

was vacuumdistilled to give two fractions. Fraction

one (b.p. 93-96 C@2 mm Hg) contai ned the desired

product contam nated with a small anount of by-product

(3.18 g). The second fraction (b.p. 97-105 C@2 nmm Hg)

cont ai ned the desired product CDSVE (7.0 g, 50% yi el d)

as°gcolodr | ess |iqui d. d 0.6 El./\

m, 0.9 -1.0 (4H m, 2./60 %\6 OHm 360-36

(2H , OZalyychforide d) , 4, 4.4 (2H,t), 6.5

SYNTHESI S EXA LE6 ;}/n&hesn s of

T3 t-ramet hyM , 3—dissj | as2Lr'6R¥el ohe e cafboxylic

a/§3°/@ Net hal 1 yl este/ (‘M:bS) [0072] Reacti @n net hod:

OH PTSA, Tol uene CDS MCDS To a 250 L round bmdvieom

f1 88K were added CDS (14.00 g 64.10 mmol ) and tol uene

(64.88 g, 75 nL). To the m xture was added b-nethallyl

al cohol (13.87 g, 192.3 mmol ) and p-tol uenesul fonic

'P@ladSGUJPrﬂ_thUrﬂi BottdnFiBk Weredhdddd CO® Y. bo ngV@, 3 Ind®ls1) and

was fitted wwth a Dean-Stark trap and a reflu

teabrdroturanTHSOs Lt Tha Madunenwas eanled to d3°|Ce1uner Naeand 6

GEpY Ty QLGB AP 5 G RLFRUEE A .o
28.25gAf8%N rimol of Skalyheiviedd¢ ktabugh Cfth 4diticn AuriglgWhen all of

mat er i al fqgetentlon time: 13.7 mn.) had remai ned. To
theeoxay chlasidgawas REfeddiedmbiurgovas vv@ﬁ@pdatﬁﬂeﬁm temperature.

PrideiHeanb¥rel59 Bifred ‘ét ﬁ?orﬂ éerf\éeﬂé?u )addﬂ%ﬂfaf T?\ﬁ under N.

esterification was conti nue d| tiona
(ACt enalgsikrshosvex thiataailt stanting mateGs wlasvmwhaid %%cﬂb@n the

rt| ng materi i ned. The m xture was cool e

Pisdier wis G Bited FiREn Sotuup disid AdORrK RYAEP R (1504mi of
ﬂQ@ Was 88884 3ner thef MK was cooled to 0°C under N,. To the cooled
mixture was then added 22.45g of triethylamine (219.1 mmol) through an

addition funnel over 15 mins. 9.68g of ethyleneglycol vinyl ether was then
slowly added through the addition funnel. After the ethyleneglycol vinyl ether
addition was completed, the mixture was stirred at 0°C for 5 mins. The
mixture was warmed to room temperature under N, and the stirring was
continued for 18 hr. To the suspension were added 150 mL of water and 150
mL of ethyl acetate. The mixture was then transferred to a 500 mL separatory
funnel. The organic layer was washed with saturated aqueous NaHCO; (2 x
75 mL) and saturated aqueous sodium chloride (75 mL). The organic layer
was separated and dried over MgSO4. The mixture was filtered and the filtrate
was concentrated on a rotary evaporator to remove the toluene. The
remaining liquid was vacuum distilled to give two fractions. Fraction one (b.p.
93-96 °C@ 2 mm Hg) contained the desired product contaminated with a
small amount of by-product (3.18 g). The second fraction (b.p. 97-105 °C@ 2
mm Hg) contained the desired product CDSVE (7.0 g, 50% vyield) as a
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The tol uene solution was washed wi th saturated aqueous
NaHCO (2 x 75 nL) and saturated aqueous sodi um

w@bkdoswexis7 (75 nlL). The organic | ayer was separetEBUSBNG026979
dried over MgJSO . The mi xture was filtered and the

fil d
s i SUBER GET h 2 B Tl

[ v rg r agt
GBIy 80 Koy BBt Anas R ES: LgEg s Bt )
contam nated with a small armunt of by-product (1. Q).
The second fraction (b.p. 100-102 C@ 3 nmm Hg)
cont ai ned the desired oduct ’\ﬁ((lo. 40 g, 60%
yield) as a coMPNAMER SYNTHESIRUEXAMBYE B d 0. 0 -
0.2 (12H, M, 0.9 - 1.0 (4H, m, 2.1(3H, s), 2.75-
Byithesjs of 1,143,8- temame;thyl-a.&dnﬁlaaz(ozacyqbohe@anemarboxync
SYNTHETI C PROCEDURE. AT 073] The
m xture of nonone?g'c{i@“ﬁ%l% é d‘{@sé Litabl e
sol vent under N in a round bottom flask equi pped wth
a reflux condenser, a tenperature probe and a gas

[0072]. TheRelgtion meflaed:heated to 55 C while stirring.
The m xture was stirred under a N atnosphere until all

t he mal ei ¢ anhydri de was di ssol ved. The sol ution was
degassed oy bubbling N into the solution hrougp a
[ or

sol i|d vvas added a ion was heated to
Sat-n'osph?jré'&]'?aojg%@éactl on m xturSivas StHrred

fo 16 0 P\ours and was nonitored by GC htip aIT\

na ei ¢ anhydri de nononer was consuned. The reaction

m xt was then cool ed to room tenperatur @ﬁ% added

drop e to hexanes or heptanes. The soli d‘?\ﬂ mer was
isolated by filtration and washed wi th hexanes or

hept anes. After filtration, the solid was dried at 60C

8% %é(g WFOL %U?@rb&iao‘iﬁ‘ﬂglkﬁ\@ré %tdd88~°0[9§ 4 290R,°689¢ fimol) and

are exanp
toluene (64.88 g, 75 mL). To the mixture was added B-methallyl alcohol

(13.87 g, 192.3 mmol) and p-toluenesulfonic acid monohydrate (0.2 g,
catalytic amount). The flask was fitted with a Dean-Stark trap and a reflux
condenser. The solution was then heated {0 reflux the solvent (~1'~12 ‘°C), and
heating was continued until no further water was collected in the Dean-Stark
trap (~1 hr). After 1 hr, GC showed that ~10% CDS starting material (retention
time: 13.7 min.) had remained. To the mixture was then added an additional
amount of B-methallyl alcohol (4.62 g, 64.10 mmol), and the esterification was
continued for an additional 1 hr. After 2 hr total reaction time, GC showed that
~2% CDS starting material remained. The mixture was cooled to room
temperature, and the mixture was transferred to a 500 mL separatory funnel.
The toluene solution was washed with saturated aqueous NaHCO; (2 x 75
mL) and saturated aqueous sodium chloride (75 mL). The organic layer was
separated and dried over MgSOy4. The mixture was filtered and the filtrate was
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[0074] Mol ecul ar wei ghts and nol ecul ar wei ght
di stributions were neasured using a Waters Corp.

wo papsiozk2shr omat ograph (refracti ve i ndex det ectPONUS2004/026979
M1l ennium (GPC V software), equi pped with the
fol |l owi ng Phenogel -10, 7.8 x 250 nmm col uims: 10-47?,
cuengatEsh ot @ GRtaDH GYSREFRIPT ihdemaredhgeieiuentn ePhﬁmremammg

RAQ TRAS Vhd Al SR aha WSRaNBhE %rcEBF\E:ﬂe ‘(‘6’ Pl 96-100

ravi n'EtI‘IC ana

WC@nsi tinorHg e opetaatad ¢he Bgkired rtrbduaot:gn‘itamlmtfed wnth a small
nt i al

)

SBAHA SGOCRITHUChEL 37 G Thormesolf ackoR (Byp. 2 @fmlu@@ 3 mm
f

HE S SRR DS a0 E a8 dcotios

q@RCl "H Bm(mlcamammozt(eﬂham)st)amdm 6)(4H m), 21(3H s),

OLYMER E P nt hesi s of Pol y
51512§0§<&t"’i‘|—)a m s), 3-0PH3( 3H2dbxacycl ohexane

carboxylic acid allyl ester co-mal ei c

anhydri de-co-t-butyl acrylate [0075] n a 100 m three
neck GENERALLSYNIHETISSRREGERPRE RORPOLYERICATION,
condenser and a gas inlet were conbi ned nal ei c

[@0@3Yr i de Theymikture fgmom@m@rsnwas) dissolved in a suitable solvent

1 3,3-] 1, 3- | a- 2- | h
dfirohGr e e by dfask pbRRCHE 8 Terig capdeyser. a
tbnﬁi&rﬁiur@cﬂrﬁbé\téﬁd'rﬁ ad inl6L The th@ré”%&s) héﬁﬁacﬁ ﬁi '5%"@ while

?_'Totem ure was added Vazo(r) .
%"’[Ln & mixtugesvags stired| undes aaite atveosp @mtlwaﬂ the malelc

%%W::\é%d ﬁg'ﬁ‘F@c ur§°'a¢§@%§2@?iﬁ%ﬁégﬁg@@lﬂg N into the

salltidn ahrough arsyrir@iet atedlel forhes amefutéd.00ANkolutiod héf initiator
suspensi on was filtered using a Buchner funnel

G e RueHheaN ey 1450 smnapyt |€Hmet*b>ﬂza¥n%t4¥&b18(2-
ARIRASORH M) IR B A o by syoe
or as a solid was added and the solution was heated to 65°C under a N,
atmosphere. The reaction mixture was stirred for 16-20 hours and was
monitored by GC until all maleic anhydride monomer was consumed. The
reaction mixture was then cooled to room temperature and added dropwise to
hexanes or heptanes. The solid polymer was isolated by filtration and
washed with hexanes or heptanes. After filtration, the solid was dried at 60°C
for 24 hr under vacuum. Variations of the procedure are noted in the

individual examples.

[0074] Molecular weights and molecular weight distributions were
measured using a Waters Corp. liquid chromatograph (refractive index
detection, Millennium (GPC V software), equipped with the following
Phenogel-10, 7.8 x 250 mm columns: 10-4?, 500? & 507 (from Phenomena)
and THF eluent. Thermal decomposition measurements (TGA) were
performed using a Perkin-Elmer thermal gravimetric analyzer. The glass
transition temperature (Tg) of the polymer was measured using a Perkin-
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# ACDS MA TBA Mv PD P-1 23 36 41 12900 2.54 50
95PCLYMEREXAMPLE P-2 Synthesis of Poly

W@ 1003/0R287 t et ramet hyl - 1, 3-di si | a- 2- oxacycl ohexedEUS2004/026979
carboxylic acid 1-butenyl ester-co-naleic
anhydride-co-t-butyl acrylate [0076] n a 100 L three
e, Rwisnd deiffessntial aSraering pSedonitneteraat har heatng| @te of

%@E’;@ﬂﬁgé @glﬁrgﬁﬁrfa%%%@?sﬁS%f 'E)%ﬂ/nqaj \%Fe analyzed with a

'H MMR 3istref 4 Brekéy400 VHZINMR-ap2cameys] (QEGIg Benzoic acid as
carboxylic acid 1-butenyl ester (BCDS;, 3.25 g, .9

iftesngl standardy acrylate (1.58 g, 12.3 mmol) and

toluene (9.00 g). To the m xture was added 2, 2' -

azobi s(2-nmet hyl butyronitrile) (0.21 g, 1.1 mmol ) and

the m xture was polBOkYMERIEXAMPLEl P+td according to

poSARIReE of PolY (s Sob Leramelinact b sl 2 EBcvelehdgne
ThecAHBRINE eTd Mg Estericthatéicisnifydridhiesit-buenabratt

washed with hexanes (2 ). Anal ytical and ot her
data can be found in Table 2. TABLE2 Pol yrer

BR7B0:) S 57 T el B 145 O v
tROM{OERIPIEMNELERSYSHrhas] & gas sley were combined maleic anhydride
(i\é‘}\l' 3, 3-tetranethyl -1, 3-di sil a-2- oxac%cl_o_hexane

bé%0i @ atd-d4 MAYN.oxybBritetasmethyleh3raisils-¢-oxacyclohexane

i des:Gas I t |

HPLICTE IH L TN By flell FpigP alivatecren
{162 gpdaipirenoly anddokeneg8dagpadoithe enixtvre evao atided Vazo®
é'? '(8.'25 5‘,”5‘ Xdr%lrr(ljoel) in 0.5 g of toluene and the mixture was polymerized
and isolated according to the General Polymerization Procedure. The
resulting polymer solution was precipitated in hexanes (100 mL). The
suspension was filtered using a Buchner funnel and washed with hexanes (2

x 25 mL). Analytical and other data can be found in Table 1.

0
TABLE 1
Polymer | Composition (mol%) | GPC Yield(%) | Tg
Synthesis (°C)
#
ACDS | MA TBA Mw PD
P-1 23 36 41 12900 | 2.54 50 95
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(1.10 g, 11.2 mol),

1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@a0080x257 ¢ aci d vi nyl oxyet hyl ester (CDSVE) (BCRESDN4/026979

11.3 mmol ), t-butyl nethacrylate (1.65 g, 11.6 mmol)

and tetrahydrofuran éQ. 0 To the m xture was added

Vazo(r) 67 (0.13 g,P L’/ibﬁﬁﬁx&'ﬂ&kﬁwg%xture was

& t ¢
poi JEERSET oFROlY RSP io RO el A2: P Aonexane
scHrbbxglic aeid (- leutiepiyl estad-dmrrizdumrmm;(dﬂde-nb_t)-buﬂyi acrylate

suspension was filtered using a Buchner funnel and
washed with hexanes (2 x 50 nlL). Analytical and other

b
PSS, o bR L e EABSSRBIIRN py i

thiarmeseupiey RONge3sez5aryd 3792250@t ZNW conbiggd maleic anhydrlde

(L S0 ok a1 15F 3 Bt etz pecscionexane

@a?lrbb%wu:' agdawb@teﬁwxéscéw?acr gfzes-e?o?lge m@bg t-butyl acrylate

anh drlde co-t - but : ,
%mmpboarﬁ tejugna ¢9. Oh‘ng)t hi@ethsedlixtur wag added 2,2'-

anéﬁgwg@éw&?lﬁ%\ngﬁ%gcm&gﬁngdt ljrgllr e%ﬁ%gﬁ:w%rf%d?ﬂ&ﬂe was

polyherizednanld)isolated according to the General Polymerization Procedure.

tetr neth | -1, 3-di sil a-.2- oxacycl ohexane
%'é‘? 66%3?' ’BeR/ ﬁﬂVF'BQy’é@%PFG%B'f%? ('éﬂ!ﬂ)@”ess{@@ yL). The
éﬂsp%ngm \)V stf“ltgrgd/ hsﬂ%@@ﬁ&ﬂ(ﬁéﬁ@nﬁé %ﬁd Qa gﬂea WP héxanes (2

acry
) 4 éﬁ rralh»d«mﬁlwm ahd. cﬂbengdata'ﬁantbtefaunﬂtm rTablm8. added
2,2' -azobi g 0.7 mol)

' / The resulting
pol ymer sol utifon was prgcipity [ exanes (150 m
). The suspeénsi on was 39| i a—80chner funnel

and washed
O 0]
0]
V
Si—_
o
Si/
7N\
TABLE 2
Polymer | Composition (mol%) | GPC Yield(%)
Synthesis
#
BCDS | MA TBA Mw PD
P-2 22 36 42 9700 | 2.29 53

POLYMER EXAMPLE P-3
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester-co-maleic anhydride-co-t-butyl

methacrylate
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Anal ytical and other data can be found in Table 4.

TABLE4 Pol ynmer Conposition (nol% GPC Synthesis
wo'e@bdi2y7 COSVE VA TBMA MVA Mv PD P-4 25 35 29pa1/ug90a26979

2.59 67 POLYMEREXAMPLEP- 5 Synthesis of Poly

éﬁ’ 1.3,3 tetrarretn¥ -1, 3-di sil a- 2- oxacycl ohexa
7ébxy i cInagi P lyl““@@t BeCly oopadebettom flask eqmpped with a

%WGE&%&ECBOHG largeGh § yhiet Gerd Q:Z)%lblﬁ?(ﬁ n;rlQIQ id"hnhydride

hree round bottom ask equl
t1hto m)gounhez conadj)ser, BBB- mtlgmzeth;nILEB disitae2-@xabycieklexane

é?r Sxyl AEk: Wirotery ety S8iet (DS k328 gndidadammoD, t-butyl
!afec(‘ﬂ%d aI1I1y¢ rﬁﬁ'kgf ahﬁ%ak@d@cﬁuﬂan géo% giol )I'? the

uty met h acry ate 19. 8 t ol Oene
I5IJ>00reg)NasTaddh@ Wm@r@ v@sﬂhfmei 72mrnol) and the mixture was
azobi s 2-neth ronitril.e)

S5 PR SRl SRR DR B R Gfrd Ravdetinlin R ogeaure.
Tﬁ@ r&QNeR@ poRehamBsiutioh iveds Brosigitated - in THekahes Y b %L; The
pol ymer solution was precipitated i n hexanes (300 niL
sm@e@@@@ewg$ @HGWQSU?f'PQtaeBé@hW fugnel @ washed witiehexanes (2

Jep e Mol paTaF S oy 359%%9@@%‘%@& e

Synt hesi s of PoI

anhydri de-co-t- 1
‘three neck, round bottofd
thernncouple c §nser and a gas inlepy were conbi ned

mal ei ¢ anhydri de
1,1,3,3-tetra

.17 g, 11.93 nmol),
v 1,3, 3- -1, 3-disila-2-oxac exane
carboxylic acid all ester (ACDS; 3.708\g, 11.91

mmol ), t-butyl T'\

o}

si”

VAR

TABLE 3
Polymer Composition (mol%) GPC Tg
Synthesis Yield(%) | (°C)
CDSVE| MA | TBMA | Mw PD

P-3 25 38 37 22500 | 2.97 41 98

POLYMER EXAMPLE P- 4
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester-co-maleic anhydride-co-t-butyl
methacrylate-co-methyl methacrylate

[0078] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(113 g, 11.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester (CDSVE ; 3.32 g, 11.5 mmol), t-butyl
methacrylate (1.24 g, 8.7 mmol), methyl methacrylate (0.31 g, 3.1 mmol) and
tetrahydrofuran (9.00 g). To the mixture was added 2,2-azobis(2-
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nmet hacryl ate(TBMA) (1.75 g, 12.30 mml) and THF (6.0

g). To the m xture was added Vazo(r) 67 (35ng, 0.18
wonas)22287 0.5 g of THF and the mixture was pol pOBPUSDeH026979

and isolated according to the General Polynerization

Procedure. After 1l4hr, the resulting polynmer solution

mgthybelveenitrte) @otft Ge Rpkmamel @ndrietRiturgr wes polpeidzed and
. . . . e | .

R R dp "ok CRRGeE ARSI P Brdcedh 65 THE 1B8uting

pobimri sz}élxlnk?/npw?tplm;pmeari]nhexbﬂ?é OLB(HP I mL). Tixdle! suspension was

OLYMER | - nt hesis o ol y

F ergd3 usinge _§H§Fw| -fl?f@-'d@%q' |WRshesk it INsrHaname2 x 50 mL.

