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Abstract: Fluoroolefin/acid group or protected acid group-containing.

copol ynmers_f or otoresi st conpositions and mcrolithogra h met hods

enpl oyi ng YREY Eﬁﬂllor esi st conpositions are described. ThesBC

conpositions conprise 1) at |east one fluoroolefin, preferably

hexaf | uor oi sobutyl ene, and 2) an acid grg or a protected acid group
(e.g., at-alkyl ester, preferably a t Ly | ester), which together inpart
hi gh ul travi ol et Q@R@LYWEWOE@RESWES AWROOESS&SE&SEh REFGRI a to
these materials. The materi i gh U/

t ransparency, artlcul arI y Aé 6% K Wﬁ@qlw nm and 193 nm
whi ch nakes t 1 > 4o Relatadodpplisiionst t hese short wavel engt hs. 1o

Noverber 2304 WO Ol'tﬁé &@Iﬁ&%ﬁﬂdtﬁé%@i}%ﬁfmm %M?Bég?%ﬁdﬂ ORES| STS

ROCESSES THERE oss-Reference to
ég Paf ed AL? §| |Sci§{ F Cil((i%%ie&) ox?i/{ayl_ﬁ‘EZ&’ 18 mcorporated herem by
' reference in its entirety.

1. Field of the Invention . ,
- The present invention pertains to a-copolymer containing a first repeat unit

10 derived from a fluoroolefin and a second repeat unit derived from an ethylenically
- unsaturated mopomer containing an acid group or a protected acid group which
cocopolymer is useful in a photoresist composition for imaging in the productioﬁ
of semiconductor devices. - '
~ 2. Background
15 In the process for manufacturing semiconductor devices, very fine
features are etched onto a substrate, typically a silicon wafer. The features are
formed on the substrate by electromagnetic radiation which is impinged,
imagewise, on a photoresist composition applied to the silicon wafer. Areas of
o the photoresist composition which are exposed to the eleciromagnetic radiation
20 . change chemically and/or physically to form a latent image which can be
o processed into an ﬁnage for semiconductor device fabrication. Positive working
photoresist compositions generally are utilized for semiconductor dev1ce
manufacture. , _
The photoresist composition typically is applied to the silicon wafer by
25 'spin coating. The silicon wafer may have various different material layers applied
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. |

35 Various copolymer products for photoresist composﬂ:mns have been

described in Infroduction to Microlithography. Second Edition by L. F.

Thompson, C. G. Willscm and M. J. Bowden, American Chemical Society,
Washington, DC, 1994.
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5 This application clainms the benefit of prior filed copengiagoer Sygsi onal
~application 60/201, 143 filed on May 5, 2000 which is incorporated herein by

ref erence WBo'lfsst entl rety. 1. Field of the Invention The p ggﬁ% ntion
U

pertains to copol ynmer containing a first repeat unit om a
~fluoroolefin and a second repeat unit derived froman et hyI enically

unsat ur at ed nononer t id group |
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waf er nay hav:Tg ﬁeg#pae r‘@?ﬁ {}%Fgg‘fq%/reﬁ g ﬁ%‘rf%a%f"é{il de or silicon
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i n the ThonpsoHowever, at wavelengths of 193 nm or shorter, the photoresist compositions -
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 conipesitions 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 usua]ly 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 unacceptable image
with low resolution and too many defects .

| A thick film layer of the photore51st matenal 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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et al. publication, upon exposure to el ectromagneti.c radiaidembee2a04 WV
light), the 5 photoactive conponent acts to change the Theol ogi cal state,
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characteristics of the photoresist conposition. The use of ultraviolet

| i ght of | ower wavel en arr onds her esol ution (| ower

resol ution |i rfi%§ ﬁe@gﬂl@&ﬂ‘cﬁfgﬁmpﬁ@m&r el‘lﬁ’i“(’f"aq ﬁ’%ﬁlat%asaa 10
currently esteﬂ1h¢tﬁimmmﬁmfﬂ1iahnm$ngaﬁgmﬁﬁsa)fa@dtﬁ%ﬁ&ﬂmm tor
devices. The f r”gag cess fave,a re oI ut| mt of
about = 0. 35- Org%ﬁﬁ’ ?g%ﬂ NOWN 3"5 Egtor §t°° tIhFl%Q? PEr trﬁ%lgﬁaphy
using a 365 WW@@N@@W@Y@W@Iﬁf@W%MV&MmﬁMde

di azonapht BOQLHoBQEﬁn%rﬁ%Qét?&QJsHH B3 defd 4 DIl 2. 1ol bl RAGHRAGY o idebBe deep LV

at 15- 248 nmh %}g ave a.re imt of approximtely
0.35-0.13 mi cri€ ac“Pﬁén)< a}ﬁ’Tﬁﬂﬁtoéﬂ(-fslﬁé‘ﬁe%@}mfchﬁﬁﬁé)fﬁhﬁuﬁdﬁﬂﬁmgpﬁﬂwms are
mladet from pt wdgmasémé@nﬁ@ ﬁemght’ﬂaﬁfstﬁntted-ﬂﬁd%i?ﬁ raa{aﬁg UppBREL & %&:ééttsl ng

el ect romagnet i orter ed to for

f or mi ng \g/ery #lfnn% ggﬁ‘tvﬁsﬁegcﬁ §?f§é Q’P?Brﬁgtg%ﬁﬁ 3@@%@9&@ correspond
t o hi gher 20 nmqtpmiednﬁ,]mt bﬁatshmwnmﬁlgdmehﬂﬁammdﬂms@tfhpﬁremdté]ﬁn 300 rim,
vacuum (wagel el%%'%n%wh%ﬁﬁ sgﬁ) :@[Q‘,e%rmg%/[gﬁtg?ql?h{eﬁe%%gﬁél\ggvel §ﬂgt h | ess

than 30 nm ultravi er, at wave orter,
t he phot or esi ﬁboéﬁ%ﬁﬁﬁeéwaRQR?J\Ymﬂcﬁhm%’ﬁha@a@SbmﬁﬁpqanMOMave been

fougd tf’ | ack tﬁiefaﬁes@) 157 nhd RGPS R f‘ﬁﬂcﬁo? &S5 - f)e&Forﬁbef a{t't19%h1v taﬁ@lf[ﬁﬁ‘rif't ered
i n devel oping .c S ot or st” conposjtions 'that are

i maged at IOI o&é?%%%@&é&éhé‘ ‘gaPP ﬁ%@b @%%‘Opﬁébéc@es‘éart‘éﬁélﬁﬁ%ncy at

t hese | ow wav el teamgnliised Héhﬁﬂemﬁﬁﬂf%ﬁﬁﬂ?fml I thge quirefa d@ﬁgg,ﬁ{egﬁkﬁt 0% of
conposi ti gas a ou about 0
ol dent PghiCoAn e adiber i Bh S o ofikeBl) B BB belaha Ser 8RR, 30

produce an i ndlses thant wwet), while foraufiloy thickiness of 4000 angstioms, avnpolymerdilm
|
TP e B T 7

whi ch | ack ansparency

unaccept abl e |’r£ tengiy gt ll%g\ﬁni‘@g‘b‘!lﬁ@b@# 14 $%F@f¢iﬁﬁy: @éﬂé@k@ aﬁ&mtgﬁsek film
| ayer of the nh@meesb@&pmtlemualhavembm&w 1@hson@ble PeidBntdse 6ﬁ§9i'db‘ﬁt' on and
| ow def ec%a Hﬁv%v{%%lrﬁg%gﬁ%fl lms tend to | ack transparency at | ow

wavel engt fe absor bance requi renents of a copol yneric
material that w || Tclmulecurymeiglt of o palymer feiGoplatoresiicdmpbsitibghhidhds

trate th f t hi
ol o gy MBS g ) SR lbtior
PCT/ US01/ 145320% f¥Pigestingl ‘%’i’fl\%i belpucthews thedgromaabspmtion faxiamcrisimplee fil m
was cal cul at ediydﬁac&'boﬁlllﬂc ¥ 24 fludeodakBoR H( UF?P%M nA@&&%é %ﬁ&% (t) and

the opt] gg&t B Bl T RhE o Mg WIS, Bt St np "

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 (CF2)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 fdr film-
forming capability, while avmdmg long (CH?_)R and (Cl@n chains which hinder
tranparency.
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are shown fora copolyneric resist for use at 157 nmin FiyQyRmbefBbof Or
"5 copolyneric resist for use at 193 urn in Figure 2. In this cal cul atlon
an i ndex action (n) for the resist of 1.6 is used ect(s)
of the ung‘ter?{;é?’%g silicon substrate, representing the | |g€€ﬂpgﬁﬁagtted

t hrough an unsupported copolyner filmlayer have been considered to
represent the |l i gbtbledakempatiesh 6170 Wb3omptionIVIakima d61 HedrbtarbonsAmdshopwn i n
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achieve a trar“@‘l‘—sm Y RgNT | P SORPAION WV«T?; juire a
copolymer filmw th an abso~lmafnv\=:—p§-(= 'uuu tofrH1+m—t¥& 157 nm
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=D

detrinmental tq TBAASDGNEGRSP. Suvakdl, Ha'C| Sdbhy, CH ws the

F(GF2) P chai me. gf;@] I Tandlel Qi Y AOKE e ik R, J?Lﬁ"ﬁéb’gf;
Y. § g@

to l.onger wavel engths f| rst S@grtl r?gmiru T hydr.ocar bons when n
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1. B A i—@&bgést lTEchnﬁﬂ‘ﬂf@@@Sﬂ (1@9@)&?@1)0?‘?&992&}5%0@%@ ers mﬁin Eﬁtt 1967,

42. 2. 2 marmra FUJ | mot o,

H. . Yamanot oabﬂqubqﬂﬁﬁk‘%fémcmqﬂﬁ*;ﬂstha%a Qel These thisy papdners peTTeivoTY 24532
Tabl e 1. Conpa#vifgan Qﬁso@éné@p&rrﬁiﬁztdﬁbﬂ%wt@S @1 Ey(ﬁﬁ B0R&n@ Hhving

Fi gor ocarbons ar)l( g&bcs)ézlgangexg\ep‘r\{nE,thl%lg%T about ﬂ?’pm' %o y(p eny siloxane) 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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have been found that allow about 20 to about 40% of 157 run light to
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Vacuum 10 Sci. Technol . ﬁ%@F - o0 ) ree copol ynmers
havi ng an absor-bance per #m‘o‘%ﬁ EES hree copol yners

are Tefl onTM AF hatvglnglamaplbtoftbaﬁ/wamssmuﬂbnt 1ﬁ7'moﬁresm51nm&ﬁath

pol y(net hysi | %ﬁ@ﬁ)abr.@rﬂuegpeﬁﬂﬁ&sm@%ﬁnn%ﬁs BE /88 r@l?%bl‘l/ﬂz? Fpm. and
pol y(phenyl si’l m Vi ng %Em or aFce per m cron o? out 8 [Lm 1.
Attenpts to c& r‘tesllﬁ éesﬂﬁﬁ i ° 6 IAAPLEQmRs. oI RAPSRSSPR WES bot h
sensitive to Icalg’alatalrfﬂrﬁﬁmaleklgmgfthamsﬁﬁﬂﬁnb@&etondgléaltﬂ@ﬂ&{&l fave tended to
I ncrease absor%%%c%nd&g 157 . I ndeed, none of the three transparent

copol ymer systg ouncf"l%’/C Bl oonst ei n have yet been successfully converted
into practical reersgls'eZTMPthﬁtha%tMnﬁmoqﬂbabermbfmmﬁhmstmﬁhs base

devel opabh§ CBBALUBRLRLEHE beGhRAN if 105 2 %(E)]ﬁ.?gfﬁﬁeryvm!lér ?ﬁ? Jge 20 a

good resi st. sists e ctive at al So vvor

wavel engt hs (-ﬂtlllVé?’é‘all"rﬁleéem%Q@mdhlﬂk@is(thmaﬂgmsmﬁ@ﬁﬁpm’thgraphy at the

shorter wavel egighlasedPordituiticdlyirfiahd RGist HRY Yo 4d tHDchBalH 881Ny | over
resolution |i mts é‘bﬁ?ﬂﬂ%ﬁa resolution limt of approxi natel y 0.18-0.12

micron at 193 SYHHCCR ely 0.07 nicron at 157 Mh 25 phot oresi st
conposi tions that Wigure Bés spibf ofthe npiigal bbsarimpes gt tmiadon il gies aHovdrse

wavel ent hgsar r I hot ore
conposi ti gns %ﬁgg&atﬁ%gg F‘/@Aﬁé&eﬂ%gﬁ.é&(’f%g%ﬁg lﬁg 't}sgfl ei%]ﬁhnm t'hat
have not onl ylamkia @) of pesomatershese short 4 1 Novenber 2004 WO 0118
811 PCT/US01/ 14332 F@r@hw 108 ot oBliSOaofRh é;;?éfnﬁ&%ﬁ%hhﬁé 4di ng
good pl asma etch 1 %@%ﬁ t%%\seogﬂrl)ne%t ha(r: teristics odh{?% esive _
properties. glﬁ’nf%g /&ﬁ 9 He1sug ‘é’aléﬁlﬁﬂgﬂl of the %
transmi ssi on lﬂbcﬂ(l}ﬁhﬁﬂﬁbﬁﬁaﬂmete‘rb films wit h
20 Figure 5 is a plot of the optical absorbance per micron in units of inverse
microns for P(HFIB/VF 2/tBA}) (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 P(HFIB/VE2/ABA) (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(HF IB/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(HF IB/VE 2HBMA) (eopolymer of Example 9) and two formulated



