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R” is a polycyclic C5-C5q alkyl group containing at least one
hydroxy group; and
R™ is a C4-Cos alkyl group.
This invention also provides photoresist compositions comprising:
(a) a fluorine-containing copolymer comprising:
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compound containing a functional group having the
structure:
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groups, or taken together are (CF2)p;

n is an integer from 2 to 10;

Xis S, 0O, N, or P;
g=0andr=0,orq=1andr=0or1; and
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and CHy=C(CH,OH)CO5R”,
wherein
Ris H, F, or a C4-C5 alkyl or ﬂuoroélkyl group;
30 R" is a polycyclic C5-C5q alkyl group containing at
least one hydroxy group; and
R™ is a C4-Cqz alkyl group; and
(b)  a photoactive component;
(© a solvent; and
35 (2)  drying the coatable photoresist composition to substantially remove
the solvent to form a photoresist layer on the substrate:
(3)  imagewise exposing the photoresist layer to form imaged and non-
imaged areas; and
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20 wherein
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R” is a polycyclic C5-Cgq alkyl group containing at least one
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R™ is a C1-Cy5 alkyl group; and
25 (i) a photoactive component.
DETAILED DESCRIPTION OF THE INVENTION
Fluorinated Alcohol Copolymers
A fluorine-containing copolymer of this invention comprises a
repeat unit derived from at least one ethylenically unsaturated compound
30 containing a functional group derived from a fluoroalcohol or protected
fluoroalcohol functional group. This functional group contains fluoroaikyl
groups, designated R¢ and R¢, which can be partially or fully fluorinated
alkyl groups. Rjand Rf are the same or different fluoroalkyl groups of
from 1 to 10 carbon atoms or taken together are (CF5),, wherein n is 2 to
35 10. The phrase “taken together” indicates that R and Ry are not
separate, discrete fluorinated alkyl groups, but that together they form a
ring structure such as is illustrated below in case of a 5-membered ring:
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20 nis 0, 1or2;
a and b are independently 1, 2 or 3, except that a is not 1 when b is
2 or vice versa; and
R* to R8 and R to R14 are the same or different and each
represents a hydrogen atom, a halogen atom, a carboxyl group, a
25 C3 to Cq4 secondary or tertiary alkyl carboxylate, a hydrocarbon
group or a substituted hydrocarbon group.

Representative comonomers having structure H include, but are not
limited to: |
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20 phMt@ﬂfé!ﬁnqﬁflith)fhé P@Wnﬁ’é}%%ﬁtda‘t’eﬁysqo ﬁ@gﬁ?enzﬁtlon
iven B ﬁtas il 49th[t|_ nuatk?dC | cohol roup I NS
pr wytigter, RYC ( butylcyclohexyl)peroxy dlcarbonate can be
used under appropriate conditions. The polymerization pressure can
range from about 50 to about 10,000 psig, preferably from about 200 to
about 1,000 psig. The polymerization temperature can range from about
25 30 °C to about 120 °C, preferably from about 40 °C to about 80 °C.
Suitable solvents include 1,1,2-trichlorofluoroethane and non-
chlorofluorocarbon solvents such as 1,1,1,3,3-pentafluorobutane. The
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group that protects the fluorinated al cohol group from
exhibiting its acidity while in this protected form

wo@uwersopr ot ected acid group (Ra) is normal | yPCTOSHE51022912
on the basis of its being acid-labile, such that when

acipdlyimerationquocess isgorthenedawriced Bxpesmi-batdht symthésis. In
RS Y88 B SRR ot S AL Rl o i e
hy deasien vessehand tfgﬁm @pﬁthrwutse ar eontimsisiit, jhe cemaining
de%m@@taw%iat@%%%%é'v%%el thfouidut tRn, the

i ne c?nt al ni nsg copolyners will also “contain acid
5fuﬁ8[ymﬁféﬂ AU RIASESS's not protected (e.g., -C(Rf)(Rf
)ORa wizich fluwlnaacomdﬁhmg/hb lma caéqthmm?trkﬁdn Radah
a
or 8P iR sesiaen{Rr s ik %tz it ebtisfofsen
i nthand®5 ol atel 5 am morkipgefedayly dessthan asfsyrarieatcys 7 mm,
{ EnfinOSIAER BlorBRIERp tdd ﬂ’\%n%“@ it A IBT A e
ml €

non-lim t| n exa oxya et her
10 gr Bigte um&fqrfRameyaJ@bvd%A Qataivalm ng group is

fTEt hoxy Tﬁi@tfhwdnn@tétﬁﬂalbﬁ@\@opd&mékrs%ﬁﬁé edksikd é&ﬁﬁ@élﬁmbf

h t hi rtic rotect n obt ai ned
by e iiePtRR s i o 7 e B eto iaving prtected
f I acidiaflwmireted akrmheisgmupal(é)g PCERS(RODRY, atieré €3, is not H)

| PR R R YRR Sioubehy thesepption vt

15 saﬁéldsrord:aseag@ﬁleratedmmlktgaaug rfl@nmphofoa‘ctmemcnmptwnal@

RO Bt 80 A MBI ottt
H ggoqn Wé‘éPr%t?R 15 thg flygpnated aleehol greun em @smwang@t.s a@ldnty
br auhild @l this bv&teCdef?gn 0.2 %éﬁr%ﬁeftgg b@lmcgﬁr?g?ﬁa 5). is normally

r
CaFRFEt 1 1h BHER, ot i Bedhd piam O Scf ket Racias

20 pr prasisrced upsindimadewiss emmswe,at wﬂhccﬂtalyﬁegieoupiectld'ﬂnef the

fl Eﬂfté&%d%lé‘ﬂﬂﬁﬂﬂat‘ée%ﬂwi@b?mggs %:'{'Heér i gBﬁ O?ﬂXS@hHIC

contai n ot types
t ha@' yrevps Hiatae diesegsasy for d,ﬁ)@lpmgﬁtsun@ertaﬂt@@ua
EX@@ﬂﬂlﬁéné)f Irbagditib A8 fRbrine Rbatdiifg 6ly‘|’fner§rvﬂh' @%o

R B b T g e B U R ner

25 esR§r=sH91f | act ones; C) acetal esters; I)) 3- cycllc

ket one ﬁﬁtaﬁié alﬁ?oxﬁa IC%thgr@Ioglﬁb(ega%e's g}é\gﬂ% Fﬁéflt 1611

whi ch a
as 8ikyb amaaorefsamdy RIO e@amrowmﬁqrﬁbgﬁluetqajaghcﬂgmp in order to

”ehféﬂﬁbw é"hﬁ)h degae o‘-f@%sﬁé%n%?%@ﬁhbt%r@fﬁt%?ﬁﬁoﬁon An
@ngrgmey @éj? Bﬁ)ﬁrhmltmg example of an alpha alkoxyalkyl ether group

30 that is effective as a protecting 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.

An especially preferred protected fluoroalcohol group has the structure:
35 -C(Rp(Rf)O-CH,0CH,R 15

wherein, Ry and Ry are the same or different fluoroalkyl groups of from 1
to 10 carbon atoms or taken together are (CF»),, wherein n is 2 to 10; Rz
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In this invention, often, but not always, the
conponents having protected groups are repeat units
whaniogispy ot ect ed aci d groups that have been PCT/US2003/022912
i ncorporated in the base copol yner resins of the
C oieplds atlineas allkybgrodipsaiutoetd abibos)atofise quariraychidtealkyl
goaggg]d:; 416 c@r%‘rﬁ’%tcﬁﬁ? present in 20 one or nore
ner s hat are nerized to forma given
copol ymérareopates fo@@edm fr@fn a fiuerinaledraleeinl and a tertiary
Al bRpiRad Hieblol ddh AlBbDe RN Bbtedted GRRAE ﬁﬂSﬁh&teB%?@ohoi
resin can be forned by copol ynerization wth an acid
coft%M¥ ng conononer and then subsequently acid

f unct i offhle ﬂqorine-ctmﬁai_ni‘@ctdridImmgmf?fdhisdﬁvaht{bmﬂan algg
. : onver.t e
=SS it ol B chived aBloi GRS R Y pelticoup
gr bRpeB expPhuietacadid.c ERamplaseof sydPAgpeT bé pudecteramidic of
{ NiyfoudRBRIRN bEPANTot Rt ©: KRS %géﬁégﬁt@@g@ Jor

nin COpQ nmers wt east
colﬁﬁf Ing 40, & FiPRAE) asteey ablastanes; Capatabesters:

B?Mc&éé@@%éﬁew B-tidlie sthef @stes; iapd- F)I dstéf \sicH are

5

%B?' R HBER RRERE G it e o iEEMA
[ s(meﬂuhxgezihqnoethybwwmmﬁata) actinic radiation, the

PAC L ST dhecialanane HSARATR A5y S Aoty

sui t abl € phot

ators
500266@7@”@@@@”&5&’60@%@%%@66 generators for this
I nvent i Wthlé‘%}éﬂﬁ@n béﬁerﬁrb%lt Ret aledyg‘ fR%dR) ork%r;ts having

ul f alts sruc ure 2) "1 odoniu
( SPITIEFRPpS o1 rpest Unjagiing RIot&reH 89HlaTaUPS tht have
asbeén iredarperdtéd in e HHR2EEPHIINAORRITEY thHe A&

1 Sihds aPpyd) Jrsaliity e aﬁa@%ﬁgc@@ﬁ?ﬁmﬁw

20 subseuqr mee mm@:m@nbmhatmmjpolwwuzed te tdret atgitesd or
UnNggBS ghfe‘r'!"c%sgre ﬁH@ih\?éMlon( %I?érﬁ ft\)el¥ I this invention, a

Repres ntative ary groups I ncl
| i RPRRIIMESIC haserppingan %&ﬁmqmy Sémplymprization with an acid-

SUb@ﬁt'aiﬂi@glb%mmh\&%ndlﬁbn@u@sé@lﬁe (Iyl‘ﬁdl@%ﬁ&onﬂm‘}WWé

X e ot iR ing e PR mi st Bral ohihally sppeeried by
25t oap@tmlfs@lateé Ieseans| ta aleviaativasomating praled8@cid groups.
(t phbid4%iQ QP =triflate), and C4F9SO3 10
(p The copolymers of this invention can be used to make photoresists
by combining the copolymers with at least one photoactive component, a
compound that affords either acid or base upon exposure to actinic
30  radiation. If an acid is produced upon exposure to actinic radiation, the
PAC is termed a photoacid generator (PAG). If a base is produced upon
exposure to actinic radiation, the PAC is termed a photobase generator
(PBG). Several suitable photoacid generators are disclosed in
WO 00/66575.
35 Suitable photoacid generators for this invention include, but are not
limited to, 1) sulfonium salts (structure 1), 2) iodonium salts (structure Il),
and 3) hydroxamic acid esters, such as structure lIl.
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Di ssolution Inhibitors and Additives Various

di ssolution inhibitors can be added to photoresists
walesowersoo f rom t he copol ymers of this inventi oPCT/US2003/022912

| deal | y,&%i ssolution inhibitors (Ds) for far and

extrene resists (e? 193 nmresists) ghould be 15

desi ned chosen tqg sat sfy mul t i_pFe ]

i ncRUdin$+ dkssol ®'§-ot—R'hhi bi t | g &t ch

resistante, and adhesiXn behavjor of |fesi st N-O-SO,CF;

conposi t Rons conprising a give £

di ssolution inhibiting conmpoundsxai"so seyve as

pl asticizers in resist conpositions. Seveial suitable

di ssol utifon i nhi bitorgg are disclosggd in 00/ 66575.

20 Positive-Wrking and Negative-\Vor ki ng Phot oresists

The photoresists of this invention can either be

posi ti ve vvorki ng photoresists or negat i ve-wor Ki ng

Pndd REEEHERS 3 HeRTefire Sus Eefependstin SubefoGRaT osubstiuted
d|h ssyll mtsublstniuhdmi br Um;uimmm{ed@;scb@blkmarwqwﬁll?jl) andt t he
SE GRSy R o 8 LAl Sy R BRG]
beé@ﬂéﬂ“WmS@lféblle l&&wﬁ%mcwc@pbutam ot limitecstwl, hgditoxy!
US‘%IDHPanG’@/%g(PHRVbey e bhedr(]'f’%(;ﬁg)t Ofhé HhRA! RHQH S%Sﬁ‘.ﬁ‘es

e Q%gﬁg or esl st
pol'y

r'ki
ReLimed f ke dheratlugrasnsimanstte). (GF s SO
thetnﬂuagndemmsutfoaateai pilatsipand 0 Fg805-pr ef erred 30

10 o EB R B UR B “Dase by the phot oactive
co@ml uitjo m!mgmdndi&@wwe he acid or base may
fFuor ZS%’[S@“F i EhBbl B Rl BB bBEegisisieyived
opfliosning Gora waﬁrSa%ﬂbisCmg%td% lsleay ritissaiution inhibitors (Dls)

fl lﬁ@fﬂaﬂénd@mr@m& oy r@@isi@@f qu’ﬁ’fm ?ésﬁ&s?sl’i@.ﬂ&%te uni t
der ved furated

15 o HpSaHicean o At NN Pefiis MORAING A Bapution

or irthibifioo} Easma dtthiczsisthnododnd adisddiomdehgviotipf Rkt ng

eI Sor B OB S i

ab6amppundaalfshseive @s asticidess in mtmmmsmmsmeral
WnQﬁﬁétﬁlerdlés%llﬁldrﬂnﬁfglto@awsﬁos«%é i QBRI 59"

opnent in an aqueous

b AAUN BTV ATKIAS P8 woul d resul t
| n the Tﬁerpimtcbr@msas‘ oﬂh@ﬁlv@nw@w cm@nh@dw 9@§itlve-workmg

CHTPRAER S PR Rk RaT RIS AP theee o
negampweemksrlmthg flagsipelymer, phesEncexpataaenae edsptiemai n
angis4BRABATMibitor and crosslinking agents, and the choice of developer

25  (solvent used in development). In positive-working photoresists, the resist
polymer becomes more soluble and/or dispersible in a solvent used in
development in the imaged or irradiated areas whereas in a negative-
working photoresist, the resist polymer becomes less soluble and/or
dispersible in the imaged or irradiated areas. In one preferred

30  embodiment of this invention, irradiation causes the generation of acid or
base by the photoactive component discussed above. The acid or base
may catalyze removal of protecting groups from the fluoroalcohol and
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15 areas are renoved. Positive-working photoresists

are preferred. A variety of different crosslinking
wag@ansisean be enpl oyed as requi red or opti onaPCT/US2003/022912

phot gactj ve conponent(s) in the negative-working node

of opfiPaalhother asislic groNPs FFeseNtiR |arf34mi@@montamrr@qmlymer

in c@ﬁﬁﬁ%ﬁﬁ@étrépééﬁimﬂ d‘é’rﬂﬂeﬂqrdrﬂ%@lé’é%t 'ohéaéth)alaﬂicﬁll%u

devel oper so ution of craosslin
0 UGS EHEE SampPBrd SomiaruihadiRtRAIeoa dunatiand] 9@ or a

I npodtebidd fwdroaleohol furetiohal gesus Abving@Re dgusdtur@sul t of
pol ar groups being forned in exposed areas that are

i nsoluble in organic solvents and critical fluids
havi ng noder at e/ | ow pol aC(RPIR¢)QiRt abl e crossl i nki ng
agents include, but are not I|imted to, various

bi s-azi des, such as 4,4’ d|a2|dod|FhenyI sul fi de and

25 \@egelnd?ra%anBdu%ﬁéhﬁ/sa@mqr@féerep fueroaliyy graaps of from 1 to

ne@l@but/ﬁfﬁ \&@fﬁ@mﬁtdnﬁﬂsﬁbﬁﬂakeﬁ WﬁéF é@"(@:%? Wh’é‘rélﬂ rfis 2 to 10
107 RRR R MEGOFET 5t & hufteafecf tiftfons oiun ddgvalermenti an

r eaqueous bash sucbactetmmetmpmn&muﬁm lg/droxidé WURS desuitah the

or 2 ﬁs&fé}%ﬁ‘%ﬁj BHEle FHRRE g A GorBhER i apapicuspivent

or OBQrI%Qﬁiélu (hae/nng/rr@d@rat@rho jaw gekaentsdpwoum%uit@m a

t habgSARSRBMERY |stY/sﬂeﬁpﬁ‘\r\hﬁlch REGBLEY %r%@r; nﬂ%g and unexposed

char act eristics Qsit|on

5 ph8tseRliestesnyed: hP%S"i'\fﬁﬂé/ﬁ Eirgh Pbawr%ﬁfﬁaarﬂ p&g&madon%warlety
opbf differentosyopslimkirigsagdnte cah & @ﬁp@?éd %&bq@@é@ erP8pti&nal

enhNEEPL P Lo BBl oy b Hebtye SieskiBS Pubi. fttis invention.