Lok By i4C
AR i B Bl Yo B K P TP Be1) n o 100m
three neck, round bottom fl as [ i

1,1,3,3 r amet_hy +di Si | @ eycl,ohexane
carboxy| ic aciooallb estet (ACDS; 02. 49 g, 9.58 mmol),
t - butyl hacrylate ( .07 g,07.52 m’mIJ and tol uene
(5.0 g). o the m xture was added Vazo(r) 67 (100ny,
in 0.5 g of tolu nd the m xture was

uti®n was cooled to roomtenperature and
then preci pﬁ(at ed in hexanes (100 niL). The suspensi on
was filtered using a Buchner funnel and washed with
hexanes (2 x 25 nlL). Anal yRABEE 4and ot her data can be

olnd i n ahl o §E DO VMNER EXAMRPLE P Svnt heci c nf
LA A = ALY | o OUT]

A= LILIL] AT O CL LILA'4 T\ \l_\fb | — T o
poplymer 1|3 3-t EomBR]IAPN (M) si | al 2- ox&REI ohesane
cRYBtheRIS ¢ acid allyl ester-co-nalei¢ TP
Ahydridedco-t-buytyl et hacrvl ate 100821 n oon Yield(%)
t hr ee neck,C‘D%\ﬁﬁc YAt o EMAK MMP‘p; M t|h BD

| -4 anhydePde [(3389 g 281 51 din| ) 22900 | 2.59 67
1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane

D8
De

POLYMER EXAMPLE P- 5
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0079] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.09 g, 315 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 9.09 g, 35.2 mmol), t-butyl methacrylate
(2.82 g, 19.8 mmol) and toluene (15.00 g). To the mixture was added 2,2'-
azobis(2-methylbutyronitrile) (0.32 g, 1.7 mmol) and the mixture was
polymerized and isolated according to the General Polymerization Procedure.
The resulting polymer solution was precipitated in hexanes (300 mL). The
suspension was filtered -using a Buchner funnel and washed with hexanes (2

x 50 mL). Analytical and other data can be found in Table 5.
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carboxylic acid allyl ester (ACDS;, 9.09 g, 35.17mmol),
t-butyl nmethacrylate (2.82 g, 19.83 mmol) and tol uene

W@ 26b5521257 To the m xture was added Vazo(r) 67p¢BRS1004/026979
1.66 mmol) in 0.5 g of toluene and the m xture was
pol yneri zed and i sol ated according to the General
Pol ynmeri zati on Procedure. After 14 hr, the resulting

pol ymer sol ution egperature then
precipitated in hexaneﬂ%(ﬁ)&\mﬁrﬁrﬁe@uspeny on was
fi|Symesis ofiPoly BLid 3 3teframethykh3- disﬁh@#omtvclohexane
hex 2 Anal ytjcal and ot her data can
( GRrkPRHC ey 2T eptiry i ainia/mby dide oy hbHB Tacracry late
Poly (1,1, 3, 3- tetramst hyl - 1, 3-di si | a- 2- oxacycl ohexane
xylic i d y t e ; :
FRIAY i Fgohd 8! o oot flos ggyipped wih 3
tHurmecnaplle, condedseboamd)ra ghasklemwerppmmbinbb maleic anhydride
H;? ngggﬁﬁbgﬁ ggrqr%g ?grb? %73% qlh)yl ?t3 c"j\{%,ﬁg zchrg%ycloﬂexane
darbogylit %Hoanﬁlhhy' ez?telg ¢rS0S- 23 @gacbgcl qhiegﬁan?n%l )tbutyl

carboxylic acid ester (ACDS; 9 g, 36.9
tTletﬂmqu'atﬁﬂ'BAM)y(hY@ q 22720 gnma .arel ihibl (6. &rgj t o thenenixture

b il SRR I RERT e o

polyiierizedemdaoigdiatsd hat&dirRrieahdi Gendral Pbﬁ/r@iz@nah Procedure.
Pol yneri zati on Procedure. After 14 hr, the resultin

68?9 ieiar, dhg matﬁlm@@@ymﬁ@wn@a wafomqlemmmrt@mpﬁ ure and

f%@eﬁtfag%hnlgmg uc n r fun durg%aﬁ% \W/g%,‘mev@dsusmg a
Bathmsfuhaekaﬁd) widshedAmigth }hbb(aﬂés 621& 28 helr). danalyte dnel other

found in Tabl e MER EXAMPLE P-10 Synt hesis of
ﬁ%ﬁ%/ce{nlbﬂ}r%"@ W%Q&%& hyl -1, 3-di si | a- 2- oxacycl ohexane
carboxylic acid allyl ester-co-naleic

anhydri de-co-t-butyl nethacrylate [0084] n a 1001L
three neck, round U?.)QLNMER@(AMRMEOB(EE with a

e%ylat%gﬁ% 8F P&E\P ?19 Q%e{i tgﬂ'ametﬁels 1 |3n¢l.l|%tlla\-/££>§ag§)c o.hg)e(gne

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0081] In a 100mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet was combined maleic anhydride
094 g, 9.58 mmol),  1.,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 2.49 g, 9.58 mmol), t-butyl methacrylate
(1.07 g, 7.52 mmol) and toluene (5.0 g). To the mixture was added Vazo® 67
(100mg, 0.54 mmol) in 0.5 g of toluene and the mixture was polymerized and
isolated according to the General Polymerization Procedure. After 14 hr, the
resulting polymer solution was cooled to room temperature and then
precipitated in hexanes (100 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 25 mL). Analytical and other

data can be found in Table 5.
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(2.40 g, 24.48 mol),

1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@aooboxesic acid allyl ester (ACDS; 9.93 g, 38rdRUS2004/026979

mol ), t-butyl mathacryl ate (2.67 g, 18.77 mml) and

toluene (14.5 g). To the m xture was added Vazo(r) 67
(320ny, .66 mmol) ||?10!}YU|%R(§XAMPG@13 8he nixture was

POl §VPHe of‘%&* g@e%@ggﬁiﬁég n‘93tcﬂshF§ gﬁgﬁlﬁbhexane

Pol 1 za 14°hr he're

poanboxylisaddidiablyl este recm heal eicoan loyxivideapet-butyl enelmducrylate
then precipitated in hexanes (200 m ). The suspension
was filtered using a Buchner funnel and washed wth

[082hes (2Ink a5@oan) thrag aneak daHnd ptiam dlasiaeauipaad b‘é'th a
(1 5eh g AL RN e MO R, appvarce

Cﬂ@%oxg'l i 81t d nambl)] etst 6(3—Ualramd;teyb1 3-disila-2- oxacyclohexane

FHbkeviese b o NEhST T4k Tt pertal bl enacrt

End;?% pgqgﬁy@mcgwﬁg '?glgén?'@% 8 %asr d Heertmk’éﬁfeewég HiiBE V/azo®

87 1320139t dtGGammadlylin 0 539d)fstoluan2 andcathgecimbtieseawas polymerized

§34 st actring g *he Rerirel BOUMerianen sloseurenAfies 14 b,
ﬂtfed rbgbluﬂ e pbﬁ[m& @oluﬂah tgs Ntodied etdva@o@ﬁid@ﬂnb@réﬁ(ré) then

in 0.5 of toluene and 27
ntam@é%menhh@tarmd( Qﬂennh)xt u \ﬁu§pg@$|9rnewa§efdtea usmg a

OhALHAoRSERRA IR YR nERIRLEta ROy FRY 28hdi0HEal and other
BpShRrTPoRrghd Migeed 5

rocedaure. resu ol'yner SO|

patacdan bhefathd in T‘ab{alses (500 m.). Anal yti cal and ot her
data can be found in Table 5. POLYMER EXAMPLE P- 12
Synt hesis of Poly

(1,1,3,3-tetranet hylp Jlgﬁ‘éj,léx)_\mﬁl-@pagycl ohexane
ster-co-

carboxylic acid allyl elc
anhyynthesis of Polyi(11, Wéﬂerrgelthyle‘[ GaﬂS]Ia-tQ axasyatohexane

N R teé’o'[‘giéigf@kﬁ@qy#ﬁ? EorbitE seshasaviate

mel ei ¢ anhydride (9.96 g, 101.5 mml),
fooB3F: 3-t efy aMBbhML thrde HhedK, Fodn@ B AR%aBEuipped with a

thermocouple, condenser and a gas inlet were combined maleic anhydride
(2.72 g, 27.73 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
éarboxylic acid allyl ester (ACbS; 9.54 g, 36.9 m?nol), t—b'u'tyl méthacrylate
(2.74 g, 19.29 mmol) and toluene (14.5 g). To the mixture was added Vazo®
67 (310mg, 1.6 mmol) in 0.5 g of toluene and the mixture was polymerized
and isolated according to the General Polymerization Procedure. After 14 hr,
the resulting polymer solution was cooled to room temperature then
precipitated in hexanes (200 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 50 mL). Analytical and other
data can be found in Table 5.
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carboxylic acid allyl ester (ACDS;, 34.98 g,

135.3mmol ), t-butyl nethacrylate (10.06 g, 70.7 nmmol)
waoaspzi2sene (55.0 g). To the m xture was addeplCVagEm(4/)26979

67 (1.77 g, 9.2 mol) in 0.5 g of toluene and 0.53g of

1- dodecanet hiol . The ni xture was E%ljyr(rreri zed and
i sol ated accor di ng ROLYMEREXAMPLER vIQeri zat i on

Pr ; 1 tal Prin
or coyitfesis QPP AIFEt a9 Bametilif.3;dtk)1a2-B5cyclohexane
otarboxddicaacidrallyt estarrcb-nmaléibarh pdrideicoME=Butylettacrylate
P-13 Synthesis of Poly

1,1, 3,3-tetranet hyl -1, 3-di sil a- 2- oxacycl ohexane, _

xyl i clm@ d0gmy ythrggtr@cl@doﬁﬁﬁebqttom flask equipped with a
' CQ-t- I 0 i : :

T
{40 nogou@ielt8 conaiel)sert, y3dB3-tetgmmethyl-¢13-disil- 2eandeycletiexane

Bl Btk et (e 34250 T2 vttt methacryiate

(50T 1) AR 14 S b e b agg varos

63(320mg( 1% mynol) o Otthg ofiteluene thesmixtisredvas polymerized and

0,659, 3,3 | d 1-dgd t hi ol (0, in Q.
5T actorind T ihe, Binera AT RIRI P Prote A Aty dedy. e
Y Nsblyef heolFeser whs PebyIeE! itd atdoPh ras&dwire. and then

After 14hr, the resulting polynmer solution was cool ed
peedipjtated drpbexanase (206 nilkken fneecsugpeaw@a was hiédtespd susing a

EAaS S o BB R HERahbh 8 AT A otrer
dath cdrhbe folaichincRablés. f ound i n Tabl e 5. TABLE 5 Pol yner

Conposition GPC Yield( T g Synthesis (mol% %) ( C)
# ACDS MA TBMA Mw P D P-5 26 4 1 33 20400 3.05 65

P-6 14 57 30 20400 pof¥MER EXAMPLE P-11
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0085] In a 250mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(9.96 g, 101.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS;534.98 g, 135.3mmo>lu),' t-butyl methaérylate
(10.06 g, 70.7 mmol) and toluene (55.0 g). To the mixture was added Vazo®
67 (1.77 g, 9.2 mmol) in 0.5 g of toluene and 0.27g of 1-dodecanethiol and
the mixture was polymerized and isolated according to the General
Polymerization Procedure. The resulting polymer solution was precipitated in

hexanes (500 mL). Analytical and other data can be found in Table 5.
POLYMER EXAMPLE P-12

Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate
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P-7 18 9 44 25000 4.1 45 P-8 26 4 1 33 20800 3.22 106
P-9 26 4 1 33 20400 3.05 107 P-10 26 37 37 19700 3.02
wdo®sm2237 24 40 36 14600 2.53 62 104 P-12 24 4BCB6S2004/026979
11200 2.18 60 103 P-13 2 37 38 10736 2.12 50 103
YVMER EXAMPLE P- 14 Slynt hesi s of Pol ) _
¢qoqe13 3-t 40 a0 thres. peck.| mundokaligm) Bask gauipped with a

SRR SR o) AT comned mpi o
39.9|6- hgpt aktihy| tpremoda)oyd 0,3,8- égtéaneﬂhgl-ibB(;disﬁaQﬁ?)keéecy)cthexane
1- 0

st Ro Rl et TGRS et o b Tab aRoDbHbE Sugihecryiate

?mégﬁsgg ‘?Wm@l)%ﬁ tbﬂeﬁ%%r@gfoﬁg'tﬁ@%%t@%s added Vazo®

ﬁ7](1§ Bgt 82rmmalhipl 0.5 QSOf:itcr_huekrm andX:53g bb helogleeanethiol. The

I A, b e oo
3“00 &riZatnlProbadiike. hﬁﬂi ?&ILJR}H I};ﬁfey SofutioB- wad precipitated in

octa-sil oxan-1-yl) acryl ate
@ﬁéeng%(énqgﬂhw -Armg&al @mg mht)er(®tesgn be foupghin Yakledd.
toluene (20.0 g). To the m xture was added Vazo(r) 67
(0.59 g, 2.92 mol) and 0.1 g of 1-dodecanethiol. The
m' xture was pol ynerPORYMER EXAMRLEIPaording to the
ral. Pql ynmeri zation Procedure. The resulting
poI § 19?%

¥Bthegis of Faly hid ?p?'éetfﬁmeéhéfm13\1d!$é'>@a¥r9§aezek9hﬁxane
SAPECPSREREYM] 88l IR gl el CUE R v
ot her data can be found in Table 6. PQYI\/EREXAI\/PLE
foas7] In a 100mL three neck, round bottom flask equipped with a

thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.62 g, 36.92 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 12.72 g, 49.2 mmol), t-butyl methacrylate
(3.66 g, 25.73 mmol) and toluene (19.5 g). To the mixture was added Vazo®
67 (0.65g, 3.38 mmol) and 1-dodecanethiol (0.20g) in 0.5 g of toluene. The
mixture was polymerized and isolated according to the General
Polymerization Procedure. After 14hr, the resulting polymer solution was
cooled to room temperature and then precipitated in hexanes (200 mL). The
suspension was filtered using a Buchner funnel and washed with hexanes (2

x 50 mL). Analytical and other data can be found in Table 5.
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Synt hesi s of Poly

(1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@a0080x257 ¢ acid allyl ester-co-naleic PCT/US2004/026979

anhydri de-co-t-butyl

nmet hacryl ateco-3-(3,5,7,9,11 13 15 hept aet hyl pent acycl

0[951 3>9.1 1]octaS|TA§ S1-yl) propyl

faVaVaV¥ak) I .

EQ %%T‘ mggbﬁﬁiﬁﬂﬁ Ther GRS o 33}3 's%‘!(;' '}%ﬁi”é” o
nbi ned nal ei ¢ anhydri de 36\ 0,

26 _mmol

1,3, 3-t et ASRS hyWA1 | IBMAI Mw. ox 8B/ cll ohexahe
car b8yl i c| a@6d &l #91 | e3%r |(20408:| 3058 g6534| 26
ol P56 t - but vil4 net BAci yI30 e | (204840 |04.623. 481Dl 115
et hpcr yI B hylg- POS$o (4. 41 9,| 25089 |nap] )| agg t pl uene
20-p.gd) . Iozge THXTHT Sas 203084 Y220(T) 67[ (¥p&5 9.
Uzl-PlblUl) ( ,4 &) JII g&%f‘@b,lé‘bgl P
sl A R 7 Sgd..t’;é’fit;g‘%yl 13024 ool v
sol ll'ﬁﬂm W q2|41'p |% prsﬁl 1?4'@@9 92539006%_) 194
SusFehdi on| wed 1l ﬂ@r 2d 361 nd 1208UcBA8r| f 6Ane| 203
washed3wi t h 28xaned7 (2 X3%0 |M0736An2N2t)i c50 apd103 her
data can be found in Table 6. POLYMER EXAMPLE P- 16

th f Pol
LS St e hyFOLYMER EXAMBLE B\ onexane

o fdds ST PG M3 SAEARRNTEN 3 bisila;2-oxgeyclphexane
&amdxgbcmt_lwiliylalastecrgrnn-nTa[leicfalllzcﬁiﬁe-to-tc-)butoyl methacrylate-
i Conrb SRR Ttk Re terBe el or {47 focta-
ther nocoupl e, cogfgR®A ﬂp r@pgqge[m‘ﬁwaﬂere conbi ned

mal ei ¢ anhydride (3.34 ¢,

1,1,3,3-tetranethyl -1, 3- d|S|Ia 2- oxacyclohexane
wﬂ&ﬂixyl i clm@ daoal mylthe& @eckAcRSd bofeny flagie.etmipped with a

R hcppR ispneBErel” 58 B s el st Fomemed el ennyarice
£640 g). @1t henrﬁbnturmmtét%iﬂéth\éaaca absnﬁiz o%hdyRlothexane

07 mol ) and O. 1-dodecanet hi ol . The mi xt ure

raEboxylic @sid akd %ﬁﬁ@r (&%D&t 8Bt g 3Bl 51gnmel) t-butyl methacrylate
(3.52 g, 24.75 mmol), 3-(3,5,7,9,11,13,15-heptaethylpentacyclo
[9.5.1.1%9.1%%% 1" Plocta-siloxan-1-yl) propyl methacrylate (methacrylEthyl-
POSS) (T8MA) (3.08g, 4.11 mmol) and toluene (20.0 g). To the mixture was
added Vazo® 67 (0.59 g, 2.92 mmol) and 0.18g of 1-dodecanethiol. The

mixture was polymerized and isolated according to the General

)

anor 4

D

: @
TQ
=
“

Polymerization Procedure. The resulting polymer solution was precipitated in
hexanes (200 mL). The suspension was filtered using a Buchner funnel and
washed with hexanes (2 x 50 mL). Analytical and other data can be found in
Table 6.

POLYMER EXAMPLE P-15
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
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t he General Polynerization Procedure. The resulting

pol ynmer solution was precipitated in hexanes (200 niL).
wab@sseepensi on was filtered using a Buchner feemeb2oasnck6979

washed with hexanes (2 x 50 nmL). Analytical and other

data can be found in Table 6. POLYMER EXANVPLE

Sy 60he€3,8, %69, 18913,15- heptaethylpentacyclo [9.5.1.1%

(1,1, 3, 3- tetrarregﬁ%{ agp?%%ﬁn@rewﬂtghexane

carboxylic acid a
anhydri de-co-t- butyl nmet hacryl ateco- 3-(3,5,7,9,11,1

@od@]hept am ky hpennacHed® nelkd rdund bottohﬂﬂbglsldqmwéd with a
net hacryl ate [0091] n a 100 L three neck,

mﬁmwcgapl%@rﬁomsgﬁereami pheasvintet vgerehca@mbwapn@lelc anhydride

ggp Sre 3?5%62 ,g%%nl ‘§t1 ﬁ?r%gqu% BRI§Foxacyclohexane

il:arho&y[ﬁc aeid alhy&itdrsjdar aAGDS: 8.8% g2 %)@&nmhohetebufyl methacrylate

@éﬁfgxyﬁ%%?ﬂ%gh&{e lgﬁé\’l%’écgg (4:4% 4 8739,15%}3%) and toluene

e

e mxture was a
of 3Sﬁoﬁﬁﬂa}\eﬁn@ 0The ngixtufre Wwato pelyarerizedoand Fodatail aagoeding to

d | at ed d to the Ceneral

I RargtPofiresRation Piotediis TS MePfung didlfiast S6lon was

BEdAIdit-NBd WAS hEXxRfsPi(260 adL).n me(awsﬁ)ehéﬂﬂ Wak- ﬂliréiéd using a
Buc

susgen5|on was filtered usin ner funnel and

Basheer Mgl ﬁ@dalv@j\qdzw;th i@xangas (Arxab§ ilcal Aalytiealrand other
g{e? &ﬁBel?g rﬁcﬁ”{‘ﬁaﬁl@ 6Tab| e 6. POLYMER EXAMPLE P-18
gyn KESPE "B :

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane
b [i id al
;ﬁaygﬂldleccgcl bﬁt ﬁbhxﬁé%é?w”@&i Ig31‘5( 3,5,7,9 11,1
3, 1§ s?@tomg&ig ™M, al°3/§lt9 rE?ne'iRgl 1%>8rs]1a % (%(Sfyclohei(gge

]oct oxan- crylate
ndzanumtahcramd allybeaterknn maie @u;dle-ppetalbutyd Innethacrylate-

RSN 61T S BRI (o5 4T A0 Mt

siloxan-1-yl) propyl methacrylate

15 Pl ! 1""¥octa-

[0090] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.34 g, 34.06 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 9.86 g, 38.15 mmol), t-butyl methacrylate
(3.52 g, 24.75 mmol), methacrylEthyl-POSS (3.08 g, 4.12 mmol) and toluene
(20.0 g). To the mixture was added Vazo® 67 (0.59 g, 3.07 mmol) and 0.18g
of 1-dodecanethiol. The mixture was polymerized and isolated according to
the General Polymerization Procedure. The resulting polymer solution was
precipitated in hexanes (200 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 50 mL). Analytical and other
data can be found in Table 6.
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(2.60 g, 26.5 mmol ),

1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@anboxpesic acid allyl ester (ACDS; 6.05 g, 23pd1/US2004/026979

mol ), t-butyl methacrylate (3.44 g, 24.20 mol),

met hacryl Et hyl - POSS (3. 44 4. 60_nmml ) and tol uene
5.0 g).yTo the ni @Wﬁ&g&m&ﬁfzaﬂ) 67 (0. 45 g,(

2. . < 0 Ol j

I ERleloPPa U B SR SRt s 2ol ke

davbgrylic aeid allylfrsierdorrmalei anhyduide-oor-t{nityhmethacrylate-
|yt j pitat [ h T,

