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SUMMARY OF THE INVENTION
in a first aspect, the invention provides a fluorine-containing

polymer comprising:

(a) at least one repeat unit derived from an ethylenically
unsaturated compound having at least one fluorine atom
covalently attached to an ethylenically unsaturated carbon atom,
and

(b) at least one repeat unit derived from an ethylenically

unsaturated compound having the structure:
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1 WD 2004/ 014964 PCT/ US2003/ 025022 wherein nis 0, 1,
or 2; RlL, R2, R3 and R4 are independently H OR5,

woaabagesmeds al Kyl or al koxy of | to 10 carbon aPOm&IS2003/025022
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optionally substituted by hal ogen or ether oxygens,

Y, C(Rf)(Rf!)ORS Y or ORGY; 5 Y is COZ or SQ2Z; R5
is hyd RGP 198 bl abil e protecting group; Rf and
Rf are Rh®R% \iearadt Relicré @rdepentientdy PlaldlA, halayeps atiy! br

to 0 r.ta et her.
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al kyl roup o 1°t6720 carbon atons, with the proviso
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(CF2) m(wg{ Radl bire %e;geoatlu%;it derived from an ethylenically

unsaturated compound having the structure:

()

whereinnis 0, 1, or 2;

R1, R2, R3 and R4 are independently H, OR3, halogen, alkyl or
alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether
oxygens, Y, C(Rp(R)ORS, R8Y or OR®Y;

Y is COZ or SO5Z;

R5 is hydrogen or an acid-labile protecting group;

Rsand R{ are the same or different fluoroalkyl groups of 1 to 10
carbon atoms or taken together are (CF»),, where mis 2 to 10;
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2 WO 2004/ 014964 PCT/ US2003/ 025022 R6 is an al kyl ene
group of 1 to 20 carbon atons, optionally substituted

and R7 is an al kyl group of 1 to 20 carbon atons, wth
the proviso that 5 at |east e of RI, R2, R3 and R4
is OrR5,R ,S%f(ﬁ?)”@ﬁ?)m? 0%3@%5 @Q%GW atorRgy ‘?Fﬂﬁmﬁﬂlﬁvi so
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dearid/be rrovae dhatdi Ry (ehRekisI QH1B? (eisBRELis 410t £ oRpslagen:
hayighg at | east one fluorine atomcovalently attached
to_an ethylenically unsaturated carbon atom and (ii)
at(zféa{g\"t%‘v?ugyﬁ’gﬁo’lﬁﬂ%t derived froman ethylenically
unsat urlatzethird crgpect) dhé aviemgion Ipeoddesiatanaéed Ribstate R3 R
20C wsjﬁin nis 0, 1, or 2; Rl, R2, R3 and R4 are

i naepRn itly H OR5, hal ogen, alkyl or alkoxy of 1

t d11e stbstiate; @ndns, optional |y substituted by hal ogen

oro¢h otor%éis@é%@'@%%itioﬁ’co%ﬁfs)hﬁj?f)0?5, R6Y or ORGY; Y
IS of S2Z, R |s_hdrq en or an acid-labile
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subst i taitastietyto zal ethgleninallg unsatusipgeaarbon atom; an

(i) at least one repeat unit derived from an ethylenically
unsaturated compound having the structure:

()

whereinnis 0, 1, or 2;

R1 R2 R3 and R4 are independently H, OR5, halogen, alkyl or
alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether
oxygens, Y, C(R)(R{)ORS5, R8Y or ORSY;

Y is COZ or SO»Z;

RS is hydrogen or an acid-labile protecting group;

Reand Ry are the same or different fluoroalkyl groups of 1 to 10
carbon atoms or taken together are (CF;),,, where mis 2 to 10;

R6 is an alkylene group of 1 to 20 carbon atoms, optionally
substituted by halogen or ether oxygen;

Z is OH, halogen, or OR7; and
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Z is OH, halogen, or OR7; and 3 WD 2004/014964
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RI R2 R3 and R4 is OR5, Y, C(Rf)(Rf)(RS R6Yor
and the proviso that if R (or
( or R45{7 issamatkylQtoup afdl t@g%ﬂlcarb@ﬁoatgrr(s@yvlta tbﬂ o @él%@ m%t
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coval e VREPIRPMEA M et hyl eni cal |y unsat ur at ed
car bon atom and aDHEPAKEDDRESGRIFAONINi t deri ved

f m.an. e rq,]%léy unsat ur at ed conpound havi ng t he
S (1) R3 15 n R wherein n i 1,
or 2: Rifluckpe-cRBtINBIRPIWNEr Ph waéhpfﬁ"%”véﬁ on’

géét)rﬁg Se5 2 at Ee‘g%ts <t9r:i?rt @Wlt%rgeggrog?agﬁbﬂen&bm
oWyeRHERted comprung %a\'jfts% SN0 b 6 codalsnty
SeR4chdbtd an bﬁ@l‘aﬂﬁllyomwturateohcdlrabnmorpr ené@ttlleajst one

group; Rf and RL' ar ;

Press a8 ios 8 <tfigEgRy BhsdliciEd Soinpound having
t tgestnestusre (CF2) mwhere mis 2 to 10; 25 R6 is an

al kyl ene group of 1 to 20 carbon atons, optionally
substituted by hal ogen or ether gxygen; Z is CH,

hal ogen, or OR7; and R7 is an alRyl group of 1 to 20
carbon atons, w ih /| so that at |east one of
R, R, R3 and R4 EFRDRRFOR5, R6Y or
OR6Y, 30 and at iff R (or R3)) is OH R2
(or R4) is not

whereinnis 0, 1, or 2;

R1, R2, R3 and R4 are independently H, OR®, halogen, alkyl or
alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether
oxygens, Y, C(Ry)(R{)ORS, R8Y or ORS®Y;

Y is COZ or SOyZ,

R5 is hydrogen or an acid-labile protecting group;

Rrand Ry are the same or different fluoroalkyl groups of 1to 10
carbon atoms or taken together are (CF5)y, where mis 2 to 10;

RS is an alkylene group of 1 to 20 carbon atoms, optionally
substituted by halogen or ether oxygen;

Z is OH, halogen, or OR?; and

R7 is an alkyl group of 1 to 20 carbon atoms, with the proviso that
at least one of R, R2, R3 and R4 is OR5, Y, C(R)(R{)OR®, RY or ORSY,
and the proviso that if R1 (or R3) is OH, R2 (or R#4) is not OH or halogen.



4 WO 2004/ 014964 PCT/ US2003/ 025022 Sone illustrative,
but nonlimting, exanples of representative nononers

wohoetmwsture (1) and within the scope of the PaVRIS2I06/M25022
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are presented below F F CO2R12 CO2R12 F F F

OH O CERBOAIURPaRIS: Bt nET IR R eio%) FaFPIpeRIatnS

wWhsirRimers1er Stmo&nreE(I)ladd wititinphetcdpé of 22 inaemtin arteons,
nor e t%‘g %a# an al kyl group of 4 to 20 carbon atons
chaSzﬂ % ‘mng or rearranging to a 10 tertiary
cation, and nost typically tert-butyl. Conpounds of
structure (I)pwherein n = 0 may be prepared by

cycl oadditionjreaction of unsaturated gonpoundps of

str (rn) >WD 2004/ 0149 12
P/ US OO\/OZ\OZZHEQ?BidricyCI ane COR
(tetracgycl o[ 2./2. 1. 02, 603, 5] hept ane)||as ghown ip the

equati pn_~bergwahd il lustrated by ®he mptes. Rl
R1 R3
F
F.
CO,R™" O(CF,)2S0,F
F
F
C(CF3),0OCH,0CHj,4
CO,R"?
CF3 , CF3
OH C(CF3)20H
F
F
3 F
C(CF3)20H C(CF3)20H
F
F

wherein R12 is an alkyl group of 1 to 20 carbon atoms, more typically an
alkyl group of 4 to 20 carbon atoms capable of forming or rearranging to a
tertiary cation, and most typically tert-butyl.

Compounds of structure (I) wherein n = 0 may be prepared by
cycloaddition reaction of unsaturated compounds of structure (1l) with

5



R& RBRA n5 (Il) (I) The reaction may be conducted
at tenperatures ranging from about 0 C to about 200
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t he absence or presence of an inert solvent such as
dieth 10 et her. For @ﬁé %ﬁ conduct ed at or above
t 18 apqulﬁ@e;ﬁtﬂtrmcyelp %%é O%rdheptane} ae shewgdnihe gauation

s el@ntanddilgdtrsed byanetexmpted.ypi cal |y used to avoid
| oss of volatile conmponents. Conpounds of structure

(1) with higher values of n (i.e., n =1 or 2) may be
prepared by reaction of conmpounds of structure (I)
with n = 0 with cyclopentadiene as is known in thegs
art. 15 Conpounds of structure (1) may also be, forned

f r omAan it er nedi aR group. p2
Such an \ nt er ngdi at e ct of
quadr ac ane and a ffuor oal kyl benz fi R3
exa f which is 1,3,3,3 R4
pent af | uor o- 2- propgbengeate. Typically, Lwhen -aromatic
internedi ates are forned the aromatic group is renoved
20 by hydrolysis prian to polynerization. The fluorine
cont ai ni ng copol ynmer al so conprises a repeat unit
derived fromat |east one ethylenically unsaturated
conpourthe psdctionirgy betcohdasbdmeempemtu@ @inging from

PLARERG Ry ABa T 52 SBL HADq B3 P anbl
Retﬁ{b%@m tite alese¥Eef dnesencs ohan inart seleentmuchasdigtiyl

Ledrso eatcﬁaﬁet:bﬁ&u&@a Bybe ABave '&%?&h.Hg @emt%%herb@
ch orotri f uor oet ene, Vi % dene uo vin

AIEIE q%theﬁelaﬂeuerw VRt R RIOSRYIreacter fetﬂaﬁy lised to avoid
Pabéd BPYSlafild- é‘&?ﬁb&rﬁ@ﬁ@ @onh‘fﬁithtds-df s’imzljméql amie) higher

n
RAaSoEs (Uhoha h or?) My e otshared by Teadiiaf egmeounds of
grstyetak ()rwith b = 6 w;ﬂrncmbpm‘rtshrdxenamns knpwprieftlee agd
CEGABBEAS | fgﬁbafafré? P pﬁgtéwé BBSornI &S AioAPSh ViR PeSbte

nven onpri se one or nore

adiheredh e Is:arh@@aﬁetesgrw@r Suichry teimediagigran he thef
t heaclidty BRid Ut of éuéM?a%%léh@hﬁ%@rflﬁ&?ﬂa@w&b@?&%ecmc

TGP BT Rl bart R0 PR B TP Sioe aBPIY.
et\/aniyéle ararabtiy intasaddia tesedte Fomped the ammbationgnogipas removed
f@&?ﬁh&%&[&rtg%mﬁghﬂ' ohhe structure: 5 ‘

uorine containing copolymer also comprises a repeat unit
derived from at least one ethylenically unsaturated compound containing
at least one fluorine atom attached to an ethylenically unsaturated carbon.

The fluoroolefin comprises 2 to 20 carbon atoms. Representative

fluoroolefins include, but are not limited to, tetrafluoroethylene,

hexafluoropropylene, chlorotrifluoroethylene, vinylidene fluoride, vinyl
fluoride, perfluoro-(2,2-dimethyl-1,3-dioxole), perfluoro-(2-methylene-4-
methyl-1,3-dioxolane), CF,=CFO(CF,){CF=CF,, where t is 1 or 2, and

Rf’OCF=CF;, wherein Ry’ is a saturated fluoroalkyl group of from 1 to ten

carbon atoms. A preferred comonomer is tetrafluoroethylene.

