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Provi si onal cation Serial No. 60/280,269 is herein i pephRMALeA by
refer encg\%lonoaﬁ)?&szlsgnti rety. BACKGROUND COF THE | NVENTI ON 1. El?el giof t he

| nventi on Themir esent invention pertains to photoinmaging and, in

pagmmwmmu“m the use of photoresists{positi ve-worki ng and/ or

ne g) f i i i r a i f ) r devices.

The pr esent inventi%ngﬂggrégﬂég‘mg'cﬁ @3?*"3%%%%@% pol yrer

conposi tions whi ch are PHOTORESIBISF ORIMICROLITHOGRAPHNI potentially in

. many other appicati NS t15 2. Description of Related Art Pol yner products
are used as ¢ ?}ﬁglﬁp? i '?r?mgi ng and photosensitive systens and

particul arfy in phfrovisiegahapplicationSesiat Noa80/R260269%de hereindacerporated
. Introduction :9[?' '"%e?éf%é- m?éqéﬁt’ﬂ@’ Second Edition by L. F. Thonpson, C. G
.. BO

Wl 1l son, and wden, Aneri’can Chem cal 20 Society) Washi ngton, DC)
1994. In such systens, ultr o i l el ectromagnetic

radi ation i NPiMNOBEIHWT the TRiHtioRl contai ning a phot oactive conponent to
i nduce a physi cal chem cal change in that teri.al . seful or |atent
:ma;e is !to hgriaby pﬁ%&lﬂ@ﬁe%‘m}f‘ﬁnwp%ia@? gb@%‘ggﬁn?éﬂ‘% aé‘aairésﬁ'ﬁ'c’l" ige for
sem gondlﬁqoor thle vise of phbtdresisisqpositive-Adrking gindidraeuatiyervorkingdi et it sel f
may be photoactive, . [ 0 tai ns one or
rm)r/e phgt oacti'W@gE@HﬁgﬁgR?éaqlcﬁﬁgggi(%%ﬁﬁﬁ&fdé}c M??&%mﬁﬁépp%é%@?.“won
exposure to elientionzisepetainado sovelflyasing-contaminggalymer RempREHIBaSt i ve
conponent act Sydiy %F@GQ?M ¢ bégé%éiﬁé ﬁﬂes&‘t@éﬁ? g%t&dﬁlalli/ iid har§sthece
rerracti ex, color, 30 elec

characteristics, ref ve I'n tromagnetic
charact eri sti @ppieatianser such physical or chenical characteristics of the

phot osensijki V&) CORBGHtohWT Rslaf@SArti bed in the Thonpson et al. publication
supra. For imaging very fine features at the submcr.on_level in

seni conduct or devi (Pégk”%gfe 3%‘9?@?%8?'3?9'8?\”?r?ffﬂggmé'?ﬁ extreme 35
]tgl traviol et OI( Photosensitivdesystens and \particauldiynig plmcbimagirggaa‘jestams)stmheﬁsyt i |) i zed
or sem condu T i 4l i ne

usi ng novol akctb%?ﬁg%fb}%'“&ﬁ%%@@@ Mldtoitodrifn e?éo d'“?“““"p, |

WO 02/ 079287 HETTHaBEsarn 95 i Willsen; end M.o). Bowdene Armsrican Ghemiddd chi p

o Lo g on ) St el )
itﬁct N 29%0 SV el PEMintitbRNDECL 7954 01n aldtHéysterdS; QraidtqUY) light bhogr aphy

8 nm usi ng p-hydroxystyrene pol yners |ts.known and has a
resol ution | i rethepelegtrgmagnetic radiationeingringes;en é‘rfﬁafl%irpﬂg NP9 Aut ur e
phot IoI it hoglr apk tééctﬁl\égibrﬁp@*@fttt@rlnd@}é@ gwsﬁiidﬁ or@hen“ﬁcfamhdaggmmiahg_ I owfer
resolution limt, w ecr.easin vel en i. utjop. limt o
0.18-0.12 ni cr'@ﬁtefr@ﬁ- Adisel qf%%Pﬁ@?QQW%Sﬁ%%FWES?‘é‘%’h‘{/&’ﬁg‘%fhégér_h@% nm
exposur e wavel gprogessecintaansefiil imageforseicondudteor devicafayrieationner | aser)
is a |l eadi candi d I ] l ! J i 0.18
and 0. 13 U 10 desi S sHpe HiltrfefbdEL Riq Bl b2 prtbacitle, gBnertiga
wavel engt h ( obphotesensitivengoraposition gebtairgene 85 Mess Phetqactiye comRAnENiS
m cr 0el ectr ol fpsad i %b%mtﬂﬁrdauwou oh ekpbdaFe tdetéctromagrestic The

a

and shor ter  wasialiog 8 povdIRfiE e RBpootl ARbPrd AR I3 fadedhe. 2 "1

these wavel engiaplogheaietatesssiubiityysasfacé oharasteristios, gefractiverigiengeeler, 193 nm

yel ool of i Ml elcrtimgneRG haleEi et R BHRL ShORDAGORRT orcinical | o e
usef ul forI i mghargceristiesdt thedphatosansitivelganpesifieieas r’lesmlb%lﬁll thgan et al, I
20 Ma 5 1997); T. W .) SPIE, Vol.
e el gl L0 T ot 8 S

" Sci ence and Technol bgyimaging ety tine faaiwres: st thessgpmiciefyigvel ihy o o

publ i cat i ons aS@mﬁc%ﬁ&%r%vib%@R@lébfr@ﬁriaghétid fadiatiorlin thedapangxdrameet al,
L SPLE Vol 350’ o4 uitra%%?gts(LR;)-isl gé’eded. é’olsﬁir\}e%\t/or%hg ’res?igisl':generally are utilized
for semiconductor manufacture. Lithography in the UV at 365 nm (I-line)

using novolak polymers and diazonaphthoquinones as dissolution
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25 Vol . 2724, pages 334-343; and Sem conductor International, Sept. 1997,
pages 74-80). Conpositions conprising addition polyners and/or ROW

(ring- opgyp athesi s polynerization) of functionalizg enes
have been gl scfsgésﬂd (e.g., PCT WD 97133198 {9/12/97) to B. ELE%‘&?@ rich).

Honmopol ymers and nal ei ¢ anhydride copol ynmers of 30 norbornadi ene and their

use in 193 nrrhhiaitwrsaé)aurreweﬁssrsnaos& ﬁfte?@ln{ol é{nﬁd‘g résolfifis het ,

Al Ch
flngg\r/vool efelmn &S‘E@PQ%&%I\@?’Q@'H %c‘l-'grpgg'ﬁ edar \9}%4@6%&%5" ?Lg"iﬂagcrl bed
it R u. S. Palter;b-hya_rob@lﬁty]c@lﬁe pown%sfstmﬂaadms@rmmmh 'm\,'\f)gg 8/587t9 gg7use of
ese Ccopo osensi ti.v (0] 1 11.0Ns.
* PCT/ US02/ og¥9"@5%38%%-@%P%ﬁ&t@w&rﬁ?ivgf’%ﬁ%?@Pw%m%ﬂ%mgaﬁ SN possess
prlolpert i eﬁ of shxwtergvaneiengths| due tonal detreasingsloven resolitian lanit witkscr i bed as
t t .

conta i ng. pojCaSRsPBARIGT HL @05‘?&’51&*@" IR SEI SO 356 S here

i s no teachi nbg 3 Am imagingy el?hi?i@bt @grammgﬁaammexmmewe&ngthonpu sed

of pol ycycli ¢(obpatRBQ RIS aRar &‘Pﬂ%ﬁﬁé @Yﬁﬁﬁ@ﬂh%r s Idiingre, there is
no teaching that, the co ons dj s I S J&’agnese Kgkai coul d be

used in phot ofadidate for ﬁlﬁ%@gﬁ%@%ﬁf@@&% réﬁat'PQrUW AN IR4IBf | ess
t han 180 1om dézsxgh&IeE’aﬂ%mitolﬁh@%B?Zsstﬂigswmmmd@umwaeeléngtrgeneratI ng a

negative tone S.I Sy coatin wi.th a copol yner

resi st sol ut| Peﬂéﬁfrﬁggngﬁéﬁ%ﬁwg@trﬁ bé?@pﬁ%{)?@&frﬁ met hacrylate in a
sol vent, and mimoelex:tromcagalamcﬂea using0d Odaval aydéssydedigmrules.aithen di oxi de
o or “Pover SRt SERLTARIRPON RS DL B 08 oot 5,
hi gh transpar@aaggha eltwag@leggf@mpra@dude%#whg%msnag?edamrrﬁ-ﬁhem&am e key

propertigs, I{pel é%é\%lﬁﬁiﬁsm asma etch resistance and adhesi ve properties.
20 SUMVARY OF THE L NVENTTON This | nventLoB | at e ? {i\l uori ne-cont ai ni ng
pol ymer conpri si ng Sn}eerﬁé!ﬁt caripestions puitable HY'aQ'BS?ﬁ SRAMAFR | enical |y

unsat ur at ed priowe.C Foe exampie) photdresist oopositibns Codtprisingreytloghefirei n: F R1
Lo o a2, e e By o BhERbuRd AoRBRe SRR Mk ol 1Sk s hom @

imaging of semiconductors at 193 nm (see F. M. Houlihan et al,

20  Macromolecules, 30, pages 6517-6534 (1997); T. Wallow et al., SPIE,
Vol. 2724, pages 355-364; and F. M. Houlihan et al., Journal of
Photopolymer Science and Technology, 10, No. 3, pages 511-520
(1997)). Several publications are focused on 193 nm resists (i.e., U.
Okoroanyanwu et al, SPIE, Vol. 3049, pages 92-103; R. Allen et al., SPIE,

25 Vol. 2724, pages 334-343; and Semiconductor International, Sept. 1997,
pages 74-80). Compositions comprising addition polymers and/or ROMP
(ring-opening methathesis polymerization) of functionalized norbornenes
have been disclosed (e.g., PCT WO 97/33198 (9/12/97) to B. F.
Goodrich). Homopolymers and maleic anhydride copolymers of

30 norbornadiene and their use in 193 nm lithography have been disclosed
(J. Niu and J. Frechet, Angew. Chem. Int. Ed., 37, No. 5, (1998),
pages 667-670).

Copolymers of fluoroolefin monomers and certain cyclic

unsaturated monomers are described in U.S. Patents 5,177,166 and

35 5,229,473 which do not disclose the use of these copolymers in any
photosensitive compositions.




WO U2/ (179287 PCT/ US02/ 09799 1 to 20 carbon atons or a substituted
hydr ocarbon group of 1 to 20 carbon atons and at | east one oxygen, sulfur

or nitro and mis 0, 1, or 2. In a further errbod
|nvent|o%1W ?@?@é to a polynmer 5 conprising the polyneri zi¢';1t|0n02|toJr§g9 uct of a

bicyclo-[2.2.1 ] hepta-1,5-diene and a fluorolefin, preferably
tetrafl uoroethyl enﬂoﬁ'i‘t?bdl estéﬁd wtswméishdﬂ &Hain hﬁbrfbnﬁéﬁs'tha{f pidsBss

enbodi ment, the inyention r es Io I 1 ti

the 11 Lor | ne- BGREINGS ALOROBAR Carloana Rtine-StRNAR ciéﬁqﬁ e o

;:orrponent |nw)éﬁfaﬁ&{\éwrdﬂpﬁbat&img@lb@mpbneﬂitb&n phmmﬁefmabreeﬂLRﬂme-to a process
or preparing_a photore 0 u t

- composi {1 on oPoRAITING RoDkS TRy Sed Tafariedr ot &0 Bl es TN AI88E T nent i on

r ﬁl at ﬁs t o5 anTheté isl o tffachmgmrthisarefaneme of ropolymard or capelymergoat ed with

t he phot oresi afe ERRED

" EMBODI MENTS) E{’mg’??‘%g%@°m yg‘%&b Sﬂ?hﬁa-tﬁ%go%:n%nt al ni ng. pol yner

conpri ses a rEpahermeaie, th@reusmtgachm@thaéttm eaBposiionsdisalesaddait ﬁ*§

unsat ur at ed pgé @%é RoRQirHBPﬂH‘Btefseétiﬁ BRbteFSsidts with RSagingiefesied at Rir to R8

SRR AL A G L S IS EL B ol
or a heter@at om subs$i Paterd 5/688,62Adiscldsgs ayirooéssiorigénBating a
negative tone resist image by coating a silicon wafer with a copolymer
resist solution of pentafluoropropyl methacrylate-t-butyl methacrylate in a
solvent, and then exposing at 193 nm and developing with a carbon
dioxide critical fluid. :

15 There is a need for resist compositions for use at 193 nm or lower
wavelengths, and particularly at 157 nm, that have not only high
transparency at these short wavelengths but also other suitable key
properties, including good plasma etch resistance and adhesive
properties.