SearbiE0g BT B Reo B uahotEaiiTo s P Fat = focts

washed with hexgrgan(f-yh &%éﬁ‘r)metﬁ'&@ hical and ot her

data can be found in Tabl'e 6. POLYMER EXAMPLE P- 19

Synt hesis of Poly
[0091], 3, 3-heart0tenily three3nelsi oand - lmottary clladkezquipped with a
carboxylic acid allyl, ester-co-maleic . : .
th&ﬁﬁ98?‘i¥rd@ eendensgr And e 9% i ?tai"@&%-co@?t('@?‘%,W?'@!%agt‘)ﬂfﬂ”de
(2563‘9%"399?)8'3%%@83/}” q 1.9.Rtetramethyll POLASIH-22%Beydlodérane
propyl’ nethacrylatée [0093] n a 100 nl three neck,
carbaxylichacid catlyf akek (AGIHPp220ve.t 0.4 2t merath ddugylemethacrylate

(42%%3??3@ r?w%gcgg rﬁgfﬁglgpylélgtﬁwfggg%sc gﬂ".‘ang? 4.0F ln‘?r%%l) and toluene

(113,.03853.- Tethamktoye whsaddiedl Varo® 6X30ue %,masgmﬁmog and 0.14 g
carboxylic acid allyl ester (ACDS;, 5.20 g, 20.1

ofnfrsiofecangthioll The: Mduia wes Rolymeriged@ngdaseigtrd according to
I = 4. I .
tTBeRet Pt £tabedlue;' e  ATRihs" BOlir EBion wes
preotpitated IintI’ﬂae<a(||;||ie(l§eq\}tc)Oan’rI;)cI23 ;rd?oﬁggpeiimlg\gw.filtréned hsing a
m Xt ure S agdde zo(r ) an
BRCA T aBPC T HEEARATHITO MRS (4 %20 Whlm e TR Andciher
488t & pd iﬁqu]éj%;ng to the General Polynerization

Procedure. The resulting polymer sol ution was
precipitated in hexanes (100 nlL). The suspensi on was

hexanes (2 x 25 nE UL WIER ERAWPCRF-SBher data can be
f g\isthieBisTaPPely(1, P83 NEtra &ML 3 Rtigila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1>?.1>'%.17%]octa-
siloxan-1-yl) propyl methacrylate

[0092] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(260 g, 26.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 6.05 g, 23.41 mmol), t-butyl methacrylate
(3.44 g, 24.20 mmol), methacrylEthyl-POSS (3.44 g, 4.60 mmol) and toluene
(15.0 g). To the mixture was added Vazo® 67 (0.45 g, 2.39 mmol) and 0.13 g
of 1-dodecanethiol. The mixture was polymerized and isolated according to
the General Polymerization Procedure. The resulting polymer solution was

precipitated in hexanes (100 mL). The suspension was filtered using a
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Synt hesi s of Poly

(1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@a0080x257 ¢ acid allyl ester-co-naleic PCT/US2004/026979

anhydri de-co-t-butyl nethacryl at eco-

B%chﬁeﬁfu?m%l aad %SWEJWWRH Qﬁxaﬁéﬁ’?@txaﬁy %L [Rpgle@ﬁi ar{]d other

1 Joctasiloxan- 1-yl) propyl nethacryl
datrocan be fiewnrd inetablefound bot t om f | ask eqU|pped MAth a
t her nrocoupl e, condenser and a gas inlet were conbi ned
mal ei ¢ anhydride (37.42 g, 26.5 mol ), 1

1, 3, 3-tetranet hyl m&YmmI@(mPLEcyqlg)hexane
carboxylic acid allyl ester (ACDS; 12 g, 27.5 nmol),

t- §Mﬂme%Pﬁ§&l¥/(bf‘e3 $detyamethgist ﬁsdmlel-a oxacyclohexane

CERES AN RS e kb Mot

3c83-(815/7)9, 1T S-heptaethy e tacpeiozfads.and 156t at-Bihcta-
according to the, General Pol ynmerization Procedure.” The
resul ting pol yngHoXx-dcyl bH"Q@é‘ 'BPﬁ'tqcﬁVlaé?ed i n hexanes

(100 nl ). The suspension was flltered usi ng a Buchner

G20 S50 Iyl SEER SR, ol sk gpgea win
thenBoE6uple] yorde@sarparsd td gas (infet %er%rﬂbvﬂbd(%lem anhydnde
88545, 37985 gamp 1“”‘% 1 31> girafnatbylsh Sxiisie-grmcyedhexanc
R A 8 GO 50, T o
(4.2 31 28.98 nrBopMethaaylEsh3 @S S4(300 2] 420 Bmal) hd toluene
(15.0 g). The mixture was stirred under a N, atmosphere until all the maleic
anhydride was dissolved. To the mixture was added Vazo® 67 (0.45 g, 2.39
mmol) and 0.13 g of 1-dodecanethiol. The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resulting
polymer solution was precipitated in hexanes (100 mL). The suspension was
filtered using a Buchner funnel and washed with hexanes (2 x 25 mL).
Analytical and other data can be found in Table 6.

POLYMER EXAMPLE P-20
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1%°.15'% 173 octa-
siloxan-1-yl) propyl methacrylate

[0094] In-a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(37.42 g, 26.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 7.12 g, 27.5 mmol), t-butyl methacrylate
(5.09 g, 35.79 mmol), methacrylEthyl-POSS (4.12 g, 5.51 mmol) and toluene
(20.0 g). To the mixture was added Vazo® 67 (0.64 g, 3.33 mmol). The
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POLYMER EXAMPLE P-21 Synthesis of Poly

(1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@a0080x257 ¢ acid nmethallyl ester-co-maleic PCT/US2004/026979

anhydri de-co-t-butyl nethacryl ate-co- 3- (3 5,7,9,11, 1

3,1 5- heptaethylpentacyclo [9.5.1.1 3>9. 1
mixeea- W o xRAlymelieed prasl | 'mtﬁﬁcr%%@mpoo%] the a Geperal

n I t

Pz aford Pideedi e e Poiliha bR e LUIRRGE WS pleBiniatpd in

hendnesmeﬁmyldr i Tlee SRsPéENgion Aas3filtered )Jusing a Buchner funnel and

3-tetranet di sil a-2-oxacycl ohexane
we%n%wg}hmxam ﬁéﬁém‘@{ Aer&h@rca h gradaia Gan Be found in
T4BRlg) » t-butyl nethacrylate (2. 28 g 16 mml)
met hacryl Et hyl - POSS (1.99g, 2.66 rmol)and THF (15 g).
To the m re was addedV61 6 , 0. 6
The m Xt ur § ,
t he Gener al

gt i on Vas., preC| o tate rthexapes (100
suspensPan ~ f 4/ Bughner

nd washed with exanes (g x 25 m_)." o
Anal §Ti dal-aqd, 6t her data can be \found in Tat;o]\eﬁ: A
TABLE7 PPl ymef~Conposition (nol ¢ C Tg Sy tshei%is,
Yield(%| (O S MA TBVA T8MA PD P-21 1 %307)4
13400 3 08 POLYMEREXAMPLE P-22 Synthesis of* Poly
(1,1, 3, 3-tetxanet hyl -1, 3-di si | a- 2- oxacycl ohexane
carboxylic acid nethallyl ester-co-maleic

anhydrl de-co-t- butyl metﬁ&alﬁ fte [0096] na 100 m

ejC 3 ftask ed Wi
e P P, S ST LR T
j*ﬂ S nhydr| de
ACDS | MA | TBMA | T8MA| Mw | PD

P-14 27 | A 37 5 16584 | 2.81 33 95

P-15 26 | 34| 34 6 19332 | 3.01 33

P-16 27 | 34| 34 5 16700 | 2.74 96

P-17 17 1 47| 29 6 18624 | 2.93 49

P-18 17 | 31 47 6 23132 | 3.07 30 104

P-19 17 | 30| 47 6 18134 | 2.98 25 100

P-20 18 | 36 | 41 4 9421 |2.89 43 74

POLYMER EXAMPLE P-21
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl
methacrylate-co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo
[9.5.1.1%%.1%%, 173 octa-siloxan-1-yl) propyl methacrylate

[0095] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(209 g, 21.3 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester (MCDS) (3.64 g, 13.4 mmol), t-butyl
methacrylate (2.28 g, 16 mmol), methacrylEthyl-POSS (1.99g, 2.66 mmol)
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(1.90 g, 19.37 mmol),
1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane
w@anoboxpesi c acid nethal lyl ester (MCDS; 5.27 gpC1/0S364/026979
mmol ), t-butyl nmethacrylate (2.83 g, 19.90 mmol ) and
T 18 57 ., To the m xtur V 6 (0. 067
angl THF2d5ahoi T therabdirerta el Sedhif ot Bp mmoh The
mixBfeat %sacﬁcﬂ{/rﬂbﬂﬂe& 0 driee @:I%r%al &oramy' 2@ | e General
Procedure. ‘The resulting polynmer solution was
Pglymeripatien Edodatdunexhihe segultiog molymermseiutien passprenipitated in
filter using+a Buchner. funnel, and washed, wi th
eeRERAL00 3 SE G SpSPATRIPY ARGt YT BAADSs Syl and
washewith hExBhes &2 R@%ﬁ?} (MdRltleaPard otiér dtal cartbe ROUNA in
(1,1, 3,3-tetranet hyl -1, 3-di sil a- 2- oxacycl ohexane
Takde Foxylic acid nethal |yl ester-co-naleic
anhydri de-co-t-butyl nethacrylate [0097], n a 100 L
(pped W a

car boxyl/i ¢ acid nethal Pyl ester g- 20.30
mol 97 % - but yl smet hacryl ate (2. mipld~/and
THF (18. g)si,Jo the mixture added V 8 i{ . 067
g, 0.29 |mol )l. The m xture wa ol'ymeri zed 0o

i sol ate gic«d? ding to the General Pol ymerizabi on

Procedure, "Yhe resulting polyner solution was
precipitated in hexanes (100 ni). The suspensi on was
filtered using a Buchner TABWRF and washed with

|

@ﬁﬁ!&' 71 Tab @RPOSHIBPR B, rer | ConBES | .aﬁj‘%“&fg

o]
881Sils ( nol % Vi el (94 (C) MIDS MA TRVA £C)

oot =5

| §—( Y
18 35 47 MERSH| MA4| ABMAZ TEMATT Mw | PD

P-21 17 42 37 4 13400 | 3 65 108

POLYMER EXAMPLE P-22
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl

methacrylate

[0096] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(1.90 g, 19.37 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester (MCDS; 5.27 g, 19.37 mmol), t-butyl
methacrylate (2.83 g, 19.90 mmol) and THF (18.57 g). To the mixture was
added V 601 (0.067 g, 0.29 mmol). The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resulting
polymer solution was precipitated in hexanes (100 mL). The suspension was
fitered using a Buchner funnel and washed with hexanes (2 x 25 mL).

Analytical and other data can be found in Table 8.
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P-23 22 36 42 16000 3.14 72 125 POLYMEREXAMPLE P-24
Synt hesis of Poly

W@ 1003/0R287 t et ramet hyl - 1, 3-di si | a- 2- oxacycl ohexedEUS2004/026979
carboxylic acid nethallyl ester-co-maleic
anhydri de-co-t-butyl acrylateco-3-(3,5,7,9,11,1 3,1
5- hept aet hyl pent aC)PCCP'eYVé%.Ei(.AMEL. B3 asi | oxan-
1-v. h 1 Naay:160 4
rouspieRRy o Foly P Sterafgifi-f afd: 2ol {loRERne
condeasboxylicl aaidymethall Wte ster-coanateic achydrigecco-t-butyl
anhydride (2.04 g, 20.80 ),
1,1, 3, 3-tetranet hyl -1, 3-'Hgg?§°J¥Elthacycl ohexane
carboxylic acid nethallyl ester (MCDS; 5.67 g, 20.81

, t-b I 7 . .
g7y ) - P 186 okt Bhfed RedR Fhurk’bBliafTRadk 2Mipbel with
ﬂmeﬁ@nog_tmbl)e, cbhﬁens’ggt amdala/\%als poley !m;'r'e_zaﬂnginédi rgaleﬂxt e%r]\yd ride

C rdlin ot he er a 0 neri zat T OC ur e. e
PES8! (om0 20010 maPmEBy uih b i aspety T Catisti rotackgiRBexane
bR - acit> riRBRI> LSRRrIMICDS! .59 62| 20.3 BHEIICT -buty
medhaarilate (243 g.ah7.Bé rmowhdamnd TRD(8.87 g)ABLESh@ahixture was

it T hesi % Yield(9 /

ROREA AT 853,055 MioR o0 52 m ke eLtAS polyinelized and
Bla(dERIosOMIRG 1B- e @éﬂbfﬁispél?/ﬁferﬁﬁﬁdn Procedure. The resulting
(1,1, 3,3-tetramet hyl -1, 3-di si l'a- 2- oxacycl ohexane )
palyBwnsalwioncwas aregipitaied én hewanes €109 mL). The suspension was

ride-co-t- | ryl ] a
ARERE" LEfiaqd, sretiief Ry e vt win St B 06 mL.
paahtinsleandoithen dgsscambefowe! i Tabigigned nal ei ¢
anhydride (MA) (1.20 g, 12.2 mol),
1,1,3,3-tetranet hyl -1, 3-di si |l a- 2- oxacycl ohexane

o)
0 o)
/ )ﬁ
[~
o
Si/
VAN
TABLE 8
Polymer Composition GPC Tg
Synthesis mol% Yield(%) | (°C)
MCDS | MA | TBMA | Mw PD
P-22 18 35 47 112700 | 2.84 70 113
P-23 22 36 42 16000 | 3.14 72 125

POLYMER EXAMPLE P-24
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl acrylate-
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carboxylic acid allyl ester (ACDS) (3.17 g, 12.3
mol ), t-butyl acrylate(TBA)(1.62 g, 12.6 nmmol) and

wo odoser25719. 00 g). To the m xture was added Varor(/w¥2084/026979
(0.22 g 1.1 nmmol) in 0.5 g of toluene. The m xture was

pol yneri zed and isol ated according to the &GN §1§;\ 13
Pororie(3,54:9.31, 13 b-bentastbylnentacyelo [OH 14 X101 o1 Walocta-

Corutton was pr il GarkTaA plomd sfiERHGED, 7)) e

suspension was filtered using a Buchner funnel and

d wtfh Bexemenl (tRree A_ck round”Battdini fadk @adm@baamth a
data can be found in Table 10. TABLELO Pol yne
thermesouplen corgengerGrtl v gasi (ot wersyearmbised m@)en# anhydride

BT BRNZS £1 3 2Rt 89P1 385153 Hcycionexane

Carbbxic3atiet mét}ﬁllbybstbr IMUDS; 8.62- @xa(o)sql mhe{Rrtebutyl acrylate
car boxylic aci dBﬁ’iﬂlﬁ ester-cao-nal e

89 & i eB@ sumo Tt hHEPyDat g@othGSm(Xéu@ wag added V 601
gb 4?; Beﬁtfi%ertnpﬁ/dl e@ﬁ@ ke ['«/%SgJéﬁlymérlze,Jldoanal %Ié’téhla%’éafb‘ ing to

propyl hacr ate
timcGeneoalnEolbmaramlom doceduriepplde: wesultireg mbmmcsulptlen was

Conde{)%?%fi lﬁgﬁ@%%aséw&%%{ﬁec%ﬁgbgggon was iltered using a
Buahﬁertﬁhher@h@mshea Wikt 'hbﬂar?e Cngyzzl quanﬁal |cna1|T€|n)d other

carboxylic acid allyl ester

datagan berfaunskinylalle 9( 4. 12 g, 28. 97 mml)

nmet hacryl Et hy| - PCSS (3.0 g, 4. 01 mmol ) and tol uene (
5.0 g). Tothe m xt 67 (0.45 g,
2.39 mmol) aRd 0 \; dea W™ the m xture
was pol yneri zg ' iAg to theCeneral

Pol yneri z C Proce/u e. i ng pol yner
sol ution s preci fitTated, i 900 ml ). The
suspegsign was filtered u5|ng a 4§
/ )ﬁ
[
| _
si”
VAN
TABLE 9
Polymer Composition GPC Tg
Synthesis ~ (mol%) - | Yield(%) | (°C)
MCDS | MA | TBA | Mw PD
P-24 32 34 34 11900 | 2.48 65 104

POLYMER EXAMPLE P-25
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl acrylate

[0098] In @ 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(MA) (1.20 g, 12.2 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS) (3.17 g, 12.3 mmol), t-butyl acrylate(TBA)
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Buchner funnel and washed with hexanes (2 x 25 m ).

Anal ytical and other data can be found in Table .
wWERoognENRSEXAMPLE P- 27 Synt hesi s of Poly PCT/US2004/026979

(1,1, 3,3-tertanet hyl -1, 3-di si | a- 2- oxacycl ohexane

carboxyllc acid allyl ester-co-maleic

EnB3 @ i1de punel) sadyipluesenQ0 Dht dedheanixturg was added Vazo®

G 52250 T RS b0y he Inaph 48 Y RRizpd anc
isolanted etdaing tathe @&nqraleﬁowmé“nz@tlbhd?mmeduw except that the

condenser and a %as i nl et was conbi ned nal
RYEe vas heatediwith stipring tp #Rol0. The resulting polymer solution was

rebislialid dhAPRES [fog LE' TBe ARG IR ftprea using a

Bubhﬂie}ﬂ funmthaed washed (with B2xgnes3(Bx 259 mM)) ,Analytical and other
nmet hacr yl Et hy| - POSS (129 77 g, 39.8 mmol ) and tol uene (
dataccay) be fpridinkae 1as stirred under a N at nosphere
until all t emalelc anhydri de d. To the

m xture was dd ¥9 mmol ) and

1.38 g of 1- as pol yneri zed
.and |solat80 2 cordlng Pol yreri zati on
Procedure.,"The resul® o] —~0ol utfTo® was

pre0|8 ed in heptane (ZCB L). The suspensi on was
filtere a Buchner funnel and shed with

hexanes (
found in

iarL). Analytical and
|T\BI e Pol yner Conposj
Yiel d(% Synighesi s (0C) # ACDS
P-26 16 30 ’6 19582 3.02 33 104 P-27 15 24 55 6
16510 3.28 30 \110 [0101] The photo-aci d generating

agents and phot odecon‘posa.P}\ELE 10

Polymer | Composition (mol%) GPC Yield(%) Tg
Synthesis (°C)
#

ACDS | MA | TBA Mw PD
P-25 21 39 40 8600 | 2.97 52 86

POLYMER EXAMPLE P-26
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co0-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1*°.151%,1"3]octa-
siloxan-1-yl) propyl methacrylate

[0099] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(268 g, 27.32 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 5.20 g, 20.12 mmol), t-butyl methacrylate
(4.12 g, 28.97 mmol), methacrylEthyl-POSS (3.0 g, 4.01 mmol) and toluene
(15.0 g). To the mixture was added Vazo® 67 (0.45 g, 2.39 mmol) and 0.13 g
of 1-dodecanethiol the mixture was polymerized and isolated according to the
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bases (PDB) given in Tables 12 and were used in the

Li t hographi ¢ Fornul ati on Exanpl es. TABLE12 Structure
W@2@shizore7 C F S 2,4, 6-tri net hyl phenyl di phenyl Bat/iismooume979

per fl uorooctane PAG 1 sul fonate PAG 2

4- (1- but oxyphenyl ) di phenyl sul foni um perfl uor ooct ane

(eineralu RobRerEzation3 Asacedlrg. nthey reswitiig polymer solution was

i nk f oni t . .
g i Bk B A AR PO TS SR8, B8 Gl rad eusino 2
BBokheufunoehbed G/shE@BnAGexardes (2 xu2®xylpheAdlytical and other
gla{)q%eé}gbé%&nodw{nqltgﬁgw. uor o- (2- nBuO et hoxyet hane)

Polymer EXAMPLE P-27
Synthesis of Poly (1,1,3,3-tertamethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1%%.1%15.17"%octa-
siloxan-1-yl) propyl methacrylate

[0100] In a 500 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet was combined maleic anhydride
(23.44 g, 239.0 mmol), 1,1,3,3-tertamethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (51.48 g, 199.2 mmol), t-butyl methacrylate (45.32
g, 318.7 mmol), methacrylEthyl-POSS (29.77 g, 39.8 mmol) and toluene
(150.0 g). The mixture was stirred under a N, atmosphere until all the maleic
anhydride was dissolved. To the mixture was added Vazo® 67 (4.59 g, 23.9
mmol) and 1.38 g of 1-dodecanethiol. The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resulting
polymer solution was precipitated in heptane (2.3 L). The suspension was
filtered using a Buchner funnel and washed with hexanes (2 x 250 mL).
Analytical and other data can be found in Table 11.
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PAG 6 Tris(4-tert butyl phenyl) sul fonium

canphor sul fonate TABLE 13 STRUCTURE PDB NAME PDB1
wo pooploea2gt sul f oni um acetate CH C PDB2 Bi s(4- tBCT/AUSI0P4/026979
phenyl )i odoni um acetate CH CO PDB3 tri phenyl sul foni um

| aur at eGener al
Phot or esi st conponents as

For mul ati on_Procedure [0102]
Trbertilhed in the
Li t hogr aphi ¢ Exanpl es were mi xed i n an anber

bottl e

¥ ean anber bottle.

dhdlyneérl ed Comaposition @ooldonent s \
s$ynthesis vas filtered through a (
LI THOGRAPHI C

WSRCdi ssol vedYieltdh)
). 2mm filter
EXAMPLE 1 [0L03] The

Tg

nto a | (oC)

Formulati OGS

MA " OB RN PaAAaf

Mk L WespPr epared a

UJ

S T OeUT 16 31§§r erﬂsﬁ

OT TTUI gl

T$5800CEHY F UST BR

oL ~f DAl v, n
o101 ey o e b
*%273?*9* hyl 13{% d?%h } a §5o>ea

*T; 9

acid allyl

acrylate) (polynmer P - 1),

ester-co-maleic a

ey $ond248
nhydri de-co-t-butyl
0.203 g of PAG 3, 0.012 g

cérzgnvy#i € 50

v A

of 1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ane and 46. 33 g of
(O3 ene dhgphiotoratidygererating agentatand( peNedg¢composable

bases (PDB) given in Tables 12 and 13 were used in the Lithographic

Formulation Examples.