5 optical absorbance per micron at 157 nmin units of inverse m crons of
|/ mto 6/mversus the resist filmthickness (t) in ang$NoQ&mberZg@asm ssi on
was calculated for air underlying the resist filmso as to neglect the
underlying sem conductor wafer. Figure 2 is a plot of the %transm ssion
(T) at 193 nm of resist films wth 10 optical absorbance per mcron at

193 nmin units phbtotesi¢R{S¥Cartl I8 IExafiple b) GP(HPIB: RFIMBREA)SItus Rovele@sthst film
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the resist ‘#hpda( %b‘né@tst‘g“ﬁ‘@&le@& t he underlying seni conductor wafer.

Figure 3 is a p'F? 11 kR I&Mmgaﬁtlcﬁ%%&%w&rHﬁﬁoﬂh%&%rbfhxﬁeﬂéélhﬁémﬁf inverse
15 mcrons for FI B/ VF/ t BA) (copol yner 1) versus wavel ength
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absor bance EfF(HFfB?fBMﬂ) e aa&eﬁenm\fﬁﬁ&t% (;\,)rﬂl ﬁrﬁ@%?ngngﬁlcta(sl | FI B/ VF/ t BA)

(copol yner of Exanple 2) versus wavel en (1) 1nunits of
nanoneters. 20 Figure 5 is bsorbance per mcron in
units of lnversqnama@}eaom@pPe(géﬂFlnBéM%a/tﬁe%)spﬁ&m@@w&ﬁ%mﬁ ge 3) .
versus wavel ength |anD (?)71n unit nanoneters. - gure 6 descri bes

the opti cal absdﬁban@eﬁfﬁféweﬁﬁl@ﬁéﬁmfeﬁﬁiﬁmqtéﬂaﬁpﬂ‘?ﬂl‘moéfé'mhﬂleg ghstufeyr

P(HFI B/ VF2/t BA) (copol ymer of Exanple 4) versus wavel ength 25"' |anmbda (A)
inunits of nanoneters. Figure 7 is a plot of the. optical absorbance per
mcron ¥n units of inverse nicrod®E~CRIRETB/ VACIt BA) (copol yner of
Exanpl e 5) versus wavel ength lambda (X) in units of nanoneters. Figure 8
is a plot of the optical absorbance per mcron in units of inverse 30
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absor bance per micron in units inversé€ mecrons for P(HFIB/ VF2/tBWA)
(copol ymer of ExXBhpl @9890ndﬁ@e%tufl’éﬂw@1ﬁe@aﬁéﬁ@th(ﬂk@lg#lb’tun%%at@ﬁ Exanpl e 8)

of P(HF]B: VF2: t BMA) VEeLeHSoMR ¥eihiiiHehin k8T RARD oBrprbtedted RidiRbiys Of nanometers.
Figure 10 is a plot of the o tlcal absor ce per mcron in units of

inverse m crong® fEPndaspEt ¢t FE’@EN%‘)BHP@UQ@FVF@I‘O oPhoforesightangising e t wo

formul at ed BpdvNA4s AbSlkd 20494 photoresi sts (9A and 9B of Exanple 9) of
P( HFI B: VF2: t% versus wavel ength lanbda (k) in units of nanoneters.

Figure 11 is a malerd@we@twéﬂ@mserapnvawwimréd erprofeesciorprenstiogi t s of

inverse m %gttgfcesmtfl% g&dfgugguta%m GORO v BL,: of Exanple 10) and a fornulated
photoresi st (10B of %x 10) of P(HFI B/t BMA) versus wavel ength | anbda

(7t.) i® units d®n ar?@ﬁié’cné |a§hotores1st composition on a substrate to form a photoresist

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



SUMMARY COF THE I NVENTION In a first aspect of the present invention, there
is provided a copolynmer conprising: (a) a first repeat 1ypivbmeer2ord from
at | east one fluoroolefin having structure: 10 (H (H CGC(R )R2) wherein R
and R2 are independently selected fromthe group consisting of Cl-C3
perfluoroal kyl, or taken together are (CF2)" wherein nis 3to 5; and (b) a
second r epe@hctivdlity. A8 kbNEEmtodRiBnes) dhe photictived Rfip6iht danBBE BhdisRided 15

conmonomer conprising. an. aci roup or a protected acjid group second
aspect of 4@ r?fP’ésIBﬁ‘fl??th?féﬁgf"gﬁ‘e‘i“@)’d]?erFé’e{g’é"dlsisGa‘ébep‘ﬁﬁlﬂ%F@gli”@?fﬂ e@npri sing the

copol yner absselafisrigkibidrove. A third aspect of the present invention is
directed to a process for preparing a photoresist inage on a substrate
conprising, in order: 20 (A) applying a photoresist conposition on a
substrate to forma photoresist |ayer, wherein the photoresist conposition
conprises (a) the copolyner as defined above; and (b) at |east one

phot oacti ve conponent; (B) inagew se exposing the photoresist layer to form
i mged and non-i naged 25 areas; and (C) devel opi ng the exposed phot oresi st
| ayer having i nmaged and non-inmaged areas to formthe photoresist inmage on
the substrate. In a fourth aspect of the present invention, there is also
provided a use of a conpound having a structure of HCF2CF20CH2CH2OCF2CF2H
as a spin-coating solvent. 30 Wth respect to sone specific enbodi nents of
t he photoresists, the copolyner nay conprise a first repeat unit derived
froma fluoroolefin and a second repeat unit derived from (nmeth)acrylate
ester-contai ning copol yner which may be presented as a conponent in a

phot oresi st preferably with an optical absorbance per mcron of |ess than
5.0 M at a wavelength of 157 nm In other certain enbodi ments, the
copolynmer may conprise a first 35 repeat unit derived froma fluoroolefin
and a second repeat unit derived from (neth)acrylate ester-containing
copol ymer which can be further conprised of an aliphatic polycyclic 6 1
Novenber 2004 functionality. In sonme enbodi nent(s), the photoactive
conponent can be a photoacid generator. In still other enbodi nent(s), the
phot oresi sts can be further conprised of a dissolution inhibitor. 6a 1
Novenber 2004 WO 01/85811 PCT/ USO1/ 14532 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON A key characteristic of the copolynmers (and photoresists
conprised of the copolyners) of this invention is the cooperative

conbi nation in the copol yner of

6a



the first repeat unit with the second repeat unit. AnothemndgBabaEPEI4 SticC
of the - copolyner is that it does not detrinentally absorb in the vacuum
and far W_The ninimzation of functionality, such as aromatic. groups,

whi ch abs®b"8¥the ultraviolet in the repeat units of tW@TEE@HP% i s
desirable in order for the copolynmer to possess suitable, preferably hi gh,
optical transparency. The , erived froma fluoroolefin
havi ng the structure: (I re independently

4 19 3 (WML B
fel etcth ed fromthe gsxmypchama&nsﬁw%heto&lyﬁs (@ﬁrﬁﬂot&égﬁbk&lh nééﬂfoﬁ’ﬁi&e” f
oget her are n.n is exappl es .0 cific
co?mnomer S i négﬁé‘ﬂe‘\é&ﬁﬁf@“éﬂﬁ’m’{lﬂ gcaoqega%ve ﬁg%gﬂag SBE(S}YIE?M%;
decaf | uor oi sofﬂ@@tlsmqtgaat"ﬁhﬁ vathdba sbcorp rpeatumitt Amﬂrbenhmdeﬁmmfﬂnd‘ i rst
et hyl eni cakly c%ﬂ%&@ﬁ&q%ta%gﬁ&ql?%{méﬁmdb%ﬂ%% @a%hgﬁu g%l?% i@?d gr oup

protected acid group. Sul mting exa
or a protect eduBEHZINAE chpnality.sughyas sromatic: Elfﬁ)uB&?,éVlu%%bSDﬁHdMI ow in the

section entlthlﬁfhwd?étqﬁﬂfeiﬁe et GhietoTThd &) olylﬁﬁ‘é}waésnlameﬁ’ﬁ\&cfé?gcﬁ'tﬂé' s". There
can be a third ti.onal a%unl i"tgﬁe a secon et hyl eni cal | y
unsat ur at-ed cﬁ%ﬁﬁ?’rﬁrr PPfSe 5?1‘5“% #‘?Eﬁii 0 P@PFSFI enically
unsat ur at ed com)noﬁ‘heﬂmsepehmmtlsdmwdﬁ@xxmmlﬁviﬁmési%i:h)feand Wcan
be a fluodDne atom or a hydrogen.atom and Z can be a fluorine atom a
hydrogen.atom a chlorine atom (V\/r(e])(lmc_‘c ®pdrRY are fluorine),-OH (when W
is H, or -(C=O R where R = CpAZp +1 in which A i s any conbination of .
hydr ogen and fluorine atons +- which the nunber of fluorine atons exceeds
the nunber ofvheseint Bgend By avedndapandently selectediregethe geovgicogsitingrofiC t0; 3. 30
Sui tabl e, nony éﬂﬂﬁbfda;lfdeo%mh%ﬁeﬁier% gb%fﬂ%ﬁgﬁ@k&y A &t ed

conononer Zéare VI |'uar.i de, ‘vin uori Vi nyl acet at e,

trifluaro hyle%EFi%P BEGEF FPRORABRS Wi‘@ﬁebmtaéﬁtliféﬂm‘éﬁdd@i hyl ene,
?, 5- ]g: fl uo(r]I o- ﬂe}ﬁiﬂiuordmcﬁl(ltyﬂenﬂau@ﬂ&fjﬁhbbﬁsb?l dxydenedi Oxol € . |
per f1 uor odi met hyl gf.ox0| e 2 Lg(trifluor I OX0
(di hydkoper f | uor ome % ?c&n%}'(e Hrahunitsy ﬁéﬂ eglﬁ@ghﬁ&nsgg% g’:'113"6‘115’a'tm§‘l}“ﬂ’§§egacet ate
unit hydr ol yzeememdqmesr Wmﬁmmm:dtgr@xp)qr dpr@tedﬂedxaﬂgr&sporﬁmtabmml ene

carbonate), aggh Riitid &aﬁgﬁ%qaghgﬁcldgﬁg%aglg?!%&a&h Sk fyent ! on

preferably are charac eri g eriv romat |east one
first et h%@eni‘%’ﬁ!“[‘%ﬂ ¥R datcw @ébﬂowm@ﬁ@mﬁn@ﬂ% VRsiotastive Goapndr01/ 85811

PCT/ US01/ 145333@1@ﬁﬂ&1ymm@mﬁﬁ”d group or a protected acid group (e.g., a |
t-al kyl ester grou esent.in these cp]eg ¥mers from about 25 to

about 60 nol e per cg%?rczfﬁ’ab%a apfiongl, repeaihrit degt £5¢%BSt one or nore
f1 uor ool efi n(sﬂaylehﬂzaﬂﬁunsapumaéMmmnmdtelnoﬂﬂo@hbmﬁneﬁﬁ;MSa&mdt 40 to about