20 SUMMARY OF THE INVENTION
This invention relates to a fiuorine-containing polymer comprising a repeat
unit derived from at least one ethylenically unsaturated polycyclic
compound of structure 1:

25

wherein:
R1 to R8 are the same or different and each represents a
30 hydrogen atom, a halogen atom, a carboxyl group, a hydrocarbon group of

3




WO 02/ 079287 PCT/US02/ U9?99 1 to 20 carbon atons and one or nore

het eroatons. The value of mis 0) 1, or 2. The hydrocarbon group can be
st rai ght branched chain, paraffinic or olefinic, 2?(]9'743) or
aronmati c. \?@3 /nzo?g e heteroatons |ncI ude oxygen, . nitrogen or su??l

exanpl e of a hydrocarbon group containing 5 oxygen as a heter oatom i s an

alkyl carboxy} 3 gogihiih SRME bR NLEIBRdnjRoshitsh GBupaaag at o,

preferably fr or .an koX nt ai ni ng
from 1 to abod cathruatesis %@%ﬁ%‘eaﬂﬁgﬂePw%éngéPBBWOQPB%éomsaa al kyl

carboxyl ate group, mis 0;anobg. a secondary or tertiary al kyl carboxylate

OhoaP )" o chne e bR T riHh A LR BT o5 ) T

limt the ®xt empq‘smgrtbmpbiwnemm:bntp:edmd of arbicyclodp2r Hheptaat, 5tdiene over

I h A
’ \rlvg\rg(raeggrrt Ztr véﬁbéna@%?lgi P&gé%g&rtf %ﬂpéaﬁ '&i urﬂésgﬁﬁr :a'fegr ggr};cycl ic 15

conpound is 3pBlpnotziﬂmmDettfwanﬂ otricyclo[4.2.1.025] non-7-ene (NB-TFE) and
whi ch has the fol | wma sl furthertembédifmeninthe inveNBomFelatés:teea pnbtonesiat | y

unsat urated pol ycyclic conppund struct re. 1

processes knofRAMPRsEiaR com MSig ﬁ}?eﬁ‘{ﬂrﬁ@e%@ 'HE\%%&W&&?Q&&"@?WE%E%S“ ately
chosen dejhva %Tn%b rth a fluorolefin as disclosed by Brasen (US
Pat ent 2, 0 ggﬁ(t?%c}élg)g) and 11l ustrated by equation 1 (below). Ln an

al ternat i ve proces#n yeha lﬂﬁ@ﬁ@@b@r\@eﬂf tB%ﬂWGBF'PBt"@'?F%%%BFP 8%t i ves

may be reacte H%Eg it fsgdtosed by
Shozda and Pugﬁé{alar#rﬁgou naﬁ‘éﬁé‘&g ic %&gtrb V%Pﬁangﬁ%t‘é pages 1557-1561
(1962)) and i kcbnwposioadfiilisdaueritionn 2 ( bel ow) . 5 WO 021079287

PCT/ US02/ 09799 F

2) FFFin the co%ﬁ%ﬁf%h%ﬁ'{lg‘g@ "?%ﬁ)é“‘ﬁ"é@@r@@t%@%?“ a@tg:leo Sguation

pol ycycl i g5 COpRIIUAREtufd irfwhich LQBNIANETs EoHiRd Wathrtiehdte@sist t wo ri ngs 5
e.g.) norbornene) Is Inportant for three main reasons: 1) polycyclic

mononer s have coglpasitionl y hi gh carbon to hydrogen ratios (CH, which
results in base pal Of ,

nononer s genera EsSSHPIIQN Q I ==, BORIMENTLS) havi ng
repeat units ql:qmrméct;éﬁ@rmm_lgj_jg[m@r m)norrers whi ch pr ef er ably can 10 be
fully saturate rrztron ncy
characteristics; ﬂ-r(l}‘e%f c% frFHﬁ @?@gF %rhﬁp%%%/g rg@?lg%alﬁr'gﬁ%rﬂrr@rdg usual |y
have rel alZOveIfrsoninagieagt ane etmdamcaﬂwmnsaémmbpdyey;clmmommrm/efd di mensi onal
stability durrsgrgI IFgclessr ng. A polymer conprised of repeat units derived
from pol ycycl i 548 nonmers, having high CHratios, has a 15 relatively | ow
Chni shi nunber (O N.)) Wnere Q N =N (N,~ No) vmth N bei ng the nunber of
atons in the repeat unit R pol yrrer ¢ bei ng the nunber of carbon
atonms in the repeat unit

atonms in the repeat unit : eers anFerrprrrcaI | aw

di scovered by OChnishi et i ' FSt ate Sci.

Technol ., 130, 143 {1983] ion etch (RIE)
rate of polyners is a li er (ON.). As one
exanpl e, pol y(norbornenej ' N. = 1717 = 2.42.
R havi ng

onal i t ygcont ai ni ng oxygen

pol ycyclic noieties and renNgti €
will have relatively |Iow O N agtording to tEe enpirical |aw of
Chni shi, have correspondi ng | (injan apploxi npte |inear manner) R E
rates. A suitable polycyclic compounc thatRnay be used to formthe 30
conmpound of structure 1 is a bicyclo-[2.2.1]hepta-2,5-diene such as the

25 1
wherein:
R? to R8 are the same or different and each represents a hydrogen
atom, a halogen atom, a carboxyl group, a hydrocarbon group of 1 to
about 20 carbon atoms or a heteroatom substituted hydrocarbon group of

4



6 WO 1l 2/1179287 PCT/ US02/ 09799 ki nd described in U S. Patent No.
2,928,865 which is incorporated herein by reference. Preferred cyclic
conpounds_{hat be used are bicyclo[2.2.1] hepta-2, 5-di DA the
structure"‘{li0 é”%g.gl 13 HR H5 where R12 and R13 are hydrggglﬁ,s Zﬂlkyl gr oups
of not nore than 6 carbons or carboxyl groups or groups hydrol yzable

t hereto. Exanpl ar , :
et hoxycar bon;/rﬁ tg?é]o (E'ﬁrpr%ﬁ%@%‘ggﬁg%ﬁoﬁgﬁ?t&EﬁB@ﬁuo-&oelcgﬁpﬁso fml!as_’to’nay be
used to form flher zomMmarbon geeup ean barstraight ehaiveer branched chainent  No.
2,928, 865 whi ghrdffinicitr AR HieydiRI 6t dtoRatit & ISitablethetbRiat SerRMREIBde MO €

generally, a tluoroolefin cont&rnl ng at | east one ethylenically, ynsaturated

. | y
" conpound whi cRXYQRit dlitragen of #HRY. Aneexarnypleicie hisiresyhPp gravR fEMRINIPG ached

to the ethyl egkg@éd Hs u%M@% QﬁrMcatbeth?hﬁlﬂllé@ﬁaitngﬁgafrf)m;th@0| efin
can conprise 0 Qu carbon n r r efinjc
" unsat u?gt I on PQOPBEQC?@PH&Hgmspngféfagﬂ?erW %hcgaﬁ o@)ﬁ%rpp,n etﬂést 8Fﬁbnal

carbon of t heatkoxfignoup tontaineg frembdholaboub2Gicartbeasatomse\VWherothene at om and
t he remai ni ng f: L ' ' i R,ngred on

t he one hand {’ g%&%&ﬁg{éygaﬁtgﬁfalwl%#@r@!ﬁgﬁr%%ﬂg%yrﬁ%rao%}e‘dgtorn or
omega- hydr opetédrfiant dkylioaroepyialp sseumwhialy is preferredreause ssighiddylat ons, or a
per f | uor og ky&aﬂj’cﬁég% & cléﬁvﬁ%&etréﬁﬂiI@%Htthé%riﬁﬁrﬁ’Qlkyﬁ&%x?l&tb on the other

hand is singl 0 to . ogen. atom, a fluorine, chlorine_or bromne
Rrom an_ al by Brejims o b SGRLEITY W6 BEENt aLAORIAH s pbe S o

per f | uor oal kykragigpaieney adtHealowdr kidvelsrahg Topitally)ting pelymerds freeraf 1 uori ne,
chlorine or bromng atomand the al kyl, fluoroal kyl or hal oal kyl groups
contain from fr?rBaﬁ%g[ﬂquO carbon atons. 30 The fluoroolefin, nore
specifically, can WHarepresentativa,andmweferred, eihyishicallyagwaturated palycyddicl | R

F PCT/ US02£ 09 | 145 I: | DR2, r= | NI an
onegahydr géper % Bﬁ‘n@‘ﬁ;ugufj%P,ﬁ?,gutgﬂgflhqﬂ{tlgﬂf;cb%ﬁ{l‘fl).B g‘@ro §o7n Qgteghlsﬁggyghd

per f | uor oal kyWhighohgs #7e followingHctum! &IPR- at ons or a perfl uor oal koxyl
group of 1 to about 10 carbon atonms; R and R' are each the sane or
different A hydrogen, an al kyl greepof 1 to abput 10 carbon atons or a
hal oal kyl group containing at |eg | uorine} chlorine, or brom ne atom
and 1 to 10 carbon atons or R Er forma ring 10
structure.

NB-TFE
The ethylenically unsaturated polycyclic compounds of structure 1

20 may be prepared by processes known in the art. In one process,

norbornadiene or appropriately chosen derivative is reacted with a

fluorolefin as disclosed by Brasen (US Patent 2,928,865 (1960)) and

illustrated by equation 1 (below). In an alternative process,

cyclopentadiene or appropriately chosen derivatives may be reacted with
25  3,3,4,4-tetrafluorocyclobutene as disclosed by Shozda and Putnam

(Journal of Organic Chemistry, volume 27, pages 15567-1561 (1962)) and

illustrated by equation 2 (below).



Specific exanples of fluoroolefins include, but are not limted to,
tetrafluoroethylene hexaf | uor opr opyl ene, chlorotrifluoroethyl ene,
V|nyI|dene fl vi nyl fluoride, perfluoro-(2,2-dinet? ~ soxol e),
pertl uoro ?fmﬁ§¥%ylene 4- et hyl - 1, 3-di oxol ane), CF2=0(CFzZ %bﬁé%é?%i15 wher e
t is 1 or 2, and RFOCF2=CF2 wherein Rf is a saturated fluoroal kyl group of
fromlto about ten carbon atons. A prefe d fFuoroolefin is

tetrafl uoroethyl eng ® compound of strjict\uie flas been found to forma
pol ymer by pol yreri dn pPoEEesesAs |j s al | known U3iRbEe skilled in
the polyner 20 art,~Nap-€thylenically uns ated conpound undergoes free

radi cal polynerization to afford a polyner having a repeat unit that is
" derived fromthe ethylenically unsaturated conpound. Free radical
pol ymeri zation processes may be_enpl oyed to prepare polymers derived from

structure 1 which may_optional IF contain at _least Gne other nononmer which
"is known 25 to undexf ree fja CAl pol yne At 1 ) 'T'hus)EJ xarrpl e, free
radi cal pol yneri zat y+bl eppLoyed to prepaje pol.yme tg congrl si ng

structure 1 and an addi'ti onal répeat unit de ed roma | east one
et hyl eni cal | y unsaturated conpound which contains at |east one fluorine
atom coval ently attached to an ethylenically unsaturated carbon atom A 30

{1 por) nes cont a ni héh GROGNIGIng GO wenﬂtr%tpbés@ﬁesﬁtamggﬁoﬁsrlved from

all cyclic conobnoners an epeat . unit derived froma
cononomer t haP°|M§¥Cll§rﬂ\9fB¢an¢re(i ﬁl @ownenamwpmlﬁms deas) te 9%y eni cal 1y

Ungaturateﬁ caig Oﬁbrtﬁﬁ)ﬂtﬁﬁ')e ) Gitn a?ftmhﬁébmawré‘ééo@ﬁdl1l)lp@lyd?@|§/”e“ség; 58999
an rng- openl ne eS|

(ROVP). Vi nyl Mers aﬂ@lrﬁﬁé’p&¥i‘ﬂ%ﬁar n(r)tﬂ Hydeeggh Eﬁ&grﬁ@%%amﬁ catal ysts
i s discl osed fesultsdn bakk polyngers cbenmisedsof répgaiimitsoafithesapolycyclshi mokawa,

2} per v o7i 28ropte dRialy ninged?plpai o oS kgl L

Mat hew, J. P. hatdagirapeat unit wwgdWOnvaMolmormpe@, ahighuprefarably cary, 173
and 4) Breni g sy s B 558a U?BHWQ AEftza tlo?lh ereg%’avﬁoda%&paﬁrﬂﬁf openi ng

net at hesi s po gner|z 1 on | ces supra u3|ng

r ut heni um andcharacigristicsaand %P@préﬁ%e frony PAYRYRG MPNOM&Fi§ hhs, R H. ;
? I'ler, ﬁ/l 0 ué%aw*ha@%&tlv‘é%hl ﬁ@tljéé@l@anélﬂ@n teiperaturds for ifmrondd E .
rance, | n

1995, 34, 203§'mﬁP%PB?‘a%P9'WVt%' o‘?r;‘,’ﬁ%?sr%t fb‘ﬂaﬁg{&&?g@ﬁ}'?@tggﬁ%& ont o
forma macr omuhﬁs gleeived f@nepolgcyahbaummmmetsehavmmtu@ Crirl satiosathag, a t he

ol ymer o 0 r ght (M) of greater than

2, 0)(;0, 15 @?Qﬂ%‘? %\&ea er than f(%q \?{E@ Iyﬁrer)derl ged froma
conpound of structure 1 may furthef (N)npN @&;&o}epeat unit derived froma
fluorolefin. g:le‘ﬁ? d tHEREhBEY dStSatbm%' |H(iﬁetr€t9§ét Ldﬁt&ﬁrthbMIwh@vwcfor use in

maki ng t he corrpoun strucfure 1. | u
t et raf | uor oet Ib?!%ﬁ"e RWBDEEQ Lﬁatrpﬂ'@ ai@“}%éﬂ b?ﬁe?epe\%gﬂﬂ't QHH%Q@M“WGH and
phot or esi st CNARSihg IS nufder bﬁdﬁygbmaigh'\s;in&he repeatairtii afitheqabgmet.ur e and

| b
B RSty RN AT, SRR, o
at | east one &diy) Bolid-State SoisEaanel. eﬂj3Q,01\$ﬁ)(J1r%3¢ ikl ﬁﬁtﬂj that theor oal cohol

group, 25 havi fdaLie Bdich (1) ra@(ata&ﬁwb@tsvm@am&mr@nﬁé GHiishhe sane

or different uor oa

to 30 ns or

t aken toget hemlmlbel'((@: h Amga%exampiles ppy(aommwég@sgfg [?a&%}'ﬁ oups
are desi gn?t IeI N ?5/7 %ﬁwzh P@tprrte@s eofripriskd )pfr?domthanﬂyeﬂcatbqri
groups or fully uor|na U
Broadly, Rf arfhdydragen p’?(}l%é%ﬁ.@nq fﬁaﬁ f@&gﬁgﬁm&q' fro 1
' t1 8 aPOUE thI CQ{d?ﬂ@lntﬁng@%{géh Wlﬁhaﬂet'elghveiyﬂowm Nrsandhd), mcan mtgpthzg 2 g 0

. In the last _sen an
Rf' are not sc—%ﬁpﬁpé gf ¢)6€f§ﬁ g?)? |Chg?§§°ﬁcﬁﬂgtl6wr('8udds% étatq Fnt oget her
"they forma rimgneenRiEumatessuch as is illustrated below in case of a
5-menmbered ring: 9 a gyitable polycyclic compound that may be used to form the

30 compound of structure 1 is a bicyclo-[2.2.1lhepta-2,5-diene such as the
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WO 02/ 079287 F2 C F2 ~ ~ ~C-CH F2Q G- \ F2 PCT/US02/ 09799 Rf and Rf' can be
partially fluorinated al kyl groups without limt 5 according to the

i nventio hat there nust be a sufficient degree o riob@t i on
pr esent 388?%2’&?; acidity to the hydroxyl (-OH) of the ¢ PhCTANP AR

functional group, such that the hydroxyl proton is substantially renoved in

basi c media, gHg *aeéﬁri'gad ﬁﬂg@@gp?éﬂéhanz,@waeﬁ ﬂrﬁicﬁgé ill%do%br‘afed herein

t et raal kyl amoni um hydr oxi olution. 1In preferre cases according to
the inventi orbY feferasicg. | Preferred cy¢lisicompaunds thabcan be used@re Rigyelsent i n

the fluorinated aidedta®, Sidrsned havilyy fHeugtfsdirgohol functional group such
‘ that the hydroxyl "group will have a pKa value as follows: 5 < pKa < 11.

