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(57) Abstract: Fluoroolefinfacid group or protected acid group-containing copolymers for photoresist compositions and
-microlithography methods employing the photoresist compositions are described. These copolymer compositions comprise 1}
at least one fluoroolefin, preferably hexaflucroisobutylene, and 2) an acid group or a protected acid group (e.g., a t-alkyl ester,
‘preferably a t-butyl ester), which together impart high ultraviolet (UV) transparency and developability in basic media to these
materials. The materials of this invention have high UV transparency, particularly at short wavelengths, e.g., 157 nm and 193 nm,
which makes them useful for lithography at these shoxt wavelengths.
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BACKGROUND OF THE | NVENTI ON Cross- Reference to Rel ated ANtvierdkl oq 5 Thi s
application clains the benefit of prior filed copendi ng provisional
application 60/201,143 filed on May 5, 2000 which is incorporated herein by
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fluoroolefin and a second repeat unit derived froman ethylenically

unsat ur dtudithe@onomer contai ning an aci d gr GHhwdkmeeoddt Bl §ket BEaiind] rt SYP “Guid.
. whi ch cocopbduieenatiprs! segdiragbr! drifitode RRBRsEH € Shcd Not ONBS brid i EbFevili0ks " dppeakhls BQhel bEYin-
t he productPYrecerse/ tggisrotonduct or devi ces. #2g ofBak kgfaoisade/ B6PATGateie pr ocess
for manufacturing sem conductor devices, very fine features are etched

- onto a substrate, typically a silicon wafer. The features are forned on

t he substrate by el ectromagnetic radiation which is inpinged, inagew se,
on a photoresist conposition applied to the silicon wafer. Areas of the
phot oresi st conposition which are exposed to the el ectromagnetic radiation
20 change chem cally and/or physically to forma | atent inmage which can be
processed into an i mage for sem conductor device fabrication. Positive
‘wor ki ng photoresist conpositions generally are utilized for sem conduct or
~device nmanufacture. The photoresist conposition typically is applied to
the silicon wafer by 25' spin coating. The silicon wafer nay have vari ous
different material |ayers applied to'it in other processing steps. In
addition, in a particular photolithographic processing step, the silicon
waf er may -have a hard nask |ayer, typically of silicon dioxide or silicon
nitride, applied below the photoresist conposition layer.. In addition, an
-antireflective layer (ARC) may be applied bel ow the photoresist 30 .
conposition |ayer, by a coating process (and is then typically referred to
-as.a bottomanti-reflective (BARC)) or on top of the photoresist
‘conposition-layer (and typically called a top-anti reflective |ayer
 (TARC)). Typically the thickness of the resist layer is. sufficient to
resist. the dry chem cal etch processes used in transferring a pattern to
the silicon wafer. 35 Various copolymer products for photoresist
conpositions have been described in Introduction to Mcrolitho h Second
Edition by L. F. Thonpson, C. G Wllson, and M .J_ Bowden, Anerican
-Chem cal Society, Washington, DC, 1994:. r 1 1 Novenber 2004




WD 01/ 85811 PCT/ US01/ 14532 The phot oresi st conpositi on genghahlbyr SeIr i ses.
a filmformng copolynmer which may be photoactive and a photosensitive
conposition that contains one or nore photoactive conponents. As described
in the ThoWPIdHBE al. publication, upon exposure to el ect PORE§HENS32
radiation (e.g., W light), the 5 photoactive conponent acts to change the -
Theol ogi cal state, solubility, surface acteristics, refractive index,
color, electronmagnetic characteristics & her such physical or chem cal
characteristics @@OPOBEYMERSFOR RHOTORESISTS AND FROCESSESITHERERORO! et

l'i ght- of I ower wavel ength cog P ek g sRhet i on (| ower
resolution limt). Lit hograEk b%v.j“wa"lwl Ih,li ne) is a 10
currently esta s Ereneg de Relataa wppherapnéss for naki ng sem conduct or ’
about 0. 35.0. 30- 1 £ R e B e B T oy

ut 0.35-0. . . poOSI 11 I, y
using a 365 n%amaawneéb&ﬁﬁ&ﬁlﬁ‘ge’é % ,_MWEIE Igpopysdhessigby ~
di azonapht hoquicfioaes iAgs dhisgsl. ut i on i nhibitors. Lithography in the deep W

at 15- 248 nm has. found.to have a resolution [imt of approximtely
0.35-0.13 micr 'nﬁle?‘ﬁ%%ﬁwﬁn%%t oresist conpositions for ‘this. process are

made from p- hydr ox¥s¢ presamh exveuniiml pemiains to a-topolyographiaming o fies seratagiing
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formng very fine atures because the’ ower Wwave S Correspond
to higher 20 r&saiugtebmonemer cquipining agjaci STOHRWE R BFYjetied 20id erdvamisdo rim,

vacuum (wavel eqgbpolyl@ss vs8RDinDfhofdRsifcoR) %ﬁémf%a%iﬂgﬁq& i h less

than 30 nm ul ttragci).gl t. !ﬂ—iowever, at wavel engt hs of 19 urﬁ@%@ugﬁ%ter,

t he phot oresi s? SE%?)‘B@P‘F% %R nown for use at 365 urn and 248 mm have been
found to | ack uBédkramtl transparency. .2S A key. difficulty encountered

I n devel opjahg copol yner s; f i esj St - | £1.9 t hat. are

| maged at pﬁstr)lwer wavel en?}tnhtg',E pléb%gs“&fg%%&rﬁ%@ S%{Dﬁ(go%lqggéé %‘#ﬂ&g’a‘ﬁ%tg‘?’%ncy at

t hese | ow wavefcaiyggstise etthrd ente p Sukstrateciypicallius silinemwafer.f The fabresrazsi st

conposi tions afoﬁnu&uﬁkﬂemama@yae&lﬁfm@he@éﬂaeiéﬁwuﬁmmﬁ@ngéq, abOUE 4g;’§)-0f
esl| s ayer (0] .

produce. an | melGERGIH, A PaCISIP R FRASHET Bied Fatheglioon wafeh hiediraf

imrrpoL t ?nt_- i n thelphetorasiyt m:gjyosdtﬁﬁnb' hith are ﬁ%@emm%wcg@nd@eﬁ@&agaﬁmol yners
ich lacky tr GY.: i ght . and there r.oduce an _

unaccept ab Qe i %gg@&%ﬁ;%alﬁoa\?\ﬂog é?sgﬁrﬁg(r%\o 5051&1%{]18%;1 %%38%}? @%?ag'.beA thick film_

| ayer of the pprotsssekbintamimage ifer seinicopdunidrideiint fbgicativry P @&ivessmldingi on and

| ow def ects. &ist éoﬂig%giﬁf)&a 2 8&%9@:élﬁiﬁké(fﬁr§émﬁﬂc?&%vﬁg | ow

wavel engths. To determ né the rbance requirenents of a copolyneric
material that WAYREMEow about 20 to about 40% of incident light to

penetrate the resiBhe flokdPetistt@inpotifién typlally Is'appEed &sth@bilicdn wheFb@ thin
copol ymer 'S5 T essplilt? }:ogtiln!g.ml"hé &iEbn wafer may have various different material layers appﬁed
to it in other processing steps. In addition, in a particular photolithographic
processing step, the silicon wafer may have a hard mask layer, typically of silicon
dioxide or silicon nitride, applied below the photoresist composition layer. In
addition, an antireflective layer (ARC) may be applied below the photoresist-

30  composition layer, by a coating process (and is then typically referredfo as a
bottom anti-reflective (BARC)) or on top of the photoresist composition layer
(and typically called a top-anti reflective layer (TARC)). Typically the thickness
of the resist layer is sufficient to resist the dry chemical etch processes used in
transferring a pattern to the silicon wafer. _ o

35 Various copolymer products for photoresist cbmp’osiﬁons have been
described in Infroduction to Microlithography. Second Edition by L. F.
Thompson, C. G. Willson, and M. J. Bowden, American Chemical Society,
Washington, DC, 1994. '
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~optical interference in the film was calculated as a function of the film

t hi ckness 4 rons (t) and the optical absorbance per ' 9f film
t hi ckness)wgfo?}ggqiiil m | ayer containing the copolynmer. The r suﬁ!sgﬂlés shown

~fora copolyneric resist for use at 157 nmin Figure 1 and for a'5 :
copol yneric resi st i ' : i culation a
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Figure 1, that T - : to
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film 15 with an abﬁfﬁgﬁﬁé&%ﬁhﬁ%% Iknr?zligt | %Eﬁgg sg&a{{ﬁi@f{inm bel ow
| per micron Yeeuton {ayen reiﬁi&‘;l?l} limit).eL. gr%thmﬁh_etW&_ﬁé smdi-linelde 2
T o on (2 O Ly e A B e onl y
about 14% Acc@%feﬁﬁﬁitg’fnﬁegl%&'&%rpc%fsP?Yei#beé?lé‘{,}on ﬁﬂét%c?%@i‘t‘absorpt ion.it
nust have to. t 8.3hdA0mixrone dSmnabpeotpesicserinayesitohs fordithegraphy28inghor t

wavel enght lig ' kaht r a photoresi st
5'65111-553& vgiiﬁl |%i£€%§f€or qo‘ghia%icpﬁé@%?%%nﬁ properti es may be

conposi tion which i - ﬁg_ i ] C ,
detrinental todiezgahthpanegreseas disselution ahibiigrs d.ithpgapky in hsideop ¥Naaks t he

known absoript.i 948 s hhéBechTburfd B0 a RAnRRA RN o fprbiftkend. f | Uor ocar bon
F(CF2) nF chain i.ns 25 _becone | on i.r. dbsorption_ noves

t hese a er., their
to |onger vvave‘ﬁ'éﬁ' STUCEGY g&esl‘fné’mfﬁ’é’t%ﬁ‘%tcom? SIRDS g&mﬁQWé%?@? when n
i s greater thafroin minirbxgstykinecropobmizes SLidlvgraphid procgeeadsig t han about 10.
This inplies th : | | ment.S, Wt great er
‘than | and (@%%ﬁiﬁﬁi%d%ﬁi‘i e e el B AR OB oo s B T e
hi ghl'y absor bi YRy fine igmuembecanse thé ustef lpwotiwerenzthsadrelmmdftohighly one 30
wanting t rekessiagbs it N, el (AVSIBANE Mss Hin 156 nﬁpnveiduaﬁit%?egigr?%ht 0

achi eve pqi ynfar It,%i n% ecul ar V\/vei ht s, especi al g!,rtﬁ mol’ecul ar ]
suf fi ci ent - f or 155 1A% 20Qnm) erevenshaetreme (wWamrleasthess dhangQ mpyulirayipleh and
(CF2) n chai ns MbiweterhatRa@elengtha 68 PSY £AGY shokter thd phietsase oBiftions -
known for use at 365 nm and 248 nm have been found to lack sufficient
transparency. , .
25 A key difficulty encountered in developing copolymers for use in -
photoresist conipdsitions that are imaged at lower wavelengths, e.g., 157 nm, is
the lack of transparency at these low wavelengths. The transparency requirements
for photoresist compositions are usually on the order of allowing about 20 to '
A about 40% of incident light to penetrate the full thickness of the resist layer to
30  produce an image with well-defined, vertical side walls, which are important in
- achieving high resolution and'minimizing defects. Copolymers which lack
transparency absorb too much light and thereby produce an unaccgptable image
with low resolution and too many defects. _ S
| A thick film layer of the _phofor_esist material is beneficial for high
35 resolution and low defects. However, thick films tend to lack transparency at low
- wavelengths. To determine the absorbance requirements of a copolymeric
material that will allow about 20 to about 40% of incident light to penetrate the

resist film layer, the light transmission (T) for a thin copolymeric resist film layer,
?
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157 mu. | ndeedboRgHlEo smtea@re@mméymr ﬁnab@pbﬂnymwmne(nﬁﬁimund by
Bl oonst ei n ha\tmcméssmqs? nﬁﬂfé@cﬁﬁsfpéfﬁcr&@('&’?%?‘)) 'F@ﬁ'ﬁseua{tqg

sufti ci ent 1y oF EHERaPcie POLDN Atephor PR B 03 mEigas e sg,tto %&aév%{“;’ &
clag ; e;; :j vcza at nbaiammmlgmmmmy mr% @h ﬁfmasmgﬂag%mop&l?ﬂier %ilﬁg”\pl\l) 5|, 4
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resol ution I i rdess den 1 b sibita fer a/fil Eéclaessoi4060 @ngs&bm&%copmiymer film
appr oxi mat el y v HAiebsaait phiichh 6 BHGhRET S tPARYAYE b RASAREE Vi !
e sufficiently tlansha Qteﬂ;s 122 of oty about 14%. Accordingly, the thicker a film gets,
> ge
the lower absorption it must have to fransmit a reasonable percentage of incident
. 20 - short wavelenght light. ‘
The molecular weight of a polymer for a photoresist composition which is
-sufficient for high ﬁ]m—forrhing properties may be detrimental to transparency at
low wavelengths. Table 1 below shows the known absorption maxima for simple
hydrocarbon H(CH;),H and fluorocarbon F(CF,),F chains. As these chains
25"  become longer, their absorpuon moves to longer wavelengths, first startmg uP at
157 nm for hydrocarbons when n is greater than 1 and for fluorocarbons when n is
greater than about 10. This implies that polymers having (CH,),, chain segments
with n greater than 1 and (C'Fz)n segments with n greater than about 10 are likely
~ 10 be highly absorbing at 157 nm. One of the problems faced therefore by one
30  wanting to make resists highly traﬁsparent to 157 nm light is hiow to achieve
polymeric molecular weights, especially molecular weights sufficient for film-
forming capability, while avmdmg long (CH?_)R and (Cl@n chains which hinder
. tranparency.
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wavel enths are needed. There is a need for suitable photangsjesiber 2004
corrpositions for use at 193 nmand |ower, particularly at 157 nm that
have not h transparency at these short 4 1 Noverrb 0118
811 PCT/ USO1 {&%%2 wavel engt hs but al so other key pr opertles%gg'ﬁg\l!‘%g&l ng
good plasma etch resistance, devel opnent characteristics, and adhesive
properties. BRI EFTalSCROSHpaNsd of THE AVsaitivadaktige fer Hydx@cﬂb@isclindof ihe %
transm ssion (|IT) at 157 nm of reS| stFiuokmﬂyuﬂgh 5 optlcal absor banc¢ per
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filmso as to[negl IEE:L 5t nehu uerg)égﬂgl%agglﬁnuu?: 8[ n:\m nllgw e—3 \s a
pl ot of the OFleal aRsoerpance 1 Ry HHH ‘“3 '3 15-m-€rons
for P(HFI B/ VF/lt-BA) 1}mnnl yner mtI ?fx, a 2 P ver dus wavell‘gé%ﬁ% lanbdaf.) in

uni ts of nanof ter 4= |c1ure 4 | 4630m &t143mM he dptical absorbance pef
mi.cron in units of Brderse | m cA6hsnf&ri4Rom FI BVF/ t BA) (copol ymer o '
Exanpl e 2) versus Meaddength | anbda (1) in uni tjs of nam@pﬁmers 20 Fi gure

5 is a plot off, TREAODhE, Pabah End BT SAHABFRT héan K196
m crons for POHR Bf \$el, @ﬁ%ﬁ&g}@gﬁ%&ev RBl g}’m ‘% d,%,'éf‘gﬁgth
I 1 es e

| anbda (?) in u {nﬁaﬂf)n HB‘E’({J S i cal
absor bance per nmYcr on t|0nﬂtr] sagTPh X §é r P(HFI B/ VF2/ t BA)

(copol yner of Exanple 4) versus wavel ength 25"' Ianbda (A) in units of

~nanoneterss Fi gureE?;eﬂﬁvhénalc@ﬁo et 78 f &%&ﬁ?ﬁnaggﬁ%f tiﬁ‘?ﬁﬁni?%g’l‘ﬁpg@;) n

units of invers ns far FTB/ YAcl t BA) . (

versus wavel emjeiﬁ a’{?ﬁ'dgg@{‘/‘c?ﬁ?llﬂﬂ‘?‘? s beeg ot Oﬂ@lﬂ“é @W@O&t pl ot of
t?e op} i ca} ad8%r dfdisd emphightito pemraternrmhaﬁs Okt lnaweﬁﬁépucag a%(?ib@i&é Ef&)r/()

.P(HFI B/ VF2/t B S en a % in
units of nano%‘f&ﬁgmb}%ﬁr%@bp R I8P8fh8?%?‘ﬁ§138%\6 giﬁss gﬁgér'ﬂﬁgggober
“micron in uni exangplej gf\ldrogandidate copolymer systems tested, Bloomstein et. al. (/. Vacuum

10 Sei. Technol., B16, 3154 (1998)) report only three copolymers having an

absorbance per micron less than 3 pm-1. These three copolymers are Teflon™ AF

having an absorbance per micron of about 0.5 ] p'on(mathysiloxane) having
an absorbance per micron of about 1.5 pm-1, and poly(phenylsiloxane) having an
-absorbance per micron of about 2.5 pm“l. Attempts to convert these pure
15~ copolymers into thin films both sensitive to light and capable of aqueous base
.development have tended to increase absorption at 157 nm. Indeed, none of the
- three transparent copolymer systems found by Bloomstein have yet been ,
successfully convert_éd into practical resists. There is a need for-photosensitiﬁre,'
aqueous base developable copolymers sufficiently transparent to UV light to make
20  agood resist. Resists effective at 157 nm should also work at longer wavelengths
* (for example, 193 and 248 nm).
 Because photolithography at the shorter wavelengths would provuie the
* very fine features having lower resolution lirnits; that is, a resolution limit of
‘approximately 0.18-0.12 micron at 193 nm, approximately 0.07 micron at 157 nm
25  photoresist compositions that will be sufficiently transparent at these short
wavelenths are needed.
There is a need for suitable photoresist compositions for use at 193 nm and

lower, particularly at 157 nm, that have not only high transparency at these short
4 _
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m cron in ‘uni tdsvelbpmmtehaactamﬁro@,rmdaﬂhesnE(ﬂrF;baBﬁésBA) (copol yner of Exanpl-e
10) and a fornul ated phot gr.es $ = : pf P( HFI B/ t BVR)
versus wavel ength | anbda ] M0 ers—sSUMVARY OF THE

I NVENTION In a fi rﬁlglasl)emplotoﬂhe‘yptrmssmuﬂ&ntliimmnﬁmsstﬁknmm ded a

copol yner onphigdINGsorbdude pér rllicrr&{ atrlgl? Q@ inliieh ?%?éféﬁguérﬁﬁé%t/ ;.u!nﬁ@s t one

fluorool efin structuyr R2 are
i ndependent | ylggé‘l"é%fs%tbﬁ?ﬁﬁ %11'@‘ fﬁ’fﬁ E&)H’sar"g tF‘H&'S ofrapsmission Was f | uor oal kyl ,
or taken togewlemaaerde'ofﬁfar)dermtﬁe fesizt filin & %o MegRfidhd Bdalygcond repeat
unit derived fr uct rswzget hyl enical | y unsaturated 15 conononer

conpri si ng an® a protected acid group. A second aspect of the
present invention |F3glmEm:aplotoﬁha‘yptransmwrs(ﬂ")ablﬁi!rnmoﬁgpsishﬁlmmhbl ynmer as

def { ned 2B Ve opflodbkdlbdit0 6! mbor HA9BLERE Hhid BEORLONARAl BGLSY 10 2

process for preparing a otores| st |image on a su i st ng,
order: 20 (A) 24HBI%TsHyths %%WQCS%GWWW oFragsmeigtien Was e to form a

photoresi st LalgglatedbediLtmbet iy helthotaisein bo &0t RO usRIRideses (a) t he
copol yner as deflneg Sg%r?gé and = (b) at |east one photoactive conponent;
Tt

(B) imagew se "nhot oresi st layer to formimged and non- I maged
25 areas; and (C) déget B aplot bitthe wpiimb dbsortanher @ insitroh ay anithéfihngsd maged
and non-i gage I{(QFW,@H ol the substrate. In a
fourth asggct Sa:lll:lf?)?lﬁgoctpresent (nv?r‘?éb%?ﬁﬁ%%g?gm{ngﬁqﬁ B?B’@Y%%’@ﬁ}l use of a
conpound havi fnkda@) wemits ef mnmermHzmszchzH as a spin-coating

tsﬁlavggtpol 'y?r;gr o (;’H%gﬁﬂ@@ls ifl o?@fﬁg:% e%sgﬂﬁﬁ%p%ler | veg u?r om a lﬁ)&%r (r)glslafslt rsl
and a second Fgﬁégf‘ %ﬁ@%@dﬁ WR?EM“%%E@)‘@EP@I%F@S‘&WQYd%ﬁl ai ni ng
copol ymer whi tdinivda(Abin mﬁtﬁ%ﬁﬂﬁ;ﬁﬂn@&s a conponent in a photoresi-st
vl engt R0of 157 At § s ARPOE e BEF P Botar oty ol as copobRET ey
conpri se a fi my¢rons for P(HFIB/VF2/ABA) (copolymer of Example 3) versus Wavelength :
lambda (R.) In units of nanometers. . :
| " Figure 6 describes the optical absorbance per micron in units of inverse
microns for PHFIB/VE2/4BA) (copolyiner of Example 4) versus wavelength
25"  lambda () in units of nanometers. | _
Figure 7 is a plot of the optical absorbance per micron in ynits of inverse
microns for P(HFIB/V. Ac/tBA) (copolymer of Example 5) versus wavelength
lambda () in units of nanometers. | ,
- Figure 8 is a plot of the optical absorbance per micron in units of inverse
30  microns for P(HFIB/V F2/tBA) (copolymer of Example 7) versus wavelength
lambda (A) in units of nanometers. o
Figure 9 is a plot of the optical absorbance per micron in units of inverse
microns for P(HFIB/VF 2/tBMA) (copolymer of Bxample 8) and a formulated |
photoresist (8B of Example 8) of P(HF]B :VF2:tBMA) versus wavelength lambda
35  (A) in units of nanometers.
Figure 10 is a plot of the Optical absorbance per micron in units of inverse
microns for P(HFIB/VE 2HBMA) (eopolymel of Example 9) and two formulated



