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20 SUMMARY OF THE INVENT!ON
_In a first aspect, the invention provndes a fluorine-containing

polymer comprising:
(a) at least one repeat unit derived from an ethylenlcally

‘ unsaturated compound having at least one fluorine atom
25 covalently attached to an ethylenically unsaturated carbon atom,
| and o

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

unsaturated compound having the structure:
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25 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(R(R{)ORS, R8Y or ORSY;

" Yis COZ or S0,Z;
30 R5 is hydrogen or an acid-labile protecting group;

o Rfand Ryf are the same or different ﬂuoroalky! groups of 1 to 10
. carbon atoms or taken together are (CFo), where mis 2 to 10;
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whereinnis 0, 1, or 2; |

R1, R2, R3and Rtare independently H, ORS5, halogen, alkyl or
atkoxy of 1-to 10 carbon aioms, optionally substituted by halogen or ether
oxygens, Y, CR)(R{)OR?, R8Y or ORSY;

Y is COZ or SO»Z;

RS is hydrogen or an acid-labile protecting group;

Rfand Rf are the same or different fluorocalky! groups of 1 to 10
carbon atoms or taken together are (CF2)y, wheremis 210 10;

30 R6 is an alkylene group of 1 fo 20 carbon atoms, optionally

substituted by halogen or ether oxygen;
" 7 is OH, halogen, or OR7; and

A




Rf a"nd Rf are the sane or different fluoroal kyl %rou S
of to 10 Y is COZ or SQ2Z; carbon atons or tak ust 2005.

ether are (CF2)mwhere mis 2 to 10; - =
WOZ"&\” MPene group of | to 20 carbon atons, optléoﬁnUleﬂw '

substituted by hal ogen or et her oxygen; Zis OH,
hal g

Hsét“cﬁ%y g\l\ﬁbt{phoﬁlljéo ﬁdr{ﬁy | wigh ﬂ’\@pﬁfvnsb that 20
at i%%,rst Bre o‘RWaRé R4 ainsl Fﬁﬂig(%l S % (tee{ ﬁf?éﬁf%&@ﬁtﬁl@t{
anﬁe ﬁﬂ?"‘?‘g I‘Lal?% %fb‘g % o, Ri (d?]R‘()Qﬁ nBBJOH sr fRlogRB;

ogen. 15 I'n a second aspect,
andhe i nvention provi des a photoresist conposition

2@&) :?pﬂetoa(:%«)% é‘onfnbﬁﬁéh‘@e cont ai ni ng pol yner

| east one repeat unit derived from

#‘{M—hl Sal ¥ mx}éﬁt%ﬁi proaides! a Gedepion prbdoehafrayagecy ke taﬂd a
one uor

e atomcovalently attached to an
fluoroslkhipbierone@binpounds at ur at ed carbon atom and 20 (b) at

| east one repeatQEﬁ;? !§©rbgg@ﬁ|pq1‘@ﬁn ethyl enically
unsaturated co ucture: (1) 25
ﬂu_\ﬁr_‘,gﬁw or 2; RI, Rz R R anean
I ndepgnden olfrisgt ofdthis EivkodgN of |
- fgﬁ gp% ﬁXn{ag" Bti| onal | SUbaEﬁwISHIC hal ogen
comprmdsseat leastwg@rﬁpe?tu 5"(‘?&” Y: Yis

10 rgsgfrgf dsg%go%)d Rﬁvﬂn@ fyskstagmie fuorine alomy cp\éqjem}y

a § baeent
atfacbeddalafwt ﬁlpﬂﬁﬁﬂy &Psﬁwefd:a‘; c%'tr‘ %g%rﬁ atggcrjr?t (l)érast ak

re%ggam Healad femAnetiytarscally unsaturatad COMPRYREHaY

0041014964 PCT1US20031025022 R6 i s .an al kyl ene

thgsbst WP | to 20 carbon atoms, optionally substituted
by hal ogen or ether oxygen; Z is OH . hal ogen, or OR7;
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wherein nis 0, 1, or 2;
R1, R2, R3 and R4 are independently H, ORS5, halogen, alkyl or

alkoxy of 1 to 10 carbon atoms, optionally substituted by halogen or ether

20 oxygens, Y, C(R)(R{HOR®, REY or OR®Y;
Y is- COZ or SO»Z,
RS is hydrogen or an acid- labile protecting group;
Rjand Ryf are ‘the same or different fluoroaikyl groups of 1 to 10
carbon atoms or taken together are (CFa)m where mis 2 to 10;
25 RS is ai alkylene group of 1 to 20 carbon atoms, optionally

substituted by halogen or ether oxygen,

Z is OH, halogen, or OR7; and N )

R7 is an alkyl.group of 1to 20 carbon atoms, with the %rowse th:t
at jeast one of R1, R2, R3and R4is ORS, Y, C(R9(Rf)ORS, REY or ORPY,

30 and the proviso thatif R1 (or R3) is OH, R2 (or R4) is not OH or halogen.
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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 o 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 (1) with
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repeat unit derived froman ethylenically unsat ura
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al kyl or alkoxy of I to 10 carbon atons,
optionally substituted by hal ogen or ether 20 oxygens,
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mis 2 to 10; 25 R6 is an al kylene group of | to 20

carbon atons, optionally substituted by hal ogen_pr
et her oxygen; Z is OH, hal ogen, or OR7; and R7 i§ an

al kyk.-group of di1tog2-0 carbon at ' . he 5
o] that . at st. one-of R, R2\. H3 and| R4S R
O C(Rf (Rf)OR5, R6Y OFf CRG 0||land 8 prov&3so
t R (or R3)}lis OH R2 (or. ' 1 0r

0
hal odén. 4 4 August\2005 WO 2004/ 01496k 5 10|, R’
PCT/ US2003/ 025028° Sofe i | | ustrati ve, but nonlimting,
exanpl es of representative nmonomers of gjructure (1)
and within the scog of the invention are presented
bel ow. CO2R12 wherein R12 is an al kyl group of | to 20

carbon atonw, nore typicall n__al r : to
20 cdhgosastionsnanbe EBBgB?te%é (ﬂ? Ry eE%‘tll '}e%a'%:@hﬁ frﬁémt 0 a
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81708 030oRST) SR 52001 o vty e
lesgeft vadatile components. Compaounds of sifuc ure (1) with nigher
values of n {i.e., n = 1 or 2) may be prepared by reaction of compounds of
structure (1) with n = 0 with cyclopentadiene as is known in the art.
Compounds of structure () may also be formed from an intermediate

_wherein Rs is a benzoate group. Such an intermediate can be the

reaction product of quadracyclane and a fluoroalkylbenzoate, a specific
example of which is 1,1,3,3,3 pentafluoro-2-propybenzoate. Typically,

when aromatic intermediates are formed the aromatic group is removed
" by hydrolysis prior to polymerization.

The fluorine 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 ﬂuorider, vinyl
fluoride, perfluoro-~(2,2-dimethyl-1,3-dioxole), perfluoro-(2-methylene-4-
methyl-1,3-dioxolane), CF,=CFO(CF,){CF=CF, where tis 1 or 2, and
Rf’OCF=CFy wherein R¢" is a saturated fluorcalkyl group of from 1 to ten
carbon atoms. A preferred comonomer is tetrafluoroethylene.

The copolymers of this invention may further comprise one or mare

" additional comonomers. For example, the copolymer of this invention
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limted to, tetrafl uoroeth Ilene,

.. 25  groups of 1 to 5 carbon atoms, and, most preferably,

bel ow and illustrated by the exanples.. 5 R3/\ R4 .

(11) (1) The reaction may be conducted at tenper &iHdust 2006
rangi ng from about 0 -C to about 200 C, nore <

t yo mabypedsr om about 30 C to about 150 Cin thé’cn”msmﬂ3"023022
absence or presence of an inert solvent such as

di ethyl 10 ether. F ' te hradicokol an b
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() esof n(i.e., n=1o0r 2) my be
prepared by reaction of conpounds of structure (1)
th ' n = 0 with cycl opent adi¥Rg(RHOHE known in the

art. 15 Conpounds of structure (I) may al so be forned

....froman internmediate wherein R5 . is.a benzg(gtgem rgu from 1 to
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y hydrolysi rior to_pol Gerlzrﬂ;é_on. The fluorine
cont aisri$ Hiystrafrst hatew B?rs%s'(f'&‘?% #€dIMG  cpeat unit
derived fromat |east one ethylenically unsaturated
compound containing at |east one fluorine atom
attached to an ethylenically ungaturated carbon. The
fluorool efin conprises 2 to 20-earbaon _atons.
Representative 25 fl uorool®j ns |891Q:Tée, but are not

hexaf | uor opr opyl ene,

chl orotrifluoroethyl ene, VEitykigene fluoride, vinyl
fluoride, perfluoro-(2,2-dinethy]-1,3-dioxole),
per fl uoro-(2- net hyl ene-4- net hyl -1, 3-di oxol ane), .