coé%ucrtgssanlﬂls\g aolend is reiquired jin ambodiméntsdhat invalnsi t i on

0 . .
P u%@%’gzra?%zgﬁ%%%@?é’ solbfaf S SR B sling, putis
Th @P foraldn @§¢f§freé'cﬁfﬂ|@%dlme@?ﬁsﬂ@ﬂ lrtvml\@ Inﬁo@hthizagprame

Seﬁévélbpér s6lutite as\d fesal 'o@b@lar @?@uﬁ‘bélﬁ tf&%ed in exposed

e e A e 588 LR C"n{c?rﬁ‘a&%sgv%ﬁ@agqrcﬁne@ i Fada
g_orrm@raﬁednw pdlatity). sSulta/tﬂetcr@s’slmamgl@eﬁwmctﬂdlerbﬂttveérde not
i fi : S [C no
L e NI
25 wav &l -dingidedipheny sulfere.eRpafetabdy, issnggativersidikingdesist
W' b&h\éb&ﬂl@ﬁ'dé'nf%minb%&ros@ﬁ a?@ht@?ﬁ Hli%t%ﬁ% ﬂfﬁab?e(

r . wave r ef er

uI WPBP'@V %?1 gh‘i‘n urgtesl rrp bonsy mat@,am rg@ekwith the reactive
vasetEeg(ds., rﬁtﬁ‘éhéﬁ)&hat axeejeeh@aétbm upich é)@)oﬁgﬂéﬂtoVﬂJVho

o B Sl el PR BLSIR 11
30 | as@stantldmvwileemn dedelopee solutionnthdi gonssduenty impads
of n8g MR- RBRGNy chh@ltdistit RN L thpSsifon.
Other Components
Photoresists of this invention can contain additional optional

components. Examples of optional components include, but are not
35 limited to, resolution enhancers, adhesion promoters, residue reducers,

coating aids, plasticizers, and Tg (glass transition temperature) modifiers.
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| aser is preferred. Suitable |aser devices for digital
i mgi ng of the 15 conpositions of this invention
w0 p@kodsp9 but are not limted to, an argon- fl|ROFUR®03/022912
excimer laser with UV output at 193 nm a
kr PrdoesfItgpsi ne exciner laser with UV output at 248

nm andl{ﬁaéé\ﬁlg{a@x%oéﬁr@ | aser with output at 157 nm

Si nce use oV —of | ower wavel ength for
i magew ke @hpbzramet @cvnp@stt;@mgf this imvghtien aessaengitivnin the

q Ql‘ﬁ%(no'iésr@ ol &Qh@%lédtr%‘rﬁégnléélﬁ%p‘é%ﬁuﬁf afd é@ﬁ\@c‘lally to those

wavel engt m or _| ower)
5 gewav@?ngthﬁriﬁ%r gl |BAGEWIRG SgrOSKIT i0h s rems éaommlons of
( ethis invéAfor@anbe durgh@tmanyeiffdremnevtwavBiengths including,

oAl B 3653nf R Y aRoirin 0% Ml over

sufvbiveleagthst Unagenise exgosuoe isipredtrapivedond withalrangolet light
fﬂﬁ%% onﬁ\ W@%%Hr?s‘fﬂ r||d\9@|1wa %rf@t‘n ﬂj'}éferﬁgﬁlh't s done

10 anébMﬁrQ?/@/ldUﬂm@fﬁﬂ QBsnrpoﬁi’ BMe OuéQW@f wavalergths, and most

gey@f@r@gr y, fU§ Iﬂioﬂé vl HHEVIBA NGt @‘m @th d)thwelp Wa%ﬁs‘n‘g!m
xl,de sol ut

roxide solution, 0
S e 8h e i Sl BB RS 1S3AY safivalent
t heevies bs honaimtzﬂlytwmnlssenbf & Iplhstomasmt Dayitabineaging tith a

" BBl Bi8raiRaE  SRAs Hesh FERRRR A SRAOHRIoRT6r the
15 steeropositions of this inGeRTigN RfclgctEH bUiBBTthe’f kmitedRto, amdamgbn-
arﬁué e?ias‘éﬁrwltﬁr@@touftdd{%t‘%@'s% Srk%?é Boﬁﬁé?m 1

10 carbon atons or taken together’ are ?
m%*%mﬁr fases withy @V gt Pq’frﬁi! 245gve| apd adkiaging (F2) laser with

f|@l@tlb0ﬂht3®$mhrrgfsw1@§ Us® sfayenigh ﬂ@ﬁioﬁ@f wavelevigth for
osition 13 WO 2004/ Olé%gOQ /USZ 3/ 022

op 1YY SRS YRSPAESRER 56%%&’ QN %%rﬁSOMion
20 aqluadl);skhe ab& alf |ariewelewak/el|eagth (@hen188 nmgoeddd m or lower) is

g%ﬁé‘éﬁ\?é?%ﬁ@%%%??i E® of § el - TE B, 0 oy o

igher)devel opment of 5 the photoresi st conmposi tion

may r eqpkyElobRntt he binder material cont a| n

suf fi ci ac fluor coh rou
ol or | TS fiatiag Santaring ol maram dreatst cofiseeiohs of
25 pafntis miveyticke prust eohizth spificieax Aostivaality fo:edwlmlomhent

RIS g RECPL 0 PISRAS 8Bk, B fncionay

dea@um@lroteptecta@é suf:h shaicasusous -dewelopieens hﬁJpQSSSbIGSLSlng a
t hSa%Q deDeIPEESLISH a& %kSSTun’{"l‘lbﬂroQﬁia G poadd] se htydromde

eve opnent "I n portio een exp

- oSBT Mggqmq sefHtien | y omeapﬁe&rf flpgrine-
30  containing copolymers in the resist compositions of this invention are acid-

containing copolymers or homopolymers comprised of at least one
fluoroalcohol-containing monomer of structural unit:

-C(Rp)(Rf)OH
35
wherein R¢ and Ry are the same or different fluoroalkyl groups of from 1 to
10 carbon atoms or taken together are (CF5), wherein nis 2 to 10. The
level of acidic fluoroalcohol groups is determined for a given composition
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unexposed portions., Devel opnent of positive-working

resists typically consists of treatnent by aqueous
wa@bkdéoaloirses syst ens, such as aqueous sol uti ons PCT/US2003/022912

contai ning 0.262 N tetramethyl ammoni um hydr oxi de, at

25b¢ oplindizing Zheramduss needee $or. gdot dexsdoprheat in aqueous

Cmggﬁ(tabxs-d\ggé‘%ggg phot oresi st, the photoresist |ayer

e renoved during devel opment in portions which
ar e une¥poerantasiugous paocassahle phatorgsist ipeoated or otherwise