35 repeat unit derived froma fluoroolefin and a second repeat unit derived
from(nmeth)acrylate ester-containing copolyner which camchenberdgmar
conprised of an aliphatic polycyclic 6 1 Novenber 2004 functionality. In
sonme enbodi ment (s), the photoactive conponent can be a photoacid

generator. In still other enbodinment(s), the photoresists can be further
conprised of a plo®aeikd(90Mhd IBbHEhGHle 9Per PLIHNGBYErhSM 20RAuYEhRlhEh811

PCT/ US01/ 14532 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A key

char act er i d¢pdagd) WH@“%EE‘I‘W% (and photoresists conprised of the

copol yners) of tekge i P¥@RBIck @f‘thé SpticRIBLERORES R hn¥Portif TRt A iveRe fnfbrédde
copolynmer of _the first repeat_unit with the second repeat unit. Another

char act er i §p5 {HEB/{R{e (CQPBW‘*S/‘P@X&W@%I Aandjadormglated hetorgaist (| PRepftfapmpleabs or b
in the vacugmenAriEBWX) vERSs wileiin gahaﬁﬁudm)qﬁ uhildRehdnBR@elst Y, such as

aromatic. groups, which absorb in ultraviolet 1n the repeat units of
t he copol yner is desirabl e |3 MMARY OF THRI) ] yrrer to possess sui tabl e,
preferably hi gh,i; Qd Gkctlof ARPRAEL RS ¥ntiod, eyl g&%ﬂﬁ isig! | ved
froma fluoroolefin having the structure: erern R and
R2 are independd® |y #Bﬁtémeé@mtrd@medrﬁr@n@t&aﬁo ﬁrligla‘dflg LU

perfl uoroal kyl, or taken together are (CF2)n wherein nis 3 to 5. Suitable
15 exanpl es of specific cononomers include, but are not limted to,

hexaf | udr oi sobutyl ene and decaf | uﬁi)ﬁﬂ%ﬁf&nﬁz&ne The second repeat unit is
derived froma first ethylenically unsaturated conononmer conprising an
acid group or a protected acid group. Suitable, but non-limting exanples
of an acid group'hsreiRpngiRe exed eﬁ@idﬁmb’rséle‘?ie(f foom theigepup gorsistieafiGrar e '
described bel ow;;emuubmﬁ&tta@at@%me;ar@et ERWaLERL VS 3 apps for  Removal by
PAC Cat al ysis". There can t t1"onal repeat unit derived froma
second et hyl eniehl | yﬁSa?fsldﬁne%ttué’ddW%ﬁBW@rfﬂstleWY’GWéalbnﬂBWW%t t he second
et hyl enjscal | y unsatur&&%&&%&ﬂﬁ@{gahaadtgtb%p&tms&&&ﬁac aip/Z where X and
25 Y and Wcan be a fluorine atom or a _hydrogen atom and Z can be a
fluorine atom ‘aseegrftrasprehofdbapresent intantier ip dirested e ¥ plivigies)st comprisae Wear e
fluorine), c%b{r%é]%@déﬂneﬁbd#} or -(C=OR where R = CpA2p +1 in which Ais
any conbi natl on hydrogen and fluorine atoms +- which the nunber of
fluorine atons e‘3<g’éfé(&@eﬁtr?étheméanéiﬂtloﬁyﬂ?@@‘é%toait%@ﬁﬁsséﬁ@fﬁmpsg an integer
rangi ng fr qibloresit 1§mg§@1§ﬁb§tﬁ|§é‘c%mpﬂ§iﬁg id &Fudsi ng exanpl es of second

et hyl eni cal'l y unsat ur at ed
20 (A) applying a photoresist composition on a substrate to form a photoresist

NIl

layer, wherein the photoresist composition comprises
(a) the copolymer as defined above; and
(b) at least one photoactive component;
(B) imagewise exposing the photoresist layer to form imaged and non-imaged
25  areas; and
© developing the exposed photoresist layer having imaged and non-imaged
arcas to form the photoresist image on the substrate.
In a fourth aspect of the present invention, there is also provided a use of a
compound having a structure of HCF,CF,0CH,CH,OCF,CF,H as a spin-coating solvent.
30 With respect to some specific embodiments of the photoresists, the copolymer may
comprise a first repeat unit derived from a fluoroolefin and a second repeat unit derived
from (meth)acrylate ester-containing copolymer which may be presented as a component in
a photoresist preferably with an optical absorbance per micron of less than 5.0 um™” ata
wavelength of 157 nm. In other certain embodiments, the copolymer may comprise a first
35  repeat unit derived from a fluoroolefin and a second repeat unit derived from (meth)acrylate

ester-containing copolymer which can be further comprised of an aliphatic polycyclic

6



conononers are vinyl fluoride, vinylidene fluoride, vinyl acetate,
trifluoroethylene, chlorotrifluoroethylene, tetrafl uoroetNuwbsBes 2004
4,5-difluoro-2,2:. bis(trifluoronmethyl)-1,3 -dioxole

(perfl uorodi nmet hyl di oxole), 2,2- bis(trifluoromethyl)-1, 3-di oxole

(di hydkoperfl uoronet hyl di oxol e), vinyl alcohol 35 (i.e., a vinyl acetate

uni t hydr ol fgstidnady. ah s6RPEhHHAREINEH! 1he Photodctivg @hP¥@necad bO A Bhotéaéidny | ene
carbonate), and I C angﬁgglde. The copol yners of this invention

ef
pref er abl y #PEaigh S @bt Ten(s)-dprarbetoreytiis can e ke coPRSiTFAet 4 east one
first ethyldaibigadd vhibigat urated conononmer 7 1 Novenber 2004 WD 01/ 85811
PCT/ US01/ 14532 containing an acid group or a protected acid group (e.g., a
t-al kyl ester group) that is present in these copolyners fromabout 25 to
about 60 nol e percent and a repeat unit derived fromat |east one or nore
fluoroolefin(s) that are present in the copolynmer from about 40 to about
65 nol e percent. The fluorool efin/t-al kyl ester 5 copolynmers nore
preferably with respect to achieving | ow optical absorbance per mcron are
characterized by a repeat unit derived fromat |east one first
et hyl enical ly unsaturated conononer containing protected t-al kyl ester
group that 1is present in the copolyners at |ess than or equal to 60 nole
percent, and, still nore preferably, at |less than or equal to 50 nole
percent. 10 As previously noted, it is believed that |ong hydrocarbon and
fluorocarbon chains in a polymer will be likely to absorb light at 157 nm
making it difficult to achieve transparent materials with polyneric
nol ecul ar weights. Thus, it is believed that alternating short (CH2) n and
(CF.) n, segnents in the polyner will be likely to provide a relatively
transparent polymer. For exanple, it has been 15 found that nononers such
as vinylidene fluoride'in which CF2 alternates with CH2 and
hexaf | uor oi sobutylene in which C(CF3)2 alternates with CH2 favor
transparency at 157 nm Although the value of n and m and the ratio of
hydr ocarbon to fluorocarbon in the polymer chain can be varied dependi ng
upon the other conponents of the photoresist and the other repeat units of
the polyner, 20 as one skilled in the art would be able to determne, in
general nore than two imediately adjacent CH 2 groups (i.e. (CH2), where
nis greater than about 2) and nore than about 7 to 10 inmediately
adj acent CF2 groups (i.e. (CF2) mwhere mis greater than about 7, nore
typically greater than about 10) will be likely to absorb light at 157 nm
The appropriate alternating sequence can be in the 25 nononer from which
the polyner is derived. Alternatively, the alternating sequence can be
achi eved during the polynerization process by techniques known in the art.
It is recognized though that there usually will be a mniml |evel of

6a



protected acid and/or free acid groups present for the caplérBer bgpde
sol ubl e 30 and/or dispersible in aqueous basic solutions (e.g., standard
0.262 N TMAH sol ut ion) for developability. This mniml |evel can vary w th
the strucPBt®%# i he noiety bearing the protected acid gPSEHISBH¥SR th t he
sel ection of conononer(s) and their levels in the copolymers as well as
with other paraneters o , per such _as nol ecul ar wei ght. One
skilled in the art can SRILEDDESCRIFTIONOFIHE INVENTION, copol ymer is
sol ubl e/ di sper si bl ab&ydhafacteﬁsmoBﬂwSoﬂwy‘m&s (aﬁlpHot&Béists dbapride8 @@ teeneNt

for a suitabl ect ed d/or free acid
groups in the%g% Q‘Pg‘%\if*‘%ﬁ? t&%&“@&ﬁ%@ﬁ@% g’ﬂ)g’r@‘FBPﬁ’q YPRYG  the
copol yner - xypmmmfe’dl the sicnsd rdpeaipinitg Arothelr elarhctedistcfitias f easi bl e

in 81 Novgrrb%?pcﬁﬁﬂ kM dobild: lchncii 4o Bl ABHMY P The

or vacuum ran

transparency o e copQ )

el ect romagnet ﬂ%}méfﬁéﬂqﬂtﬂ%f'{“ﬁ‘?@ @W‘lsrhr@z‘?r%ro@ﬁﬁ@ Biogps, rwhdeh ahsnrhﬁptth&)nal 1y may
be flurtﬂe{ corimfavﬁc@@tlxﬁfmea:e pdaC et of4hd Eopd Wﬂéf@fdésﬁ@?l‘c%%ﬂ%?%% CO”P“ sing
an aliphatic po clic grou o I C groups are o

i nt er est becaﬁg@ﬁﬁvo@ggseﬁsf{)“étﬁaﬁe?@%%ﬁ% 5’ gtﬁé"é%%“ﬁ?"ﬁsrm etch

resi stance or rai s@hdurdiyereti drfieinidegveal fooh ¥ iflRiorovheficthavidpete se@sturee

i ncorporat@d in the polynmer as part of the chain (as in the case of

nor bornene copol yners) or as pendgmEc-e®|)P (as in the case. of
adamantyl acrylate copolymers). A suitable aliphatic pol ycyclic group.can
contain from 10 about seven to about ei ghteen carbon atons, can contain
ol ef i ni ¢ unsatberin BpandiRg aredndependently eeledted fromy the grauprdposistinganf (heCs epl aced

by het eratorrs &‘ﬂ%ﬁr W%&nmg&ﬁef%?@}? )a%e%#bﬁqis JyPkaaldy, the

al i phati c clic oulﬁ Is a fused cyc rocar on cont ai ni ng
from abou \? I{BS%%QE? P\‘R%‘PV’%OEE%{FHGHJ ﬁﬁewttmfeﬂdom four rings. The
aliphatic poI h&;&ﬂ]ubfm@bﬁtyﬂbn@&ﬂdﬂ&:aﬂu&ﬁ)ﬁdoh@tﬁﬂmor 15 unsubst ituted. If the
al i phatic polycycl u subst i,t ut t uﬁ)ﬁy roup can
contain from one tgﬁ% %CE)FEFe@u?t h ALY ﬁ%‘:ﬁ?‘ ﬁﬁssf ﬁ pquysa Afer oat ons
such as oxygenommquvg?empnsmgfau lapldcgroujedrcagnntesiﬂd cidsgrauy. ditablepbut f | Uor i ne.
Particul arly desiikaih i or -

C( CF3) 20CH2OCH3 whi ch ge % i O\%elaiathflg A, g‘%ﬁ%‘uﬁ@‘?‘;}’aﬁ’a#

phot odevet®pniyentign 37 dassgiped belew in fhgep qmqnpﬂedi&otchm Ga@mafqn | on When
the polyners Resipralty PAE Catalysye al i phat ic polycyclic groups, the

ol yoychie “oroup. Thirgaes pr aﬁwﬂ GBS s o pieemht | and

pol ycyclic group an
preferably fr etykbisally ﬂlﬁbatttrﬂiedibmmncﬁﬁbrnﬁi mqlaﬁbr&ﬁlﬁmn\?ﬂle seddid fl uoroolefin
copol ymer s of elbiefichfty & \dhgﬁe(?%gﬁéﬁ%&lhgs Al Xg" LUR0Y WHaR X dhgUPS

beyond those %p I'oned herein
and W can beaﬂuorme atom orahydrogen atom andZ can be a fluorine atom,

a hyd:ogen atom, 2 chlorine atom (when X, Y and W are fluorine), -OH (when W
is H), or -O(C=O)R where R = CpAz, 4 in which A is any combination of
hydrogen and fluorine atoms +- which the number of fluorine atoms exceeds the
number of hydrogen atoms and p is an integer ranging from 1 to 3.

30 Suitable, non-limiting examples of second ethylenically unsaturated
comonomers are vinyl fluoride, vin}r]jdeile fluoride, vinyl acetate,
trifluoroethylene, chlorotnﬂuoroethylene tetraﬂuoroethylene 4.5- d1ﬂuoro-2 2~
bls(tnﬂuoromethyl) 1,3-dioxole (perfluorodimethyldioxole), 2,2-
bis(triflucromethyl)-1 3—d10xole (thydrc)perﬂuoromethyldJoxole) vinyl alcohol

35 (ie., a vinyl acetate unit hydrolyzed after copolymenzanon) 1,3-dioxole-2-one
(vinylene carbonate), and maleic anhydride.
The copolymers of thxs invention preferably are characterized by a repeat
umt derived from at least one first cthylemcally unsaturated comonomer

7



that, preferably, the copolyner is substantially free of {3N®BRbbE2@IAOUPS
and still nore preferably aromatic groups are absent in these copol yrrers.

‘The preseRggoféss;Ar omatic groups in these copolyners has bgen found t
detract fromtheir 30 transparency and result in their being too"s rongly

absorbing in the near, deep and vacuum LTV regions of the el ectromagnetic

‘spectrumto b §H1ﬁj€§ t

~wavel engt hs i ?]:Ot he ln?adcl@?r&h;)%ra é%tggtﬁ&&flﬁg%ng%g %tdﬁﬁg Wgﬁﬁ?ﬁ‘m

i nvent i on, t hdS BispattyRihess comolyraers fromy aheet 3 Ttogbawna0 mple pessspt endndi nent s
accordi ng to tréjeat iy @eYivedTromh Eﬂeﬁﬂl@,ﬁé Mf@brefﬁﬁ)r@dle ) @i dr€ plesaRgpiRANCe

Pessthan a2 o ABamer ARpRabogt . fnbonfes BefEwear. fla%ﬁepm&eﬁef ellefess
“at this walel enptlfimessmiprermefergbletvith adspyct id addeviimlovdogiicat dbsaibahds ser

navel ength. 9 i NNERDRIANRAI BLLESCHLERTRA bl 1232,00pg! yrer 1 2at  on

Met hods Copol yneri zati on can he™ Cotmon net hods
known to t hoséthyilgni %anﬁaﬁwvéedemmqmmeumrﬁgnmmts@tnd t-dikypesterigoonp that

enul si on COp%%@é ;@tﬂete;aﬁo@m&soaﬂl&gﬂﬁahto%guﬁ% 60\ nfdfie g&s@ﬂg%auﬁlupf ocesses

with either an ngl e charge, intermttant, or a continuous feed
of reactants. n@fﬁ?F#@?‘% lﬁgﬁ Tsakigg0male BfEseRk ¢ he copol yneri zations
exenpl : fiad herei nﬁﬁs px’eﬂoﬁslp(nbteﬂ}ait 7t tﬂﬁﬂ@nﬁ@ﬁdm@@ﬂ&ﬁﬁﬂcﬁﬂﬁdr&caﬂﬂ?l usi ng
a single initi ¢ e or to an
aut ocl ave. The%%%?@ Pﬁ@%ﬁ?@ﬁ%@@%@tﬁﬁﬁf %&Pgﬁtdéﬁiﬁﬁ%d under
pressure 10 achisve frazspaugnt meten@lsa’laﬂupolﬁﬁ&qamle(mﬂanweigﬁts?mme, ialgout 35. 15
kg/ cn®), ~typi Otk mg & 1 t 7.03
kgl cne) for a%’ga‘%‘*%ﬂﬁ% Hermatind i ety e £Co it e iy

hours. at abo®¢ likelyitg Pﬁ%@ﬁa&@@aelﬁtwswwt;polmux?omwlmﬁdm b#BC, the
tenperat ulg amchrdenet meRbrhdrEBudhisREnyiileseMudrRie R Wiich eﬁfaﬁaﬁéxeémft@ of the

tiat d t i ted 15 th
copol yrer . CoffBHEaAE 591P{§§Fufﬂ?9¥am@§§?5ﬁ3ﬁ§@e OB G SIEE d acyl
_8erOX| des sugMWMcy@FBﬁﬂﬁFm&gE&h(vaa@Waﬁé%ﬁa%ﬁaﬁzCFZCFS HFPO
i mer per oxi QX :
but yl C§C| ohex;f/'%'g%)gr OS&E&@Q@%%%@!?{@M%E@’ f; be %%bagg E%%ﬁﬂ%/‘fﬁ?ﬁ trile).
For 20 exanpl & GihefroppopREpol erpélﬁtop@ﬂséﬁmﬂélﬁ OﬂErtrmatmtsmﬁtthﬁpcﬁyrdelt but yl
acrylate pg fay@nesgan@@m%e &&%&M@&atﬁ&to%%&wm 9% h %@t@ns wer e

abou

Lo about 16 nomredisidy adrat EH aem(ae. (Bhnorh %pw BicaieR {hep AR or o wi th
radi cal ¢ opol yndamozathan absutchtod®) ifrinudiadpadiesst OFR @6@is!(Ler(Csay bVhsse
: m is greater than about 7, more typically greater than about 10) will be likely to
absorb light at 157 nm. The appropriate alternating sequence can be in the

25 monomer from which the polymer is derived. Alternatively, the altemaﬁng
sequence can be achieved during the ponmenzaﬁon process by techniques known
in the art.
It is recognized though that there usually will be a mlmma.l level of
protected acid and/or free acid groups present for the copolymer to be soluble -

30  and/or dispersible in aqueous basic solutions (e.g., standard 0.262 N TMAH
solut10n) for developablhty This minimal level can vary with the structure of the
moxety bearmg the protected acid group and w1th the selection 6f comonomer(s)
and their levels in the copolymers as well as with other parameters of the
copolymer such as molecular weight. One skilled in the art can determine readily

35  whether a given copolymier is soluble/dispersible or not in aqueous basic
solutions. This requirement for a suitable minimal level of protected acid groups
and/or free acid groups in the copolymer to impart base solubility/dispersibility to

the copolymer is usually balanced against keeping the level as low as feasible in
8




25 chlorof | uorohydrocarbons, and hydrofl uorocarbons are4gsihiRl 8oP! vents
for the copolynerization. By interfere with copol ynerizati on we nean

sol vents that change nol ecul ar wei ght by chain transfer or that term nate
copol yrer iW@018¥1by reaction with the growi ng radi cal endBCT/PpMfdsized
solvents include Vertrel (TM XF (CF3CFHCFHCF2CF3) and Freon(TM 113

(CF2CI CClI 2F) . 38. . Photoresi sts The photoresists_of this invention are
conpri sed of LHEFFOINARERIZE Kanspaeency b Hhg copplymer e far or yaeuumpHY 18ng8 oact i ve
conponent ( PAGTihé eletts@Bsbrietit ketrumI he phot oresi sts can either be :
posi tive-working ornnegative working. Positives working photoresists are
preferred. These p hﬁ%‘%@g 1y§|ile§s ggtﬁ“sd‘ﬁﬁn&ﬂ% PPionallyshass o @E&”ﬁ?‘f%‘?\a

i nhi bi tors ancepeat ohit derivatdirem arvainpoonpamegnising dxaighatspafcyatidigtdupnal
conponent s i : N : | LM .[esol ution
enhancers, 5\21,8 hfg S %ﬁe Srg g/ﬁggigcf%oh]gbgégg gﬁléltér%e% B%ﬁg@&tgg é’%%%?"’é@mgjj"f

pl asticizers, &HgasEQlegraaieh reskstanre poaise dgpestiffonisg apsbimdrehain. They 1
Novenber 2004 aa&w&&%%aeﬁgm&%yﬁ&fﬁﬁmm@cﬁ% @9RlRE b formul ation

conprises the co s described erein, conprising the first repeat

ol yner,
Uni . and the SEEBSTRCTCSRAITIRIOT 2 BrAflERt SR EOUPS (36 o8 B CAIERS BRFHent whi ch
are usual ly combjlaedopoisimeisyed suitghlt biphatit pplycptlic/grouptaridthitifrom
Lomer at gy byl oo QBLIIE b A5 B AR pheaed, 2ok ! v
( HCF2CF20 CH2 Clmeror 26w P thegingrriasons ean bt replacedoby hetewatants sblead oregnj ng
sol vents. A cqgRby@NindRlilfR. THpichily MLtiphfiR rfdlwcii@;gmuﬁgsﬁﬁ&@@i lities of a
phot or esi st f%ﬁrml tilo‘?[ contal ning the cqpol yimér of this invention can be
used. I1lustrd® YF@F@? yrgeatRoneRAtERBE diomerioubSeven de Abat Bielveeasbemd, 1, 2
bis(1,1,2,2 teitsmns xithraets Righlallgs allphwtidigolydelist i '
L o SR b sl b IS i
(PAC) The corrp05|1?| ons ‘olf%ﬂilﬁ]?'ﬁia CRIVPGHC BEmP AP fubgit teéﬁgqes ﬁgl%g%gt oacti ve
15 conponent (§2A@) cantrantairs frat gneite abouw dopearbdntaluns afd optitmallyt her acid or .
base upon eXRQaRHRok® it dstixveb2iRlzbo itk oPRaifELildof PEAGHREG. UPON

exposure to-actinic _radiatio I's terne phot oaci d gener at or

(PAG). If a bd&wrps. Padigniaey desipbie npiional gropps aethose sushasi-OH o, the PAC
L st eLmad a pftc(cmigpzmlgguel n HgE@ﬁch di®BQvetting dgethisaBhudi ,%afla{gi d gener ?t ors
or this ijqaventi on | 1cl ude, t are not i.mted to,. 1) sulfoniumsalts
(structuré’) P fo%]egfggwpﬁrﬁ]vglgretaéﬁtngtr%ﬁw E{Reﬁﬂlg&hébso ®Hydr oxani ¢ aci d
esters, such as strWbenthe poljmers comprise one or more aliphatic polycyclic groups, the
percentage of repeat units of the copolymer containing the aliphatic polycyclic
group ranges from about 5 to about 60 mole percent; and preferably from about 10