"CF2=CFQ(CF2)t CF=CF2, where t is 1 or 2, and

Rf ' OCF=CF2' wherein Rf" is a saturated fl uor oalrkyl

group of from1 to ten 30 .carhon. aieslit fimit
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St I UCLIHe8 according to the invention, there will be sufficient fluorine
substitution present in the fluerinated alkyl groups of the fluorcalcohol

functional group such that the hydroxyl group will have a pKa value of

5 <pKa < 11. Preferably, Rgand Ry are independently perfluoroalkyl .
R¢ and Ry are both

trifuoromethyl (CF3). |
‘The fluorinated polymers, photoresists, and processes of this

invention may further comprise a monomer containing a fluoroalcohol
functional group having the structure:

.30
‘ ’ _—XCH?_C(Rf)(Rf')OH-
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-C(RF)(R")OH wherein Rf and Rf are the same or
different fluoroal kyl groups of fromto 10 car bdfiugust2005

woz?t% 65” t aken toget her are (CF2)6 wher ei N perigs20e3/63022
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~ preferred cases according to the invention, there

will bg sufficient fluorine stpstitution pr t.n
th aEHeCEFRYPHgr oups 3 @Ué?%'%cié'%gﬁoq
fu group such that t dr oxyl group wil |
ha pKa val ue of 5 < pKa Preferably, Rf and

R? are”i ndependent |y perfl uoroa

kyl 25 groups of 1 to
5 carbon atons, and, nost preferably, Rf and Rf' are
uor orreth | S%gln !%@CHZC(CF;;)ZOH :
further conp I cont aining a
functi onal A the structure:

(Rf")OH 4 August 2005 WD 20041014964
PCT/ us2003/ 02>022 wherein Rf and R? are as descri bed
above, X is an elenent from Goup VA or Goup VIA of
the Periodic Table of the Elenents (CAS Version), for
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scope M& i\n t| on egtﬁlg' 2!(2&3)20}1

CF3) 20H CH200H20( CF

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

%1
, (-'—CHz""(l}'—)

E,

~ wherein E, is H or C4-Cy,, alkyl; E is CO9E3, SO3E, or other acidic group;

and E and E, are independently selected from the group of H,
unsubstituted C¢-C+2 alkyl, and heteroatom substituted C4-C45 alkyl.

' Su1table heteroatoms are oxygen, nitrogen, ‘sulfur, halogen and
© phosphorus atoms. When the heteroatom is oxygen, the substituent may




OCH2C(CF3) 20H The copol ymer can further conprise

| east one acid-containing or protected ﬁugustzoos
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tertiary-butyl group is the protecting group ina tertiary-butyi ester and this
protecting group protects the free acid. In undergoing deprotection
(conversion of protected acid {o free acid), the ester is converted to the

30 corresponding acid. '

An alpha-atkoxyalkyl ether group is a preferred protecting group for
the fluoroalcohol group in order to rnaintain a high degree of transparency
| in the photoresist composition. The resulting protected fluoroalcohol
group has the structure: '
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temperature can range from abou to about 12 pre y

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

trichloroflucroethane and non-chiorofiuorocarbon solvents such as

1,1,1,3,3-pentafluorobutane. The polymerization process is further

enhanced by a semi-batch synthesis. Inthe 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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ot oresi st Devel opnment Protective G oups for Renoval
by PAC Catal ysis Photoactive Conponent (P QOThe
phot or egi st conpositions of this invention By contain -

at Iea? ‘5 one photoactive conponent-TRAC.L-that can

producé either acid or base_10 upon [expos Q1

agpithi-g*radi at i orR%‘tn-ilTTg—Fﬁg devel oﬁent sgslq20F3
9 [

an aciq i's produced uggn exposure to agkn [
radi atjep, the PAC is termed a photoacid geggrator
(PAG.'1f a base is produced upon exposure td actinic

radi atjon, the PAC i ermed a phot obase gener at or
(PBG Mlsyi t abl e phot oaci d generators for this
i nvention include, but are not Ilimted to, 1)

sul foniumsalts (str UCtH[%e}@rl'll gﬁ?é&%@ﬁfgggg g}rjt?qj érlchh

aﬂﬁﬁﬁ%ﬁ&fé}ﬁ%é’to Blarfpl orSubetitied ot ﬁnmhstitu@@ﬂ@@ |
Qalkyiaryl or aralkyl. Representative aryl groups include, but are no.t limited
to, phenyl, naphthyl, and anthracenyl. Suitable heteroatom substituents

” include, but are not limited to, one or more oxygen, nifrogen, halogen or

sulfur atoms. When the heteroatom is oxygen, the substituent—may'
contain hydroxyl (-OH) or C4-Cog alkyloxy (e.g., C10H210). The anion Q-
in structures IIi - IV can be, but is not limited to, SbFg" '.

_ (hexafldoroahtimona'te), CF3S05- (trifluoromethylsutfonate = triflate), and
C4FgSO3 (perfluorobutylsulfonate).

Functionality for Development ' B
For use in a photoresist composition, the fiuorine-containing

copolymer should contain sufficient functionality to render the ;‘Jhotoresist
developab'le so as to produce a relief image, following imagewise ,

| éprsure to ultraviolet radiation having wavelength of <365 nm. In some.
preferred emquiments; the sufficient functionality is selected from an acid
and/or a protected acid group, as described above. Such acid or
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WO Zgﬁz(y?{a(x |, or substituted or unsubstituted GérrgsséBi2sozz

10

15

20

2D

30

- 35

' dd?@onét@ﬂb%ﬁw@fgh't {vttheévgopaentat ateiperatukeho

ryl or aral kyl. Representative aryl groups
i nclude, but are not limted to, phenyl, naphthyl, and

BidHae 8l groSps hald Bebatfenadtonoreiebsis exmosesl p@tons of

* oo solbibirEhes seliibh Bheh e BSfiecls {RiR A UHETolet

rediatioydgerving Aevavelesigth 0ert365muy, whimihe unexppsegyportions
- 7 (e.g., Cl0H21Q . The anion @
érﬁ%%?lﬁékeﬁﬁéégpﬁgl%q%an be, but is not limted.to
SbF6 Fehisveianmetsanne b HARIE)Jroeps within the fluorine-containing
%}%é&f %ﬁ#&&&ﬁtﬁiﬁ SR be nork dofdpirehts Badng PRotE4fERISO

uor yl'sultonate). Functipnality for .. o
avd greuns bat canyielh by srialysisH QU bac‘é%@%ﬁf?@ﬂ,_ t he
pHoteKtieaoRsthaha pRetozetne ympousddPIAC)c bydraphilic acid or
suffrcient functionality to render the photoresist
BBl e so as to produce.a relief image, follow ng
i mageMighenfomaebacid grouplis paeitheids npedalit Clapsaraon He

YR GRS b ey BBIPT Syt S WheniRigscq & prueietupcn
inagewisacpause tbe ackt wil gaialyge deprefestion gk ea‘?fé’\t;%‘?%eg
%E Djé%%g«? BEéIdUctiGn D7 98 FopHARPa NP grOGA Bt afdnecessary

topdaweiopmesh Hgggftz ?@%&%&iﬁgi 'g:??dﬁ?o"t] W%f‘%@@‘?"st |

- ERiathirgy éopdhaRés may alsocontpinnacid fursiiceatity taf isinstent

ulfr vi ol et radiation having a wavel ength of < 365 nm
R/chze‘ii'he unexposed portions are insoluble in the |
basi Esarhples @i babiordeeleparpnende, tare notimdegtaypadium
4 hin ot HA hfakart ahRinem eséulutichs.
Pehipulle BeseR{ pRFokaR, 2hd o ﬁﬁ@?ﬁhy%ﬁject edo sy
Brricaly. athasicdevejopards assaq&bﬁ%ﬁa]@"‘%r' AL s gty
%g%g tsfgi%tmap%&ilta{mr@a@_gmfm @%ﬁdrﬁé‘tlﬁmﬁmantumhydmnmm
: , hydrophilic, aci r I QURS: o A
(itbrdseldpragict oy Updalifor 12D ﬁ%@ﬂ@%ﬁlﬂ‘yﬁéﬁ@é@ﬂ on
3 fCwisewlly
g?ot%@?i i s produced upon inmagew se exposure, the
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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
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visalventt hers, such as, for exanple, ethoxy ethyl

VU’é’éollﬂfdﬁe nhlﬁfﬁirg‘éhﬂ midmes ethyl vinyl ether, and

'thdrop ﬂ"Pé‘Sgﬁj\r{%ﬁ?E”%bW%Mr%& @8%(@“%%# @8@%#‘ gfég%&gm d

Ideally, dissolution inhibitors (Dis) for far and extreme UV resists (e.g.,
193 nm resists) should be designed or chosen to satisfy multiple materials
needs, including dissolution inhibition, plasma etch resistance, and
adhesion behavior of resist compositions comprising a given DI add[tlve
Some dissolution |nh1b|t|ng compounds also serve as plastrcnzers in resist

compositions. :
A variety of blle—salt esters (i.e., cholate esters) are particularly