The copolymers of this invention may further comprise one or more
additional comonomers. For example, the copolymer of this invention

an be_the _r

6



wherein Rf and Rf' are the sanme or different
fluoroal kyl groups of froml1l to 10 carbon atons or

woab@amitwget her are (CF2) mwherein mis 2 to 18CT/TiS2003/025022
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phrase "taken together” indicates that Rf and Rf' are
not separate, .discgrete 1Q fluorinated al kyl groups

et A0 GastuitRa RSP Ehaholn nhs iRt SR gan be
I darived Storatae tbdst baw dtioylepicaliynemdatueded cogipobd deagining a

O?Iuo?’o%éﬁgg garp@pwggirng':tﬂejsﬁu%r&nd R’ can be partially

fluori ups without Iimt according to
the invention except that there nmust be a sufficient

degree of fluorination mﬁﬁgg)@q inpart acidity to
the hydroxyl (-OH) of the " fluoroal cohol functional

group, such that the hydroxyl proton is substantially
Lanmdepabiﬁﬂf'?aréﬂHé @an@@l’ﬂdl i“f(iére'rm flagreediig gsoubsiof 26m 1 to
ygr oxide solutiqn, or.tetr nydr.oxi

o EATBER e aridl P CRE TN 216 G0, he

i rprease taken hegethed” lihdibates dhdti iRi and Rf lanemioheeparate, discrete
s i ' thl i eyl

o Mol ARy EBRES bitinaoLteh thelRicn SHRY std R ucn
hyafr i§ustigited pelaw IfohavemgmprEed HNge of 5 < pKa < 11.
Preferably, Rf and Rf are independently perfl uoroal kyl
25 groups of 1 to 5 carbon atons, and, nost

preferably, Rf and Rf' are b&th trifluoronethyl

(CF3). .The fluorinated_polyfers, photoresists, and
processes of this inveltfon ray ®@Hrther conprise a
nononer containing a fluoyoalc |  functional group
havi ng the structure: 38:2C C(RE)(RF')YOH 7 WO

2004/ 014964 PCT/ US2003/ 02502  wherein Rf and Rf' are

as described above, X is an efenment from G oup VA or

G oup VIA of the Periodic Table of the Elenments (CAS
Version), for exanple, oxygen, sulfur, nitrogen and

phosphqs ous, pONASN LS tiPaudindsd B Sreli4Bhout limit
according to the invention except that there must be a sufficient degree of
fluorination present to impart acidity to the hydroxy! (-OH) of the
fluoroalcohol functional group, such that the hydroxyl proton is
substantially removed in basic media, such as in aqueous sodium
hydroxide solution or tetraalkylammonium hydroxide solution. In preferred
cases according to the invention, there will be sufficient fluorine
substitution present in the fluorinated alkyl groups of the fluoroalcohol
functional group such that the hydroxyl group will have a pKa value of
5 < pKa < 11. Preferably, R¢ and Rf are independently perfluoroalkyl
groups of 1 to 5 carbon atoms, and, most preferably, Rr and Ry are both
trifluoromethyl (CF3).

‘The fluorinated polymers, photoresists, and processes of this

invention may further comprise a monomer containing a fluoroalcohol

functional group having the structure:

XCH,C(R)(R{)OH



5 Sone illustrative, but nonlimting, exanples of
representative conononers containing a fluoroal cohol

woumoiesal group and within the scope of thePCT/US2003/025022
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i nvention are present ed bel ow. CH2C( CF3) 2CH

PR Fo e o B e 4SO CBER & ) RRTB, E3) Siye

10VAb _G_r&:ﬁil*lﬂﬁ(cﬁﬁﬁée E@Hod‘ﬁﬁahﬂemﬁﬁlyerEiemamtsf(@A&Versmn) for

SR B Sl Sl SR odtiiRett.. OB ® i
(-@efered X groumherein E1 is H or Cl- 012 alkyl; E2 is

QO2E3, SGRE. nups"tra%eebuﬁ%rqinﬁanﬂg %mplé@ df l%pﬂ@gerﬁatﬁé e
i ndependent |y se| ect ed

FUBRRO AP A 4 urew %%hfﬁ L R R
Clsdobe ailthy invenfightzablredeited balowrs are oxygen,
nitrogen, sulfur, halogen and phosphorus atonms. Wen
t he heteroatom i s oxygen, the substituent may 8 WD

P 0034025022 Ase\a\hyd

C‘%‘Lg& g{%el acryl r a%gét%l—é‘%{(@#%uOH
- et hoxyet hyl acr " en the

afis N, the substituen ny be a cyano

group, such as in 2- cyanoet hyl acrylate. Al kyl groups
can cntaln 1 to 12 carbon atopg and greferably 1 to 8

MY ) o g PODEHBE (CF3);,0H
) ocesséblllty evel opnent) in
1ly as a binde phat g esi st
is a carboxylic a Fai ni ng

copolyner The | evel of carboxylic acid groups is
typically determ ned for a given photoresist
conposition by optim zing the anount needed for good

devel opnent in 10 aqueous. al kal i ne | ope

e BHEE HeH ST iAo et S
acrylates such as tert-butyl acrylate,

2-met hyl - 2- adamantyl acryl ate and

2-nmet hyl - 2-nor bornyl acrylate nmay provide acid

sen g DtBHEELLON f or giﬁg t0-0C RS (CF3),0H
di sq 1 above. Other acryl g as acrylic

aci d~pet hyl acrylate, ethyl acryla propyl

acryl ate, 2

The copolymer can further comprise at least one acid-containing or
protected acid-containing group of structural unit:

IEl
(—CHZ—(lz—)
E,

wherein E4 is H or C4-C 5 alkyl; E, is COE3, SO3E, or other acidic group;

and E and E3 are independently selected from the group of H,

unsubstituted C4-C15 alkyl, and heteroatom substituted C4-C4, alkyl.

Suitable heteroatoms are oxygen, nitrogen,‘sulfur, halogen and

phosphorus atoms. When the heteroatom is oxygen, the substituent may
8



15 hydroxyet hyl acryl ate, 2-nmethoxyethyl acrylate,
2-cyanoet hyl acrylate, glycidyl acrylate and

wa 2004244964 f | uor oet hyl acryl ate may be enpl oyedPCo/US2003/025022
nodi fy the adhesion or solublllty of the polyner,

[ { { |
ol SR e R L ARt 20T eI HES, Gt pEPaek P,
| Mmhtmlnrmhwmmxyemhwmwldm abhdnlthdihbterbetam uNythe

g Rt ey 105 EOLD JBUSTELLS A B 2L St
t d;ragss san gquiedugd tce1\2e¢afbﬁﬁmtor@s acmdrm’ewrgbly wiseB Wrbon

5 poét)ﬁff?sr §%§Frbﬂ%%1d EBﬁtaHlH@b@lyﬁ%é%qapéq@éﬁéopr@ﬁﬁé@ébmty

er aci can

r
SEo i eV BgeRhAD ey DaHIeu et 3 BTeR i 8P heteraAst
é’éitlcﬂndé arcapbddalicamidicantaining copolymiehe Thedeestofd

Sif?’a‘*@ s HE BOLRS 5 b o4 BBl b 0 ol il fesist
t esarpositiruby loptimzing e ameupt oeeded fay gpodiugevatopment in
10 t or o({deeg{% %ﬂ%ﬁll’)ﬁ% ?cgpégn?pé Bugi éloﬂ"aPFn%ﬁB s %éé}éﬁe acrylates.

n -under goi prot ection
( certiarsalsyl asry 9@% test-utyb aw@ge a%mﬁthyltawéd@@ﬁeryl
i Sacﬁglﬁgelﬁéh@Q rh@tHthtné’rBoﬁ@ﬁl é@@/ﬁl@%é_‘,@pﬁﬁ/ﬁd@ add sensitive
er.. grou
o Bncachally 4 ahoe Somatdl 75 BisehatedaBord r Bther arrdptes:

tosumnaﬂacryhcaaudgmecﬂlegrawylaife ethyh spaiaacpropyhaciyiate, 2-
15 ‘1@{” o @L ﬁ%ﬂ”?t%ﬁ bt 8910 Tgﬁlél[ 5&‘8{ atté r@c?é@é@c@%l%’gryl&}e

) Glridy@ergte amd/\@aa@mﬂ@mg‘ml a@wa(t_:szrmsb@gmgfed [
t %éd@%ﬂ@&ﬂlﬂ%lcﬁﬁ HPé@I@bﬁiﬁF@# thefol@her, I@%}J@bi“éﬂI}'ﬁvhen used in a

A S CRIPsitotlp 1BronE STEBaaMERt 5 baaaey i may be
I ||ht16rfplbadted éntolthé polymér to provide ezidrabite tért—butyl ester groups.
20 al pha- %glg?%%lnléﬂelrgtsﬁ% a%r\ﬁllé&ﬁ %Q?éte'n’?afgl 80351 l\ﬁ%ﬁ@)%hgted

protectin
5 ifrist gl capo er(wmwer @ﬂ%ﬁtm@@usld@@e@@mﬁcﬂrqmwse

t h*n%d ngﬁgrﬁ{m éﬁ,ggect i ng group can be obtai ned by

reactian & romi Imatg%)rli ?ther Wthtﬁ?\g

£ 1 uor oal RO AFHRNIISTBH AEIK AT AR BEHR OGihg RPlymer can

( Flfdgﬁ@lr\teeplro‘t)éctlmgrgrouaQh@lcbrotrfcts thesfludrineged atoohohgrdup

used,,al on

25 oAty B Ao dip R & g R el YU BE

acaaidifyuwbile onthis grotegied dopn.oAsctnedi Iuwattvneexanmiewhe

estbRfarfbufy! GRERPLEhE réEcting WRalY Pndtera8UButyl ester and this
protecting group protects the free acid. In undergoing deprotection
(conversion of protected acid to free acid), the ester is converted to the

30 corresponding acid.

An alpha-alkoxyalkyl ether group is a preferred protecting group for
the fluoroalcohol group in order to maintain a high degree of transparency
in the photoresist composition. The resulting protected fluoroalcohol
group has the structure:

35
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(protected). In this invention, often, but not always,
t he conponents having protected groups are repeat

wanbwo1kayi ng protected acid groups that have PQH/USE®E/025022
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i ncorporated into the polyner. Frequently, the
protected acid groups are present in one or nore g
doithis pretecd fumoalapkolp & phe Mizaie avdessripedipbove; R®is

%S{B%rﬁgw& hint ¥ & BraMendd 8yl giouprdtat fovR) Yarboh dtbins. An
I Avertion, a copolymer can be fo d b
dpsbiajive: bHaHTINGhe SRR Qf-%!bﬁ'[ngrﬁ"h%i‘y@B%ﬁ%ﬁé group
aRsk i|§ @%cﬁ@@%@%%%éding@rdu;ﬁ imatiroteatdd acid grauye is methoxy
res [ ci g-.cont ai,ni : :
ek SFclRGr R 7 tsa%%#fﬁ@oﬁ%@ﬁé%gléhpﬁ‘?%&)éﬁ'%fﬁs to
droiectihg wesuhaan bg qitainedtydeaciien gf ciipemeathgimethyl ether
pr.ef grr for polynerizing the
fv}"ﬁb %@@%@é@éﬁﬁ?n cqpol)/yrrers o? this inventiag is .
r adi caTheaﬂdcbnoam@hpgftmﬁomalaqrpBm .(prﬁzﬁgﬁ’feé ar tapjatected) of this
ﬁﬂ\'/%ﬁ}ﬁ{ﬂ é%ﬂ BQ{[‘JSF& ia‘lc%rﬂath 8F it lc)éh“b'é L%‘edzlg combination with one or
I'-(4-tert-butyl cycl ohex roxy 25. di carho can
R0l et Ret OTRHBR IR SO ] 6 p0id TgHotat B Sup
Qh)éﬁﬁébté@% optheprlestylester aha carpyfic anidfboctiorsd greHp
%%8(%%0 0,000 psig, preferably fromabout 200 to about
N

g. The polynerization tenperature can ra,nge
fr om alnothts iB0httam, aftent butod, alweks, dhaEPHPONSHS BHEY