, to about 50 mole percent, _ .
25 The fluoroolefin copolymers of this invention can contain additional
-functional groups beyond those specifically mentioned herein with the provi_éo
. that, preferably, the copolymer is substantially free of aromatic groups and still
more preferably aromatic groups are absent in these copolymers. The presence of
_ aromatic groups in these copolymers has been found to detract from their
" 30 transparency and result in their being too strongly absorbing in the near, deep and
| vacuum UV regions of the electromagnetic spectrum to be suitable for use in
. photoresists that are imaged at wavelengths in the UV For this Teason, in one
embodiment of the invention, the copolymer is free of aromatic groups.
In many embodiments according to this invention, the copolymer has an
35  optical absorbance per micron of less than 5.0 pm-! at a wavelength of 157 nm, -
preferably less than 4.0 pm-1 at this wavelength, more preferably, less than
3.5 pum-1 at this wavelength, and, most preferably, less than 3.0 pm-! at this
wavelength.
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R5--- S+ X', R4-1-R5 i R6 25 X Il In structures i-I1, R4NRRember 2004

I ndependently substituted or unsubstituted aryl or substituted or

unsubsti t e e/48:1LC20 al kyl aryl (arallcyl). Representative g(g

i nclude, but are not limted to, phenyl and naphthyl. Suitable su stltuents
i nclude, but are not limted to, hydroxyl (-OH) and Cl-C20 al kyl oxy (e.g.,

30 C10H210). mom&&aﬁonmﬂgdguctures |-11 can be, but is not limted to,
SbF6 (hexaf | uoroa fb'l)é__CF3S - (trifl uoromattﬂyl sul fonate =
triflate), and C4 6 Geiried oPt B awedf the qommep methods 2004 WO

01/ 85811 PCT/ mﬁwmemueemhumwmmg ﬁcﬂﬁu&gmyjalsmhyoﬁﬁ{ajgaﬁal ysis A
copol yner of nt ain t second re eat and,
optionally, tc%(ﬁ cn/d’]nﬂq% é’ﬁngreéﬁlgﬁt’qffh ' 101t Ssr?ﬁ?‘@trﬂféﬁhﬁr@r oups or
pr ot ect ed ém @Dlgakﬂmﬁecbargﬂ,,m’prmmntt evla cantinoxyd feedaf:ncalctgrtsxups or protected
5 fluoroal cohol grqups) ted
phot ol'yti cal | % fraom pﬁg%’%%&eﬁ@éeke%to%%}us#g% ?&%@bﬁhﬁl‘%gﬂ (Hlsg?%rﬂglﬁ gr oups
whi ch enabl e DeiEyb it sRAMYBsTIZatianssvere srast eapyenientl Bpmﬂt@mgédsﬂwiﬁ?ml tigloup is an
acid group thaharks ofﬁfdﬁbﬁ@fs?drg%ib@oﬁeﬂtﬁ &i@ﬁiﬁd@&t@%ﬁ‘dﬂoﬁa@e gi ven protect ed

acid group is one a chosen _on the . pasis its being acid
| abi | g sgch t hat m@ %Bts@gé}?eoa"ﬁt layg vﬁ’%ﬁi‘?ﬁ‘é@‘&%g %@r@ﬁ%gur e,
the acid W1 | ussdlylapoet Hbtmra.hbetﬁ(](kpm @ibdut (TOLEHOID3S, wkgwﬂz Bhpidall¢ aci d

g1 oups that g6, bglianoRionlo BRI DL S aREC e PES ALY O

developnent under "aqueous CO al so
“contain one oft8 hﬁtﬁlé, t@icellyaboiE S tolaboutd Sdonstat pbattdftie dborT hA0EH pligatiyr s may

cont ai n none. aBQTR0 9%kl 75%6) tle SRS IR rihRk BrRRLEThE FHBLAT o1 St

15 conpri sed mers of. this inyention can 0 pronote
deprotection ﬁ@M th‘%/mﬂq?é‘gé‘nfiéberﬁiﬁm staplity of e graseqiedsithexewps bt ect ed
‘affords fike teicpblyaterevanasfédradivel iabitbistoan bewedd Al thiihde diagd/ or

di spersibilit 0, nvi ronnments of the copolymer to which the acid
group i's bondéalJ Qﬂgg?'y&#ﬁj% exanpl es of conponents having protected acid

groups that (OFiEICEQCEKE @D(@?@l@O@k@)ﬁ@(@B@mﬁhC&CFQ&m&m exposur e
‘to phot Ogenerﬁéx‘éﬂlde?‘iie?carﬁtﬁa’fég&(@m%@%ﬁﬁ&mﬁﬁgﬁ@tfOr m ng, or

rearranging t ertrary catjlon one, C) acetal esters,

‘D) (3-cyclic ﬁ@?@ﬁ@%@?@mﬁﬂl“é@%%}a japd é@ﬂﬂr(z,%a@tesobsmmem (et hoxy
et hoxy et ‘.'Etyl eRinhysie; whei BP (RFEOUIREY pep5ki8e)Ss WY iGhiator and t-buiyl acrylate is

the source of protected acid groups, copolymerizations were frequently run at
ambient temperatures (about 20 to about 30°C) for about 8 to about 16 hours.
Organic fluids that do not significantly interfere with radical
- copolymerization such as ﬂuorocarbons chloroﬂuorocarbons
25. . chloroﬂuorohydrocarbons and hydroﬂuorocalbons are desirable solvents for the
copolymerization. By interfere with copolymerization we mean solvents that
change molecular weight by chain transfer or that terminate copolymerization by
reaction with the growing radical ends. Preferred solvents include VertreI(TM)
‘ XF (CF3CFHCFHCEF,CF3) and Freon(TM) 113 (CF2C1CCIZF)
30 Photoresists _ _
“The photoremsts of this invention are compnsed of a copolymer (as
~described supra) and at least one photoactive component (PAC, discussed infra).
The photore31sts can either be posmve—workmg or negative-working, Positive-
‘working photoresrsts are preferred These photoresists can optionally comprise
'35 dissolution mhlbltors and/or other additional components. Examples of additional
components which can be added mclude but are not limited to, resolution
enhancers, adhesion promoters, residue reducers, coatmg aids, plasticizers, and T
- (glass transition temperature) modifiers. '
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,are easily hydrolyzabl e because of anchimeric assistancg,ndanbaf tes
formed 25" froma fluorinated alcohol and a tertiary ali phatlc al cohol .
Sonme specific exanples in category A) are t-butyl ester, t-anyl ester,

2- et hyl - Wa@ahwatyl ester, and isobonyl ester. Sone specP(fT/US(wdaﬁml es in
category B) are y-butyrol actone-3-yl, y-butyrol actone-2-yl, maval onic

| act one, 3-nethyl-y- butyrol actone-3-yl, 3-tetrahydrofuranyl, and

3- oxocycl ohexyl . Soﬁ%p@mhpt%emfmaéﬁbegompﬁmtﬂmmly@)ﬁmsdescribed

2- t et r ahydr opyHeadi] ao:@pﬁseﬂgﬁemgteéﬁeaﬁﬂ)yﬂand%wsecgn@re éﬁwﬁ%gﬁéom 2 te-l-

Addi ti onal exalg{(}l es .in categor i ncl rious _esters dition of
vinyl ethers tagctiye C?IBPO@E?‘/(B!" aregy O@i%W‘?d gpdpyixedstogetaer, typigablyy y
et hoxy et hyl - it ayibieithatperantt. dlakanye, @bﬂ@ﬁmngtsbwbnmwdhxﬁamuseﬁxanpl es of

component s . haw [ ted ac r oup aci 5 as the
hydr ophi i @ gF oﬂ%dg &8% OSI}JI’%%F%% ]oge’ﬁi} itzﬁdggé‘ﬁ‘ﬂf’%?tgwg"ethﬁ?cl ude,
but are not Il(IﬁGFQ@Rz@CHQWQH}JermeB@BIWO br inoteydf thdt foesgoimnd
3-cycl ohexenylgofichar- 12 1 Novenber 2004 . WO 01/85811 PCT/ US01/ 14532 The
acid group or protected acid _group may also be derived froma

f1 uor oal cohol or f|&éPeRlveE Whichfacibiaidyshetilst fqm@gqapghlhm@pﬁatphgtwmstt he

ZecondcI ][ epeatf?umuauoﬁ h@ﬁlﬁiﬂgﬁhﬁf dﬂ'&fﬁn%vézﬂ%%ﬁ b€ Q580 'I%ﬁgtraﬂt@éﬁr
erive rL,am a one. e en conmpound -contal hing a
f 1 uor oal c&ﬁol Bpne g Plé%ﬁnh'e‘%‘é ?f a%gls‘f]r’frgtzure -C(Rf) (R) ORX
wherein Rf andelmhwreeﬂlbver)&ﬂam havili méetmnmreﬂ-ldlm&@ldﬂébfgﬂﬂﬂgSF Higromlto
about 10 10 %asqﬁggl [tqr taken together are (CF7)n wherein nis 2 to
10, and RX is a hy rogen atomor a C3- CG -secondary- or tertiary-al kyl
group. A tertiary-alkyl group i=Eoigack i (Ie) enbodi nent of the )
i nvention, the secongk éRRRA iuoﬂélbfthﬁeiﬂvéﬁﬁoﬂ‘é‘édté{ﬁf&tlefaét%bgﬁé’toé’dseﬁ or more of

S

t he foregqing aC|d o) ected acid oups or.t econd repeat
uni t ~can g e déPmpay 9@2@%@&5{3@?% Zfqmpougd s gther@pid; o bpse yomy |
met hacr yl at es expbmire tonadiine mabiaybn. dif ati Bcld@ﬂbr@ﬂﬂ&dfdp@ﬁfbipwﬁrett@ agtheet ten

carbon atons tes d. .The

preferred mngﬁé?ﬁ&%ﬁﬁg;’ﬁg}%%@%xaﬁ Ypask %%P%%Prd@g’r@ugf?EasFéerrPg'r‘%‘?abutyI
acryl ate (tBAUPORfXpéguse foragtiniciradiationf therP A isttemead zphatobase generabmnponent s
havi ng pr ot ecie QC%ZO acid groups are repeat units having protected acid
groups th have be orporated in the base copolynmer. Frequently the
pr ot ect ed CI d grou%%taé}eé’% ofagiigsrerpioriapthis infentioniasiodee Peisye Bofat ar e

copol yneri zed lhﬁtémmps@ﬁ)mm sﬂt@mlumieﬂ)of) ibdldrurh BYE (brucdive IH 4 nat i vely,

in this inven a.co r_ca by copolyrrerlzatlon w th an
aci d-cont ai ni tr?gﬁgr%rr%(ﬁ%? %{Jﬁ%e W&ﬁ“&assm"mgﬁfj

O

M AN
Rs5—S§ . X Rg—I—Rs : © 'N—O—S0,CF5
: o - '
Rg E X

L. I m ©

25 :
In structures I-I, R4-Rg are independently substituted or unsubstituted aryl or
substituted or unsubstituted Cl' -Cyg alkylaryl (ara]lcyl) Representative aryl
groups include, but are not limited to, phenyl and naphthyl Suitable substituents
~ include, but are not limited to hydroxyi - OH) and C;-Cyq atkyloxy (e.g.,

30 CygH,;0). The anion X- in structures IJI can be, but is not limited to, SbFg-
(hexafluoro anﬁmonaie), CF3805" (trifluoromethylsulfonate = triflate), and
C4F9S03" (perfluorobutylsulfonate).
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25 subsequently the acid group can be partially or whol |y pRBNBEL 85hOY
appropriate neans to derivatives having protected acid groups. As one
specific copol ymer of HFI B/t BAJVF2 (copol yner containing
hexaf | uor g%ggﬁffﬁ}llene t- butyl acrylate, and vinylidene fF’G&WS@H}%?% a
copol yner within the scope of the. invention having t -butyl ester groups
as protected acid groups. 30 Dissol ut ion | nh| b| tors and Additives Various
di ssol uti on inhibitors canlEde g 1 al by aliglysisdeal |y,

di ssol ution i nhi bi tArc‘épélani)of@IsMﬁoﬁeént&a@uﬁrfhé&écéeﬁéa’i -ghd, 157 or
193 urn resist houl d be desi ned/ Cﬂ?lg to satisfy nultiple needs

i ncl udi ng di s<BTHGR 10 OR% PP T pERg ORes 1pLg @gfawzf %dhesi on
behavi or of rgebEpriedacgrtpsieg., @Etemmarbw}q@cacgﬁ graltpslbk pedielitéd ve. Sone

-di | uti t
Sl . Bl A A R
particularly whoipgctivy comneundsdP Adish dwidrapbilic asid grmw whvbnnabdm

Bi |l e-salt esteuesre ek NOMBsiktLoRngh 3 A &&e@%a%@&ﬁ» MQ.Q %ﬁﬁ%
PCT/ US01/ 14532 efl?)g ti \t[he di ssg ut | on i nhi bi torls ! Cjié r i,ﬂllaglgs

begi nni ng wi t P REOLHAR FOUBY %Ig“’epr?r‘i@%tsg a‘(‘éﬁ%ﬂ%ﬁ%ﬁiﬁ%ﬁet al .
"The Effect ofnoﬁmlaﬂy chmnbﬁ tiogbasis b€ 1tPbeing aeiddabiley kich 1Rt wirebiphbRBEAZY | Est er

De W R t 1983 0., 143 1437 Bi | | t

este grs areglo;a |cueggkﬁﬁ%%%gﬁge@%suﬁ&eae%d&éﬁgﬂﬂp@e SFFotE I reezgons

i nel udi ng thelnm@mimh@ﬁ Vdmphﬂlp@mi@;@meseﬂiatammahspohhmproteundmm a_hi gh
alicyclic car bﬂé‘n@&@%ﬁfm R9dopas *hﬁ&ér%r [1¥ous VonkiREhe, ﬁ%ﬂ&ﬁ{&o%nc{o%nfﬁgérse ntin

the Deep and vacu region-of the_eléectromagneti ¢ 'spec
typically theyndyalspropipip @?Qﬁ@ﬁ%@#ﬁ geoups that @Fﬁ)ﬂOt ]FTQFQPWér E‘bﬁéopqlmel‘s

'?l I ﬁ sal t eistx@.?gccﬂﬂﬁnalbﬁ@ s@ﬁ:&rc&ﬁtﬂla\éﬂiﬁb IS‘dh WRAGSAreroested. hP%otgﬁ%&s?e desi gned
o have widely ra ohi.c 1o onpat | Ities
dependi ng gponcoﬁipa*% gf@‘g%%@ g‘ﬁf’?ﬁﬂs H’ﬁ'ﬁn @E!H@,}lgptﬁ&&{pr@mo Represent ati ve
bi | e- aci ds andlepidtestimingcateary Yartiindgs fdrhatiomr Ansuidtgbipewhan depasiedteyes and/ or
di'ssol ution i n not. .limted to,
those illust r%&g&%ﬂf%ﬁ&’%ﬂ{ %E%éreg\ﬂ%géo 'Eqﬂﬂ{gm%agﬁﬂ}tf%ﬁf glsf’?r bﬂlt?[
deoxychol i c acdABequg)envirpameninof the cepalymentp jwhich thetapid mieupdgbhodet e (VI 1),
t-butyl  lithochol ayenifn¥itibg kxarffles dr RHipbherts ﬁaﬁﬁg%ﬂﬁc&dte#%%%ﬁtgoﬁ( TX) .

Db or 285 Shel smieL S SRR g “aew sysasorio hvioseregmis. 0"
l'ithochol at e tacklinyghid8a)asietsydapdbld Gfofeliaing} 6r rearranging to, a tertiary cation,

_ B) esters of lactone, C) acetal esters, D) B-cyclic ketone esters, E) a-cyclic ether
esters, F) MEEMA (methoxy eﬂmxy ethyl methacrylate) and other esters which
are easily hydrolyzable because of anchimeric assistance, () carbonates formed

25" from a fluorinated alcohol and a tertiary aliphatic alcohol. Some specific. | _

- examples'in catégorjr A) are t-butyl éster, anmyl estér, 2-methyl-2-adamantyl
ester, and iéobomyl ester. Some specific examples in category B) are
y—butyrqlactone-?s -yl, 7—but3&olactone—2—yl, mavalonic lactone, 3-methyl-~y-
butyrolactone-3-yl, 3-tetrahydrofuranyl, and 3- oxocyclohexyl. Some specific

30 examplesin category C) are 2-tetrahydropyranyl, 2-tetrahydrofuranyl, and
2 3-propy1eneca:bonate—1-yl Additional examples in category C) include various
esters from addition of vinyl ethers, such as, for example, ethoxy ethyl vmyl ether,

‘ methoxy ethoxy ethyl vinyl ether and acetoxy ethoxy ethyl vinyl ether.

Examples of components having protected acid groups that yield an acid
35 as the hydrophlhc group upon exposure to photogenerated acid or base include,
but are not limited to, t-butoxycarbonyl (t-BOC), t-butyl ether, and
_ -cyclohexenyl ether.
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i X Conponents for Negative-Wrlan Photoresi st Enbodi nent 1 NgRERLEFRSIEE MeENt S
of this invention are negative-worKing photoresists. 25 These "
negat i ve- wor Ki ng i)hotoresi sts conprise at | east one binder copol yner
conprised P OH8$841| abi | e groups and at | east one phot oact i BET/E8HPIEHENt t hat
14 1 Novenber 2004 . WO 01/85811 PCT/ US01/14532 affords photogenerated:
acid. I magewi se expgosure_of the resist affords photogenerated acid which
converts the aci d- | 5 3% geuppaprotscisd paid sseenmay plso e derivedivem ai on of ester
group (less p&llﬁii&alédho&ﬁtﬂucﬁ?ﬂh@ Oﬁ;éro?gﬁﬂ%afﬁn)eﬁ:@ a@ﬁhﬁ?t'ﬂlﬁesiebénc% hen done-
in an organic so r.Critic ui avi o ,l.ow
pol arity), whi'€ %%b‘&ﬁ@%@%ﬁ‘f&? {qr\pgo Fﬁ‘?%‘%?gg?léﬁg?ﬁe%dﬁ%ﬁ hosed
areas renuain least onmehmbamaﬂlsammmmchcommmmd@ontmmga Bogroaltolthl bf er ent .
crosslinki By 3HRMsSH %q a%[%oﬂigfhcaﬁ Jequired or optional photoactive
gat’l ve-

conponent(s) int I'ng conp05|t|ons of this invention. (A
crosslinking agent |s required in _enbodi nents that involve .10

i nsol ubilization in developercﬁ%ﬂﬁﬁﬂgﬁxas a result of crossl|nk|ng, but is
optional in preferred enbodi ments that "involve insolubilization in

devel opﬁr sol Uﬁhe@ﬂnidsfa&d}'{[f%ﬁélﬂhé séthe G@dlﬁéreﬁf ﬂu@:%aldk?l #ou sctsml u@% s&nhﬁsed
areas that ol ubl e r ts,and cri i ds- havi ng
noder at e/ |18W S1 S'? % S‘E %85&5%?{ Wﬂgewrﬁ@gtpﬁfao?ﬁ‘f}gflstahl s

i nvention can h@dnt@nratcmm mﬁg-lCﬁasbdomdaw}a:ir tertierypadkgrgreup. B aerfitrg<aliof]

addi ti onal @;&gﬁg? fé% Lgh can. be added include, but: are not limted.to,
resol ution en heS| on I£r)§om)t ers, residue reducers, coating aids,

surfactants, pl astilgiofgegbo ‘E:ﬂﬂé[glﬁlqns thesseeqngt ep@ﬁp@ﬁgqnﬁeec)erived
nodi fiers. 20 FORaRp 5n§bﬁn§re olffn%qﬁwggﬁ B0 RS o-l:'i‘ﬁotﬁ&éﬁ Qéiggfo% s or the,
conposi tiqps of%%!glls i nvent i r. E Sitive in E travi ol reg| on of
the el ect romagdfi B’E“Fﬁ?ﬂ HEE% A terargaliey %%7131%95 %‘i‘@Y 1365 nm
| magew se expomlhm:mlhteslmheraﬂnlﬁallqdlgpm@ldonm ﬁémtfdslnftoﬁﬁoutltéﬂ/@ﬁidrpn can be

done at many %‘t&ﬂser‘i%a#v g‘ly %ta?gxﬂoped}é’ g‘ T%FE“"SPe%@ egcgl t ed to 365.

nm 248 nm 19 ower wav Nffe is
preferably dorﬁ?ém\mrlﬁPﬂQf@?@ﬁc@ﬂ@@ldlglr@lﬁlstﬁfmmmacmeftiﬁhA)157 nm or | ower

wavel engt hs, . more [hekisaRhiod, Bﬁér§ pEPRS amt)ta; Hnl’-:%ﬁ‘;ﬁb&én%tlﬁg'u%zﬁr @Eﬁa% m,

157 nm o Iovver wavel engt hs, nost Pre eraply, i

ul traviol &0 3@1 GREPHAE atﬁ%’i"}tﬁ) iR tsRERAACKhgOHRS qli?é(ﬁ@ﬁﬁﬂse exposur e
can either be ismngoratiign the!baye svpblynser] Beguemty tag piotedi@hdcidigmusearar
non-digitally p\%steﬂt 3 qle%i' mfore monomer(s) that are copolymerized to form a given

copolymer of this invention. Altematively, in this invention, a copolymer can be

j'_n)
By

formed by copolymerization with an acid-containing monomer and then
25 subsequently the acid group can be partially or wholly converted by appropriate

- means to derivatives having protected acid groups. As one specific example, a
copolymer of HFIB/BA/VF2 (copolymer containing hexafiuoroisobutylene, t-
butyl acrylate, and vinylidene fluoride) is a copolymer within the scope of the

. invention having t-butyl ester groups as protected-acid groups.
30 | * Dissolution Inhibitors and Additives _

" " Various dissolution inhibitors can be utilized in this invention. Tdeally,
dissolution inhibitors (DIs) for Deep and vacuum UV resists (¢.g., 157 or 193 nm
resists) should be designed/chosen to satisfy multlple needs mcludmg dissolution
inhibition, plasma etch resistance, and adhesion behavior of resist compositions

35  comprising a given DI additive. Some dissolution inhibiting compounds also
serve as plasticizérs in resist compositions.