" useful as DIs in the compositions of this invention. Bile-salt esters are

known to be effective dissolution inhibitors for deep UV resists, beglnmng
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
_part:cularly attractive choices as Dls for several reasons,. including their
13
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lactate, ethyl acetate, and the like; glycol ethers such as, propylene glycol
monomethyi ether, ethylene glycol monomethyl ether, ethyleneglycol
mohoethyi 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. I. du Pont de Nemours and
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
" penzyl ethyl ether, dihexy! ether, and the iike; a glycol ether such as
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that are suitable as additives and/or dissoluti orf August 2005
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-mﬂ Ta Mh- MWV br oad e 4S'Pont de Nemours and Company,
S - Wilmington, DE
DMF Dimethylformamide -

MAdA 2-Methyl-2-adamantyl acrylate
' OHKA America, Inc., Milpitas, CA

| @-OCHZC(CF?,)ZOH
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

e Solvay Fluor, Hannover, Germany

+BuAc tert-Butyl acrylate

Aldrich Chemical Company, Milwaukee, WI

TCB . Trichlorobenzene
' Aldrich Chemical Co., Milwaukee, WI

F

| CO,C(CHs)s
TCN-(F)2(F, CO2t-Bu) | F
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coeffl b where A, Orbance, =

LoglO(llT) and b =filmthickness in mcrons, where T
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: CO,CHs
TCN-(CO(O)CHS3, |
C(CF3)20CH20CHS3) :
CF3
OH
TCN-(F)2(CF3, OH) | _
" |
F
CFs
C(CF3),0OH
TCN-(CF3, C(CF3)20H) ’ |
_ F _
o C(CF3)»0OH
TCN-(F)2(F, C(CF3)20H) |
F
- ’ ! F : y
TCN-(F, C(CF3)20H) I C(CF3)20H
TFE - ' Tetraﬂuoroethyiene
E. I.-du Pont de Nemours and Company,
_ - Wilmington, DE
THF Tetrahydrofuran

-Aldrich Chemical Co., Milwaukee, Wl
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emcal Co., M I_vvaukeg 0W TCN-(F) 2(F, C02t-Bu) 30 WO
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CORC( Chtar 3NE( CF3) 20CH2REyNIF terigatonEmnetigpgpectrum in

TON- (002t - Bu) TON- ( OO o
_TON-(F) 2(CF3, .OH) TC&@Q@@"&%@E@% - fr}%%oé)) SE
) 2o LoV (F, e e clors) 20
etraflu . .
Nemour & nd Conpany, PPt RRorFof the é!@ctﬂnnagn@c
spectrum which ranges from 10 nmto
380 nm
Near UV Region of the electromagnetic spectrumin
the ultraviolet that ranges from 300 nmto

390 nm

EXAMPLES
Unless otherwise specified, all temperatures are in degrees
~ Celsius, all mass measurements are in grams, and all percentages are
. weight percentages, except for polf(mer compositions, which are
expressed as mole 9% of the constitutent monomer repeat units.

Glass transition temperatures (T, g) 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 D5 light source.
Samples are spin-coated at several thicknesses on CaFy substrates, and
" the contribution of the substrate to the fransmission is approximately

removed by spectral division.

Mare 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 Breéwer 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) fo 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.
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filey o St djvtd@ddayﬁaFanlg é@rrﬁ;lgl thickness &gaqeea bsorbance
p%lﬁl'(\j‘l"brtﬁﬁ%ﬁgnﬁé) PRV Blddridl iR STERVMSRB62Ind subst rat es,

ontrii bution of the Substrate to the
SOEWAEBr oxi mat el y
The term “clearing dose” indicates the minimum exposure energy

density (e g., in units of mJ/cm2) to enable a given photoresist film,
following exposure to undergo development.
EXAMPLE 1
Preparation of TCN-(CO2{-Bu)
TCN-(CO2t-Bu) was prepared by heating a mixture of 100 mL of t-
Bu-acrylate with 88 g of quadricyclane at 90 °C for 96 h. Distillation of
crude product (159 g) afforded 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 pfessure vessel was charged with
quadricyclaine (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
room temperature and a small volume of low-boiling material was
transferred fo a trap under vacuum. Crude adduct acid fluoride was
treated with ether (70 mL) and added by canula to a 3-neck flask (under

-Np).fitted with thermo-well, stir bar, and addition port. The solution was
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EXAMPLE 3
Preparation of TCN-(C{Q)OCH3, C(CF3)ZOCHZOCH3)

A mixture of 29 g (0.1 mol) of
CH,=CC(0)OCH3[C(CF3)o0CH,0OCHz] and 11 mL of quadricyclane (80%
purity, the remainder is norbornadiene) was refiuxed at 90 “110 °C for
48 h. Disfillation of the reaction mixture gave 14 g (47%) of TCN-
(C(O)YOCHS, C(CF3)ZOCH2OCH3) b. p. 120 -122 °C/0.65 mm. IR:1738

(C-O) cem-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 mixiure 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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(DSEFS ARl Found: C, 46.10; H, 3.86; F, 39.14. 19F NMR (a CDCls) -
77.6 (6 F from NB-F-OH), -95 o -125 (4F from TFE and 2F from TCN-
(F)2(F, CO2-t-Buy), -160 and -187 (1F from TCN-(F)2(F, CO2-t-Bu)).
_ EXAMPLE 6 ,
Synthesis of a TFE, NB-F-OH and TCN-(CO2{-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 inifiator. 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
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(m a=34.1). Spectra were consistent'with a ca. 63/37

m xture of stereoisomeric adducts. GO/ M5 showed %AMgust 2005
211 ratio, which exhibited very.
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NB- F-OH, 32.9 g of TCN-gRmagh p@2t-Bu), 50 ni of

"Sol kane(r) 365 nfc

Synthesis of a TFE, NB-F-OH and TCN-(F, CO2t-Bu) Polymer

A 200 mL stainless steel pressure vessel was charged with 40.6 g
NB-F-OH, 21.7 g of TCN~(F, CO2-t-Bu}, 50 mL. of Solkane® 365 mfc and
223 gof Perkadox® 16N initiator. The vessel was closed, cooled in dry
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
portions to 650 mL of hexane). The precipitates were filtered, washed

with hexane, air dried for several hours, and then dried overnight in a

vacuum oven with shght nitregen purge at 88 - 90 °C. There was isolated
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and 2.55 g of Perkadox(r) 16N initiator. The vessel
was cl osed, cooled in dry ice, purged with mtrd’d%—lgusums

wo RYefvat ed, and charged with 45.5 g of TFE_ pcipgs 4655822
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was then agitated with its contents at 50 C for 18 hr
while the 20 internal pressure decreased from 363 to
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I nternal pressufe decreased from 383 to 363
psi. The vessel was cool ed 22' 4 August 2005 WO
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Solar Simulator (1000 watt) through a 248 nm interference filter which
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.

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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0.32 g of Perkadox(r) 16N initiator. The vessel was
cl osed, cooled in dry 1ice, purged with nltrogen4AUQUSf2005
evacuated, and charged with 6 g of TFE.. The 15
WRLIHPEFAgi tated with its contents at 50 C fof 1?§§ZI§53/923022
while the internal pressure decreased from 193 to 180
psi. The vessel was cool elHXAMPLttb(bmterrp'erature and

vented to | at nosphere. . Thee yegs s were
renoved usi ng addit to_rinse.
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(15 mL) was added and the pH was adjusted to ca. 7.0 by addition of

hydrochiloric 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

30 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). H NMR (CgDg): 5.67 (dd,
J=3.3. 5.8) and 5.54 (J=3.3, 5.8, viny! signals for isomer A}, 5.62 (2nd

35 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, 2=0.50), 2.28 (m, a=
0.50), 2.16 (m, a= 0.55), 2.02 o 1.96 (overlapping m, a= 1.02), 1.93 {(bd s,
a= 0.51), 1.81 (d, J = 10, 2 ="0.53), 1.71 (overlapping d's, J ca. 7.2,
25
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25 the exoring geometry of TCN-(F)2(CF3, OH).
R EXAMPLE 11

Preparation of TCN-(CF3, C(CF3)20H)
a) Preparation of CHy=C(CF3)C(O)Cl:
To 45 g of phthaloyl dichloride placed in round-bottom flask,

30  equipped with distillation head, was added 28 g of CH,=C(CF3)C{O)OH -
(98%, Synquest Laboratories, Alachua, Florida, USA). The reaction
mixture 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 CHy=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
. o o
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propenyl benzba_te and 1.63 g of colorless oil, bp 98 -
100 ¢/ 0.05 nm 19F NWVR (C6D6) showed: -67.93 (d#August2005

Wé*zéuluohwﬂ 0.12), -72.98 (dd, J=16.9, 10 1.6,p@"1S2003/025022

13), two AB patterns. -99.0 (J= 214.7, and doubl et
coupllngs of 6.0 Hz, 14.7 Hz, a= 0. 042) -118.81 (J=
2the, scdeard mels rettayed dinder vagieum and4hbe residyie vessdlistied 6
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044 114.82 221, her coupl i-ngs not
resolved, a= 0.046). 1 H NNR (C6D6): 8.10 and 8.02
(m s, 2 00, GICFRIG(Ics), 7.06 (m and 7.00 to 15
6.92 (m ed a = 3.12), 2-sets of vinyl signals

d 5. 62 5.56 (a=2.03), 3.16 and 3.14

2 bd singlets, a= 1.00, bDbridgehead), 2.75
(bd"s, ovelappl ng m._a= 0.95), 2.66 (bd s, a=0.52),
2.58-2.47 (overlapping ms, a=1.02), 2.27 (m a=
0.54), & sets of CH2 AB patterns, 2.09, 1.15 (d, J=
10 1 Hz), and 1.72, 1.00 (d, J= 9.7 Hz). 1H and 20 19F
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7.2, 25.. 4 Aygust 200 014964
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ring AyFischeryoxér Jigbk PRBUCESess@Hwas charge 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 frap under vacuum. The remaining reaction mass