f’&'g’tﬁ% %Q%?#ﬁbpsg% regéiaf &qgsehé\ﬁh% Erﬁtécﬂe@l(‘édi’dj groupk, tBaBRave

ric or oet hane and nop- or.of | uor ocar bon .
shearbincoraaalecigto henaymes. FEAUTYHoMBHIPEIIET THg aroups
PSHgFREEARi Gt ANABRS Somanbict sy thaten aobenbriaectio form the
sem - batc nt hesj. s. t he C:
pRRROBEr PR@'WSH@?“-nfﬁFmaZ“_’?@m&b@ise@V?ﬁ’ﬂ%‘S?@é’é 'on
vess bk famded bgrppolyorarization éthoan geidtGoRtrRInELycomeRomer
" SRR hBlidd Ge3tingdem-sonthitm
ﬁ@@@?@%%%%%ﬁ???E@*ﬁé?@%@?@@ﬁ%@o'ﬁ%’ss. 1000,
200agpmen 6an bematkalyoay Whal eonveREARRR PPN GBRR 1]
Eﬁ@lﬁi\%we}é?\ﬁr@#ﬂ@téd@%d ae%é%by PAC Catal ysi s

otoacfive onen . -

conposﬁ‘?c?ﬁ@f%grfe tFHPge?%&é |ly5ﬂ§rﬁ£_'€§£%1@§r.ﬁ{eé?oqtggmg 5
opepPiheices of thieinveniom entadidehapditihatpotmeipadione éAny
eLl; | i itiHye @ {Pt-B&Yicpélehexyl)peroxy-
;SR S ze BB i Re p Ktpae g‘r%ﬁjﬁs?"?f badind
i dicaronatedcambe Uk sEHEE 2PBIORERIHFRNTNS T0R, the
P B/H‘fed'?z%ﬁigﬁ%ré‘ss&é‘@bﬁaéh@eﬂ@ﬁea?@ﬂ_rS(Iﬁﬁé}S)out_l‘rfO,@OQ)aSIg,
i roduc upon osur.e i G I : the
S A R e A R

temperature can range from about 30°C to about 120°C, preferably from

about 40°C to about 80°C. Suitable solvents include 1,1,2-

trichlorofluoroethane and non-chlorofiuorocarbon solvents such as

1,1,1,3,3-pentafluorobutane. The polymerization process is further
enhanced by a semi-batch synthesis. In the semibatch synthesis, a part
of the monomer mixture is placed in the reaction vessel and then,
portionwise or continuously, the remaining monomers and initiator are

added to the vessel throughout the polymerization process.
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10 Suitable photoacid generators for this invention
include, but are not I|imted to, 1) sulfoniumsalts

woObwasaene 111), 2) iodoniumsalts (structurePCY)S2003/025022
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and 3) hydroxam c acid esters, such as structure V. RO
0 R10-S+ Q@ R9-1+-Rlo NOSO2CF3 QO Il IV V 15 In
sPhaoieresiskDeyelopgenty R9 to R11 are, independently,

SHRstbEfiE Sl fou Renisidl bytRAlC Cathigsi€20 aryl, or
SubsTi Ht d ar substltt [g Cr - C40 alkylaryl or
ar al kyFnoRag groups include, but are
not | i Wheetotdresispbempbsitinapbf tys jnventoamay eesdaip at least
Sui t abl , ' i \
YAt ol s it e
onpors exposuret torastiniadiating dWENErBa s @W%I&@éﬂ?esﬁng an
Sﬁgﬁlti'é"plﬂ cé@é(porPQiniEUﬂe ltt}’l_ﬁbm&!radiaﬁbh,.thé FRC @fermed a
a oxXy (€. g. . .The.anio s
pidtoacyl s aler BOE) 3 AGPSFi(erd, IRRePesLis &
E Bé‘t?ﬁ}ﬂfﬂréi@iéﬂ@ﬂ,t tihlﬁmm & ter@e8S0OBhotobase generator (PBG).

tri or.onet . = tritl.at )
(perfl §<Wtagﬁt’3{%@%@g’%ﬁéﬁtorﬁ:@ﬁg’#'?g’ﬁ)ﬁqt?gq?%?d% B Mot
Déméitbdpiopt sitoniurs ealts (strptiareol Bs2)spdedinpbadlts Giuctue V).
f 'aﬁ@!fs‘g W@af&grﬁib'aclwesté%%'uxﬁ%rs sRrulié wont ai n
strricien

unctionality to render the photoresi st
devel opabl e so as to produce a relief imge, follow ng
i magew 3e 30 exposure to ultraviolet radiatidy [
wavel engt h of <365 nm In sone preferred enbpdi nents,

the suffficient functionality is sel eted omwn acid
ang/'&+gt grot ect e®%aetd—grRUp, as det 9

Such acid or 11 WO 2004/ 014964 PCT/ USRQO37 0L
protectgd acid groups have been found to rendér the
exposed” portions of photoresist soluble in Hesi ¢
solutiﬁg upon exposurslto sufficient ultrgviolet
radi at I'on having a wavel ength of < 365 nm while the
unexposed portions are insoluble im the basic
solution. 5 For develo

nt, one or re groups, wWithin

t thie strugtires 8! tobd, & %oy @r@pmc{ﬁP@rﬂgegﬁmﬂ Sﬁ%ﬁ%% one

ggwfé%g itﬁl%ﬂé@@%bépwl, BBsmsAteetiest urstbetigtezlifs - that
alky%érill of araxfky?.alﬁep %(Iersfta%]:/e %%Idgsfogﬁs R\%ﬁ?dse %ﬁPSFeaﬁ&qimited
to, phenyl, naphthyl, and anthracenyl. Suitable heteroatom substituents
include, but are not limited o, one or more oxygen, nitrogen, halogen or
sulfur atoms. When the heteroatom is oxygen, the substituent may
contain hydroxyl (-OH) or C4-Coq alkyloxy (e.g., C1gH210). The anion Q-
in structures Ill - IV can be, but is not limited to, SbFg"
(hexafluoroantimonate), CF3S0O3" (trifluoromethylsulfonate = triflate), and
C4F¢S03- (perfluorobutylsulfonate).

Functionality for Development
For use in a photoresist composition, the fluorine-containing

copolymer should contain sufficient functionality to render the photoresist
developable so as to produce a relief image, following imagewise
exposure to ultraviolet radiation having wavelength of <365 nm. In some
preferred embodiments, the sufficient functionality is selected from an acid
and/or a protected acid group, as described above. Such acid or

11




photol ytically fromthe photoactive conpound (PAC),
hydrophilic acid or base groups. 10 A given protected
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basis of its being acid I abile, such that when
photoacid i s produced upon irratgevvi se exposure,

th
adiratesied agidigipype hawg beee fyrshicgendgeths @fr@@ﬁédvorﬁ%fmof
JgheRoraBst Bb%&l@f 4] m;i@écl)lhmdm 0pbh |dé<po§@ﬁedoga”lﬁﬁtﬁ§nttdlﬂaviolet
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) ( . N
ot ap C OIS EbpTREATBAE By HlprB b EXAInRELLRRL P taining
hyadpokinders sheticaapiainensoumMexe gempengnisdwmying protected
[ R Glaus thabedn Gieht bl GRAJeis o R bIMHSEdcketard
0. hosol e are ths PRSI VAT BPURF ABALY v Ydshie i Sr
dejflecg}asapﬁ_bat 25 gusu_al Ihy for <120 seconds) or 1 %

I

¢ ompor b MR olted plfdfiPho 1A IR IEHORRER cfisch on the
adesirisf its beingsatid Ebjlosuntethiat whes pheseasid i produesdiupen
fﬁ%@,@b&ﬁggﬁo@nﬁ Upstdcl GilPdflaly FBYRM RECirPOr®E Btdédved

¢
- il gmmaec?%”%ﬁ‘éfa@f‘w&%ﬂ‘ﬁ%ﬁcﬁ LBt gt PesRsTeTy
a‘?bf'dgit‘/é‘lgléﬁ'neﬁw@ uBider Q@\IMPH@YC%dr@it&ﬁiss lgramgmh, gnflocrine-
rotectea acl I oups a re at as: .
PR one et it Aty FiRTbnBRk A e

( grotetdbed. phot oi mageabl e coating conposition)

b oces el o AaniRIg A ialiodare o0phcAto Mg

orhydiexideppeiessivayhydpyidgr anpamyneniys Bydrgxis,salitons.

actyhigsiyt Bdslaoribpdrds agraiizouekaxpaiuicesich as a wholly

P AR08, S5hing 02 SRS QB e i e

f qwithndpvetwpradnt at25 Whgsuallyt oy <d20eecbads) arat Vosodigm

0l LPRLRRS ) 4aALBneREFS Srmp A 1

( meRhokytes)hoxy et hyl nethacryl ate) and other esters

whi ch apgepash hjueddsek¥gadtie phetsrusiet Bfcoarsthbnethetwise

SIS o 2 bR BRah o IR, 0 804 ot o

2-thetghdtesist aompogltioashay requick thabther bipter esteial cSotains

)S/psglﬁt@%ﬁ} %&é?{ﬁ?{g&@s g{gc BLAe BidYr6ups) and/or protected acid
groups that are at least partially deprotected upon exposure to render the
photoresist (or other photoimageable coating composition) processable in
aqueous alkaline developer.

In one embodiment of the invention, the copolymer having one or
more protected acid groups yields a carboxylic acid as the hydrophilic
group upon exposure to photogenerated acid. Such protected acid
groups include, but are not limited to, A) esters capable of forming, or
rearranging to, a tertiary cation, B) esters of lactone, C) acetal esters,

D) B-cyclic ketone esters, E) a-cyclic ether esters, and F) MEEMA

(methoxy ethoxy ethyl methacrylate) and other esters which are easily

hydrolyzable because of anchimeric assistance. Some specific examples
12
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y-butyrol act one-2-yl, maval oni c | actone,

3-net hyl -y-butyrol actone-3-yl, 3-tetrahydrofuranyl,
Some specific exanpl es i RCH/US2003/025022
category C) are 2- tetrahydropyranyl
2-tetrahydrofuranyl, and 2, rop | enecar bonat e- 1-
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C e
@szn ey Lafebihy e o §§e§%‘;§ 8 Bhl Feci o1
2oekaﬂmromanon@nqlmmmur %@roé%‘?xf% é‘ﬁn&ﬁtex?ﬂ‘pe acid
p?%‘E%Q?%%*’{*Péwéﬁ‘ﬁé?‘Pﬁfﬁp%@?ﬁb?%i@d' oLt ons
dur i ng Faaap! Eﬁﬁ%ﬁf’mﬁ’ﬁnﬁa RN p gra&fqog}oé’%ﬁ??’ﬁ)( ig\d
Z?gﬁl??gga?g; the deﬁhntltlz giupsabart exposlgﬂ Itcbph@’nogeagwted acid
oF PesE e Adey Pl AGliRRH b, B RILRRb AT - BRI Bouty
i elhdyi Bods3- (cwlgb\examl pHerand extreme WV resists (e g.
193 nmlﬁ JF%&& ﬁﬁ%g@tl@@-mﬂﬁﬁlhggﬁ%t&@sréhmrl the photoreSIst

SatIS

ter
a1l Bsrremies quring Sevelangoat np it ifoare g
aditespesedeh @M exdistfor instivait] bemqhxs!antladylsmeffaqiedsm pypesed

l&\égﬂcm%gggﬁég %‘P@gh%g%p gd%ﬁ%?la% %‘Pcr'itﬁmmlﬁ'(ﬁ%n organic

S Sl SerS i h res|
ceopesitt i ons. A variety of bile-salt esters (|.

C@E%lﬁtl@ﬁ'ir?rﬁﬁ?tor%r@nooﬂﬁ&h%% ar | y useful as Dis in the

COmpoSItions of this Lnveptl t
enonn (AR Eselfior TMGGSF Gan g vilkeRi BS RERidhe,
Wdé@lﬁ) SissollrRgi iNRibigrs3®I8) for favand bytréteediVieesistsde.g.,

2 66, e o e bR g B Flospy 1 Beu i 'sﬁﬁa prials
Este@dspamwdmg dirsoiutiosinhidition élﬂsmﬂ:ﬁ@h regigtanceggnd
13Qhelititpdiaior ofidsit 88 ositibRE ToMftising a given DI additive.