Do JBpAEY 15 ki ufiate 61 Rhadehis® SROSE RODVIRRE davelopment of
5 cothe BRGIaEFSSh GOTPRRSNORTEY 8ULIS thatdne Pindel Tetesal contain
or gaﬁiciébrﬁ ?lc)degrbupé Qeg. i u'drb@ltabhéﬂ grodps)amdiseproledsted mcid
IS a su nce a .0, a e [ ur n r
|+ o PR A et s G P B SLERE BB d8Rfitne
nephotoresisbioe other phdtoimageapiessating cabnpositai) Frovesizable in
g3t BNSIAE BucBES: oin EydoPERRLIE WoRBho RO BOEY, the
10 anghatasesist laypr willdig eemevabduinhrewlapmsspinep@tons which
G haye been Expbiedlo P RRIIBIIL UIR L subbtaralipafiaffected in
S 1 U1, Ul | .
o DSeRposRlasttiols: Dayelanmsns o ositvSuyisioTesss Rpisgly
beconsiets aitrebtreind pgraguectsiatkaling epstens, sliblese aqlueous
| . .
ngoliing 2heiifio BPed Nichfthelib R AIRIRRGEE 425 &
15 pr &fre? midutas @r fleasor imaastioba negatie-wioEking pboinresiet, thel.
?oﬁﬁgtcﬁééi%t l‘ég%%\fzvhl%éjré‘rﬁlﬂvéd)&?ﬁ‘rﬁhg‘ﬁ BeWSpAent®f forﬁBﬁéh' Whidh

e HneRPesER PIYYSeSalD ) VB oeisupentag rpgesied I
oXeflposéd pbrionsoDavelaprient fid hegativewoikitey resist tpitallys
o s Rl U 4 BRSO bl O
20 Anal yt i datritiebBuideaeused iherdnoisd sibjarce healbr to a
o SRR TRl iR B AR LERLa b
NVRIaSSOranRacar pbevel s sifical pressoire NirRtical fblidsis thes invgntion
s srdat attempefatufe®RP & Bihher than 15 °C below the critical
temperature of the fluid and are at a pressure higher than 5 atmospheres
25  below the critical pressure of the fluid. Carbon dioxide can be used for the
critical fluid in the present invention. Various organic solvents can also be
used as developer in this invention. These include, but are not limited to,
halogenated solvents and non-halogenated solvents. Halogenated
solvents are preferred and fluorinated solvents are more preferred. A
30 critical fluid can comprise one or more chemical compounds.
Substrate
The substrate employed in this invention can illustratively be silicon,
silicon oxide, silicon oxynitride, silicon nitride, or various other materials
used in semiconductive manufacture.
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mmultiplet nL mililiter(s) 15 mmmllinmeter(s) Tg
A ass Transition Tenperature NMh Nunber-aver age

woredogoulsey wei ght of a given pol ymer MV Wi ghPEBUSI088/€22912

10

15

20

25

30

35

nol ecul ar weight of a 20 given polyner P = MW Mh

Pol ydi spersity of a gi verG Y Absor ption
co ‘méﬁ where A, absorbance, =
L eé%r L%{Ilmthlckness in mcrons, where T

= transh§ ttance as 25 defarerdisBigl®dw, Transnittance
Transmgtance, T, = rati om\mthlrﬁsnm@éillémﬁt mgzwesd in the
transmtted by a sanple toué |ant power i nci dent
on the sanple and is neadl %%te]d n§pecifi ed '
wavel ength 2, 30 (e.g., nmram Chem cal s/ Mononmers DV
D net h)rli mam de HFI BO poxi de
HAJA Hy yadamant yl acrw @@5%&%&%&

M | pi t a% NDMAR MAdA 2- Met hyRrooreMihint yl acrylate OHKA
Aeri caqa %% pitas, GABBR-1¥NRM nene 15 V\D
2004/ 011 /U82003/ 022 12 Al 8 @ Chemi cal -

M | wauk &8 NMR Per kadox(r) HeoRpgy! (I\W ert-b utyl cycl oh
exyl) pgroxyd icarbon ate simglery Chemical Corp., Burt,
NY Sol kane 365 nfc 1,1,1,3 %8 {]safluorobutane 5

Sol vay ¥#%or, Hannover, H§ t-BuAc tert-Butyl
acryl atm Al dri ch Chem caI Iﬁbiﬂ'plﬁhy M | waukee, W

TBHMA tept-Butyl hydroxy yl ate OHKA Aner.i ca,
M | pi tagﬁ' CA n%mﬁlt@r&r)

mm millimeter(s)

Tg Glass Transition Temperature

M Number-average molecular weight of a
given polymer

My, Weight-average molecular weight of a
given polymer

P =M,/M, Polydispersity of a given polymer

Absorption coefficient ~ AC = A/b, where A, absorbance,
= Log1g(1/T) and b = film thickness in
microns, where T = transmittance as
defined below.

Transmittance Transmittance, T, = ratio of the radiant
power transmitted by a sample to the
radiant power incident on the sample and
is measured for a specified wavelength A

(e.g., nm).
Chemicals/Monomers
DMF Dimethylformamide
HFIBO Hexafluoroisobutylene epoxide
HAdA Hydroxyadamantyl acrylate
OHKA America, Milpitas, CA
MAdA 2-Methyl-2-adamantyl acrylate
OHKA America, Inc., Milpitas, CA
NBE Norbornene
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10 TCB Tri chl orobenzene Al drich Chem cal Co.,

M | waukee, W TFE Tetrafl uoroethylene E. |. du Pont
waleooemsoy s and Conpany, WI m ngton, DE 15 THBECT/US2003/022912

Tetrahydrof uran- Al drich Chemi cal Co., MI|waukee, W

Vazo(r)52 2, 4- Di net hyl - Aldtictagbbirs¢al . aMéwetkee, eVl E.

. DuP & .
OCH2C( 0 %5 %Wﬁ %r@f@f but%l‘f:&l?)ﬁ&ﬂger&@dlcarbonate
Regi on of the el ect r omagheury Chaseical Gain. BUitidY

ul travi obgiahbasl@faes 1,1am dhdmamisronltaneo. 200
nanonet er s

egi on_ of ctromag
5 spectrumin 25 the ult reRVaY Eﬁ' ?”M’ﬁgeéef%w 200
nﬁnomlst etBune 300 nanomabsrButihaddjiateavi ol et regi on of
t he el ectromagnetic pe r r
nanoneters to 390 nanor@?gggb%hﬂg I@%@E%&I\gﬂl@?&
el ect ronBBRH&A ¢ spect r untertrButybiydipxyrasthylastyleteat

ranges from 300 nanomnet AefcRapRiLicA 16 WO
2004/ 011509 PCT/ US2003/ 8@5@‘ EXAI\/PL Url ess

10 ot herwi sECBpeci fied, al | THEHYOPEDZRRE are in degrees
Cel sius, all mass neasurgREBL ChehticalCQr, Mikvauked, Al

per cent are weight percenta 5 d ass
tranmu%ﬁ ten‘peraturesf fF ‘%ﬁéﬂ?{'grm ned by DSC

(differential scanning cg&l Iodurﬁnntyi)e Neiinoyreaand &anmgany,

rate of 20C/ mn, data i e romthe second
heat. The DSC unit usedsyvélhﬁﬁ%héﬁ%czglo made by TA

15 nstrume®td, W1 ni ngt on, T@Eahysseeeament of 157 nm
| maging sensitivity is de&?ch%H%inéai-@dTOMhNalﬂkeBhV\‘Bll k

Co 102 I

opgf Z;( . owazg()e()%lzner aser COB me%%efl 2 azobls(penj['n nenitrile)
E. I. DuPont de Nemours & Company,
Wilmington, DE

OCH,C(CF3)20H

NB-F-OH

20  Ultraviolet
Extreme UV Region of the electromagnetic spectrum in

the ultraviolet that ranges from
10 nanometers to 200 nanometers

Far UV Region of the electromagnetic spectrum in
25 the ultraviolet that ranges from
200 nanometers to 300 nanometers
uv Ultraviolet region of the electromagnetic

spectrum which ranges from 10 nanometers
to 390 nanometers

30 Near UV . Region of the electromagnetic spectrum in
the ultraviolet that ranges from
300 nanometers to 390 nanometers
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Vacuum ul travi ol et transm ssi on neasurenents are nade
using a MPherson spectroneter equi pped with a D2

WO c@ht1sour ce. Sanpl es are spin-coated at SevRCHIUS2003/022912

10

15

20

25

30

35

t hi cknesses on CaF2 substrates, and the contribution
of the substrate to the tIEXAMIﬁLS:EBon is substantially

renove f
FToY e hRs BB Slcifie R S pal i R UeEpbey .
camelbmlsnrakﬂmasﬂ mgasireneis ecmtrwnama @ndll paicentages are
t t ed | | f
o afpdicniades P\ Soi ncoat e Qol ate model