TABLE 12

Structure

PAG

Name

QSZ CgF17S03’

PAG 1

2,4,6-trimethylphenyl
diphenylsulfonium
perfluorooctane
sulfonate

nBuOS
gF17S03’

C

PAG 2

4-(1-butoxyphenyl)
diphenylsulfonium
perfluorooctane

_sulfonate

—©~S\ CeF 7805

PAG 3

4-methylphenyl
diphenylsulfonium
perfluorooctane
sulfonate
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[0104] To lithographically evaluate the formul ation,
silicon wafers were spin coated with a thermally
wa@eoabtesunder coat and post apply baked at 200p@/i81006026979
seconds giving a 2100 A filmthickness. The under coat
conposition was simlar to those describged in US
Pat ent No. 6,323, 287==The for|mul BAG®A f of H({l tnirybeny!)

Exampl e 1 was spi ed ovdr the undercdigheayguiayum

apply baked=at 130 or 60 geconds gi vi hpedludtidbudane
h| e coated wdfers were thsufeapesed
u3| ng an 930 i & gr using annul ar

[lum nation (0.6 .8/0.6 [annul ar) to| print dense
and i solated tre as wel || as dense apd isol ated
contact hol es. Thexexposed, doated wafers were post

XBosHre halcad at— 120 C Fnr N_caconde anhd davel anad

AN SA A=A = LEN— I S A= A A= =) e ooy

yd—devel oped
t et PAR%Phy| | 4rhhviteryphenyl)
& oped coat ed| dighepylsuerdum
ghi zed Vjater and spuperdiupro-{23105]
ross secti onathoggethanap
ing | ayer wasulfyradtelat ed

by exam ning reso .1 mMmto the resolution

i r84FsOuF 48Q4 w idn for the ipaging | ayer
descri bed above 711-0. 1 |075mm f or dense trench

Was

At 1y Ao and N 14 O -1 o f y o~nont ant hinl ~Ac ronorl v
Cuﬂ. ur Lo, arryu U. 1= U, L mmrrr gt o2 TJC T LILI 1 I UP\’I T
5i zed 120 n dense_tpenches hgd a éé%?h ofT?'%(éJg
9= . y sized 130 nm dense '@W{%(‘YHOI es
.5-0. 6mm LI THOQGRAfamien

e fortul atli on for Lithoamapeislfonate
Exanpl e 2 was prepared as degcribed in the General

A4 o of DA { 2_92

rooa.l H De ne oo
of1th aLl ofh—roteautre—ust IFTV.'-ru g~ Ul O T y Ty T

tetranmet hyl -1, 3-di si |l a- 2- oxacycl ohexane carboxyllc
acid vinyl oxyethyl ester - co-maleic

anhydride-co-t-butyl neth I ) (polynmer P - 3),
0.203 g of PAG 3, 0.012 qﬁgpi'@w

1STRUIGFARECYc!| o[ 5, 4, 0] undec|-PPBne | NAMES. 33 g of
propyl ene glycol nethyl ether acetdte (PGVEA).

PDB1 | triphenylsuifonium
acetate
+
S, CH,CO,

PDB2 | Bis(4- tert-amyl
phenyl)iodonium

acetate
CHsCO,
PDB3 | triphenylsulfonium
Q laurate
@ C11H23CO;
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[0107] The formul ation for Lithographic Exanple 2 was

l'ithographically processed and evaluated in the sane
woesee2285 Li t hographi ¢ Exanpl e 1. The ul ti mat BCT/US2004/026979

resolution for the inmaging | ayer descri bed above was

0.1 mfor dense trench features, and 0.1 nmfor

contact holes. Properly sized 120 nm dense trenches

had a depth of focus of 0.6mm Properly sized 0 nm

dense contact holes had a depth of focus of 0.5nm

Gener al Lithogra@eneral BoatulatidriPfddedurei con waf ers

were first spun-coated with undercoats of the type

described in US Provisional Application No. 60/552, 489

aked iSECYM 03t j a enl -
?I?igginess %ﬁétgi%r:%teor 4%%’%2th§2 ‘ragg?@ééhsaﬁpﬁgg \/\%@és&phlc
Examphgspiéredmixedr intareambee bbtilgeandaralled astti ap gbynpguomieats were

G8Bakettn i RobRon s Eheribiation LT Herintg 2 clann amber
hotier t hi ckness of 170nm The resist sanples were then

exposed pattern-wise wwth an ArF exiner | aser beam
(193nm in an ISI 9300 through a photomask cont ai ni ng

was ut 111 zed vi ¢ n AT HORBARMICEXARRUETEL L, O O ©

setting. Theexposed resist coated wafers were then
subj ected to post-exposure bake PEE) treatnent on a
103031 at e £ bhe é@"@@'@@i%sfo[tléthﬁmaﬂg‘ﬂﬁ xggled gvascRtrRged as

Q@ Jri'B%d‘?gFﬂ‘?é @&%}Al-FoTHﬁIPaﬁdhePﬁ%gﬁHré’\@éiﬁp%wﬁ%f Poly (1,1,3,3-

subjected to a sSixty second p e devefopnent pro
tstramethyl- ©82isikmeR-wixaoyclofiexarter eambblylicaauidnallyinester--co-maleic
hydr oxi de. . The devel oper was renpved fromt
U a (B0 SEuTRtBh Dol Rs S0 e D agaad dAGH. 0.012 g of
YL Ahza 6y OB, 4BfURIdebeBRan® Whdlup. 338! 81 HrofR)iehd RfARtol methyl
sheared cross-sectionally across thé photoresi st

etber scetatmReMEA)ed during the above processes. The

data were collected using a Htachi scanning el ectron
m croscope at a magnification of 100k ti nes.

[0 OYPCRAPHT & litheyvabiSalBy éval0aRSheMormulatibhOoBilicd®ivafers were
Li t hogr aphi c Exanples 3-7 were prepared as

spin coated with a thermally curable undercoat and post apply baked at 200
°C for 60 seconds giving a 2100 A film thickness. The undercoat composition
was similar to those described in US Patent No. 6,323,287. The formulation
for Lithographic Example 1 was spin coated over the undercoat and post
apply baked at 130 °C for 60 seconds giving a 1700 A film thickness. The
coated wafers were then exposed using an ISI 9300 microstepper using
annular illumination (0.6NA, 0.8/0.6 annular) to print dense and isolated
trenches as well as dense and isolated contact holes. The exposed, coated
wafers were post exposure baked at 120 °C for 60 seconds and developed for
60 seconds using 0.262 N tetramethyl ammonium hydroxide solution. The

developed coated wafers were then rinsed with de-ionized water and spun

dry.

[0105] The images were analyzed by cross sectional scanning electron

microscopy. The imaging layer was evaluated by examining resolution from
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described in the General Formul ation Procedure using
PAG 1 (0.064 grans),
wa 2@sdea2zobi cycl o[ 5. 4. 0] undec- 7- ene (DBU; 0. 00BGT/gsBN%E026979
), PQGVEA (13.84 grans) and polynmer ( .09 g). Each
formul ati on enpl oyed a different polyner. Lithographic

(Eﬂénm & 3h%ﬁ9$®yw pmit. The Htslm%tgmeéolE%anﬁpé te imaging layer

@é‘%’%@é‘ﬁ phP e maseD 08 BRBNG, B WEate TsRR; Bbiespang 014

Bk Efmgfoﬁco‘ﬁfﬁ?ﬂt %?éé 'f-"réQerI)[ Q&é@hiﬁhﬁmfd@r@é' t‘?ﬁﬁr‘\&{é% N5 § depth

raphically eval uated using the Genera
of fovagrafphiv 5-0F9 eoed Rrepeny ajedfs ©30 Inn klegsaontact holes had a
Exanpl es 3 and_4 whi ch used 0.7 conventionahsi gma
ﬁthbrﬁfﬁ@W%WOfFﬂb W& ers were exam ned by scanni ng
el ectron m croscope for photospeed, resolution, depth
of focus (DOF), and profile shape. The results are

gi ven in LithographTHOGRAPHICVEXAMPILE 2or r espondi ng
post - apply (PAB) bake and post-exposure bake (PEB)
tenperatures enpl oyed. Energy to size (Esize) in Table

t /
RAPLT T Wi ERIRRRH foP LiBgiRic EDRMOl. 1 vEREDiepared as
ddafﬂ:ribiedeim th@ﬁdnel'diid'grramhtmrmmmldese GsiagB.46 gnof AGIQim1,3,3-
t d
eI SRS eV BPSTH en GepRgHiG e ayigRyethyl ester—
Tt t
%‘éﬁ%?%??”ﬁeﬂﬂ‘é%%:g?@' &Wbﬁﬁ%@‘égﬁ:ﬂ?.aﬁﬁ@ e greac
310.0159 o 18-diazabiryile Oittmle -agatandl @6s3% geof propylene

S Ratm BhistabelRIBPRER o ng " O T O e

[0107] The formulation for Lithographic Example 2 was lithographically
processed and evaluated in the same manner as Lithographic Example 1.
The ultimate resolution for the imaging layer described above was 0.11um for
dense trench featurés, and 0.14um for contact holes. Pfoperly sized 120 nm
dense trenches had a depth of focus of 0.6um. Properly sized 130 nm dense

contact holes had a depth of focus of 0.5um.
General Lithographic Procedure

[0108] Silicon wafers were first spun-coated with undercoats of the type
described in US Provisional Application No. 60/552,489 and baked for 70
seconds at 205°C to yield an underlayer thickness of 210nm or 400nm. The
resist samples were then applied over the underlayer and post-apply baked
(PAB) for 60 seconds at various temperatures, depending on the resist
sample, resulting in a resist film thickness of 170nm. The resist samples were
then exposed pattern-wise with an ArF eximer laser beam (193nm) in an IS!
9300 through a photomask containing line and space patterns. A numerical

aperture of 0.6 was utilized with a 0.8/0.6 annular illumination setting. The
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5125/ 48 0.1 1 0.45 Rounded top, 120 sl oped
sidewal |, footing 6 125 / 65 0.105 0.9 Slightly

w0 oasadexrtsA20 top, sloped sidewall, footed 7 12BCT/USE04/026979
0.105 1.05 Slightly rounded 120 top, slightly sl oped
sidewal I, footed LI THOGRAPH C EXAMPLES 8-12 [0111]
Esposadchegink cpated wafergr were dhex awbiecied-toopeatraxposure bake

PSR Al T SR T e el b B PhY Vel gapencing

dn(the @&Qérlme@ms Then tHe blamphrefars |v¢EEr§ sfhbﬁﬁdﬂ@@wa@m@r@cond
(DBU;, 0.0036 grans), and PGVEA rarrsl?

B ce DO G5 Wihch oot P‘»ﬁM'leﬂ af1ip rwe&wyéammomum
I
S5 TRE O op e A GHR) G GTR QRS by i

mnmgeaprlds:wEh dhlp.h/atelmmlnﬂbieqyafdar RvdsDspun dhodiNafers avere then
gl)c,i:q%gg-lf%%{s c[()jr@)ei)&éﬁ?ér?gg L:qtlplghfcg{eggﬂl Cliegx rz%male(se fc:>Lr2med during
H’ié hp@haPpidcessedPirae §at152v0@?é ecdlickthROaMY ‘éaHlt}échl scanning
eval uat ed using the General Lithographic procedure.
Elestraafraicsoseope alaamagsoiicetion ohhddntmesect r on

m croscope for photospeed, resolution, depth of focus
(DOF), exposure latitude (EL), nmask error factor

(MEF), and profi laTHOGRAPHIE EXANMPIES!3€7 gi ven in
Li t hographi c Table 2 w ththe correspondi ng post-apply

(PAB) bake and post - exposur e bake (PEB) tenperatures
IR/ ORI Rl b SRR, b NS debbied o
destribesinvihiehGeneral Formealatiod Rroaeduns dsihg (Flre(as1u(0.0©4 grams),
42 a2R36R) clo[5.4.0jundec-7-ene (DBU: 0.0036 grams ), PGMEA (13.84
grams) and polymer (1.09 g). Each formulation employed a different polymer.
Lithographic Example 3 employed P-1, Lithographic Example 4 employed P-
25, Lithographic Example 5 employed P-3, Lithographic Example 6 employed
P-8, and Lithographic Example 7 employed P-10.

[0110] The formulations were lithographically evaluated using the
General Lithographic Procedure except for Lithographic Examples 3 and 4
which used 0.7 conventional-sigma illumination. The wafers were examined
by scanning electron microscope for photospeed, resolution, depth of focus
(DOF), and profile shape. The results are given in Lithographic Table 1 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. Energy to size (Esize) in Table 2 refers to the energy
to resolve 130nm line/space patterns with equal line and space width
(measuring the line) for Lithographic Examples 3 and 4 and 120nm line/space
patterns with equal line and space width (measuring the space) for
Lithographic Examples 5-7.
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Li t hographic Table 2 Exanpl PAB/ Esize Resoluti DOF EL
MEF Profile e PEB (m/cmon (m) (mm (% Description
w@ 8)osp2R5125 / 55 0.1 1- 1.2 6.6 6.2 Slightly BABHUS2004/026979
0. 1075 cuspy top, slightly sloped sidewall, slightly

footed 9 115/ 62 0.105- 1.2- 6.6 2.7 Slightly 115
0.1075 1.35 roynded thitho T |._footed 10
1Esample | PABG | 1.Bdizd. d Re<olsitiopht DOFLILS r ouPrbfilet op,
sl oped si|dPE@ || (nfjemdd 11(dhmy / [7GurA) LO75DEsdMptionl 3
Rounded Jl@agop, sl oped sidewal | ,| foot|ng 12 115 / 63

5- 6.3

0.105 1.3 3.3 Slijghtly
3 110/ 51 0.12 0.45 | Rounded top, slight
110 slope to sidewall,
slight footing
4 105/ 70 0.12 0.45 Rounded top,
105 sloped sidewall,
footing
5 125/ 48 0.11 0.45 Rounded top,
120 sloped sidewall,
footing
6 125/ 65 0.105 0.9 Slightly rounded
120 top, sloped
sidewall, footed
7 125/ 59 0.105 1.05 | Slightly rounded
120 top, slightly sloped

sidewall, footed

LITHOGRAPHIC EXAMPLES 8-12

[0111] Formulations for Lithographic Examples 8-12 were prepared as

described in the General Formulation Procedure using a blend of PAG

1(0.017 grams) .and PAG 3 (0.0495 grams ), 1,8-diazobicyclo[5.4.0Jundec-7-
ene (DBU; 0.0036 grams), and PGMEA (13.84 grams) and polymer (0.922

grams). Each formulation employed a different polymer. Lithographic

Example 8 employed P-14, Lithographic Example 9 employed P-17,

Lithographic Example 10 employed P-19, Lithographic Example 11 employed

P-26, and Lithographic Example 12 employed P-18.

[0112] The formulations for Lithographic Examples 8-12 were
lithographically evaluated using the General Lithographic procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), exposure latitude (EL), mask error factor
(MEF), and profile shape. The results are given in Lithographic Table 2 with
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115 1.5 rounded top, sloped sidewall, footed

LI THOGRAPHI C EXAMPLES 13-18 [0113] Formul ations for
wapdosognaphi ¢ Exanpl es 3-1 were prepared as deBCT/Ub®d4/026979

in the General Fornul ation Procedure using polynmer P-1

, various PAGS, additives, and solvents described in

the KeespENEng ape-appIvr K BAB)r bakextansn ppékemqmgrtaqhﬁ ¢PEB)

Woﬁg ? ea8¥éa co- @gﬁ(\)/%ﬁ g %géﬁﬁg'tl SQLakhic Table 2 refers

to theognexphito rES@IV@HQS)nﬂrBHmSm@ pattérogrwithieqaal fhe and space
eval yated using the neral Lithographic Procedure.

W‘Fg h\aegeuring e 8R3GR)ned by scanning el ectron

m croscope for photospeed, resolution, depth of focus
(DOF), and profile shape. The results are given in

Li t hographic Table 4 hwtludzglamucd'labdmﬂondl ng post-apply

/l')AD\ halkp nlnl exXpoesure /DED\ teme (‘t wr-es
'ﬁ?gjpié?e Hﬁgifﬁ s;%@og'%i f‘%'hogl"'!% 'Pz;fﬂféﬂ
4 r&f er s REB t \Hniksmr gyon é 20481 | ne/sa&‘é’sc"Pt'O“
patterns (261 equ)al [ine and “Dace dth |(neasuring
t he8spacdR5 /Lji t Wafyr aphi 6.1tabl ¢ 31.BExam$.e PA.2mer RAGhtly
Co- PAG Babi& |PGVEA/ AmOut@75Anpunt or | PDB | Addi t cuspy top,
Amount (g) (g) Anount Amount (g) (9)|(g) [13 0.83 GligRtly
PDB2 / DBU 0./000 11.12 0.0066|7 14 0f 82 0 0494| PAG|épéd
DBU/ 0. 000 11.|12 0.0088 7 15 0{83 0.0494 PDB3 / sidewall,
DBU 0. 000 11./11 slightly
footed
9 115/ 62 0.105- 1.2- 6.6 | 2.7 Slightly
115 0.1075 1.35 rounded
top, sloped
sidewall,
footed
10 115/ 74 0.105 135 | 46 | 3.2 Slightly
115 rounded
top, sloped
sidewall,
footed
11 115/ 75 0.1075 0.105 | 61 3 Rounded
115 top, sloped
sidewall,
footing
12 115/ ~"63° | 0105 135 | 6.3 | 3.3 ~Slightly
115 1.5 rounded
top, sloped
sidewall,
footed
LITHOGRAPHIC EXAMPLES 13-18
[0113] Formulations for Lithographic Examples 13-18 were prepared as

described in the General Formulation Procedure using polymer P-11, various
PAGS, additives, and solvents described in Lithographic Table 3. The
formulation for Lithographic Example 16 also contained 5.56 g of gamma —

butyrolactone as a co-solvent. Formulations for Lithographic Examples 13-18
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0.0064 7 16 0.83 0.0123 PAG 3/ DBU 0.002 5.56 0.0357 8

17 0.82 0.0147 PAG 3 / DBU/ 0.003 11.12 0.0423 3 18
WO283/002280147 PAG 3 / Tri dodecyl - 11.12 0. 0423 ean/ns2004/026979

/0.01 14 Lithographi c Tabl e 4 Exanpl e PAB/ PEB Esi ze

Resol uti on DCF. Prof ( O (ml/lcnR) %(n‘n’z)

\wgchhhpgranmga"ys@va_lgetesiz ugmgztr@ fc‘sinerralat_lt @gapbico Procedure.