65 fmole perCehyloiiand LHORARLELLBblonl Nl 13k Rl CRROINID ek nd

pr ef er abl stvl respect Ieving 1 Ow optica

Y and W can be a fluorine atom or a hydrogen atom and Z 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
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‘mcron are characterized by a repeat unit derived from a Newagbeprgnd i r st
et hyl enically unsaturated conononer containing protected t-al kyl ester
-group thaiyobhfsfeiesent in the copolyners at less than or e mol e
per cent, and, Stli|| nore preferably, at less than or equaﬁe?)gsé@”g% e
percent. 10 As previously noted, it is believed that l'ong hydrocarbon and

fluorocarbon cﬁﬂlﬁrﬂﬁ bﬂ‘aéid sﬁ’m Iﬁ%ﬂe!:te@gclhghﬁkﬂe Oaat %ﬁcf%&%@%atlS? nm

~making it difficult ansparent “ma

nol ecul ar wei dﬁP@SmFH%g‘es‘? ¢onolymess from abgut Fato a&pweé%@plerf@r@nmdq CH2) n and
(CF.) n, segnegicat iullit Baeveddtomrer leddtlohe oPold ﬂﬁﬁirdoléﬂn(@j &\Mie plestligidevel y

LAl ent P Yt 5% AT Eiatshe SRR, TR “laﬁa’"%ﬁwire”esr suer
" hexaf | uor oﬁsob:upqumws maorevprefelably ©FE y&pedt teadiadvisg vt bptlcaPatisasbance per
L1 anspar ency, Ship oD tharblb BN, L5 Bl Bl g ther il rati o of

hydr ocar bon t uorocarbon’in mer ¢ vari'ed dependi ng
upon the ot hefyiomemlyamsaiueted mqmmeomﬁmgmgm@e@mémﬂwusmr@@mtham. ts of
the polyner, @p@&xﬁ&h?th%‘ébbbl?ﬁek&t‘l&%t&hbr\é@&ﬁl@o@@nﬁﬁé [Z t,da‘i':H in
general nore than t 2) mhere

adj acent "CH 2 group
nis greater t“i"ﬁiﬁpﬁ%gﬁp YQ?tle%M@u%ﬁ Ozelepereenty 10 |m"red| atel y

?dJ acelnf @2 gr OUps&s(preﬂguﬂglﬁaﬁedmtw@ved{miﬁo@ éagb&lﬁﬁhb caﬂamfl_ éca?liodifg; e

ypically greg abau e i absar.b Li nm

The appropri atégﬁﬂnﬁﬂ%?mﬁﬁ“%’ig%&ﬁ”%‘&"%%ﬁ %&@%’ m%ﬁ‘ﬁ%htéﬂ%” 9 whi ch

the pol yner. i gchievs trambparait mawataiswaﬂypolymeuaﬂnbbcwar iveightss ddmericie can be

achi eved-duri I te the art.

TETT o T ecogni TOREa e eRLlAE MRDE SR8 (Gl R e hycr il ¢

prot ect ed aci d¢akglyde PFQ‘@@S wl@v@}sd@@@pw@@@btmqr&onm&mmmcmo be

sol ubl'e 38 amshirdrthali rapeosérkech 48 eﬁ@ﬂmeqn&qﬁéﬁcppatérﬁm&m@t andar d

0.262 N TMAH iﬁ#u e)){Prﬁor devel abll ‘Zg? ni mal ‘b | can vary with

the structure 23(95‘31 (39’5?016 FI( grogies w1 2500 with the

‘sel ection of mnmammy@s)ﬂmndAlﬁmughtkewalmofnahﬂen,ca@ﬂ(a}heyﬁﬁbﬁfas weII as

w t h ot her paga cul ht .

skilled .in thlje1 %?%%%gﬁ?%eﬁgﬁﬁquﬁggm%g%lﬁg f%i’ a'rbe% ‘I‘Rpﬁer i s

sol ubl e/ di speitts aher eompesents ﬁfﬁ‘—\ﬁwélotvsﬁsﬁﬁsmbthegﬂieut‘¢m‘sumfﬁmf$her];aﬂmnmerrent

for a sui nablasaﬁmaﬁédin%@hrt%umwméﬁ%%mﬂu irP éﬂ{ant ge acid
I sper si y

groups in the, cop&1 rier tol rt base s bll t he
copol yner is iams %e hafiaerut PR (k- %ﬂ%qlégﬁatea@wlész)f easi bl e
in 8 1 Novenbend 200 thAfDabBdutdS8 10 IR@HdwjlédgéEéﬁ? @E@buﬁs% EHEE azevhere

t ranspar enc t or v

el ect Iroomagngt %ls gat%ﬁﬁgnﬁl n%é%oﬁlf)el%%%%i:ﬂ? g?ﬁ%r]l??%ﬁ”&) %V]Eﬂ ly may
be further cofpiorlsEghiox 1587 mp’ﬁmappmptr1at¢@ﬂh6mﬂng sameaceomnben theconpr i si ng
an al i phabbc RIS Hom ShRYRhe n&beneﬁg%ﬁﬁdp%%ﬂa%)eﬁr HeiRaAhs Of

I nt.erest because they can ofte
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



i ncrease plasma etch resistance or raise Tg by stiffening \RalpsrBHoLNaI N.
They can be incorporated in the polynmer as part of the chain Fés In the
case of norbornene copol yners) or as pendant side groups (as in the case.
of adamantW® OUEBLY| ate copol yners). A suitable aliphatic pFYE§FEIHE2gr oup
can contain from 10 about seven to about ei ghteen carbon atons, can contain
ol efinic unsaturation, .and one or ngre of the ring carbons can be repl aced

by het er at ons FHeHO F*FR7E danspaReney §f e, corplymsn i the faroy yaeunm [V rapge

al i phatic pol ysfitbd tlectgsrBagneti6 spectrimed pol ycyclic hydrocarbon containing .

from about seven t bout, t wel vg carbon atons.w th { o four, %c'lnqgs. The

al i phatic pol ycycl i eg(];ogﬁbm%e%o s dpysiop gpiiopally may S OMRISEE 43 t he

al i phatic pol yepest boit genvgsl frem sudostpotmd enyprisives anddithiaticipoiycydtic groupc an

contain fr 0 ; : #@E{I : ' roat ons

such as ox%en%ﬁ%llht%rc g’ggﬁr‘?&"%ﬁ@?‘l , ggﬁﬁg%%gg%&%%ggéh‘gﬁﬁdr‘?%ﬁ%gﬁﬁ| uorine..

Particul arly degersadlesmasieh resistancyeiiape Taby stiffesiazapolymer chanl Fhey

C( CF3) 20CH2 OCHan Weiifidbrdrict in WRtbolyier 28 phte epﬁle%ﬁhﬁht{:ag inttie c%@ dfor 20

phot odevel opnment, whi |l e adfil n% rel ati Velés[iél ttle fo 11 ght absorption. Wen

the pol ymers CHIPFPER WRALTRSIRSE &5 RFdSRLHGLSIBPS @5 én fhe caseijgdam

pelr cent _Iage of aceyiatatcopolytersyf Atduﬁakleabﬂah&ﬁegommlﬂi gibiljlgcetd'tﬁmﬁiiﬂ abat ijC

pol ycycti ar S.fr tQ about 60 nol.e.percent: .an ‘

pr ef er abl ;1 O o‘%dgtb%ggw%oa bfo'l[il ggﬁg@tg‘g#éqggonr%?%s’ﬁg?g g (ﬁlgﬁl‘%c TRBNPRD: 88 ef i n

copol yners of "augios marg efithegingsarboos rambareplddid byohetbratdmssnth enatyggn,oups |

beyond t hose-. i WERE T ﬂi’beéfl?; - WM | hat , ,

pref erably, tﬁgﬁg%én’?ﬁdér i ngigilg’gntia W%‘%@“@P@ﬁﬁ%?g‘%‘?wps and _

still nore. prré)héayg ?%@P%@?H,@Wg@&é%g@ﬁp to Abquh B¥ve eI ner s.  The

]E)resen(r:]e_ of 3Oaatﬁmﬁw'rth'tgrbw'mgﬁ1g§.@§eeal_ 150N @mhya?é%lib%&oﬁﬂﬁﬁ be QU ﬁltdtéﬂ %et rgpt
romtheir tr and.resul.t in their. being,t stran absor bi ng

in the near, %%%WC@&EU%W p%lg?y(gﬁg gﬁ“’ﬂﬁ@‘%@’é‘f‘ﬁﬁ’rﬁ&h&&#s pect rum

to be suitabl ezrbup cansentain fiphowrsrie sbaitt Sourlvatborméomsayk dptidnallpyv el engths in .

the UV.- For tai 4 I ' ' he

HetePodiGS Mok ds%ﬂg%nﬁfﬁég 'SR OPE#%g%f e GOLH0Rne éﬁ‘ng o this

copolyner is free of ar_ogﬁt I C ups.. I'n many ment's accor

i nvention, thelwsps! Fartic dgirablpsfugefiqnabgroupsae those sugheas -BHoron of | ess
P e, naveenaL T OR e, B avei ength,
is. wavel.en _nor.e pr r. _ . 5. at _this wavel ength,
and, nost re%’é?%ﬁloﬁ“g?@vﬁ}gﬁdé%ﬁ@%% ﬁ&‘r?itgig% PSRN, 9 1 Novenber
2004 WD 01/ 85811 PCVhtistht/pbiisids Gupptiseroae oz atoroaliphetib pdiycgdiegryupsy thzat i on
can be carrie ' fk %] - H0Q.. Killed in
the art incl ugjleir)\%htsa S?f%ﬁ%ﬁgggﬁg%&@}%%u Sl gﬁﬂg\@}#&g?%/ﬁ@?%z% I ons
enpl oyi ng ei t HEPUILERNESS THom @bowt; @bgutpﬁ()omlg pexseni apd picfarehly flomsabiont 10 al

si ngl e charge,io bbb Wihdldprced @ conti nuous feed of reactants.

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.
9



Consi dering the present small scale of the copol ynerizat Ho@usemperphdd | ed
herein, the copolynerization were nost conveniently run using a single
initial eh@o0&sef nonomers, organic solvent, and initiatopctBeMassz
aut ocl ave. The contents of the autoclave were then typically agi {a ed under
pressure 10 usually about 10 to about 500 psi (about 0.70 to about 35.15

kg/ cn2), typi ¢abbkmeyatbn R:tidisabout 100 psi (about 1.41 to about 7.03
kg/ cnR) for about tho about | 48 h% typi caI |y fatg‘gut 6 to about 18
5

hours. at about 10 GAPCLABEHZakeRsEands Grrzigd joft by aex pf thocommen methodsC, t he

t enperature gkdomaethasashue@uhiheag]mf £ sdleti¢m Ui ejrsioh,e%fb%hﬁ&bﬁfe 0f15t hﬁ
initiator an i Lity.of,t rot.ected acl in t he
‘copol yner. n%ﬁyél%ﬁé%a |%c Pyllr}gt '%IQ'F](‘)P%&E%IJ; BB P AIF %‘E‘i?‘t?g‘g‘c%ﬂnac I

per oxi des $§uchnitial’ mlémmem@@cmweg@ﬁeam OCF2CF2CF3, HFPO
di mer peroxide), p

butyl cycl ohexgl )pe?%%%degggﬁﬁat egﬂ f%%ﬁ@%&;h A7 56TS] sog ‘ﬁ?flﬁ%‘?ﬁ tril e)
For 20 exanpl 8creiihdhe ?%WGTS@FWW!%’?DJ@Q’EII e ushigta single indtial t - but yl
acrylate is the §aﬁmﬁfe biphafielsEleC il RIFRHGS: ri zati ons were
frequently run atg mégﬁ?f‘&%e%’gt#ﬂi’éﬁw Bg?uttyééa;ﬁgﬁéégip 2;%@81:581% about 8
to about 16 hours. t ere vmth
radi cal cbpol ysmdlyzboiroh) Buabousifpsi@boatel. Tptsaboatd N1 Dkd/a? ) i FIS,

chl or of | uor oh GAl- fql e Si.r ents for
t he copol yrre%?é‘gtzr%gﬁ%gm l%@?p ﬂ%gé&el 1\;\# ﬁﬁ%gghgf @ffn@ T@t%{)#%g g‘i‘f’“gol vent s
‘that change ftbheem) a’ml%ﬁrgh@utw%hmtd 8thoar$§it abowrl Otidh abvout @ 0OACH aypdcally