10008 Q@Sa)tranﬁﬂlqndeﬁmﬁfa@r% @3 ﬁ&'g rayieed By P®
gl (Hff%{r@ﬁﬂial?@?]ﬁﬁmg c(a%rﬂnetr?ﬂﬁ@n%m%tmégﬁgahoﬁm?@/ﬁmﬂ)data is

O oDt al | erin eSS, an e
weieBrS ot € bedith ho%, A, OSKr T B jof Mgl Eibc2e10
Thﬁadmqufﬁkﬂrhs*tmmerﬁst%ﬂhmmg@auDEd for th| ckness on a
Gaert
- pgglfr‘rsé ﬁ‘%ﬁg‘f%f’%éﬂgg ng Sle)grsr']t'rba r?%usmg 3 Lambda-
s Jeyk @pmn%iﬂ%@mmeédasar@nnflw@dcfat 5 @nsppﬂrettlna

Cafrfouuet Q@E%@%l?itréﬁémts@ﬁ:rﬁﬁ@ﬁéur@ﬁ?érﬂé av@ﬁweeur@ﬁg a b)

sé\”@%i‘%@ona??@cg&m?t?éeﬁ“ﬂﬁp%@ Wéthr%sg "théow)&?a §amelea e
a diieentsanat sévefplahicknesdesror( Cafpslibstiateaind 23t/ 302

e @F%ﬂgﬁﬁa%%ﬁ?@ﬁsﬁééﬁghfé Yissianfall remayed
speesizecread diidient ed from the silicon wafer data a) to

t
Shbet  AfoRe ShedneRlal b %%ﬁ%%“?fg&feﬁ“?é"‘% et
deqlyragrs WW@HF%W]%'@Q tira erocasine listegddnalewar 120 c
for 301 nmsam @'aﬁehﬁ’rs% L>atdg oh'sflicon warelLeh eB@ver Cee

2 / Us2 12 McPherson
S 'F‘o %p"f esr ﬁpg Qégeqirog en divided by the
ref erence @)Fwaa todeur si)lcd'rhwafees are spgn ab diffehamicapeeds

files are the? ? begoé)ﬁat[qyoe GOt)bergrﬁ% GRfAn Yird rﬁiﬁdﬁlm

by CaF2 bl ank T m Irve absor
per mcron (aﬂwlfﬁQS)S anmﬁh@rcqaéedjwlaéeraﬁrﬂ@ub@mmwaked

?23. Eg\ttgls Dfﬁgéﬂrb@ @émge miAn qﬁgﬁdeﬁad filh@PalenteA¢a8asured

in units of nﬁ?rc,iﬁl‘?%]?%s eR&b %e@n%rl ‘%%é”?fl‘fb@?‘%%g%ﬁ[-)g L116A

film Ellipsometer (400 to 1200 angstrom range). Two spin
speeds are then selected from this data to spin the CalF,
substrates for the spectrometer measurement.

b) Two CaF, substrates (1" dia. x 0.80" thick) are selected
and each is run as a reference data file on a McPherson
Spectrometer (Chemsford, MA), 234/302 monochrometer,
using a 632 Deuterium Source, 658 photomultiplier, and
Keithley 485 picoammeter.

c) Two speeds are selected from the silicon wafer data a) to
spin the sample material onto the CaF2 reference
substrates (e.g., 2000 and 4000 rpm) to achieve the
desired film thickness. Then each is baked at 120 °C for
30 min. and the sample spectra is collected on the
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foll owi ng exposure, to undergo devel opnent. 10 EXAVPLE

I  Synthesis of NB-F-OH A dry round bottom fl ask
wequ4ppsd Wi t h nmechani cal stirrer, addition fpones2oaso2912

nitrogen inlet was swept with nitrogen and charged

with 19.7 g McPr@rsoh SpettrodEapticusarmplérfilde asmthed00

nmL of anhydro I ture was cool ed
to 5 C and 80%‘?\/@4(:By%re]fé e)%tcb deﬂf%mgé nor bor nen- 2- ol
was added dd)oﬁhesresul@ngraawtha@c&éﬂ@ﬁea@tmea adjusied éspmple

bel 15C. Th
hf ovHvFI % ( 13?% %%Lttérganmea b € Sloléﬁk)rfb?ﬂlrﬁ Hickhess to

5 room t enper at @l‘\(@ abgub ?%%P?l W@}’ro‘fh d}fﬂméc 'isrcfloé‘ﬁ3 using
overni ght at GRAMSI8eeR! KAEEIDAGRARH Sbﬂﬁlal’é.) was 20

added a St ,, t he ot ar
oanor ot be i cfalld dmle el BE FntR AR W gnerov
t r density (@id.hircogitsef mdtcan? )an engbleca giverguutoesiatifitmmwas
a 'Xﬁ% he aqueous m xture
vvadg) gxtr %Jt(%dgm ’ltaﬁ rqggg%e_l%gt een;f The conbi ned

10 et her extracts were washEdAMELE4 X 150 ml water and
150 nL brine, dried o ntwggydfngsF_Zﬂ—{sodl um sul fate

d .
Kuge! rofangroyed paftpif %ﬁﬁ@% SR rifanadich st addition
t efgreehhnd eritodgsdOnG vias seem vmﬁﬂmlrogeﬁ%ndocfheprgedmm 19.7 g
1H(d\l%/§<§é§aog§§?' gadig‘@%d{.d%a%g éd@ % an gﬁ?Jdé %Arﬂ The
15 2 Sty mitturg wasmceted 5 ICANG 898 (724 ofps1 s
1 h%rbo‘?n -ZC%WQS E&d@&mopﬁngé la@rthmﬁaltém%@rafwﬁaoaeﬁﬁﬂnea

Cabelew 151C.c. b fesitngopmives Wigs Serediier oy B TS1

390?&% mEt)UW@E addedldrdfvise it ro@r@%mﬁer&i&eﬁ%e ESUMIPIGE

pr ggg w\ggésgséreg cgfermgpg atqgofr{‘%ﬁfﬁg‘é{&é 'ﬁﬂé’iﬁ%ﬁb{l\go mL) was
20 ¢ hadged andtrostofdse MB wasc]amca/eysorgamm gﬁ@p@rgt%under

Sogéi@l% ssurtleTHE rssfdue \Ras ‘fﬂe@&ﬁﬂwﬁﬁ @obeadL watapand glacial
an ressured tq 40%{,@ a\g g rae{_é]en and ixture
vengelo Seidaras agiedsntinhe oubRienf 3 REMECTRAPVAY
18 AR SQRMEL HRASB RABOURRGAIEI0 2R e CombineBitetter FREAGR Vere
added . tq a 7 r ar
s i o S
25t hsodigimo stlfatesanchodyeantiated Po@ r@;arg(ﬁyaﬁgra’m;toagn oil.
re 0 qfs B340 2&randfa Phrte f@nsl o 3080 °C
N e s
Duigave 19 b (905%) PEREIBICL o { 20! AP AU
fory 4@ (r4Hy), 1.55-1.65 (m, 1H), 1.70 (s, 1H), 1.75 (d, 1H), 2.70 (s, TH),
2.85 (s, 1H), 3.90 (d, 1H), 5.95 (s, 1H), 6. 25 (s, 1H) ppm. Another sample
30  prepared in the same fashion was submitted for elemental analysis.
Calcd. for CqqH1oFgO2: C, 45.53; H, 4.17; F, 39.28%. Found: C, 44.98;
H, 4.22; F, 38.25%.
EXAMPLE 2
Copolymer of TFE, NB-F-OH and HAdJA
35 A metal pressure vessei of approximate 270 mL capacity was
charged with 82.65 g NB-F-OH, 3.33 ¢ HAdA and 25 mL Solkane 365.
The vessel was closed, cooled to about ~15 °C and pressured to 400 psi
with nitrogen and vented several times. The reactor contents were heated
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20for 12 hr. Sinultaneous! EXAMBLERE nononer feed