THR el o SR mned HES ik 355 FirdyoPq G PRotospee.

rebalutidopdepthrdfifoalis DOF)pbhd pebfilgehapeuMher mblté@ré gwen in
30/ 120 44_0, 12-0..1 top, vertical sidewa

9 fla
Li\vesiraniie pbiscd vith thegiorespapddbast ApphsIAR) PoKe and post-

exposure bake (PEB) temperatures employed. Energy to size (Esize) in
Lithographic Table 4 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Lithographic Table 3

Example | Polymer PAG 1 Co-PAG Basic PGMEA /
Amount | Amount | orPDB/ | Additive/ | Amount
(9) (9) Amount Amount (9)
(9) (9)
13 0.83 0.494 PDB2/ | DBU/0.000 11.12
0.0066 7
14 0.82 0.0494 PAG 6/ | DBU/0.000 11.12
0.0088 7
15 0.83 0.0494 PDB3/ | DBU/0.000 11.11
0.0064 7
16 0.83 0.0123 PAG 3/ | DBU/0.002 5.56
0.0357 8
17 0.82 0.0147 PAG 3/ | DBU/0.003 11.12
R ~0.0423 - 3 R
18 0.81 0.0147 PAG 3/ | Tridodecyl- 11.12
0.0423 amine
/0.0114
Lithographic Table 4
Example | PAB/PEB | Esize | Resolution| DOF. Profile
(°C) (mjlcm?) (um) (um) | Description
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cuspy top, slightly sloped sidewall, slightly footed

18 130/120 37 0.1 1 1.05 Flat top, sloped sidewall,
wo ommseek2E1 THOGRAPH C EXAMPLES 19- 22 [0114] Forpai/gas10051626979
for Lithographic Exanples 19-22 were prepared as
describ in the CGeneral Formulation Procedure using
pol ¥der P- 73@1d0t he c®ponent £.12and aﬁﬂ@nt% ddkat tomed
in Lithographic Table 5. Hormul ati ons f@P exanplertical
19-22 were lithographicallly eval uated using |t heidewall,
General Lithographic Procedure. The wafers wergndercut
exagyned| by3§Qaon| NYo¥fae4t[F ONOHABOSCRBRIA?  No data
phot ospeed, resol ution, depth of focus (DOF), exposure
latitude|(EL) and|profile |shape. The results are given
in Table!6 with the corresiponding post-apply (PAB)

bakd5and| pd30/18Qposurd2 bakle Q. F28) 11 enpdrdft ui es flat top,
enpl oyed, Energy to size (|[Esize) in Lithographiveriiedl e
6 refers|{to the energy to |resolve 120nm | i ne/ spigewvall,
patterns{with equal |ine and space w dth (neasuslighgly
the space). Li thographic Table 5 Exanpl e Pol ynmegnééeut

PAG1PBU PGVEdy1200UNnt 4ount oiplgrd 1 Amouny (9)  (k té8)
(g) 19,20 0.33 PAG 2 0.0201 0.001 1 @654 vertical

sidewall,
clean
interface
17 130/120 40 0.1 1.2 Slightly
cuspy top,
slightly
sloped
sidewall,
slightly
footed

18 130/120 37 0.11 1.05 Flat top,
sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 19-22

[0114] Formulations for Lithographic Examples 19-22 were prepared as
described in the General Formulation Procedure using polymer P-7 and the
components , and amounts described in Lithographic Table 5. Formulations
for examples 19-22 were lithographically evaluated using the General
Lithographic Procedure. The wafers were examined by scanning electron
microscope for photospeed, resolution, depth of focus (DOF), exposure
latitude (EL) and profile shape. The results are given in Table 6 with the
corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. Energy to size (Esize) in Lithographic Table 6 refers
to the energy to resolve 120nm line/space patterns with equal line and space
width (measuring the space).
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21,22 0.33 PAG 3 0.0187 0.001 1 4.654 Lithographic
Tabl e 6 Exanpl e PAB/ Esize Resolution DOF EL Profile
wWEEBszg25TMR) (m) (m) (% Description ( C 1BCT/BS2004&6979
0.1 10.9 15 Flat top, 125 sloped sidewall, footed 20
125/ 47 0.1 1 1.05 9.1 Slightly 120 rounded top,
sl oped sidewall, footed 21 135/ 30 0.1 1 1.05 1 5.8
Slightly 125 rounded top, sloped sidewall, footed 22
125/ 34 0.1 1 1.05 11 Slightly 120 rounded top, sl oped
sidewal |, footed LI THOGRAPH C EXAMPLES 23-32[ 0115]
Formul ati ons for Lithographic Exanples 23-32 were
prepared as described in the General Fornul ation

Procedure using polyner P-8, and
Lithographic Table 5
Example | Polymer PAG PAG DBU PGMEA
Amount Amount | Amount | Amount (g)
(9) (9) (9)
19,20 0.33 PAG 2 0.0201 0.0011 4.654
21,22 0.33 PAG 3 0.0187 0.001 4.654

Lithographic Table 6

Example | PAB/ | Esize | Resolution| DOF | EL Profile
PEB | (mj/cm?) (um) (um) | (%) | Description
(°C)

19 135/ 43 0.11 0.9 15 Flat top,
125 sloped
sidewall,

footed

20 125/ 47 0.11 1.05 | 9.1 | Slightly
120 rounded top,

sloped

sidewall,

footed

21 135/ 30 0.1 1.05 | 15.8 Slightly
125 rounded top,

sloped

sidewall,

footed

22 125/ 34 0.1 1.05 11 Slightly
120 rounded top,

sloped

sidewall,

footed

LITHOGRAPHIC EXAMPLES 23-32
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conponents and anounts described in Lithographic Table

7. The formulation for Lithographic Exanple 28 al so
whams02881 g of ga/ wna-butyrol actone. [0116] PCT/US2004/026979

Forrmul ati ons for Lithographic Exanples 23-32 were

| i thographically eval uated using_the General
01 8bgr aphf @Mrylatiensiios ltmﬂ@rawafCeEéamleé 2 adiwesg psgpared as

FEPLIIEEYRE O Tl FARERE BroAlEeS0sEd. o

r eés cus and” pr of oIgmerP8 and

ddmpomsits bﬁdaarﬁo@htsemsmbéd imbighegrbphicTRdble 78 Whé fbrtﬂlﬁatlon
correspondl ost pIy (PAQ)§ bake and post exposure
fierkih ?QJ‘EIB“Ct 84 9 EraapRracktyiojqctone.
(Esize) in L|thograph|c Table 8 refers to the energy

to resolve 120nm | i ne/ space patterns wth equal |ine
[d6kpace ﬁvbrduhamansaﬁauLithggnabhlcsfﬁmmblesmfi-ﬁzg\relphi c

T
WW@BMQMM@ by géaﬁﬂh%%%&oﬁanmc% e f%t%@b@é
0.0349 0.0024 6.486 24 0.49 PAG 4 |

@solutiansdesb Q@m%%a&id/pr@wsmﬁhew&ﬂw'@ geentin

trEEae Tabis, S A SonGsion e oS Hbp/SA ke g post-
Expdsdite bake ePBB Y inPer@flfiés employed. Energy to size (Esize) in

Lithographic Table 8 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Lithographic Table 7

Example | Polymer | PAG/ other Basic Solvent /

Amount | Amount | Additive/ | Additive/ | Amount
(9) (9) Amount Amount (9)

(9) (9)

23 0.48 PAG 2 / DBU / PGMEA /
0.0349 0.0024 6.486

24 0.49 PAG 4/ DBU / PGMEA /
0.0268 0.0024 6.485

25 0.48 PAG 5/ DBU / PGMEA /
0.0274 0.0024 6.486

26 0.48 PAG 2 / PAG 4/ DBU PGMEA /
0.0175 0.0134 /0.0024 6.485

27 0.47 PAG 2 / Tridodecyl | PGMEA /
0.0349 amine / 6.483

0.0081

28 0.47 PAG 2/ PDB1/ DBU / PGMEA /
0.0349 0.00506 0.0008 5.98

29 0.47 PAG 2/ | Trihexyl- | Tridodecyl | PGMEA /
0.0349 amine / amine / 6.484

0.0021 0.0041
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28 0.47 PAG 2 / PDB1 / DBU PGQGVEA/ 0.0349 0.00506

0.0008 5.98 29 0.47 PAG 2 / Trihexyl- Tridodecyl
WeEA22287 0349 ami ne / amine 6.484 0.0021 0. O0OPABOSDO4&6979

PAG 3 / DBU PGVEA / 0.0329 0.0019 6.484 31 0.48 PAG 3

[ DBU [ PGVFA_/ 0329 0.0029 6.484 32 0.48 PAG 3 /
DBUBO PGVEA 0.48. 032BAG. 9039 6. 484 Lijt hddBHphi ¢ RGMEA 8
Exanpl e PAB / Esi z6.0R28ol|uti on DOF(m 0.081F i ||le PES4
(maen?)| (ro.a8lescpat3pn ( C) 23 135pBY 7/ 0./ IpGMEA 75
Flat top, 125 sl opgghyzxgdewal |, footled 229 135 b 484
613506 S poghtt 25 rrounded—top,—skgped—sig -
foo?%d 25 1 gg/U (54%%%%%“0@ 125 sl op%[aogggewa?gzi;ii;/
Lithographic Table 8
Example | PAB/ Esize | Resolution | DOF(um) Profile
PEB | (mjlcm? (um) Description
(°C)
23 135/ 57 0.115 0.75 Flat top,
125 sloped
sidewall,
footed
24 . 135/ 61 0.115 0.6 Slightly
125 rounded top,
sloped
sidewall,
footed
25 135/ 64 Flat top,
125 sloped
sidewall,
footed
26 135/ 61 0.115 0.75-0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
27 135/ 54 0.11 0.75 Flat top,
125 sloped
sidewall,
footed
28 135/ 45 0.115 0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
29 135/ 42 0.115 0.9 Severe film
125 loss, footed
30 135 33 0.11-0.105 0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
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footed 26 135/ 61 0.1 15 0.75-0.9 Slightly 125
rounded top, sloped sidewall, footed 27 135/ 54 0.1 1

w@2005/08281 top, 125 sl oped sidewal |, footed 28PABES7004626979

0.1 15 0.9 Slightly 125 rounded top, sloped sidewall,
footed 29 135 / 42 0.1 15 0.9 Severe film 125 | oss,

f ooBéd 3D 1895 33 0541-0. 109019 g i ghlQSy 1p5 Sightled
top, slopeti2®i gewal |, flooted31 135 / 52 0. [ rquridegstop,
Slightly| 125 rounded top, slightly sloped si delightly
sloped
sidewall, .
slightly
footed
32 135/ 81 0.1 1.05-1.2 Rounded
125 top, sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 33 AND 34
[0117] Formulations for Lithographic Examples 33 and 34 were
prepared as described in the General Formulation Procedure using 1.38
grams of polymer P-9, 0.0813 grams of PAG 1, 0.0073 grams of
triphenylsulfonium acetate (PDB1, 0.0012 grams of DBU, 17.81 grams of
PGMEA, and 0.726 grams of gamma-butyrolactone.

[0118] Formulations for Lithographic Examples 33 and 34 were
lithographically evaluated using the General Lithographic Procedure except
that instead of using TIS193UL-52-50 for the underlayer, two other underlayer
formulations were used. The wafers were examined by scanning electron
microscope for photospeed, resolution, depth of focus (DOF), and profile
shape. The results are given in Table 9 with the corresponding post-apply
(PAB) bake and post-exposure bake (PEB) temperatures émployed. Energy
to size (Esize) in Table 9 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Table 9

Example | PAB/PEB | Esize | Resolution | DOF Profile Description
(°C) (mjlcm?®) (hm) (um)

33 130/120 41 0.11 1.05 Slightly rounded top,
slightly sloped sidewall,
slightly footed
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slightly footed 32 135/ 1 0.1 1 1.05-1 .2 Rounded 125
top, sloped sidewall, footed LI THOGRAPH C EXAMPLES33
WEAND34228117] Formul ati ons for Lithographi c Exeampis®o8®&6979
and 34 were prepared as described in the General
Formul atjon Procedure using 1.38 granms of pol yner P-9,
8 0] @735-@‘3 s @P- | Flat top, vertlcal ‘'sidewall,
(0.10032 gr ansleah iDiBdace

ganna-butyrolactone. [0118] Fornulations for

Li t hographi ¢ Exanpl es 33 and 34 were lithographically
eval uated using the General Lithographic Procedure
except that instead of using TlIS193UL-52-50 for the
underl ayer, two other underlayer fornulations were
used. The wafers were exam ned by scanni ng el ectron

m croscope f o [PAOGRAPHIC EXARIPLES 35 ARDtIE of focus
(DOF), and profile shape. The results are given in

Table 9 with the correspondi ng post - appl y (PAB) bake

ost-e k (P. 0
B0R) " o “EBGRMERRRS cfor! FrRbaleBRe | BhiihBRel B HER o, were
prepaesd| ve H2Qoibdd nigY saaceawralermrnvulétl“oreqleaicebur@ The
and space width (nmeasuring the space). Table 9 Exanp

f@A@N#ﬂé@rﬁﬁrz'elthmp.Fa@nm % ehniatiedsh 0B igems ! pabjmer P-
§ Mt Hg?a)phqéné B3 S#&gé}%g géﬂ\%lgl}e’ar%s o PoRM&P-¥. Both

roun top, ed si
formulations also contalned 0.064 grams of PAG 1, 0.0036 grams of DBU,

and 13.84 grams of PGMEA.

[0120] The formulations for Lithographic Examples 35 and 36 were
lithographically evaluated using the General Lithographic Procedure except
conventional sigma of 0.7 was used instead of the annular illumination
scheme described. The wafers were examined by scanning electron
microscope for photospeed, resolution, depth of focus (DOF), and profile
shape. The results are given in Table 10 with the corresponding post-apply
(PAB) bake and post-exposure bake (PEB) temperatures employed. Energy
to size (Esize) in Lithographic Table 10 refers to the energy to resolve 150nm
contact hole patterns with equal contact hole and space width (measuring the

contact hole).

Lithographic Table 10

Example | PAB/PEB Esize | Resolution | DOF(um) Profile
(°C) (mjlcm?) (um) Description

35 110/110 112 0.15 0.6 Slightly
rounded top,
slightly
sloped
sidewall
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slightly footed34 130/120 38 0.115-0.1 1 0.9- Fl at
top, vertical sidewall, 1.05 clean interface

wa bobEI@ERAPH C EXAMPLES35 AND 36 [0119] For nul ap¢DOS2000026979
Li t hogr aphi ¢ Exanples 35 and 36 were prepared a s

describhed in the General Formulation Procedure. The

f or 861 at | oA25020Li |t hoW3aph| ¢ EdApl e |35 @6nt ail neflatdop,
granms of |polymer R- 1. Lithographic Exanple 35 slightly
contai ned 1.09 grans of po|ynmer P-6. |Both fornul asloped
al so contained 0.Q064 grans|of PAG, 0.0036 gramnssiewall
DBU, and 13.84 grans of PGVEA. [0120] The fornulations
for Lithographi c Exanples 35 and 36 were

l'i thographically eval uated using the General

Li t hographi c Procedure except conventional sigma of
0.7 was used instead of the annular illumnation

ol ot ron m cr SILHOPRAPTIEOATERES HANB " Gept n'

of focus (DOF), and profile shape. The results are
given in Table 10 with the correspondi ng post-apply

(R3] bakeFarmdulabsns efgrod.ithegtaplic (BEBNptesEbt aamn‘ e88 were

RGO as cHERDoS  BL Be . Seral Bt SRR e, T

fsthulaeadr ﬂfrrLSthwgtetprﬁ@ E&brrﬁﬂmeat?dorh&hed angs YPane ofl psiimner P-
éx asuring the contact hole). Lithog @#Jhl c Table 10

anphe formaylption day Lihegraphla FxamplsGn yomaied .38 apms of
RBHRIR-420 ) 8P fRlidRhoialsh ' irkatida’d 8ats ordnfl 61 PAG 1,

l'y roun
0.0073 grams of triphenylsulfonium acetate (PDB1), 0.0012 grams of DBU,

17.81 grams of PGMEA, and 0.726 grams of gamma-butyrolactone.

[0122] The formulations for Lithographic Examples 37 and 38 were
lithographically evaluated using the General Lithographic Procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), and profile shape. The results are given in
Table 11 with the corresponding post-apply (PAB) bake and post-exposure
bake (PEB) temperatures employed. Energy to size (Esize) in Lithographic
Table 11-refers—to the energy to resolve 150nm contact hole patterns with -

equal contact hole and space width (measuring the contact hole).

Lithographic Table 11

Example | PAB/PEB Esize | Resolution | DOF(pm) Profile
(°C) (mj/cm?) (um) Description

37 130/120 70 0.15 0.45 Flat top,
sloped
sidewall,
clean
interface
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si dewal | 36 125/120 103 0.14 0.6 Flat top, slightly
sl oped sidewal | LI THOGRAPH C EXAMPLES37 AND38 [ 0121]

wao-ooosntast ons for Lithographic Exanpl es 37 andpGBUSEINE026979

prepared a s described in the General Fornulation
Pr ocedur The formul ation for Lithographic Exanple 37

conB&i ned 13¥18Pans of 8pol yner0.#4 9. [ Thed-Bor nlil atlabiop.
for Lithographic Exanple 37 contained 1.38 grans veftical
pol ymer P-12. Both fornul ations al sojcontained Osi684aall,
grans of| PAG 1, 0..0073 graps of triphenyl sul foni ugtean

acetate  PDBl), 0.,0012 grans of DBU, |7.81 grams iaferface

PGVEA, and 0. 726 grans of ganma-butyrolactone. T0I12Z]
The formul ations for Lithographi c Exanples 37 and 38
were |ithographically eval uated using the Ceneral

Li t hographi ¢ Procedure. The wafers were exam ned by
scanni ng el ectron m croscope for phot ospeed,

resol ution, depth of focus (DOF), and profile shape.
The results are ﬁi ven in Table with the correspondi ng
post - appl y ( PABTHOSRABNIC FoAMELES 89 ANRIAD ( PEB)

t enperatures enpl oyed. Energy to size (Esize) in

Li t hographic Table refers t the energy to resolve 50nm
Eﬂ:lmatct hoTke platmalationei foh LethograpriatBamplebe3@rahd 40 were

S R bR o
%rﬁﬁfu!elt%n% c%htélﬂbé K Fope g@?%ﬁim@ﬂ PO Hl06H04rms 6PPAG 3,

0.45 Flat top,
00036 grams of DBU. The formulation for thhographlc Example 39 also

contained 5.54 grams PGMEA, and 5.54 grams 2-Heptanone. The formulation
for Lithographic Example 40 also contained 8.31 grams of PGMEA and 2.77
grams of 2-Heptanone.

[0124] The formulations for Lithographic Examples 39 and 40 were
lithographically evaluated using the General Lithographic Procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), and profile shape. The results are given in
Lithographic Table 12 with the corresponding post-apply (PAB) bake and

o s

post-exposure bake (PEB) temperatures employed Energy to size (Esize) in

Lithographic Table 12 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Lithographic Table 12

Example | PAB/PEB Esize | Resolution DOF Profile
(°C) (mjlcm?) (um) (um) Description

39 125/115 47 0.1075 0.75 Slightly
cuspy top,

slightly

sloped
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clean interface38 1 30/120 78 0.14 0.3 Flat top,

vertical sidewall, clean interface LI THOGRAPH C
wWE20M602 BSB89 AND4O [ 0123] The fornul ati ons for PCT/US2004/026979
Li t hogr aphi ¢ Exanples 39 and 40 were prepared as
describhed in the General Formulation Procedure. Both
formul at| ons contdi ned 0.86 grans of |pol ymer P- 1sidewall,
0.0618 grans of PAG 3, 0.0036 grans of DBU. The slightly
formul atjon for Lilthographic Exanpl e|39 al so qontmom@:d
5 54007 ATST PERE, [ANU48. 541 Orge7s- Hepy SRS | Thegjgh
formul atjon for Lijthographic anpl e| 40 "al so ¢o &5 §
8.31 grapms of PGAQVEA and 2.77 grans of 2-Heptamno liahtl P,
[0124] The fornul dtions fol Lithographic Exanpl esSlg8tly
and 40 were |ithodgraphical |y eval uatéd using the sloped
General Lithographic Procedure. The wafers were SIqewa"
exam ned| by scannijng el ectfon m croscope for slightly
phot ospeed, resol ution, depth of focus (DOF), |andfooted
profile shape. The results are given in Lithographic

and post - exposul HEREARPIR EXABBEESTH L Yol oyed.
Energy to size (Esize) in Lithographic Table 12 refers

to the energy to resolve 120nm | i ne/ space patterns
W135lequal Thenéoramdakmm:efow Hithographisurixegnplae §ﬂacé4 were

S ARl 5 e PO B TR 8y B o
PAT 1 éde’AQ; 3055Iy9ne7r51% dekbbityclo[5.4.0Jundec-7-ene (DBU), and
PGMEA in the amounts described in Lithographic Table 13. The formulation

for Lithographic Experiment 41 employed polymer P-22. Lithographic
Experiment 42 employed polymer P-21. Lithographic Experiment 43
employed polymer P-23. Lithographic Experiment 44 employed polymer P-
24,

[0126] Formulations for Lithographic Examples 41- 44 were
lithographically evaluated using the General Lithographic procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth-of.foeus (DOF), exposure latitude (EL), mask error factor
(MEF), and profile shape. The results are given in Lithographic Table 14 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. Energy to size (Esize) in Table 14 refers to the
energy to resolve 120nm line/space patterns with equal line and space width
(measuring the space).