27




In a second preparatlon of the title nononer, a
Fi sher/Porter glass 5 pressure vessel was chargéd‘"gUStZOOS
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3, 3, 3-pent af | uor o- 2- propenyl benzoate (32.86 g, 130.3
mmol ). The seal ed vessel was heated at 125 C for 144
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drﬁéd Readt/igso eind t6HARE Bl Ae€! rewidved quralir ivagolian eThe

regﬁyt nﬁﬂ%ﬁ’sﬂﬁ%%(g’%%éé@ &pé%%q%{a éﬁ) 29 aﬁgafg%ft 8Bn o

b. ﬁ04€-48(°‘0ﬁ@05mmt}ﬂg rof |T£NéR)ﬁ(ﬁeC(¢E3)20ﬁh)e Aecardingrio
Ngf(%g%l Hﬁ%@o@ﬁﬁf wak 32'3188 reoftwidiEorhérdlin theeRid & 6543,
19F NMR (CDCl3,) ITIB]OI’ -73 38(3F, m), -73.90(3F, m), -102. 82(1F, dmy;

217 Hz); -120.87(1F, dgd; 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), hydroguinone

(6 g), and zinc (130 g). Sodium iodide (160 g) was added to the flask
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PCT/ US2003/ 025022 the sol vent was renoved under vaguum
and the residue was distilled under reduced pred<tHayst2005

wboodii®e86 g (71 % of cycloadduct A5 removescr/us2ensnsze

under' vacuum The residue.was distilled under reduced
pressure to give 30 g (249 of fraction b.p, 74 - 75

C/ Ongey Nendlovg With stiorineCin: ¢rerBorticn CFBg perdtionApediigi wies stirred
NN& N‘ﬂtf@f 15 Hﬁh grﬁg Wbrﬂﬁfierﬂp@ré?ur% waAO iR th2amrtly

c) Preparatian of
e sronieans B0 3) wes eiedianiiee § e doden dripture,
Csétasting ét%&empe@étwlé wf 368COMhe dRiitidt wasdoniplete ik 1 hour

ar I3 R38Rt s e R Rt s RS pEi e t

A rnnreaeed m_4?5f’ Cdrt;trhéiaﬁdtl‘chf rdamtionefac about Svinin.Jite widure was

: ??,é’u TR d?% E@r@lﬁﬁr‘s érﬁ%mﬁé AtBna e HPOURE wad®itiled
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\Q?E‘Sﬂﬂﬁg trapli9¥bdesttA i&lar 35745 Trhﬂr URPEES OBtdThed UWichas

S Wihed o3y RSN DR Tt o
t dNMReariahaty. l@icmtetdmeldam%ﬁ 20 C . (pH<1), The
t t t

1 PrbRaath bl et g dr g ol ARG R
I\/gso4 00 mérshdker sulbeyeas ohamezswm cold@alutiorodf T9g of :

WM Z@F(dl@)f: n;?rvﬁréig 8 %g‘ %PS@ of]@f?szﬁségﬁﬁﬁ%%hmnone)

Lsrf Gy etbers anddgr 68)g of qoid sryedrtcrﬁlan%‘iﬂré pugty,

4308@of fbrbgrmidlierts aﬂ§wfe9oplae A a%lﬁgﬁggfrf?@&bég%dguﬂvcatﬂg?pt at

"0, F Be o i Tk Ao RlIS Mo SemaySsoRnE Fi D s
prperscmut engeswiuunato giveriedy of ttudeaypadtiuce Gruf 74%
7 Pl ‘f%?%%c % DF £ o) S aey, THARRE M
r ESRGTEN %&Mmfwa (@b F oz, 1’EF);L P0. I(atlwntﬂh.lq =gdfiHz, (’?F)
Sbitidr iind|apo 2T0E Ji+ GHlidz Ey &1@; b 19,PRAAE)

rifl uor oacr o

V?ﬁ evacuat ed uor| ?
ofughwag dsad feeine W%S%Ot Srﬁeﬁ?HP” (c) wi out

tfmﬂ@‘rpunﬁ@mnder vacuumto the vessel. The stirred

contents were allowed to warmslowy and then

mai nt ai ned at 45C-for 24 hr. The m xture was cooled to

CFC(O)F

/

¢) 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 fo 5 °C. 120 g (0.85 mol) of

trifluoromethylirimethylsilane (Synquest) was added slowly over 1 h and




WO 2004/ 014964 PCT/ US2003/ 025022 was char acteri zed

cycl oadduct B in purity estimated as->95% based 4&rfugust2005

WO 2R 1a9vdl ysis. 19F (C6D6) +36.35 (a =59. 3, CeBnust@Beisr:
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- whiEr(3 )(17'{3@0 &ﬂ()l dfied ¢qé N&}§O41§n& cofgéntrisd Z}%@a %80l

(a= 339 COF), lowfield portions of AB patterns at
- 100. (a=36.8) and -105.35 (a=64.2), up-field
‘Hbm"i' oﬂh% @’Su}ielgﬁatm@enfsa%warmgt@tpraﬂ & pveirdihantd. 25

4dit aféﬁéatZi‘_CFC%r 1@651% ngefﬂﬁe r%aenorilﬁﬁxtﬂré z3l. 1) .

Rl a0R 158 55w, waena With B90BL of obr 855?3&&&5 A

qunaitined brgariié ffatiomd welaatdded|to 5P ehinot 5%t ineiroohietier ,

R R BT A oot R PR TR B TS LY g

exfractediwitlo CoTpsiihn (3 Kr20emihy.) B aombiredrepdesty were héshed

ELD RS, i e

fﬁ&n@w% NGt [etavan el tadea Addaede podueh whiglh wasn
ditited fuﬁdeZQaCLﬂIm £ weﬂ‘?aéﬁohpfkﬂ bﬂ' kg ‘QﬁgtOS?ﬁmmgjta\Hoe

iEfaRec Py bh R PR Fda. 08 oy

Boite frabii804 aauidfradtion 2 benistiadethe tringts ethamﬂquN—(

c}gé%@H)T Rhe ﬁéﬂe@’@&#@éﬂ% égflbfgjg(gg}‘gﬁ'rfage(‘g% hL)at RT l,

oGrigid. it (@" oﬁoﬁm)(wasze@ded:@(lmmeorganlwaymrdvaa;g to
|s%%tmr¢@baueé§selagép%%t @%&@Rﬁ?%eg (Qfx ét‘)@ rhiSPTRES

he ratio o

ethes exBags weie cambingd vgih thmorgaméam(amwvaah@d with7
Retlin Piszglic pisfifaton o '5§??ﬂwﬂ Saie TEBbi e,

bF6GrdES5 C/0 DB/ HgHOVRraDyieRD(flow\bReandIo he dixa:ﬂﬁ*ﬂ) was

| : 2?‘? ﬁ%"(ﬁ)rgtalgﬂz%%: re oﬂl‘fé’ﬂﬁr@%oﬁ%r? é“é ’f b,] cggf?ﬁ?mylt h

NMRTE@?@W%U =147 Her BFNr-171 de(m cﬂﬂdeﬁmnsq{nar —73.8 (dm,
S | DVF (1.3 L hyd
I SERCES R, e (B q%g)pﬁ-;y Sodi Ejm | od|) de zlggqgl) n\%gg

35 (6 g), ‘and zinc (
~ added to the flask 285&3@5@_42005 VD 2004/ 014964

PCT/ usmh@ﬁ&@ﬂa Waghdmmt(mmnsb C;thi Polviier Itn one
ort e ea ,ON M Xt ure S Stlrre R
Por A 200 L sfalfieSS Beidl petturs YoSsd as oS weL 2B b0

f or
TEN-(PR(CE3) OHp#lanL wdSndkeatcsn 865 13 and W2 qudfied

erature o
withojtrogen, evacuated, and charged with 20 g of TFE

then agitated with its contents at 50 °C for 18 hr while the internal
pressure decreased from 220 fo 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 selution and rinse were added to excess hexane (30-35 mL
portions to 650 mL of hexane). The precipitates were filtered, washed
with hexane, air dried for several hours and then dried overnight in a

Pé?f(é’@(‘ﬂ(é%ﬁ\ornﬁtté?%rr e@ b%éﬂr@g,uéiﬁ%%d \?gg‘%doﬁﬁ?rgt'%g purged |

e vessel was

. vacuum oven with slight nitrogen purge at 88 - 90 °C. There was isolated

9.97 g of white polymer; GPC analysis: My, 5300, My, 9300. T, 222 °C
(DSC). 19F NMR (3, THF-d8) —73.5 and —79.5 (CF3), -95 to ~125 (CFy).
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5 The internal tenperature was kept betvveen 36 and 42
OC nost of tine, but increased to 47 'C at the erffugust 2005