Preferably, Rf and Rf are independently perfluoroal kyl group of 1 to 5
carbon atons, and, nost perferably, Rf and 15 Rf are both trifl uoronethyl
(CF3). Wen the fluorine-contaimng polyner of this invention conprises a
" fluoroal cohol, the fluoroal Qroup may have the structure:
-XCH2C(R~) (Rf ) OH 20 wherei I*Rf are as descri bed above, X is an
el ement from G oup VA and VI A e Periodic Table of the Elenents (CAS
Version), for exanple, oxygen ¥, nitrogen and phosphorous. Oxygen is
the preferred X group. 25 Softe ustrative, but nonlimting, exanples of
representative conononers contakhing a fluoroal cohol functional group and
wi thin the scope of the invention are presented bel ow. 10 W O 021 079287
CHzC( CF3) 20H CH2C{ CF3) ZOH CH2=CHOCH2CHZOCH2C( CF3) 20H O CH2C( CF3) 20H PCT |
US02/ 09799 CH20CH2C( CF3) 20H CH20CH2C( CF3) 20H CH2=CHQ( CH2) 40CH2C( CF3) 20H
O CH2C( CF3) 20Wh&re Ri8laywieR 1 are tiydrodren, atihgrowes oft ndteasre thae 6 carbons

aci d-contai ni gg. IRNOURLoAbs Tr'gMGisY RidriLhble thefet& Bxamples of
hydrolyzable R1 and R2 groups are cyano, ethoxycarbonyl and
dimethylcarbamyl.

10 Suitable fluorolefins that may be used to form the compound of
structure 1 are described in U.S. Patent No. 2,928,865 which is
incorporated herein by reference.

For example, more generally,a fluoroolefin containing at least one
ethylenically unsaturated compound which contains at least one fluorine

15 atom covalently attached to the ethylenically unsaturated carbon atom can
be used. The fluoroolefin can comprise 2 to about 20 carbon atoms and,
preferably, the olefinic unsaturation is in a terminal position. in one
embodiment, the terminal carbon of the olefinic linkage is bonded to at
least one fluorine atom and the remaining carbon atom of the olefinic

20 linkage is singly bonded on the one hand to a hydrogen atom, fluorine,
chiorine or bromine atom, or omega-hydroperfluoroalkyl group of no more
than about 10 carbon atoms, or a perfluoroalkyt group of no more than
about 10 carbon atoms and on the other hand is singly bonded to _
hydrogen atom, a fluorine, chlorine or bromine atom, an alkyl group, an

25 omega hydroperfluoroalkyl group, a perfluoroalkyl group or a haloalkyl
group containing at least one fluorine, chlorine or bromine atom and the
alkyl, fluoroalky! or haloalkyl groups contain from 1 to about 10 carbon
atoms. '

The fiuoroolefin, more specifically, can have the structure:

30



10 in which E1 is Hor Cl1-Cl2 alkyl; E2 is CO2E3, SO3E, or other acidic
group; and E and E3 are Hor Cl-Cl2 alkyl, which is unsubstituted or
heteroatonb ﬁhé % uted Sui t abl e heteroatons are oxygen, ,tﬁ osul fur
hal ogen o 3 é orus atons. \Wen the heteroatomis oxygen %stltuent
may 15 contaln a hydroxyl -group. Al kyl groups can contain one to about

twel ve carbon atons and preferably one to about eight. Preferably, the acid
group is a carboxy i Racid. A preferred additional nononer is an acryl ate.
Tertiary al kyl acr es such as tert-butyl acrylate and

2-net hyl - 2adamanty} apryl ate may provide acid sensitive functionality for

i mage 20 fornmationRasFdi scussed above. Ot her acrylates, such as acrylic
acid and nethyl acrylate may be enpl oyed to nodify the adhesi on or
solubility of the polynmer. In one enbodi ment tert-butylacrylate may be
incorporated into the polymer which introduces acid-labile tert-butyl ester

" groups. vv-hrhe WherenGg bGHREME, ENbIHRELF Bf&ﬁl?l%gatbﬁvféin %?ﬁfegé—r boxylic acid
roups which e use mer i,s ed for_a given

gorrpga tion tm’%é ‘?WPQTQ?ékﬁlgéo%aﬁL 0 akeiite r,—;%r OQO%Bmde%?op?rent i n aqueous

a: kal Ln65@eV$aﬂ&ordaﬂddgtowld 1 fwéhleoutridnearbon atorms ara penfiybroatiengt e may

al so be 5 incgr us

devel opnent el °§8r?§ 1\?\Sgsée6%dtoh% tg(gA é@s oag{éﬂsl géé)eﬁghﬁ%%ﬁ%%al cohol

group and/ or diffaremnt & ihydugainy, aofalkyhgrqu tyfrr'bto sbeutcthearbenatpmsta@ i ng gr oup

whi ch prot ecgﬁlégﬁggdfpﬂg'd&ﬂiﬁﬁgp'd’i%H%'t ofé Bnﬁédél%rl%*lf}’bréﬁﬂr?e gfp (i.e.,

t

the protecte acl d einthis protected
form As one and m§@r1&t¢afb0'é?éﬁm5@rRt Aed tRerﬁ ¥ fQMagings t he
protecting orQHRtife. @ tertiary-butyl ester and th| S protecting group

tects the f d fect] tected
e d To free actd)Spedic E¥RUPIGOtIbRtRAIED atidee Deb LS SUIEBacd. 15 An
?: pha- a: koﬁylatéh*aﬂuetdwi_ ylem@,u’lexaﬂuar_qpr@immecbhinrotrdtubmejhglene,p for the

uor oal cohol .gr.oup i el arency in
t he phot oresi ¥ ltﬁ&o@ﬁ%ﬂ“'”&ﬁ%@ ﬁ%%r&#g‘?e@ﬁ%dﬁﬁl dorotcl%% I20I gr)c/)up
has the struqmrﬂaorc—-(z metwkemeytenetthmlmolarmeb He B2 30 SR {CEF
{1 uor oal cfol whéle £8Y Sifz 2 24 REOBPFCEPAARIA R is %a‘h?rat%jﬂ&ﬁéalk?f a | inear

or brancheéd a é% carbo gﬁs An || Gstrative,
but non-1i ni tﬁ!rﬁyp afl’ﬁmé tocﬁb%t%ﬂ parhon aé‘l"l@éxfapté}ﬁfr gprepl lﬂo‘s which is
effective as t@trgﬂgbﬁyetthﬂgngroup in a prot ected aC| d group i s met hoxy

nmet hyl et her (MO rot ecte qu Ico i articul a
protecting group ckpe E’B rfgtftb‘ﬁ Wﬁ ds RAAPRY F’yet her
with the fl uopsighmevization prycesses.aks tsh:eelhldmme w\mosecskdledrls thl@polyand above
may be 30,enpl .oy, l e, the

f |l uor oal c%%olél(fe’u%gﬁl@' rf]g'alB(Ou urao dec({méo%ﬁwﬁﬁ%? (S:FFeg(fz) escri bed herein
can be used apalymesization Maﬁbﬁd aﬁewmeﬁ haying a sepeat umtttha isclegiveddiam ot her
aci d groups, Cé‘thg%n&%?%bttﬁa@?'&n’id&ﬁﬂ e rAHRAPPONRHIRERSH ed) or

t-butyl ester of carboxylic aci unct’l onal rouP ég ot ted ; this
i nvention, of POSESEES mﬁytb%l?mwedttﬁé”%?ﬁfﬁ e "\ﬁ%jje P (':{c g oups
are repeat U”Whﬁ:Hﬁ\éWﬁ)tlthﬂ)ecélﬁdmaatlIéhﬂrmp@théhﬁtom \Maermns Immwrp)or at ed
:3?;1-} 32027%5798’ d’r@ergoef?ee rad) cal poﬁ/mer%?gr'ut 'TWL‘@ fojr?exam\gpe %é

polymerization may be employed to prepare polymers comprising

structure 1 and an additional repeat unit derived from a least one

ethylenically unsaturated compound which contains at least one fluorine

atom covalently attached to an ethylenically unsaturated carbon atom. A

30 fluorine-containing copolymer, containing only repeat units derived from all
~ cyclic comonomers and totally lacking a repeat unit derived from a

comonomer that has one or more fluorine atom(s) attached to an

ethylenically unsaturated carbon atom(s) can be prepared by vinyl-

addition polymerization and ring-opening methathesis polymerization

8



Frequently the protected acid groups are present in one or nore
conononer (s) that are polynerized to formthe polyner of this invention.

Al ternativel in this invention, a polymer can be fornedppyyRRloshgRri zation
with an éﬁ?ﬂxg@ﬁ?ﬁining comonomer and then subsequent |y aeid gﬁ
functionality in the resulting acid-containing polynmer can be partially or

whol |y conver DO QM m}% i IViRE ' rotected acid

groups. Phot O(@Y'E?( %@8@?@%@1?0 e ?ngr' ?ﬁ@gc'gﬁﬁé%%d%hgﬁmﬁer of this

i nventi on hascatelyststis dirglasedip the follawing refarencesot é%&q an Uition. The

phot or esi SE PX@HFHSB?}JaWd?"IS.; B{/er*shiJ.SD.i;!VViﬂQéri,Qn_GthMgn Gital dasChemigaphot oacti ve
conponent { n ase 0 X .10

" actinic radi aﬁ% 1%I’ ﬁﬁgﬂ%@%@&%ﬁ%ﬁ?@1§é§i§£ssf9"e§ﬁ°g%?d&‘T@B&&duced

upon exposur e3)tReipniLth] A.; Mathawi, dnP.; MieliaPAC Risse, sNnMaceorms!. Rapicbaci d
enerator (PAG.. |f Se-l I X r eyt b A di ation,

- The PAC Tt rpEa 58B5 2. 37 S A ATEOARL S RERE By, MaRihidl Oné

generat ors f ot992i193, 2044t iRingiopeningenelainesss polypierizaipn égidislosed jn

sul foni um sal (5o 3EE49) YhE ?éuéfﬁg‘?ﬂﬂh!émtﬁﬁlahﬁ ifRfiuird Gatalgsts and and 3)

! Jsu
hydr oxam ¢ aci deesters suc%% ag gﬁ{,&"‘%ddﬁ%%%@gﬂéeﬂ loy!?ll I

Stru
O N- O S02CF3 aispjin 5) §05wabcPur%§Jhtbﬁ,
substitut fiyfl ofgem sHiEs HiobuhAd 638 chwaB2P . FrshcerMsBhHilleryd e, 0BrubbsyuBst i t ut ed

C7-C40 25 al kyl aryl or_  aral kyl [ € tagi ryl groups include, but are
not limted t ;3B\H/%WyF{heHbdﬂ¥ A %ﬁ@?ﬁé@’@?@ i odoni um Sui tabl e

het er oat om subst i t Resferably)cthe ge)yrherizatior readtidn isicaeded outiofoun aor e oxygen
atonm) nitrogen _ato 0 n LS oxygen
t he substi tueﬁ\acm}’@gﬂ{eaﬁgﬁré}ﬁ%er%ﬁ% “{'9 %Hﬁ“%l%% r%ﬁi’)% gig SE ed.}r;. , 30
C1OH210. The efihimindention bas @cmolessiar weigh (Wi abareatgr thas' 2800, i nited to,
SbF6- (hexafl | - (trifluoronethylsuifonate =

triflate) ?(S’iangfgg%&yog- E p@%‘tapl_?gro ut yl sul f ona e}. 13{ }/VO{#J%\O?I 287

PCT/ US02/ 09799 An Tbadeimepaeiad Eora@@ra%vn Pf BUVetHES,if fpa Ply has the
fol I owi ng str gsiprige aldpeatlinitideridt fbiar £Xluoroléfin. ~Suitail€fiubrotefiisonal i ty for

Devel opnent For use,in a phatoresist .co I 1] L ne- cont ai ni n
pol ymeP shoul & %Oﬁesﬂl?%Fr'@?‘éﬁf’OY%Fﬂ!t‘irggﬁﬁﬂf'%@ﬂg 6ﬁ$§%@§babﬂ§_€phot or esi 519
fleve: ;)pab! el Setrastg_t'@t‘lpleandhafluerdleﬁn isetgafjudroethylaneg thereaseitinge expo;sur e .

o ultraviple i a | : : SE hi referre
enbodi mentlzg, E’ﬂ&ﬁﬁff thﬂe%ﬁglpggg}tn?é?gﬁ&?%/gis{s)é%réﬁgg%@? ?E{rrg% an gc@] dpand/ or a
protected aci glagsdiansition iemparatueg anddow absgtrangeiat 17 Hhot ect ed aci d
groups have been f quad,&iankeBAfis IvBnfPARGTuRREL 61APries alfflotediesticit

sol ubl e in basic solution upon exposure to sufficien | traviolet radiation
havi ng a waveBEHR-hTBE ﬂléQFfﬁ?ﬁﬁMq"éo ?%Eﬁr‘?@i‘ﬁﬁgg@"b& télaafélné
ethylenically unsaturated compound containing a fluoroalcohol group
25 having the structure:

-C(Re)(Rf)OH

wherein R¢ and R{ are the same or different fluoroalkyl groups of from 1 to

30  about 10 carbon atoms or taken together are (CF5), wherein nis 2 to 10.
These fluoroalky! groups are designated as Ry and Ry, which can be
partially fluorinated alkyl groups or fully fluorinated alkyl groups (i.e.,
perfluoroalkyl groups). Broadly, Rs and Ry are the same or different
fluoroalkyl groups of from 1 to about 10 carbon atoms or taken together