Some dissolution inhibiting compounds also serve as plasticizers in resist
compositions.

A variety of bile-salt esters (i.e., cholate esters) are particularly
useful as Dls in the compositions of this invention. Bile-salt esters are
known to be effective dissolution inhibitors for deep UV resists, beginning
with work by Reichmanis et al. in 1983. (E. Reichmanis et al., “The Effect
of Substituents on the Photosensitivity of 2-Nitrobenzyl Ester Deep UV
Resists”, J. Electrochem. Soc. 1983, 130, 1433-1437.) Bile-salt esters are
particularly attractive choices as Dls for several reasons, including their
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particularly attractive choices as D's for several
reasons, including their 13 WO 2004/014964

WwWOCTI#S2Ee03/ 025022 availability from natural BOTUSE®3/025022
their high alicyclic carbon content, and particularly
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OSI 1 ONns Vi ng
t Hearcpepentcot sast aphbcqiﬁms(at dagsst lopUy \@%NQ %wfé

s M@gﬁ .25 including: ether esters such as

met hyl. eth t , . -
2 et hoxl?,l@@’qqyeps%tég‘gﬁlg m@t}t]l@g %g&égﬁﬁe}pgggego‘ﬁt@g ceo(rmc?smons
3 lﬁl @l@étﬂlﬂrﬁyoﬂh@r‘cmrﬁ’ponamﬁ of the phdteresistinassiitsbihsalgent,
25 gcllu E@ang@? egsﬁ ﬁqg%n%npgmpgﬁkgélgc% %hopﬁ%)ﬂ%@he%ta’te
—bwoxybﬂnﬂ abetatet%meth@e«eﬂné acgwd:eteﬁbyl Mém@fpmqma te,
ﬁ1esﬁ1&1h k@?c? %@cﬁ’éﬁé@hoﬁ@ PROEERIdNE, n%th?lrethyl
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ene

e canbleciike, aene O sev el el SRSPLAERE. ety
t hﬁcidtéeethy%&ﬁ@ bhdttﬁéiIll@élcblwdﬁethératsedhasop&mmne glycol
30 hyd[)ggﬁqretfhﬂ etﬁer ethy?ertxeocl:jll;}gé]l thonomethy! ether, ethyleneglycol
monoethyl ether, 2-methoxyethyl ether (diglyme), and the like;
unsubstituted and substituted aromatic hydrocarbons such as toluene,
chlorobenzene, and the like; and fluorinated solvents such as CFC-113
(1,1,2-trichlorotrifluoromethane, E. . du Pont de Nemours and
35 Company),1,2—bis(1,1,2,2-tetraﬂuoroethoxy)ethane, and the like. A high
boiling solvent may be added, including: an unsubstituted or substituted
aromatic hydrocarbon, such as xylene and the like; an ether such as
benzyl ethyl ether, dihexyl ether, and the like; a glycol ether such as
14




chl orobenzene, and the |like; and fluorinated sol vents
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Company), 1, 2-bi s(1, 1, 2, 2-tetrafl uoroet hoxy) et hane, and
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157 nm, and lower wavelengths ImageW|se exposure is preferably done
with ultraviolet light of 248 nm, 193 nm, 157 nm, or lower wavelengths; is (
more preferably done with ultraviolet light of 193 nm, 157 nm, or lower
wavelengths; and is still more preferably done with ultraviolet light of
157 nm or lower wavelengths. Imagewise exposure can either be done
digitally with a laser or equivalent device, or non-digitally with use of a
photomask. Digital imaging with a laser is preferred. Suitable laser
devices for digital imaging of the compositions of this invention include,
but are not limited to, an argon-fluorine excimer laser with UV output at
193 nm, a krypton-fluorine excimer laser with UV output at 248 nm, and a

fluorine (F2) laser with output at 157 nm. Since, as discussed supra, use
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S I
15 { i pberans e 555 he(ia R AN (RS OREHT bt Bl
Trmlsscmrpqun'nirldel andg siicenaitiidécal in allowing for the
i magi ng of feature sizes in the subm croneter range.
10 Substrate The substrate enployed in this invention
can illustratively be si Iﬁ&@algj——érl icon oxide, silicon
OXXRAlficAdMesdUrbg@mtdi tride, or various other
. nmeEterigls used in sem cong duc{i)l ve r{'anuf acture. In a
20 preferr enbodi nent, the °'83 §'(n|9:1;\efe can be in the
form ofs a m croel ect roni ¢ NldReshenTinal st measured in the
m croel ectroni c wafer can lk?&cé‘fe@%@ﬂ\%h tfrom be silicon,
silicon oxide, silicon oxynitride, and silicon
nitrided GLOSSARY Anal ytidalV Measurenents 2d bs broad
si ngl eth8 NVR chemi cal shilfaurgeasured in the

o5 i ndi catgghrsol vent g gram Nyclear Magnetic Resonance

TH NMR Proton NMR
13C NMR Carbon-13 NMR
19F NMR Fluorine-19 NMR
s singlet
30 sec. second(s)
m multiplet
mL milliliter(s)
mm millimeter(s)
Tg Glass Transition Temperature
35 M Number-average molecular weight of a
given polymer
My Weight-average molecular weight of a

given polymer
16
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ol ydi spersity of a_given _ LRLion.
coefficient AC = Alb, whel %,10%1@@0%'5)@{1&%&&”6%3 in
Log10(1/T) and b = fil m t micioneswhere T icanamsiftanbess T
= transmttance as 5 defi Transmi ttance
Transmttance, T, = rati ohgﬁﬁ?(ﬁggg\g&di ant  power _
t r ansniEragemisiangesanpl e t dranssnitipaer.aht= FERDT thacadient
on the sanple and is mﬁ?@%ﬁtrﬁﬁémﬁt@&ﬁbféaﬂﬁple to the
wavel ength 2 10 (e.g., nnm. .RT. Room.Te.gge{at%Jhre
Chemi cal s/ Mononmers CFC-1 jadiant power incident on e sample and
1,1, 2-Trichlorotrifl uor oefdwmeastred for dispeoifieddeavelength A
Nemours and Conpany, 15 Wl .m pgton, DE DWMF
Di net hyl formami de MAdA 2-NEt’hyl*- 2- adamantyl acryl ate
OHKA ArRFica, Inc., M| pi Regm ée\mperature

Chemicals/Monomers

CFC-113 1,1,2-Trichlorotrifluoroethane
E. I. du Pont de Nemours and Company,
Wilmington, DE

DMF Dimethylformamide

MAdA 2-Methyl-2-adamantyl acrylate

OHKA America, Inc., Milpitas, CA

OCH,C(CF3)2.0H
NB-F-OH

Perkadox® 16 N Di-(4-tert-butylcyclohexyl)peroxydicarbonate
Noury Chemical Corp., Burt, NY

Solkane® 365 mfc  1,1,1,3,3-Pentafluorobutane
Solvay Fluor, Hannover, Germany

t-BuAc tert-Butyl acrylate
Aldrich Chemical Company, Milwaukee, WI
TCB Trichlorobenzene

Aldrich Chemical Co., Milwaukee, WI

F

| CO,C(CHa)s
TCN-(F)2(F, CO2t-Bu) —F

F

17



(\-OCH2C( CF3) 20H 20
Di-(4-tert-butylcyclo

wGQhewoasdes Cor p., Burt,

5

10

15

1,1,1, 3, 3-Pent af l uoro
Germany 25 t-BuAc te

NB- F- OH Per kadox(r) 16 N

hexyl ) per oxydi carbon ate Noury

NY Sol kane(r) 365 nfc PCT/US2003/025022
but ane Sol vay Fl uor, Hannover,
rt-Butyl acrylate Al drich

Chem cal Conpany, M| waukee, W -“TCB Trichl orobenzene

Al drich Chem cal Co.,
TCN- (F) 2(F, CQ2t-Bu)

co20( Cra) A ks

TON- (CO( O) CH3, CO2CH3

M | waukee, W F CO2C(CH3)3
0--F 30 F Wi 200400¢49
co2c(cH3) 3|| TNk (F, CO2t - BU?AS
Bu) C(CF3) OCH3

C( CF3) 20CH20CH3). CF3  OH

TCN-(F)2(CF3, OH) F F CF3 TON(CF3, C(CF3)20H)

C(CF3)20H F TCN-(F) 2
TCN-(CO2t-Bu)

(F, (CF3) CLCEDBREACHD;

C(CF3),OCH,OCHj5
CO,CHs
TCN-(CO(O)CH3, I
C(CF3)20CH20CH3)
CF3
OH
TCN-(F)2(CF3, OH) | .
F
CFa
C(CF3),0H
TCN-(CF3, C(CF3)20H) |
. F
C(CF3),0H
TCN-(F)2(F, C(CF3)20H) [
F
F
: E :
TCN-(F, C(CF3)20H) I C(CF3)20H
TFE Tetrafluoroethylene
E. I. du Pont de Nemours and Company,
Wilmington, DE
THF Tetrahydrofuran

Aldrich Chemical Co., Milwaukee, W]

18
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all tenperatures are i y ees Cel sius, all mass
nmeasurenents are in grans, and al | rcen es_are
wei ght P¥F cent ages, exddpaviolst V%PV rth%ﬁ g@mﬁ%\%'c

which are expressed a%(?@étr@n%vﬁfchtrbﬁges)ﬁﬁm f Otnemto
nononer repeat units. ass transition terrper at ures

(Tg) were determned b %)S'@fn (differential scanning
cal ori nRleRy)JWSi ng a heRéging of sheelsictromagnetia spegirdm in

Is reported fromthe s ,%
a Mbdel DSC2910 nade %g% %\ﬁgﬁbﬁr@eﬁ?s V\?Bhrﬁ%?gﬁ tos

DE. Assessnent of 157 Qﬁﬁglng sensitivity can be
done using a 25 Lanbda-Physi k Conpex 102 exci ner

utravi ol et transm ssi on ERBMEPERSHt o ar e made

Unless otherwise specified, all temperatures are in degrees
Celsius, all mass measurements are in grams, and all percentages are
weight percentages, except for polymer compositions, which are
expressed as mole % of the constitutent monomer repeat units.

Glass transition temperatures (Tg) were determined by DSC
(differential scanning calorimetry) using a heating rate of 20 °C/min, data
is reported from the second heat. The DSC unit used is a Model
DSC2910 made by TA Instruments, Wilmington, DE.

Assessment of 157 nm imaging sensitivity can be done using a
L ambda-Physik Compex 102 excimer laser configured for 157 nm
operation. Vacuum ultraviolet transmission measurements are made
using a McPherson spectrometer equipped with a Dy light source.
Samples are spin-coated at several thicknesses on CaF» substrates, and
the contribution of the substrate to the transmission is approximately
removed by spectral division.

More specifically, all absorption coefficient measurements for
polymers can be made using the procedure listed below.