A variety of bile-salt esters (i.e., cholate esters) are particularly useful as
DIs in the compos_itioﬁs of this invention. Bile-salt esters are known to be
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phot omask. - Sui tabl e | aser devices for inmaging of the conmpasdven®as20d4 t hi s
i'nvention incI ude, but are not limted to, an argon-fluorine excinmer |aser
with W 3}83),@5 193 nm a krypton-fluorine exciner |aser wth UV output
at. 248 nm a fluorine (F2) laser with output at 157 PQIfHSO¥iEsR

exci mer Iasers could be used for digital imging, but they are al so the

basis for non- girglivelajdeHRAbNEHSIADF, RN R L g

optical steppers, for nm can use i ght
‘sources, and aRﬂPbBlaBﬁ&t s AS8h €E R@hhm%& etcal., (“TheaRffest of Bulmtlttileatsjori\lovenber

2004 \Ao011858mmefdsb@m¢1ﬂm&wme %%fwbeeﬁ\tﬁlﬁr gs@w@}%arf efpXCl mer
(0]

| aser. Since, up of WIi ower wavel engt h -f or
i magewi.se expdg‘ﬂﬁ‘ gbg@%@ﬁ@ﬁd@ﬁ 3 ﬁ\ﬁifﬁ%ﬂ esigre 855 WW%W"? gbejrerason
limt), thes usEI&)forae\iemdﬂeasum{ elchrigichtheh afailabliRg Hom Bdturall Sobrddd) @Eir! OWer) is

ober) DR el et ailo Sl B 05tal el Sl i HB ot o ec

as a positive FraspsteniindheDecn hod sneas UVpegied of thewlédghtaghsivagectrum
ffi |
S Tenl ) Sl Sphanbe oSt SO U AR LI

Sufficient acidity’is i

aci d' (whi ch cafSiHe %% ?tﬁafﬁlﬁétm@b@@ei’r gnes ey sryhe d@%gmméaw%'!deﬁed
depr ot ect iion Oﬁﬁgﬁl%f@dfdphgbie Q;?nb #hili® céhp ﬁﬂﬂhﬁé&f&bgﬂﬂg sﬁ"ﬁq‘?dﬂ%ﬁe ing a

provi.de for dey nent at . aqueous devel opnhent
“basic devel op%'ﬁ’s‘g‘ﬁ‘é‘ﬂ ﬁéd 1ﬁ??tﬁﬂnom de sol ution, potassium hydroxide

sol ution, or tetraRepiesdntative hileqatidy didkileacid dktitdtives thitark Bhigabldwent i on, a

| | t
2 typt oo §@dgﬂ%@%@ﬂmﬁ&ﬁuﬁcon%gﬁﬁ%&ﬁgmé{% A PR ARE L ont a1 i ng
copol ymer ( af tlgrited fo hnse jlluseatad belawnyhich dreasfollows: thalie acar @)yl i ¢ aci d

group and/igr fddéeakemiicabpl rlggg ho I 5 ggﬂé free
carboxylic acid. or. flu ch%ep 4 ?iggglg(@‘lfltb %}lggdn}&ﬁe(i&? T \%ln
conposi tion byt ?W‘?‘Eﬁ{gﬁt Mﬁ-aﬁé‘e@é ithasholgis (B R B @‘-ﬁ#é.nt in
aqueous- al kal i ineludingaionpennds\WiEHIXa iregaefe 068 dRECIGESERBIbRORTANAE BSestiod. S
coated or otherwise applied to a substrate and inagew se exposed to W
l'ight, the copolymer of the photoresist nust have sufficient prot ect ed
~acid groups and/or unprot ecté‘EF acid groups 89 H% when exposeﬁ fo IN the
exposed photoresist will de Icg&pbl eilam 28 SOl UtCH30. I"—ease
of a positive-working ph ; -

renmoved during devel oprd
but will be substan snaff ect ed
devel opnent by aqu ' dline Iigl AQ
contai ning 0.262 & met Wy | anmishi umghydr oxi de (IW th devel opnent at 25C

usual ly for |ess than  hotic acid . deoxycholic acid  ° Jithocholic acid

20

-buty! deoxycholate -buty! lithocholate -butyl-3o-acetyl lithocholate
VI VoI X

Components for Negative-Working Photoresist Embodiment
‘Some embodiments of this invention are negative-working photoresists.
25 . These negauve-worlqng photores:sts compnse at least one bmder copolymer
compnsed of acid-labile groups and at least one photoactlve oomponent that
14




30 or equal to 120 seconds) or 1% sodi um carbonate by weilqHvemtet Poo4s

devel opnent at a tenperature of 30C usually for less than 2or equal to 2
mnutes). In case of a negative-working photoresist |ayer, the photoresist
| ayer- wi | IWB&VF¥bved during . devel opment in portions whPE€HUSHA43Hexposed
to W radiation but will be substantially unaffected in exposed portions

during devel op ing eit a_ 35 critical fluid or an organic sol vent.
-Acritical "*{%’Hé é@t Bgfa g@@ﬂnlmﬁge‘@ﬁ%e@om%pét@a%ﬁ@ﬁ@e@ heat ed to a

t enper at ur e nqdbtdgbnabmﬁemldtvﬂn&f d¢oniveRs the@BiAekBiL to a
pressure near

its cri |caI t|c I | |nfh|s

i nvention are chv?rggvgto%ﬁteragrmi% i m@ﬁﬂ@f’%@@ 6 PP ﬂ 0381/ 14532
t enper at ur e t Hathenslohé ghar orghro sdl &t loe britical ﬂmd{haMgﬁod&ﬁmeﬂmure of the
fluid andsar Les. bel ow t he
leritical pre surﬁ@‘%ﬁ&ﬁf‘mﬁs@ﬁ%ﬁé@é&ﬁso (SR bt Rl B R BT e
critical flui deaingnd wsexnased areasaye samied. Var i ous organi ¢ sol vents can al so
be used as devel Op%vm@etybf&fﬁrdnﬂé&%ﬁﬁlhﬂtﬁlgiﬁ@ﬁé%aﬂﬂ&é By d)égre@hfeﬂaf}f}

ogenat ed

RTINS
GLOSSARY 10 S muonH(mmssl&ﬂdﬁg@gbhﬁs réquifediatnibodimbhthBas HvorRNt S NVR
Resonance L pr G RERn S Akl o B Gitko e RoFcpiopien)
mi|lineter(s) preferned prabsdipenigiat inyol ulglization T dewsldpensolifidopasraat ur e.

-result of polar groups being formed in exposed areas that are insoluble in organic

solvents and critical fluids having moderate/low polarity). '

_ Other Components
15 The compositions of this invention can contain optional additional

components. Examples of additional components which can be added include, but

are not limited to, resolution enhancers, adhesion promoters, residue reducei‘s,

coating aids, surfactants, plasnclzers and T, (glass transition temperature)

- modifiers.

20 ' Process Steps
| Imagewise Exposure

The photoresist compositions of this invention are sensitive in the
ultraviolet region of the electromagnetic spet;trum and especially to those
wavelengths <365 nm. Imagewise exposure of the resist compositions of this

25" 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 with ultraviolet light of 248 nm, 193 nm, 157 nm, or
lower wavelengths, more pré_fcrably it is done with ultraviolet light of 193 nm,
157 nimn, or lower wavelengths, and most preferably, it is done with ultraviolet
30 ~ light of 157 nm or lower wavelengths.  Imagewise exposure can either be done
digitally with a laser or equivalent device or non-digitally with use of a
‘photomask. Suitable laser devices for imaging of the compositions of this
invention include, but are not limited to, an argon-fluorine excimer laser with UV
: butput at 193 nm, a krypton-fluorine excimer laser with UV output at 248 nm, and
- 35 afluorine (F2) laser with output at 157 nm. These excimer lasers could be used
' for digital imaging, but they are also the basis for non-digital imaging using
- photomasks in optical steppers. Optical steppers for 248 nm can use lamps or KrF

excimer laser light sources, and at 193 and 157nm the light source is an excimer
15



‘M Nunber - aver age mol ecul ar wei ght of a given copol yner 1d&ivemiseneebdy gel
perneati on chronmatography using pol ystérene etagda[)d 25I MV Wi g[}t aver age
nmol ecul ar i f a given copolyner determ ned. by ge ation
" chr omat ogr‘gﬁh"g}g%"sﬁng pol ystyrene standard Absorbance A = a%gorﬁ%g}(&@%f a
sanple = log | O(I/T), where T = transmttance as deglned belothOWn R
Optical absorb r ar ere
.9Dopt i cal absoﬁdgﬁégeﬂ%d%? aﬂ&lfl gﬁﬂﬁt hﬁ%ﬁggés}%sﬁmmgérgg’nassﬁsﬂl%ﬁgﬁ}er?’alﬁEe
_Transni t t ance, offUVdighiof lowss “@vﬁéenmf@nmag@wee ex@Bunercarrsspontiet lighear sanpl e
to the radiant I

reBONEibn (ot et Tidly tﬁ@qsgeo? a30fer wa aVIRG: \A%u% @cge, 195 i or

vvave Novenber, 200
PCT/ b;oi? 14532 g’g%oéé‘i’ Wgr%sﬁ%%m&fﬂ@d?@r%@%%%w aeth@BLe Al drich
Chemi cal Odi M8 wawseddghet}|!' CFC-113 1,1, 2-Trichlorotrifluoroethane DFIH
HFI B (E. du Pont D‘e@l rs and Corrpany,’ W | m ngton, DE)
Decaf | ur0| sohexyl ene—egﬁ.lré#fl uoroethyl -3, 3,4, 4,4 pentafl uoro-I|-butene
Hexaf | uor oi sobut yl elbe ¢gpobymears 6f thtsrmmionlcaﬁbefcﬁnnﬂatéd m;msﬁive—rpﬁﬁpene

Nor b = kee,
brtene - Selont £ ol iy s 9, 0, g
Terti ary- But yl Waghe ozt E“W&%‘@PPH) basg. Puffi Cﬂﬁfﬁﬁ@lﬁwﬁzﬂ@aﬂa&imbs@pmimwm t di e)
(E 1. du 1Ront bylgciNerpbtdeteandidGVHRH Wan be Wb RYr&BetedBm prior to exposure

‘provided deprotection occurs during exposure to afford sufficient free acid to

provide for development) such that aqueous development is possible using a basic
developer such as sodium hydroxide solution, potassium hydroxide solution, or
tetramethylammonium hydroxide solution. In this invention, a given copolymer
15 for aqueous processabiljty (aqueous development) in use is typically a carboxylic
acid-containing and/or ﬂuoroalcohol—containing copolymer (after exposure)
containing at least one free carboxylic acid group and/or fluoroalcohol group. The
level of acid groups (e.g., free carboxylic acid or ﬂuoroalcohol groups} is ‘ '
~ determined for a given composition by Optlmlz:lng the amount needed for good
20  developmentin agueous alkaline developer.
When an aqueous processable photoresist is coated or otherwise applied to
a substrate and imagewise exposed to UV light, the copolymer of the photoresist
must have sufficient protected acid groups and/or unprotected acid groups so that
~ when exposed to UV the exposed photoresist will become developable in basic
25 solution. In caseofa positive-working photoresxst layer, the photoresist layer will
‘ be removed during development in portions which are exposed to UV radiation
but will be substantially unaffected in unexposed portions during development by
aqueous alkaline liquids such as wholly aqueous solutions containing 0.262 N
tetramethylammonium hydroxide (with development at 25°C usually for less than
30 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). In case of a
‘ 'negative-WQrking photoresist layer, the photoresist layer will be removed during .
o development in portions which are unexpoeed to UV radiation but will be
substanhaﬂy unaffected i in exposed poruons during development using either a
35  critical fluid or an organic solvent.
‘A critical fluid, as used herein, is one or more substances heated to a
temperature near or above its critical temperature and compressed to a pressure

~ near or above its critical pressure. Critical fluids in this invention are at least at a
16 ' ‘



Vazo(r) 67 2,2'-Azobis(2-methyl butyronitrile) 20 (E T dudvembelehiC e
PGVEA J. cnaurs arl onpany, WI mngton, DE) Propylene glycol nethyl ether
acetate Aldrich Chem cal Co., MI|waukee, W SELECTED STRUCTURES t BA:
CH2=CHCOOY@PBEBIIDP or "BFPO': CF3 CF2CF2OCF( CF3) ( C=0) 00( CeCY/TR§10A3320
CF2CF2CF3 HFIB: CH2=C(CF3)2 Vertrel XF:. CF3CFHCFHCF2CF3 VF:. CH2=CHF VF2:
CH2=CF2 VAc: CH2=CHQ(C=O)CH3.. 25 Utraviolet UV Utraviolet region of the
el ect r omagnet itemperplaca thainis Wghehithan A §¥S bélowrthd Criticah temgteeatsret of theaBtid
nanoneters 18 'ﬁd%’ﬁmfat%%éssar h@%ﬁéﬁ&% S0l S s Dé dviF ) ¥R EIsHY. (VLV)

10 15 20 25 30,, 35 Dee Nez . e
of the ﬂu?g. %arllja\én dioxide may be used for the critical finid in the present

invention. Various organic solvents can also be used as developer in this
5  invention. These include, but are not limited to, halogenated solvents and non-
halogenated solvents. Halogenated solvents are preferred and fluorinated solvents
are more preferred.
GLOSSARY

Aunalytical/Measurements

AN

10 5 NMR chemical shift measured in the indicated
_ solvent
g gram
NMR Nuclear Magnétic Resonance
15 NMR Proton NMR o
15 13CNMR Carbon-13 NMR
s singlet .
m multiplet
mL milliliter(s)
mm millimeter(s)
20 n Index of Refraction
T, Glass Transition Temperature
M, Number-average molecular weight of a given
copolymer determined by gel permeation
, chromatography using polystyrene standard
95" M,, Weight-average molecular weight of a given
copolymer determined by gel permeation |
_ _ chromatography using polystyrene standard
Absorﬁance A= absorbance of 2 sample = logyo(1/T),
- . | - where T = transmittance as defined below.
30 Optical absorbance | |
per micron - _ ,
(Absorbance per micron) A/pm = A/t, where A = optical absorbance and
- , t = film thickness in microns.
Transmittance Transmittance, T, = ratio of the radiant power
35 | transmitted by a sample to the radiant power

incident on the sample and is measured for a
specified wavelength A (e.g., nm).

17



. Copol ymers P(A/ B/ C) XJY/ Z PCT/USO / 14532 Regi on of the elestvemiegpedd c
spectrumin the wultraviol-et that ranges from 10 nanoneters to 30

manonet er %g@gj;s%gll of the electromagnetic spectrumin the ultraviolet that
ranges from 30 nanoneters to 200 nanometers Region of thetSFESIY R netic
spectrumin the wultraviolet that ranges from 200 nanoneters to 300
-nanoneters Region of the el ect rorragﬂgédcgjsm&% [um inthe wultraviolet that
ranges from 300 manoneters to 39 i ol ymer from :
copol yneri zation of ABIB  and C cok2iampbisisobutybuittileart s of repeat units

derived fromA, Y nolar parts of repgath tRbhRafes] VAR ) and Z nol ar
parts of repeat uni té ﬂe]r 'gved from C . EXAVPLES ,Un?'éss o%u&ggv}nﬁs-e speci fi ed,
all tenperatures are Forld grees Centl-hizdehlogpiritlupsesthapeasur enents are in

grans, andbSall  percentages, with th@ex@e%hmgpémom@ﬁ@%%ﬁyaof r epeat
units derived fromconononers, are \Wilgh't%%ﬁr&“ ntages. All "parts and
percent ages of repeat _units derived rs present in the :
~copol yners of this iBE&htion are exflesfedisohexytdnar= parts and nol e

‘percentages, respectively, unless oth i gl ) | | ecul ar

wei ght determinatio wer e made by%é%ﬂ%@%&l%?%gggg?@hg?fgﬂdiﬁ ° Mbst
of ten, copol yner co tions were é‘iftmﬂ'éﬁfeﬁobwlémﬁon/ hydrogen anal ysis
i'n which dase conpositions were bel ieyigkloReiiat3e WikiithdtolQ lroge[ileS nol e
percent. As an altergate nethod, co;f@)ls\érrer c_gggq())(sé)&i\onsmer% ccasional ly
determned by Carbon~13 NZ in whi ch "P3RENGHEEoohs LkepE2t58E | eved
accurate within 5 to 10 nol e per centAlditieClphicalalo. AvBlomaRas gvper m cron of

a filmcontaining thgpeopol yner of H!&ﬁj' | nti on was determ ned by
formng a filmof the copol ymer ont (;Itea_ Sdlrjéé'*é qr"at,e. Thi s was acconpl i shed by
the standard procedure of spin coat iddrich ClashigaliGm, Milwahkee; 810l yner of this

inventionignto a CakBAsubstrate and'ﬁeﬁia!rﬁﬁ%ﬁria 1o Yi ng the coated
~substrate. The opti Qfl ghsor bance W§S ﬁe@ﬁﬂ_e per mcron of film _
thickness. The VUV tY#&Asnfssion of édehmehy-Saimzebistmentanenitrdesur ed pri or
: ‘ ‘ - (E. 1. du Pont de Nemours and Company,
~ Wilmington, DE) | |
Vazo® 67 - 2,2°-Azobis(2-methyl butyronitrile)
20 : (E. 1. du Pont de Nemours and Company,
S Wilmington, DE) |
PGMEA Propylene glycol methyl ether acetate
| Aldrich Chemical Co., Milwaukee, W1
'SELECTED STRUCTURES
BA: CH;=CHCOOC(CHy);
_ DP or "HFPO™":
CF3CF,CF0CF(CF3)(C=0)00(C=0)CF(CF3)OCF,CF,CF;

D

HFIB: CH,=C(CFs),
Vertrel™ XF; CF3CFHCFHCF,CF; |
VF: CH,=CHF

"~ VF2: CHy=CF,
VAc: CHy=CHO(C=0)CHj; .

25
‘ _Ultra\‘ri'olet . :
uv Ultraviolet region of thc-elect'ro;:nagnetic
spectrum which ranges from 10 nanometers to
390 nénometers -

18



to coating of the substrate. Then the VUV transm ssi on of NRWemeeped
substrate 19 1 Novenber 2004 WO 01/85811 PCT/US01/ 14532 was neasured, and
using the neasured film thickness, the optical absorbance per mcron for
the fil mWad1g58lgncti on of wavel ength, was determ ned, whiPEA/UStM43d2d t he
val ues of the optical absorbance per mcron for wavel engths of 157 rim and
193 nm 5 The VUV transm ssion of the CaF2 substrates and the filns on the
CaF2 substrates weEstremabi €2UY) t hRegivenf bp slecrophgnadivspentrugsingle a | aser
plasma light source, a sanple chanﬁ%ﬁ@,pﬁ@ﬁm%ﬂg&Q@&lhotr{ag&%@e&%on and
refl ectance neasurenents, a 1 neter, nonochronma sodium sal i cyl ate
phosphor coated 1024 el enent phot oé@Bﬁ@n@éetféctor This procedure is

di scussed in great eNad@inaUV (VIUVY ﬂlbgmfbﬁtmlélecﬁb@agﬁeﬁ%p@ﬁ%ﬁ%@ed
Terrperatur§ Dependent VUV Spectrop o. ttﬁ].‘a | ;ﬁerswe Anal ysi s"
Physica Scripta, 41, 4, 404-8, (19 ojet thap %@\glﬁ?rp JRPLLFES Qas
conpared to, and if necessary scal eZ{)Qmanomatecm the Wtransm ssion of the
sanpl es neasured usph er ki n El

spect rophot onet er ( P rE{\E El mer Agg %@%ﬁ?ﬁ%ﬁeﬁb%%%l n
Avenue, Norwal k CT 06859). The VUV E‘lﬂ'aW§1¢F§1§FtﬂﬁgQﬁffom@0@§lm0IEﬁﬁsm ates and.
the copolynmer filns on the CaF2 suﬂﬂﬁ@b&gﬁ-@r Exanples 8, 9 and 10 were
nmeasur ed mth a VUV, EIUEpsometer eﬁ abI e Tglf ‘fransm ssion and refl ectance
measur eme Thi s NE® YE | i psomet eF-gienef the glegrampgnelig sheckiwmuin theinp | ght
sources, a double 20 nonochronat or ul&awAlmtﬂﬁetaageﬁtoﬁnenomﬁaﬁaérswcuracy
and a photormltl pli'er and a phot Odﬂsf]bdrfangﬁ% Jor. The anal ytical procedures
and their accuracy, the VUV spectrophotoneter and the VUV Ellipsonetry are
di scussed in gepAymersdetail in R H. French, RC  Weland, D. J. Jones, S.