35 are (CFp), wherein nis 2 to 10. In the last sentence, the terms “taken
together” indicate that R¢ and Ry are not separate, discrete fluorinated
alkyl groups, but that together they form a ring structure such as is
ilustrated below in case of a 5-membered ring:

9




15 are insoluble in the basic solution. For devel opnent, one or nore groups
within the fluorine-containing polynmer should contain one or nore

conmponent i protected acid groups that can yield, b of

aci ds or‘@gggé%gg%erated photolytically fromthe photoact?gg®%§%%2%ﬁ

{PAC), hydrophilic acid or 20 base groups. A given protected acid group is
one that is normally chosen on the basis of its being acid | abile, such

t hat when photoacid is produced upon i I%ewise exposure, the acid wll
catal yze deprotection and producti on of Haydrophilic acid groups that are
necessary for devel opnent under 25 28 S c8g€|tions. In addition, the

fl uori ne-containi ng polyner may als cont id functionality that is not
" protected. Exanples of basic devel ﬁér i ngt™wde but are not limted to

sodi um hydr oxi de sol ution, potaSS| OXIde sol ution, or anmoni um
hydroxi de solution. Specifically a basi g,devel oper is an aqueous al kal i ne
"liquid such 30 as a wholly aqueous solution containing 0.262 N

t et ramet hyl anmoni um hydr oxi de (wi th devel opnent at 25C usually for |ess

devel oprent at & ¢ SRR R bf Pafall OISR N BLARL ) ", 5

m nut es) . $heaceordimgutedhs iprentiessaicept tiabthere snust biesa sufficient degreet wi se 35

applied to a gﬁ% U}lp)t vel opnent of 14
WO 02/ 079287 ﬁ%@’ﬁz‘%gg@ tjtsﬁe rlcs)f%géy stgc rr{) |It| on Gr)r%.tger equi re that
t he bi nder ﬂuenoalcombturwtl@eak@rpﬁpswm hatthe B)Ld"ex Yrsald I8e. 9., carboxylic

acid groups) §09étﬁhtlﬂfgﬂ‘eﬂ%\@él lﬂcbéélcgﬁ\@bli%\s sbibias an %q@éoh@é@diuﬁﬁrtl ally
depr ot ect ed ugon eﬁ) re

Li r the hotg}g WB g@ E’l ferred
phot oi mageabl 8YSEXA&!LLRMHBS qtﬁ' VEHF'BP yRrgxipey Hgﬂg REGIPHE
devel oper joi ncasss Q@é&din@&attheﬁn\tmﬁ(onnm iwilhbe sufficiert flubenpol ymer has one

hydrophi |1 o getasfiheEL e e Rat Al bR & ?ﬁéﬁ@%%'%#‘? Fected aci d
groups i ncl udﬁ;ndﬂnhabgmupcﬂuchlthatm hwtroxwl geatpewill mp&adfa YSHBHi ng, or 10

rearanai ng.{ goy el o8 Ligiy <l | OoBbE R 8ha M alehliepBIdGacetal esters

one esters) ers, EMA (et hoxy
et hoxy et hyl mﬁhmaqdkmhgipuam 16(9?% ar@?f‘ét%mﬁh?'écﬁv mpst p%'g@'?}’b’wﬁiapgl yzabl e
because ofi anq:\l}qéfgrﬂdihm&@),@,@gm §pgp specific exanples in category A are

tspgglt %/: ceZ;::rpl es nwné%it%ﬂpgmg-cép@ﬁ%%B%}Vﬁ{]ﬁ?gk?%l% \fgﬁ}'logl' oﬁ?ﬁr?ses PO

y- but yr ol act ofgoroaitchorathel fludroalcakoigreup rayehdud the-sintcjuret act one- 3-yl ,
3-tetrahydrofuranyl, and 3-oxocycl ohexyl. Some specific exanples in

category C) are 2- tetrahydropyranyl WE of uranyl, and

2, 3- propylgﬁnecar bonate-1-yl. Addi tl)%%ﬁ? @gﬁ )?&g in cat egory C) include 20
various esters from addition of vinyl ethers )g f | e, et hoxy
ethyl vinyl etwhareimiyaisk R @raggydeschped @PaYe. Xian eeomenfafm UBt hoxy

ﬁt hy!clw nyl Et\hﬂ?bnd&'lAQﬁRﬁé'F@rioH#JT@tﬁlé?fﬂ@b Elamiemtsqcmsad Vessio)efor

exaf | uor oi sopropa roup i ch.may be incor e

hexaf | uor oi sofPEFENS O%§ERoHY Pﬁ@%ﬂm sp§§@80r02¥qéiiﬁ tﬁ%e

hexaf | uor oi so r@fe@m@lx groups may be protected as, for exarrpl e, acid-labile
al koxymet et her Y& Eﬁ.@rgg nt s havi ng
prot ect ed CI d groﬁ) h‘g{sttraw%aﬂ’an (&%@-ﬁtﬁ]ﬁ °X he ﬁ‘s (%roup upon
exposure to pmm@mewmntamm aflueroaicehel! funetignal Q‘EHP %W'mif‘ Mmted to,
t - but oxycar bo'%’op(etof nvetntIBHtaYég?ééhﬁfted BaRws- cycl ohexenyl ether. In the
case of a negative-working photoresist layer, the photoresist layer will be

renoved during devel opnment in portions which are unexposed to UV radiation
but will be substantially unaffected in exposed

10



35 ~ portions during devel opnment using either a critical fluid or an
organi c solvent. 15 WO 02/ 079287 PCT/ US02/ U9799 Di ssolution Inhibitors

and Additives Varjous dissolution inhibitors can be utili i
phot or esi %P '¥8h ysi tion of this invention. ldeally) di ssofé—ﬁiu(b)&r?/(%)ﬂﬁi bitors

(Di's) for far and extrene UV resists (e.g., 193 nmresists) should be

desi gned/ chosen 5 o satisfy nmultiple materrpls needs including dissolution
i nhibition, plasfa YchCHe@(CEt)a@Be, and{ adheJronCHEMIACIEFOH esi st
conpositions co a given DI additi dne di ssolution inhibiting
conpounds nmay al ; e as plasticizers egi st conpositions. A variety
of bile-salt esters”(i.e., cholate esters) afe particularly 10 useful as
"Dis in the conmpositions of this invention. Bile-salt esters are known to be

effective dissg shi bitors for deep” AU eSI\BtLs, iy i wor k
33 CHAB(ClrQHh fiani & & IR AR soh

densitivity of {| Ester Deep WV

Resi sts", J. Soc. 1983, 130 37.) Bile-salt esters are
15 particularly attractive choices as Dis for several reasons, including
their availability fromnatural sources) their possessing a high alicyclic
carbon content, and particularly for their being transparent in the deep
and vacuum WV region, (which essentially is also the far and extrenme W
region), of t ?JC‘F@Cr— icYCP. r unggLcaocH.yocratlor are highly
20 transpar en?ég 193 kﬁ%ﬁgﬂl@:ﬂéﬁe?%ﬂ e, th% bi I(e-zg‘{aqc?ﬁekstesys@gre al so
attractive DI choices since they may be designed to have w dely ranging

hyd hobi ¢ to hydyrqphidi ti ki iti depe
SUDSt I tuti on gn t:(%)lﬁa%il]%?;??%)h&’ﬂl?leplr "B ECRER I | - aci o

or di ssolution inhibitors
for this invention”include, but are not |i¥ those illustrated

bel ow, which are as follows: cholic acid (1V), deoxycholic acid (V),
lithocholic acid (VI), t-butyl deoxycholate (VII), tbutyl lithochol ate
{Vill), ang t-butyl-3-a-acetyl lithocholate (IX). Bile-acid esters,

i ncl udi ng conpounds., VII-1X are ferred.di ti ;b Bt in 30 this
hventi o, 26 hoThg RshgRey SeF AR SRl Aieast drb e RaMAiIfhg 1 3000 s
The i nventi onmaenonoer ofi stivobarat onitise of bil e-acid esters and rel ated
conpounds as dissolution inhibitors. Qher types of dissolution inhibitors,
such as various di azonapht hoqui nones (DNQs)_and di azocoumarins(DCs), can be
utilized in this invention in sone applicatflons. D azanapht hoqui nones and
di azocoumarins are generally 10 suit@abfg,ilncLesi sts conpositions designed
for imagi ng at hi gher wavel engths of W I2i ght (e.g., 365 nm and perhaps at
248 nm . These dissolution inhibitors are g@heral ly not preferred in resist
conpositi ﬁgs designed for inmaging with UV [ight at 193 nmor |ower

wavel engt hs, since these conmpounds absorb strongly in this region of the W

and are usual liy whicmBy issHfdri Gi-Enp lajkyl:rEmisfe@elrs, 126 StheiRfdie 4roWhs at
these | ow W (g | orL8: Plsasistibstifted br hetgtyatdi on may
be formnul at ed%\;\n\éf%%ggs% ?/'éﬁq dsfﬁheégggﬁll’% enzene, net hé’lf ethi%clf ket one,
cycl ohexanone ssibstitutgs; SHiable hatoraatorns @ng OXYGeTy, NG, SHIUR NIRRT can be
chl ?r ?benzgne Jﬂ@ﬁﬁamwtomd?éwyeﬁtm@mmmttmg exygeyl thecdubstituent nmhte_r
acetate and cycl ohexanope. er onent s (o) SI Tl ons
of this i ﬂéentqqma'eﬁﬂﬁﬂwm{%& fgﬁg@r%‘ﬂﬁ ??’b%@ftg{él‘o‘%ﬁ’:%‘?@t Xanpl es of
addi tional congpbenatombiact preferaiely 2heddcaiblt pightid Byefsrabluy er@sid | i ni t ed
to, bases, surfachalbshrMtSHlA preferred additional monomer is an acrylate.

Tertiary alkyl acrylates such as tert-butyl acrylate and 2-methyl-2-

adamantyl acrylate may provide acid sensitive functionality for image

20 formation as discussed above. Other acrylates, such as acrylic acid and
methy! acrylate may be employed to modify the adhesion or solubility of
the polymer. In one embodiment tert-butylacrylate may be incorporated

into the polymer which introduces acid-labile tert-butyl ester groups. The
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17 deoaycholic acid lithocholic acid V VI t-butyl deoxychol ate r-butyl
|l ithochol ate t-butyl-3a-acetyl lithocholate t~ VIII WO 02/ 079287

PCT/ USOZ/&?%% Wancers adhesi on pronoters, residue redpgﬁgg(zﬁﬁ%ti ng
aids, plasticizers) and Tg (glass transition tenperature) iy ers.

Process Steps For microlithography, the photoresist conposition of this

| nventon {5 javel oRsrbeyic Heid GRS bah 8eU4eh iAThe %ectrom c

waf er typical l%tle( sem g %uct or .I.ndustr es incl ude
but are not |HEA e@JOEPIQ"ﬁedhCQ/@P@'?" Nopdipniziag ¢ 3@”@\@& n@ﬁd fon magewi se
Exposure The gbed deeslopinend iddugnlkalinet dév@ldparent i on are sensitive in

the 10 ul travi ol et ' of, e electro net | trum nd especially to
" those wavel engt hs é@@ﬁbﬁﬂ\wmgwwrﬁgﬁ%ﬁ él"wra‘fﬁ@ %Wcﬁ BQPs;
conposi ti éns iototdoratedrinterthe golyraer ineordents agsistmopedus develupmantwavel engt hs
~including, bu(%th%ﬂhsé'n%d@&n&lﬂne?’??bﬂgﬁl s248 nm 193 nm 157 nm and | ower

wavel engt hs S pre erably done 15 with ultraviol et

li ght of 248 nm 15@ﬂwr01$¢0h@hgrguplaﬂd&fW@%gtmoﬂmemmpr%mabIy
done with ul té&%biﬁ'&brdté&mg %uﬁ%ﬂﬁbr&t@@tsﬁﬁéﬂ%n h SR YBN g? hs; and is

still nore pre done Wi th, ultrav ower

wavel engt hs. RirééaQBQrﬁfQHPB' athep eﬁ@"%é"%@"f‘ﬁ?'ﬂ"}g $th a laser
or equi VéﬂJOteEtaddW whil®n !Mmpddtgd:tédlfbm Mblfbndajslﬁuslfame%(ahm Olmsdk Di 9' tal

i magi ng w e |as or di

I magi ng of tht%rtlé%ﬁg) I@ing Isetf'letetﬁpgec?ﬂégﬁqqq)wq u(i)ﬂfﬁStﬁrr%nqlg?lsl imted
to, an argon- pnott&ntlngegreunpmiecﬂsdherfreﬂ adid Uth uudqn’gblrgddrﬂ’étenﬂma

krypton-fl uor(it Eﬁv@?éfdr{‘&" aqrb@éd %lﬁkslo%éeoé'&ﬁf'y?é"ést%?%d%v% ghbuor i ne

(F2) | aser w nce SCUSS Supr a, se 25 of WV
| i ght of Iowormndﬁ@taﬂl or imgew se exposure corresponds to higher

resol uti g (| owver Aﬁ%iﬁﬁétélﬂaxyldllf?lTe)ch?rtd?SUb'i?a E‘rrbﬂyéte‘%ﬁgg%@%?br(e 9.
193 nmor 157 nﬂ e refe r use | gher
wavel ength (h§. ”029@0 I(Qr"o'l‘lﬁ’gh gincan Qfﬁelq{ TASPARNCGYm i s
pLef erred ovein thembgmeatst d&ﬂpgﬁhbﬁ{ ITlhlbl resgnlﬁﬂ% ggbteafé(dﬁngnrﬁalesﬁ?lt |

phot oresi sts S nm (1-1ine nm ( Kr aser an
especially 19@@9&{3&#&&@&@8 L%gand 157 nm (F2 laser) microlithography. These
photoresists are critical in allowng for the imaging of feature sizes in

the sub-01.0 micrometer range. AGRHMOP2CEEOLBHERELOSSARY 5 10
20

In this protected fluoroalcohol, Rf and R¢ are as described above;
Ry is hydrogen or a linear or branched alkyl group of between 1 and
10 carbon atoms. An illustrative, but non-limiting example, of an alpha-
25 alkoxyalkyl ether group, which is effective as a protecting group in a
protected acid group, is methoxy methyl ether (MOM). A protected
fluoroalcohol with this particular protecting group can be obtained by
reaction of chloromethylmethyl ether with the fluoroalcohol.
Any one of the additional monomers described above may be
30 employed in the polymer of this invention. For example, the fluoroalcohol
functional group (protected or unprotected) described herein can be used
alone or it can be used in combination with one or more other acid groups,
such as carboxylic acid functional group (unprotected) or t-butyl ester of
carboxylic acid functional group (protected).
35 In this invention, often, but not always, the components having
protected groups are repeat units having protected acid groups that have
been incorporated in the base polymer resins of the compositions.
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15 20 25 30 35 Chem cal s/ Mononers PCT/ US02/ 09799