1. Samples are first spin-coated on silicon wafers on a Brewer Cee
(Rolla, MO), Spincoater/Hotplate model 100CB.

a) Two to four silicon wafers are spun at different speeds
(e.g., 2000, 3000, 4000, 6000 rpm) to obtain differing film thickness and
the coated wafers are subsequently baked at 120 °C for 30 min. The
dried films are then measured for thickness on a Gaertner Scientific
19
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mn. e sanpl e seci;rals c%éected on

Mt Pher sTﬁe e Clearpg Hdicaifp M'”'%”A?ép?%ﬁ energy
digdridnd (8Y. tuh@mté@ffﬂmmé) @nERable leegiver phdtueesissiilit, i ng

rbance | es e then,a I 15 fil
20 C&?EO‘UE”\Q&?@&’SBS? E%Eﬁdﬁfgé’n%\%fl%q%g& Ensflm)ciness tlo $82
absorbance per micron (d$AMPLE 1which is done using
GRAMS386 and KALEIb GRARS sPTENaiceD 2tk term

IR SR ket omai i o T
gh% l%"c%ﬂét%twnm gg&vp Uzelricpubng a@@DGSLI’OE%thO IDldetgm of
o5 ENELORIEN ¢t (158G ) HGrded 27 g (14%) of TCN-(CO2t-Bu); b.p. 79-83
°C/1.3 mm.
EXAMPLE 2
Preparation of TCN-(F)2(F, CO2-t-Bu)
A Fischer/Porter glass pressure vessel was charged with
30 quadricyclane (15.1 g, 163 mmol) and a stirring bar. The liquid was
cooled to —78 °C and the vessel was evacuated. Trifluoroacryloyl fluoride
(19 g, 150 mmol) was condensed in a gas trap and transferred under
vacuum to the vessel. The stirred contents were allowed to warm slowly.
The mixture was heated at 45 °C for 36 hr. The mixture was cooled to
35  room temperature and a small volume of low-boiling material was
transferred to a trap under vacuum. Crude adduct acid fluoride was
treated with ether (70 mL) and added by canula to a 3-neck flask (under
N,) fitted with thermo-well, stir bar, and addition port. The solution was
20




Preparation of TCN- (CQ2t-Bu) TCN (CQO2t-Bu) was
prepared by heating a m xture of 100 nL of t-
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OC(CH3) 3, mmj or isoner) éﬁ_&iﬁq—zs (d, up-field
portion qf“reﬁﬁra@n@htcﬂ‘ﬂmNH@(@BOCW(CFGWHQG)(H%)
6.92), 5(d éJB éleld ertion of AB pattern, m nor
i somer A H" Utg Qs ¥ 9487
CHZ—CC(O)OCH3[C(CF3)QOCHZOCH3] and 11 mL of quadricyclane (80%
purity, the remainder is norbornadiene) was refluxed at 90 110 °C for
48 h. Distillation of the reaction mixture gave 14 g (47%) of TCN-
(C(O)OCH3, C(CF3)20CH20CHS3), b.p. 120 -122 C/O 65 mm. IR:1738

(C=0) cm-1.

EXAMPLE 4
Preparation of TCN-(F-CO2t-Bu)

A mixture of 30 g CH2=CFC(O)F (containing 35% DMF) (0.22 mol)
and 35 mL of quadricyclane in 100 mL of dry ether was kept at 100 °C for
16 h. Crude reaction mixture was fractionated to give 25 g (80% purity,
52% yield) of cycloadduct b.p. 57 - 82 °C/20 mm. This material was
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vacuum oven with slight nitrogen purge at 88 - 90 °C. There was isolated
42.5 g of white polymer; GPC analysis: My, 3500, My, 7200. T4 195 °C
(DSC). Anal. Found: C, 46.10; H, 3.86; F, 39.14. 19F NMR (8, CDCl3) -
77.6 (6 F from NB-F-OH), -95 to -125 (4F from TFE and 2F from TCN-
(F)2(F, CO2-t-Bu)), -160 and -187 (1F from TCN-(F)2(F, CO2-t-Bu)).
EXAMPLE 6
Synthesis of a TFE, NB-F-OH and TCN-(CO2t-Bu) Polymer
A 200 mL stainless steel pressure vessel was charged with 46.4 g
NB-F-OH, 26.4 g of TCN-(CO2t-Bu), 50 mL of Solkane® 365 mfc and
2.55 g of Perkadox® 16N initiator. The vessel was closed, cooled in dry
ice, purged with nitrogen, evacuated, and charged with 52 g of TFE. The
vessel was then agitated with its contents at 50 °C for 18 hr while the
internal pressure decreased from 383 to 363 psi. The vessel was cooled
22




Hg. 19F NVR : -145.16 (m major; -170.54 (m m nor.
EXAMPLE 5 Synthesis of a TFE, NB-F-OH and TCN-(F) 2(F,
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ice, purged with nitrogen, evacuated, and charged with 45.5 g of TFE.
The vessel was then agitated with its contents at 50 °C for 18 hr while the
internal pressure decreased from 345 to 304 psi. The vessel was cooled
to room temperature and vented to 1 atmosphere. The vessel contents
were removed using additional Solkane® 365 mfc to rinse. The combined
reactor solution and rinse were added to excess hexane (30 - 35 mL
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with hexane, air dried for several hours, and then dried overnight in a
vacuum oven with slight nitrogen purge at 88 - 90 °C. There was isolated
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19.3 g of white polyner; GPC anal ysis: M 4900, MW
6700. Tg 162 C (DSC). Anal. Found: C, 51.52; H, 4.72;

w6 20821884 EXAMPLE 7 10 Synthesis of a TFE andPCT/US2003/025022
TCN- (C( O OCH3 C(CF3) 20CH20CH3) Pol ymer A 75 L

stai nl ess sfeel pres e vessel har it
o 20 TR SRy BRb, L G Ao G, sl GO0 1o 171 °C
S(QD&@)eQﬂ(r)al._?_%uﬁﬁpCﬁfl&14OH3|2.334; &, 36e8k atipxIIMR (HITDCly)
in , |
o Gdaohs Ty cobt B eciaseat i i R g Ege
of 166t —168 (15 ez $EN-laLOpEw)agi tated with its

5 contents at 50 C for 18 plgghe internal
pressure decreased from I.. The vessel \gﬁts

: ps]. . : .
cdded@liowing srivianewae PaeraTed 204 Maanetically stired overni
at nosphere. The vessel contents were renbved using

addi ti onal Sol kane(r 65 nfc torinse. T i ned
reactor sol utiéﬁ'l@g?@épgnse were added to whexane
(30 TFEMNBiF-ZH/PON-(FORE,t@OBBBuUNL of hexane). The
10 precég&h@rqﬁéﬁﬁﬁigltered, washed with hexggg, air

a

drie or sever ours, and then dried overnight in a
vacuum oven with slight nitrogen purge at 838 - 90 C

Therg_H@&ahéﬁéat ed 1.3 g of white pol yner20@6
anal ysis: W 3100, MW5300. Tg 155 C (DSC). Anal.

Found: C, 46.57; H, 3.96; F, 34.42. 25 EXAMPLE 8
Synt b891% (wf) solUtioR, of Xifp rerGtsfocidfroMohEflated 2t - Bu)

Pol r ' essure vessel was
15 cha%/g%ao(%eaﬁﬁ)zg‘%ﬁ%%%%ﬁ:@&g%gﬁ_ of TCN-%F
002- fitsey thepughia af453md%milsynmﬂﬁ¢re and 22883 g of
Per kadox(r) 16N initiator. The vessel was cl osed,
cooled in dry 30 ice urged with nitroge evacu
and chéga&qyﬁiwwf@é@rﬁe WHing peBrewey %%?QPCMM@dPEiﬁSCB
_agj'dniﬁiﬁ[dtidvh bpini doat@idtphtes oa]Ea 5(h.QidroetelTybe "W_h,i £80@he
intern ressur c [ i s
20 | SrEliort STEBH MreE DRRS AP B il bib & Lo oo
atJapspHeo cRedibeDevaispnenbAnalyzer (Mede-1¥hoved usi ng

addi ti K@ne iR fhe conbi ned
35 r eagﬁgér Wséo thi oéwe?ﬁﬁpgggp&gtlggggglég %ﬁgﬁxces

herEthdisigzang (MBS ipeReranESRNRNGGH SRODIRE) or The

preridddriise Thermdolit Rikmedf thasihede seiutionhaftantitermigr

25 | 4blierce QT Ut guing Hg W sitasad 4B Lottt S5

Thpmefondd sexminds enddskao S04 W iy seTonds2003/ 025022

igog 09 %8 th%g% VEL rabc&%ﬁlié%’i@ ¥y expodtig 4ELoatdwafer to
light obtained by passing broadband UV light from an ORIEL Model-82421
Solar Simulator (1000 watt) through a 248 nm interference filter which

30 passes about 30% of the energy at 248 nm. Exposure time was

30 seconds, providing an unattenuated dose of 45 mJ/cm2. By using a

mask with 18 positions of varying neutral optical density, a wide variety of

exposure doses were generated. After exposure the exposed wafer was

baked at 125 °C for 60 seconds.

35 The wafer was developed in aqueous tetramethylammonium

hydroxide (TMAH) solution (Shipley LDD-26W, 0.26N solution) for

60 seconds, resulting in a positive image.
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(DSC). Anal. Found: C, 48.14; H, 4.34; F, 36.48. 19F
NVR (6, CDCI3) -75.7 (6F fromNB-F-OH), -95 to -125

wO4bo4fnes TFE), -139 to -143 and -166 to - 169P(C1/US2003/025022

10

15

20

25

30

35

fromTCN-(F, C2tBu). 5 EXAMPLE 9 The follow ng .
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30P-68opf$a=9 PN i3l HigNd - IhRUedARRING P Loeglels: ars!-
n’Hrﬁ%heﬁﬂ%,%??Qﬁc&s, owstappiridim] 8=085), 2@ts(bof s, \es /52y
n e ensity, vari_et
dckeb e oiiheplRa s Ariddapsdl  fet 2 8T G o
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SRS AR TR SELO A e
6rddiiss Rl guadiiaygfanand ﬁﬂa&&é’spfﬂﬂ UprpagRroRRNWignzoate.
2004/ 01796 4ishidd Li52pR360PEN2E )2 VMG (T H5) obtained as
described above (1.63 g, 4.71 mmol) was added to a solution of
potassium hydroxide (0.80 g, 12 mmol) in methanol (15 mL) and water
(10 mL). ' The mixture was stirred rapidly at room temperature for 4.5 hr.
Most of the methanol was removed under reduced pressure. Water
(15 mL) was added and the pH was adjusted to ca. 7.0 by addition of
hydrochloric acid. Product was extracted with methylene chloride (2 x
20 mL) and the extract was dried and stripped to give 1.07 g of nearly
colorless oil. 19F NMR (CgDg): -74.02 (d, J= 7.1 Hz, a=2.77), -79.25 (dd,
J=2.0, 14.7), two sets of AB patterns, -103.05 (ddd, J=6.5, 13.7, 213,
a=0.93), -105.34 (dddq, J = 218, 15, 5.4, 15, a=1.02), -119.19 (d, J=217.5,
a=1.01), -123.07 (d of m’s, J = 213, a= 0.93). TH NMR (CgDg): 5.67 (dd,
J=3.3, 5.8) and 5.54 (J=3.3, 5.8, vinyl signals for isomer A), 5.62 (2nd
order AB pattern, combined vinyl signal area = 2.00), 2.80 (bd s, a= 0.49)
2.69 (m) and 2.67 (s, combined a= 1.51), 2.46 (bd s, a=0.50), 2.28 (m, a=
0.50), 2.16 (m, a= 0.55), 2.02 to 1.96 (overlapping m, a= 1.02), 1.93 (bd s,
a=0.51), 1.81 (d, J =10, a = 0.53), 1.71 (overlapping d’s, J ca. 7.2,
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@Qorgtorles glachua Filonda UL}‘:A) bI%e reaction
mlxture was heated up to 150 °C with simultaneous distillation of the
product, which was collected [28 g (88%) of fraction 86 —100 °C], and
used in the next step without further purification.
= 35 b) Reaction of CH,=C(CF3)C(O)Cl with quadricyclane:

To the solution of 22 g of quadricyclane in 100 mL of dry ether,
28 g of CH,=C(CF3)C(O)Cl was added at 10 - 20 °C. (The reaction is
exothermic). The reaction mixture was kept at 25 - 35 °C for 12 h. Then
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0.50), 2.16 (m a= 0.55), 2.02 to 1.96 (overlapping m
a= 1.02), 1.93 (bd s, a= 0.51), 1.81 (d, J = 10, a =

wO0.26)014964 71 (overlapping d's, J ca. 7.2, 25 WBCT/US2003/025022
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dl t/é‘}(gghquegtge%g%of or i es, B?Smgh@fnoq;:;%oﬂ?éﬁﬁg) O) >
Tﬁé 3@3\51@}3,172 56(3F, m) Found: C, 43.80; ﬁ 3.2 Ié 48.48.
EXAMPLE 12
Preparation of TCN-(F)2(F. C(CF3)20H).
Preparation of cycloadduct of quadricyclane and CF,=CFC(O)F:

A Fischer/Porter glass pressure vessel was charged with
quadricyclane (15.1 g, 163 mmol) and a stirring bar. The liquid was
cooled to —=78°C and the vessel was evacuated. Trifluoroacryloyl fluoride
(19 g, 150 mmol) was condensed in a gas trap and transferred under
vacuum to the vessel. The stirred contents were allowed to warm slowly
and then maintained at 45°C for 24 hr. The mixture was cooled to room
temperature and a small volume of low-boiling material was transferred
from the reactor to a trap under vacuum. The remaining reaction mass
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m xture was heated up to 150 C with sinultaneous
distillation of the product, which was collected [28

wqQ 20B88%3960f fraction 86 -100 C], and wused in PO®/USE00B/025022
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step wi t hout further purifi cation. 35 b) Reacti on of
CHz2= CFSC(O&I IE1a€r|ccane Tothes tloa

of W39 ChaiFcte]izg rqye@@ria et Bin pogtyestigratgd pset asgg qj
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brEHHENECE Ao o5 Respigiat 188 ORASSTAET a0 o
C(CFS)C(O)CI A5 b.p. 102-108 015 mHg. Found: G,

52.25; H 3.89, F, 22.49. c¢) Preparation of TCN (CF3,
C(CF3)20H): To the m xture of 65 g of dry CsF and 100

mL of acet ofFE[@)E placed in 1 L flask equi pped
witht r, addition funnel and dry-ice 10
cond er wagC8iowly added the solution of Ain 200 nL

" The reaction mixture was agitated 1 h at
anbl ent tenperature and cooled down to +10 C, and
then 110 g of trifluoronmethyltrinethylsilane (Synquest
Laboratories) was added slowly at 10 -15 C. The
reaction m xture s brought to anbient tenperature
and agitated for 14 h. 400 nL of 10% 15 hydrochloric
acid was slowy added to the reaction m xture at 15 -
20b)Prepaiation of TRENF(E3(F, OCAB)AQIHE was extracted with

CH2Cl 2 i .

ar e ol Gl i FRERELY ORD, 6t AVRIE e in
urklRG-m} dleak eruipped gl thesmasreter, gdudntw@d‘uunale@nd dowieed

pr<§§r§i€n§eF a8 syl %daeaaﬂa/@sommohr@cs ino80 khiPef di4 THF and

C/OEQ mmg{’_cgomﬁﬁy p}é&l%%{%s( %6 &tHéO f‘f %%egeactlon

| soitue was bivaighaito anﬂ»ﬁerﬁ@e#@erétQFe dhdRagitameIpr fdjhor :
7@%%{%@ 1 %’ydﬁé%cé%%&d vls S)B@G%W ﬂ% reglétr@r%mlxture
4318th - 2D @ (Rid<1), Tag ra@ctloammrg was Qstramewm CHaClyr(3 x
TGN?(f Fr)L%(t*ﬁe %ﬁé@%’r‘@amc Pég%?@ff@ré Washbd ewiteomiedinoy, BEI,
qun?rle I\(’?l8§04 andcﬁen%ﬁc(so?vent was removed under vacuum. The
residue was distilled under reduced pressure to give 32 g (60%) of fraction
b.p. 46-48 °C/0.05 mm Hg of TCN-(F)2(F, C(CF3)20H). According to
NMR data, the product was a mixture of two isomers in the ratio of 65:35.
19F NMR (CDCls,) major: -73.38(3F, m), -73.90(3F, m), -102.82(1F, dm;
217 Hz); -120.87(1F, dqd; 217; 16.4; 6.6 Hz)), -160.58(1F,m); minor: -
71.70 (3F,m), -72.56(3F,m), -106.03 (1F, dm; 225.5 Hz), -117.53(1F, dd;
225.5; 9.8Hz). Found: C, 41.43; H, 2.70.
EXAMPLE 13
Preparation of TCN-(F, C(CF3)20H)
a). Preparation of 2-fluoroacroyl fluoride (CH,=CFC(O)F):
Into a 3 L flask equipped with a mechanical stirrer, dry-ice
condenser and thermocouple was placed dry DMF (1.3 L), hydroquinone
(6 @), and zinc (130 g). Sodium iodide (160 g) was added to the flask
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A Fi scher/Porter glass pressure vessel was charged
W th quadricyclane (15.1 g, 163 mmol) and a stirring
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25TNVB- R ﬁrodh&ewﬁé Qgé@ﬁ‘or\”!ﬁé r%xﬂb?gggffihé’freé%rf &P Wethaut
|nthe rat#o of 65:3 maj or:

- 7HirtBgy prrifigation. 73 90(3F m 102 82(1 F, dm 217

Hz): -120.87(1 F, dqd: 217: 16.4: 6.6 Hz)),
-160.58(1F, n); mnor: - 71,70 (3F, m), -72.56(3F,n),
-106.03 (1 F, dm 225.5 Hz)|\ - 117. 5&coff, dd;

c¢) Preparation of TCN-(F, C(CF3)20H):

A 500 mL flask, equipped with dry-ice condenser, thermocouple,
addition funnel and magnetic stirrer, was charged with dried CsF (15 g,
0.1 mol) and CH3CN (150 mL) in a dry box. The solution of 111 g of crude
cycloadduct C (about 0.42 mol from the step b) in CH3CN (50 mL) was
added over a 5 min period. The reaction mixture was stirred at ambient
temperature for 15 min, then cooled down to 5 °C. 120 g (0.85 mol) of
trifluoromethyltrimethylsilane (Synquest) was added slowly over 1 h and
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225.5; 9.8Hz). Found: C, 41.43; H, 2.70. 30 EXAWMPLE 13
Preparation of TCN-(F, C(CF3)20H) a). Preparation of
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> Qe SCTE D Yo et W BSeR, AT RIGaNErIayer was
qu@@iéteav qhe mes%?e@m( Exthactéd 46tB athes{BX00 mbe The

SloSesurty s Weraaplionshith B8 o Hanlo R g mipsheg ity
hymteq(ﬁs D(dhm mL),5dried 0 Md, 3D 4,cang @reenfratadita give agdgjuid.
BUaGe ég%{%@ﬂ c(f?ﬁeﬂhga*a Og?og T:'@IQ{ (Pf C(CF3)20H), 77g,

nor%or nadi_ene ctor
ke 58t 551€¢0. @5mHmaONeraﬁn@el§ dfrque&ﬁ@e \Vbthﬁ alcghol was

Wezs@/or TROBRsH ot WBsCH Hﬂﬂur@bpmmwousmerwpamm temogﬂ R

o e pigin ) LB AR FL 168 Y 45 ofH lohigre R g am.
20 #8635 1P ORI AR (Mm28FBppich, J = 26 Hz, 1 F), -150.7
(quintet, J = 26 Hz, 1 F)EXAI\%’EEHQ' somer -20.2 (d, J =

20 Hz, 1 F), -171. m_ The
crude pr océmm%la Onfna&ﬂ:qE @ﬂdtTI'CaNT(E)aCEéEQL-B)E Qp}pﬁ@
reacti of 200 )mWstdiRits stadl bheysupslVbdded dldsothar§E&@n28.8 g

25TéN -(F)2(CF3, OH), 40 mL of Solkane® 365 mfc and 1.02 g of
Perkadox® 16N initiator. The vessel was closed, cooled in dry ice, purged
with nitrogen, evacuated, and charged with 20 g of TFE. The vessel was
then agitated with its contents at 50 °C for 18 hr while the internal
pressure decreased from 220 to 199 psi. The vessel was cooled to room
temperature and vented to 1 atmosphere. The vessel contents were
removed using additional Solkane® 365 mfc to rinse. The combined
reactor solution and rinse were added to excess hexane (30-35 mL
portions to 650 mL of hexane). The preéipitates were filtered, washed
with hexane, air dried for several hours and then dried overnight in a
vacuum oven with slight nitrogen purge at 88 - 90 °C. There was isolated
9.97 g of white polymer; GPC analysis: M, 5300, M, 9300. T4 222 °C
(DSC). 19F NMR (8, THF-d8) —73.5 and -79.5 (CF3), -95 to ~125 (CF5).
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i aNdFie CIER3) EOHc:@@m) obBplkane@, 36fbp1f5@nd 58 g of
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mcreagltor sofu?ongand rinse were added to excess hexane (30-35 mL
portions to 650 mL of hexane). The precipitates were filtered, washed
30  with hexane, air dried for several hours and then dried overnight in a
vacuum oven with slight nitrogen purge at 88-90 °C. There was isolated
17.8 g of white polymer. GPC analysis: M,, 4800, M,, 7400. Tg228 °C
(DSC). 19F NMR (8, THF-d8) —156 to —160 and —185 (CF), -70.6 and
-72.5 (C(CF3)20H), -85 to —125 (CF5). Anal. Found: C, 39.57: H, 2.47; F,
35 53.05.
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Per kadox(r) 16N initiator. The vessel was cl osed,
cooled in dry ice, purged wth nitrogen, evacuated,

wand4ohasged with 20 g of TFE. The vessel wa$ PCIRIS2003/025022
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368 1P T0 {El RO U A PRl CoRPCE 1
rinde met483dded to excess hexane (30-35 mL portions
to 650 nL of hexane). The precipitates were filtered,
washed w th hexane, air dried for several hours, and
then dried overnight in a vacuumoven wth slight
nitrogen purge at 88-90 C. There was isolated 15 9.7 ¢
of white polynmer. GPC anal ysis: M 4200, MN 6200. Tg
209 C (DSC). 19F NWR (8, THF-d8) -60.9 and -67.8
(CF3), -75,5 (C(CF3)20H), -95 to -125 (CF2). Anal.
Found: C, 41.87: H, 2.95; F, 49.76. EXAMPLE 16
Synthesis of a TFE and TCN-(F) 2(F, C(CF3)20H) Pol ymer
20 A 200 nL stainless steel pressure vessel was
charged with 37.4 g TCN(F)2(F, C(CF3)20H, 50 nL of
Sol kane(r) 365 nfc and 1.0 g of
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Per kadox(r) 16N initiator. The vessel was cl osed,
cooled in dry ice, purged wth nitrogen, evacuated,

wanad4mhasged with 20 g of TFE. The vessel was PCIIS2003/025022
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agitated with its contents at 50 C for 18 hr while the
internal 25 pressure decreased from 208 to 181 psi.
The vessel was cooled to r&é:nﬁﬂl_&errper ature and vented
t opdhaR BB RAEd ﬁs The vessel contents were renoved

usi ng addi al Sol kane(r) 365 c, to.ri .. The
combi ne ‘é id %%PB'E"T"&% aiﬁae?ﬁl@gd%Yeedqigﬁled to
excess he al)1€ 4t36aSore reppat tnibdsrived 656 anh efifylenically

hexane) . e prec fi r g&g@eﬂl

Wi th hexane fse{é&a&%ﬁ §§W\3§Q§%PQW§ ﬁqeaan otthe atom
dried over ni gmowahenily attacherchte waretiwlienically glﬁﬁawr@fﬁég?@ﬁbon
purge at 88- 90, 'Qﬁ%re was isolated 17.8 g of white

pol ymer. GPC anal ysi's: 4800, 7400. Tg 228 C

( DSC) . 19F(bm|vF@T(|saS’quun§ EP@FaI 4B d?ﬂ"qué’"bﬂg eﬁiﬁ%”'?@bé ,
-70.6 and - 72uf5sdtGtES raRbbund Maving the2Fructi2) . Anal .
Found: C, 39.57: H, 2.47; F, 35 53.05. 31 WO

2004/ 014964 PCT/ US2003/ 025022 EXAMPLE 17 Synthesis of
a TFE and TCN-(F), C(CF3)20H) PolRher A 200 ni

stai nl ess steel prgsspre el s charged with 60.8
g TCN(F), 0 0 of ‘nJ_kRﬁe(r) 365 nfc
and 1.59 g of Per kadpx(r BN i n|t| ator. 'Eﬁe vessel
was cl osed, codled in|fdry i/c pur g wi t h ‘ni trogen,
evacuat ed, and ar ( t 0g (pf E The vessel

was then agitatedw th its conteq#s at 50 C for 18 hr
while the internal pressur Yecreased from 257 to 240
psi. The vessel was cooled to room tenperature and
vented to | atnosphere. The vessel contents were 10
r enovedwhereig raigdl, t1, ®i&F Sol kane(r) 365 nfc to rinse.