N. Hilfiker, R A SyoByerkiv/zF C. Zucc% agmegﬁoﬁeé gﬂﬁfﬂler%énd%f} B,
Fei ring, Iuoropolynercopolyners for LJtho tic
Properties from VUV Absorbance and El | éﬁ?%’ﬁ%’ repeplt i cal

M crolithography Xi 11, SHE Vol. 4000, ﬁﬁitstdbﬁhvb&ﬁ&nﬂ,&’ﬁﬁﬁl@ﬁtsoi49l 1502
(2000). More specifically, all optical_absorhance LCron. measur ement s
were 30 made using the procedure |i st%egg%e“ Wae@ae@%c&nb\i\@? ani"qa%tt -

spi n-coated on silicon wafers on a Brepwis dfeepeaRatitsajerivey from C

Spi ncoat er/ Hot pl at e nodel 1000B. a) FEwoppprkour silicon wafers were spun
at dlffe t speedﬁfq(? (g% .2000, . 3000, 4000, 6000 rpm to_obtain differing
filmt h| ess andUplss ebsrvese %"Mtem?‘@@%%@éﬁ@?&f?% GratieradetallsoC f or
2 mina The drines thedsofenwitseart R€frams, and all percentages, with the exception of

- percentages of repeat units derived from comonomers, are weight percentages.

et

All parts and percentages of repeat units derived from monomers present in the
copolymers of this invention are expressed in molar parts and mole percentages,
25" respectively, unless otherwise indicated. All molecular weight determinations
‘were made by GPC using polystyrene standard. | .
Most often, copolymer compositions were estimated by carbonfhydro gen
analy31s in which case compositions were believed accurate within 10 to 15 mole
_ percent. As an alternate method, copolymer compositions were occasionally
30  determined by Carbon-13 NMR in which case compositions were believed
accurate ‘within 5 to 10 mole percent.
‘ The optical absorbance per micron of a ﬁ]m contammg the copolymer of
this invention was determined by forming a film of the copolymer onto a
substrate. This was accomplished by the standard procedure of spin coating a
35  solution of the copolymer of this invention onto a CaF; substrate and followed by
_drying the coated substrate. The optical absorbance was measured per micron of
film thickness. The VUV transmission of each CaF, substrate was measured prior

to coating of the substrate. Then the VUV transmission of the coated substrate
19 -



measured for thickness on a Filmetrics F20 Fi | m Measur engriiovolskennos -
(Filmetrics, Inc., 7675 Dagget St., Suite 140,. San Diego, CA 92111-2255)

or on a ylus Profiler Mdel HA, (Veeco Metrol ogy. Group, 112 Robin
Hill 20 1%@’%@? 2004 WO 01/85811 PCT/ USO1/ 14532 Road, SEnt/ES ‘%é!f‘b% a, CA

93117). Spin speeds were then selected fromthis data to spin the CaF2
substrates for ARG LoyeLer .neasur e t.. . CakE2 supstrates (1/2" dia.
x 0.040" thi ck‘y Wer 6 sgil’ LA WWMG%W%FS@FP%PWH}@Q?@%WQ%

det er m ned on mmomigvﬂ&@m meprfummmntoéwamleﬂgnb,waﬁdvtém&leﬂj Wwhith®hdbidedC) Spin
speed was sel in the sanple
p A6 9ftubd Ot BBish kb &pftehe! eSPo}]afoI %2@%@5135&%% mp

material” onto the CaF2 re ences m to
achi eve the deSPO& film thickness. It was baked at 80C for 2 mn, and the

“transmissi 6n of t hEI‘HdVUKDﬂﬂaﬂsBﬁssﬁhbﬁttﬁ@Cﬁ*‘ Vﬁﬁstfé?és'aiﬁtt&g 10

& U
Spectrorreter or VUV Elli tical absor%ance per hf cron,
which.is the ab 2%’ EncaT R’eﬁ’@% ﬁ\%&‘&]wykeﬂeiz PRhoMStsTaEng 9 lesggalasmed i n
Equation 1 as lighhsowresa sﬁfﬁplaxgambEhmpa‘ﬂebﬂfboth%hnﬁn@ﬁlonﬁaﬂ@re&]ébﬁhéeat e .
i m sampl Z“Oﬂh%’a%%%%ﬁﬁ 5 b LS ARl Do 5 By R e cnecs
t. 15 Equati oriV24 element PhﬂtOdIOde Aﬁpﬁnr / Fliig mcedlm@ls Idm:uss’Edm greater detail in

ubsti - at e/msar}pll-elyr&ﬁdhr “lﬂaseiﬁbf‘ars&'arsouﬁ/e&f'lfeﬁ Ij_f%pg dnf Yk p@bsor bance per
‘mcron in unltqsppof n film’ d wermne or aseC|f|ed

‘wavel engt h of OKFP?fﬁH E S@%ﬁ%ﬁ@@”(ﬁ@s{wf@ma4@0€§n film

det er mi ned for(mosp)ecrﬁa‘étrveﬁ]swﬁssﬁinmtchn@&ehltg%dxﬁﬁéé% Sleli% the

transm ttanceug ttﬂl a sub ﬁ g_al ciu fI u&{‘l@de pl at e)

det ermi ned. for pecr f |%adls%§feqne ETS”SEF‘?F‘HC LER8I

transmttance I(ambdﬂ 1943 ¥. mebleaspmhetonietea( BerkbrElirier mml;dxcal IBsthghémd, e

det er m nedsf 0r76@M£ﬁ‘AJehﬁQ Nawalierebbs @? light. 25 tfImis thickness of a
h

given filmin m croﬂjﬁv t hi s _nanner, e optical absorbance per mcron
Apm has units of NP ¥ drapsumission of ghe GaFyisubsivates ahe tie copalyoreo films en a

m crometer or m@ﬂjs@m&ﬂ&@&%@h 8.9 enPlPRERINGEMLTL Gt 9V 111 1B were
measured for ?élli H?g on.tp -CaF2 substrates u5| ng the
above- descri bed g 5§ap missieaAnd 25 @W@Fa%’é?iﬁe%@%mrat e was
measur ed -pri oEllipsoteter spesa mmamxem limblﬁvght'ﬁ@efbestdlﬁmﬂw transm-ssion
of the fibm ondb | 1&%5 was e dumgthe
nmeasured fi1lm tc{llll cl r?ggdg&(%gport crsf#[g% {té‘ c‘gﬁ(@' %’ﬁﬁ%ﬁ%@ﬂlﬂp 2 val ues
of the absor b@helediede dsigciosr t he copol ynmers, as a function of wavel engt h
The analytical procedures and their accuracy, the VUV spectrophotometer
and the VUV Ellipsometry are discussed in greater detail in R. H. French, R. C.
- Wheland, D. J. Jones, J. N. Hilfiker, R. A. Synowicki, F. C. Zumsteg, J. Feldman,
- 257 A.E. Feiring, “Fluoropolymercopolymers for 157 nm Lithography: Optical -
Properties from VUV Absorbance and Ellipsometry Measurements™, Optical
" Microlithography XIII, SPIE Vol. 4000, ed1ted by C.J. Progler 1491-1502
(2000).

More specifically, all optical absorbance per micron measurements were
30 made using the procedure listed below. - : :
Samples were first spin-coated on silicon wafers on a Brewer Cee (Rolla,
MO) Spincoater/Hotplate model 100CB. - S
, a) Two to four silicon wafers were spun at different speeds (e. g,
- 2000, 3000, 4000, 6000 1pm) to obtain differing film thlckness and the coated |
35 wafers were subsequently baked at 80°C for 2 min. The dried films were then
measured for thickness on a Filmetrics F20 Film Measurement System
(Filmetrics, Inc., 7675 Dagget St., Suite 140,, San Diego, CA 92111-2255) oron a

Dektak Stylus Profiler Model ITA, (Veeco Metrology Group, 112 Robin Hill
20



were determ ned, and the val ues of the absorbance/ m cron1iNavemdeel@igt hs of
35 157 rmand 193 nmare tabulated in Table 2. 21 1 Novenmber 2004 WD
01/85811 PCT/US01/14532 Table 2. Optical Absorbance per Mcron (pm t) of
Base Resi MO %#3Hor nul at ed Resists Exanple Al m A/ pm Thi ck.PCHVSNABEZe Resin
Narme. (157nn) (193nm) ( A) Speed (Rpm | P(HFI B/ VF/ t BA) 2. 890. 018666k

2P( HFI B/ VF/ t BA) 3..640. 0816066k 3P( HE| Bl VF2/ t BA) 2. 120. 078386k
4PE HFI Bl VF2/ t 3‘3’@%&%&%%&) EPIVA sPeeaiyvsTeribon selsdebiom tiisdate) ¢ BA)

7P( HFLB/ VletmmﬂB@c ﬁitciﬂ-ﬂﬂélsgéaﬁlahit SBM%SM\?E/QZ%BOzZ 200, 22100039k
BM 5. 370.

SEE B Ve tBMA) 2010 e L g % Fﬁﬁ%ﬁf?%ﬁgp et S ho o1 1000

Resi st 9B 1oP(tgnsrsissm)oﬁﬂmmbmsdﬂmmmmspeax@&am%ete:tﬁeﬁie Resi st

| OB | mage kor qumiégogﬂg@ Lanhi c Evaluation Wth respect to photoresist

exposure, the term™clearing dose" i ndi cat es
POSt png speed was selected from the silicon wafer data from a) to

spin the sar_nple material onto the CaF, reference substrates (e.g., 2000 and
6000 rpm) to achieve the desired film thickness. ¥t was baked at 80°C for 2 min.
and the transmission of the film on the substrate was collected on the VUV '
10 Spectrometer or the VOV Elhpsometer
' The optical absorbance per micron, Which is the absorbance A per micron
of film thickness, is defined in Equation 1 as the base 10 logarithm of the ratio of
 the substrate transmission divided by the transmission of the sample consisting of
the film sample on its substrate, this quantity divided by the film thickness .
15 Equationl. A/umgn = Afiim /thim = 10810{ Taubstrate/ Tsample} tim
Wherein: ; : . _
A/pmg; is the optical absorbance per micron in units of pm-lof a given film
determined for a specified wavelength of light. | :
Afim is the absorbance (unitless) of a given film determined for a specified
20 wavelength of light. : ‘
Tsubstrate 1s the transmittance (unitless) of a substrate (e.g. a calcium fluoride
plate) determined for a specified wavelength of light,
Tsample 18 the transmittance (unitless) of a sample of a given film and a substrate .
determined for a specified wavelengﬂl of light.
25" tgy, is thickness of a given film in microns, ,
In this manner, the optical absorbance per micron A/pm has units of
~ inverse microns (or 1/micron, where a micron, is a micrometer or pm of film -
tthkIlGSS) ‘The absorbance/mlcron of films were measured for films spun coated
on to CaF, substrates using the above-described methods. The VUuv. transmission
30 of each CaF, substrate was measured prior to the spin coating of the film. Then
the VUV transmission of the film on that particular CaF, substrate was measured,
‘and using the measured film thickness (reported in Table 1) and equation 1, the .
values of the absorbance/micron for the copolymers, as a function of wavelength
were determined, and the values of the absorbance/micron for Wavelengths of
35 157 nm and 193 nm are tabulated in Table 2.



the m ni num exposure energy density (e.g., in units of mlivBhbep2@rabl e a

given 5 photoresist film follow ng exposure, to undergo devel oprr;ent. /
EXAMPLE 1 _Pal exaf| uoroi sobu | ene/Vin | Fluoride/t-Bu ac late 0.25/0.25/0.5
Copol ymer ‘@@ﬂ’t’??@%’i s A 210 nl stainless steel autoclave wasP¢HHeUA4M2t h 15

m CF2ClI CC12F 10 and 14 m of t-butylacrylate (tBA) After chiIIing to

| ess than -20¢; I. The
aut ocl ave was ggg ed, ca_\ﬁgﬁjl’fﬁ g%uﬂg%%ﬁt ?gﬁggeﬁf\éhﬁgand\%ﬁnﬂﬁ

hexaf | uor oi sobutyHene ’H. +B)—ane-4—g m' Huor--de—(VE) a.gde.d.‘ The
reaction mxtfie wa shﬁ (about 21 hours) at. . anbi SAE N

t emperature, ﬁﬁfﬁg 6%2&‘331‘6 a@ ﬁ’%ﬁ‘mgz %‘;120 Toreed | i d 15
‘reaction nixtire %as évaporated to di¥ buf! 98wk r vacuBemorl a
week, and then diied iB(HFIGHVFﬁEA\)a(tULQIS@VG'I f-@017 hour &6 Th]l s gavelld g
of brittle s@l'Tdz which /vpﬁ]gggt BT TY 641 DEI O\Y.0%. |

1F[ B) 0: 25( VF T'?%:I-BH ' = >t o

NO\[/earber (200)4 mj‘ ..F] 2 1 14532 peepel- M. Cron
Det er ni nat i on| A shl it dkaB Ly [ tB7A§0 (0. 25010. 25/ 0. 5)]
was spin- coaled $rom PHEEFBAaIBAIt | a ZP6 n bpedd3of (60063 prh onflo CaF2
substrates toj préducg¢ c®(EFIBreBAJil| M of 866| angstrons thi ckrjess’ \v(8,%
absor bance 5 Teasyr enp ISEM3T 0 [ET grBI e [llgg@lUbUl T {)e,r f
m cron as exptarped P C bsptbanee—per 3t S O
i nver se m cr ohs—£or =B oa H _[_l% a (?\ZkLn Ini-ts
of nanonmeters|is Shown §artE Thfb3 pt caP83bsdr bdAeE per "6 crpn at
157 nm det er ni.ned fronth@ﬂ%ﬂiﬁégolvmr filmis 2.89/im cron. {The opt{cal
absorbance pef mi%ron| RHEGEVEABMs) er m.4ied f r om2ehe jcopmlogmer fId mis
0.01/mcron. | megGen “P@EIFE’IWHBMAP hig7EvVal uapiggn Inez_ggﬁ‘l_ov—\ﬂw ution
was prepared and rragn=t| cq{ésmgj\l rred overni pht at. [anbi e.n'E. temgera !J[)ea
15 Conponent g oA p ||::| OTRGFO254050)+as—gese{ | be
in thing exarrp e 9029@ ;Bd 5(%:1?%)-50#3?%!1 (r)\fG:d

ri : hni uum tr LN vel ohexgnone LIC d een -
triphenyl sul fpai-y BN/ SN BEINY 0510 | 2k |

10 P(HFIB:tBA) - 543 0.81 1160 6k
Resist 10B '

Image Formation/Lithographic Evaluation

With respect to photoresist exposui"e the term “clearing dose™ indicates
the minimum exposure energy density (e.g., in units of mJ/cm?) to enable a glven
photoresist film, following exposure, to undergo development ‘

EXAMPIE1
Polv(Hexaﬁuormsobutylener inyl Fluonde/t—ButvacrvIate) (0.25/0. 25/0 3)
" Copolymer Synthesis. :
_ . A 210 ml stainless steel autoclave was loaded with 15 ml CFZCICCI_ZF
and 14 ml of t-butylacrylate (tBA). After chilling to less than -20°C, 20 ml of
- about 0.18 M DP in Vertrel™ XF were added. The autoclave was sedled, chilled, |

evacuated, and 64 g of hexafluoroisobutylene (HFIB) and 4 g of vinyl fluoride
(VF) added. The reaction mixture was shaken overnight (about 21 hours) at
ambient temperature, reaching a peak of 34. 9 psi (241 kPa) at 22.2°C. The fluid - -'
_reaction mixture was evaporated to dryness, put under pump vacuum for a Week,
and then dried in a 65-90°C vacuum oven for 7 hours. This gave 14 g of bnttle
- solid, which was characterized below.

Cale. (HFIB)g 25(VF)g 25(tBA)g 5: 51 50C; 6.27H
Found 51.25C; 6.24H

5

10 -

15
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filtered through a 0.45 PTFE syringe filter. 0.120 A thhmNdvemenag04

prepared for |ithographic evaluation by spin coating the above fornulation
on a 4 inch (10.2 cm dianeter Type "P', <100> orientation, silicon wafer.
Spi n coat W@ 0¥1Hone using a Brewer Science |Inc. Mdel - 10PCBUSH/14532

conbi nati on spin coater/hotplate. Devel opnment was perforned on a Litho Tech
Japan Co. Resi st Devel oprrent Anal yzer (I\/bdel 790). The wafer was prepared
by depositing 6 nil gpieaidss eiyes iMiigron termmmx primer and spinning at

1000 rpmfor 5 sec. I’yaldﬁaﬂrbfaﬁggooﬁ)ﬁh @gngoqgmgp e above

ol Py

| ut fter, fil th BT t

deposi Led and BRAPIEE S8 HoptATEr are'aosp%{?ﬁraefgm ki 8, Lot e
ot bt g1 N B e o O o el 82421
| (0] In an e

Solar S rr§I a?%’fag')({‘fg%g‘% Q%F?heg'hqgg de;’\’ ‘E%ég‘ﬁ%a{’sr?ﬂfog FFRPEIE Pt er whi ch

passes about z3pleowdsiprahe ener gy at 248 urn. Exposure tinme was 30 seconds,

providing an unatt epgabsth.d r%ceé%rgm%ﬁ%t@/ ]gg 90 e‘%ﬁ s with 18

posi tions of Y neutra optic ensi t of exposure
doses were geﬁﬁé@gﬂ; / ﬁ*@)&?ﬁrs‘@ﬂﬁ%@lﬁp&'ﬁh lpgad &B@t&/ﬁmomﬁsrs lﬁaﬁh@dfnat 120C
f or ézo isecog(iﬁlﬁ@@ei MEeﬁﬁﬁlaQMnh L[%g &%ﬁﬁ&%&%ﬁﬂ&@éﬁd i waf er
was devel gged in S .t %Qamat y mmﬁ roxide . (1 ut|on
(ONKA NM 193 copolfmer BiA 18 2, B ‘bﬂg%ﬁﬁ% A0CHBET TRigRong 1

positive ![rrftgd;tfasmddibméht @potyh&rﬁhheiomn?fmncl ear |bngI dos/evof .
approxi matel y mi_@%_z_zﬁggﬁ or oi sobu | ene/Vin
Fluoride/tau ac | ate G aﬁE@?ﬁﬂt , his A 210 m stainless
steel autocl ave wasihedaHevingsehtion wes pepac@ad 2Rgneielly stimed ofermight at .
t-butylacryl amﬁé@@mﬁ@gﬁﬁ chilling to less than -20C, 20 ml of 10 about
0.16 MDP 15n VertreFT &re added. The autocl ave was seal ed, chill ed,

evacuat ed1 and 32 g of hex sobutyl ene and 5 g o¥k | fluoride "
added. The react HEBMBEARA eopsigmat(@8kRer0.25/@5Ni ght (about 12 hours) at

anbi ent temera&sﬁegcnge%qﬁlﬁnggx&%@gak of 207 psi (1430 (Eﬁgg% at . 24.8C. The

fluid reaction e was evaporated to dryness, put punp vacuum
for 18 hours, arfdvalshexareme dried in 75C vacuum oven for2.386 hours. This gave

17 g ofbrittle sgkigh) soMbdhofMBAPhRLBEAIRM thfGeDel Ow. DSC anal ysi's

|00y cat edag T9 (LTl £ SRt STBEL LTS, o 46 (1i7st heat, 12

filtered through a 0.45 p PTEE syringe filter. 0.120 _
A thin film was prepared for lithographic evaluation by spin coating the
. above formulation on a 4 inch (10.2 ¢cm) diameter Type "P*, <100> orientation,
silicon wafer. Spin coating was done using a Brewer Science Inc. Model-100CB
25" combination spin coater/hotplate. Development was performed on a Litho Tech
Japan Co. Resist Development Analyzer (Model- 790). - |
The watfer was prepared by depositing 6 ml of hexamethyldlsﬂazane
(HMDS) primer and spinning at 1060 rpm for 5 sec. and then 3500 rpm for
_ 10 sec. Then 6 ml of the above solution, after filtering through a 0.45 pm PTFE
30  syringe filter, was deposited and spun at 3000 rpm for 60 scconds and baked at
120°C for 60 seconds.
248 nm imaging was accomphshed by e:cposmg the coated wafer to light -
~ obtained by passing broadband UV light from an ORTEL Model-82421 Solar -
Simulator (1000 watt) through a 248 nm interference filter which passes about
35  30% of the energy at 248 nm. Exposure time was 30 seconds, prciﬁding an
unattenuated dose of 20.5 mi/cm2. By using a mask with 18 positions of varying
neutral optical density, a wide variety of exposure doses were generated. After

exposure, the exposed wafer was baked at 1200C for 120 séconds.
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Calc. (HFTB)O0.22(VF)4.39(t13A)0 39: 50.74C, 6.1 1H 20 FoWwembOr 5B 6. 15H
Optical Absorbance per Mcron Determ nation Sol utions-of P(HF B/ VF/tBA) -
(0.22/0. 39/8 Sg%qiwere spin coated from ethyl lactate at spin speeds of
6000 rpm ohPd b substrates to produce filns of 1606 an§STA§AH14532

t hi ckness. VUV absorbance neasurenents were then used to 25 determ ne the

opti cal absorbance cron ptical absorb e per m cron in units
of inverse mcrons f%f‘w% QF‘(?E‘?H‘?%ASW‘E?OE?ZW %@f dydrogidge| engt h
| anbd . (7k) |(F[‘MAHt)sohIhon Q@NKU%NMB—E&LB38%017MAImsdiu@¢ﬂ)eDévelaiBtﬁexﬁl@ibh§a|
.absorbance pery, I I S 64/ cron.
The optical abs%grioence pgﬁ%e% ¢ ﬁf?@fg%’d%‘hﬁhaé"fﬂ% E{Je dt ilmis
0. 08/ mi cron | repgeoxivateha?l od/oni% ho rraphl c Eval uation The follow ng .