Lithographic Table 13

Example | Polymer PAG 1 PAG 3 DBU PGMEA
Amount | Amount | Amount Amount | Amount (g)
(9) (9) (9) (9)
41 1.02 0.019 0.055 0.0043 13.89
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cuspy top, slightly slopedsidewall, slightly footed 40
125/1 5 49 0.1075 1.05-1 .2 Slightly cuspy top,
wa@ bkaoghrd2y7 sl oped sidewal |, slightly footed LI TeEREI0bH/@6979
EXAMPLES41 - 44 [0125] The fornul ations for
ithographic Exanples 41- 44 were prepared as
desé?i befl i 8-Qhe GeRDH7 Fpr -5 on| Pré®ddur e usth@9a
bl ead of | PAG. 41 and BA3# polgogene | 0.0072 |  23.16
, O~ dZ0pP1 C Q.[ 4, eL-7 pU PGV I
the dnount s dbober LbOP I H Lt rO80a8hi ¢ P 15 TR 16
formul ati on for Lithographic Experinent 41 enpl oyed
pol ymer P-22. Lithographic Experinent 42 enpl oyed
olynmer P-21 . Lithobithographicptablestd 43 enpl oyed

—t

pBxammple PPAB/ | i Hydge apResdxpion MBIOF 44EENpIMEEd  Profile
pol ymer P-pEB. R-@-}/&ﬁiz)Fiorrruhmt;ionSfﬁm) L4 )hogr aphi Description
Exanpl es 4fbc)44 wer e lijit hographiclally eval uated ysi ng
t he Genernal Lithographijc procedurie. The wafers ware
exam ned|by scanni ng ellectron m croscope for
photgspeed. —resolution,depth-f f oeus {DOF)},  exposure
| at Alude 192&’3 o3k erlr or Ofldct or| eEEE), 7-Ant 208%1li | eSlightly
shape. Thell@esults are |gi $e0Tdh Lithographi ¢ Tablle Taunded
with top, slightly
sloped
sidewall,
slightly
footed
42 125/ 42 0.11 1.35 | 6.6 | 3.6 Rounded
115 top, severe
roughness
43 125/ 37 no data 1.5 | 10. 3.1 Slightly
115 8 rounded
top, slightly
sloped
sidewall,
slightly
footed
44 115/ 38.25 0.11- 06 | 59 | 5.1 flat top,
115 0.1075 vertical
NS B R _ sidewall,
clean
interface

LITHOGRAPHIC EXAMPLES 45 AND 46

[0127] The formulations for Lithographic Examples 45 and 46 were
prepared as described in the General Formulation Procedure using a blend of
PAG 1 and PAG 3, polymer, 1,8-diazobicyclo[5.4.0]undec-7-ene (DBU), and
PGMEA in the amounts described in Lithographic Table 15. Lithographic
Experiment 45 employed polymer P-12. Lithographic Experiment 46
employed polymer P-14.
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the correspondi ng post-apply (PAB) bake and
post - exposure bake (PEB) tenperatures enpl oyed. Energy
WO 000si0z2s51 Esi ze) in Table 14 refers to the enerQpUs®04/026979
resol ve 120nm | i ne/ space patterns with equal |ine and
Eg‘ace wi dth (nmeasuring the space). Lithographic Table
2Blanpl e Thel fprmaulatings 1fopAdihoarephiedramplesud® ate¢e: were

(BB RS ATR Ro0Rg E) Geora YiloBlertls brdcedsheent

éxpdsre®3leré GoObH 8n CXETIL2A100 gbhnher With BBINA of 0.75 and
..0916 0.0072 23,16 Lithographi.c Tabl e 14 Exanpl e PAB/
&s?ii‘ﬁ@w?’i‘ft'l“aﬁ'r@@P”EN]sﬁ?%ﬁeFFPB‘F'PIV@?é%’ qitsn

51 p(\ﬁ§§s-shift.
ﬁ'é%lt;g %er%r?iﬂrétfl%%iﬁéﬂ’ throlyh trdsddactions® SEM. fste

9 topld
2.84 Slightly 1 0. 1075 rounded top, slightly s opeg own

o SEN was usgd. ITthe weotassl wite EX@niind@ by. QD ISEM3Bicgoscope for
gggtglrs«éggg i?ps%u%ﬁrgfq%ﬂiﬁrcﬁr%cﬂg “(%JBE)S Sefo)?c’JSLljrze5 Ia(titgge rIEL), and
mask error factor (MEF). The results are given in Lithographic Table 16 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. In these examples the PAB and PEB bake times
were 90 seconds. Energy to size (Esize) in Lithographic Table 16 refers to
the energy to resolve 100nm line/space patterns with equal line and space

width (measuring the space).

Lithographic Table 15

Example | Polymer | PAG 1 PAG 3 DBU PGMEA
Amount | Amount | Amount | Amount | Amount
(9) (9) (9) (9) (9)
45 1.05 0.0187 0.0504 0.0042 13.87
46 4.32 0.0803 0.2319 0.0182 55.35
Lithographic Table 16
Example | PAB/PEB | Esize | DOF (um) | EL (%) | _MEF
(°C) (mjlem?)
45 135/120 31.8 0.54 11.8 4.2
46 125/110 43.6 0.48 6.8 5.1
Lithographic Examples 47 and 48
[0129] Formulations for Lithographic Examples 47 and 48 were

prepared as described in the General Formulation Procedure. Both examples
contained 1.04 grams of polymer P-7, 0.061 grams of PAG 1, 0.0035 grams
of DBU and 13.9 grams of PGMEA.
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115 8 rounded top, slightly sloped sidewall, slightly
footed 44 115/ 38.25 0.1 1- 0.6 5.9 5.1 flat top, 115

wO®28/6%29erti cal sidewall, clean interface LI TXEBREI0bE/Q6979

EXAMPLES4A5 AND46 [ 0127] The fornul ations for
Li t hogr aphi ¢ Exanpl es 45 and 46 were prepared as
described in the General Fornulation Procedure using a

f P .
BRI Soni dpe faAtRfis or Pl B Anhip Exemples 47,and 48 were
tithegeaphically desloatdsedising ithe hGgnerathi lathbgodehi¢ SProcedure. The
BAGE AR, SebiRen S cedaronal e DokyREroe 7 pnotospecd
- i%ébg%tg&i%ﬁiptﬁwlfé&iﬂﬂ)@F 0B2pdRUre Ui 4taes gIEt') anERHBRkEshape.

6 were li1thographically eval uated using the

Gbroesllts iaré @iveapin tithogrephicr Baldg cehwitbxihesceresspamding post-
an ASM__ [, 100, scanner w,th of 0.75 and

G0RG, G BLRARY sard PRSPRATTER B4 PER) tedpetitles Bmpigyec.

EnkRiy & kP (Bsigsy fhiTable RFSHEféR WE e RPlergy t@ireS6lve 120nm

t hrough cross-sectional SEM |nstead a top-down (CD)
tenfspace pakernswith aavallineand-spagevidél (mgaspingetre space).
m croscope for photospeed, resolution, depth of focus
(DOF), exposure latitude (EL), and mask error factor
(MEF). The results aldthgigraphioTablehtgyr aphi c Tabl e 16
WEk&nipie | (RABFREBNdI EgiZR0st RegplutioAROPFakgLand Profile

post - expasur echake (hff&h?) (um) (um) | (%) | Description

47 | 135/125 53 0.11| 1.05| 16 | Flat top,
sloped
sidewall,
footed

48 | 125/120 59 0.105 0.9| 6.2 | Rounded top,
sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 49 — 51
[0131] The formulations for Lithographic Examples 49-51 were
prepared as described in the General Formulation Procedure using the
components described in Lithographic Table 18. The formulation for
Lithographic Experiment 50 also had 0.573 g gamma-butyrolactone.

[0132] The formulations for Lithographic Examples 49-51 were
lithographically evaluated using the General Lithographic Procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), Exposure Latitude (EL), Mask Error Factor
(MEF) and profile shape. The results are given in Lithographic Table 19 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
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t enper at ures enpl oyed.
PEB bake ti mes were 90 seconds.

n these exanples the PAB and
Energy to size (Esize)

WO moosirzegr aphi ¢ Table refers to the energy toPCEES100€026979

100nm | i ne/ space patterns wth equal
measuring th

vvldth

reg [y

space).

epiRipYash&neron® sizeghs

Lit

hefist

line and space
hic Tabl e 15
ifiRaraphisable 19 refers

W%ﬂ%é@ﬁ%%“?off%’ 9500 s5%ym6ahyT godalfpe and space

Widih §eheaSudhg the bpagedphi ¢ Tabl e 16 Exanpl e PAB/ PEB

_ DOF(m) EL (%9 MEF ( © (m/cnmR) 45 1 35/120
31.8 0.54 .8 4.2 46 125/1 0 43.6 0.48 6.8 5.1
Li t hographi c Exanples 47 and 48 [0129] Fornul ati ons

JEsi ze

for

described in the Ceneral
exanpl es contai ned 1.04 grans of polymer

Li t hogr aphi c Exanpl es 47 and 48 were prepared as
Formul ati on Procedure.
P-7, 0.061

Bot h

grans of PAG 1, 0.0035 grans of DBU and 13.9 grans of

PGVEA. [ 0130] The for rm{rﬂigra

i

Rid Pablel 1éhogr aphi c

Exanples 47 and 48 were || ographically eval uated
UEXamplee Redymern/ |Li Pﬂggk apGic RAGcet | r eBasiee iaBelvent /
wer e exani Astowyt scamdunt el éelditive fri ¢rAsiditive /f oAmount
phot ospeed, (g)sol uti ofg) deptAmount {(gus AbBbUnt d;xpostg)e
Latitude |(EL) and |profile shape. The resuld)s arle given
in Lithographic Table 17 with the correspondi ndl
post appl y (PAB) bake and-post-exposure¢ bake (PEB)
t enper at ur ep-£3p! Ay PAG el gyPAG Si/ze | (HSBe] [1INPGMEAR /
17 referg toyphe engygyg?o| resglosg 120nm 0042 13.872
50 P-16/ PAG 1/ PDB1/ DBU / PGMEA /
0.86 0.0642 0.0058 0.0009 10.494
51 P-20/ PAG 3/ DBU/ PGMEA /
1.05 0.0731 0.0055 13.873
Lithographic Table 19
Example | PAB/ Esize | Resolution| DOF | EL | MEF Profile
PEB (mjlcmz) (um) (um) | (%) Description
(°C)
49 130/ 44 0.115-0.11 | 0.9- | 5.1 Flat top,
120 1.05 sloped
sidewall,
clean
interface
50 125/ 48 0.1075- 0.9- >4 Cuspy top,
115 0.105 1.05 vertical
sidewall,
slightly
footed
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| i ne/ space patterns with equal |ine and space w dth
(measuring the space). Lithographic Table 17 Exanple

WE2B5PEBSESi ze Resolution DOF EL Profile ( C »¥an/is108)/026979

(m) (m) (% Description 47 135/125 53 0.1 1 1.05 16
Flat top __sloped sidewall footed 48 125/120 59 105

0.958. 2 RIJAded t & sllopBd!Fiddevall2 f obt ed 5.1 Rounded
LI THOGRAPHI 5 EXAMPLES49 - 51 [0131] The for[mul at i chep, slightly
for Lithographjc Exanples 49-51 were preparjed as sloped
described in the General Fornul atlion Procedure usi ngdewall,
the components| described in Lithqgraphic Table 18. TEnghtly
formul ation for Lithognaphic Expgriment 50 |al so had fgoted

0. 573 g gamma-butyrofactone. [0132] The fornutations
for Lithographic Exanples 49-51 were |ithographically

The wai ors wer o WIHAGRATYCEXARREE RS on

m croscope for photospeed, resolution, depth of focus
E(%DO: , Exposure Latitude (EL), Mask _Error Factor (MEF)
$3pr of i | Ehe thanpeulatiere ferekithegranhis Gxample 2 was prepared as

&éé f?)%rdalﬁgﬁ%: gﬁglr%aitgrrrm%ﬁbﬁ qucce%rurrg E?@Bﬂg{gs g of polymer P-

post - app and post-exposu
{ PEBD2&mpeg atafr eBAGNPH oy @dz41gneby RAGsiZe (BSBzeg iof 1,8-

ci_itho_ raphic Table 19 refers to the energy to resolve
'%ﬁ‘ﬁ'f%V‘F'ﬂ[é/,%BM‘@eﬁa%-?@? 9] 9458 guefi PrepyiENg ey seethyl ether

Yethte (FERAEA)! Tide iR Eor LithbRPHPELEMPARPES W prepared
as described in the General Formulation Procedure using 17.07 g of polymer
P-27, 0.317 g of PAG 1, 0917g of PAG 3, 0072 g of 1,8-
diazabicyclo[5,4,0Jundec-7-ane and 231.62g of propylene glycol methyl ether
acetate (PGMEA).

[0134] To lithographically evaluate the formulation, silicon wafers were
spin coated with a thermally curable undercoat and post apply baked at 205
°C for 90 seconds giving a 4000 A film thickness. The undercoat composition
was of the type described in US Provisional Application No. 60/552,489. The
formulation for Lithographic Example 52 was spin coated over the undercoat
and pbst apply baked at 125 °C for QOyg&gﬁcg‘giv_ing a 1700 A film thickness.
The formulation for Lithographic Example 53 was spin coated over the
undercoat and post apply baked at 135 °C for 90 seconds giving a 1700 A film
thickness. The coated wafers were then exposed through a 9% attenuated
phase-shift reticle using an ASML /1100 scanner with a numerical aperture of
0.75 and 0.89/0.59 Quasar lllumination to print dense trenches. The exposed
wafers were post exposure baked at 115 °C for 90 seconds for Lithographic
Example 52 and 110°C for 90 seconds for Lithographic Example 53. Both
were developed for 60 seconds using 0.262 N tetramethyl ammonium
hydroxide solution. The developed wafers were then rinsed with de-ionized

water and spun dry.
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Exanpl e Polyner / PAG Co- PAG or Basic Sol vent /

Amount Anmpunt Additive / Additive / Amount (g) (9)
wa@emane226y) Amount (g) (g) 49 P-13 PAG 1 / PAGGI/USIOBLN26979
/ PGVEA / 1.05 0.0187 0.054 0.0042 1 3.872 50 P-16 PAG
1/ PDBl1 / DBU PGVEA / 0.86 0.0642 0.0058 0.0009
10.494 51 P- 0/ PAG 3/ DBU PGVEA / 1.05 0.0731

fofds 13. §E warbROMEAPBKSmIRH t%gjn%vﬁj( cﬁfwﬁ,ﬁ; ze

esol'uti on DOF EL MEF Prof| e PE
()%)tdseeedl peptbrof foc@)s @EORB@N ebepo@uﬂel@tlmde (EL). Bmp@rly sized

758y Bnge TgnEnes ra1iRE o R s dose &1 1 g adtad S

|4/ b
H@BfH @ﬁﬁogﬁéR gﬁg@e J‘Tiéh%g N Se&ﬁgélﬁéﬁ_lat&d&a (dEL‘Woqug'}aphlc

Example 52. Properly sized 100 nm dense trenches required an exposure
dose of 48.4mj/cm2, had a depth of focus of 0.78 pm, and 14.3% Exposure
Latitude (EL) for Lithographic as well as a Mask Error Factor (MEF) of 3 for
Example 53.

[0136] After top-down by CD SEM evaluation, the wafers were
subjected to etch in a plasma reactor to etch away the undercoat in the
developed areas using an etch gas mixture with one of the etch gases being
an oxygen source. After the etch process, wafers were then sheared cross-
sectionally across the photoresist relief images formed during the above
processes. The data was collected using a Hitachi scanning electron
microscope at a magnification of 100k times. Lithographic Examples 52 and

53 formed 100 nm equal lines and spaces with near vertical profiles.

[00137] . While the invention has been described herein with reference to
the specific embodiments thereof, it will be appreciated that changes,
modification and variations can be made without departing from the spirit and
scope of the inventive concept disclosed herein. " Accordingly, it is intended to
embrace all such changes, modification and variations that fall with the spirit

and scope of the appended claims.
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sidewal |, slightly footed LI THOGRAPH C EXAMPLE 52-53
[0133] The fornul ation for Lithographic Exanple 52 was
w@emparrs7 as described in the General Formul at PONUS2004/026979

Procedure using 14.38 g of polyner P- 11, 0.257 g of
PAG 1, 0.741 g of PAG 3, 0.058 g of 1, 8-

ycl o[ 5, 4, 0] undec- 7- ane and 194 56 g of
propylene glycol nmethyl ether acetate (PGQVEA). The
formul ation for Lithographic Exanple 53 was prepared
as described in the General Fornulation Procedure
using 7.07 g of polyner P-27, 0.31 7 g of PAG1 0.91 ¢

o azaih ByOE"48,tgomeric, unts optaingd g pofymerizing through
pr opylamensﬁtwabdad gaidp/IR of thermanetrar ©f SBGhde 1 [ 0134]
To lithographically evaluate the fornmulation, silicon
wafers were spin coated with a tffermal |y curabl e

under coat and post apply baked at 205 C for 90 seconds
giving a 4000 A filmthick@gss. Ohe under coat
conposition was of the type scribed in US

Provi si onal Application No. 6p/552,489. The
formul ati on for Lithographi le 52 was spin
coated over the undercggt pnd p rapply baked at 125
for 90 seconds giving a EQ fGi"m_t hi ckness. The
formulation for Lit hogliép’hi C (E%allﬁ) 53 was spin
coated over the undercoat and post apply baked at 135
C for 90 seconds givVing Srdd A filmthickness. The
coated wafers were then expose8 through a 9%

attenuat ed phase-shift reticle using a n ASM. / 100

scanner, with a_punerical aperture of 0.75 and
0. 89/ heei,adAr i1 AumaiRlYi 6aNtadipgi Ap a&w@ufalhfn@ne@turated

00" sclRmiEeTAp f?f%‘@ﬂ BoR IS (S HAER R SEE T ARghE roup,

secondmdf each R’ hsmcﬁqﬂerﬂeﬁﬂwm}al@téﬁfmﬁotﬁe group con3|st|ng of a
Ci-10 linear or cyclic alkyl group, a Cg19 aromatic or substituted

t

aromatic group, a Cy.g alkoxy methyl, and a C4.g alkoxy ethyl group.

2. A polymer of claim 1 wherein the monomer of structure 1 is selected
from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid aIM est”er; ﬁ1,1,3,3-tetramethyl-1,3-
disila-2-oxacyclohexane-carboxylic acid butenyl ester, 1,1,3,3-
tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic acid vinyloxyethyl
ester, and 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic

acid f-methallyl ester.