CFC- 1131, 1, 2-trichlorotrifluoroethaneDVMFD net hyl f or mam deTFETet r af | uor oet hy
| ene(E. | - de Nenmours and Conpany, W ni ngton, DE)NBNg ne =

Bi cycl of é”%gg’fﬁgﬁ _2-eneAl drich Chenical Co., M Iwaukee, SORH7B

W NB- TFES, 3, 4, 4-tetrafl uoro-tricyclo[4.2.1.025] non-7-ene, CAS #

3802-76-4. TH crhaeusisfdbrésent inbhddr ke W Perkadox 16
NDi - (4-tert- E@?ngg?gﬁ%I peggﬁﬁca?bo?atpe%% Chem i:al ,Corngg Burt,
NYHFI BOHexaf | GRSPONQHBI(E) ek are pelymesraate /eI ie BAyRer of i iivendgher al

Ext reme UVReghlgsrnativél{cinehie Ghveritivgn atpotyragecan befomiet by bblyaverdatibnt hat
ranges from l10nanonet

rs to.200 nanonetersfFar UVRegi on the
el ect r omagnet Vit ea&qcﬁﬁﬂ%‘ﬁammCBWH"QW%%FF@RQ@UB&%%%'“BG%‘M 200nanomet er s
to 300 namonefuactbdhality matheaksiilting gicthcartatrirg polyoter candrespartiafyeot r um whi ch

B L R i S s S R G A 5

to 390 nanoned&d gvbdpmsber - aver age nol ecul ar wei ght of a

gi venpol yrmer Mu6iog8distary &y, gR{ ecul ar wei ght of a givenpol ymerP =
MAY MhPol ydi smwm@%pq%neb 19 _ WD.02/079287 PCT/ %JSOZ tg9799
Absor ption coeffici _aﬁﬂum&-cm?}m Sogymer %mQ@r'B‘éEHE@,n —sl_t?)%% OPI“fl; and b =
Tr NS £ ance T G O0E 't et ad Ant ey LLEagam tLed by
a sanple to the raﬁpﬁrﬁ‘ﬁ]oﬁ’(ﬁg?t ?%Pﬂ%‘h?ﬁ%%tm%%ygﬁﬂ‘{"icé'ﬁ%ﬁlm%ﬁﬁéésu éend for a
speci fi ed wavghetogttiveicorpoient@PAC) thatean prashucBeither acidrar EeaNmMArS Al |
tenperatures ar . n F ramns,
mp ;?oéd?eqc?gﬁt&rgﬁ (\ﬁﬁ%bﬁﬁﬁﬂﬁgtﬁé Hﬂ@éﬁm@ﬁ?ﬁf&c@@ }iﬁan”‘é&d i§ 9

and all percenttages ar er centages cept for polymer
conposi ti ons prsdticed uponsd@opureioractifie radiation the BAL isiteimed @per at ur es

(Tgs) werg de ! chi ¢ ¢ lerbt f4) using a
heat | ng 13t e DIoSBEIqeraRF (PAC). Tr £BheSle BERUGHE UpSR GQB‘;;F'@{ The DSC
unit used i s actiaeadissiendhe PALIS 167med 4 RRRIRRSAOSTSAPTRbn, DE. 20
EXAMPLES Conpar at i ggithhiafitotodold géh&fdtorstor ties inveation jrviude, Sut@ee nbt

stainl ess stegl .pressure, vessel char i 0 i g (0.35
nol ) nor bor ne 'tgq%% %‘H'ﬂ"’BF"&ﬁéfﬁ ru%ﬁﬂﬁﬂé@q@urﬁ %#{ségﬂ'd&u\ség)’added.
The vessel waandI3)$wdroxamigadidestarsyistclogerstrugtiredlbl ed, evacuat ed and
charged wgh 40 g (0.40 nol) TFE. The vessel was heated with shaking to 50C
and mai ntained for 18 hr with the internal pressureg) decreasing from 200 psi
to 167 psi. The vessel _was cool ed, vented and the Ir’ quid contents recovered
using additional CFC 113 to rinse. Rolyner ' ted by precipitation of
the CFC 113 sol uti @joiigt X-30 queegs ggf hanol WhiNteOsBOLRyas filtered
and dried in a vacuum ov¥en over ni ght,.at abo ~4solated yield was 29.7
g (41 % of white pol ydt; GPC (I\/EK;XMN 10000,” Mh |900, Mv Mh 3. 57. Anal .
Found: C, 54.60; H 5 05; F, 31.21._Fromthe % C,_ the conposition of the
pol ynmer was cal cul at el as 52 mol %¥FE and 48 M8l % nor bor nene. 35
Conparative Exanple 1 B TFE/ Nor bornene Copol yner: A sanple of another

Lh e hor bor nene_ Copgh KiFRKuHI S RPARGR b TRdBpaauhey s dbstiirsaral | ve

unsubstituted Cg to Coq aryl or substituted or unsubstituted C7-C4p

25  alkylaryl or aralkyl. Representative aryl groups include, but are not limited
to, phenyl, naphthyl, anthracene and iodonium. Suitable heteroatom
substituents include, but are not limited to one or more oxygen atom,
nitrogen atom, halogen or sulfur atom. When the heteroatom is oxygen
the substituent may contain hydroxyl (-OH) and C4-Coq alkyloxy (e.g.,

30 C4gH2¢O. The anion X- in structures IlI-IV can be, but is not limited to,
SbFg- (hexafluoroantimonate), CF3SO3- (trifluoromethylsulfonate =

triflate), and C4FgSO3- (perfluorobutylsulfonate).
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20 WD 021079287 PCT/ US02/ 09799 nor bornene, 120 nL CFC- 113, 1.6 g Perkadox
16N and 50 g (0.50 nol) TFE with polynerization conducted at 40C for 18 hr.
There was_ i 19.7 g (20% of white polynmer; GPC ( MEdrMaJR6R0, M
3700: M/\//S‘Rh%g).og)éﬁspl nh. Visc. 0.0195 (MEK). Anal. Found: C, 58.33: H, 5.63;
F, 33.13. 5 Fromthe % C anal ysis) conposition of the polyner was

calculated as 46 id P 1 follcasétion
t enper at ure was fgﬁhéo/@t%ﬁﬁg%ﬁ%dgghggag% |rpgmgli)tslﬂ(|)£t Qgégﬁtgté 157ﬁ m was
found to be 1StBUGiHie, denpnstrating that this copol ymer has a |ower gl ass

transition tenperature and inferior transparency as conpared to the 10
pol ynmers of Exanple 1 below Preparation of the NB-TFE nononer used in the

" Fol |l owi ng Exanpl es: A I\@HTFE nonones=wAsS prepareegnby substantially the sane
process as descrihay, 0cgxangl-e-1-0 , 863 @ppeacti on of
tetrafl uoroet hyl ene “{51 equi vaJr ent) hor bor n&di efle (1.625 equi val ents) at

~ 15 180C for 8 hours in a sealed netalr pressure Vessel. The product was
purified by spinning band distillation to provide pure cuts of the
tricyclic sconppadkindig@r DaverRpneedoi | i ng point of 67C at 45 mmHg) . Exanple
1: Synthesis Of a EO ﬁrrer rgn}t e anorrer.ﬁoTFtF zﬁnd.NB-TFF.ZCé A 200 nL
stainl ess steel prEQEH?F®INRRAGIONGRISt COMPOHC,ithR THENSGOBRINBITFE, 75 nL of
1, 1, 2- tri chl opolyridrishouhitdmaia sasfficiénifugctidnafibyr foardndeGile phiatoeasist. The

| | | ed. j Lce, ith 36 f
etrat ! uor oct HoTERRE0R|sEad B Hodube & el B BIGHRE] | 0 00 0 0
at 50 C for 1exposurgie ultzaviciet radiation haying:wavelengtbrafts@Senn: UPSOMRI vent ed
to one atfﬂ)Spgﬁéﬁé{rea%Bcﬁﬁiﬂég&?% ?ﬁ@iehk fdiﬁti&ﬁéli{% jOfel8BRd RS \Hradigom t he

vessel using I onal -trichloraqtrijluoroe h?e to.rinse. The nass

was al | oned t 8neior aprptectedapig|draup. Fmdessrbed akaye; PUc 2GR Pfir of ur an and
preci pi tated pRStEccRAG gfiftiplaTe: beBefosntiitd rerderdne edpbsedipartiomsrofoven at
1607 o' S2a0Pnelkesoishonble psic Sips Tior Bichulfte i Mghhi e W T
to - 122 (nul tadibtors havifg farwaveléngthraf <366 rfim evhilBha BBEXposathipartiond, 2F from
NBF- OH) . om,| I f rum the polynmer conposition was

cal cul ate toal—)@@%‘@%’%hgre#sﬂgsﬁﬁ@TFE The absorbance_ at 35 157 nm was
found to be 0.69 uiiol development nenmerearasipisivitnia the fluerineseomi@iinging
102. 9 nm t hi cBRsser dHould UMAR! SOBFMIPETOMBRACAR TR BrEtbGIed acky Nt hesi s

of a Pol yner nor hor pene and NB- The procedure of

Exanpl e 1 was grennsothalcar yielp, by, catalygie giac W&?@?sﬁﬂéfééﬁs- TFE, 75 nL of

1, 1, 2-trichl oppbtdijticany aohharephdiofctivecarhpdiond (RING)| Ghidrophilibagdar TFE. The
cl ear sol %l on fromthe polynerization was added to excess nethanol. The
preci pi t ated 5@!59&59”%5 di ssol ved in tetrahydrofuran and precipitate by
addi ng the sol uti oA giverypratestedeadichgodup isfaner that igi nagmallohesenondbeai ned

10 (089 2’2L?D%S%S%fﬁég?ﬁ%???%55’%%?3@%?%5@%99‘%%%3@ Y1550 ©

(mul tiplets, APapewireT@XPosHEe, 2he acidniligatalyzs deprotestion@ng praguctionPRer- oH) .

Fromintegrati . . . e e Drr o
was foundg;o b s%hm&"ﬁm&@?&]ﬁsuﬂﬁbt hftenecdgsanpfor Hekelopmdht linke pol y

TRE.  NB 2y BugRHSNBNFREN, N AEHE, teaer i%f%gqﬁﬁgeﬁgﬂjéﬁgﬂﬁq@ga%gomr )
fol I owi ng procemedin aciiddcsHalihe tHat ié BoFprotedted.

Examples of basic developer include but are not limited to sodium
hydroxide solution, potassium hydroxide solution, or ammonium hydroxide
solution. Specifically a basic developer is an aqueous alkaline liquid such

30 as a wholly aqueous solution containing 0.262 N tetramethylammonium
hydroxide (with development at 25°C usually for less than or equal to
120 seconds) or 1% sodium carbonate by weight (with development at a
temperature of 30°C usually for less than 2 or equal to 2 minutes).

When an aqueous processable photoresist is coated or otherwise

35 applied to a substrate and imagewise exposed to UV light, development of
14



20 A dry round bottom fl ask equi pped with mechanical stirrer, addition
funnel and nitrogen inlet was swept with nitrogen and charged with 19.7 g
(0.78 no % sodi um hydri de and 500 nL of anhydrous obR6e3t i rred
m xture \ki%g%%%?e% to 5C and 80.1 g (0.728 nol) of exo-5 %ﬁﬂ%}@or nen- 2- of
was added dropw se so that the tenperature renmai ned bel ow 15C. The

resul ting m xhdighotbresit béﬂhﬁésnﬁeﬁ may'feq J‘/S'tﬁét ﬂé%n@er rﬂa?e?r%l ?’Hb&lld( pr epar ed

as described In accorﬁgance

proce urei r‘ﬂ)ﬂé
Appl . WD 001 @Ssiain iffsient ar%WSMS\Qen%r oxylic %@Egrq @nétmed dropvvl se at
room t enper atprbﬁacté'@aciﬂég?ruhps theat e &t ldast pamiatly abprdt@@tedwcml ght at room

t enperat ure. I\/bt hano ad s renoved on
T arotary eva &%@%GMO és(égBF gﬁteﬂ?g Foé@fagﬁabl\ﬁacso#vagat ed with
200 nL water cwrdpgﬁnbm)airoe@abtem quems alkalme develdparhe pH was about 8. 0.