- solution wgs prepared and rragnetlcal 'EX%WICE@ overni ght at anbient ‘
tenperature. 24 gye er 20%4 J . t/USOl/ 14532 C/:o /onent - W

I- -hLH Y-

(M P(HFI B/ VF/ tE S anyidivpraieyt-B ; ) )
“exanple. 0.234 Cycl @bgmﬁﬁﬁgxahég% 5 t- Butyl L|thochol ate 0.060 5% (w)

.solution of triphen foniumtriflate dissol ne whi ch
had been fil tergd t%ﬁ%&@g% WE"@?% %a@%ﬂgﬁwﬁégﬁgﬁé +Sla&ol ut i on
was subj ect ed and ldhel ofielysylgeyiatatBA) Afehdditmgho kesd tharv2ieGaRt sl opr ocedur e

_ d d t f th
ool ear | neldodmom EIEAE Db in RSk Y Sy O R Vs il BB T
Pol y_(Hexaf | ucﬁ”é?‘?é%g fipd 3 e/Oiﬁhﬁwﬂuembmmm 2ad/%t g eimseléluyné@ added. :

(0. 25/ 0. 21 0. 55t @RI RErSHA: HRKES odémphedBoll 1Mk beabshee! autocl ave

Mter onill Ymntégﬁlégrlaﬂ%»\{'tg Frline Sbfe o530 hpsi sf43 iRy al A4, il luid repesion ol T XF
“were added. Thnncauecmhavq:omd&eﬁmﬁs m uhd@humpereawa fed s ek, 321 9 of
o ur e vad SRAp e C el Yol b 0 BGs) T datE 1 B e arE  arure,
reachi ng a pedihieh was chasacterized tefoay. at 20. 6C. The fluid reaction nixture
was evapor at eh@ aﬂﬂyﬁﬁﬁﬁhca@éﬁaﬁ‘@éss%‘éﬁﬁwﬁ‘%&ﬁ&{t&%) & M@%ﬁmﬁﬂ&r,%' ed
' 10°C/min).
Cale. (HFIB)g 5,(VE), 39(tBA)O 390 50.74C; 6.11H
20 Found: 50.58C; 6.15H
Optical Absorbance per Micron Determination
Solutions of P(HFIB/VFABA) (0.22/0.39/0.39) were spin coated from
ethyl lactate at spin speeds of 6000 rpm onto CalF, substrates to produce films of
1606 angstroms thickness. VUV absorbance measurements were then used to
25" determine the optical absorbance per micron. . - o

The optical absorbance pei' micron in units of inverse microns for -
P(HFIB/VFABA) (0.22/0.39/0.39) versus wavelength lambda (1) in units of
nanometers is shown in Flgure 4. The optical absorbance per micron at 157 nm
‘determined from the film is 3 .64/micron. The optical absorbance per micron at

30 193 nm determined from the film i is 0. 08/111101’0]1 '

Image Generahonlthhogzaphlc Evaluation - :
The following solution was prepared and magnetlcally stm'ed overmght at
ambient temperature. - : -

24



for 7 hours in a 65-90C vacuum oven. This gave 13 g of briNdembseoR0@ - whi ch
was characterized as given below. Calc. (HFIB)O0.25(VF2)0.20 tBA)O. 55:
50.72C, 6.08H 25- Found: 50.66; 6.13H Optical Absorbance per M cron

Det er mi natW@R1/8#1yt i ons of this copol ynmer [ P(HFI B/ VF2/t BA) PCDUSGIB532/ 0. 55)]
were spin coated from 2-heptanone at spin speeds of 6000 rpmonto CaF2
substrates to . produce coaol ymer filns of.838 angstrons thickness. VW
absor bance 30 neasurenents n used to determ ne“_’f_-.li@bptical

absor bance per nmmwﬂmeblgmhrmgw@@)per mcren in units of

I nverse mcrons for P{be(g %2 t ) (0.25/0.2/0.55) vg(gi#l% wavel engt h

| ambda (2) in unf’fgi%‘iﬂ 4h % s shown in Fi gure 5% e optical

absor bance per nGycbrheasnohs7 nm determ ned fromthe cansggnmer filmis

2.12/ m croR. Thet ]]Cﬁ' o 9%19{ bance per. 35 micron at m det er m ned
from the copol yne mis 07/m cron. | mage Gener ati on/'Li t hogr aphi c
Eval uati on The fé% oub sefusen of righenptswlfoniapnirilateand magnetical ly stirred

DCT Ui 14532 CoaotveB aTpdicicbne ““?&VF“%‘/“WWGH yner . (0 28/ 0.2/ 0. 55)
onent W . copol ynmer_ (0, . . as

described in th%ﬁ’%ﬁﬁ{"@g GO(Z%E}J%{TFE? e 2 5)%;6 0.820 ¢ _ gyt y|

Li t hochol ate 0.060 Thi¥s(hwipn sat sithjeatedad ﬂier yhedationdtth Hid | at e

di | ved 4 \9@5 & HQFQMB f Ig iy oudgﬁia 0.

i ssol ve [

syringe fi Pt er. h ?%%P#Efﬁg soﬁut i on vva%sya%n Jec @85@ “f?éé’éo‘gmeg

generation/li tqwépaﬁfﬁmmﬂ@aéhmqsgnfmméyé§mﬂeﬁl bed in Exanple 1.

A positive inmge was produced on th?%ﬁgth a clearing dose of
approximately 21 cn@. E E Iene/\/ i nylidene

Fl uori de/ t - But y2ae+ds SOV Iy aene st A
st ai nl ess steel aut oc]oaaﬂ@maﬁsvﬂtbmikw with 15 n Vertrel ™ XF and 5n of

0,16 M P n ver: r b ThES desL Aol okt unl Sarn i 1 oa,
and 10 ml of t-butylacrylate (tBA). After chilling to less than -20°C, 20 ml of
about 0.18 M DP in Vertrel™ XF were added. The autoclave was sealed, chilled,
evacuated, and 32 g of hexafluoroisobutylene and 8 g of vinylidene fluoride
added. The reaction mixture was shaken overnight (about 20 hours) at ambient

20  temperature, reaching a peak of 79 psi (540 kPa) at 20.6°C. The fluid reaction
mixture was evaporated to dryness, put under pump vacuum for a week, and dried
~ for 7 hours in a 65-90°C vacuum oven. This gave 13 g of britile solid, which was
characterized as given below.
‘ ~ Calec. (HFIB)g 25(VE2)g 20(tBA)g 55: 50 72C; 6.08H
25" Found: 50.66; 6.13H .
| Optical Absorbance per Micron Detérminaﬁon :
Solutions of this copolymer [P(HFIB/VF2/BA) (0.25/0.2/0.55)] were spin
coated from 2-heptanone at spin speeds of 6000 rpm onto CaF, substrates to .
‘produce copolymer films of 838 angstroms thickness. VUV absorbance
30" measurements were then used to determine the optical absorbance per micron. -
The optical absorbance ﬁer micron in units of inverse microns for
P(HF IB:VF2:tBA) (0.25/0.2/0.55) versus wavelength lambda (?u) in units of -
. nanometers is shown in Figure 5. The optical absorbance per micron at 157 nm
determined from the copolymer film is 2.12/micron. The optical absorbance per .
35  micron at 193 nm determined from the copolymer film is 0.07/micron.
' Image Generation/Lithographic Evaluation . '
The following solution was prepared and magnetically stirred ovcmlght at
ambient température. : :
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evacuat ed, and 32 g of hexafl uoroi sobutyl ene and 8 g of viNvvkimthen20d4 uori de
20 added. The reaction m xture was shaken overni ght (about 20 hours) at
anbi ent reaching a peak of 69 psi (470 kPa) at 1C. The
fluid reac |onfsa§r%1 xture was evaporated to dryness, put under® 5 uum
for a week, and dried for 7 hours in a 65-90C vacuum oven. This gave 7.7 ¢

of brittle solid, which vvas characterized as i ndicateg,bel aw. 25" Cale.
( HFI B) 0. 29(VF2)0 2 | BA) 0 4S2BRREBY " 5 181 Found: 46%9@ 30H 4 tical
Absor bance per. ttBAmon@lwm@n(CSbﬁlﬁﬂlm of P( HFI B: VF2 t BA)

(0.29/0.29/0. 42) m&cﬁmmqﬁ@g@%ﬁwom 2- hept anone. at 9 speeds of 6000
rpmonto CaF2 substrates to produce 30 copol yner -fil ns of 60 angstrons

t hi ckness. VW ab 8098asur ements were then used. t 8-®8ternine the
optical absor baneaaﬁgeer(Qhollate The optical absorbance p@rgag cron in units

of "inverse mcro HEL B/ VE2/ t BA). (0. 29 29/ 0. 42) versus wavel ength
‘lambda (?) in unr%t%/g(%{) ﬁ'glﬂ RE@@.E% H%“@?ﬁ)%%ﬁ‘érgﬁ gure 6. The opti cal

absor bance per midissolvediin ¢fctolekamacdb vdstiehad ved from t he copol ymer filmis
1.57/ mcron. The npﬁz% on at 193 determ ned from
"the copol ynmer fi Iﬁrin&lgéf%} L@l%q{:@ %\r/ﬁelﬁ% 2004 V\Bnlg?/ 85811 -

PCT/ US01/ 14532 | mag hlﬁQP“@ﬁﬁle@ﬂ@IthdbﬁimamwtlbldhmE@thl | owi ng

_sol ution vas péxﬁé&@fti%ﬁ dﬁﬁ%@édcﬁ%&mﬁi ;{/@d g !ﬁv%fiﬁmgé waSPdaeLd

Egmz)g; gt gsr)/eo 4‘%’3&’6 ‘ggtﬁ gé??é)@*g‘% Ei’ll’ai‘{"yfgﬁz?/t énJ %ygﬁexanonez 586.
‘t-Butyl Lithochol at e0 060.5% (W) sol BKIAMPDE 4t ri phenyl sul foniumtriflate
Ly e Tt o Rl haSTaR il B Ry @ 40
generation/lithographic evaluation (2%0d3/(®4Qs descri bed in Exanple 1. A
positive iygage was PLRFULAR: Synthesis
A 210 ml stainless steel autoclave was loaded with 15 ml Vertrel™ XF
and 5 ml of t-butylacrylate (tBA). After chilling to less than -20°C, 20 ml of
about 0.18 M DP in Vertre]™ XF were added. The autoclave was sealed, chllled
evacuated, and 32 gof hexaﬂuormsobutylene and 8 g of wnylldene fluoride
20  added. The reaction mixture was shaken overnight (about 20 hours) at ambient ;
temperature, reaching a peak of 69 psi (470 kPa) at 21.1°C. The fluid reaction
mixture was evaporated to dryness, put under pump vacuum for a week, and dried
for 7 hours in a 65-90°C vacuum oven. This gave 7.7 g of brittle solid, which was
7 characterized as indicated below. |
25 Cale. (HFIB)g 29(VF2) 29(1BA)g 45: 46.74C; 5.18H
Found: 46.59C; 5.30H -

Optical Absorbance per Micron Determination .
Solutions of P(HFIB:VF2: tBA) (0.29/0.29/0.42) were spin coated from
2—heptanone at spin speeds of 6000 rpm outo CaF, substrates to produce
30  copolymer films of 760 angstroms thickness. VUV absorbance measurements
: were then used to determine the optical absorbance pe'r'micron.-

The optical absorbance per micron in units of inverse microns for
P(HFIB/VF2/tBA) (0.29/0.29/0.42) versus wavelength lambda (A) in wmits of
nanometers 1s shown in Figure 6. The opticallabsorbance per micron at 157 nm |
35 - determined from the copolymer film is 1.57/micron. ~The optical absorbance pcr
micron at 193 nm determined from the copolymer ﬁlm is 0.15/micron.
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on the wafer wwth a clearing dose of approximately 12.6 mNovsfibed?004n a 1:1
rati o pol y(hexafl uoroi sobutyl ene:vinyl fluoride) has an A/ = 0.014 at 157
rim This hexafl uoroi sobutyl ene:vinyl fluoride polynmer still needs a

phot ochemWaI01&lich to performas a resist but the functi BEEUSe14532
associated with a photochem cal switch such as t-butyl acrylate tends to.
I ncrease absorption consi der abl over that of_the base pol yner. Conparing
Exanpl es -1 and 2, 2mmagslGenpration/Lithogsen 28 vi nyl

fluoride:t-butyl acrvh@foﬁbwﬂ@%oﬁﬁuﬂ%keré@aeea aﬁ& maPh&caly sﬁn&i?o@étﬁtgﬁt #4 at
157 nm RepIaC| the vinyl “fluoride i'n"Exanples 1 and 2 by

alternating’ mﬁ‘?B YYJﬁeene fluoride in Exanples 3 and 4 reduced Al to
1.57 and 2.16 at 157 ran ndﬁta demonstrate the auyd@ghpge of

I anspar endy. 251 B{%ﬁ@éﬁ et AT SR Dt o1 cho vmyt e

Acet at e/ t - But yac ay Hesceibed . tHi6 eBa@ple.0. 27) Copol yner Syrfi.Bdkis A 210 n

stai nl ess steel @&Eﬁﬁﬁ‘ég was | oaded with 50 m FreonT 4 mM of vinyl
acetate, and 9 m tyI acrylate. The tube was ch|I to | ess 30 than
-20C.and 20 m oft-BayJsithochodate) DP i n Vertrel TM XF added qfhe autocl ave was

seal 1ed chil ![ed swgega(tlgﬁbn@tgpﬁﬁygug&mhﬁ?ﬂgﬂgo;m soiaut %/I ex ad?ed The
reaction xture wa aken overni ours) at anbien

terrperatunTg gtsﬁf?lﬂﬁﬁlﬁl chohexgpony %Wb‘fﬁ‘%egg ®*®ra) at 22C. The fluid reaction
m xture was evatbiimeaetdeﬂroughaiﬂﬁﬁeé’ﬂ?FEmynngmﬂbwr punp vacuui@d or a week, and
dried for 7..hour S-cﬁés &) gon%gd&%segéﬁgg q}ﬁgg%%%mtaﬁo%\fﬁog%&pkﬁ’c ot brittle

solid, which was aracterize cat
( HFI B) 0. 46( VAc@hmfipr prycedure audesgrited in Ezample%tmoas1M® iage mm@ed 1
e 01 SN P s s o

er m nati_on Sol u 0 Cc were spin
coat ed frhﬁt 2- hept]lé‘r?ofle @Sfd% %‘6%50 gﬂt‘%‘ﬁ?%%@%ﬁstrat es to
produce copol yoer4 aﬁ‘iﬂ?nﬁn.dthgﬁacaﬂﬂgtetsrobﬂ@lehawmaﬁmdel\ﬂé%mb asai]b hasgea :
measur enent s opti.ca Sor
m cron. The O%Og%ﬁ&] sor %%38&’8rf9%m%(’:% %@t tﬁ‘ﬂﬁlhe @gc%qnqlﬁ' VP ?ﬁ?g”?tgr?s for
P( HFI B/ VAc/ t BAyho(ch:hmml Switah. sgal) asﬁeblgml@coéatet@dgtmmmc@s@ﬁpm n units of
nanometers is &Jﬁ@merabry@egﬂtaeof&heme Qﬁ&ﬁe‘fabo IBEY afd §r ON at 157

mu deter ned fr e Go Ezm cton. ‘The optical _
absor banc perpoﬂ)&ﬁ%‘ USFPL etYFHYéIélP@F tﬁt‘?)ﬁ’éasé'ﬁﬁb‘&&@r?@i"eﬁ#ll m is
0.03/micron. Affper.Seaet 3364 &trl/SBllnth(R@ldiUm‘g b iy flhéde in Examples 1 and 2
by the alternating monomer vinylidene fluoride in EXamplcs 3 and 4 reduced A/u
to 1.57 and 2.16 at 157 nm. These data demonstrate the advantage of alternating
~ short (CHp), and (CF)y, segments in the polymer for increasing transparency.
25 EXAMPLE 5
Pol exaﬂuormsobu lene/Vinyl Acetate/t-Butyacrylate) (0.46/0. 27/0 2
Copolxgger Synthesis : -
A 210 m] stainless steel autoclave was 1oaded with 50 mi Freon™ 113,
4 ml of vinyl acetate, and 9 mi of t-butylacrylate.. The tube was chilled to less -
30  than -20°C and 20 ml of about 0.18 M DP in Vertrel™ XF added. The autoclave
was sealed, chilled, evacuated, and 66 g of hexaﬂuormsobutylene added. The
- reaction mixture was shaken overnight (about 20 hours) at ambient temperature,
reaching a peak of 10 psi (69 kPa) at 22°C. The fluid reaction mixture was
evaporated to dryness put under pump vacuum for a week, and dried for 7_..hours
35  ina65-90°C vacuum oven. This gave 21 g of brittle sohd, which was
characterized as indicated below. .
Calc. (HFIB)g 46(VAc)p 27(tBA)g 27: 43.51C; 441H
Found: 43.21C; 4.63H
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The foll ow ng solution was prepared and nmagnetically stinmedesver zomht at
‘anbi ent tenperature. Conponent wt, m 15 HFI B/ VAc/t BA copol yner
(0.46/0.27/0. 27# as described in this exanpl e. 0.294 Cycl ohexanone 2.586.
5% (wt) soVOOBMf triphenyl sulfoniumtriflate .dissol ved BGIESP#IEAZxanone
which had been . 20 filtered through a 0.45 PTFE syringe filter. 0.120

This solution was subj.ected to the inage generation/lithographic

“eval uati on procedur&P4cal ddsorpance per Mieton Determinations osi t j ve i mage was

produced on the mSﬁuumtdfP@{BMAmmﬂ&im 270, mpwembﬂi éba?eH froth oo,

Synthesis A 7o et ERERL 0D Fatn ofun EiEs SpfdiariRre s cabelymey
t-butylacryl at Blms o ffF48 anggttoms thickhéssn 7Y absabarch arwasiBOBeni Qvend theh about
0.18 MDP i %&&@h&%@%@g@%@%@ Soplthigenave vwas sea ed. chitled,

evacuat ed, and 33 g_of uor ol so uty ene was added. The reaction
‘mi xture was shaken OWeepticahabsorbanes per micronin epityel laﬁ%b‘@mlcmés@erature

‘reaching a peaF(IEIBNAmmAI(D&mﬂP@mm)varlsu:?@avei&ﬁgtﬁia&ﬁwarﬁ G dp o Xt Ur €
was evapor at ed to d%nes%;wgut unde,f n&gl agc’@u or a week ang dried for
7 hours in a 6EPGBERES ﬂé% lglaﬁ?e%miﬂ&mw. lehnas
‘characteri zed dedernminkdciadére dhebmipolyme Filkak @.1 6(rhicids) Orlfélc(ﬂuBﬂ)dhg&%aud&ﬁ)eﬂlélC f
5. 56H Fo ated 37.5 nole %o
~hexaf | uor oi sob'ﬂ& @g%&ﬁﬁﬁ%ﬁﬂ@@p&ﬁﬂﬁfﬂ@%ﬂmﬁwg% 028 1 Novenber
2004 WD 01/ 85811 PdmagedicngmtionTith ahtatiom/ Li t hogr aphi ¢ Eval uati on

The follow ng sol UtTEH‘fo‘ﬂﬁﬁm%rs%Hﬁ{oﬁflw&'}Q&}d I&%dcopﬁw &ﬁfe(a og\é%i%ggt at

.anbi ent tenperat.ure Corrponent 9) as
described in t#RECHLIGHBIENIG 234  Cycl ohexanone 2.586. t- Butyl »

L| t hochol ate 0 060 5% (Wt Cosipongaton of triphenyl sul f ogfrtumpnty i f 1 at e'

- 15 HFIB/VAc/tBA copolymer (0.46/0.27/0.27)
as described in this example. - ' ', - 0.294

Cyclohexanone " 2.586.
5% (wt) solution of triphenylsulfomum triflate
dissolved in cyclohexanone which had been
20 filtered through a 0.45p PTFE syringe filter. 0.120
 This solution was subjected to the image generation/lithographic
evaluation procedure as described in Example 1. A positive image was produced
on the wafer with a clearing dose of approximately 21 mJ/cm?2.
EXAMPLEG
25 Polv(Hexaﬂuormsobutvlene/t—Butvlacrvlate) ( 41/59)
Copolymer Synthesis
_ A 75 ml stainless steel autoclave was loaded with 7.3 ml of t-butylacrylate
(tBA). After chilling to less than ~20°C, 20 ml of about 0.18 M DP in Vertrel™ .
- XF were added. The autoclave was sealed, chilled, evacuated, and 33 g of
30 hexaﬂuormsobutylene was added. The reaction mixture was shaken overmght
(about 21 hours) at ambient temperature, reaching a peak of 11 psi (76 kPa) at
21.7°C. The fluid reaction mixture was evaporated to dryness, put under pump
vacuum for a week, and dried for 7 hoursin a 65-90°C vacuuin oven. This gave
9.8 g of solid, which was characterized as indicated below.
35  Calo. (HFIB)g 4 1(tBA)y so: 48.44C; 5.56H
Found: 48.59C; 5.65H
Carbon-13 NMR analysis indicated 37 5 mole % of hexaﬂuormsobutylene

and 62.5 mole % of t-butyl acrylate.
28




10 di ssol ved in cycl ohexanone which had been filtered thnoybmbed2dB] PTFE
syringe filter. 0.120 . This solution was subjected to the imge
generation/lithographic evaluation procedure as described in Exanple 1. A
positive Wnes8Hs produced on the wafer with a cl eari ng rIIzESI0A4532
approximately 14.6 m T/ cnR2. 15 EXAMPLE 7