- copol yneri zat K t heng ed

‘Sol vents. i ncl “‘*““Q”gg Pgaﬁ.té e Mgééscma@”%%% f*h%?améﬁb%ésr i

(CF2CI CCl 2F) . ¢ Wiiatorand e thammal siabilify of ®e projpated wiaerqugmnare

~conpri sed1®f thexopolyymer Joatnomifesiativalingatpstan a8 eséll andaagihddigcyphot oact i ve

conmponent (PAgerogid% g&al%mgfra) The photoresists can either be
posi tive-work I'Ve wor ki ng. Positive- working photoresists are-

preferred. Th (§F§)(@a®)Q@¢G=dBD€P‘(§lF§)@ﬁRZC§§CB§ HIEPSEdimeri on
inhibitors an aﬁgg]!a l.es of additional
conponents . vmgézlﬁhgg%&%gc ad eﬁb% u %gg)f ar’e nofd}qalt(ran ted to, resolution
“enhancers, adRE¥lcIRlOBEEIReESY! Cﬁ@@P@FQb apd Al By 2,2' Q@é?@ﬁlﬂ@@u@mmtrﬂe) For

plastici z:ws emm&'@vheiap @Nfiinkd okl eﬂfetﬂfteioraﬂét-ia @Ia%m
re

Comprises. t oy ﬁr%%%i‘%%&gg"%a%@%%ﬁééiﬁﬁg e Hyerbery e cpeat
unit and the smbentitengeeattres (Hbbit 20lo\aboit mnd) for abbatdoaebbme 6aERONeENt whi ch
?eﬁpgfg?{rlr g CIOIrTP:JQ?rii rﬁlﬂggmdé%%t hggﬁﬂ%‘{‘ﬁﬁw@n ?Pﬁi/\%l i aggeelrjltsed 5 incl ude
cycl ohexanoneSopp me@%ﬂ@@ﬁéucmwzﬂ@rmb@g,zh@o@umwmoet hoxy) et hane
' 25 - . chlorofluorohydrocarbons, and hydrofluorocarbons 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(CF;CFHCFHCF,CF3) and Freon(TM) 113 (CF2C1CCIZF)
30 . Photoresists _ _
“The photoresrsts 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, eoatmg aids, plasticizers, and T
- (glass transition temperature) modifiers. '
10




( HCF2CF20CH2CH2OCF2CF2H), or mixtures of two or nore of q%v&@%@ﬂﬂbw

sol vents. A cosolvent which facilitates the filmform ng ca I1tres of a
photoresist formnulation containing the copolynmer of this invention can be
used. |1 0¥00&8I8kkly, 10 in one enbodi nent a fluorinated RCHPsLINGS321, 2
bis(1,1,2,2 tetrafluoroethoxy)ethane, having the structure
HCF2CF20CH2CH2OCF2CF2H is a suitabl e cosol vent. Photoactive Conponent
(PAC) The conposi t i &ri%piedl pbatosesish{oemulabion comprsas the copelyster.andepmibedact i ve

15 Corrponent (ARG, & néﬁﬁ-ﬁk&ﬂstk?eﬁtlﬁﬂ%@%eﬁ@ﬁr gédct%ﬁi%g S(f%{daac' d or

base upon pg ure . to actinic latio If an aci upon

exposure to a Fﬂagtweggfpaqqegh omehipgdpang mirred waether. I3t or
(PAtG) IL a bas embiern mWe llﬂ@&'g%‘é@@ﬁﬂiﬂélﬂn@ saB/ehtd mdhada ddﬁéd thet PAC
is terne p nerat o i aci enerators
for this i %veggélg (5%“ I}%%’h tangRg: 1,21 f%f#@df{égaﬂ‘g 232 salts
(structure I) ﬂﬁ)&ﬂﬁi&ﬂﬂgﬁ%@&z@@ﬂ) lmnuxterdslo)t‘manﬂmofb)ofhbﬂifomﬁngc acid
esters, such agpgpfucture I11. R5--- S+ X', R4-1-R5 i R6 25 X Il In
structures i-11, R4-R6 are |ndependentIOﬁ/ substltut ed or unsubstituted aryl

or substituted or. 4eeptint thddaelitassthefilky fosmyng qaarbilitiesyafp photoresist

Rep[] fﬁ elnt at | V;fo%ili!)ﬂbtloﬁl b«tﬁiiﬂﬁmgﬁﬁé 1ﬁnw§bfeﬁ§1tnﬁeﬁndnld%bisdséd? Ig@&%ﬂyé ygnd |

nap y UI abl e s | ude imted to r oxy
and! a’ﬂf"?@%@‘ %#@I@Qﬁ‘g% 2‘%}?& an on x- in structures

I - I | can be lielraﬂm)raﬂiw)ty)ﬂhmﬁdhmng ﬁbEﬁuctﬁrbdi@FﬂGRgmﬂmngH@ﬁS@-

(trifluoronet = triflate), and C4F9S03-
(per f | uor obut %yégid#’h%?&)%ﬁll 1 Ill\loverrber 2004 WID 01/85811 PCT/ USO1/ 14532

Protective groups for Renoval aopol yner of this
i nvention contains,Thdk sﬁ%@aﬁhfs%hoyeéﬁmaa@eamae hoBdvy 10 one or

nor e ot her1 repeat um‘éﬁi@ e nore acid ou S or rotected acid
groups (e. a W&l%%ﬂ@% orde sitheaed o beseimosal cohol
groups) that ceapos,uretcdactimcmdiaabuslﬁsnaﬁda@ xdﬂu@ﬁ RPoAELSsRab atitis cal |y
devel bprent . oft S STRREBAL b K 5 fiiELaR %‘%n'&*%esa@@gaﬁ“ R
that is prot é@@%@xmﬂﬁlﬁe‘@E\@hmce@dlatngggle&i;ﬁistﬁﬂ@d\@homb&@gmmﬂtc&m d group
is one that igpPBG). ‘

20 Suitable photoacid generators for this invention include, but are not
limited to, 1) sulfonium salts (structure I), 2) iodonium salts (structure IT), and
3) hydroxamic acid esters, such as structure I11.

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

0

r 1] i

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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nornmal ly chosen on the basis of its being acid |abile, syapbhdbr ¥en
photoacid is 10 produced upon inagew se exposure, the acid will catalyze
deprotecti production of hydrophilic acid groups that are at this
poi nt unpr‘&peog‘{géﬂland which are necessary for devel opnent PGREBOVA GG 0US
conditions. In addition, copolyners nmay also contain one or nore acid
groups that are not protected .The copol ymers may contain none, sone, or
all acid groups that is/ar Rrotechive Creups fohRempyal AQ €alabysisr i sed of the
copol yners of this Awpamﬂoﬁm@@nheabeﬁaﬁ@ @rtﬁaf@tc d @pek 9hRCAddon
necessary for glg}ge farmation Tg‘ﬁﬁt@ when depr ot ect ed affords free
aci d that enhalk alt‘%é“%?ﬁrblinﬁet(&méiw % PRE OLMAHE I BTAMS AL bi ity in
aqueous envi rqnmentedaofdgrh@sdegopmtmtedmbds}i}mhabid%ratps@rgfcﬂemeds bonded.
‘Nonlimting ex@tﬁﬂbﬁﬁolﬂﬁ %W'bﬁa&ﬁﬁse&ﬁa%%sggﬁe%t% ?gﬁglytmggﬁ 20

yleldanamdog EJ%Q on exposureé
phot ogener at e tqaﬁ'é‘rfrtmnmyn Qﬂm&mmmghlcbﬁnabéarrangl ng

to, a tertiarydesalopsitnt Hre8stRhsngd! (A étQ&@d & 3-cyclic
ket one esters, %IO;%W; clrlec et. hergg (ﬁt%grs, 1 g ﬂ&g&ﬁ;& o>%§/ et hyl

met hacryl at e) BIflge L ROsCUng, HopR gt‘@né%i%tief’t? RSk gtﬂ“?é%tﬁlll%thﬁ‘eféause of
anchi meri ¢ assicsinalyg ehoseh oﬁa]idﬂﬂheﬁtoﬁts B&h@’adld 185ile, hichiha vfﬁeﬁ@hbf&ﬁélﬁ(k al cohol

and a tertizary Sone es | ategory A) are
o e R B8 BL AR o ROE DR L SRS Rl 2500V
estb er. Slorre s@@dﬂqwn@fhmpbhc acid graps that Bye atithis pyinbutproiettad badeshichy | | 3
y-butyrol acto ar Rof eg Qne: 3- y
3-tetrahydr of Lb? %ﬁ?/éé%s and ?egé)}g%m q@ﬁh@é}%lqueob oneﬂallme)c fIHg'h %BL%%&?J}&&?
-category C) ar%a&alﬁ‘éﬁ?r&ﬁ‘?d’ﬂéﬁg/mﬁmm QKOPE% thahs«rern@t proteaied, Thagopolymers
2, 3- propy! etne@ﬁ)banﬂé]ﬁf 'nbn?’ |somé\d?|aﬂla@ﬂ3§r oSpsHRY 19/rd p}o&é’ﬂe@gpﬁd‘m@sm{src' Udteh
vari ous ers fro of Vi for exanpl e, ethoxy
ethyl vi nsﬁ etcﬁgtpnsg‘#rgfﬁ’ﬁfﬁ} mgrﬁyfﬂ%fﬁwve%%em;eﬁnggtei heromoit oxy et hoxy
ethyl vinyl etdepmtecﬁoarmb@sarpﬁ‘ommag@fmmh’aoﬂnaﬂnmgldrgmi;ewh@fﬁ@@dtéctgd oups t hat
2t or base. oorfied diia AELIRNG e Sl Rty QAL BHET LR, hpRR o °°
‘t-butyl et her 29HPRYS engireymeninefibngopciymerto wich triavidreeup 8 GoddedND 01/ 85811
PCT/ USOl/ 14532 The Nénlfnidh H eﬁf(&)ﬁ%%ﬁgl@ﬁéﬂn f)fb‘t&té@i% daéréﬁ?p derived

e or | re

froma éHoroaI ohol orof (g nmor e of the eat unit,
the second” r é’ﬂ)eé ARFRdgroun s tE"F]ﬁ}f OpluPe gToURMPOR SYP SRSt A PhotoseRsHeht may be
derived from atid ineludé Aomﬁeﬁtcbydbwmﬂ:féhhMgpdﬁSﬁbﬁﬁ@ﬁ@itoC@W@amﬂ ai ning a
fereoa oo B dPRABET) SRR BRI g S B T 1o
about 10 10 calerol) Mg Admeatixixg ethooy ethyd methaery|€E)dnd otee esters whitls 2 t o
10, and RXis a?e éﬁéﬁ %Q%Iﬁkgl@b@éauée PafRimndReRBIa0E, & %aﬁbSﬁétésafo}‘mé‘é Kyl
group. A &gr tig uo¥111ated alcohol and a tertiary aliphatic alcobol. Some specific =~ - -
: examples in category A) are t-butyl ester, t-amyl ester 2-methyl-2-adamantyl
ester, and ieobomyl ester. Some specific examples in category B) are
y—butyrelactone-?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-tetrahyd:opyranyl 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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group is preferred. In one enbodi nent of the invention, thgysgeenshdsepeat
unit can be derived fromany one 6r nore of the foregoing acid groups or
protected acid groups or the 15 second repeat unit can be derived froma
tertiary- WRPS#yl ates or tertiary--al kyl methacryl ates, PGHEP®IH5IZhe

al kyl group contains fromfour to about ten carbon atons. Tertiary-al kyl
acrylates are nore preferred. The nost preferred nmononer conprised of a
protected acid groubh§asid geup %RFDBG‘[CQPCIQ@WE%Y dlsphy denivedifFpm ai nvent i on,