~ The aqueous ni Xtur'ﬁo‘%ﬁe %mﬁp%'ﬂﬁe( %?%?.37 n@%?{ H?%(A'H%mﬁg%?\{fﬁé%ﬁ%céﬁg with 3 X

150 nL ether. The C r extracts Wer e washe nL wat er
and 150 nlL brarmepralpiotected acidegroypsohe mﬂmaﬁylgwsracarb@whmwdmﬂwat ed on a

t d
Iro otary nggggglrj@gqg?ﬁ g%ggboﬁcupoﬁ%sgﬁéw@to Qhé bhatgae& Osdéh Fﬁ o%Qcttear r and a

CD2CI 2) 1. 10 acid geoyRs ingiyge, hu e('tPT%m'tfbdt 01/ testfr%sam'epﬂferm'mgm (s, 1
H, 1.7510d, réakfangihgie éi’tertlé atioh, @dsﬁersbflﬁctoﬁe%)écﬁbtaﬂedt&rs 5.95 (s, 1

sutmﬂfid(for&ttttgtg%%ﬁa% Saay@@c Shor Leldls SRR ASARD eS|,

F, 39.28. FoumkthGxy éthdXg ettty methacyteFandothes estoramiiieh are &gsityhesi s of a

ros 1ol | oved. Wﬂ’ﬁﬁ@'@&a&%@ma %{%sWaﬂfﬁ %ﬁ%ﬂ%‘é@%le?aml el

1,1,2-trichl ana:ategttrud’ﬁ)(ﬁertr@ntyl estey, %—rmthy Reamantyl esta, and i TFE.
The cl eanssolelte P%&ﬁ@@gégﬁcagém&.ﬁ%tegbw AGalyRIRIeRE3fexane. The

precipitated po vacuum ove i'vin 2. of white
pol ymer; GPC -Refgyolpstongcdyl, Mave lagip s 31 '-'13%'9 c{t@é?‘ylﬁtnal

Found: C, 42. Q-Qetrérh dfoftfan g , artb3-dkocySIGh&RyR S?)Eneﬁs;ﬂémflcﬁéxam wshiB- F- OH), - 95
L

to 20 122 (multi m,TEE an E).,-124.4 (dd, 2F
from NB- TFE§ quﬁgﬁw (lt:tf%i?r VSPRWG@" péé&fw&w@a’g}ﬁ r COprOgI tion was
cal cul at ed t 2,BeprdpyiefieEarbonats- Ngd.FAGHitiondl Samples MEcatEigornoy hdhagree at 157

nm was f nd t ﬁ’@qpf 291. 2
and 235. \%%l&%n%stgéwégmtwm ek?‘é&g §%Pef§@élef 'felrtom t he
Mbnomner s TFE etkphvioy ethermrethoxy etmxym%/ vinyt ethes: and %V@ re of

Exanpl e 1 wasgfg| {nﬁy)pé{hg,m ng 40.0 g of NB-F CH, 5.8 g of NB- TFE 1 54 g of

tert-butyl acryl at gfﬁ é j.chl or ot rhfl uor pet hane |9
Per kadox 16N and 4 g?sBPc*PﬂEpr ged ag CQH‘N&'FJ e hegATYeISoR %Hﬂﬂ'q zat| on
was added to g b@mco?ﬂsn&rat&ohbynséa:t aexaituoroisopramandl-i ed in a

vacuum oy, I VI 12 9500;

MM M 1. g g‘@ BE’&‘% ﬁ""Sohﬁ%BﬁéNE{h g@“@%°¥38339@9f°ﬁ@316 19F

NMR - 75. 6 (s m@mie pmtetﬁeﬁaa—ljor exapie, addahilealkonmatbyl etherstetEE and 2

F from NB- TFEQ)?WICQ gd 2F from NB-F-OH). From analysis of 35 its 13C
0

NVR spectrum msr conposition was cal cul a érgd to be 41 TFE, 39 %
NB- F- OH, 5% NB- TFE Amnplas %qogmomyhaa@synrate&e @dmoup B ¥19¥99287

PCT/ US02/ 0?79§naéwd%§%ﬁy?rb§mnf@rg{mpu ndryi bQu %ene‘rafefdmd e
measur enepts on spin ca ns_Q n anmpl e 6.
Synt hesi s3bf Qr b@g? Uqgep&t# a1k %‘HB?Fe‘FE"%Et Wﬁﬁfba!t and

NB- TFE. The pémﬁamd!3cﬂyclbhewplh3d etheras 5 fol | owed using 34.8 g of NB- F- OH,

30.1 f NB-F-O t

NB- F- g]—lo pr epar edwrfe%l on o@ﬂgﬁﬁwklﬁq Eﬁ&t?roér?%)trqré*ﬁd Mﬁgﬁ%ﬁfb ther in
"the presence Ia‘yebatslbb)e remeved duringvierelopment iportions which are

1,1,2-trichl Ohﬂ%&béééq?(o%vftéatﬁtnoﬂb@t @ilPbe B@Bt«aﬁmylmmweam @xpdseBFE. The

cI ear solution fromt meri zatiQn excess hexane. The
preci pi tad®ed pertigRsrduing %ﬁ\tetqpm Uﬁ?b@/@ﬂt'iﬂl&f-‘l‘}’gorlﬁng W white

pol yner; GPC gMght.Mh 5100, Mwv 6900; MN/I\/h 1.35; Tg 121 C (DSC) Anal .

Found: C, 41.91; H 3.50; F, 41.86. 19F NWVR -75.6 (s, 6F from NB-F-CH),
-73.8 (s, 6F fromNB-F-OMOM) -95 to 122 (nultiplets, 4F from TFE and 2 F
fromNB-TFE), -124.4 (dd, 2F from 15 NB-F-CH). Fromintegration of its 13C
NVR spectrum the polyner conposition wagscal cul ated to be 49% TFE, 26 %
NB-F- OH, 19 % NB- FOMOM and 6% NB- TFE. The absorbance at 157 nmwas found to
be




1.11 um1 from nmeasurenments on spin cast filns of 100.2 and 87.2 nm
t hi ckness. 20 Exanple 7. Synthesis of a honopol yner fromthe Mononer NBTFE.

Under ni t\§83’§/§@92%7( n3- C4H7) PdCl )2 (0.338 g, 0.862 nmol) anp?ﬁg%%@ﬁﬁ. 596 g,

17.2 mol I ssolved in 20 nL chl orobenzene. The resulting mxture was
stirred at roomtenperature for 40 m nutes, 25 during which tine AgC

preci pitated ﬁ)iéemg%'@ﬁ !ﬁﬁiﬁ%l"s%]cm\d&mlé’s The reaction mxture was filtered,
and the filtr : - yrutitqon ol NBTFE (16.56 g, 86, 2 ) in 100

nL chl or obenzene. YABOusdisselufign mlmqrﬁﬁawgze %tgl\ZPFjé@I tﬁ%rp%g‘?{eg'négs) at room
tenperature, cHifpositivh WBtHiS venasn.t Nesallysaissblatoninhsites pDIsyfoofari n hexane

. boly(NB TFE) A enttime Y rassiledt . 285 nigetoL ATl K8 SRS Rnetlictefe iy
addi ti on 5ol yivesatispmuitinle hwtenials 2éeds nading @TE@AT o8- ichibitioR? plasma
(acetone. ag) Stehyegidlfie) ¥ SN Haor ctReitodrtibgifion's (hbfigingo”. MR
MNV M = 5 2. 62giversDhstiditive oSomeidisseiution inhikiling 6eMBOURS MAYAIS ’

SPi - coal | g, <dLBSALRGSs WP FRidiionsasMictib, and the absor pti on

coefficient a nm was nmeasured to give the follow ng result: Abs @157
nm= 2.63 um1 . TAasighoehpi eoraltestess/liam méere@aerﬁweﬁﬁ@e%eﬂwE) i s
sevelr ?' ?lrdjeréséﬂ‘hll 580 iR dorssoditions oftthls ineentidre dBilesalpebiefsiaréor nene)
itself: for 10 po or hpr nen S 157 = . R Kunz,
T. M Bl oomstllérfﬁ’,"n%.gBE.e%'@g?sﬁ?ﬁgpngmg%%%bqg%& L&(ﬁ%&%@}ﬁe : nlﬁg
Curtin, "Qutlwitk wark biFReichmaaisi eital diasiaps. ) (B. Refchroaniset al.| fithe Biect Opt .
Eng., 3678 ( C ' ' ; R ' 1), pages
13-23, 1999, PéfSS@%@gf!‘@gﬁ fileP R8s Shalthif 612 NﬂVob@?&yfﬁQE?E)‘ébBQUW
pol y( TFE/ NB- FResist#s, YFElecéochaus §OC-A1;9 , 339) 1433:3484))| Blg-sgltestardiaiei on was
prepared gnd | | SHAELOHE D fitiseverhl FoasumReiticiling their
pol y(TFE/ﬁI;- F@Fﬁ@r%&&%ﬁ\ﬁé 41/ 39/ 5/ 16, as anal%zgd b f 13|C q\ll\/g%) as
prepared i n ERwaiAklity frpn 88tusal spuress, hgjh RogSessHIgGa %%Wﬁ’ IGS3EP on of
tri phenyl sul f gohteft urtppaticalady forther deing Rahsperenbindhevdeep amad been
filtered through a Q.45p,.. PTFE. ' A ' ting was
done using a Wqé@irgwea' mﬂ%%%aﬁﬁ&gg%ﬁ%faﬁ%ﬁ%@pﬁﬁw
coat er/ hot pl ategion), of she slecttomagnetic Speetrurr(e.gtypisalisthey are highly
20 transparent at 193 nm). Furthermore, the bile-salt esters are also

attractive DI choices since they may be designed to have widely ranging

hydrophobic to hydrophilic compatibilities depending upon hydroxyl

substitution and functionalization.

Representative bile-acids and bile-acid derivatives that are suitable
25 as additives and/or dissolution inhibitors for this invention include, but are

not limited to, those illustrated below, which are as follows: cholic acid

(IV), deoxycholic acid (V), lithocholic acid (VI), t-butyl deoxycholate (VII), t-

butyl lithocholate (VIil), and t-butyl-3-a-acetyl lithocholate (1X). Bile-acid

esters, including compounds VII-IX, are preferred dissolution inhibitors in
30 this invention.
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WO 02/ 0792S7 5 10 15 20 PCT/ US02/ 09799 orientation, silicon wafer.
Devel opment was perfornmed on a Litho Tech Japan Co. Resi st Devel opnent

Anal yzer ( Model - 790) The wafer was prepared by depositin
hexanet hyW8i?¥1°38ane (HVDS) priner and spinning at 5000 rg?n'F/Pgbm%”sec.

Then 1-3 m of the above solution, after filtering through a 0.45 p. m PTFE
syringe filter, was dep05|ted and spun at 30Qf% rpmfor 60 seccm;ds and baked

at 120C for 60 seconds. 248 it g, t he
coated wafer to light obtaginged b : ' RIFEL
Model - 82421 Sol ar Si rruI 3 ‘

filter which passes ab@ % Sl ‘ 5 ti me was
180 seconds, provi £ P yH usi ng a mask
with 18 positions d neutra i cal densit wiee variety of

exposure doses wes'e e era(t@‘ﬂ AFE%Er edposure the Iéxposéﬂd waf er was baked
" at 120C for 120 seconds The vaf er wag, dgyghoped In. agquemsaid

t et r amet hyl anmoni um hy I”Wl de (TMAH) solwution (OH CA NVD-3) 2.38% agueous
TVAH) for 60 seconds, providing a positive inmage pattern with a clearing
dose of about 26 mil cn®. Exanmpl e 9. Imaging using a
pol y( TFE/ NB- F-OH/ NB- TFE/ tert - But§ Ac late , The fipl | owi ng forrrul atjj on was
prepared and magneti cal by “spi Hyer ni ght~Csoponent W. .2
pol y( TFE/ NB- F- OHI NB- TFEAtBA) (41/ 39/ 5/1 agd anal yzed by 33NI\/R)

syringe filter. 8,249 26 WO (12 3 PCTlUSO,ZQ{)O Processi ng was
performed as i}f? Exarmpl e 8. A positivé image pattern was obtained with a
cl earing dose of ab@utidok@od)/ cN2. Exenpltecnd:@. | magi ng-tudporpgyiéthocholate

pol y( TFE/ NB- F- OH/ NB- F-@VOM NB- TFE). 5 T¥® fol |l owi ng fornulati on was
prepared and magnetically stirred

5 The invention is not limited to use of bile-acid esters and related
compounds as dissolution inhibitors. Other types of dissolution inhibitors,
such as various diazonaphthoquinones (DNQs) and
diazocoumarins(DCs), can be utilized in this invention in some
applications. Diazanaphthoquinones and diazocoumarins are generally

10 suitable in resists compositions designed for imaging at higher
wavelengths of UV light (e.g., 365 nm and perhaps at 248 nm). These
dissolution inhibitors are generally not preferred in resist compositions
designed for imaging with UV light at 193 nm or lower wavelengths, since
these compounds absorb strongly in this region of the UV and are usually

15 not sufficiently transparent for most applications at these low UV
wavelengths.

Solvents:
The photoresists of this invention may be formulated with a solvent
such as chlorobenzene, methyl ethyl ketone, cyclohexanone or propylene

20 glycol methyl ethyl acetate. A solvent can be chlorobenzene and methyi
ethyl ketone or propylene glycol methyl ether acetate and cyclohexanone.
Other Components

The photoresist compositions of this invention can contain optional
additional components. Examples of additional components which can be

25 added include, but are not limited to, bases, surfactants, resolution
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overni ght: Conponent W. m pol y( TFE/ NB- F- OH NB- TFEI NB- F- OMOM) 10
(49126/ 6/ 19, as anal yzed by 13C NWR), as prepared in Exanple 6 0.483

2- Hept an 4 15 6.82% (W) solution of triphenylsulfgni flate
di ssol vegpﬁrqy%%%%pt anone whi ch had been filtered through Q@HS@@?@E
syringe filter. 0.249 Processing was perforned as in Exanple 8 wth the

exception th Hﬁéh idd o mssrs3 PEHy LahAGiAN unattenuated
dose of 20. Saé cr%%?g’ang e%(l)irt@@xposr&fge@aﬁe ter?ggér’g:tﬁhﬁgg%og’ 100C. A

posi ti ve i magdaptitizensnandd dplass Heasiionierpesatura)mediliens- 4. 3 mi/ cn2 showi ng
partial cl earp’a,r&esggﬁe 11. I magi ng using a pol y(TFE/ NB-F- CH NB- F- 025
MOM NB- TFE) . e oW n@Hf or mﬁl ;a#%o S prepared.and netically
~stirred overni ght : TeORSAEARPSRPTY @Wffépﬁfégm@%ﬂm%@%@fﬁ@%- OMOM)

(2 4%2 ?16/ 59, 4issapq!.ilieti)ta adsUitable3subisifate sach a?] epaiceokelectrdnie nyafer §pically 408

- Hept anone . | < L [ U79287
* PCTI US02/ owﬁ@ﬁ’é’%@&@% Sgé?{?ﬁ\%gﬁioé#ﬁq%ﬁh%wg?%%%R%tna |'g‘f‘e
di ssol ved i n limitegtasitioen wafens. Tibe sblvent isitheadgied: hr ough a 0. 45p. PTFE

syringe fil t &na 49 BBshfEssi ng was perfornmed as in Exanple 8. A
positive im bDtained with a clearing dose of about 34
ml/cn2. 28 WO 02The ghgtoresial aampositions of this invention are sensitive in the

10 uitraviolet region of the electromagnetic spectrum and especially to those
wavelengths <365 nm. Imagewise exposure of the photoresist
compositions of this invention can be done at many different UV
wavelengths including, but not limited to, 365 nm, 248 nm, 193 nm,

157 nm, and lower wavelengths. Imagewise exposure is preferably done

15  with ultraviolet light of 248 nm, 193 nm, 157 nm, or lower wavelengths; is
more preferably done with ulfraviolet light of 193 nm, 167 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

20 photomask. Digital imaging with a laser is preferred. Suitabie 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

25 of UV light of lower wavelength for imagewise exposure corresponds to
higher resolution (lower resolution limit), the use of a lower wavelength
(e.g., 193 nm or 157 nm or lower) is generally preferred over use of a
higher wavelength (e.g., 248 nm or higher). Specifically, imaging at
157 nm is preferred over imaging at 193 nm for this reason.