sol ution, a solaf el of TRE INBERIOHREAY (TBHIAN and 60
nmL. net hyI acet 0 . ol Kane, 365
T vas APMARIPTERIESIRESS L APSIOGMALE 240 anlopapagty Was
wCHth%oewftﬁmfiomg mu?,-s;so:jaodzgtlgg3 aBHNMAa 2% mif S6lkane 365.
nut e ter
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oy SORR AP RAE A LPU H e cPUADTR) Sha Y888
\(/j\/l tragulatoravas aafdoanamtﬁm & prassureat$4? Ryl T@Eﬂhl&!l\%?e
! to ddif Q’FfEf ad Pediitct0 04 6BLBADS 82.57 g of NB-F-
poT Sl brol bl E and 3%‘?’% O o5 388 agg\ﬁg
o1 Sy 8 L8Pk Bt JBOSFL Sty SalfeRe 05 A s
30f | IgLBhBEd irneshe eeatoratherae of 9tD tiirmihute far A2atuum
Veé:llmultaneously with the monomer feed solution, a solution of 7.3 g
Perkadox®16N and 60 mL methyl acetate diluted to 100 mL with Solkane
365 mfc was pumped into the reactor at a rate of 2.0 mL/minute for
6 minutes, and then at a rate of 0.1 mL/minute for 8 hours. After 16 hours
35 reaction time, the vessel was cooled to room temperature and vented to 1
atmosphere. The recovered polymer solution was added slowly to an
excess of hexane while stirring. The precipitate was filtered, washed with
hexane and air dried. The resulting solid was dissolved in a mixture of
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overnight to give 28.7 g of white polynmer. Fromits
13C NMR spectrum the polyner conposition was found
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polyrgy@;g%t ion by addi ng TFE as required. A solution
36.54 g of NB-F-OH, 23. 2GR 5
30 Copolymer of TFE, NB-F-OH, MAdA and HAdA
A metal pressure vessel of approximate 270 mL capacity was
charged with 76.56 g NB-F-OH, 4.75 g MAdA, 3.20 g HAdA, 7.2 ¢
tetrahydrofuran chain transfer agent and 25 mL Solkane® 365. The
vessel was closed, cooled to about -15 °C and pressured to 400 psi with
35 nitrogen and vented several times. The'reactor contents were heated to
50 °C. TFE was added to a pressure of 270 psi and a pressure regulator
was set to maintain the pressure at 270 psi throughout the polymerization
by adding TFE as required. A solution of 36.54 g of NB-F-OH, 23.10 g
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2 TBel i RS B0 BT Tk p e
30pr eginuiltaaeeuslysvith theemedpmer feed solution, a solutlon of 9.96 g
Perkadox®16N and 60 mL methyl acetate diluted to 100 mL with
Solkane® 365 mfc was pumped into the reactor at a rate of 2.0 mL/minute
for 6 minutes, and then at a rate of 0.1 mL/minute for 8 hours. After
16 hours reaction time, the vessel was cooled to room temperature and
35 vented to 1 atmosphere. The recovered polymer solution was added
slowly to an excess of hexane while stirring. The precipitate was filtered,
washed with hexane and air-dried. The resulting solid was dissolved in a
mixture of THF and Solkane® 365 mfc and added slowly to excess
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washed with hexane and air-dried. The resulting solid
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prep b Bewaflgtel ution,
afte?é?Z/g]gNt?%HnBa Of%'l rgﬂsmﬁﬁlr%rﬁTFE e o 1 er

' roug
was dispRl W‘f‘érbl %Wh@@ [é‘?erbnd spun at 2500

rpm fmferéa tﬁmgn@soaﬂ&gm PEE dyainge fiter. 120 0 G.528 60
seconds. 30 248 nm i nmagi ng was acconpli shed by
exposing the coated wafer to |[|ight obtained b|¥|

20passi ng Smnadbmngjwa\s' danghisimg arBraweuace_nCHHael gdakr100CB

SOl Bih LGN oLkt oh i 2ifly; "P", <100>

erence passes Izglbout 30% of the
ene]fwtﬁtomﬁélcﬂmwéﬁbosure ti me was 100 seconds,

pr 0‘3{' di %@Waf@?%éseﬁﬂé@bﬁéﬂ 69%9?@fn91§ﬁrlm]ﬁ@l®er By using
gpthqsg@%aqugy{gs@zar@ mbg) g{%fsrgo 9 Yﬁg X! va%or SHFneaoven (Yield

25  Engineering Systems, San Jose, CA). The oven was programmed fo give
a 5 minute prime at 150-160 °C. To prepare the coating, 2 mL of the
above solution, after filtering through a 0.45 um PTFE syringe filter, was
deposited on the primed wafer and spun at 2500 rpm for 60 seconds and
then baked at 120 °C for 60 seconds.

30 248 nm imaging was accomplished by exposing the coated wafer to
light obtained by passing broadband UV light from an ORIEL Model-82421
Solar Simulator (1000 watt) through a 248 nm interference filter which
passes about 30% of the energy at 248 nm. Exposure time was
100 seconds, providing an unattenuated dose of 134 mJ/em2. By using a

35  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 120 °C for 60 seconds.
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exposure doses were generated. After exposure the

exposed wafer was baked at 120 C for 60 seconds. 22
wOD020040011509 PCT/ US2003/ 022912 The waf er wWeST/US293/022912

devel oped i n aqueous tetramethyl anmoni um hydr oxi de

( TI\/AH) sbhewadel ashirpy eeveloped @W\PQQGQ@A%@WRTMHWW@WUF“

| rﬁ%ﬁ@;ﬂaé (TIVﬁﬁ-'P)' 4dligbri (erﬁpleyfunm-mew rmgs%%dlbt|@1) for

c e |

n se r0XI

Lrehr s o RPA PSR Ried A eSa RSk Rt ns
solaﬁpromnvﬂelymasiﬁmydnﬁnd magnetl cally stirred
5overni ght. 10 Conponent W p| EE4 NB- F- OH HAdJA

pol ymer in Exanple 2 0.57 none 4.788 t-Butyl
Li t hochol at e 0lmegingief Rol@pes owr EAMB--OkHHABIA

triphe t ,%ipé ne
whi ch E%%étaé'éﬂ'ﬁ¢§?'2?2@°%a%rrﬁﬁgﬁ K e epiiner
fi19u@Mmight.-528 A coated wafer was prepared, inaged, and

devel oped as in 20 Exanple 7. This test generated a
positive imge gth a cl.earing dose of ap xi mat el y
1014 6 mi/cne. trmgi ng of Pol yner M
TFE/ NBFE/RBAMQIAHAG \pslyswrut i on was prepared as in
Exanplire %a E;ﬁé: gpt that the TFE/ NB-F- 25 OH MjdAgHAIA
pol y I'n anpl e 5 was used, and nagnetica Igy
St i rrgd'lel@t@élpﬁﬁght A coated wafer was prepafd@8
i maged g ag iiiexrbiaRed as in Exanple 7. Thisgptest
gener t ositlve a clear| dose of
153501 0B S dnl Soleiarot B ceyuB R S PG ng of
Pol y meissofve8Rh/2\Be ptafibh &kvhi¢i-Add béenol uth i on was
prepa : the TF - F-
AR A T G BT g fller ooy Tde
gnet| cally stirred overnight. A coated wafer was
prepared j IS
ot gorbrorartalch Has BEBaRRE ddbel andiBRbRed gs
00 Exgmalenf-oX hh‘,atpg’; gewergteq]:,i @ﬁgltlve |mage W|th a clearlng dose of

approximately 14.6 mJ/cm?2.

EXAMPLE 9
Imaging of Polymer of TFE/NB-F-OH/MAJA/HAJA
A solution was prepared as in Example 7, except that the TFE/NB-F-
25  OH/MAdA/HAJA polymer in Example 5 was used, and magnetically stirred
overnight. A coated wafer was prepared, imaged, and developed as in
Example 7. This test generated a positive image with a clearing dose of
approximately 7.6 mJ/cm?2.