of ten, but notfvdkawyshol b BudtodRe OteSr B agth@rmétesﬁsaﬁiumefﬂh@&b@hcgr oups are
repeat units haV| ngﬂigrtgt cted a |dt r oups t hat ha%/e bﬁ ré egcfr orated in
the base copol™5#e&t TPRPEL TR %raBP T SPRMT BR% O derdy l3|5‘§@‘Lsent in -
one or nore ndeasthreng sﬂlylehmﬂlsamsammmﬂ someround dottainirgy aflacrgaleavl ocopol ymer of -
this invengi ort‘fétﬂ&g@@ﬂa%kn?thé&&cﬁﬁé i nvention, a copolyner can be

formed by copolyneriz h an acl d- cont ai ni ng nononmer and then 25
subsequently the acid group can be g{srtlally or whol ly converted by
appropriate neans to derivat#aR¥Rag protected acid groups. As one
specific exanple, a copolyner of HFIB/tBAJVF2 (copol ymer containing

hexa}‘ | uor-oi sob;ulieydnﬁrlq ;ant Ry tak ﬁﬁﬁé ¥ differeneflidorshiity] grdepeofffamn kslgbowts a
copol.yrer nthe scope of the. inve st er groups
as prot_ectlgﬂd 2 317]3&“0%%5. ﬁtgg%ﬁl?ftaf%&#zﬁm?”g??@r’gma?ntaqﬁd%‘?dtflg 8 Vari ous
di ssol ution i rli)'dtngeura@mana Ge-Qyt-seconday-iar terdhiagy- alhyl@bm;onmérdaaldﬂyyl

di ssol ution 'g}bﬁﬁfs Stefrbl S) for Deep and vacuum WV resists (e.g., 157 .or

193 urn resi hould be deS| ned/chosen to satisfy nultlple needs
i ncl udi ng di ssol ut ilgPne embpdime GinyenHas, 8o seeandyepgre unit gabeadtiniyeilon

behavior of r @jrﬁbny@ﬂ@@&hbﬂe@m&e&&e@@ﬂg%ﬂ EBuR dHpY&Botkd 2 Giduby B the0Te
dlssolutlgﬁ inhibitin nE {e E& serve as l astjci zers |n resi st
conposi tions A® CARG TEP 3 ?E}utée 5‘?’? emg tertigry-al ates or kesiiay-efldre
particul arly usahadrylats, Eheseinthet diley ntmrm&omﬁoﬁrhb gboutt@idarlsoh

Bil e-salt est 2004 01485

PCT/ US01/ 1453%@%&#\%&%@8&%‘?3%%% Elﬁ fg%?%rreg ﬁg“? m\l\gte%mfi‘? ﬁé‘é‘mé’f%ef |
begi nni ng wi t [somprisedyf 2 metestedasid grenp iafertiany-tngdacrylee (tRé)chmani s et al .

"The Effect: of Subthtglggﬁ;e | yI Est er
Deep W'Regbsts El ectrg%&g%ﬁéﬁgggmw?pmgcgﬁn?&&kI?avmggﬂrgé asalt :

esters ar é’paf dcng‘é%grqrﬁre.i’Fi‘trué‘gf P%U%WF?@%@EOW%%FWVEQW al reasons,
i ncl udi ng thelmcoap(matedbnthetbﬁsédo@ﬁhyﬁ:&:&ur?ﬁhu&ﬁwmepmtéd‘ﬂ&i dcid pRELEsi ng a hi gh

alicyclic car t nd larly for,their transparent in

t he Deep and gé(}ﬁﬁfn orm%(r)enmoﬁg @Igf 53%4300 gﬁgngd@%gﬁm Be.g.,

typi cal |y theygopelgmier gﬁﬂl;s nventiopaAbnmatively.98 thinjnveRtion, keppulymer ¢inebe

bile-salt- est be desi gned
feinted@Fed og%e?%%%cﬁah%%ﬁ(ﬁl i %Bgﬂaﬁ&% xﬁbﬂ&xﬁe J}ﬁ}f:hl%ay g

tohavevvl ely 10 rdn tﬂ |c tQ 8 Ic conpatibilities
dependl ngZdporPRraRed! the agifh grqup gan B%p%rﬁaﬂx anhwhelbheanvered Bnappropriate

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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Representative bile-acids and bile-acid derivatives that 1a4&chibet abbde as
additives and/or dissolution inhibitors for this invention include, but are

not |im't‘%0t1}g 81F‘hose illustrated below, which are as follaws: cholic acid
(1V), 15 deoxyenatic acid (V), lithocholic acid (M), t-bufATEYHhol at e
(M1), t-butyl Ilithocholate (VIIl), and t-butyl-3-a-acetyl |ithochol ate

TX). Bile-aci r s [ X are preferred
fji ;()sol ution i nﬂflfﬁ{‘%r(gss?lﬁh%%gqlﬁseﬁ? ?g%]ﬂg%e ,lﬂegilﬁmﬂg 3’?’)9 ate

r-butyl IithocReichmanisebek in 1983 48R sichminineitiof FheEfeck of Suiptitrentssorf or
Negat i ve- Vor | aimeRhiotcesfivity FETONHIdRRLy] n@%eeﬁ‘@@k@g@ﬁé’%%zem}]&ghnvem I on
I'ng photo

are-negati ve-wgrKi t S] .25 These negati ve- wof ] )t or esi-sts
conprise at | ed%t 1§ﬁﬁgﬁn§@ "k%é’él@ﬁ%‘?ah%%ﬁ%l%ﬂ@é’cﬁf@qﬂﬁﬁph‘@@@ups and
at | east orfe phitfactieral rexsomyihididdiiir abdilabilg iRmD R0 Qirces MR 1/ 85811
PCT/ USO01/ 14532 1 rated acid. | eW. S xposyre of the
resist affor dgp C?%%%{‘%Saelﬁgﬁg“?@%ﬂg8?%330%?1%?%%9@?@?&65@135%6% | e groups

t o pol ar “gr oupagspaggnt in thoReey shdMavhmebVargpnod the(desompghdic)spbanaci d

_ : ; , ; l
S TUP oA uf Qe picey AL BEAE bR P10 b My AR o RIKSY, O
negat i ve- wor ki $#Fr8 ggqagq;ﬁ tirachive AN choises sigesithen smaybedasigneditd haveewjisiied ar eas

are renovad. Aavgigtiydraphobit td ByROShiEE 06:8pAHYIIAG R é‘d&ﬁﬁggﬁa o&gpl oyed as
required or O$%%ﬁ€l§| gﬁgﬁ?ctiﬁj\;{e&gomonegt(s) in ?he nedat ihxlggr- r ki ng

- conposi tions of*fRER HIRIZURN r oss| i nking agent is required in .
enbodi nent s that i nRepresentati@e biisatidbahd bild-heit derivaliveeihapae ssiglbid 40N as a

result of crossdqmaki oS QP i n,.preferred. enbodi nents that

i nvol ve insol uﬁdﬁt?ﬁég{%lﬂ gjr?p%%Sdéﬁoﬁ%ﬁﬂassﬁﬁﬁsng%@% m(fhéi%g?t Tl ar gr oups
being formed ilimispésdpsaibasatedbelow whichkent apfodloiws: obgmicd T¥hI vent s and
critical flsui dfeoliullois defa(En AbeablHoNc BN, Ybuty HOGE oS AR RURN Syt The
conpositions af  thig i ?‘\éﬁ tio cari\?gfcfront ai n_optional “addition onponent s.
Exanpl es of agtlﬁl?‘i’ ap %@ﬁﬁrﬁ‘ wylnirrcaretd HithashelagdBX). dRilenatid esiers, are not
Jimted to, resachdiigmompohadsCelldX, aghesiensd ATsSoNakeH BMhibitfiifl ds [RANES. S
coating aids, surfactants, plasticizers, and Tg (glass transition
tenperature): nodifiers. 20 Process Ste s | magew se Exposure 'me

- phot or esi st conpositions ogﬂ tffis ‘i nventi on are’sensitive in t he’
’ ' i 0L ' -L‘DOH. i G

20

rbutyl deoxycholate o +butyl Iithecholate : -butyl-3o-acetyl lithocholate

Components for Negative-Working Photoresist Embodiment
‘Some embodiments of this invention are negative-wofldng photoresists.
25 . These negative-working bhoto;e’sis_ts comprise at Jeast orie binder copolymer
comprised of acid-labile groups and at least one 'photoactive';-oompmeﬁt that
14 '



ultraviolet region of the electromagnetic spectrum and e3pgsieibky2dey t hose
wavel engt hs <365 nm | magew se exposure of the resist conpositions of this
25" invention can be done at nmany different UV wavel engt hs incl udi ng, but
not |ini AWEEI8e5 nm 248 nm 193 um 157 nm and | ower BEVESMA4IRS.

| magewi se exposure is preferably done with ultraviolet light of 248 nm

193 nm 157 nm o | ower wavel engths, nore preferably it is done with
ul traviol et | |3§WF phofegenerated ai’é?%ﬁ%e‘@ﬁe exERRETre \wh thel refigftafordsand  nost

\a/;efale(raﬁblt Ks ! tpl!oﬁ)gdﬁﬂgteﬂllahﬂ VlslHl‘?f@(!:ian Ee %glrdngg n{é thEZ)o upé@,\%h a | aser
\Y u

or equi 8al ent c(%v ggngf %Sﬁgra?%ﬁ?sélpﬂ?r Otaﬁldﬂguﬂ)&n%e PBiﬁ%b oﬁlﬁ‘é%j‘)?%?ﬁtt abl e

| aser devi ces if thenidengimap argartib solvantposiiticad fisidohatihg modenweotiéwn i ncl ude,
but are nog | gﬂ&r{ﬁﬁ Shictlfts SR nl a0k ! '%?kﬁ?(é&%ouﬁ’ﬁle?‘%“ﬁshfﬂ Phéziout put_at

193 nm a krypt uori ne exciner-laser w % and 35 a
fluorine (F2) TFa3gY ‘{ﬂﬁxRﬂﬁ?Cb@’FaSaﬁi‘el%ﬂovedm These excinmer |asers could be

used for digital lmg:hétgofbﬂferénh%sﬁ n&%D@éhlog&Iaﬂ‘a{jmfﬁfd it al
| magi ng usi ng ﬁhoto &%S i n tlca& tﬁppers opt] ca or 248 nm

can use | anps BH° Et?vr‘r"ecio PQRERI(s) FHEWE'é’éorklaE&(’@POSE Hdhis57nm t he
| i ght source usvaltmnxCAntcmslmk&glagbbwielﬂd&tpnﬁre&ﬂi)émwa&&ﬂﬁﬁ&lih@ﬁy US01/ 1432 -

| 19 Si di d
voe: ot WP qupsdlbiftattol i BODeTork e iR e BT rouliiee, B BoBREG Ghas o
hi gher resol wreforeqd P@hﬁéﬁlme@@éhaﬁmvoivdmmlubmwéwewpeasdimmamvel ength
(e.g., 193 nmgyult &%Bla?@’rdﬁps baWe fornded n&l@ﬂﬁ{ bk dr I uBiéﬁ.ﬁ P%Sx Qof a

hi Deve e Top

hi gher wavel en 48 nm_or opren ol yners
of this |nvent38£¥ﬁm%é“ﬂgﬁ’é“?aéﬁﬁiﬁlls @Bgé@d&f W poJEitybsi st wherein the areas
exposed to WIight becone suffici ent__ﬂleﬁcbﬁ!pﬁnér@g be sel ecti veI y washed out

th b t t to.th : 10 b
acid or pitected Al ﬁ%ﬁﬁ@%ﬁ?ﬁ%ﬁ'ﬁﬁ"faﬁeﬂ i ispbim ot wERRER or to
exposur e pr-ovicdeponis. plesrofadditiosaldompogemsphich can b@a&iﬁeﬂoﬂcﬂudﬁ,lbﬁi ci ent
free acid to pf ﬁBt'lﬂﬁtJdQB &?diﬁidﬁ%&ﬁc)ersg H&ﬂks%vﬂ%tm &g&oﬁIgggiS‘e%:ugﬁgggt s

possi bl e u3|n% a.basic devel oper _such As _sO r oxi
pot assi-um hydCe¥ingA1ds Surtacnts, a&aanws,e@néﬂwglawwmmm sol ution.