The co ‘1an B%ﬁlﬁtm aROHEDERISIT i ORS, Welogenddiyl 6o
XCess eXxan

heﬁusﬁéy of e 1;9 @%rpantag?@§p§@§cgﬂqmy|sygﬁﬁw9€%g Ralpge; qrether
heygpfsnsaiv, GIR¢E;JOR5, RNcoORMGrs, and then dri ed

overni ght. i m oven with slight nitrogen purge
at 88-9 .dbzé%f\e?(a% isolated 15 16.5 g of white :
pol ymer R5(E><bydr@qu¢rsan Reid4abite prarecBEodrong; 205 C

DSC) .
( - 43)8 EnB' %th@@%n@@brd#@?e&ﬂu&@& .grod 9021??%

( CFQI)bOHA@imeS Fokakan tegetha ECam wharg his 243 5 35

RS is an alkylene group of 1 to 20 carbon atoms, optionally
substituted by halogen or ether oxygen;

Z is OH, halogen, or OR7; and

R7 is an alkyl group of 1 to 20 carbon atoms, with the proviso that
at least one of RT, R2, R3 and R4 is Y, ORS5, C(Ry)(R{)ORS, R8Y or ORSY,
and the proviso that if R1 (or R3) is OH, R2 (or R4) is not OH or halogen.

2. The polymer of Claim 1, wherein the compound having

structure (I) is selected from the group consisting of:
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C(CF 3),0H |

C(CF 3),0H

F

C(CF 3),0OH

wherein R12 is an alkyl group of 1 to 20 carbon atoms.

CF,4
OH

3. The polymer of Claim 1, wherein the at least one ethylenically

unsaturated compound having at least one fluorine atom

covalently

attached to an ethylenically unsaturated carbon atom is a fluoroolefin

which comprises 2 to 20 carbon atoms.

4. The polymer of Claim 3, wherein the fluoroolefin is selected
from the group consisting of tetrafluoroethylene; hexafluoropropylene;
chlorotrifluoroethylene; vinylidene fluoride; vinyl fluoride; perfluoro-(2,2-

dimethyl-1,3-dioxole); perfluoro-(2-methylene-4-methyl-1,

34

3-dioxolane);
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of 1 to 20 carbon atonms. 5 3. The pol yner of Caim 1,
wherein the at | east one ethylenicall unsat ur at ed

cofrpetifli HeVohg FaChoewberadméis 1 Qbei ﬁ@g & dACEGCap avfitarein
Iag Rg’QB@%émrﬁéd eﬁJBvdaW gaédp/ow@@t Ut %@ggﬁrb&grr%t om
SES ar.noon

Ltons B $he Bobioenat GRngAaNREII e o ol
flft@?ra?lubﬁethyleaesel ected 10 fromthe group consi sting

etr e a
Ot oo B 1 85 BRI TR 1ol RSB ARRP L unit copgining 2
fl ﬁumnoah:ohpélrdumroa p@tec’tedlf%@f(#ﬁ}lmfld@wrbxol e);
perfluogo-{ Wére&%lérnﬁr%tzmﬁbrén 3h<9\‘|925:‘8a?6b%l %Fcﬁfb $he

2004/ 014964 P Us2003/ 025
m@rpéwtefi fluprqalgehal-graiRyisrderied-frgm alv%&% Oﬁe@th elcally
Sauh%@th&dieﬂ'c@ﬂf;ﬁﬁirﬂ@don%mﬂm eofluérfo@mohot orold leaiipthe

at gns. . The polynmer of daim4, wherein the
fI%FB‘r'(E}Ufeefl nis tetrafluoroethylene. 5 6. The pol yner
of aim1l, further corrpri sing a unit containing a
fl uor oal cohol group or gfly f | uor oal cohol
group. 7. The pol yner g(ﬁ%)ﬁ?é wherein the
fl uor oal cohol group or the protected fl uoroal cohol

ar @HBerdis FQ%{n'dVF% dafd 918 simé BRgHfPEIRt fﬁld?délﬁ?l g}@h%)él of from 1 to
h a@@ fqéh?c%ﬁa%n WB ﬂa@%u%omtﬁép IaPe(‘](C?FZ)!nuv(\?rrleor%lncr%hlg 2 " 4!P
8. The polymer of Claim 7, wherein Rf and Ry are perfluoroalkyl
groups.
9. The polymer of Claim 1, further comprising a unit containing a
fluoroalcohol group having the structure:

XCH,C(Rp)(R¢)OH

wherein R¢ and Ry are the same or different fluoroalkyl groups

of from 1 to 10 carbon atoms or taken together are (CFo),, wherein m is 2
to 10; and X is an element from Group VA or Group VIA of the Periodic
Table of the Elements.

10. The polymer of Claim 9, wherein X is selected from the group
consisting of oxygen, sulfur, nitrogen and phosphorous.

11. The polymer of Claim 10, wherein X is oxygen.

12. The polymer of Claim 7, wherein fluoroalcohol group or the
protected fluoroalcohol group is derived from a monomer selected from
the group consisting of:
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O P QNCES RO & GHM CF3) 20H 5 A3 DOl YIEEHRE(CF,),0H
da urt her “conprising at | east
CONkKa g or protected acid-contai®jng p of

structural unit: E1 (-CH2-C) E2 10 V\,he ein E1 is H
or.Cl-Cl2 alkyl; E2 is CO2E3, SOBE, or other acidic
group; and E and E3 are independently selected from

Sthe group of H, unsubstituted Cl-C12 al kyl, and

10

15

20

het er 0aBonTRE RolyriértE iGN Glartabk¥dmprising at least one acid-
containing or protected acid-containing group of structural unit:

Fl
(_CHZ——(I:_)
E,

wherein Eq is H or C4-C45 alkyl; E5 is COoE3, SO3E, or other acidic group;
and E and Ej are independently selected from the group of H, '
unsubstituted C4-C 1, alkyl, and heteroatom substituted C4-C, alkyl.

14. The polymer of Claim 13, wherein the heteroatom is selected
from the group consisting of oxygen, nitrogen, sulfur, halogen and
phosphorus atoms. .

15. The polymer of Claim 14, wherein the heteroatom is oxygen,
and the heteroatom substituted C4-C o alkyl further comprises a hydroxyl
group.

16. The polymer of Claim 13, wherein the acid-containing or
protected acid-containing group is derived from a carboxylic acid-
containing monomer.
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14. The polynmer of Caim 13, wherein the heteroatomis
selected 15 fromthe group consisting of oxygen,

hal ogen and phosphorus at oRET/U$2003/025022
The polynmer of Caim 14 wherein the heteroatomis

oxygen d the het at 0 suBst Ltuted 2 al kyl
furthet’cohpt Pg&@eé % w H‘ '%630” fjang or
pobrpiested facd-edntaibihg gﬁwpes detited foha coriamer selected from

ok 5?? SERIPBE b0 SeQhher 2oRi Bk aguiare
Pczrm% ploznopEung aomatemec? penjieaeidof O ai m 13,

wher ei 18t hEh&pbKinfer BF &IAhNY, f@l"rthBF eb@ptigHg at least one group
aci d- cont ai ni ngl?gr oup i s derived froma nonomner

s Y FMEL PP HPOIRRBIOGPBIE: consi sting of tert-butyl
acryl at@; Rphietdn@fd;lsﬁecﬁdawmmy tomprigingt €;

The-pol yret ) or B G5t M pftheRabelefy A fliarther”
one group derqomt&jnmgmﬂlﬁnﬁbcwpmﬁjrrer 19. A
phot or esi st CQHP%?'Iéds‘?%n%QEBé%ﬁJmﬂderﬁvzeﬁef??T an ethglenlcally

fluorine-contaihin ereln

cont ai ni ng pol yné’n”gég‘ﬁﬁ dsGasmpaund hgving at [%@i oaﬁéluonne

repeat gnlh t deri \a@cﬂnfdoﬁrmeﬁtmy%}ﬁlﬁ)thédﬂt@éh|eYhyIéMﬂ§§l‘lyldf at Ied

conpoun avi ng ast one uprine ~atom coval ently

attached to an e%ﬁ??@ﬁ t{eglqiybo u?'?ﬂ ed carbon atom

and (b) at |edb} ablemst epeaepe@unlmnveeldrdmm gthylenically
Structure: R R OPARAROIADGRTPRATN RS

or 2; 20 RI, R2, R3 and R4 are independently H, OR5,

hal ogen, al kyI or alkoxy of 1 tg110 carbon atons,

optionally substituted by hEt| ogen or ether oxygens,
Y, C(Rf)(Rf)ORS or ; 5
R
(1)
R3

L -n R4

whereinnis 0, 1, or 2;

R1, R2, R3 and R4 are independently H, ORS, halogen, alkyl or
alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether
oxygens, Y, C(Rp)(Rf)OR®, R8Y or ORSY;

Y is COZ or SO»Z;

RS is hydrogen or an acid-labile protecting group;

Rrand Ry are the same or different fluoroalkyl groups of 1 to 10
carbon atoms or taken together are (CF5),, where mis 2 to 10;

RS is an alkylene group of 1 to 20 carbon atoms, optionally
substituted by halogen or ether oxygen;

Z is OH, halogen, or OR’; and

R7 is an alkyl group of 1 to 20 carbon atoms, with the proviso that
at least one of R1, R2, R3 and R4 is ORS5, Y, C(R)(Rf)ORS, R8Y or ORSY,

37



Yis COZ or SO2Z; R5 is hydrogen or an acid-labile
protecting group; 25 Rf and Rf are the sane or

wdizbdsmmewts fl uoroal kyl groups of 1 to 10 car beaTaSeNws/025022
or taken together are (CF2)mwhere mis 2 to 10; R6 is

2o e BRER B B der B B QBT RO B gt btoden:

haéhmﬂgen or OR7; and 30 R7 is an al kyl group of 1 to

20 b t hat t | t
of %i”“ 2o, G EpnURBICRAPEBHERR LAY o ) e Rev or
oR6Y, 29 e pbolgresish sampesition s woz%%zw ergiythene

5 IOFm\éhémérhl%lvlrigfstRﬂctlﬁr@f(l)fiﬂ)the$Iu%e%n@iln@‘ﬁblyrﬁeﬂ@se@dted

. phot oactive conponent. 20. The
hfé?'@rtgglgs{?u%fi%ﬂéﬁg 8h of Oaim 19, wherein the 5
nmononer having structure (1) in the
fluorine-contgi ning polyner is selected fromthe
group consisting of: F F CO2R12 CO2R12 F F| CO2R12
c QRF 12 OCH2 OCH3 CF3 |F 12
3) 2PH §(CF 3)! >OH%§FI§F CF3 C(CF 3)j20H [ lcz%ngg
wherein/ R12 i $ anFaI kyl group of Tto 0 [carjon at ons.