EXAMPLE 10
30 Imaging of Polymer of TFE/NB-F-OH/MAdA/HAJA
A solution was prepared as in Example 8, except that the TFE/NB-F-
OH/MAdJA/HAdA polymer in Example 5 was used, and magnetically stirred
overnight. A coated wafer was prepared, imaged, and developed as in
Example 7. This test generated a positive image with a clearing dose of
35 approximately 7.6 mJ/cm?2.
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23 WD 2004/ 011509 PCT/ US2003/ 022912 EXAMPLE 11

| magi ng of Pol yner of TFE/ NB-F- OH MAJA/ HAJA A sol ution
woa4prespared as in Exanple 7, except that thePCT/US2003/022912

TFE/ NB- F- OH MAJA/ HAJA pol r in Exanple 6 was used,

and magnetically stirred E&(@k@ﬂéht. A coat ed wafer

\Qﬁ-s p: epar edmddifg 6f PoRRtbraf TEH R/ NEGIF BHIMAEX AL 7.
'S e

dose of SAEPEAREPAIS 80 I FXmBP IR ARISRET 132t TR g T TgNE-F-
of CHINAEA/IHAJIARDINBe FindEXaviApla/GHAdS used Aasd magneticakysstirred

' t: h - E- .
e ARIPRRGA ety AP vas BEERRS el Byd oygfoota as i
magmamplel T.yTBrSi tesbgenasaiadn gRsitiva inage sdthatlearing slose of
pr %r@ﬁimét@'ggﬁé’m%ﬁlz.cjeve' oped as in Exanmple 7. This

test ‘generated a positive | ith a clearing dose
of approximately 7.6 ml/ EMSEZJ@ WO 2004/ 011509
PCT/ US2003/ O@fidg ofPeier dM’cHE/NB—El@HlmAdAﬂ-IA)\dA A
uori ng-cpnt ai ni ng_copo r =C rising .
10 ot PASOREO0ARS HEPRURL ST ThEranEl fiy Pt Ifstyng TFENB-F-

uns@HiviAdédHAdAymiyrdecionExampled wakwisetli andimagnatipally stirred

havi t P ' ' :
1o QFP e B cosfod haferdls BiERgR kst 45 VBRhEH s in
f | UoxaapPleyl. dhisdgst gengrataska Rosifyedmage witd g ceagng dose of
an dgpregigiatboemiem0; Xis S, 0, N, or P, g=0 and
r=0,or g=1 and r=0 or 1; and 15 (b.) a second repeat
Lunit derived from an acrylate selected fromthe group
consi sting of CH2=CRCOZ2R' and CH2=C(CH20H) CO2R"",
wherein Ris H F, or a Cl1-C5 al kyl or fluoroalkyl
group;
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20 R" is a polycyclic C5-C50 al kyl group containing at
| east one hydroxy group; and R'' is a Cl-C25 al kyl
w@e@yp11582 The fl uori ne-contai ni ng copol ymer oPCIZUS1003/022912

1, wherein (b) is tert-butyl hydroxynethylacryl ate.
25 3. The fluorine-cont ai ni é@ﬂ:ﬂdﬁol ymer of Claiml1,

WheRRLNis(Qinidy ighydr oxyadamantyl - acrylate. 4. The
fluori'ne-contail ni ng copol yner of Claim3, wherein the

pol ynmer F.urd Heeringgphtadurg sopelyesr CORRFISHEK: ved from
2- et hyl - 2-(zgdanmet speat Uil detived Gro alkehylenically
fluori ne-contai ni ng1 c%%olalrrer OJ Cltal m 4 Eade[ by a
Ssem - bat ch syrHELISECkeompauTq gHtRINAG A fsTiney Broup
copol ynmer of Chavinglthefsiruchee: conprising a repeat
unit derived froma fluoroolefin selected fromthe
group of ethylenically unsaturated conpounds
cont ai ni ng -ﬁ(@%@)qﬁ(Bﬁ@R@@Hl uori ne atom coval ently
attached t qy&dreft hyl enical ly unsaturated carbon atom
7. The fluarine-cantaini ng copolyner of | m6,
10wher ei n t he¥f @'?41%?@6?3?‘? ﬁgri”@ ‘gré" %f@@a%nrfgmaﬁq%oamwoup&
consritském togdthéearea0Ryp0et hyl ene, 25 WO 2004/ 011509
PCT/ US2003/ 022912 et}lf?rrﬁ%ti f,{dJOI‘ oet hyl ene,
hexaf | uor opﬂ @p@ﬂ l—% t'19"F 1UGr et hyl ene, and Rf OCF=CF2
wherein Rf Xss g, ©alNyoated fl uoroal kyl group of from1

Conorymer SYGARTEs O e ks Qe g |
15¢ | uor i ne- cdftlai hserprEbiserRRERIt 8pTghiTRMan areiaeseipeted
%:)gilrlnr 1_(|)_hv\%gr e@éﬂ%ﬁ%ﬁi&%@ﬁ rb)}’rtig }ggzesmqgmﬁt’ _g\(rpl HP.
: e fluori'de g copol yner of Caiml,
further compeiefi ng a repeat unit derived from at
cont ai ni ng 3.4 et oA GPatd TG FTOER o
20- O(Rf) (Rf ' )RiRe a palyoyaicdinCrh alytigiip cantaining atdeestame
at AnETBRY oL B8 oY her - ar o ((GF2)n wharein 1 is 2 to
10 and Ra R”isa C4-Cys alkyl group.

2. The fluorine-containing copolymer of Claim 1, wherein (b) is
tert-butyl hydroxymethylacrylate.

25 3. The fluorine-containing copolymer of Claim 1, wherein (b) is
hydroxyadamanty! acrylate. '

4. The fluorine-containing copolymer of Claim 3, wherein the
polymer further comprises a repeat unit derived from 2-methyl-2-
adamantyl acrylate.

30 5. The fluorine-containing copolymer of Claim 4 made by a semi-
batch synthesis.

6. The fluorine-containing copolymer of Claim 1, further
comprising a repeat unit derived from a fluoroolefin selected from the
group of ethylenically unsaturated compounds containing at least one

35 fluorine atom covalently attached to an ethylenically unsaturated carbon
atom.

7. The fluorine-containing copolymer of Claim 6, wherein the

fluoroolefin is selected from the group consisting of tetrafluoroethylene,

25



Is an acid- or base-labile protecting group. 12. The
fluorine-containing copolyner of Caim1ll, wherein Ra
W0 20042015@H20CCH2R15, and R15 is hydrogen, a Iinmr/U52003/022912
Cl1-C10 al kyl, or a branched C3-C10 al kyl group.
Thechlpigiriilirosthvienenineyatepeparyens, traﬂtwrﬁethylameraedn
t he&(‘ﬁ@%b‘@%er@ﬁﬁﬁﬁsq s&tBRA8Y fluBldalkythrddp of from 1 to 10
14. The fluorine-containi ng copol yner of
d a? 9” %ﬂ'@rsel n at least 25 one repeat unit is
cyclic o8. pOhy fiyoline-codtainingeopblyatdrig Glaint 4] whegein r=0 and
5copﬁ %mer of aim6, further conprising a repeat
uni erived froma cyclic or polycyclic unsaturated
conpound?. s€hefuedné-containieg gopalymer of &ilgiouthdeherein g=1 and
repggsented by structures (H) or (I), 30 26 WO
2004/ 011509 PCT/ US2003/ 022912 R3 R7 R7 (RL3R14 R Rs
CR 1R139a Thgflyorme-gopigining popalvatasioh Claims whergingg=1 and

2; e=1oaed X i8'e O, dependently 1, 2 or 3, except that a
s not

R8
5" e i Raedbind oS ol P 8 F0 Kol
r epc@nprisiaga tepeabyeit datioed framhat legeinord ethylemicallyboxy!