In this inventdaifers, gi ven copol yner 15 for aqueous processability (aqueous

devel oprmept) in use is typically a carboxyl aci d-cont ai ni ng and/ or
quoroaIcg ol - cont ai ni ng copol yner #&@EZ%§§@%ure) containing at |east
one free carboxyl|d§ﬁﬂﬂﬂ:@ﬁﬂ&ﬁg_nd/or fluoroal cohol group. The |level of

acid groups (e.g., ]fh%ﬁ)ﬁoﬁ?ésg%éﬁﬁﬁltgo%%f?ﬁ Eb&ﬁfo%aaﬁec&ﬁghv% érﬂ‘gede:j for good

determined for_a give rqé mzing t
20 devel oprrenl‘ﬂtfat‘flcﬁaﬁféﬁleg W&Fﬁcﬁmﬁwcép@ﬁws&wmmmemocessabl e

phot or esi st i San@l@hgtﬂs QBGS)ﬁxheMMa @@&Jﬁoﬁs}e bPtheFedH %é&baéxﬁowmgﬁg ew se
exposed tQS Wi I\%hhbn can be (?(P ea many lefeger}l?UQP\?&rg.%l&sglthss 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




‘nmust have sufficient protected acid groups and/or unprot eiN@embei 20@mr oups

so that when exposed to IN the exposed photoresist wll becone devel opabl e
i n basic ' ion. In case of a positive-working photoresist |ayer, the
" phot or esi g‘?{)lozlf%ér!l will be renoved during devel opnment in p(')’%t%(%qy ﬁﬁ%ch are

exposed to UV radiation but will be substantially unaffected in unexposed

porti duri kal,i i qui_ds,..such whol |
Bateous. sol ut | S8 YERREAE a1 SR EPORIAA E, Sl SRR Slirie ¢ 1
_devel opnent at cPE¥ light af jojver wavelengsh fordimagovise exppauie comegRdstedughts) or 1%

'sodi um car bonajegokion o9t rebohidh lﬂﬁl&ﬁlt&)ﬁﬁ%%a%weﬁﬂéﬁmﬁg‘%ﬂ S RnmE
usual ly for le than ,2or . equal to 2 mnutes). In _case :
negat i ve- wor ki fy PRATITEE ’s‘;%e{l% prefered over weeefiadughes yavelgpgth (96- r enoved

during . deved4fonmmir higheporti ons which are unexposed to WV radiation but

wi || be substanti al ffected in exposed portions during devel opnment
using either a 35 P‘é‘#&@gﬁfl uid or an organic solvent. -A critical fluid,

as used herein, is @&hecepolymmreofthizssinvention chrbt fomntated ad eppitivetregia near or
above its crity i} GERRLA : StIf r..or _above
its critical 'p{rvggﬂgﬁ;r% Cri%}fb%gﬁdqpmg%ﬂ{%%ﬁﬁg§Efﬁﬁ\€egﬁ&%§@£at§ebe§§%%‘ée§¥ at a
16 1 November Yethed\nt with aqupous base/ Sufficierd sgdity évipwarted tacthe kapolymetsi gher

.than 15C be ovby hedeF Efdt&add Ao RIARGH e QDY R prbtbétdd fRthfr%o BhpdsgRst at a
.pressure higher_t

. af nospheres, bel ow the -Crjtjcal. pressure” of the
“fluid, Carbon feyigedde ﬁFr‘%‘EP% JUEing ERROSUF "F’i%féé?l“i ’F‘&J@F’Gmi freq aged oy esent

i nvention. Varprouiledogdavelppmenty sudhsthavaquedis debelopiaent igodMIelanes bhsic this 5

i tion. These j 3 t.limted to.. h t | t d
hon' hal ogenat Sycidet difizs My Bbeaitlar GIROR pofspathRoaR Sihdgy et ° "
fluorinated soetamethylagmeonivn bygrosidersobion GlrObSARVertdnSa fivEn capdI® 15 13C

e ot S g M LSRR P 1
‘NMR  si ngl et g 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 ﬂuordalcohol groﬁps) is ‘ '
- determined for a given composition by optimizing the amount needed for good
20  development in 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 photoresist 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 0262N
_ tetramethylammonium hydroxide (with dcvelolnmeht 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-working photoresist layer, the photoresist layer will be removed during . -
o development in portions which are unexpoéed to UV radiation but will be
substantially unaffected in exposed portions 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 ' ‘




multiplet milliliter(s) mllinmeter(s) 20 n Index of Refimnastmder Agn4d ass
Transition Tenperature My Nunber-average nol ecul ar wei ght of a given
copol ymer determ ned by gel permeation chromatography using pol ystyrene
standard 290 PR3P ght - aver age nol ecul ar wei ght of a gi ven PCHPSIymEs2
determ ned. by gel perneation chromat ogr aphy usi ng pol ystyrene standard
Absor bance A = absorbance of a sanple =1log | O(lI/T), where T =

transm ttance tempefaturaibat lbéimthaﬂlﬁfﬁl belaiv thbsmnctahtmn@erqjmre afithe fiwid

(Absor bance p r [ d t =
filmthi cknesghﬁﬁ%ﬁgé%tnﬁ/a Tégg%rgﬁl% a\rflﬂc:}igSe ans Sb%ﬂwa#%%&%&oﬁ%f t he

radi ant power °f3ee fyidn6ay Pé@%@eiaazbﬁweéfpbthewahp@l&%mtb@menﬁ nci dent on

f\kf;e sr}gnplg andnv@uﬁnawuﬁ@&cfr @solswcﬁﬁ%mhaga&m&iaeﬁnms nn). 17 1
venper

04 MO 01/ 8581 01/ 145 m cal s/ Mb Al BN
> agobi 81 sBRYPBNEREE e aéed e BRI E eBAIoS R IDSORERt 2 BoerC. 113
1,1, 2-Tri chI orhaiagcﬁd&dmcrb*eﬂnt&ari@lﬁfdnlaltdd@bﬁeﬁﬁ.ard preftireBand flderibes® slserand
Conpany, r% @;p % LqDecaf | uroi sohexyl ene = 2 perfluoroethyl-3,3,4,4,4
pent af | uor o- | -but en xaf | uor oi sobut yl ene 10 o _
2-trifluoromethyl-3,3,3-trifluoro- | ﬁﬁﬁéﬂéﬁmrbornene = Bicyclo {2.2.
1] hept-2-ene ~Aldrich Chenical Co. ADMWRQ&HETM rahydrofuran Al drich

Chem cal ., MI ukee, W 15 tBA Teriiary-But acrylate -
% W% S chemica sh1ft me%l/sured in the indicated

solvent
g gram
NMR Nuclear Magnétic Resonance
15 NMR Proton NMR o
15 13CNMR Carbon-13 NMR
s singlet .
m multiplet
mlL 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
25 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.
Transmittapce ' 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



Vazo(r) 52 2,4-Dinethyl-2,2" -azobi s(pentanenitdie) (E. H.NaemBenoGte
Nenmours and Conpany, WI m ngton, DE) Vazo(r) 67 2,2'-Azobi s(2-nethyl

but yroni t ihhg P (E T du Pont A AC e PGVEA J. cnaurs arl _onpan

W | mi ngt on, D)é E’ropyl ene glycol methyl ether acetate AIdPFEWg%{b%%aI

Co. , leaukee W  SELECTED STRUCTURES tBA CH2=CHCOOC( CH3) 3 DP or "BFPO':
-CF3 CF2CF20CF( CF3) (C=0) 00( C=0) CF( GRa) 2CF3  HFIB: CH2=C(CF3) 2 Vertrel

XF: CF3CFHCFHCF2CF3 VE. CH2=CHF VF r CH2= CHCX COCH3.. 25 .
Utraviolet UV U traB¥l et region &Q'taﬁ@blsibwyromaghet ic spectrum which

ranges from 10 nanoneters to 390 nag@EREL ek I\%M%Z\QP4 WO 01/ 85811
St eme U7 (B Vacignygy (v 10 Seneh tit s e,
5 _ (E. L. du Pont de Nemours and Company,
- Wilmington, DE)
DFIH _ Decaﬂmmsohexylene =
2—perﬂuoroethyl-3 3,4.4 4-pentafluoro-1 —butene
_ - HFIB - Hexafluorcisobutylene = -
10 - - : 2—tr_iﬂuoromethy1—3,3,3-11iﬂuoro- 1-propene
NB Norbornene = Bicyclo[2.2.1]kept-2-ene
' Aldrich Chemical Co., Milwaukee, WI
THF _ Tetrahyd;rofuran |
. Aldrich Chemical Co. » Milwaukee, WI
15 tBA : Temary-ButyI acrylate
Vazo® 52 ' 2,4-Dimethyl-2,2'-azobis(pentanenitrile)
: ' - (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, WI

‘SELECTED STRUCTURES
tBA: CH,=CHCOOC(CHz);
DP or "OFPO™;
CF3CFZCFZOCF(CF3)(C—-O)OO(C—O)CF(CF3)0CF;_CF2CF3

HFIB: CH,=C(CFs3),
Vertrel™ XF: CF3CFLICFHCE,CFs
VF: CH,=CHF
VE2: CHy=CF,

VAo CH2~CHO(C"O)CH3

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

18



Near WV Copolynmers P(A/ B/ C) XJY/Z PCT/USQ /14532 Regi on efNdvBRber 2004

el ectromagnetic spectrumin the wultraviolet that ranges from 10 nanoneters
to 30 nmanoneters Region of the el ectromagnetic spectrumin the :

ul t ravi ol WO 0i3811r anges from 30 nanoneters to 200 nanonetP€TAISREWHdN of t he
el ectromagnetic spectrumin the wultraviolet that ranges from 200
nanoneters to 300 nanoneters Region of the el ectronagnetic spectrumin the

ul traviol et that rakgeene HOMEIIY) naRegien of the electranagneiin spestmmsintbpol yrer
from copol yneri zation of A B, andulgaﬁg[gtﬁ{aefaggeggémll@rnaﬂg%g@s5 r epeat:
units derived fromA, Y nolar parts_of repeat units derive romB, and Z
mol ar parts of repeat units derivetd PRIOMEEETS EXAMPLES Unl ess otherwi se
specified, all tenp@aaiuméBf@i’UVPn Hegbe eftheeitkirginagitstic @béctrufPi®iShe '
nmeasuremen{s are in granms, and all | [

percentages of repeat units deri ved&ﬁ%%iﬁﬁg%gémr%9m§5§aﬁé$§%ltgn °

percentages. All parts and percent2esanometeepeat units derived from
nmonomers present i npthe yrgopol ymer spofs ot BE Sl ! @Qﬁ- I essed in

nol ar parts and nol e percent ages, ?%%%Q{@sg{%&g%n eggsg?ﬁ%g{wﬁﬁe

i ndi cated. All nol ecul ar wei ght det Wiayiglet theheingidrem 280 aanmymatrstasi ng |
pol ystyrene standard. Mbst often, coEPhMmBREpONPOSItions were estinated by

car bon/ hygrogen anglysis in which gase c ositions were believed accurate.
| Redr3y FhE e lecimRgRec sprsggathe

within 10°to 15 no cent. As an-&fie

conposi tions were occasional |y detdtravioktihayraogesfoom B30 NEndmietvBite h case
conposi tions were believed accuratfgq/ﬁa&%ng e'f_)s to 10 nole percent. The

optical absorbance per mcron of a T1lm on‘f al ni ng the copolyner of this
invention wasCeplgmsgisned by fornming a filmof the copolymer onto a

substrate. This waspggpanpkished by theostiapdafdmiopssaiticatis s B coating
a soluti of the copol yner of this 'Q)ﬁ& Il on, onto-a CaP2 Slj]bst rate and

fol | owed drying the coated substra PRBRASHNG €anolaRasisvarpeatnas
measured per mcron of fil.mthicknessunifsderivel/fibrmaasWinsslkoprebfeach CaF2
substrate was neasured prior to coatip%e&funhggesu r at.e, lil'Eenlt he VUV
transmi ssion of the coated substrate TIVEE 1rom B, and Z molar

parts of repeat units derived from C
 EXAMPLES -
20 - Unless otherwise specified, all temperatures are in degrees Centigrade, all
mass measurements are in grams, and all percentages, with the exception of
- percentages of repeat units derived from comonomers, are weight percentages.
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
analysis in which case composiﬁons 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 composiﬁons were believed
accurate within 5 to 10 mole percent. . _ | ,
‘ ' The optical absorbance per micron of a film containing 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 -