30 The present photoresists are useful for 365 nm (l-line), 248 nm
(KrF laser), and especially 193 nm (ArF laser) and 157 nm (F2 laser)
microlithography. These photoresists are critical in allowing for the
imaging of feature sizes in the sub-01.0 micrometer range.
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VWhat is clainmed is: PCT/US02/09799 1. A fluorine-containing polyner
conprising a repeat unit derived fromat |east one ethylenically

unsat ur at clic compound of 5 structure 1: 1 10 Loy to R8
are the s‘gﬂgg/g%%ﬁffer ent and each represents a hydrogen a o/r%#&éogﬁl ogen

atom a carboxyl group, a hydrocarbon group of 1 to 20 carbon atons or a
substituted hydrocarbon group of 1 tm Adggxgypon atons and at | east one

oxygen, sulfur or nitrogen atom and I mis 0, 1, or 2. 2. The

fluori ne-contﬁb.@ml@LﬂM)Q,ﬂﬁ‘ﬂéf Claim1 wherein Rl to R8 are each hydrogen

atoms and mis zergQfFC3413he fl uor{ ne-tighlcromiflgrasthamer of claim 1 further
conprising a repe it derived fr.oma fluoraglefin. 20 4. The

- fluorine-contai ni %NB{]OI ymer of C 'm%h)(/‘f%m@irwg?he fluoroolefinis

t et raf | uorsoet hyl en€FEchl or ot ri f | uckedeafinprastbylehexaf | uor opr opyl ene,

trifluoroethylene, vinylidene fluorgde, Vb '
- perfluoro--(2, 2-di nethyl -1, 3-di oxol(g) FduPEi dé NefiduftE and Company,

per f | uor o- ( 2- net hyl ene- 4- et hyl - 1, iwingtemdDELF2=CFO( CF2) t CF=CF2, where t
is 1 or 2, or REGCFREF2 25 wherei n N¥rbbfeheS2BiyRIdgte 2 1)HeptoRlhgl group of
from1l to 10 carbon atons. 5. The flalorlgg-contggm Wokg of Caim1l
further comprising a fluoroal cohof AJfHcHCAEMIGRAIS-9.r Milnaukee, 8 one

et hyl eni cg) |y unsatNBateE conpound 3844 tetraflyico-tricyelopaeR0PInghelp havi ng
the 30 structure: -C(Rf)(Rp )OH 29e %@é/%&gﬁg PCT/ US02/ 09799 wherein
Rf and Rf are the sane or different® I 'g’ups of from1l to about
10 carbon atons or THEKen toget her dretrahgBffaratherein n is 2 to 10. These
fl uoroal kyl groups are designated ?ﬁdﬁgh érﬁgn‘ﬁéél’ ShiilatRBe D@ > partially

|'Uor | nate aI({Z' ’

fluorinated al kyl groups or fully flI [ "groups (i.e.,
per 1 uor oal kyl gr ouBerkadex® TN | ud?lf(ﬁéeﬂchﬂtﬂPMG?‘ﬁéeﬁ&P?Md&a”é‘P'&@tﬁ 1

further cppprising an acid-contai niNgy icaPCofd1eBEHI NYt ure: Ei
(-CH2-C) 10 in which E1 is H or C]|401§|g%'5§ i 453) SO3E, or other

acidic group; and EHEBOE3 are H or éql’WVE%n:ﬁlrSﬁR?;f'z & unsubstituted or
het er oat om subst i t ufga Tertiary-Butyl acrylate
General _
Extreme UV Region of the electromagnetic spectrum in
20 the ultraviolet that ranges from 10
nanometers to 200 nanometers
Far UV Region of the electromagnetic spectrum in

the uitraviolet that ranges from 200
nanometers to 300 nanometers

25 uv Ultraviolet region of the electromagnetic
spectrum which ranges from 10 nanometers
to 390 nanometers

Near UV Region of the electromagnetic spectrum in
| the ultraviolet that ranges from 300
30 nanometers to 390 nanometers
My, Number-average molecular weight of a given
polymer
My, Weight-average molecular weight of a given
polymer
35 P =M,/M, Polydispersity of a given polymer
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15 7. A photoresist conprising (lI) a fluorine-containing polyner conprising
a repeat unit derived fromat |east one ethylenically unsaturated

pol ycycl |&8§?gﬂ%§gﬂd of structure 1: 20 1 wherein: Rl to R8rk&ydohs sane or
€

di fferent represents a 25 hydrogen atom a hal ogen atom a
car boxyl group, a hydrocarbon group of 1 to 20 carbon atons or a

substituted hydrocgg tish@eRfitient t ACS AR BPRré&R0BBsaibangé, | east one
oxygen, sulfur or nitrogen atom mis ’ WD 02/ 079287

0, 1, 2; and 30 .
(11) a photoactive conponent. PCT/ US@%M%?”‘T‘%%S’HBSB‘PW%'“M Claim?7
wherein Rl to R8 are each hydrogen 5 micesrs, aheraT S trasmitidhce e
phot oresist of Caim7 wherein the flﬁfg” @ie?ont ai ni ng polyner further
conprises a fluoroolefin. 10. The ph ONESIEO%s a0 ai m 9 wherein the
f1 uorool efd n i s teTramsmittanes hyl ene, Trahsmittanicel, Tpraatit pf theeradiant

hexaf | uor opropyl ene, 10 trifluoroeth | ) | vi nyl
" fluoride, perfluoro--(2,2 dinethyl- Ld@&(ﬁﬁ"&éﬂs@%{i{téa‘i’)@% ééMBfe Bhe

per f | uor o- ( 2- met hyl ene- 4- met hyl - 1, 3- dediagt gawer pidentandhesampieapd where t

is 1 or 2, or RECCF=CF2 wherein Rf i sgahsuédtsih §éé@ﬁé@{~byé|eﬁgwp_ of from
1 to 10 carbon atons. 11. The photoresist of Claim7 wherein the

fluorine-containing 15 polynmer further conprises a fluoroal cohol group

derived freom at | ezﬂat one et hyl eni cal Glassansition Fénmperptlomed cont ai ning a
fl uoroal cohol group®having the structure: -C(Rf)(Rf )OH 20 wherein Rf and
Rf are the sanme or different fluoroalkyl groups of from1l to about 10
carbon atons or taken together are (EXAMPLWRSrein nis 2 to 10. These

1 tor nat o o ky| - AGETETERA 56 Aregloct Coffigralle) SEnfa8 O0 Po ' 05
per f | uor oal kymegsyignagntsiare imgsaipsoanst all percentaggsare We@BEPéﬁcﬁnﬁﬁes
fluorine- P?ntéké&ﬁgoiggebyﬂiﬁr o dsitfone G SRS nidle peidbniagdsai ni ng nonomer  of
the structure: E- {’.E-Iass ’Erahsifi?;n temperatures (T,s) were determined by DSC
g
(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.
20 EXAMPLES
Comparative Example 1A: TFE/Norbornene Copolymer:
A 400 mL stainless steel pressure vesse| was charged with a
solution of 33 g (0.35 mol) norbornene in 120 mL of CFC-113. Perkadox®
16 N (1.20 g) was added. The vessel was closed, purged with nitrogen,

25 cooled, evacuated and charged with 40 g (0.40 mol) TFE. The vessel was
heated with shaking to 50°C and maintained for 18 hr with the internal
pressure decreasing from 200 psi to 167 psi. The vessel was cooled,
vented and the liquid contents recovered using additional CFC-113 to
rinse. Polymer was isolated by precipitation of the CFC-113 solution into

30 excess methanol. The white solid was filtered and dried in a vacuum oven
overnight at about 65°C. Isolated yield was 29.7 g (41%) of white
polymer; GPC (MEK) Mw 10000, Mn 2900, Mw/Mn 3.57. Anal. Found: C,
54.60; H, 5.05; F, 31.21. From the % C, the composition of the polymer
was calculated as 52 mol % TFE and 48 mol % norbornene.

35 Comparative Example 1B: TFE/Norbornene Copolymer:

A sample of another TFE/norbornene copolymer was prepared by
the procedure of Comparative Example 1A using 47 g (0.5 mol)
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30 in which E1 is Hor Cl1-Cl12 alkyl; E2 is CO2E3, SO3E, or other acidic
group; and E and E3 are H or Cl1-Cl2 al kyl, which is unsubstituted or

het er oat qgé%glﬁﬁﬁ%ut ed. 13. The photoresist of Caim?7 fupthpg %9 sing a

sol vent. e photoresist of Claim?7 further conprising a dissolution
inhibitor. 31 WO 02/ 079287 PCT/ US02/ 09799 15. The photoresist of Caim?7

for pr Qpérien'i'@’iw%ﬁ‘gygg???ml@m' 7 11%? 2% 'ué"‘%é{‘@ D (0 o o2
e _COMMLIi Si N er:
(W applyi nggr d?‘%lé"ﬂ?f‘z% %tr‘f{)()zhs%s'ltarrgnpfh% i ﬁ lla??é?
phot or esi st GIW@ (20%) df! hlféﬂﬁol ﬂn@f’rGln@'(MEK)ﬂVlW T@ﬁﬂﬁ?'MﬂﬁBVUO‘fMﬂlmhm 1, (1)

 photor oi st GchhaBht V615D el 5, 4t AT EnSrRt o

f (r)]r tm a p_hGE orfeensthe %y@ranatysﬁsheompdmsttmatoé ’the olyrmergeas salcabamisaslg t he
otoresis 0
P @y@b?gggg%@q BRYES] f‘ﬂﬁrﬁ&ﬂeh&aﬂgglﬂs%dmﬁ&gt&}érgiu

devel oping th oresi's n- I naged areas

to formthe mas foundiade 652t6@yda$6tan§itlts ahsorbanee at be e was foun

wherein the g§ t I _
e e oy figRReRY v derfortiiemhg BRA tis! dbpByms R 8 IGhésage dove oper

t hereon a phdtasdio %ﬁrél#‘%;ﬁ‘;ftﬁg-ﬁgﬁ%gﬁﬁ@ {}gggﬁﬂj'gn@ r?gtcgﬂ"hﬂa\pﬁ%?‘? oagggt zzi?nl ng
pol yrer q@nprp(ﬁymgrgaorgmmgmbélodml ved fromat | east one ethylenically
unsat ur at ed cctllcfc stru A.- 1. Ale |n Rl to
%arethes%ﬁéfv—lﬂﬂf—@eﬁgﬂﬁa A i HSger—4at om a
hal ogen atom a caAk lNB(-SI'IFEg:mnpmeaWzaﬁcp'repaneld(hy gubnjpnMﬂllyGIIe same
process as described in example 1 of U.S. 2,928,865 by reaction of
tetrafluoroethylene (1 equivalent) and norbornadiene (1.25 equivalents) at
15 180°C for 8 hours in a sealed metal pressure vessel. The product was
purified by spinning band distillation to provide pure cuts of the tricyclic
comonomer (and having a boiling point of 67°C at 45 mmHg).
Example 1: Synthesis of a polymer from the Monomers TFE and
NB-TFE
20 A 200 mL stainless steel pressure vessel was charged with 46.1 ¢
of NB-TFE, 75 mL of 1,1,2-trichlorotrifluoroethane and 1.0 g of
Perkadox®16N initiator. The vessel was closed, cooled in dry ice,
evacuated and charged with 36 g of tetrafluoroethylene (TFE). The vessel
was then agitated with its contents at 50 °C for 18 hr. The vessel was
25 cooled to room temperature and vented to one atmosphere. The
translucent, gel-like solution was removed from the vessel using additional
1,1,2-trichlorotrifluoroethane to rinse. The mass was allowed to air-dry.
The polymer was dissolved in tetrahydrofuran and precipitated into excess
methanol. The solid was dried in a vacuum oven at 85°C giving 18.0 g of
30  white polymer; GPC (MEK) Mn 9400, Mw 13100; Mw/Mn 1.40; Tg 228°C
(DSC). Anal. Found: C, 46.26; H, 2.90; F, 49.80. 19F NMR -95 to - 122
(multiplets, 4F from TFE and 2 F from NB-TFE), -124.4 (dd, 2F from NB-
F-OH). From integration of the spectrum, the polymer composition was
calculated to be 53 % TFE and 47 % NB-TFE. The absorbance at
35 157 nm was found to be 0.69 um-1 from measurements on spin cast films
of 88.4 and 102.9 nm thickness.
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WO 02/ 079287 PCT/ US02109799 1 to 20 carbon atonms or a substituted

hydr ocarbon group of 1 to 20 carbon atons and at | east one oxygen, sulfur
or nitro and mis 0) 1, or 2, and (I1) a photoachiygseppppnent. 5
19. The gﬁ{;"%ﬁ%ﬂ‘ Claim 18 wherein the substrate is a m cérto@Fectronl o

waf er. 20. A pol yner corrprl sing the polymerization product of a
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42.10; H, 3.42; F, 45.22. 19F NMR -75.6 (s, 6F from NB-F-OH), -95 to -

20 122 (muitiplets, 4F from TFE and 2 F from NB-TFE), -124.4 (dd, 2F from
NB-TFE). From integration of the spectrum, the polymer composition was
calculated to be 45% TFE, 47 % NB-F-OH and 8% NB-TFE. The
absorbance at 157 nm was found to be 0.84 um-1 from measurements on
spin cast films of 291.2 and 235.1 nm thickness.