3. A polymer comprising a co-polymer having monomeric units obtained
on polymerizing through an unsaturated group R' of a monomer of
Structure |
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wer e devel oped for 60 seconds using 0.262 N

tetranmet hyl ammoni um hydr oxi de sol ution. The devel oped
wowdoens22ser e then rinsed with de-ioni zed wat erp@nNUSBPUN69IT79

dry.[0135] The wafers were exam ned top-down by CD SEM

for photospeed, depth of focus (DOF), and exposure

| atitude (EL). Properly sized 1@3 n dense trenches

requi red an exposure dose of 3 .|8nj/cnR, had a depth

of focus of 0.44 m, and %WExpgéure Latitude (EL) for

Li t hographi c Exanple 52. Propgrly sized 100 nm dense

trenches required an exposure dose of 48.4m/cnR, had

a depth of focus of 0.78 214. 3% Exposur e

Latitude (EL) for Litheggdraphic Il as a Mask Error

Factor (MEF) of 3 for l e 53;10136] After

t op- down by CD SEM evaRdet' ‘/theRﬁafers wer e

subjected to etch in a plasnma reactor to etch away the

undercoat in the develo usi ng an etch gas

m xture wth one of the@gﬂgﬁhggies bei ng an oxygen

source. After the etch process, wafers were then

sheared crosssectionally across the photoresist relief

i mgewheseifedR dus i ag nmaietyamentaipingc it egthy®hisaliyt ensatyrated

oo o PRty Bl 260k iR IR eRfY A0k B SIS Group,
Exanpbed &ithaRY i hdepenednthp 8cliterlifio ’(Hen?ﬁ)u@n@bnsisting of a

spaces with near vertical profiles. [00137] While the .
i nvenfGion INESr pRe FYEEG c3lkye 8rP1tR. e n Gaite HATPBETASICC RE eSUbstituted

th i.f 4 i h f1, ol A
o cBRhatic of RS CRNAROKRILEANI, abd a1t 14 alRxy ethy! group,

can be nade wi thout departing fromthe spirit and

scope of, the inventiye conce i scl osed herein. . .
A obr AN PROTRT U cRBBath Ry PaDEnGliAInG (ah acid-sensitive

chang@ﬁ,wémgély &%dt%t@d‘?owﬁfér&bb%ohﬁﬁfer.f all wth
the spirit and scope of thé appended clains. W claim

1. A polyner having nononeric units obtained on

%ng@{b@&ﬂ%ﬁ%@?ﬁﬂ@g & c}érl]rsnaé Wh%trgig\ #EeM ncl)?r%etpfof gt]r%cture | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid allyl ester, 1,1,3,3-tetramethyl-1,3-
disila-2-oxacyclohexane-carboxylic acid butenyl ester, 1,1,3,3-
tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic . acid vinyloxyethyl
ester, and 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic

acid B-methallyl ester.
5. A polymer according to claim 3 wherein the acid- sensitive ethylenically

unsaturated polymerizable monomer is selected from the group

consisting of monomers of the structure
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Rl R3 Structure wherein RL is a noiety containing an
et hyl eni cally unsaturated pol ynerizabl e group, each R2

wo s00sn022pendent |y a al kyl ene group, and each RBCT/BES2004/026979
i ndependently selected fromthe group consisting of a
|'i near or cyclic alkyl group, a C6-io0 aromatic or
substituted aromatic group, a al koxy nethyl, and a
al koxy ethyl group. 2. A polyger of claim1l wherein
the nononer of structure 1%S selected fromthe group
consistipg of 1,1,3,3-tetrapethyl-1, 3-disil a-2-
oxacycl ghexane- car boxyl i ¢ R8aI |yl ester, 0

1,1, 3,3\ etramet hyl -1, 3% @ y
poxylic acid p @ SR,
5 -

di sil a- o§hcyc|ohexane-cgg
1,1,3,32 10O

tetranmet Ryl -1, 3-di sika- 2-vxacycl ohexane- car boxylic

aci d vinyl oxyethyl ester,land , ,3,3-tetranethyl-

, 3-di si | a- 2- oxacycl ohekdane; Bar boxylic aci d b-nethallyl
ester. 3. A polyner conprising a co-polyner having
nmononeric units obtai ned on pol ynerizing through an

unsat ugal.gd ngr oup Rl of sa pRpAemer of Struct ghguerv
Structure mhejeln RL is a noiety containing an

et hyl Wheein| ' imsalegted &onpihs eiseup Honsisiineuyf, kwdrager Cia

o SRR B 08 A0 X RSl o v

| i neagroup cywsdistngabky Cag bt:anch@dCor cyclier alkgl, iahd C,.g linear or
substi tuted aromatl C ggoup, al koxy nmethyl, and a
Ci. al REXIG calipx dg wlwﬁemméh%rq@ @M%$tﬁél10fb§ﬂ Cs-

pol y”&ﬂacf\hglgalﬂ?l eN. Zn%ﬁ{lﬁ' bvﬁmtlkhyér?tf]hs%lré)éach independently

unsat ur
selected from the group conS|st|ng of H, linear or branched C4-C4 alkyl,

and halogen; R® is selected from the group consisting of H, or
branched or linear C4-C4 alkyl; R™ is selected from the group
consisting of substituted or unsubstituted phenyl, a substituted or
unsubstituted linear, branched or cyclic C4-Cy alkyl, optionally
containing an ether or ester group, a substituted or unsubstituted
phenylalkylene and a substituted or unsubstituted CgCy cyclic
alkylene; R and R' are independently selected from the group
consisting of H, linear or branched or cyclic C1-C{4 alkyl, and C7-Cq4
alicyclic; R" is selected from a C4-C14 branched linear or cyclic alkyl,
substituted or unsubstituted phenyl, and C;-C14 alicyclic group, and R™
is an acid cleavable protecting group that generates carboxylic acid

when cleaved by acid.
6. A polymer according to claim 4 wherein the acid- sensitive ethylenically

unsaturated polymerizable monomer is selected from the group

consisting of monomers of the structure
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4. A polynmer according to claim3 wherein the nononer
of Structure is selected fromthe group consisting of

wd 2582251 et r anet hyl - 1, 3-di si |l a- 2- PCT/US2004/026979
oxacycl ohexane-carboxylic acid allyl ester,
1,1,3,3-tetranet hyl -1, 3-
di si | a- 2- oxacycl ohexane-carboxylic acid butenyl ester,
1,1, 3, 3- RS
tetranet hyl -1, 3-di si | a- 2- ox@cycl ohexane- car boxyl i c
aci d vi nyt oxyethyl ester, and ,
, 3, 3-tetranmet hyl - 1, 3-di gﬂ' I y oxacycl ohexane- capboxyl i

c acid thallyl este A pol ymer acgording to y
claim3 rein the acid- _s&nsitive ethy}d o R

R
unsatur‘&t d pol yneri ngb pnoner i s selpected fromthe

gr oup CORSI sting of RonomErs of the structureV H
Structure Structure Struktufe IV wherein R4 is

sel ected fromthe gr oulb Bi'sting of hydrogen, alkyl
group, or a Cl1-3 perfluorinated alkyl group, R5 is
sel ected fromthe group consisting of C4-20 branched

or cycgjngtmglnkyl and C kipgRigor cyclic a- agkesyrv
al kyl §e| ected fromthe group consisting of H,
- C w«nere"aﬂﬁyus selgcteth dronH tee Rrgup F@prﬁfﬁalnasofar@ycta@ﬁn Ci3

i ndepgfy Paid ﬁg? H(afﬂhfaﬂh%ﬂé% gﬂ;@fgﬁﬁnﬁs %‘R%éllggt‘éﬁ ffdm the

i near ogen

sel ecgempf C(MIISISﬁ'ng gfo@p 2@0remc31e|dngr oilclfd, alyl, rah Chgdinear or
or |linear Cr al kyl is selected fromthe group

consi §¥<F"ﬁg1'6 @i‘w'.t Bt @dseiectﬁﬁsfmth ¢ Grewp wf&as;xmg %f H, Cs-

subst it ﬁ‘@ }}'u @Nétﬁ‘?fdo%gcl‘z@@) RINGH 5 Ra;éﬁg ee‘gﬁﬂ independently

cycllc y 2cont ai i n
est er sgleoiga, frcanstbbs;rbﬂplt:edsmhngj of bbsimeamoieblranched C1 C, alkyl,

h | al kyl a substitu unsubsti t ut
D Cyopnd YolBOFaode s SSelRtiont 500 dhendihen sanbigng of H. or

ngﬁgtﬁﬁcggegbi hméuﬂ_@g @f”aﬂkﬁt . ﬁg’ ‘?é_%élebﬂeﬂe@lron‘?rthe group
consisting of substituted or uﬁsubstituted phenyl, a substituted or
unsubstituted linear, branched or cyclic C4-Cy alkyl, optionally
containing an ether or ester group, a substituted or unsubstituted
phenylalkylene and a substituted or unsubstituted Cg-Cyo cyclic
alkylene; R'" and R are independently selected from the group
consisting of H, linear or branched or cyclic C1-C14 alkyl, and C7-C4
alicyclic; R"™ is selected from a C4-Cy4 branched linear or cyclic alkyl,
substituted or unsubstituted phenyl, and C;-C14 alicyclic group, and R™
is an acid cleavable protecting group that generates carboxylic acid

when cleaved by acid.
7. A polymer according to claim 3 wherein the polymer additionally

comprises monomeric units from polymerization of another silicon

monomer having a polymerizable double bond.
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alicyclic; R13 is selected froma branched |inear or

cyclic alkyl, substituted or unsubstituted phenyl, and
w@boospzd2sT group, and R14 is an acid cl eavabl ePCT/US2004/026979

protecting group that generates carboxylic acid when

cI eaved b?/y acid. A polyner accordi n? to.claim4
fher ofin PONENaT AACOTINGS 1P] GiaiMBy fiywegreial the pebaner adgiionally

pol y [ I e g
Consi EoRACer MBRGMRNic! Bny Ry ol rifzgiin fof, dhother silicon
Str uctm:trmmér Hatvingca potynierétable daulslelbongher ei n R4 is

sel ected fromthe group consisting of hydrogen, alkyl
group, or a 1-3 perfluorinated al kyl group, R5 is

gel eCIAGGOIWr@méc'&Srcﬁlgﬁ’l!@ &8RP BS\R/hQ&Wfth%D?ﬁn&r Q&&lh@ﬁally has
or cyclic™al kyl 't near or cyclic ‘a-

al kyl MOReMayics alnitst fant rmiymaezgmumfcan@ﬂen stgccm rRpnomer

eachcr‘ mﬁ&%ﬁ%ﬁyzﬁpeﬁg’éecﬂ?%%?ﬁe EZoSgdcsﬁs?;?| ng

of H, linear or branched Cl1-C4 al kyl, and haI ogen R9

is selected fromthe gpoup consmtmg@g H,

Y- ancﬁe@olwmelriafféafd"@ &laig 8 wheeins pméalqonowpnﬁ@er is

group t | bs te I ubsgi t
henyF’glggt%sdab ut éﬁ’ or b}otd?u OﬁSbStlﬁg Il%trﬁeag Iﬁﬂmethylsnane

br anchm@ltme&%nlene%t&bkvyylloxyoptetlwl'airﬁe’(hylenam nimethaaryloxy

et her or substit substi t yt ed
hony PRIRAT SRENEHD Slosiisline ariia HOSH cePvip I Siructure X
cyclic al kylene; R11 and R12 are independently

sel ected fromthe gro consisting of H, l|inear or
branched or cyclic al kyl, and alicyclic; R13 is

sel ected froma branched |inear or cyclic alkyl,
substituted or unsubstituted phenyl, and alicyclic

group, and R14 is an Pd cl eavabl e protecting group

t hat generates carboxylic acid

wherein R is selected from the group consisting of hydrogen, a Ci.
linear or branched alkyl group, and a linear or branched Ci3
perfluorinated alkyl group; each R® is independently selected from the
group consisting of hydrogen, a Ci.y linear, branched, or a cyclic alkyl

group, a Cr.y alicyclic alkyl group, and a C4.1¢9 aromatic group.

11. A polymer according to claim 9 wherein the other silicon monomer is

selected from the group consisting of allytrimethylsilane,
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when cl eaved by acid. A polyner according to claim3
wherein the polynmer additionally conprises nononeric

wanos®R26om pol yneri zati on of anot her silicon PONUS®N4/026979
having a pol yneri zabl e doubl e bond. 8. A pol yner

according to claim4 wherein the p W{rmer addi tional |y
conpr VéEwErimsHuhElane. uRethacrixy mathylimethyisiangs methacryloxy

anot h n
pond. PoPEietRRSRRY <)aHe thd A FOSSTHOBER (PRt IX.
pol ymer additionally has nononeric units from

pol yneri zati on of anotjher silicon nononer having a

pol ynmeri zabl e doubl e/vond. 10. A polyner according to
claim8 wherein t ot her silicon nononer is selected
fromthe group consi of allytrinmethylsilane,

vinyl trinmethyl silane/ nethacryl oxy

nmet hyl tri net hyl sil are, nethacryl oxy

propyltris(trinmethylsiloxy)si I ane 2and a PGOSS nol ecul e
of Structure I X whefein R1Q i ected fromthe
group consi sting of \aydr ogz | i near or branched

al kyl group, and a Ii 1 or bran‘%lﬁb 2per fl uorinat ed
al kyl group; each R20R20srpnd ity 26el ected from
t he group consisting of ogen, \ ear, branched,
or a cyclic al kyl group, & C o &l d) ycllc al kyl

group, and a aronatic 1—@ potiymer according to
claim9 wherein the other 'Dcon 9} bmet’ i s sel ect ed-
fromthe group consisting of S'

al l ytrimet hyl sil ane, vi nyl tlfpffret hyI sil ane, nethacryl oxy
met hyl trinethyl sil ane, methacryl oxy
propyltris(trinmethylsiloxy)silane, and a POSS nol ecul e

of St hereineRTXs selieuted frdrd Ihé Yrogp eohsidting @MHylfogen, a Cq;
group consi sting of hydrogen, a 1-3 Ilnear or branched

al kyl ligedjupr &fnehed n'fé'é)" §foY-afPHe@ 1ingar or branched Ci.
fl I t I

el ecP S pAaR kYl o8LB Back BT < Fideb PrbgiiBpeaIeaRl o the

| i neagrouyr amﬂlsid\g of hydrogeh; a Calzkyhegr, d»mmcIde’br%Ocyclic alkyl

all Cyalréucp,%l oaﬁ‘cy&ﬁ: algﬂ grou;g:,lan1 a 12?%?&%3% Sy&p

&I

12. A polymer according to claim 3 wherein the polymer additionally
comprises monomeric units from polymerization of at least one other

ethylenically unsaturated, polymeriza.ble property enhancing monomer.

13. A polymer according to claim 7 wherein the polymer additionally
comprises momomeric units from polymerization of at least one other

ethylenically unsaturated, polymerizable property enhancing monomer.
14. A polymer according to claim 5 wherein the polymer additionally

comprises monomeric units from polymerization of at least one other

ethylenically unsaturated, polymerizable property enhancing monomer.
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12. A polymer according to claim3 wherein the polyner
additionally conprises nononeric units from
w@odognEnszat i on of at | east one ot her et hyl enieel/U§2004/026979

unsat urated, polynerizable property enhanci ng nonomer.

13. A polyner according to claim7 wherein the polyner

dadi t iforRgllyyet ARsPIARS o taEr 9 wharein thempolymer additionally
pol y”%'bhfﬁ[?'egr}nﬁﬁoﬁ\teril: i Bélpﬂerigé{i‘éﬂ OPiatdbidt one other
unsat urated, polynerizable property enhanci ng nmononer .

14. Aepoylgmieallypoosatdiated tpolyrharizaliie wihepartynenhanghod yistiomer.
additionally conprises nononeric units from
pol ymeri zation of at |east one other ethylenically

sat ih&a t LN :
oy P K ORInG ZRL ST GHhFRIFEGe Pther, thyjenically
pol y mensatigiatedo pailyryerizaiie ipgegenty rmimancingumonsniarois selected
pol ynmeri zation of at.l.east one other hy| eni I
(st 0k Bhe Suariiciss BBt REpameS L SRELRY. M asey
16. A polymer according to claim 12 wherein the other

et hyl eni cal | y unsaturated, polynerizable property
enhanci ng nonongfsis sel ectg® from the group

consi sting of a nonomer_of”Structure VI and VII RI16
V R18 StriuctuneV Structure\vl_§tructure Vil Riberein

R15 is ect fromthe group”consisting of H a
| i nearOor KPancked al kyl &hd_@ |inear or branched
al koxy group; R16 is sel ect €@ fromthe group

consi sting of hydrogen, a linear or branched al kyl

group, angtacluevar or sigrgdey perf | umidhgead al kyl
group; R17 is selected fromthe group consisting of a

| i near, branched, or cyclic al kyl group, C7.20

alicyclic alkyl. grou C1.20 linear, .Qhranched ro..

cycl i c‘!""@{ﬂ'@rﬁgr'8%ﬁ?e(§%%?r8"bF'argqutp %qrm%mgagﬂﬁ@é?ﬁ-%hnear or

sel ectypahdHedMalkye BIHOUPIiINEUISHBralcd TG alkokPXyroup! R is

a al kyl ester, alkyl carboxylate, and hydroxyl "  group.
selected from the group consisting of hydrogen, a Ci3 linear or
branched alkyl group, and a linear or branched C,.3 perfluorinated alkyl
group; R" is selected from the group consisting of a Cy.y linear,
branched, or cyclic alkyl group, Cy.59 alicyclic alkyl group, a Cq- linear,
branched, or cyclic ether group, and a Cq_1o aromatic group; and R'® is
selected from the group consisting of a C1.g alkoxy, or a Cy.5 alkyl ester,

alkyl carboxylate, and hydroxyl group.
17. A polymer according to claim 13 wherein the other ethylenically

unsaturated, polymerizable property enhancing monomer is selected

from the group consisting of a monomer of Structure V, VI and VII
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17. A polymer according to claim 13 wherein the other
et hyl eni cal | y unsat urated, polynerizable property
we@ndvanzizey nononer i s sel ected fromthe group PCT/US2004/026979
consi sting of a nononmer of Structure V, VI and VII15 R
Structure V Structure VI Structure VI wherein R15 is
sel ected from tgfé group cong®sting of H a linear or
branched_al ky})  and a | Lnear or branc 1-4 al koxy
group; ;E? s selected_FF§§£L grougegéngiﬁﬁing of
hydr ogepi._a l4near or branghed al kyl group, and a
| i neaP’or O anc®ed 1-3 peft| uerinated al kyl group; R17
is selected fromthe group é%nsisting of a |inear,
branched, or cyclic al kyl group, C7-20 alicyclic alkyl
group, a SHucktelV near,Sliciiven@d, or cghckret/mer
group, and a aronmatic group; and R18 is selected from
the group consisting of a C - al koxy,or a 1-S al kyl

t | kyl b | at d hyd | ., 18 A
pol yrikp Sl a5 iegtes) fom g gliup SoRsisHad of fta il linear or
et hyl sraneRéd Yalkyisahdr atiddar R braRichaable, MAIRPES igroup; R'6 is
enhanci ng nononer is selected fromthe group _
consi saleetgdofrom rtbergtaupofcorsistiog upke hiydrogdn, aadCys | lingar or

s e ebphe AR B gFa R teRged AT farped atky
or brgraubeRl isybelaotbdaflomeane Grloupr 8onsisthdbf 4a akgxiinear,

group; R16 is selected fromthe group consisting of
hydr o@@ﬁ?hﬁd 1Qreyclie @iyl groud: &ven élﬂcﬂ"ﬁﬂkyé BERHP; ahdr2@linear,
l'ine = I ihat ed, al p; 18
Ry 2 AREnR AR ot HBLp) HRG 61 G ndinidle GofiiRand R s
br ancéedectedrfrary ¢he graalpkgdnsistmgpof a80C,-g alkoxycor @ Galglalkyl ester,
group Cl- 20,1 near, branched, or cyclic ether group,

and aélktﬁﬁaép%?tiecaaﬁj&fﬂfoxé(ﬂar% is selected fromthe
group consisting of a al koxy, or a al kyl ester, alKkyl

car boxyl ate, and hydroxyl group.
18. A polymer according to claim 14 wherein the other ethylenically

unsaturated, polymerizable property enhancing monomer is selected

from the group consisting of a momomer of Structures V, VI and VI

R15 R16
L o T
S
o~ S0 o O 47
R
Structure V Structure VI Structure VI

wherein R'® is selected from the group consisting of a H, Cq.4 linear or
branched alkyl and a linear or branched Ci.s alkoxy group; R is
selected from the group consisting of hydrogen, a Ci.3 linear or
branched alkyl group, and a linear or branched C;.3 perfluorinated alkyl
group; R" is selected from the group consisting of a Ciy linear,

branched, or cyclic alkyl group, Cy.» alicyclic alkyl group, a Cq- linear,
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19. A polymer according to claim 15 wherein the other

et hyl eni cal | y unsat urated, polynerizable property
we@ndvanzizey nononer i s sel ected fromthe group PCT/US2004/026979

consi sting of a nonomer of Structures V, VI and VI

R16 V R18 Structure V StructureVl Structure VI 18

wher &rangesl, iog cygliceethed arelsmangea ¢ron@rematic orourj asid R

T 2l i eit6lB LoRkikha BFY &, d ARERY, % €12 a&t}rgster,

al koxy grou ecte rom

consiatkyl ngrbm‘xytay@l,ramienydraxyllgreap_ or branched al kyl
group, and a linear or branched 1-3 perfluorinated
aI kyI group; R17 is selected fromthe group consisting

'dlﬁ%e[(b%&%?d\ﬁ d’rcé&)ﬁé Ef\ﬁbé‘ﬁélin %nghhege’%&lenically

allcycllc al grou i near, bran
cycl |wsatunatedgrmnh3pnemabla mopermylemhganomrg meomdniek8isi selected

S ky g fis SraunarSistig st HoBoman a7 syRcBiss W M apa v

20. A polynmer according to cl ai mwherein the rronorrer
of Structure is selected fromthe group consisting of
1,1,3,3-tetranptihyl - 1, 3-di pilt a- 2-

oxacycl ahexar -car boxy. acr d and 1_
133ttra thyI13d|sIa R18
oxacycl - car boxyl i c Aci b net hal |yl ester, and

t he &did s@nsm@ve et hyl émcqﬂly unsat ur at ed,
pol ymeri zabl e nononer is a Ronomer of Structure I1,R
Structure I] wherein R4 is selected fromthe group

consi st i gruefurdydr ogemstruetibe 1l kyl  os@uurey a C . 3
perfluorinated al kyl group and R5 is selected fromthe

group consi sting of 4-20 branched or cyclic alkyl, and

-8 \A'/Her}&‘%r RQ’r |scsye?ected ?r lﬁ?xéroup Xonsrstrng of H, a Cq4 linear or
branched alkyl and a linear or branched Ci. alkoxy group; R is
selected from the group consisting of hydrogen, a Ci.3 linear or
branched alkyl group, and a linear or branched C4.3 perfluorinated alkyl
group; R' is selected from the group consisting of a Ci.p linear,
branched, or cyclic alkyl group, C7.»0 alicyclic alkyl group, a C4-5 linear,
branched, or cyclic ether group, and a C1.1o aromatic group; and R* is
selected from the group consisting of a Cy_g alkoxy, or a C4.g alkyl ester,
alkyl carboxylate, and hydroxyl group.