Pol y( Hexaf | uor oi sobut yl ene/ Vinylidene Fluoride/t-Butyacrylate) (0.18/0

18/ 0. 64) - Copol ynedmggatinesratornl PpraphicEvdlwdtions st eel aut ocl ave was | oaded

with 15 m Vertrel hilling
to less than -2QC, ﬁgﬂg@o@g%ﬁg ou B}ef%léﬁﬂ%ﬁ{aﬁh t?é@ﬁﬂgﬁ& rtea%added :
The autocl ave a&é’ée% SEMREPNTER | | ed, evacuat ed, and 32 g of .

hexaf | uor oi sobut yl ene and 8o @,ienyl nyl i dene fI uori de’ Eﬂ@ The reaction.
m xture wag shakgﬁu%ﬁ ni mt‘)ﬁ% hours) at ambi ént enper at ure,
reachi ng a” peak ‘% 31.7C. The fluid reaction mxture
was evapor at ed tascthsgrﬂmdsnttps;examﬂe;r punp- vacuum for 2@28urs, and 25 dried
for 30 hours in a,d4afa um oven. This gave 10 g of gl solid, which

was characterized as indl cated bel ow. Caic. (HFI B) 0. 18( 0.1 S(tBA)O 64:
54.14C; 7.02H FoBneiLihocholie 6. 94H Opti cal ‘Absor bance Q@0 M cron -

Det er m nat| on_ 30595qbs}dofip QY Bkl S@M%tn%ate(o 18/0. 18/ 0. 64) were spin
coat ed frg& 1, 2- b| ?éeg} Zﬁetra et hoxy) et bane at spin speeds of
6000 rpm Bt o cadsso HEPY%{P a?‘?ilep‘?’%‘& Bss80l yner films of 1584 angstrons
t hi ckness. VW aﬁ)méd)amghrmmsmewsmsgm@rﬁtdrhen used toor et erm ne the-
opti cal absorbance cr.on. tical ance.per mcron in
units of inverse m%sosr%u asI5 ﬂﬁi@?\ﬂ@ﬁf‘% e%ﬁe’fg)% P@E’) ver sus ‘
wavel engt h | agwlaatian 9r0¢qdumﬁ8t®5@ibcdmlaﬁﬂm1olerls Apossﬂnmmnalgnmﬁsgmdac& The
optical  absor RaReewRRE with & P&riak db ﬁi’%?‘%f‘ﬁ 04 WO 01/ 85811
PCT/ US01/ i§532 5 d‘gt erm ned frogn %s t%?v]sr?m i ?4 33/ mcron. The
optical absorbance per m cron at 19@—&%&éezrm_ ned fromthis co_pol yner
filmis 0.13/ Holy@EkxaftctdiBblatdendPvingfidenctilhoiadepi- Bl tdrylagh) ed. YoM kigene

Fl uori de/t-Butyl m%@%ﬁ% 27/0.27/0.46) Copol ymer SyntheSis A 210
m aut ocl ave was | of Vertrel TM XF and chilled to
A 240 ml stainless steel autoclave was loaded with 15 ml Vertrel™ XF
and 14 ml of t—butylacrylaie (tBA). After chilling to less than -20°C, 20 ml of
20 about 0.16 M DP in Vertrel™ XF were added. The autoclave was sealed, chilled
evacuated, and 32 g of hexafluoroisobutylene and 8 g of vinylidene fluoride
added. The reaction mixture was shaken o*.%emight (about 20 hours) at ambient
temperature, reaching a peak of 74 psi (510 kPa) at 31.7°C. The fluid reaction
L mixture was evaporated to dryness, put under pump vacuum for 26 hours, and
25“ dried for 30 hours in a 75°C vacuum oven. This gave 10 g of glassy solid, which
' was characterized as indicated below.
Cale. (HFIB), 18(VE2)o, IS(tBA)O 6a° 54.14C; 7.02H.
-Found: 54.13C; 6.94H .
" Optical Absorbance per Micron Determination
30 Solutions of P(HFIB/VF 2/tBA) (0.18/0.18/0.64) were spin coated from
- 1,2-bis(1,1,2,2- tetraﬂuorocthoxy)e_thane at spin speeds of 6000 rpm onto CaF2
~ substrates to produce copolymer films of 1584 angstroms thickness. VUV
absorbance measurements were then used to determine the optical absorbance per

>

micromn. . :

35 The Qpﬁcal absorbance per micron in units of invérse microns for
PCHFIB/VE2/tBA) (0.18/0.18/0.64) versus wavelength lambda () in units of
-nanometers is shown in Figure 8. The optical absorbance per'micron at 157 hm
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| ess than -20C. The autocl ave was further |oaded wi th 5.7 Nove®ber 2004
t-butyl methacrylate and 20 mM of about 0.17 M HFPO DP in Vertrel TM XF. The
10 aut ocl W@ \9@53 eal ed, chilled, evacuated, and | oaded with 32 g of

hexaf | uor of 888t yf ene and 8 g of vinylidene fluoride. The PERASOEMSR xture
was shaken over ni ght at anbient tenperature (about 20 hours) reaching a

peak of 61 psj a t 23 Th reacti.on mxture S evapor at ed
to dryness an térF dﬁ?ﬁﬁa&?ﬂ’g&%’f ﬁlg&ﬁérﬁ%(lg}crgmm&q(qa}c\# \‘%aagcegp%f
product. An 15méremand3innadetbysined framphis cdpolgohenfibuig h#3/nfi€rohour s i n a:- 50C
vacuum oven gave the follow ng resul F AN (HF1B) 0. 27 2)027(tBMA) 0. 46:
49.93C, 5.92H Found: 49.74C, 6.02H sor bance per M cron

Det ermi nation of BEHexafloroisobulylens/Vandidene H@ppd@t—ﬁuwmmwlate)
(0.27/0.27/50. 46) in HCF2CF2OCH2CH2O2/-2vlosieh vent were spin coated from

'1,2-bis(1,1,2,2- tetrafl uorgethoxy)ethane at spin speeds of 6000 rpm onto
CaF2 substrat es to %@é@l@é@é}—%mr films of 7930 angstrons thickness.
VUV absorbance neaA2d@mdrtclue avdshesded sall ISanet Berirel™ X0handsHiiléddo

absor bance pere sor b on in units of

I nverse. m cronsgg:‘tgé@rﬁp(él:‘ra;ﬂ%?@%ﬁ/&%s Fﬁgﬂ%&)@gefg‘fﬁggg)rmfé sus wavel engt h
lanbda (?.) irf lﬂ@ﬂmrylﬁam%aﬂ@fabmsﬂd\im&ﬂ*‘}!{b@&’tmafnr&eh?ﬁ}m dtiee 9 The
optical algor hansgavaras sEhIEH QIR é»ézuat Andl Qe RS G the copol ymer

filmis 4.69/ opt1 cal sor ance_per mcro at 193 nm

det ermi ned f rM‘éOIE'GEB‘W]ﬁﬁ? and § &1 MEdWe@P#ﬂéf dhe 1qagtige mixture was

(G}ener a]t i ?n{j Li tdh@@fmerﬁglﬁ\a&hmaidnﬂfbu&ﬁdnﬁé (ﬁsﬁuﬂﬁ@h&&h} ﬁ?&lﬁﬂgﬁ Eéktéfoﬂt t
ormul ated r |s Lepake neti cal stir verni g a

“anbi ent terrperbsltlﬂf ém)c’ﬁg%tr@ & &rh %("@T r{a Ff’m&atfgﬁ% fyRess

(0.27/0. 27/ 0. %483 then piv sodéripachy vacutnmsfoekwaqﬂigvu@ 29g ofﬁﬂiduentAn

HCF2CF2 CHZG % henyl sul fonl um

nonaf | atcxej%o 1 m%;ﬁﬁ%"g%l%Ség%]le%%%F B)IFL%%P%(}Q%&SQ% a8 OF etV

'HCF2 CF2 ocH2 cHAbEfoloming 155 o 150 had been filtered thr ough a 0. 45 PTFE

ener at o | | hogr gl A PR e mamie 1 A
generation/lithograp |§Ug§é2bugbbﬁn procedu e as déscribed in ampl e

positive i mage was .
Onﬁcal Absorbance per Micron Determmation of Base Resin

20 Solutions of P(HFIB/VF2/(BMA) (0.27/0.27/0.46) in o
HCF,CFyOCH,CH,OCF,CF,H solvent were spin coated from 1,2-bis(1,1,2,2-
tetrafluoroethoxy)ethane at spin speeds of 6000 rpm onto CaF- substrates to
produce copolymer films of 7930 angstroms thickness. VUV absorbance
measurements were then used to determine the optical absorbance per micron.

257 The optlcal absorbance per micron in units of inverse microns for
P(HFIB/VF2ABMA) (0.27/0.27/0.46) versus wavelength lambda (A) in units of
r_lanbmeters 1s shown as spectrum 8 in Figure 9 The optical absorbance per
micron at 157 nm determined from the copolymer film is 4.69/micron. The
optical absorbance per micron at 193 nm determined from the copolymer film is

30 0.20/micron. o ) S |

Image Generation/Lithographic Evaluation Resist 84 -
The following solution (formulated resist SA) was prepared and magnetically stir
- overnight at ambient temperature. : -

o | Component = ' Wt (gm)
35 HFIB/VF2/tBMA copolymer (0.27/0.27/0.46) P
as described in this example. : 0290
Solvent: HCF,CF,0CH;CH,OCF,CF,H 2.561
6.82 % (wt) solution of triphenylsulfonium nonaflate
30 -



on the wafer with a clearing dose of approximtely 7.6 miMNovEmben2@:t
CGener ati on/ Li t hographi c. Eval uati on For Resist 8B The follow ng sol ution
(formul ated resi st 8B) was prepared and nagnetically stirred overnight at
anbi ent t WM¥y838dre. Conponent W. (M HFI'B/ VF2/t BVA co olPCIOi#8t14562 27/ 0
46) 27/0p y .. . . as described in this exarrple 0. 245 Sol vent: 65/35
(wt.) HCF2CF20CH2CH2OCF2CEF2HI 2. 561 / 2- hept angne 045 t-butyl lithochol ate
156.82 % (w) scﬁlsfph@ﬁ%HQ%CB@@G%@H@@GE:%PWMM ate di ssolved in 65135

(wt.) HCFZCFZO(]ﬁ%@'ﬁ%&?ﬁRQE@%ou@Iﬁ@@S P hgehthad begsofiltered through
a 0.45 0. 150 PTFE . filter % &ﬁe ution was ug_%ectedtothe
i mge generati on/I ioRiveas sybiecied o 1&3@8&3{5?@ ropli PiiSed i n Exanpl e

1. A positi veevahm;mn\mscenumchsdestnbad intiexaweplet . Wﬁdﬂltﬁ!edinegﬁ’wm;nﬂ@l&QdOf

Copol yner 11 ¢ Ve e §d°%“b°§%5r§§‘$§l APdecd Tor [moe

generation/lithogrA

éal2:2bisﬁ(bit ;L at2 eg :g%?fg% ce co‘hgtla,‘éﬁ)w@srt]@l#ecpﬁcs1?lt @o@é‘ﬁgﬁ??‘g%r‘?ﬁ%&ﬁ Qp APt

overnight at ambient temperature
S ~ Component Wt. (gm)
10 HFIB/VF2ABMA copolymer (0.27/0.27/0.46)
" as described in this example. 0245
Solvent: 65/35 (wt.) HCFZCF20CH2CH20CF20F2H/ 2.561
/2-heptanone
| ‘t-butyl lithocholate ' ©0.045
15 6.82 % (wt) solufion of triphenylsulfonium nonaflate

dissolved in 65/35 (wt.) HCF,CFoOCH,CHyOCF,CFH/
2-heptanone which had been filtered through a 045
- PTFE syringe filter. - 0.150
* This solution was subj ected to the image generahon&thographlc
20 evaluation procedure as described in Example 1. A positive image was produced
on the wafer with a clearing dose of approximately 3.4 m¥/cm?.
Optical Absorbance per Micron Determination of Copolymer Film of
Formulated Resist 8B .
' The solution used for image generation/lithographic evaluation was spin
25 " coated from 1,2-bis(1,1,2,2-tetrafluoroethoxy)ethane at a spin speed of 2000 rpm
onto CaF2 substrates to produce copolymer films of 1108 angstroms thickness.
- VUV absorbance measurements were then used to determine the optical
.absorbance per micron. -

The optical absorbance per micron in units of inverse microns for
30 copolymer film produced from this formulated resist versus wavelength lambda
' (A) in units of nanometers is shown as spectrum 8B in Figure 9. The optical
- absorbance per micron at 157 nm determined from the copolymer film is
5.37/micron. The optical absorbance per micron at 193 nm determmed from the
copolymer film is 0.83/micron.
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VW absor bance nmeasurenents were then used to determ ne théNaypibea?004
absor bance per macron. : .30The optical absorbance per mcron in units of
i nverse mW ons for copol ynmer film produced fromthis fornul ated resist
versus wavel SH8H | anbda (a.) in units of nanoneters is shBWHUSSVEEECt rum
8Bin Figure 9. The optical absorbance per m cron at 157 rum det er m ned

fromthe copolyner filmis . 5. 37/ m opti cal absorbance per mcron
-at 193 nmdeterm ned fromthe copol is 0.83/mcron. 31 1 Novenber

2004 WD 01/85811 m’rywaﬂumarsabwﬁyﬁdene Fluoride/t-Butylmethacrylate)
Pol. y( Hexaf | uor oi sobut yl ene/\/ nyl i de ggyd%ggg t - But yl net hacryl at e)

(0.23/0.26/0.51) Cosol i Synt hesi s aut ocl ave was | oaded with
30 m of Vertrel Th L to less than --20C. The autocl ave was
Et;rpghgrp |Ogsedthtb&l@'g_ﬁilaﬁfocIavet;\ldSlldaH&iwhﬂEBE'nﬂt(ﬁ'\aé?gelﬁ@)@aﬂaf hﬁi&%t 8 17 (';/'
in Vertr ocl av evacuat ed, an
| oaded with 9é° mzh aﬁ}%?)‘r‘tﬂ FaBhi: %tslﬁﬂ‘ge%ﬂ%b 'ZF"l@fﬁyl i dene f1 uori de.
The reac';lon mmmemammtaﬁm@mmeufmmwmmmlm%ﬁ&m%ﬁaughee (about
17 hours) rea e uid reaction
m xture was e\%g%gfgg?"%%gﬂg&’fg@;eé’ &éﬁ%qﬁdﬁﬁé(gﬂb?cﬁﬂtﬁgggeﬁh for 10 days under

“punp vacuum ahexdfbroroisontylese ami 24 gelyinvldene fiuosidn TheteactidhOmixtwt wasoduct .
El enent al jgnalsgics dve ta%ﬁlenﬂ'éﬁ?g%a%@aggﬁﬁh&ﬁé r@%ﬂ@néoéﬁ% - 30C,
6.46H 15 Fou 6. 37H ance pe) {6r m nat i on
of Base Resi nQ?éBFW 3|9€ﬁ1F i reashing opiBturepes oEporased ojdayness

HCF2CF20CH2 ma@&%ﬁﬁafmmiﬂearmr VEd£s Shid? paad Rduilit QY For2 Mo inla 2508
~tetrafl uoroet hg% etﬂ%rgn]gﬁagt ?fnpf d’g]ﬁ P%goo r% éﬂs CaF2 substrates
“to .20 produce y- , %ﬁg t‘l?ﬂ VWV absor bance
‘measurements were ﬂ@(ﬂE&Dgt@(\H@b@ﬁB{ﬁM}om GEBDCasmHsorbance per nmicron.

The opticak absorbgnggiRerss in units of inverse mcrons for
P( HFI B/ VF2§tBIVA) (0 239 236@ %g??[ versus vvavel ength Ianbda (a.) in units of

nanometers i s show®Ri¢akdhsorbanee ver Micrombelermipation of BeseiResin absor bance per
/25" micron at 157 S@[ﬂtﬁﬁb@ /‘timfﬂm?(w@/@'z@ﬂ’%nfm' mis 4.40/m cron.

P G ﬁ%‘zﬁﬁ%ﬁﬁzﬁ%@é‘éﬁ%ﬁpﬂgﬁ’tﬁ%é%gﬁq%ﬁ%éfq%a%%ﬁséﬁfz Fosist oA
_, tetraffuoroethoxy)ethane at spin speeds of 2000 rpm onto CaF, substrates to
.20 produce copolymer films of 10003 angstroms thickness. VUV absorbance
measurements were then used to determine the optical absorbance per micron.
The optical absorbance per micron in units of inverse microns for :
- P(HFIB/VF2ABMA) (0.23/0.26/0.51) versus wavelength lambda (A) in units of
nanometers is shown as spectrum 9 in Figure 10. The optical absorbance per
25 micron at 157 nm determined from the copolymer film is 4.40/micron. The
optical absorbance per micron at 193 nm determined from the copolymer film is
0.22/micron.
Image Generation/Lithographic Evaluation For Resist 9A
The following solution (formulated resist 9A) was prepared and
30  magnetically stirred overnight at ambient temperature

- Component Wt. (gm)
HFI.B/VFz/tBMA copolymer (0.23/0. 26/0 51) -
as described in this example. ‘ 0.290
Solvent: HCF,CF,0CH,CH,0CF,CF,H : 2.561
35 6.82 % (wt) solution of triphenylsulfonium nonaflate

disso}ved in HCF,CF,0CH,CH,0CF,CF,H which
had been filtered through a 0.45u PTFE syringe filter.  0.150
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The following solution (fornulated resist 9A) was prepar édNoxaabeszn04
magnetically stirred overnight at anbient tenperature. 35 Conponentwt. (gm
BFI B/ VF2/ t BVA copol yner (0.2310.26/0.51) as described in this exanple.0.290
Sol vent : YEREBISCHDCH2OCF2CF2H  6.82 % (wt) sol ution of PCI/AUS01/14532
triphenyl sul foniurn nonaflate 2.561 di ssol ved i n HCF2CF20OCH2CH2OCF2CF2H

whi ch had been filtered through a 0.451 1 PTFE syringe filter.0.150 32 1
Novenbei 2004 WO Oﬁ@ﬁ!ﬁ‘f‘% S8jeoted tpthe impge acarmtipa/thRaEplish] ected to t he
i mage gener at evahdtiohipogredpte 5 dembwaiEMn}ﬂéQC@dpwﬁn@iuﬂgé%é pRduddd E?arrpl e
1. A positive, earing dose o
approxi matel y %@%n#%ﬁ %p‘?%%'ggfjo 3?%@%&3%%\% %Péfcﬁh Det erm nati on of
Copol yrer Fi | m of OpticalrAhsorhane W dlictondletFimsinatidnef Copobisedt Filar of nage

gener ati org | i t hogr pphiflaY ®euatdon was. spin coated from
1,2-bis(1,1,2,2- terg’f ?%Q}l uoQr oet Noxy) et hane at a_spin speed of 6000 rpm onto-

CaF2 substrates to been espdenimsee gpantiosylithomaphin gealvasion waispiness.
VWV absor banca)mb@omar,mats@l v\,@,rzete&mtbr ShatRl £ raf&biﬁ% Qe b g&h f 10
0

ver se. m cf oD SHbes thprER absﬁvr RTINS

ver sus wavel eM§ivhalisartiadee m(e&Surememwm thdn uxed erddiemsiné thepdivd) as spectrum

9A in Figye bLh absorbance per micron at 157 urn determ ned
fromthe copo%;ﬁor %ﬁér}n |g?d 5. 71/ m cron. The optical absorbance per

mcron at 193 nm d&%@?ﬁ%@bsp?@ﬁﬁmml@@p@ymo inversé mic@oiB&Ebdmm cron. i mage
Gener at i on/ Li ¢dpeliaiHilhm froahdédifoalthEtbnieRliedtre 88 v‘éfbﬁs Ml;&%ﬁ‘&a&%“t ' on
ally stifr

(formul ated r | st %B%Was r ep.ar ed and magneti c overni ght at
anbi ent tenpe a@&‘ﬁ‘g@ﬁéﬁﬁ Was(sPﬁﬁtfumﬂﬁllB/F\E@#ﬂ%NKh@:mner
(0.23/0. 26/ 0. aﬁmbaac@mmcmmt iL 57 bl c&te&?mﬂﬁﬂ'fﬁam theZbpolyel iBRis 65/ 35 (Wwk)
HCF2CF20GH2 O’?%ﬁ&’: aHTné oggéal aészorl;] 2B & per [ 9Bicron at 193 nm determined from the
‘copolymer film is 0.88/micron. :
Image Generation/Lithographic Evaluation For Resist 9B
The following solution (formlﬂated resist 9B) was prepared and magnetically stirrec
~overnight at ambient temperature.