25 Example 5: Synthesis of a polymer from the Monomers TFE, NB-
F-OH, NB-TFE and tert-Butyl Acrylate: The procedure of Example 1 was
followed using 40.0 g of NB-F-OH, 5.8 g of NB-TFE, 1.54 g of tert-butyl
acrylate, 75 mL of 1,1,2-trichlorotrifluoroethane, 0.6 g of Perkadox® 16N
and 42 g of TFE. The clear solution from the polymerization was added to

30 excess hexane. The precipitated polymer was dried in a vacuum oven
giving 12.0 g of white polymer; GPC (MEK) Mn 6200, Mw 9500; Mw/Mn
1.53; Tg 146°C (DSC). Anal. Found: C, 44.36; H, 4.00; F, 40.16. 19F
NMR -75.6 (s, 6F from NB-F-OH), -95 to - 122 (multiplets, 4F from TFE
and 2 F from NB-TFE), -124.4 (dd, 2F from NB-F-OH). From analysis of

35 its 13C NMR spectrum, the polymer composition was calculated to be 41%
TFE, 39 % NB-F-OH, 5% NB-TFE and 16 % tert-butyl acrylate. The
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122 (multlplets 4F from TFE and 2 F from NB-TFE), -124.4 (dd, 2F from
15 NB-F-OH). From integration of its 13C NMR spectrum, the polymer
composition was calculated to be 49% TFE, 26 % NB-F-OH, 19 % NB-F-
OMOM and 6% NB-TFE. The absorbance at 157 nm was found to be
1.11 um-1 from measurements on spin cast films of 100.2 and 87.2 nm
thickness.
20 Example 7. Synthesis of a homopolymer from the Monomer NB-
FE.

Under nitrogen, [(n3-C4H~)PdCl}, (0.338 g, 0.862 mmol) and

AgSbFg (0.596 g, 17.2 mmol) were dissolved in 20 mL chlorobenzene.
The resulting mixture was stirred at room temperature for 40 minutes,

25  during which time AgCl precipitated from the reaction mixture. The
reaction mixture was filtered, and the filtrate added to a solution of NB-
TFE (16.56 g, 86.2 mmol) in 100 mL chlorobenzene. The resuiting
solution was stirred for six days at room temperature, and poly(NB-TFE)
was then isolated by precipitation in hexane (500 mL) followed by filtration

30 and drying under vacuum. Yield of poly(NB-TFE) = 6.4 grams.
Spectroscopic data was consistent with the vinyl addition polymer
depicted below: :

24



"1 1099& ()- !0Y 10%hh& ()- LLLLLLLLL~ =!It!!!
10% & ()-L, 10%g& ()-'!0 9109%& ()-10%& ()- 10T 10T 10T;

10967& () A9~ =1t111L-10%& ()-10%g& () - 3! g10% & ()-1s0
& 10%@@‘%@W) MVNKPoQr Qs Qt QuQwXVB7! ?090109 %Og %@Eﬁﬁ%d”@o O-ts

L' & 10% & ()- 'KO L' & 109 ()- 'S L' & 109% () -

1 V" 10%gg& () - UQQQVRRR<S} [ <MB7! 10.1¢%& ()- N O L 10%JU& ()-10 L

1096 *& ()-! L 109AJU& ()-!109%& () - I0%W& SEUQUUVW/A [ <MB7! 10$109g& () -! |

@o0%g& ()-10%g& ()-03 109%g& ()- ! 7K

WA XXYYWXOMVB7! 96

109%g& () -210%g& ()-!yOl 98 109%& () - :\

C&()-: I~ 9 109 () - YTZWEXZYZZZVZ[ L 1k g !
10g 10g 10g; 10%g& () - &7: 10%g& ()-y(V@N\ ]I AyM8 = 109g& () -

~ 1k09! 109%X& () - Ta9! 109%& () -1\ 01 10%& () | 10%gé&’ ()- 0! 10%

& ()-~_ 36 E| A< = | @ 10%& ()- ! VR ()~ SF(10%& ()-!f f#S10%: ()-

10%& () - &&10%& () -1 __4aaaaaabzodY: !

Fluorine NMR showed two multiplets in a 1:1 ratio: 19F NMR (acetone-dg)
~111.9 (mult), -125.3 (mult). GPC: M, =9340; M,, = 24425, M,,/M,, =

5 2.62. A5 weight % solution in 2-heptanone was made for spin-coating,
film sample(s) were spin coated, and the absorption coefficient at 157 nm
was measured to give the following result: Abs @ 157 nm = 2.63 pm-1.
The absorption at 157 nm measured for poly(NB-TFE) is several orders of
magnitude less than that reported for poly(norbornene) itself: for

10 poly(norbornene), Abs @ 157 nm = 6.1 pum-1 [see R. R. Kunz, T. M.

Bloomstein, D. E. Hardy, R. B. Goodman, D. K. Downs, and J. E. Curtin,
“Outlook for 157-nm resist design", in Proc. SPIE-Int. Soc. Opt. Eng., 3678
(Pt. 1, Advances in Resist Technology and Processing XVI), pages 13-23,

1999.
15 Example 8. Imaging using a poly(TFE/NB-F-OH/NB-TFE/tert-Butyl
Acrylate).
The following formulation was prepared and magnetically stirred
overnight:
20 Component Wit. (am

poly(TFE/NB-F-OH/NB-TFE/BA)
(41/39/5/16, as analyzed by 13C NMR),
as prepared in Example 5 0.483

25 2-Heptanone 4.268

6.82% (wt) soiution of triphenylsulfonium nonaflate
dissolved in 2-heptanone which had been
filtered through a 0.45u PTFE syringe filter. 0.249
30
Spin coating was done using a Brewer Science Inc. Model-100CB
combination spin coater/hotplate on a 4 in. diameter Type "P", <100>
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séconds and baked at 120°C for 60 seconds.
248 nm imaging was accomplished by exposing the coated wafer to
light obtained by passing broadband UV light from an ORIEL Model-82421
10  Solar Simulator (1000 watt) through a 248 nm interference filter which
passes about 30% of the energy at 248 nm. Exposure time was
180 seconds, providing an unattenuated dose of 123 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
15 baked at 120°C for 120 seconds. The wafer was developed in aqueous
tetramethylammonium hydroxide (TMAH) solution (OHKA NMD-3, 2.38%
aqueous TMAH) for 60 seconds, providing a positive image pattern with a
clearing dose of about 26 mJ/cm?2.
Example 9. Imaging using a poly(TFE/NB-F-OH/NB-TFE/tert-Butyl
20 Acrylate).
The following formulation was prepared and magnetically stirred
overnight:

Component Wt. (am
25 poly(TFE/NB-F-OH/NB-TFE/BA)
(41/39/5/16, as analyzed by 13C NMR),

as prepared in Example 5 0.433
2-Heptanone 4.268
30
Tertiary-Butyl Lithocholate 0.050
6.82% (wt) solution of triphenylsulfonium nonaflate
dissolved in 2-heptanone which had been-
35 filtered through a 0.45u PTFE syringe filter. 0.249
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10 (49/26/6/19, as analyzed by 13C NMR),
as prepared in Example 6 0.483
- 2-Heptanone 4.268
15 6.82% (wt) solution of triphenylsulfonium nonaflate
dissolved in 2-heptanone which had been
filtered through a 0.45u PTFE syringe filter. 0.249

Processing was performed as in Example 8, with the exception that
20 exposure time was 30 seconds, providing an unattenuated dose of
20.5 mJ/em?:, and post-exposure bake temperature was 100°C. A positive
image pattern was obtained with a dose of about 4.3 mJ/cm?2 showing
partial clearing.
Example 11. Imaging using a poly(TFE/NB-F-OH/NB-F-O-
25 MOMI/NB-TFE).
The following formulation was prepared and magnetically stirred

overnight:
Component Wt. (am
30 poly(TFE/NB-F-OH/NB-TFE/NB-F-OMOM) (49/26/6/19, as
analyzed by 13C NMR),
as prepared in Example 6 : 0.408
2-Heptanone 4.268
35
Tertiary-Butyl Lithocholate 0.075
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6.82% (wt) solution of triphenylsulfonium nonaflate
dissolved in 2-heptanone which had been
filtered through a 0.45u PTFE syringe filter. 0.249

5 Processing was performed as in Example 8. A positive image
pattern was obtained with a clearing dose of about 34 md/cm?2.
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10  wherein:
R1 to R8 are the same or different and each represents a
hydrogen atom, a halogen atom, a carboxyl group, a hydrocarbon group of
1 to 20 carbon atoms or a substituted hydrocarbon group of 1 to
20 carbon atoms and at least one oxygen, sulfur or nitrogen atom; and
15 mis 0, 1, or 2.
2. The fluorine-containing polymer of Claim 1 wherein R1 to R8
are each hydrogen atoms and m is zero.

3. The fluorine-containing polymer of claim 1 further comprising a
repeat unit derived from a fluoroolefin.
20 4. The fluorine-containing polymer of Claim 3 wherein the

fluoroolefin is tetrafluoroethylene, chlorotrifiuoroethylene,
hexafluoropropylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
perfluoro—-(2,2-dimethyl-1,3-dioxole), perfluoro-(2-methylene-4-methyl-1,3-
dioxolane, CFo=CFO(CF,);CF=CF5, where tis 1 or 2, or RfOCF=CF,
25 wherein Ry is a saturated fluoroalkyl group of from 1 to 10 carbon atoms.
5. The fluorine-containing polymer of Claim 1 further
comprising a fluoroalcohol group derived from at least one ethylenically
" unsaturated compound containing a fluoroalcohol group having the

structure:
30

-C(Ry)(Rf)OH
29



1109 ()- . 0 “110% 1& ()- . ;0 “110% & ()- . ( “110%& ()- . L10%A & ()-

120% L& ()-THW[: 410, L I1gc>8/:,l(&()-Oo 1110 & (). 10 110%uE ()- D
% 9 |0 “1109%6& ()- . uGhAd ‘

10091 & ( %%{%ﬁf& () - 910%?1&)() z !10%?!&'()5) HLALribsoossh

10001 & () 10 170, 10 & [: A410, ! 91 10%g p& ()- 09! 10%a& ()- 09! 10%.

a& ()- O 10UBSE ()- ° 10921 X& ()-  10% 211 & ()- &UA10 110% ! & ()-

10%! & - 10nbRi6 R ARSI seiie SPHARAUMIEANTGUSS on ok Y10 %

10% ! & ()- 0&! 10%& ' 10%
&1 ?)0/( (& ()aé?x[nt ﬂﬁ%ona}fv@m%@ t‘)gefh%fﬂﬁéﬁﬂg%(n) hg')e;q R d%4 ltﬁ 1(0) 0
[:10% ! & () - ThesefiQorodlldy) groups, dretdeBignttdd a@ﬂ -l R oS Wﬁdiﬁ)caﬁ(b%?' & ()--10,!

10,3010 %a@@ygu@sfﬂ"@te&f@zmw ok e Rl g 0

t 109! & () - P[ perfiiesdalkyl ghaes)! & ()- m 109 ()-F, 0 109%®! & ()-F °

00 (), 1 ol 9*“”%"“6%%*%?@“”% "'&mfﬁsﬂé&wp‘%mg an

d&ntooR! & ()-a@ldtsmsammwmp qiyie1 071 102! 107! &y; 109! & ()
“9310%! & ()- J 9310%& ()-6w |[: vU410 03210%& ()- O 3210%;. & ()-
]|31
(‘—CHz—(E‘—)
10 B

in which E4 is H or C4-C42 alkyl; E5 is CO5E3, SO3E, or other acidic group;
and E and E; are H or C4-C42 alkyl, which is unsubstituted or heteroatom
substituted.
15 7. A photoresist comprising
() a fluorine-containing polymer comprising a repeat unit
derived from at least one ethylenically unsaturated polycyclic compound of
structure 1:

R3 R7

20

wherein:
R1 to R8 are the same or different and each represents a

25  hydrogen atom, a halogen atom, a carboxyl group, a hydrocarbon group of
1 to 20 carbon atoms or a substituted hydrocarbon group of 1 to
20 carbon atoms and at least one oxygen, sulfur or nitrogen atom;
mis 0, 1, or 2; and
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tetrafluoroethylene, chiorotrifluoroethylene, hexafluoropropylene,

10 trifluoroethylene, vinylidene fiuoride, vinyl! fluoride, perfluoro--(2,2-
dimethyl-1,3-dioxole), perfluoro-(2-methylene-4-methyl-1,3-dioxolane,
CFo=CFO(CF),CF=CF,, where t is 1 or 2, or R©OCF=CF, wherein Rt is a
saturated fluoroalkyl group of from 1 to 10 carbon atoms.

11. The photoresist of Claim 7 wherein the fluorine-containing

15  polymer further comprises a fluoroalcohol group derived from at least one
ethylenically unsaturated compound containing a fluoroalcohol group
having the structure:

-C(Rg)(Rf)OH
20

wherein R¢ and Ry are the same or different fluoroalkyi groups of from 1 to
about 10 carbon atoms or taken together are (CF»),, wherein n is 2 to 10.
These fluoroalkyl groups are designated as R; and Ry, which can be
partially fluorinated alkyl groups or fully fluorinated alkyl groups (i.e.,
25 perfluoroalkyl groups).
12. The photoresist of Claim 7 wherein the fluorine-containing
polymer further comprises an acid-containing monomer of the structure:

E|
(—CHz—(:}-—)
E,
30
in which E4 is H or C4-C4» alkyl; E is CO,E3, SO03E, or other acidic group;
and E and E3 are H or C4-C5 alkyl, which is unsubstituted or heteroatom
substituted.
13. The photoresist of Claim 7 further comprising a solvent.
35 14. The photoresist of Claim 7 further comprising a dissolution
inhibitor.
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(Ill) a solvent;

10 (X) drying the coated photoresist composition to substantially
remove the solvent and thereby to form a photoresist layer on the
substrate;

(Y) imagewise exposing the photoresist layer to form imaged
and non-imaged areas; and

15 (2) developing the exposed photoresist layer having imaged
and non-imaged areas to form the relief image on the substrate.

17. The process of Claim 16 wherein the exposed layer is
developed with an aqueous alkaline developer.
18. An article of manufacture comprising a substrate having coated

20 thereon a photoresist composition comprising:

() afluorine-containing polymer comprising a repeat unit
derived from at least one ethylenically unsaturated polycyclic compound of
structure 1:

25

wherein:
R1 to R8 are the same or different and each represents a
30 hydrogen atom, a halogen atom, a carboxyl group, a hydrocarbon group of
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