gr O@r’?sat ra[(Eéd %8”}?%%1 Sb%?\%mf?\gya R[nc‘ﬁgﬁél Q%MBE‘PW‘{%’[QS structure

car boxyla car bon
hydrocarbon group. 10 16. The fluorlne cont ai ni ng

copol yner of Caim 15, whes@ RRH@R cyclic or
580| ycyclic unsaturated conpo i's el ected fromthe

roup consisting of: (nor borrene) C2C(CHI3) 3
CO2@whéidin Ry aht HfGareTﬂhe i@ bt digfetorttfiondbAlRyIGRBapY BEfrom 1 to

of %'ar oln atoms or taﬂeﬁ tc]gge’cher are (CFy), wherein nis 2 to 10 and R,
is an acid- or base-labile protecting group.
12.  The fluorine-containing copolymer of Claim 11, wherein R, is
20 CHyOCH35R¢s5, and R45 is hydrogen, a linear C4-C 1 alkyl, or a branched
C3-C o alkyl group.
13. The fluorine-containing copolymer of Claim 1, wherein the
functional group of repeat unit (a) is —~C(CF3),OH.
14. The fluorine-containing copolymer of Claim 6, wherein at least
25  one repeat unit is cyclic or polycyclic.
15. The fluorine-containing copolymer of Claim 6, further
comprising a repeat unit derived from a cyclic or polycyclic unsaturated
compound, selected from the group of compounds represented by

structures (H) or (1),
30
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cyclic or polycyclic unsaturated conpound is sel ected
fromthe group consisting of:
W@ biogpeisod 2. 2. 2] oct-2-ene), 20 27 WO 2004/ 011B0LUS2003/022912
PCT/ US2003/ 022912 The fl uori ne-contai ni ng
' vvherelnthe flngooleflnls

copol ymer of Tlaim

tetrafl uoroet Athotoresp%t edrpri sing: (a)
a fluorin Qpol ynmer conpr i 1g-S (i) a
first reps 0 R from an et hit'eni caN y

unsat ur at e aining a f [ @aup,
havi ng t he ( ) g 10
wherein Rf any aife |he same or dlfferent C1-C10

fl uoroal kyl greu| ROr— maken together are (CF2)n; n
IS an integer rom2t010 Xis'S, 00, N or P, 15 q =
Oand r =0, or ¢d4f 1 and r = Oor 1; a@y (ii) a
second repeat unit derived froman acrylate selected
fro\';'vh%h":f group consi sting of CH2=CRCO2R" and

CH2= OH) CO2R'', wherein 20 Ris H F, or a Cl-C5
al kyl or flods0atkyR; group; R' is a polycyclic C5-C50

al kyl groupg %@?I@C@? MPE%né&ﬂ 1 gy 3, egfﬂ]ag%\gg%’g}]é when

and R"' is gro and™’(
%ho?é%%tqr\)"écec\éﬁl‘ﬁén%mﬁ 25 20. The photoresist of O aim

The phot et P G sHseg e ko, 58 e
e NS RGeS & Paits Sk SHBALIATE 2, 0 0, o
| maGe, secendarpsr tatiary alkyiparisoxyate] a hytwarb&®gtdup or a
appgqﬁﬁﬁgdw}@grg?ﬁgpc esi st conposition on a

at abl e phot or esi st
1 onposi 16 onTh@ﬁupﬁn@-@gntalnmg copolymer of Claim 15, wherein the

cyclic or polycyclic unsaturated compound is selected from the group
consisting of:

@ (norbornene), @COZC(CH3)3 m
wCOZC(CH3)3

15
16. The fluorine-containing copolymer of Claim 15, wherein the
cyclic or polycyclic unsaturated compound is selected from the group
consisting of:
(bicyclo[2.2.2]oct-2-ene),
20
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(a) a fluorine-containing copolynmer conprising: (i) a

first repeat unit derived froman ethylenically 35
waemavused ed conpound containing a functional PQr/os®03/022912

having the structure: -Xr(CH2)gC(Rf)(Rf')OH_ wherein

28 WO 2084/ bhe soorireTouBN0g /ORI ARClain 7Rivherain tihe

Sanfurooffin i8tefthfitctosikidrieuor oal kyl groups, — or taken
t oget her ar& %l;ggn nirs an integer from2 to 10; X

is s, 019\ eSISHCPEWARY: or q = 1 and r = 0 or
1;and (ii) a(secafi@oringadhtdiming cdpblynest ddrishising:
%(3|r2yl ate sel ec{.ed fLo thet rQup con 'stir;ﬁt%fl .
“CROO2R" and ')CHza_-E‘bE 'Bi%S erived jraparetiylepiqally
H F, or a Cl-C5 alydatoratéd ucormpblipd cogntaiping B funstienal
pol ycyclic C5-C50 Lni.ng at | east one
hydr oxy group; anda‘\i’ﬁ%i@"gﬁg’fg%‘%w group; and

(b) a photoactive conponent; 15 (c) a solvent; and

(2) dryi.ng the coat)@;((tﬁzpi(g(lu;qy(R§")@H conposition to
ol v

lqsubst anti al | ¥ renove -t hé ent'to forma photoresi st
ayer on th&¥"E8trate; (3) inmagew se exposing the
phot or esi st Rf apéRst weftbemamgediﬁe%tﬁlﬁmgﬂubn‘w@d groups,
p

ar egfgﬁgﬂqogé%ﬁgg}éegtapﬁng t he exposed ot or esi st

| ay aving. @ non-i maged areas to forma
relief inmageisantintegersfiomtz tx €0; 23. The process of

Aaim22, wese Rl 2l RFY of the fluorine- 25
cont ai ni ng copolynmer are CF3. 24. The frocess of laim

1%2, wher ei ndtHéabdva bR y=dta 15 0 oetr@dited with an
23 “uhor e the Hevel oo ny bt oy NaCRLS hum Bh denpee
devel oper sel ect ed %@%‘ﬁ?aﬁ@%ﬁgﬁjgr%ﬁ%@ﬁfwg qf%lng?RCO?_R”
critical and CH,=C(CH,OH)CO,R™,

wherein
20 Ris H, F, or a C4-Cg alkyl or fluoroalkyl group;
R” is a polycyclic C5-Csq alkyl group containing at least one
hydroxy group; and
R™ is a C4-Cy5 alkyl group; and
(b) at least one photoactive component.
25 20. The photoresist of Claim 19, further comprising a dissolution
inhibitor.
21. The photoresist of Claim 19, further comprising a solvent.
22. A process for preparing a photoresist image on a substrate
comprising, in order:

30 (1) applying a coatable photoresist composition on a
substrate, wherein the coatable photoresist composition
comprises:

(@) a fluorine-containing copolymer comprising:
(i) a first repeat unit derived from an ethylenically

35 unsaturated compound containing a functional

group having the structure:
X(CH2)qC(R)(Rf)OH
wherein
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30 fluid, a hal ogenated organic solvent, and a

non- hal ogenat ed organic solvent. 26. The process of
w@haumi 39 wherein the critical fluid is carbopCT/US2003/022912

di oxi de. 27. The process of C aim 25, wherein the

hal ogenat e®Rs2ad\Rhtrd thedsand® of diffareseC b, ¢IQ6’E¥S&I'K‘},dgroups
o Sk o e epiL e comprTe g 8 b
n is an integer from 2 to 10;
XisS, O, N, orP;
5 g=0andr=0,org=1andr=0or1; and
(ii) a second repeat unit derived from an acrylate
selected from the group consisting of
CH,=CRCO,R” and CH,=C(CH,OH)CO,R",
wherein
10 Ris H, F, or a C4-Cs alky! or fluoroalkyl group;
R” is a polycyclic C5-Csq alkyl group containing at least one
hydroxy group; and
R" is a C4-Cy5 alkyl group; and
(b) a photoactive component;
15 (c) asolvent; and
(2) drying the coatable photoresist composition to
substantially remove the solvent to form a photoresist
layer on the substrate;
(3) imagewise exposing the photoresist layer to form imaged
20 and non-imaged areas; and
(4) developing the exposed photoresist layer having imaged
and non-imaged areas to form a relief image on the
substrate.
23. The process of Claim 22, wherein R; and Ry of the fluorine-
25  containing copolymer are CFs.
24. The process of Claim 22, wherein the developing step is
performed with an aqueous alkaline developer.
25. The process of Claim 22, wherein the developing step is
performed with a developer selected from the group consisting of a critical
30  fluid, a halogenated organic solvent, and a non-halogenated organic
solvent.
26. The process of Claim 25, wherein the critical fluid is carbon
dioxide.
27. The process of Claim 25, wherein the halogenated solvent is a
35  fluorocarbon compound.
28. An article of manufacture comprising a substrate coated with a
photoresist composition of Claim 19.
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