38
F
F’
CO,R? O(CF,),SO,F
F
|'_‘
C(CF 5),OCH,OCH,
CO,R™?
CF3 F
C(CF 3),0H C(CF 3),0H
F
F
F CFs
C(CF 3),0H OH
F
10 F

wherein R12 is an alkyl group of 1 to 20 carbon atoms.
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WO 2004/ 014964 PCT/ US2003/ 025022 21. The phot oresi st

conposition of Claim19, wherein (a) is a fluoroolefin
woan@roigiemg 2 to 20 carbon atons. 22. The phot BCERIS$103/025022

conposition of Claim?2l1l, wherein the fluoroolefinis

oo P TR PRI Byt v

chf"é)@r@piﬂfmlqmwalmglﬂéﬁ@{) aArpgm attene | uoride; vinyl
f | uori de; ﬂ%ﬁh%ré’sé?oo%nﬁééﬁw&t Cla%m? Jeﬁlgthe

f I 2
u%p(ﬁ fsgc@f}z ergggﬁgggrgw Cpgsisting ofztetrgﬂgoroethylene
5 Rf héﬁ?ﬁﬁ%’pro}b@l@héi ﬂ]la‘oirlﬂllﬁor@eﬁﬁtdﬁeatlm llcﬂér\@ﬂ@@hd@ lviny!

onD i et 6 & S iR peqhere repyiene-s-

f I I[II‘@EM‘IeCﬂ-deDtarteéx @Eﬁ#@BO()@F@)yGIéﬂ@FZ 2dherEiet is 1 or 2; and
h » i
p Rg@@ls*éf-' SRR R0 acgatga%ﬁlﬁépa@égﬁ%ﬁ@e df¥fom 1 to 10

rine-.c ntalnlng pol S a uni
co?ﬁrgpﬁlaﬁ@mé fl uoroal cohol group or a protected

10 1 uor o4 cotd lét@véblst]&rﬂ&asnﬂlﬁopd)%‘irﬁrﬁs'\Aﬂereln the

4 wherein the fluoroal cohol

Iy
gr(')Liﬂ{°8t‘9ﬂpﬁ%9%pﬁ“86?eééyl?f‘ﬁor oal cohol group is derived
from a24. |'Hesphooessstodneositior 9f Qlagat1®; athedeindhp dundine-

el gy %‘&“@aﬁe@ﬁﬁ@@"epﬁ“@%ﬁ5%"%%'80%'
S a@RPUBIOrd PoEaG flﬂpmalm&grow oups of from1l to
15 car bomgt offfe lﬁotb?é@ét doRSISdRIn & Glafr22) Wh\é‘ﬂ&hethe m ' s

S ek VLS R R0k oo
THeapﬂ‘mﬁ@emylesﬂcaﬂvmstdram msdwidiedrftainies diudrédieohol
flqj,g[l'g qﬂgaétmcﬂg pol ymer further conprises a
fIuoroa

group aving the structure: 30
-XCH2C(Rf)(Rf ) OH V\,herein Rf and Rf are the sane or
20 different fluoroalkyl avps)@iydyom 1 to 10 carbon
atons or taken together argé)(cfi% m wherein mis 2 to
10; and X is an el enent from Group VA and VIA of the

Pewhereirc R alhd Rf'c‘afretth@ saﬁme\%mtﬁQMt ﬂa&oaTlfwg mémm to
e 57 BaRe T Goegly iR Cram Brfeifer Szie 2a
phosphfi.oddie plzgoréﬁlﬁi qonmqsrtemu aftClaimn26s imhiecgin & a@idaiR¢n
25 28re\Weef@rBalkyl groop¥Ien.
27. The photoresist composition of Claim 19, wherein the fluorine-
containing polymer further comprises a fluoroalcohol group having the
structure:

30 -XCH,C(R¢)(R¢)OH

wherein R¢ and Ry are the same or different fluoroalkyl groups of from 1 to
10 carbon atoms or taken together are (CF,),, wherein mis 2 to 10; and X
is an element from Group VA and VIA of the Periodic Table of the
35 Elements. ,
28. The photoresist composition of Claim 27, wherein X is selected
from the group consisting of oxygen, sulfur, nitrogen and phosphorous.
29. The photoresist composition of Claim 28, wherein X is oxygen.
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wounoese4 cont ai ni ng the fl uoroal cohol

10

15

20

39 WD 2004/ 014964 PCT/ US2003/ 025022 30. The

phot oresi st conposition of C aim25, wherein the
functi oral/Ug2MmEP25022
or the protected fluoroal cohol group is selected from

th i St : FPA® I .
Crooo B Gl By g@?&%ﬁ?‘@f@%ﬁﬂ?& Hb5yp g monomer
creantining the thepipetcohe igpe-greiy orthenpotectedr3) 20H
O@doradicddalQreti §d §&B3L#EHrdA tRd grdlrcasipiest st
conposition of Claim19, wherein the fluorine-

cont ai ni ng pol ymer further conprises at |east one

tal nin rot ect ed aefld<cont gi nin roup. of
AT e F?BQC?*(%HZ- c)| Er JI5 CprtEDE 1
7 al kyl; E2 is CO2ES, F, |or other acidic
ndently selected from

the group of H, unsubstituted CIl-Cl12 al kyl, and
het er pat om substituted Cl1-Cl2 g| kyl. 32. The

photonesi st \Canpogif 1 Ve el gl deH 29cF ,),0H
hel|er oa sel eg{zbe@}ﬂgon si stlgng zg )2
i d phosphorus
» US2003M25022 33. The

pn,  sul fur,

W2004/ 014964 PCT/
phot oresi st conposition of Caim 32, wherein the
heteroatom i s oxygen, and the heteroatom substituted
Cl-Cl12 al kyl further conprises a hydroxyl group. 34.
The photoresist conposition of Claim31, wherein the
aciAle=GH el 2RCHgC G s POt ec CHF G BHDAE R G RY-@ft oup
is a carboxylic acid- containing nononer. 35. The
phot oresi st conposition of Caim34, wherein the acid-
cont aj,ui ng or protected acid-containing group is

@mEHL GRMOH consist | ng of Nt erd-hutyd(CF,),0H
k 2- et hyl - 2- adamant ylj| ag 2- nmet hyl(- T
2-norornyl acrylate and acryl 2 6. The

phot oresi st conposition of Caim19, wherein the
fl.uori ne-

31. The ‘photoresist composition of Claim 19, wherein the fluorine-
containing polymer further comprises at least one acid-containing or
protected acid-containing group of structural unit:

]|51
(——CHz—?—)
By

wherein E4 is H or C4-C45 alkyl; E5 is CO5E3, SO3E, or other acidic group;
and E and Ej are independently selected from the group of H,
unsubstituted C4-C+5 alkyl, and heteroatom substituted C4-C, alkyl.

32. The photoresist composition of Claim 31, wherein the

heteroatom is selected from the group consisting of oxygen, nitrogen,
sulfur, halogen and phosphorus atoms.
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contai ni ng pol ynmer further conprises at |east one
group derived froma polar nononer. 37. The

wohoi4mesi st conposition of Caim 19, wherein PO®US1®3/025022
phot oacti ve conponent is a photoacid generator. . 38.

Dot oe . 's.ap !
compr 1 Sing e PoERERSrtABOsin 5t Sldinyi2. irelithe
phBetereaipay iscuigeni andihehetereatamisubstitited &+-C1p alkyl further

COpBpRsEWadydisdyy §ffup. 20 40. The phot or esi st
conposjti of alrm 39, wherein e splvent is .
Sl bor e { TRRPhHO ST B APEBNSISR Phb M Sh Whdrein berasic-
5 ﬁ kattaiming enpeséced miq-gd)?]tegiingghﬁlp; isa& @?skyrmmd
4 : romati c hydrocarbon; a fluorinate
sg%@%ﬁ"ﬁ@@ﬁgg}' critical CO2. 41. The photoresi st
conposddi ohh@phdaaesistiegmpositiereof Claipr 34 iwherain thesacid-
l e i d ) o | st
of CDa2ffy BBt oBq SEPEL R ke RoRRed ROT] e Idup
pr 6PRYEING, oftedrkiiY awates Zemethybaradamantykacrylate; 2-methyl-
10 pl ﬁe&f?:rmrnyrﬁczry@waﬁaa(c li@%%id.ra?siti on terrperaturl)e)
nmodi figks. . coated substra QNp[d Si.ng: . a .
subst r de: TR ES5 CcorihRt i EbFCRREh e, Jufein e nibrine-
coaptawinggpolymer durtherordnmerisssrataeastronepgrioypeterived from a
coggé}ﬁ{dﬁ%nf)errepeat unit derived from (i) at | east
one repeat_unit derived froman _ethylenically

unsat u? &t ethe Bhplsnesisteampesitian pealaim 5 vhrsel tier i ne
15 at prvteavilectdrhpoéritas Rashdteadid gehBydteni cal |y

st o SRR AL B 20 i o
dediss@dtiém gvhilsitoret hyl eni cal | y unsaturated conpound
Qavgpgeéé.herhébﬁ%?é’éi& cdRp&&tiorSr Bidith 19 FE N CIpisifly a
"solvent.
20 40. The photoresist composition of Claim 39, wherein the solvent is
selected from the group consisting of an ether ester; a ketone; an ester; a
_glycol ether; a substituted hydrocarbon; an aromatic hydrocarbon; a
fluorinated solvent and super critical CO,.
41. The photoresist composition of Claim 19, further comprising at
25 least one additive selected from the group consisting of bases,
surfactants, resolution enhancers, adhesion promoters, residue reducers,
coating aids, plasticizers, and T4 (glass transition temperature) modifiers.
42. A coated substrate comprising:
(1) a substrate; and
30 (2) a photoresist composition comprising:
(a) a fluorine-containing polymer comprising a repeat unit
derived from:
(i) at least one repeat unit derived from an -
ethylenically unsaturated compound having at least
35 one fluorine atom covalently attached to an
ethylenically unsaturated carbon atom; and
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R, R2, R3 and R4 are independently H, OR5, hal ogen,

al kyl or alkoxy of 1 to 10 carbon atons, optionally
weubsioitast ed by hal ogen or ether 10 oxygens, ¥CT/US2003/025022

C(Rf)(RF)OR5, RBY or ORBY; Y is COZ or SO2Z; R5 is

hydrogen or an acjy; I L and

R%/' are the samec(o)d aﬂd@?#teoﬁlgﬂ{eg%ﬁﬁ%ﬂg@gFﬁv%"ﬂPgﬁég of

to 10 carbon at cﬁ’fby|@ﬂlcﬁ%tk@mﬁa’tw’@é¢d1é®m@pén3d)laﬂ)ﬂﬁﬁhﬁere

mis 2 to 10; 15 g chigean al kyl ene group of 1 to 20

carbon atons, optionally substituted by hal ogen or

et her oxygen; Z is OH, halogen, or OR7; and R7 is an

al kyl group of 1 to 20 carbon at@®fs, with the proviso

that at |east one ofr Rl , , RBland R4 is Y, OR5,

C(Rf)(Rf")OR5, F , 20 and provi so that

if RL (or R3) i (or [R4) ils n CH oy, hal ogen;

and (b) a phot conpongnt . [43. .The coet ed

substrate of C ; gt The Ribstrate is a

m croel ectronic er|. 23544. Thescoated substrate of
5 Caim43, wherein the-mcroefectribonic wafer conprises

a material selected fromthe group consisting of

silicon, silicon oxide, silicon oxynitride, and

si | i corwinerein dés 045, or2;r eacti on product of

jgadr AGYE | RNRAGTy R4l U HRFNUERRMFOVIFS, HAMEA Kky! 3P
alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether
10 oxygens, Y, C(Ry)(R{)OR3, R8Y or OR®Y;
Y is COZ or SO»Z,;
R is hydrogen or an acid-labile protecting group;
R¢and Ry are the same or different fluoroalkyl groups of 1 to 10
carbon atoms or taken together are (CF5),, where m is 2 to 10;
15 RS is an alkylene group of 1 to 20 carbon atoms, optionally
substituted by halogen or ether oxygen;
Z is OH, halogen, or OR”; and
R7 is an alky!l group of 1 to 20 carbon atoms, with the proviso that
at least one of R1, R2, R3 and R4is Y, OR5, C(Ry)(Rf)ORS, R8Y or ORSY,
20 and the proviso that if R1 (or R3) is OH, R2 (or R4) is not OH or halogen;
and

(b) a photoactive component.
43. The coated substrate of Claim 42, wherein the substrate is a
microelectronic wafer.

25 44. The coated substrate of Claim 43, wherein the microelectronic
wafer comprises a material selected from the group consisting of silicon,
silicon oxide, silicon oxynitride, and silicon nitride.

45. A reaction product of quadracyclane and a fluoroalkylbenzoate
compound.

30
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