19 1 Novenber 2004 WO 01/85811 PCT/ US01/ 14532 was neasur aNovembet30my the
measured film thickness, the optical absorbance per mcron for the film
as a ,funcwé)g é)_f wav el ength was determned, which included the vaI ues of
the optical? ab¥8tbance per micron for wavel engths of 157 rFGVES14583 nm 5
The VWV transm ssion of the CaF2 substrates and the filnms on the CaF2

substrates wer , th a,VUV Spe onet.er usi a_ laser plasna
l'i ght source, Vgasrs%ga%dfe%g n%sé?g@gﬁﬁeﬁls @h[%ﬁ}lﬁcqeﬁsam%ﬁ%wﬁsg{ham@mect ance
nmeasur ement s, mictonier g filom @s brfomdion of srdklengtindias deteininey] whizh pRMSRAOT
costed 1024, shevanls gl ool dRteel flen b PRACSAIES QSRS |
Dependent VWV 19§>ﬁ’é‘ét rophot onet er Usi ng Di spersive Anal ysis", Physica
‘Scripta, 4%, 4, 4041=&vu(xn¢9£ﬁ)mssionc;&+me@ b 25300

ed to,
R e e Rk k)
Perkin El ner Aight smircala shmpiemhanﬁbscapiﬁeiﬂﬁﬂoth{mraﬂsnﬁ%ﬁﬂﬂend Nalewhde CT 06859) .
The VWV trans and .t he co r films on the
CaF2 substrat (raHsl%? E@%&%ﬁ%@ﬁgﬁ&%ﬁoﬁ&@gg ﬁ%&l&lﬁ%ﬁ%ﬁ%ﬁpwa ed

El lipsometer d&8 ﬁsle@cmrp otadiode defeasnr. aftds pletfhthmurdwumedmgmaeﬂﬂamlﬁl s VWV
El | i psonetier Uses Re xsifahtﬁgeﬂma@ﬁﬂs% 1+eﬁ119@ralu519ﬁﬁeyé a doubl e 20

-monochr omat or %r et arder {Qr greater “accurac phot onul ti plier

and a -phot odi®8 et Using ?P&W‘Eei%‘%ﬂlysbsr og@ﬂtﬁae%»‘"ﬁ’fm%h‘bl% &ccuracy,

‘the VWV spect r(bﬁﬂ@l))r@ieeVUVaﬂﬂﬂJshﬁﬁlo‘ﬁ%sEbﬁlp&%ﬁﬂ@tah& 1?‘15&(3%%@%&&1% 8% |1

o oot 91 BV e AU et ik T s
" Fl uor opol yrmedéopdk PrigV &isible smsﬁromhmﬁmtﬁtmgPa]khyEln@ptAnaﬁ}ucaHhmﬁéﬂt@s f rom

VUV Absor hanceganghiklAveR§O r%él}!\@g nts", Optical Mcrolithography
X111, SHE Vol. 400 eB g?({) %WI er, 1491-1502 (2000). More

specifically, all - %@P%H’ﬁé@ﬂ}féﬁ misebsiaterand theesopnlysendiles 080 nmade

using the pro&l&d@ﬂg édbsﬁraes M@%oﬁ@ﬁw&ﬁm&efmgﬁﬁmg%ﬁlé:wd on silicon
waf ers on a B pl at e nodel 1000B. a)

Two. to four 1?888%? ?ﬁ&%‘%& e %Wsnb“ﬁf?“é’fl 6‘? eF@P%‘h‘Fle%%’éféﬁ%m’( ellys YUV000,
3000, 4000, - GMipsppmyermeamdemtmm tdEKemag lamp mghm@%d(ﬁibﬁ t he coated 35

hoacured For St‘*ﬁ*ﬁ‘#@?ﬁ*%*hmﬁﬂﬂ@‘?ﬁq?? Bt f ehdiulp s "
(Filmetrics, Phetodiodgstepiggget St., Suite 140,. San Di ego CA 92111- 2255)
or on a Dektak St Wh@%ﬂﬁﬁfﬁédl'}:@é%ﬁ@(@?hﬂ(ﬂﬁeﬂ CYRRE9, MOV RPYcTpAMBmekt2 RObI N
HiT : 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,
- 25" 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



20 1 Novenber 2004 WO 01/85811 PCT/ US01/ 14532 Road, Sant a Ndaehmbea2003A
93117). Spin speeds were.then selected fromthis data to spin the CaF2
substrates for the spectroneter neasurenent. b) CaF2 substrates (1/2" dia.
x 0.040" MR RIBBlere selected and the transmission of thePGEHBHLAAIR
determ ned on the VW Spectrophotorreter or the 5 VW EI I | psonmeter. c) Spin
speed was sel Cﬁlg’d frogﬁéqggq’ con waf er data from a) spin the sanple
material onto @Gbs%?‘%ﬁk@d% WP the@@@@:t@nﬁo’@@@@dﬂﬂm to
achi eve the deskpiedhd ChFy ﬁdbsﬁitﬂa?ﬁﬁthelsbedmdﬁﬁkﬂéhsﬁenﬁﬁﬂ for 2 mn, and the
transm ssion of the fi th at.e tedo W 10
Spectrometer or the VU\?Té?&2 ﬁ%#éisdb A5 ﬁ‘@ s%‘?rﬁﬁ %@ﬁtpﬁ’cron
which is the atmanbamm@fﬂlqmlbstmt@dcmmmddnﬂhm\t{hV(SpaaﬂmhotcmeTEforﬂﬁd in
Equation lsas Vi EIAS e | ogarithmof the ratio of the substrate

transmi ssion divided by the transnission of the sanple consisting of the
filmsanple on its sub$? r%%%spﬁ“@sq@@ﬁwdfrgmdhwlhe@nwferﬁ@taﬁfoma)ﬁoh| ckness

t.b t15 E?u?tT i onp ﬁatflﬁ;iﬁlﬁﬁlb&natenafoﬁffoltﬁé@éﬁ ﬂeferencleféfi%s!tra?es((«? g, ;P00 and
ubsti-ate/ Tsa mis_the opticCa sor bance per
mcron in uni @b@ °|38E133V\§13\f§ﬁ1r?4é1/‘ﬁ g¥nithwes baked 3t dGbdpr 2 min.
wavel engt h of ahdgiﬂtranéﬁndsmn of thdBlnabs thelsabaextd wad ¢dIRs®RY offtha@vuiven film

det er m neqqf org,8.4SRESA h of light. Tsubstrate is the
transm ttggce Pﬁtﬁtln %reﬂ? uEétra&g}(e g.  a calciumfluoride plate).

determined for a Sﬂ&@loﬁ’t Mm@@mmomwdmhlsmbéan&A[pmmcmn

transm tt ance of GhthtthieRsss, Gf démRaRE ' ?d}ﬂh;ﬂ ‘
det er m ned fo{;}ﬁsﬁ) eC|f|Zd vv‘%\g/gl en ﬁ&fﬁ{:@i t. glofgi mis ?H}gﬁéne;ts‘ of a
given filmin © rApSTRIS pHfsiqn o %Mﬁé@m@@ﬂg cron
A/ pm has uni t sheofilm sawlﬂlfmﬁ iisolsnate, ﬂﬁH ubhitiyCdiided W eHeShileh Midkh&Bt. 1S @

m cronet e Fa} % th| ckness e, absqrbance/ m cr of films were

measur ed ?o 113 spun cbm%ﬁéfﬁl %ﬁl‘“{tﬁ‘ﬂt:all—ozglg yhspraf ?}1 fgmt he

above- descri bé¥harginhods. The VUV transmi ssion 30 of each CaF2 substrat-e_ was

measured pri ow%u«a h&tﬁ@bﬁu&@éfssbﬁﬁnee‘s%egﬂﬁmfoh']mm@@ﬁ 3\&% nsm ssion
me

of the filmo rti‘cul ar trate was HSire using the
measured film %”(?@ﬁ'(ﬁieflé?ﬂ“@lﬁngﬂéﬂfhght) and equation-1, the . values
of the absor bmﬁgﬁmnheabgormfcew@ﬂ@s@mas@wnsmnawaﬁm&@fdr% glifisavel engt h
wer e det eﬁép n %h E@i{ Iues of the absorbance/ mcron for wavel engt hs of
35 157 rmand 3 abul ated in Table 2. 21 1 Novenber 2004 WO

01/ 85811 - 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 waveleﬁgﬂl 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.



PCT/ USO1/ 14532 Table 2. Opti cal

Absor bance per M cron ( phiNdvembbr Base

Resi ns and Fornul ated Resists Exanple Al.m A/ pm Thi ck. Spin #Base Resin

Nane. (157
2P( HFI B/ V/

3nm (A) Speed (Rpm) | P(HFI B/ VF/ t BA) 2. 890. 018666k

9; e
é‘f&%?’ﬁm 0816066k 3P( HFI Bl VF2/ t BA) 2. 120. 078386KCT/US01/14532

AP( HFI Bl VF2/ t BA) 1. 570. 157606k 5P( HFI B/ Vac/ t BA) 2. 160. 037636k 6P( BFI B/ t BA)

7P( HFLB/ VF2/ t

8P(HFI B/ VF2/t BM 5. 370.8311086k
9P( HFI B/ VF/ t BiAY
Resi st 9B 10P

| OB | nage For
‘exposure, the
density (e.qg.
foll ow ng exp
| ene/ Vin | Fl
nm stainless

of t-butyl acr)

10 -

B : ALTASK 0FL
efle2 w‘l‘p‘%%b%& ggﬂsrfi{sg& P% B RerhR it ormplated | 00030k
5 716-8822846k—Resi-st—OA DPLURLBLVELt BMA) 6,431,081 1886k
|B/55_\)ﬁ. 7%2. 1295102k 10P(HF| B: t BA) 5. 430; 811/1 6681 Resi st
r% 9 it t RBTCNFRENERS vadVism Wt pelct TRIgkphotIMeed st
ter® "cllearing.dose" i ndl¥amds| ¢1A8nm) nj JexpodBpm) eher gy
i n1uni t SPEAHFIRAIVEABAY 0 ehd®l e[ a @udden | 5 §dgot of esgist il m
pSUre o PEMEIVFABAST PDEpl — FXANIGEE 1 Pa6o pobu
AR5 AR D 38 2
JﬁL%l (t 22:{m£$4"(f27tﬁml inh2{o | es@Phan - /8 20 nfk of
5 | P(AFIB/VachBA) | 2.16 0.03 763 6k
6 | P(IFIB/BA) ' -
7 P(HFIB/VF2/tBA) | 4.33 0.13 1584 6k
8 P(HFIB/VE/BMA) | 4.69 0.20 7930 2k
3 PHFIB/VF2/BM | 537 0.83 1108 6k
A) Resist 8B '
9 | P(FIB/VFABMA) | 4.40 0.22 10003 7k
9 | P(HFIB/VF/BMA) | 5.71 0.88 2284 6k
S Resist 9A ‘ : '
9 P(HFIB/VEABMA) | 643 1.08 1188 6k
Resist 9B : ' g
10 P(HFIB/BA) 3.74 0.12 9510 2k
10 P(HFIB:BA) | 543 0.81 1160 6Kk
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/cmz) to enable a given
photoresist film, following exposure, to undergo develop_meﬁt. ' o
| EXAMPLE1 |
Poly(Hexafluoroisobutylene/Vinyl Fluoride/t-Butyacrylate) (0.25/0.25/0.5)
" Copolymer Synthesis. | ) o
. A 210 ml stainless steel autoclave was loaded with 15 ml CF2CICCI2F
and 14 ml of t-butylacrylate (tBA). After chilling to less than -20°C, 20 mi of

- about 0.18 M DP in Vertrel™ XF were added. The autoclave was sedled, chilled, |

15

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 mixtme was evaporated to dryness, plit under pump vacuum for a Wéek,
and then dried in a 65-90°C vacuum oven for 7 hours. This gave 14 g of brittle -
solid, which was characterized below. ' -

Cale. (HFIB)) 55(VF)g 25(tBA)g5: 51.50C; 6.27H

Found: 51.25C; 6.24H - ‘ '
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about 0.18 MDP in Vertrel TM XF. were added. The aut ocl avéelovambseaded,
chilled, evacuated, and 64 g of hexafl uoroi sobutylene (HFIB) and 4 g of
vinyl fluoride ('VF) added. The reaction m xture was shaken overni ght
(about 21 WQOFE&B1Lt anbient tenperature, reaching a peak, PGFUSH/G53si (241
kPa) at 22.2C. The fluid 15 reaction m xture was evaporated to dryness, put
under punp vacuumfor a vveek and then dr| ed in a 65-90C vacuum oven for 7
hours. This gave 14 gpheal apce B glermingfronchar act eri zed bel ow.