é@?g@da@ﬁpr about 5 min. The mixture was sti pcq8;Bbosm2s022.

or 3 hours after the addition. The product
was distilled at reduced pressure (-5 mm Hg) and

collected in a dry-ice traﬁ%MLﬂE‘l |qU|d N2 trap in
series. At : A

whi ch 10 cO
5% i npur if 268 mlbé*@@dewsteﬁme&ﬁw%e@el wap @bﬂéﬁ%djwnth 42.5¢

yi el ' HoNSZH#3 @(CPB 50041, &t Sonedreasidssimiefand 1 08 9 of
B ST 0 h ) ot Sy, S A, s
_ CHAIGF6HOpEN, éwiivated; emdaitzede dsmmiz PWFTBRM ﬂwﬁ\@sﬁl was
' 'gyg;tﬂglgia@ﬂ%%d/y;ﬁg%?:%%gn m‘t)/@(é) ¢ ﬂ%{r 8 E\ {yhzl?ﬂge Trlt&RaP®
nor Huessie clesreased NtsOB@10)tovikdsl ;widé‘die VEseelrwas copledds room
Keptig erétﬂlga ?r% t/é’ﬁtealg ot atm}%pﬂgké’ efthe §BEse %ﬁféﬂt@%vere
were renove romcr under vacu umto
1411 rgmevee uginacgddilinnad @@ﬂkar@@) 665 Pugsto pigses . hmféﬂfi»legfi
was rBhEtof solkfidh apadingt et ddth¥io ckBEEE hatand g&U-QQ mL
(Rt ins 15 6ot Lok Vekans). Theafeqitiias webb ey, Wpshed
20 Whith hdXane; aif tridd foosevieral H&urs, 7andk thendrigubovernighbén a
- BoBlAtih W SIUR Bildten PgP B BE P RGO TbRS was isolated
1%r efaf atquh!t@fpdlmel( EPCEORESEON); 4206,0d,, #2001 akk209 °C
equippey. wet thgs 'ﬂ@F%@ defsehng LB wplﬁs 5 (g,gCF3)2OH)

add| funnel t|c stlrrer
o £ RO T gl Boundeg) 1 BMareRECNF: o) i n
a dry box. The sol ution ofeXAMPaEof6 crude cycl oadduct

a0 o St iRlor bR LS TSR RE, B GFERMP Pt

added ov FOR—He
2Gtirred At2Ghinl esidinlesempeslgiressurt messsl wasichalged with 37.4 g

f?.om @% h@qci%raﬁxﬁze?{—%%ﬁsrﬁ"ane ?@@@ 38{5 n?fé and 86%0f

- sl offiegk agi@é®1 ¥ indliggor. 2 hemseeiomm'm%@ onka@ugﬁrvzg%purged
PCTHR 2 203uA8d iy cﬂﬁ@eﬂ%ﬂi b r@.,gomrpﬁ urme%%sel was

v e et it s Pontarts o 304G AR SR 2 e

| 25decp|rﬁsedre detebdel froin 2085 18apbicdTve Vbsse) wils wdoleld Yo room

soohpAtus SR TeRER 6 PATuSauae. FH VISR pRETE bere

m xtemevegassisg rddiéidnalt SHfahe® 365 minto Mhge. nd| l_xe wosmbiasd
ethre%%fcﬁ%oYHtfoh aqsf,%@d?e §8read8 H-dxceHih SaRR! (38%5 mL

extracts :
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. T, 228 °C
(DSC). 18F NMR (8, THF-d8) —156 to —160 and —185 (CF), -70.6 and
~72.5 (G(CF3)20H), -95 to —125 (CF,). Anal. Found: C, 39.57: H, 2.47; F,
35 53.05.
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with HO (5% 4 X 150 nlL), and dried over I\/gSO4
sol vent was renoved on a rotavapor to | eave 1554@“’8@*2005

wo %éMSer oduct, which was distilled under vaggaihdo9025022

10

16

give fraction 1, 5 g (bp < 42 0.05nmmHg) and 10
fraction 2, 101.7g, bp 51-63 C/0.05mHg (mainly 61-62
¢ 0. 05 m'ng Bot h- fraEXAMPL’IEaﬁd fraction 2 contai ned

over i aae mmalqlssa s@@bprﬁﬁﬁumgew @@S&h‘é\rg%\fv&h@&rﬁ ]
TEURE), WaERa808) o6 nliGr SENERLS 3 o 4Ag 100 ?Qﬁt ed

S wWere

E’ﬁih@cﬂ@?@ 1N iRitieRr. oFhnyessel Wéﬁ"&%ﬂr '%é VY 162, RuFasd

with ritrd88nNdvacuiteE ireVearhed Hidh, 3009 &f TOEC ETHe abeskl vas

B o SERIG BB S T L TR 7o

Té €506 mieidgeasOddrarhnl 2571 tel 21 psio rﬁmo&ts&abwas cohled to room

I 9 i TR i e
rempved usgm) addiimal Sylkgna@ BE5aniede rinsgmelhe qcsﬂbl
r%actoﬁ@g’luf'gn fahE)rlnS(-:‘]\ﬁér'etsac(d’Bd tb@xdé@%em

esiIs O

DR iosectD, R LT e apE bs T0P BT talpsias a’ﬁav%ﬁv %ﬁoo

Wit f%)@ndétr'ﬁﬁﬁd(fﬁi 8éwHral hélns, A0 tdn dfiedol&migttrih a365

LGB\ eh T Qi bSO Db C. TigesSfied
16 g of evhiteqpaiyguet. e(dPCanialyﬂlmrI\gj,edmﬂ,t MWZ%Q@ ofg Z8&°CThe
(WEETSHoAIR (BRI ALRST 41 4Bs!d 51407 L5146, 8%9.1%09

18 hr ressure_decreased fr
20 176 QHOTaOHNNE5 05385 (Rha). oAb Gorkd-B6/-
steperdtgy e and vented to 1 atnosphere. The vessel
conténts were renoved using additional Sol kane(r) 365
nfc to rinse. The conbined reactor solution and
rinse' were' added to excess hexane (30-35 nL portions
'to 650 nL of 'hexane). The precipitates were filtered,
washed wth hexane, air dried for several hours and

- then dried overnight in a 35 vacuum oven with slight

nitrogen purge at 88 - 90 C. There was isolated 9.97
g of white polymer; GPC anal ysis: M 5300, Mv 9300. Tg
222. C (DSC). 19F NWR (6, THF-d8) -73.5 and -79:5
(CF3), -95 to -125 (CF2). 30 4 August 2006 WO

120047014964 PCTI US2003/ 025022 EXAMPLE 15" Synthesi's-of -

a TFE and TCN- (CF3, C(CF3)20H) Pol ymer A 200 niL
stainl ess steel pressure vessel was charged with 42.5

g
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TCN- (CF3, C(CF3)20H), 50 nL of Sol kane(r) 365 nfc and
1.08 g of Perkadox(r) 16N initiator. The vessel 4fyugust 2005
ooled in dry ice, purged wth nitrogsp

W@\;ﬁ&ﬁtﬂp@f and charged with 22 g of TFE. The Vesrsjseoosmzaozz
-was then agltated Wth its contents at- 50 C for 18 hr

whi l e the internal pressurgukqmseased from219 to 211

psi. The vessel was cool ed™to room tenperature and

vented to 1 atnosphere. The vessel contents were 10

r enoved|_usi polyske dompmém@alrkm&t(un)t dBbregifcomno ri nse.

The conbi ar..s pesegyt o
excess hegﬁﬂ ti‘?)g é)r\%_'%bgéfr@{hons erdizélg' ér{%féﬁ y
5 hexane). The p:reaatttp‘rateﬂ exmpeusl ha\rmaraééﬁa&kﬁ@ﬁé'alonwtﬂwm
hexane, ait didRdidifly StELRER to HRehifylomOall Bsttdratedicarbon
over ni ght . vacutm oven w.th sli ght nitrogen.purge
at  88-90 C Tradpe, Wi i sol ated 15.9.7 g of white
?gls .\él)ﬂerwgBﬁNR Jbastiche eétzm déwe@mem aTrgemfﬁDa"y
75,5 (O CF3) *Ufa%%c‘?%?" hg%&ﬁ ound C,
10 41.87: H, 2.95; F, 49.76. EXAI\/PLE 16 Synt heSIS of a
TFE and TCN-(F)2(F, C(CF3)20H) Pgjiyner 20 A 200 ni
st ai nl ess st eel s charged with 37.4

press re vessel
g TCN-(F)2(F, C f Sal kane(r) 365 nfc
and 1.0 g of - 1gNT rator. The vessel
was closed, cogl ed d, p rged wi t hthi t rogen,
evacuat ed, andlchar, p R¥E. The vessel
was then agitatedixifth™ s |cont nts at 50 C for 18 hr
while the inter naI 25 pressune déereased from 208 to