20. A polymer according to claim 12 wherein the monomer of Structure | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid and 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid p-methallyl ester, and the acid
sensitive ethylenically unsaturated, polymerizable monomer is a

monomer of Structure Il,
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2 . A polynmer according to claim20 wherein the

mononer of Structure Il is selected fromthe group
w@onsisisng of t-butyl acrylate and t-butyl PCT/US2004/026979

nmet hacryl ate. 22. A polynmer according to clai mwherein

the nononer of Structure is selected fromthe group

consisting of 1,1,3,3-tetranmethyl-1, 3-disila-2-

oxacycl ohexane- car boxylic aci,d and

1,1, 3,3-tetranet hyl - 1, 3-di sifa- 2-

oxacycl ohexane- car boxyl i id b-nethallyl ester, the

acid sensitive ethyl enically=dafisat ur at ed,

pol yneri zabl e nononer is agronomer of Structure |1

and the other silicon monomd is-3-(3,5,7,9,1,13,1 -

hept aet hyl pentacyclo [9.5.1 . .1 .1

]octa-sil oxan-1-yl) propyl nethacrylate. 23. A polyner

according to claim 22 wherein the nononer of Structure

is selected fromthe group consisting of t-butyl

acrylate and t-butyl nethacrylate.24. A polyner

according to clai m 14 wher ¥ le acid-sensitive

et hyl eni cal ly unsaturated pol yneri zabl e nonomer

conprises a nononer of Structure Il V Structure U

wher evhergln RS is eletanted flanorthe hgrogp otqnsisdingi of i hydrogen, Ci.3

hydr oge 1-3 alkyl qr . 0 -3 perfl uorsnat ed

a1 ky PR LD g e PethrinRlectaiky arRGhaniRe f sSbcted from
pol y ims g?@tﬁi SorMiStRRY &y CgRNBrHchEd BINYERE alk§l, HRNIEC s linear or
anhydride, and R5 is selected fromthe group
consicyclingratfoxgsliy. br anched or cyclic alkyl, and 2-8
linear or cyclic -al koxy alkyl,. 25. A photosensitive
conposition conprising: a. at |east one polyner; b. at

2heasta paI9nieheiceakiin a8 Rowherath the monomer of Structure Il is
selected from the group consisting of t-butyl acrylate and t-butyl

methacrylate.

22. A polymer according to claim 13 wherein the monomer of Structure | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid and 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid B-methallyl ester, the acid sensitive
ethylenically un‘saturated, polymerizable monomer is a monomer of
Structure I, and the other silicon monomer is 3-(3,5,7,9,11,13,15-
heptaethylpentacyclo  [9.5.1.13%.1%'% 17 ¥|octa-siloxan-1-yl)  propyl
methacrylate.

23. A polymer according to claim 22 wherein the monomer of Structure Il is

selected from the group consisting of t-butyl acrylate and t-butyl
methacrylate.
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c. at |east one solvent, .wherein the at |east one

pol ymer conprises a polyner of claim3. 26. A
w@bmsoseesi ti ve conposition according to clai nP@BEUS2004/026979

wherein the at | east one photoacid generator conprises

a photoacid generator that generates sulfonic acid.27.

24. phdt obelBIar| \ACCORIPsitei chaiat cbf divlhereth cthe nagid-sensitive

wher | q&ﬁ i engr co j

A pnotAGem)  Uigaaes, BAARF T HoRbBles BihbA

consinsérnigrgendt $todetarein or sul foni um sul fonates. 28. A

phot osensiti ve conposition according to claim 27

wherein the sulfonate is a fluorinated sul fonate. 29.

A photosensitive conposition conprising: a. at |east

one polyner; b. at |east one photoacid generator, and

c. at least one solvent, wherein the at |east one

pol ymer conprises a polynmer @k claim5 and the

aci d-sensitive ethylenically/ unsaturated pol yneri zabl e

nmonomer i s one of Structure \I. 30. A photosensitive

conposition according to cl amM29 wherein the at |east

one phot oaci d gener at or conﬁqgses a phot oaci d

generator that generates sulfonic acid. 31. A

phot osensitive conposition according to claim 30

wherein the at | east one photoacid generator conprises

a phot oaci d generator selected fromthe group

consi sting of iodoniumor sulfoniumsulfonates. 32. A

phot osensi tive conposition@ggearging to claim31

wherein the sulfonate is a fluorinated sul fonate. 33.

A photosensitive conposition conprising: a. at |east

one pol yner;

wherein R is selected from the group consisting of hydrogen, Ci_3
alkyl group, or a Cy.3 perfluorinated alkyl group, and the ethylenically
unsaturated, polymerizable property enhancing monomer is maleic
anhydride, and R® is selected from the group consisting of Ca.zo

branched or cyclic alkyl, and C,g linear or cyclic a-alkoxy alkyl,.

25. A photosensitive composition comprising:
a. atleast one polymer;
b. at least one photoacid generator, and
c. atleast one solvent,

.wherein the at least one polymer comprises a polymer of claim 3.
26. A photosensitive composition according to claim 25 wherein the at

least one photoacid generator comprises a photoacid generator that
generates sulfonic acid.

84



b. at | east one photoacid generator, and c. at | east
one solvent, wherein the at | east one pol yner
w@opneees a pol ymer of claim 8 and the aci d- SBOEUS100€026979
et hyl eni cal ly unsaturated pol ynerizabl e nononmer is one
of Structure I].34. A photosensitive conposition
2Z4ccoAdphgtosensitive reBrPeRiieriasceringtto| eamp Zmevherein the at

Phat sh cpiF cBhakapic HENEraGP BuRPRSEECH ColEREH Qenerator
conpesletieanfranche girogp tonsitingoBiédehieneonstlfehian dutfedbtes.

one phot oaci d generator conprises a photoacid
generator selected fromthe group consisting of

ROdOR| ni NALESdirmd 1o t i 4
280 oA HRee R LUMGRAIRBESapif oA R 7 TAHAHP e
sul f sulidreate ¢s a flubrpaiedaguifonatd. f onate. 37. A
phot osensitive conposition conprising: a. at |east one

polymer; b. at |east one photoacid generator, and c.

20! | AgsHotesEnsHRleV&sthpodhiéh ebmptiBgat | east one pol ymer
conprises a polyner of claim1l4 and the acid-sensitive

et hyl erd.cat legastiogapalyaerd pol yneri zabl e nononer is one

accor difhgt sl ansPaoaRFARTEERL @iy e cal 1y "
unsat ur@t atlleagbbh@ebiveabl e property enhanci ng nononer

is mal ei ¢ anhydride. 39. A photosensitive conposition
accomiergjnttbe @tdeastaneapelyeias qoneprifes| 2 2olyrpeleof claim 5 and

hot L i : .
Phat HREREUARIRNREPotGRIREND Thsay RAGLBEN diaB(c hitomer is
conpoaetof &rugturerldi ng to cl aim 38 wherein the at

30. A photosensitive composition according to claim 29 wherein the at
least one photoacid generator comprises a photoacid generator that

generates sulfonic acid.

31. A photosensitive composition according to claim 30 wherein the at
least one photoacid generator comprises a photoacid generator

selected from the group consisting of iodonium or sulfonium sulfonates.

32. A photosensitive composition according to claim 31 wherein the

sulfonate is a fluorinated sulfonate.

33. A photosensitive composition comprising:
a. atleast one polymer;
b. atleast one photoacid generator, and
c. atleast one solvent,
wherein the at least one polymer comprises a polymer of claim 8 and
the acid-sensitive ethylenically unsaturated polymerizable monomer is

one of Structure II.
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| east one photoacid generator conprises a photoacid
generator selected fromthe group consisting of

w0 oaben22281 or sul f oni um sul fonates. 41. A phot oBenEs1004626979
conposi tion according to claim40 vvherei n the
sulfonate is a fluorinated sulfonate. 4

3hot Hs Bhetosesitive BPesiten cneprdiag ig: Cla)m ad3 wheyeinothe at
POl VIt o, BhotoB2RY o8NS RO LAREEL0% Bhatciid BBettor that

at | east one vent erei one pO

conpgeremtes palfonienciaf claim 2 . 43. A photosensitive
conposition according to claim42 wherein the at | east
one phot oaci d generator conprises a photoacid

356”eﬁag%tots@ﬁ%.thg@”@drﬁégétiéﬁ'J&Btcﬁlnﬁ%dcla@‘ﬁ Bﬁwl&erem the at

hot osensitive co tion accor to
wher East t bee aphd)teastd qQenguator oacmorigest eaapbotoacitr geresgator

cons PEBRRg BAm (B0 GO UR EBRSSUN BHeBHP LA PbRALGhium tfogates.

phot osensitive conmposition according to claim 42
wherein the at |east one photoacid generator conprises
38. sulAf piotesensitiven £0EPASEIONA gerordiRg o claje 35 wherein the

ol TSP BRObARA SuPrlldonat e, 47 A
phot osensi tive conposition conprising: a. at |east one

2 . at |l east one photoacid generator, and c.
t |é\a@,hot@$@1%fbvev@qmpowﬁ@ﬂ@pmnrﬁwgat | east one pol yner

conprises a po I 4. 48. A photosensitive
£05H Bt She BoATer

conposition ac 'al'm 47 wherein the at | east
one phot oacilsl geleastbne photqacidgenerafdroandci d
gener at or that 9? {at es sul {oni c acid.
c. atleast one solvent,
wherein the at least one polymer comprises a polymer of claim 14 and
the acid-sensitive ethylenically unsaturated polymerizable monomer is

one of Structure I1.

38. A photosensitive composition according to claim 37 wherein the
ethylenically unsaturated, polymerizable property enhancing monomer

is maleic anhydride.

39. A photosensitive composition according to claim 38 wherein the at
least one photoacid generator comprises a photoacid generator that

generates sulfonic acid.
40. A photosensitive composition accordring to claim 38 wherein the at
least one photoacid generator comprises a photoacid generator

selected from the group consisting of iodonium or sulfonium sulfonates.

41. A photosensitive composition according to claim 40 wherein the

sulfonate is a fluorinated sulfonate.
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49. A photosensitive conposition according to claim47
wherein the at | east one photoacid generator conprises
wa@2@pbotnsci d generator selected fromthe groupPCT/US2004/026979

consi sting of iodoniumor sulfoniumsulfonates.50. A

ﬁhot osensi tive conposition according to claim47
4er e Photrsensitive LOMRATIQeA™MRE$IAdgener at or conpri ses

a sul fg !é&%ééﬁléﬁg‘%lgmeﬁl' A phot osensitive

conposition accord to claim49 wherein the
sul f on&l) eatileast drieuphotoatiddjegrdtonanel 52. A process
treatnment of a substrate by neans

for the lithographic
of a biCPa%?a%iﬂf{)eo§(é¥?%tt process, the process _
CONP{h&fdiIthedat IBRSVKH gSIyﬁf‘P $BRIIrRES aahﬁalyﬁn%ﬁbf BRirh 212

first coating step said Substrate with an undercoat
solution, c) baking to renove solvent, d) coating in a

ecopd cqating.step a ot osensitive C 0S,i.t i on_af
431 o i AR, BrfhaRIh, PGl SHRE AL YRR the a
photjeaeBbhé FHAGHcId ejerfraRs i diinpritsbh | Rbadi@Sh&ierator that
stack, f) devel oping the photosensitive conposition
por t 9&ieratests1fopia agidr phot or esi st stack making a
portion of the underlying undercoat visible, @)
rinsing the bilayer photoresist stack, and h) etching
44.he Ai phdtbeensitiey coaipdsitichin aceording t@ dias @@ twherein the at
produce a bil relief image. 53, A process for the

er _ _
| i t HegFlpi& RhQIGRFEnOeBeralors iumpries 1, Phelnacigr ggnerator
b | 2 86c1R AhdPh %4 Btouy SiRIting!diSodBriGRSST BRI SO
a) prov(i;gi ng a%?ﬁésc% ate, Sngcéga(t)%gﬁi n a irLdtrﬁ sOfonates.
coating step said substrate with an undercoat

45. A photosensitive composition according to claim 42 wherein the at

least one photoacid generator comprises a sulfonium sulfonate.

46. A photosensitive composition according to claim 44 wherein the

sulfonate is a fluorinated sulfonate.

47. A photosensitive composition comprising:
a. atleast one polymer;
b. atleast one photoacid generator, and
c. atleast one solvent,

wherein the at least one polymer comprises a polymer of claim 24.

48. A photosensitive composition according to claim 47 wherein the at
least one photoacid generator comprises a photoacid generator that

generates sulfonic acid.
49. A photosensitive composition according to claim 47 wherein the at

least one photoacid generator comprises a photoacid genérator
selected from the group consisting of iodonium or sulfonium sulfonates.
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solution, c) baking to renove solvent, d) coating in a

second coating step a photosensitive conposition of
w@b@sne297 over the undercoat to produce a bil aper/US2004/026979

phot oresi st stack, e) exposing the bilayer resist

stack, f) developlng t he photosensitive conposition

5(or tA GOIsaNsivBi GaspRASTit Aeeerding toselaitk 47eherain the at least
por tér?é‘pﬁt%tg%gﬁ @hgeﬁé cpﬂnrpgﬁgsr X Cldrﬁ'smf&p]a}tg

rinsing t SrEf TS and et chi ng
the visible undercoat in an OXIdIZIng pl asma to
roduce a bilayer relief imge. A process for th

51.i t HogPARMRSENSIHE:t GRIAPOSHOR §%9W5té°b9la\%aﬂg ghetein the
bi | 2YforBROLY RHlatdd 8aSRatel he Process compr i si ng:

a) provi |ngas strate, coating in a first
coating step said substrate W th an under coat

I I t ti
51 o iRensy E4he Hiefan s GrRBELAL A TukstEbepaanentn of a
of chip El'ﬁﬁofb\’@élstté}%céf,’éj%éﬁ%cés% dOnAshGRy:a bil ayer
phot or ési st stack, e) exposing the bilayer resist

st ack, aﬁ)prowdmgupusugstrat@ phot osensi tive conposition

por 1 o) BpatEin i R BopRAS hRBCHIT BRI af frercoat

ri nsing songiopi, | ayer phot or esi st stack, and h) etching

the visible undercoat in an oxidizing plasm to
pr oducé&) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 25 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist 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.

53. A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat

solution,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 29 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,

88



a bilayer relief inmage. 55. A process for the

l'ithographic treatnent of a substrate by neans of a
whrdoayensphot or esi st process, the process conprdEHUSIING026979

a) providing a substrate, b) coating in a first

coat i ng step said substrate wth an undercoat

sol ut i Hn,developirg e photosansitive sompasition potiden phihe bilayer

o e S AR P P o

phot or esiwigibRi ack, e) exposing the bilayer resist
st ack, f3 developln t he photaosensitive conposition
por t i of) ginsimgtha !P'%V@f Pbﬁ@t"%@ﬁt@@k Ak making a

st ) trich B HE YR A HACE T 8R oxiShipfasr fo praduce
the visibd bllaym‘eelmefamage. an oxidizing plasma to

produce a bilayer relief image. 56. A process for the
i thographic treatnment of a substrate by neans of a

541 | ay ‘i‘froégh%t R ehd ?f:ihdgjré’ﬁlﬁéStreattm%npbp%eéﬁos‘ﬁ%@rﬂ mBEns of a

a) providing a substrate, b) coating in a firs
coathilayes pbptoseslsl obess, dhe praaess eomprising: oat
solutiq ba mgbto renove solvent, d) coating in a

second? Eo%(f)z”rqﬂ"gs?é Etr?)tﬁot osensitive conposi tion of
cl ai m 42 cextig i@ fikst dBAGRREtepOsaM 8dbsieatd VatH adl @hdercoat

phot oresi st stack, e) exposing the bilayer resist
st ack, solution,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 33 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist 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.

55. A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:
a) providing a substrate,
b) coating in a first coating step said substrate with an undercoat
solution,

d) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 37 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,
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f) devel opi ng the photosensitive conposition portion
of the bilayer photoresist stack making a portion of

wo besorxieT | yi ng undercoat visible, g) rinsing PEEUS2004/026979
bi | ayer photoresist stack, and h) etchlng the visible

under o5 deeifvel BhORSBERR ch BB ey atpesiaver

t r eat nent MfotaresmstdcﬂktrﬂahMgfaeQ@ﬁloﬁfonhé’Uh%ﬁVmg undercoat
phot or esi st._process, the process conprising: a)
provi di ng ‘é\s'Bl?ostrat e, b) coating in a first coatl ng

t sa | ution,
EaEF_ng 0 rem%gr%ts%_ enpf}agﬁr&%}gg%tggg arﬁooa second
coat i ngh}tatphiagthe visitde sindevmat i Dixidign @ias@ﬂm@th{)beuce

over the undercoat t.o produce a bil ayer otoreS|
stack, e) %g&y Er fglisfimage| ayer resist st ack,f).

devel opi ng the phot osensitive conposition portion of

t he bilayer photoresist stack making a portion of the
BderA progessrice thhedthographit dreainent of angubistatdblyaviesans of a

hot and h) et chi nq the vjsible
Ende?)glgg%rsﬁgiﬁ&éﬁesé%p&)% e ROGE ?&Oﬁ’r%ﬁﬂ'&’e a bil ayer
relief ayggevidhg a dubstestess for the lithographic
treatnment of a substrate, the process conprising: a)
provi di Rhceatingysta féﬁSéCOQi)nQ:%iQpla@gi shilestrale stithasre und étcoat

phot osengjj k%[ conposition of claim 25,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 42 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist 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.

57 A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:
a) providing a substrate,
b) coating in a first coating step said substrate with an undercoat
solution,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 47 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,
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c) exposing the coated substrate, d) devel oping the

phot osensiti ve conposition portion of the coated
wepipspeese, and e) rinsing the devel oped substP@Lt/851004/026979

produce a relief imge. 59. A bilayer photoresist

st ack an under coat |ayer,

haC suli2r BayoPiedng Ahptdstns iy bl oaeion of tas bilayer

conposi t i pRoFesisBdtatRMakihg Q%oﬂﬂﬂfﬁéﬂﬁétund@ﬁyin@ undercoat
bi | ayer photoresi st stack conprising a substrate, an

under coat ViSB¥&r, on the substraterand-a coating of the

hot osepsi.i L (tiion of. claim?29 on the
Enger cggt hh%}lﬁs tﬁggﬁ?g%fedm%ﬁ?{&sgggﬁch agg ack conpri si ng
a substmatthiranthendsibleagiddreyatiin 2Protidiging aématts prédiske
a coating of the photosensitive conposition of claim

33 on t he@HA¥PISHES in@BDe. A bi |l ayer photoresist stack
conprising a substrate, an undercoat |ayer, on the
substrate, and a coating of the photosensitive

58onpAsprdicess dor theilithagjrapinic t theatomeshe raf catsubstratd, thb ayietess
phot or esi.st stack conprising a substrate, an undercoat
Iaye??mBHS'Pﬂe substrate, and a coating of the

phot osg‘)sb,tdvkﬁn%grg%g{rg{eqn of claim42 on the
undercoat. 64 bi | ayer photoresi st stack conprising

a substh) aceatingrthersubstrate: wittaperhotosersitvesedispositien oboldim
a coati ngzgf t he photosensitive conposition of claim
47 on the“Undercoat. -

c) exposing the coated substrate,
d) developing the photosensitive composition portion of the coated
substrate, and

e) rinsing the developed substrate to produce a relief image.

59. A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of

claim 25 on the undercoat.

60. A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate;—and-a coating of the photosensitive composition of
claim 29 on the undercoat.

61. A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of
claim 33 on the undercoat.

62. A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of

claim 37 on the undercoat.
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63.

64.

A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of

claim 42 on the undercoat.
A bilayer photoresist stack comprising a substrate, an undercoat layer,

on the substrate, and a coating of the photosensitive composition of
claim 47 on the undercoat.
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