20 ' Component Wt. {(gm)
HFIB/VF,/ABMA copolymer (0.23/0.26/0.51)
as described in this example. 0.245
Solvent: 65/35 (wt.) HCF,CF,0CH,CH,OCF,CF,H/  2.561
{2-heptanone : :
25" tbutyl lithocholate - 0.045

- 6.82 % (wt) solution of triphenylsulfonium nonaflate
dissolved in 65/35 (wt.) HCF,CF,OCH,CH,OCF,CF,H/
2-heptanone which had been ﬁltered through a045p
PTFE syringe filter. . : 0.150
30 - . This solution Was subjected to the image generahon/hthograpmc
evaluation procedure as described in Example 1. A positive image was produced
on the wafer with a clearing dose of approximately 5.6 mJ/cm?.
Optical Absorbance per Micron Determination of Copolvmer Fllm of
- F ormulated Resist 9B S :
35 - The solution used for image generéﬁon/lifhographic evaluation was spin
coated from 1,2-bis(1,1,2,2-tetrafluoroethoxy)ethane at a spin speed of 6000 rpm
onto Cal2 substrates to produce copolymer films of 1188 angstroms thickness.
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25 t-butyl lithocholate 0.045 6.82 % (wt) solution of tdiNsvempes20(oni um
-nonafl ate di ssol ved in 65/35 (w.) HCF2CF20CH2CH2OCF2CF2HI  2- hept anone
whi ch had tered through a 0.45 PTFE syringe filter 3Q This
sol ution V\‘ﬁg suqu Ject ed to the image generation/lithogr aphl%cpfg%(g[?]dé%zl on
procedure as described in Exanple 1..A positive inmage was produced on the

wafer with a de@grgﬂ g?%gm% &Eﬁ% ?Sdé) c;g#{(}w%tﬂé(cj)%bc Absor bance

per Mcron Determ nation o st 9B 35 The
sol uti on used 2bgprb P’F\Q&‘g@fgé%nat [ on/I I t hographi ¢ eval uati on was spin coated

from1,2-bis(1,1,2 I’Zhé@uﬁ@%ﬁ&b&%%@%ﬂ&&ﬁ%éﬁ&ﬁ%hﬁ&ﬁ?% of 6000 rpm

.onto CaF2 substrat es produ yrrer angstrons

“thickness. 33°¢P i§Sgrmul ﬁﬁf%ﬁﬁwewldb@bﬂbance
measuremenfs &y m adigrof mam:dnétﬁs dﬁhem 283 6 pddRRINOPR irCRipureAlts THBRRPEBalPET

‘mcron. The o e cron.l guni s of |nv se. mcrons for
copol yner fil %B%ﬁg%n 3%9#9 %@%9%@8 BtE FORPLYIEEF. l9§)al<§el engt h

| anbda  (X) |r64ﬂrﬁm<§00f Th@ﬂpﬂmlduserhascespwmcma!smmeﬁﬁnbﬁ filongthiee 10.
~The optical FEmPRET. 08hBEBR at 157 nm determ ned fromthe copol yner

filmis 6. 43/ on The optical absorbance per micron at 193 nm
‘det er ni ned fromthe copol yner fil m EZAMBBEHcr on. EXAMPLE 10 10

Pol y( Hex. aél uor.oi sobut PoBEMBut AR )- glgyﬂ&.g,gﬁég@_ﬁ' ( onmerOfSyn;Bgsi S
u

An aut ocl ave was ¢ 'Il?d tq, |l ess than -20C and | oadéd with

0.17 MHFPO DP in %Q&%?—%@ﬂ%e—é" L nd 7.3 m of t-:butylacrylate. The

“aut ocl ave was seal ety acthilbvecswas &Mbﬂdli&ﬂﬂdthaﬁndmmadﬂdadﬂfdtvbﬁhlmwoﬂf 15
hexaf | uor oi so r t qver t at anbient
“ tenper at ur e éﬁ%%@@%@ﬁ??ﬁf‘%a‘é%ﬁng‘“ e B RSB R P o 250 The
fluid reacti oduipclave vesiesee ghidled £vaehatad, amcyhaé@imwmmgnffat her dried for
-5 days Umﬂerh@zﬁmm\f&%&@@ﬁ&j THe", gcubﬁﬁaﬁxﬁ@é’% &h ;&]@ gi ving 7
g of product. Ele nt&&l9 g% ymsge 20 g FlB‘g YAlei(?:%

47.23C; 5. 28HCTRRH OYlsl@. Hogr Bﬁﬁcéﬂguad)sﬁk LOps

Det er mi nat i on finid BastoRmbittre Seisevigraedio Bk BAd Blh fitferdtikd 1563 dhyd

HCF2CF20CH2 m%%r?p%kfacuum and for2to 3 daysina 50°C vacuum oven giving 7 g of
product. Elemental analysis found,
20 Cale. (HFIB), 44(tBA), sg: 47.23C; 5.28H
Found: 47.15C; 5.06H
Optical Absorbance per Micron Determination of Base Resin
Solutions of P(HFIB/BA) (0.44/0.56) in HCF,CF,OCH,CH,0CF,CF,H
solvent were spin coated af spin speeds of 2000 rpm onto CaF, substrates to
257 produce copolymer films of 9510 angstroms thickness. VUV absorbance
measurements were then used to determine the optical absorbance per micron,

The optical absorbance per micron in units of inverse microns for
P(HFIB/tBA) (0.44/0.56) versus wavelength lambda (A) in units of nanometers is
shown as spectrumn 10 in Figure 11. The optical absorbance per micron at 157 nm
30  determined from the copolymer film is 3.74/micron. The optical absorbance per
micron at 193 nm determined from the copolymer film is 0.12/micron
Image Generation/Lithographic Evaluation For Resist 10A
The following solution (formulated re51st IOA) was prepared and magnetlcally sti
overnight at ambient temperature.

35 : Comgonent Wt. (gm)
HFIB/tBA copolymer (0.44/0.56)
as described in this example. ' 0.290
Solvent: 65/35 (wt.) HCF,CF,OCH,CH,OCF,CF,H/  2.561
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sol vent were spin coated at spin speeds of 2000 rpm ont o1CHF2mbaba®tdat es to
25 produce copolyner films of 9510 angstrons thickness. VUV absorbance
measurenents were then used to determ ne the optical absorbance per- m cron.
The opti cWOLHEWEibance per micron in units of inverse nicrPOBUSEY14532
P(HF1B/t BA) (0.44/0.56) versus wavel ength lanmbda (2) in units of nanoneters
is shown as spectrum 10 in Figure 11. The optical absorbance per micron at
157 nm 30 det er mi n@dheptapems he copol ymer filmis 3.74/ micron. The opti cal

absorbance per mEwn @ s@)ﬁﬁoﬁ'ﬁfnnﬁgﬁﬂhlﬂﬁ%ﬂx{l‘ﬂﬁfﬁ@e copol yner filmis

0.12/ meron. i Lonl Lit uat I on For Resist 1 OA The |
fol | owi ng .sol ut i 1?’6‘?1%}3'% ek 2Ll (a8 Whighar ed and magnetical Iy
sti  overni ght alhadibbauejﬂterém ﬁtaw.qzs Fidey\t . (1950 HFI Bl t BA

copol yrmer (0. 44/0. 0.,290 as: %Jg‘sc%t% i.n h| S exa S l.Lvent: 65/35
(Wt .) - HCF2 2OCH2CE@§EE‘§ ghon, Yas wipiected 19 %8?“%@ 811 -
PCTI | | SO111453¥vah2tihe ptogebmeas des8izberbifnixpmph ]utA@nsmiffe imiagahm &dilck@ni um
triflate diss %EéHl#p been filtered
through a 0. 45&|L-> gvsyrl ngegggﬁ gdg%% Uti'on was subjected to
t he i nage -gener at i CHI3ZEAEEARM ey H nrdiesist HIB descri bed in

Exanple 1. A pOSItlm-fomm \@@muaﬁ%ﬁﬁaﬁtedqeslmgtz%@geﬁ%fgﬁéﬁ%ﬁa |on ‘38&?,

of appr. OXI tel Gener ati on/ Li
Resi st C]%BTh%‘yef'Bg}thgw%tpﬁ’PFrg‘ﬁmffor mul at ed resi st I OB) was prepar ed
and magnetlcal ly stirrc 1Qompendritght at anbient tenpaya{gneg. Conponent W.

CgLn) HFIB/tBA s described in this exanple. 0.245
Sol vent : szwzﬁéﬁ%@%ﬁ@@@?@ls 6.82 % (wt) solution of .
t ri phenyl sul f oni asreseribeddnghigexamaploed in 65/35 (w.) 0.245

HCF2 CF2 OCH2 CH2 CCR@[FeREHCR chrept anensonl eh, fpad been fil ed through a O 45
PTFE syri Fé $9 o H?utlgn %/\Igs subj ecte ﬁ)l t he i mage

generati-o %FI I Ih Lé%gﬁﬁ Qﬁrtjj solution o? tnpcl)lenylsu]fomum triflate
_dissolved in 65/35 (wt.) HCF,CF,OCH,CH5OCF,CF,H/
2-heptanone which had been filtered through a 0.45p
PTFE syringe filter. : 0.150
This solution was subjected to the image generation/]ithographic
20. evaluation procedure as described in Example 1. A positive image was produced
on the wafer with a clearing dose of approximately 4.3 m)/em?2. ‘
Optical Absorbance per Micron Determination of Copolymer Film of
Formulated Resist 10B
The solution used for image generation/lithographic evaluatioﬁ was spin
25 coated at a spin speed of 6000 rpm onto CaF2 substrates to produce copolymer
fitms of 1160 angstroms thickness. VUV absorbance measurements were then
used to determine the optical absorbance per micron.

The optical absorbance per micron in units of inverse microns for

- copolymer film produced from this formulated resist versus wavelength lambda
30 (A) in units of nanometers is shown as spectrum 10B in Figure 11. The optical

~ absorbance per micron at 157 nm determined from the copolymer film i is

3, 43/micron. The opucal absorbance per o micron at 193 nm determmed from the
: copolymer film is 0.8 llmlcron :
' : EXAMPLE 11( Erophetlc[
- 35 - This example 111ustrates that the compound having the structure of
 HCF,CF,0CH,CH,OCF,CF,H is significantly better as a spreading solvent on
silicon in relation to standard solvents (e.g., 2-heptanone)
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20 . evaluation procedure as described in Exanple 1. A podNdvember 230ge was

produced on the wafer with a clearing dose of approximately 4.3 rnJ/cn®.

Opt i cal r e per Mcron Determ nation of Copol yner Film of

For mul at ﬁ%@?ﬁ%&l 1 OB The sol ution used for image generat FSKHPPYHIH aphi c
eval uation was spin 25 coated at a spl n speed of 6000 rpm onto CaF2

substrates to prod copal yne fi. 16 kness.

absor bance rreasuret%ﬁ't1 ongﬁ%m?%eel?’yél 811 m}\&@é&gﬁﬁcal absorbance
per micron. TKQ%&Z@&ﬁlbﬂn@oeranwbﬁﬂ)mlgmamqfril-hwtamncsn@ﬂ ligw€rse nicrons
for copol yner ¢ W}%‘@?Q sus wavel engt h
-lanbda 30 (2) units o %\gq]%yr?%thgps%lpﬁros es%%tlla u%ﬂfl OB in Figure
11. The opti cehl GHa&k: Jethso ysqn&ﬁrﬁsm&eépmsrl@@nfwaéwm

copol ymer & | iliofeh tcm& ﬂ})CVMGIBI@n@ﬂid Ty dRa e RGN Fos! RAdHp 193 nm

determ ned fromt i.s 0.81/m.cro 11 (Pr ophet| C,
') 35 This: exarFffP‘ét“aIX E?Q%P%%liggldfﬂﬁﬁosipﬁé K @?%gmt %‘ngﬁ ur e - of
"HCF) CF20CH? CHZ;%%EM pacles gopdlymenntvhstre et :toemumﬂnaa degwrelsatk rfeprs dlevent on

So0a 0 01 beg Bl B hRM ROl @f&%%éﬂﬁﬁ‘% SCpaRbst g ot
~ P(HFI B/ VF2/ t Bnvywn tp@. sEBjoth copolynsr il rongtiy dhrepliametes the guaamgiiquid pegt anone

‘and f
rcr2cr2oG %aéﬁﬁgé%f?“@eﬁ%fﬁﬁé% B R DTl o2

‘al | owed t o ai rsobjept, thessofytionds HiE |2§1E29§Hzcﬁb%1§ﬁel{é?méf§afsttﬁé 918U d pool
beads up evenitiakivi ah@amforsh fint thia khelRBRTopoRines B hY %@:Eorﬂl.};@lﬁenp 25" in

" diameter and scattered thin patches copol yrer where t sol uti on has drawn
~back fromthe wafer surface. In contrast the solution in
HCF2CF20CH2CH2OCF2CF2H dries down to a snooth copolyner filmroughly the
di ameter of the starting liquid pool. 10 Paralleling this better wetting
for copol ymer in HCF2CF20CH2CH2OCF2CF2H sol vent, the solution in
"HCF2CF20CH2CH2OCF2CF2H spin coats to a nore -attractive and uniformfilm
than the sane copol yner in 2-heptanone solvent. 36 1 Novenmber 2004 WO
01/85811 PCT/U01/14532 5 What is claimed is: 1. A copol ymer conprising:
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(a) a first repeat unit derived fromat |east one fluorobiNeivemberma2i0dg t he
structure: (H(H C=C(R1)( R2) wherein R, and R2 are independently sel ected
fromthe group 10 consisting of Cl-C3 perfluoroal kyl, or taken together
are. (CF2woomssstein nis 3 to 5; and (b) a second repeat per/vsSdarsdzed from
a first ethylenically unsaturated conmononer conprising an acid group or a
protected acid group. 15 2. The copolymer of Caim1 wherein the second
repeat unit is a tertiary- alkyl acryl BLAIMIS a tertiary-al kyl nethacrylate
in which the aWPQMsQEﬁH Qi sanges from four to about ten carbon atons and
the first repeat uni't I's hexafl uorojsobutyl ene or decafl uoroi sohexyl ene.

3. The copol ymer ofl. CIA%PWW@QHM% first repeat unit is 20

hexaf | uor oi sobutyl ene y, atﬁlﬁtl(éjﬁé?a@ilﬂltﬂéﬁ’%tﬁdiﬁhﬂehﬁ ohé BubRotdfmhavaigKY |

acryl ate, 3. The copolyner of m 1 further conprising a third repeat
unit derived froma secoﬁ@3 %nlcally unsat urated conononer. 5. The
copolynmer of Claim4 wherein the third repeat unit is derived fromvinyl
fluoride, vinylidene fluoride, vinyl . or oet hyl ene, 25
tetrafluoroethylene, 4,5-di fluoro-2, 2- @%ﬁ%@@ ?@%@é%ﬁkthyl)-l,B-dioxole,

2, 2- bis(trifluoronethyl) 1, 3- dloxole vi nyl al cohol, 1, 3-dioxol e-2-one, or

mal ei ¢ anhydride. 6. Jﬁh@eﬁ@ﬂ%& rm@&d%&u&ﬂgge&cm'ﬁdhwﬁ%gpol ymer

further conprises an aliphatic pdl tionalit
copol'ymer 18 O ai m 6 wher &PRSISHE eﬁ/lcémp ﬁéaqkmﬁﬁae&h%ﬁre(pﬁén

copol yner contai ni ng allphakmﬁnaqﬁg@ysumﬁ functlonallty ranges from about i

to about 50 nole perc . 8. Tecoo f. C ai urt conpri si ng
at | east one nenber :(Ej e A& a?ﬁ#ge%wgf&o@ﬁ&dﬁteﬁaﬁ car boxylic

acid, a fluoroal cohol, andmaﬂm&&dpmnkmoﬂedcmtmmmuahmuhbQmu@orimaneﬂmblyner
of daiml made by a sol utj, ynmeri zation process conprising a solvent

and an initiator. 37 1 Nove r 2004 WO 0118_5811 PCT/ US01/ 14532 10. The
copol ymer 1&f d ai m29 i%e\mpelamehef Slaim d ivhqrein she segepdieneas gt is a tertiary-

chl or of | uor ocad]%q fém@y@hwmeeﬁwe iwhiak dhed cﬁ?&aﬁge@ ﬁ@aﬂ t he
| nitiator is aﬁy%ﬁq?a%mn&eﬁ 82)1(1' on atogt:{seagus thep f?rs? r)gpgfﬁlunﬁ I?ex uormsobuty{ene or

azobis i-s obu
‘ decaﬂuormsohexylene

3. The copolymer of Claim 2 wherein the first repeat unit is
20  hexafluoroisobutylene and the second repeat unit is the tertiary-alkyl acrylate,
4. The copolymer of Claim 1 further comprising a third repeat unit
- derived from a second ethylenically unsaturated comonomer. '
' 5. The copolymer of Claim 4 wherein the third repeat unit is derived
. Trom vinyl ﬂuoride, vinylidene fluoride, vinyl acetate, trifluoroethylene,

25 tetraflucroethylene, 4,5-difluoro-2,2-bis(trifluoromethyl)-1,3-dioxole, 2,2-
ibls(mﬂuoromefhyl) -1,3-dioxole, vinyl alcohol, 1,3-dioxole-2-one, or maleic
“anhydride.

6. The copolymer of Claim 1 in which the copolymer further comprises
- _ an aliphati¢ polycyclic functionality.
30 7. The copolymer of Claim 6 wherem the percentage of repeat units of
. the copolymer containing ahphanc polycychc flmctxonahty ranges from about
- 1 to about 50 mole percent.
8. The copolymer of Clazm 1 furthér comprising at least one member
‘ selected from the group consisting of a carboxyhc acid, a fluoroalcohol, and a
- 35 'rprotected fluoroalcohol. '
| 7 . 9. The copolymer of Claim 1 made by a solution polymerization process
. comprising a solvent and an initiator.
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5 11. A photoresist conprising the copolyner of Cains 1] Nyvefiped20®, 6, 7
or 8. 12. The photoresist of Claim 11l wherein the copol yner has an :
absorptionwoq)%f.glhci ent of less than 5.0 pnt at a wavel ength of 157 net.
.13. The pHotoresist of daim 1l which is a positive-worki ARGV st .
.10 14. The photoresist of Caiml 1 wherein the photoactive conponent is a

phot oaci d generatory, 1 e .phot si st . of iml | wherein the
photoresist is devépbpggF ]ez_g%o(%fr)m rs“%{ﬁmﬁ? %&W@%ﬁ%ﬁ‘@m }Sr‘?aé]@r‘ﬂﬁ?gi‘?ni’ nmagew se
exposure to ul ehlaxpfivorecartogi ehlbwiluotehydrgarben e dpdofiuafocaB6baminhe 15 16. The
phot or esi st of jfiiabiMsla diad OnggdecméFéﬂg%g%agé%y@%%q ot 9. The photoresi'st

of Claim 16 wherein_the vent is s rom gr’oup consi sting of
cycl ohexanone, 22PHébaRaARtiland  HCF2CF20CH2CH2OCF2CF2H. 18, The

phot or esi st5of O ail 18, fHetérBss: GRRRkInG tRcopoBRATR bY EMimAi £ 420 6 7 o
facilitates thg filmformng capabilities of a photoresist formilation. 19.

‘The phot,oresi st” of Claim 18 in which the cosolvent is
HCF2 CF2 OCH2 CH2 OCF2 €82 HThe photFiesispifiClaine $1 siherein Beabpolirhet ihs\hiabsbrbtish

olvent is 2-h Ve [ 20CH2CH2OCF2 H 25
SOl vent 1 2 Mesknnencdp ol T

21. The' phot oresi st _of ) ! TS "di'ssol ution inhibitor.
©22. A process for pdepaps Bepterepisioridflain i1 a ppsitivevbstingplmtaesipr i si ng,

cinorder: £ 35 (Al4apTh¥bRéoRsBIGHALES | PhnbRIPEE bhoBHRR Brplh (3 © 1O
forma phot OrﬁiqllSt .Aa%/er, wherein the photoresi st conposition coiprises
“(a) the copol yE¥O5fd BFRF4E™1, 2, 3, 4, 5, 5a, 5b or 5¢c; and (b) at |east

?ne phot oagt i ve codpon®hs phc(t&i)esibtrmfgﬁmigsel ﬁg&@gi thél_ard@i%fisQiE%bﬁbiéds%y er to
f.orm i maged an reas; and : evel qpi e expose
photorestst | ague BRSARIERARERE an i sk ik s BEP e df il iR

phot or esi st i apwavdlenglubE€3Ghmn. 23. The process of Oaim22 further

conpri si ngys5 bet vveem6_st'§.g§?]|§04§gré§i%f((§)ﬁﬁ gleﬁ{‘@‘g‘g@gin%ﬁ&%s‘ﬁ phot or esi st

conposition to sub?{’ani%%?h>é renove_ s, { ver 04 WO 01/85811
PCT/ US01/ 14532 and (el Bbprqigresist fClppl @ wherein the sgluentanselesteddis theat e,
wher ei n the phgbap esdsidting of cyclohexanone, 2-heptanone, and
' HCF,CFo0CH,CH,OCF,CF,H.
18. The photoresist of Claim 16 further bompriSihg a cosolvent which
20  facilitates the film forming capabilities of a photoresist formulation.
19. The photoresist of Claim 18 in which the cosolvent is
HCF,CFo0CH,CH,OCF,CF,H. _
20. The photoresist of Claim 11 in which the solvent is 2-heptanone and
the cosolvent is HCF,CF,0CH,CH,0CF,CF,H.

25 21. The photoresist of Claim 11 further comprising a dissolution inhib_itor.
| 22. A process for preparing a photoresist image on a substrate comprising,
in order: ' .

“(A) " applying a photoresist composition on a substrate to form a
~ photoresist léyer, wherein the photoresist composition comprises
30 _ (a) ~the copolymer of claims 1,2, 3, 4, 5, 5a, 5b or 5¢; and
' (b) at least one photoactive component;
- (B) - imagewise exposing the photoresist layer to form imaged and
‘non-imaged areas;and
- (C) developing the exposed phot@resist layer having imaged and
35 |  non-imaged areas to form the photoresist image on the substrate.
23. The process of Claim 22 further comprising, between steps (A) and
(B), a step of drying the photoresist composition to substantially remove solvent
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conposition is further conprised of a solvent. 24. A useldfovambenp¥idind

having a structure of HCF2CF20CH2CH2OCF2CF2H as a spi n-coati ng sol vent.

WO 01/85811 . ' PCT/US01/14532

and thereby form the photoresist layer on the substrate, wherein the photoresist
composition is further comprised of a solvent.

24. A wse of a compound having a structure of
HCF,CF,0CH,CH,OCF,CF,H as a spin-coating solvent.

39

39