181 psi. The vessel was cooled to room tenperature
and vented to 1 atnosphere. The vessel contents were

rermved u3| L | Sol kane(r) 365 nfc to ri nse
The co E.gnﬁggttb&]%ol uti-on and r| ns re ad

excess th)l%ﬂqeR?(aod are ingrnandently o %I}ﬁ_ OgaN, &t ot ©
15 NHERE of 1T{be1@ﬁ:%%d@1 LSS opRbRally Siisstiastedwysidg@Dor ether

exane, air aI hours and t hen

dr¢>@§eb$,eYr¢ﬂﬁﬁ(Rfﬂl05{ Xlﬂﬁﬁﬁ% n with slight nitrogen
- purge qt,@@o%oo@o fere was isolated 17.8 g of white

pol yrrer SI S: 228 C
(DSC) . WGEP oF AR "’a%ﬁ% 8r‘$€§l"¥'ﬁgr°“ d 185 (CF
-70.6 nd— 72 a5e (e SmBp20djfferetAuaroatkybgroups)of 148410
t
ongosios) Geoople ot &%%%S@'a%% %&2“’;;‘“7
Synt hesR%lsoafn alkylepeagroupoft te 28 e@arBonatpis) gpkqnally
‘substituted by halogen or ether oxygen;
Z is OH, halogen, or OR7; and
R7 is an alkyl group of 1 to 20 carbon atoms, w:th the proviso that

95 atleast one.of R1, R2, R3 and Rt is Y, ORS, C(R)(Rf)OR?, REY or OREY,
and the proviso that if R1 (or R%) is OH, R2 (or R4) is not OH or halogen.

2. The polymer of Claim 1, wherein the compound having
structure (1) is selected from the group consisting of: '
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A 200 nL stainless steel pressure vessel was char4ged
with 60.8 g TCN-(F), C(CF3)20H), 50 nlL of August 2005

WOZ&&M@{@@U).SGS nfc and 1.59 g of 5 Per kadox@&i‘/Ustfﬂsmsezz

10

Initirator. The vessel was closed, cooled in dry .Ice,
purged with nitrogen, evacuated, and charﬂ:ed with 30 g

of TFE. TheFvessel was then agitated with its

co nts at{50 C forl8 hr while t [nternpl pressure
cr gased fLom@@;R'tzo 240 psi . e \espetivas Gul'ad
o room tefrperature and vented [to at nosphere. The
ess¢l tontents-were 10 renovediusi ng additional

S e(r) B65 nfc to rinse. The I ned reactor

sol ution anﬁi rinse were added to excess hexane (30-35
mL. portions to 650 nL of hexane). The precipitates
were filtered, washed . w.th hexane, air drffed for
several hours, and then dried overpjght inla vacuum
ith slig jfr ogen purge at Q C Tw
sol gted 15 16!650%4(& whi t e pol yjmer .\ GPC apal ysis?)lé?/lﬁ)f
700/ MW 93D0. Tg 205 C (DSC). [l19F /NVMR (5] THF-d8)
~67/ 87-168.9,-140.7 and --143. r CF) -71
to,~76 (C(CF3)20H), -95 to -125 (CF2). Anal. Found: C
44.647: H, 3.13: F, 44.82. 32 4 August 2005 WO
2004/ 014964 CLAIMS 5 10 PCT/ USZOg?llgﬁ:?gzz 1. A polyner
conprising a repeak.unit Eriraedlrie a) at |east one
repeat_ unit derj ClygRéfical ly unsaturated
conmpound havi ng ne fluorine atom covalently .
attached to an icalll y. unsaturated carbon atom
and (b) at |east™age repeat unit derived from an

et hyl eni cal | unsat ur at ed conpound havi ng tg‘E
strugture: (Clysvvhereinnis 0, 1, or A KR, ., R3 and -
» F,4OHORS, hal ogef, Rl kyt—erf—+5C(CF 3),0H
o 10 carbon atoms, opfionally substituted '
en of ether oxygens, Y, Rf)(Rf L) ORS, R6Y or
or SA2Z; R5.is hydro an

aci 07 abi | e protecting group; Rf and R are t he 'sane

or different fluoroal kyl groups of 1 to 10

F | CF3
C(CF 3),0H - OH

[
I

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

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 tetraﬂuoroethjrlene; hexaftuoropropylene;

chldrotriﬂuoroethylene; vinylidene ﬂuoride;'vinyl'ﬂuoride; perfluoro-(2,2-

-dimethyl-1,3-dioxole); perfluoro-(2-methylene-4-methyl-1 ,3-dioxolane);
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20 --- carbon atons or taken together are (CF2)m where
mis 2 to 10; R6 is an al kyl ene. group of | to 20%August2005

carbon atons, optionally substituted by hal %%ﬁi'}%é}g%mzsozz

weehHltidrygen; Z is OH, hal ogen, or.OR7; and

5
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20

al kyl group of 1 to 20 carbon atons, with the proviso

th | east ~pne, pf - s BE AV, whBhsi
q‘%&ﬁé’??&%a’t@%@ga' \Q’ﬁ%@?ﬂt ‘Sﬁﬁo'{ %%"g‘{r]&/ %Fﬁ% ' Rl
(oR{AB)a safuGked RaorpatkyRgpoupsfifsim AHool0 ¢RAPBREHMS 2.

The pol yne ' : Iy _ moviadin fmvi n

str ugt ure TH?BP@@er{Hg?tlagﬁhﬁ@?n@rteﬁrgﬂ]g%% COn:i_ s;/: ng

of tetrafiuoroathdens/ 014964 C( CF3) 20CH20CH3 C( CF 3) 20H

CI( EFI 3)&0 "']'@%Bl}/ﬁ\é?%;/g@ﬁ@@,%&ﬂéﬁaémpﬁshgia_?_ﬁmgm?tal!“@mg a
a roup, o to car bgn at . e pol ymer
ot Tgramioolo! Gioupae EREES RRaSERGI! Jidlpr cn: catly
unsat ur at eYine polymErchfICiainng, whetaim e Birronlcabel geURIS e

coval.ent | at t.ach lseni _ tHulatieall
ca?%‘?laﬁf%ll‘rﬂof%ai%&}qqggé@q%e@eﬁﬁ%mﬁf |'c%@!:ég)é t ?liﬂégs% ,410- %0
c apheatusdtedeompounid eoptaiyingra Biorepigohphy OHHz\B&”H fie
fl&?rcgal,%efi nis selected 10 fromthe group consisting

of Y @t'rar| uor oet hyl ene; hexaf | uoropropyl ene;
chlorotrifluoroethyl ene; vinylidene fluoride; vinyl-
fluoride; perfluoro-(2, 2-C(RNRORYI - - 1, 3-di oxol e) ;

per fuoro-(2 nethyl ene-4-net hyl -1, 3-di oxol ane); 34 4
August 2005 WO 2004/ 014964 PCTI US20031025022 CF2
=GlyRk R R; Bhd CE2arevthersaime or diffeterdrfluproaiiy grpuRSCEirgp 1 fo

wher ei .. iS ' I gftofioom
"0 Satborriggis aftgheh e are e fg"q“f’ﬂ S
wher ei n8t hEhé potymssi cfiGlaim €, whetein @ i Al REfiuomalky
Th ro‘?fﬂsy”er of Caiml, further conprising a unit

Do onbeihe fpéﬁgéééf%ﬂgﬁg?%ﬁpnﬂ}r@@%ﬁ th ontaining a

wheh §idalddml fgfdw ipaliepthe stonchue: or the  prot ect ed
fl uoroal cohol group is derived fromat |east one

ethylenically wunsaturated conpound containing a

f1 uor oal cohol group havK&§lOiB)(Rf)OH

30

wherein R¢ and Ry are the same or different fluoroalkyl groups
of from 1 to 10 carbon atoms or taken together are (CFa2)m 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 fiuoroalcohol group is derived from a monomer selected from

the group consisting of:
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10 structure: -C(Rf)(R )OH wherein Rf and Rf' arge,the
same or different fluoroalkyl groups of from 1 t & Augst2005

on atons or taken together are (CF2)pcwhse@izio23m:
wo B g (G2

10

0 10. 8. The polynmer of Claim7, wherein Rf and
R} are pertluoroal kyl groups.

1, her canpr.i.sing,..a unit
f1uf C@P@s)zﬁﬁvi ng t
(Rf")OH wherein Rf
f 1 Uor oal kyl . groups

9. The polymer of Caim
U NLBE, GCH,C(CF3),0H
cture: 2%)( 32 _
are the sane or
rom1l to 10 carbon

~atons Or taken together are (CF2)mwherein mis 2 25

to 10; and X "is an elenment from Gaup VA or G oup VIA
s i 2 —Q0CHE(CF 3),0H

ed fromthe

‘ trogen and. -

’ (e]@s . 1. The pol ynmer gt 10, wherein Xis

oxygen. 30 12. The polyner of Claim?7, wherein

fl uoroal cohol group or the protected fluoroal coho
group is derived froma nononer selected from the

group consisting of: 3.5 O CH2C( CF3) 20H 3) 20H
18H,THOGHIOHOCHIHCELsPHin 1 @Hﬁ%‘@ﬂc zier‘F‘u%i %%l east

one acid- containing or protected aci d-contai ning

group of structural unit: E1 (-CH=C) F2 WO

L[ 014964 CH2 %ﬁS 20H CH2=
‘ 3

O—-GHGEFI&RECI2 al kyl; 2 |
pci di'c group; and E and E3 s
ed fromthe group of H  unsiz

'y .
#'ed Cl-Cl2

i
».-gendent

al ky, and het eroat om substituted Cl--Cl12 al kyl. 14..

The polyner -of Caim 13, wherein the heteroatomis
selected 15 fromthe group consisting of oxygen,

e e botymer oF Gl t fitther B3R St 1858 Bne acid-
containing or protected acid-containing group of structural unit:
E‘h
(~CH2ac|:e)
' E,

15

20

wherein E is H or C4-C43 alkyl; Ez is CO2Es3, SO4E, or other acidic group;
and E and E3 are independently selected from the group of H,
unsubstituted C4-C47 alkyl, and heteroatom substituted C4-C42 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 heteroatomn substituted C4-C1o alky! further comprises a hydroxyl
group. ' ,

16. The polymer of Claim 13, wherein the acid-containing or
p#otected acid-containing group is derived from a carboxylic actd-
containing monomer. - |
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15. The polynmer of C aim 14, wherein the heteroatomis
oxygen, and the heteroatom substituted Cl-Cl2 alifugust2005
further conprises a hydroxyl group. 20 16. The -
wBOyRlscaf C aim 13, wherein the aci d- contai nPhfUg03020%2
protected acid-containing group is derived froma

PCT/ USHB03T 05 6017 e LUy e St (el pearRg or

( CHREEIBHAGI CESH AR RErotpAs gesved G085 PONINY0E'eE8g oM

WO, 2004/ 014964..17. > o QahyLadawhatyéaoarylate;

e e ST Raigggbeg; ARG gl%ﬁtdw:ont A ni E’S i

gr pupethyl-Bardrbetyfaeiate aaherBlic 88 %ct ed frcl)m tt he

group GQ@NSirRL,i 4t sdrthee tphgrriging at least one group
5 2- rret_h&?i Zngggrrgfrﬁldfgjg?mFat e, 2- rrehtwlgyl - 2-nor bonyl
acHgrived frapya KO IMRNOPPY. 5 18. The polyner of O aim

1, furyler aGsHabresishgompobitiantcoatpisgi®up derived from

a polar monqner . 19. A . ' e fuorine-

conpri si ng{T)( 1% ﬂHOPW‘%'SPﬁ%g@'@@ﬁ’t%m?ﬁg{mﬁ?_\*/H#é;rl,m"e

wher ei n the fl cantaiming polymer eOAPIEEEy mer conpri ses: 10

102?%1 lat e ofbﬁ 5ﬁ?§ﬁtoﬁg‘ﬁépe@€ﬁhﬁﬂériﬁé@ﬁbmﬂn ethylenically
ylenically nsa

urated conpou havi I :
one fluorine at OW%MW%F@VPQFPQ%%W%%Q%%%_On%afﬁfonne
et hyl eni cal | y unsgiont aRslesity Sttactaidon areetlyiepcady

| east one repeat unit derived fr thyl enically
15 unsat ur at ed COW“W?%%W é)nt%g}rgt%}rr@cture: (1%’ ,
wherein n is O(p)lat leastone2@pRbt uRE deRged HATREN gitylenically
i ndependently H, ORS., . haldaevssuref 1
15t 9 10 carbon aton’éf‘sa&lﬁ{éﬁ%érzgﬁwoghéﬁﬁvﬁ]gtted by hal ogen
or ether oxygens, Y, C(Rf)(R?)OR5, R6Y or ORBY; Y is
COZ or S02Z; RS is hydrogen or agtiacid-labile
protecting group; 25 Rf and Rf' ane t he sanme or
different fluorog gretpsfof 1jto 1Q carbon atons
or taken togethg m Wherg m 2 tol)lo;

R3

0 R4

whereinnis 0, 1, or 2;

99~ - R1, R2, R3and R4are independently H, ORY, halogen, alkyl or

alkoxy of 1 fo 10 carbon atoms, optionally substituted by halogen or ether
oxygens, Y, C(R)(R{)ORS, RBY or ORSY;
Y is COZ or SO5Z; -
- R5 is hydrogen or an acid-labile protecting group;
25 ' R;and Ry are the same or different fluoroglkyl groups of 110 10
carbon atoms or taken together are (CFy)my, 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
30 R7 is an alkyt group of 1 to 20 carbon atoms, with the proviso that
.t least one of R!. R2,R3 and R4 is ORS, Y, C(R)(R{)ORS, ROY or ORSY,
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R6 is an al kyl ene group of 1 to 20 carbon atons,
optionally substituted by hal ogen or ether oxygéﬁ“@su@o‘&
is OH, halogen, or OR7; and 30 R7 is an al kg, ?dé@m?fezz

WO 2904(0349%%6¢ car bon atons, with the proviso that

10-

one of R, R2, RSand R4 is CRS, Y, C(Rf)(Rf)(PSZ RGY

- %‘iﬁfﬁ@g ov:é&Qh%Q@WQMQ{@ |940N,l@¥5(br RIS nét OH or halogen;

003/ 025022 and the proviso that if RL (or R3)
ad OR R2 (or R4) is not OH or halogen; and (2) a
phot oact {2je & phpioaetive cAmpomast. phot or esi st conposi tion

of C gbm%fqlﬁgg&@.is? cbnﬁoéltﬁﬂr@'@blrﬁ‘ 3y WHedn Ued ur e

(1) ne-contalnin l'yper. is sel ecte
fommdrehaying i @) nrige dloNop AN BT dér—%&ﬁif*d
ﬂ.ll,]% g 6F 3) 20H CO2R12 Wherei n R12 its an
ﬁ? y g B%ﬁgghto 20 carbon .atons. 38 CO2R32 4. ...
August 2005 WD 2004101- 4964 PCT1US2003f 025022 21. The

phot or esi st Fconposition of C aim 19, wherei (a) is a
flugroolefi conprising 2 to 20. carhan atorrls 1Iae
phot dresi st lconpogrt? on of O ai e H-"‘HQQQR

fLuor ollefin is sélected fromthg
tietraf | yor ogt hyLene; 5 hexafl uo | ;
chlor i fidoroet hyl ene; vinylide uori de; vinyl
fluoride; pdrfluoro-(2,2-dinethyl-1, 3-dioxol e);

per f | uor o- (- net hyl ene-4 met hyl - 1, 3- di oxol ane)
CF2=CFQ( CF2) t CF=CF2, mherein t is 1 or 2; and

R "OCF=CF2, wherein Rt" is a saturated fiuo}oal kyl

si sting of

gar f from1l ;pfluoroalcoh up ol t RscrE.).SO.F
uor%ép% r?( 22502

ot ct gd—T1 ohol group is|lderi\ved frpma
lipast ) one etfhyl enical | y unsaturatjed gonpounf

F

nt g nisrg—a fl uor oal cohol
F
~ C(CF3),0CH,0CH3
CQZR12
CF4 | ~ F | .
C(CF 3),OH C(CF 3),OH
F
F
e | CF,
C(CF 3),0H | | OH
F
F

wherein R2 is an alkyl group of 1 to 20 carbon atoms.
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group having the structure: carbon atons. 10 23. ,The
phot oresi st conposition of Caim22, wherein the4l§ugust2005
fluoroolefin is tetrafluoroethylene. 24. The
/US2003/025022
th@mm{%«l st conposition of O aim 19, wherein t%T
fluorine- containing polymer further conprises a unit

cont ai g NoT e thét@féh%t%hgisosn%mmlgm ?gg‘iwg?aim éa) is a

fl uoroaj ohoI ro 2
%99@8&08?13 i 71220 Sk e 20 --C(Rt)(Rf")CH
wher ei m2, RfTrmwﬂthbremte;ompmmeofdalamn £l ewigtein the
HaBpleltys %%@Q%mg%ﬁé haBdu GonslclingRirae ammﬂ@"‘“"”e
5 Thbemfmmmspwene oretifiuprogthyleng Wﬂwzef\ﬁﬂ%lf’é dg.
anﬁltlc% e: perfitlcfo n;g%'?fc‘thé‘El‘i’sﬂ-HkdeI&b?érperﬂ%m—(mmethylene—df—

, oresi st ..conposi flon er.el
flﬁ‘@nthﬂ-élﬁ-ét%f’b’ﬂ n%F:pzﬁ P2 1%y 2: and
|wr%r@1ﬂ10R,hay angtdraed Buoroakkyr group®f from 1 to 10
CE%C& &41 )OH wherein Rf and Rfi are the sane or
di Fa1ePR At F’uoroal kyl groups of from1l to 10 car bon
10 at ons 28, tﬁ@phmtogmm@orm@lt(cm%@bmaﬁewﬁlemw % to
rom G oup VA and VI A of the
Peplll%agteﬁ?a% k’ %éﬂerrents The photoresist. '
conpos24i oW%Ph@Oﬁ%ﬁtFPmW% of (;dafrg 1§ewz'@?%8 ?%Hﬂﬁ
+they l‘&ﬁf?ﬁ’r@ ﬁ&?ﬁ]bﬂ’urﬂﬂar%nwﬂé@gra ursititdnisining & flagevaleotdl
phosphor 0 resi st conposition of Claim
2 89rOREN A WOi@qt§d 8’%9@@% (}@3 WP2004/ 014964 30. The :
15 phot or 25| STh@pm@msmmmanos@cm of QiEjm e ndiereintibe
oner ai ni I f Oyl fesHA at
or teqrg%a%ﬁ%%ﬁ Ol?gﬁ'%g %ﬁgﬁpﬁéﬁp 1|Qﬁ"(5]|%e} ect ed fr%m
t hizagt oo eﬁwlmu@!iynmsaturaﬁdzmmmﬂﬂ%ﬁ @:&@PE‘WF
= Ck 3) 20H O CH2C( CF3) 2011 4 August
%@%@%&22 O CH2C(CF3) 20H 10 31. 'The
phot oresi st conposition of Caim19, wherein the
g fluorine- containing pol ygmR)R{OHer conprises at
| east one acid-containing or- protected
aci d-containing group of structural unit: El1
~ wherein R; and Ry are the same or different fluorcalkyl groups of from 1 to

10 carbon atoms or taken together are (CF)y, wherein mis 2 to 10.
26. The photoresist composition of Claim 25, wherein R¢and Ry

25 are perfluoroalkyl groups.

27. The photoresist composition of _Claim 19, wherein the fluorine-
" containing polymer further comprises a fluoroalcohot group having the

structure:
30 'XCHZC(Rf)(Rf')OH

wherein R; and Ry are the same or different fluoroalkyl groups of from 1 to
10 carbon atoms or taken together are (CF»)y, 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 se!ected
from the group consisting of oxygen, sulfur, nitrogen and phosphorous.
29. The phdtoresist composition of Claim 28, wherein X is oxygen.
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WO 200 0i¥%¢i tuted Cl--CL2 al kyl, and heteroato

10

156

20

(-CH2-C --) F2 15 wherein El is Hor Cl1-Cl2 al kyl; E2
i s CO2E3, SO3E, or other acidic group; and E and August 2005
are i ndependently selected fromthe group %c’f‘mszoosmzwzz

substituted C1-Cl2 alkyl. 32. The photoresi st
conpasi tTHenpldtofdsistradddpositier i Glatrh 52 Whieeeioribanuondrger

sel.ected, fr

FFDE, e ﬁ%ﬂfpﬁfﬂwﬁf@aﬁﬁ%r@%fﬂosp s, 40 4
funyosicoRGaFoUDI eletEiban tF’@!IJrQUQZWBS/l g5 33. The
phot oresi st conposition of C aim 32, wherein the

het ergat om i s 'oxygen, and the heteroat om substituted

KVL e cRgronconpr i 8 hy.dria00H,G(ERPOH34.
resi s conp03|t|on D ai m 31, wherein the
ont.ai.ni.ng. .or. prot.ed gi.d- cont ai ni.ng group
arboxylic acid- contai ntNdg” nononer. 35. The

phot oresi st conposition of Caim34, wherein the acid
g or protected aci d>eontai-ging group is

M, C(CF4ROHC Dy EHBGHyF(CF3),0H
- 2--adamms; ; 2-nmethyl- 10
acrylate and &cr) 36. The

$t" conposi tion of Chal ', mhereln t he
fluorine- containing polynmer further conprises at

| east one group derived froma polar nononer. V. The
phot oresi st conposition of Caim19, wherein the 15

RS ST e

conpr|S|ng a dlssolutlon i nhi bitor. 39. The
phot oresi st conposition of Caim19, further
conprising a solvent. 20 40. .The onotore3|st

O CHU(G3hCH, wher ~- OenCH€(CF3),0H
d fromthe group cong gf lan et her ester;
S ; an ester; a glyco , a substituted
hydr ocar bon; an ar omat i c hydr ocar bon a fluorinated
.sol vent and super critical CO2. 41. The phot or esi st

conmposition of Claim19, further conprising at

31. The 'photoresist composition of Claim 19, wherein the fluorine-
containing polymer further comprises at least one acid-containing or

~ protected a_ci_c_l-fc;ontaining group of structur_al unit: -

m
(—CHZ—Cil—)
E

L}

wherein Eq is H or C4-C4 alkyl; E; is CO3E3, SO3E, or other acidic group;
and E and Ej3 are independently selected from the group of H,
unsubstituted C4-C 12 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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25 | east one additive selected fromthe group
consi sting of bases, surfactants, resolution 4AU9“3t2005
enhancers, adhesi on pronoters, resi due reducers

woombi/mgoai ds, plasticizers, and T. (gl ass traﬁgT’pﬁ%ﬁ'ﬂy‘n“on
tenperature) nodifiers. 42. A coated substrate

compr | $5N97he g)?wbtcﬁe§?épéérfxaé§ﬂoﬁ6ﬂ0@n‘(@2 Wharent teesi st

BSF@?&&@W Srisr P LRD. 8N4 Eisctetratom S BERE et gk fygher
I e%?-, @ésbq%%xyﬂ@tdu er| ved froman - ethylenically
unsat ur a

at om céffal gh rpg@ %(\E/angSlﬁ?P 8?%'%?15 Wﬁé}%ﬁﬂhg‘%{d@e

5unsahiairdhgar pm‘tbd&daetanircorammn@gmumg wsq:arboggiqmld—

2004/ }48@%1 g%gr wherein nis O, 1, or 2 R, R, R3
Orﬂ? endently H, .OR5 en, aIkJth or., -

aI koxy35f Ihe@hmmreansbwgoﬁh%n 059@’ 1 Wh %Y@Hg Prafitd

b
y c%@gﬁiopg %%Q%giradlsééggﬁtﬁ roYlp ig?gﬁdté@ﬂb?le dREUp
acﬁ@%@ﬁﬁ‘g ef teriddyt a¢rylatR: &]?5‘ Hié?l%a H&?@ i?g ety
00: 2chdrberrgn éc@ld@@?LMltchps of | to 10 carbon.
at ons e r t
o Pk A gl 8 CR L S felforne
at @t’fﬁtalmm poiymeryurtbe@mmpme@oatugammgmwd%wﬁ@r rom a

H, hal ogen, or OR7; and R7 is an al kyl
8f’a‘a?[[)1?(§’|dto 20 carbon atons, w th thfg provi so, t hat

at | eag? ohle photeresigbcompositien gk Claimy rein the
15 C( Bf‘nbl(c tn)é%mpo%?ﬁ Is%rpl%é(cnd denenstot. he provi so t hat

and (b 8e ﬁ%PbS&@%’éﬁz‘?ﬁ'&%ﬁﬁ%P*& I eU@égF%ﬁgﬁé\ng a

sulgskbrtion dihilted. m 42, wherein the substrate is a

m croe QCt{\,}ﬁ%:"éPﬁﬁf?g&t ?n&gPéé jon P?C‘Fé}ﬂ £l HﬁéF E&hBridhg a

Claim ronic er conpri ses
a salveni.al sel ected fromthe group consi stl ng of

20S! i cogg 'f Bﬁ@fblgéibfjébmﬁbém&%f Oxim 89, '\R‘ﬁere@mme solvent is

silicon ni reacti on
© L aHIPaTeIn e S0UP FORRISRE AT, B SELer: & 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 18, further comprising at
25 least one additive selected from the group consistihg of bases,
surfactants, resolution enhancers, adhesion promoters, residue reducers,
coating aids, plasticizers, and Tq (glass transition temperature) modifiers.
42. A coated substrate comprising:
(1) asubstrate;and
30 (2) a photoresist composition comprising:
(a) a fluorine-containing polymer comprising a repeat unit
derived from:
(i) at least one repeat unit dérived froman -
_ ethylenically unsaturated compound having at least
35 : one fluorine atom covalently attached to an
. ethylenically unsaturated carbon atom; and
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conpound. .30 PCT/ US2003/025022 (ii) at |east one
repeat unit derived. froman ethylenically - 4 August 2005

unsat urated co ound havi ng the structure:
WO 2604/014964 P 9 P%%‘/Uszoosmzsozz _

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

structure:;

0

whereinnis 0, 1, or2;
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

10 * oxygens, Y, C(R)(Rf)ORS, R8Y or ORSY;

Y is COZ or SOxZ; ‘

RS is hydrogen or an acid-labile protecting group;

Rsand Ry are the same or different fluoroalkyl groups of 1 to 10
carbon.atoms or taken together are (CF2)m where mis 2 to 10;

15 R6 is an alkylene group of 1 to 20 carbon atoms, opticnally

substituted by halogen or ether oxygen;

Z is OH, halogen, or OR7; and

R7 is an alkyl group of 1 fo 20 carbon atoms, with the proviso that
at least one of R1, RZ, R3 and R4is Y, ORS5, C(R)(Rf)OR5, RSY or ORPY,

20 and the proviso that if R (or R3) is OH, R? (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 mlcroelectrontc
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.
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