Cale- (1- 1F[B)o. 25()(@%5@0@&9& m@vﬁtﬁA (pizsREPeg. ¢ 24H 22
1 Novenber 2004, V\g[d]O% grll PCT/U 1/ 14 %p%éq Absor er Mcron
Det er ni nat i on SRR i W’-?’-‘tt‘BﬂPF:{@ ?5?195 95/ 0. 5) ]
vva; spin coatpmtiﬁce@bprﬂyh&plﬁ}&n@lﬁ%@ﬁng%trsms thiclarRes) @Uv%g&hbﬁrlk%@ ont OVS?/FZ
substratescto ns thi ckness.

absor bance’5 17 masﬁ%ﬁlcﬁgﬁsﬁg&%ty%ﬁ%b ({n%eer?l?etgﬁg{;%’rrm%p?rh[@l “HP<Ar bance per

mcron as expgkplained sspya. . The optical absorbance per m'cron in units of

i nverse mcrons for ﬁé%&%&fﬁﬁeﬂﬁﬁ%ﬂ%@@%oéame 536 in units

of nanometers j n Figure nicron at
157 nm det er mPﬁéﬁf@R@rﬁﬁfh VGIWSd@a’éle%@r aﬁle%WéﬂmMmﬁers Trehowpt i cal -

gbgilr bance pelinl?ig@df@ﬂ ahebgﬁcawbso@llﬁneéﬁmﬁﬂﬁnra%vhﬁl&%&wéw of tHleM 1S
mcCr

at.i |tho t|on Thefoll(f ng sol ution
was pr epa(rigd aﬂﬁo %éﬁ?gé}%ﬂ"ﬁ e8*9‘% @Feperéﬂ’ﬁf(@rﬂt ¥MH‘5‘er at ure.
15 Conponent \dbten@m&dﬁmwﬁbtyﬁmﬁhpmd&ﬁym(:mn%m 25/ 0.5) as descri bed
in this exanple.. §294c dvelaRoXARORG 2. BBG. A% (W) sol ution of

tri phenyl sul f oni umt rTT ate 20 drssotved 11 cycl ohexanone whi ch had been
filtered through aldefsllopipgmsobyion ige praperedand gappetically isiimed dvernightsit.
prepared for labiomtaRpameyal uati on by spin coating the above fornul atlon

ona4|n<i (10.2 cm dia er Type "P", <100> orientation,  silicon wafer.
Mer- oVt {gmln '

Spi n coating was done usin Sci ence I nc. Mode¥k 25 _
conbi nati on spi nNHERAVE/ABW topadyeer (0284).29008Nt was performed on a Litho Tech

Japan Co. Resistag% er (Model -790). er was prepared
by depositing 6 ni gljrl exameté%& ?SI | azane (JJMDS) pe(?&z{ and spi nni ng at

1000 rpm for 5 serclobgranepen 3500 rpm for 10 sec. Then %5581 of the above
sol ution, after 49lcx@y ioMetidWrAHPEndlAirdAum ke ' '

20 dissolved in cyclohexanone which had been
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.
23
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30 syringe filter, was deposited and spun at 3000 rpm forn NeQesweo?iE! and
baked at 120C for 60 seconds. 248 mm imagi ng was acconplished by exposi-ng
t he coated fer to light obtained by passing broadband UV |ight from
an. ORI EL I\%ﬁ@l"%‘i‘hl Sol ar Simul ator (1000 watt) through Bc'f OH4532
interference filter which passes about 35 30% of the energy at 248 urn.

Exposure tine was sec nds Vi unat t at ed ,dose of 20.5
m)/ cn2. By using a fg t“i1 ‘H’§°B? W&Wﬁ‘ﬂémWi‘V dyopidec o
density, ‘a w o(&‘MAHi)sblyltloﬁ (@NK%MGQBGS‘VMHVE&I@@M% EDevAbpiRént tigxposur e,

o1/ 85801 P OB s i %993%3505%%0%@9%?%{%&51 BigTE 0 10

t et r anet hyl ammmmh;e&isr%knd m% TMAH) sol ution (ONKA NM D- 3, 2 38% TVAH

~solution). sDevel opment tinme was 60 Sﬁelﬁ}mél tive image was produced on
the wafer with a_cle ' el 21 mJ/cmZ 5E/XAIVPLE2POI

exaf | uor oi sobu |eh& $ExIIYoNOISOUYIEEe VALY JAUqTided-1p 1) @39/0380| ymer S,
‘nis A 210 nl stainl ee}spsgﬁ@ksgm_hm ave was Ioaded vvlth 15 m CF201C012F

.and 14 m of t-butyl | a BA),. After chil C 20 m
of 10 about 0. 16 M ?%%M%ﬁ% i‘?fg égﬁlié-ir seal ed,
](c:lhi | eg e\éacamdtiédqﬂ e Placrybite (WBARS Aﬁen*miruﬂmglm !dseﬂﬁnaﬂﬂdc52@nﬂbf\2/| Ryl )
~fluoride e e ours
at anbi entq g tgar?giérﬂ;‘gtl ﬁ?@gpr%?c%bé gﬁ? ea a(a)@&i;egm a\G?JcEHlvgg%s %gfj%lﬁ]?hfﬂ 8C.
The fluid reacveotrtedand 32 Qﬁé@x%mmwefdﬁmcﬁﬂdr%@fs@nﬂrﬁmndmdﬂedpunp :
¥ﬁcuumforl%8 nﬁﬁﬁonoﬁ}ﬂlxﬁﬁfﬁaﬁsﬁh&ﬁb%}mgﬁté‘ﬁw a gbiEﬁ’tr Sgsfcl:ours |
is gave of br e so |ze QW. '
anal ysi s i ndi SL‘FB?f erd'e?%'%%l"?a}{wﬁéﬁ?ﬁ\ﬁf‘?m -81C- atheAbtid reartier heat
' gz dlo%m' n) mﬂ&hew$ﬁ§®k%&ﬂ&§ﬁéhs%ﬁﬁhﬂ@ék)ﬂx@9vacﬁ@nf@8h@uﬂs aﬁas I20t'
oun c i on, Sol utions
of P(HF B F/ ttg%ér?%i Weygf@@&&% %urﬁ%g CD?JF ﬁﬂ’%@ﬁﬁ?ﬁ iact at e at
spin speeds ofwigdp @Z@dﬁﬂwsubstrat es to produce filnms of 1606
‘angstrons thi gkae 2 RATY H§F%
de'?ern‘i ne the ap §§%C .Eg} absorbance er mcrgn era‘gﬁ{ef%tta absor a&?ce2 per.
m cron in uni tlg) erse mcrons for  P(HFIBI VF/tBA) (0.22/0.3910. 39)

versus wavel engt h | aGhld. (HHKIBH) 5,(VIF)4RbEBAR ;0: PRTACRELANE | S shown in Figure
4. The op&bcal absorpg %eaiaegggngclggﬂ at 1&? urn deternmned fromthe film
c ,

i's 364/mcron The olﬂ e per mcron at
o ncal Absorbance per Micron Determination

Solutions of P(HFIB/VF/tBA) (0.22/0.39/0.39) were spin coated from
ethyl lactate at spin speeds of 6000 rpm onto CaF, 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. - : -
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30 193 nmdetermned fromthe filmis 0.08/ mcron | mnage Ghweeatbeodddd t ho
rraphi ¢ Eval uation The followi ng solution was prepared and magnetically
stirred overnight at anbient tenperature. 24 1 Novenber 2004 WD 01/85811
PCT/ US01/ M83¥88dhponent - W (M P(HFI B/ VF/ t BA) copol ymePCT/US01/14532
(0.2210.39/0.39) as described in this exanple. 0.234 Cycl ohexanone 2.586.
5 t-Butyl Lithocholate 0.060 5% (wt) solution of triphenyl sulfonium
triflate dissolved in cycl ¢H8%e088He whi ch had been fi | Wad{&m)t hrough a O 45

PTFE syringe fil PgHFIS, m@A)'B@Fglyﬁl@fwzm3m339§ubj ected-to the inage
generation/| itho%‘?ﬁg 8%0 tg%a uat on procedure as desc(ﬂzg d in Exanple 1.
A positive imge Cﬁﬁ) © he wafer with a clead ‘gdose of

appr oxi mately 6. @ymwonEXANPLE 3. Poly_(Hexaf | uoroi snbgg.yl ene/ Vi nyl i depe
Fl uori de/ t sBut yagmaitinotfoig/ 0- 2/ 0. 55)  Copol yner Synérﬁﬁ-@ s 15 A 210 m

stai nl ess steel autoclave was | oaded with 15 n Vertrel F and 10 nml of
t butylacrylate P8y splrtien oftiphenylgliooumeeiflaghan -20C, 20 nl of about

0.18 MDP in ver Uisb1 KFopnniexadie dhiciipaaioc! ave vas seal ed, chilled,
evacuated, and 3 hex ut and 8 g of V|nyI|dene fluoride
_added. The reacﬁl%ﬁmﬁ (\éé‘%sﬂ%ﬁ%'ﬁ‘%ﬁ Fﬁght (abol®12D hours) at

ambi ent 20 t enper at This soluten Wangnbiectdab tiaf imbe peterdtidlitkdiaiptas  20. 6C The
fluid reaggi on, ﬁ;ﬁﬂ eg ut under

for a weeckib Jg BQED??C\(%@&?(?%gﬁgé i aé"g'g]%g%g f@ﬁuﬁ?%ﬁwaﬂwn&)"@ e 13 g
of brittle solqnihemfmécleéﬂm%@efﬁmmtajyﬁﬁmlﬁ@h%w. Cal c.

(HFI B) 0. 25(VF2) 0. 20 t BA) 0. 55: 50. 72CEMME§5 Found: 50.66; 6.13H

Opt i cal Absorbnfe per . M 3 |pr""S(")Iut|ons of thls ooI mer

[ P(HFI B/ VF2/ t BARDBlesafluoraisohutylens/\iy : - |
spi n speeds of 6000 [hm)l@ﬂieﬁSQﬁEﬁlsSUbStrat es to : produce copol yrrer fi I ns

f.838 t t hi [0)\Y4 b 3 d -
Lo’ deternige the optcabrapintey dRLRoaRE e n st TRl TatRlfkF oD o per
mcron in unitaaddf mhvﬁﬁ‘@é}'lmlatﬂ{tBAbrAﬁﬁ(dﬂlagWEssm—2@60,2311&181’0 55)
versus wavel e%bﬁtquﬁ)ﬂlﬁwérﬁelﬁﬂﬁ-‘%@% ad&b?lngiﬁtaﬁfoﬁla’véwgpgé’mtdh (gur e 5:

The optical absorbance m cron at rm ned ol yrer

filmis 2. 12/ RVaPEHed. PR 3460 Savatigmisoaiiiane sad § ¢ of vinylidene fuoride
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. : :

25



35 micron at 193 nmdeternmined fromthe copolymer filmig Mbv@mber 20@n.
| mage Generation/Lithographic Evaluation The follow ng sol ution was

pr epar ed tically stirred overnight at anbient te ture. r 25 1
Novemnber g@g'lfﬂg\%ll 85811 PCT/ US01/ 14532 Conponent W. @ﬁ%{@
copol ynmer (0.25/0.2/0.55) as described in this exanple. 0 234

Cycl ohexanone 2.586. 5. t-But Li thochol ate 0.060 5%.( sol ution of
tidopet whad been

tri phenyl sul fonium I nfl ate dtrssorved i n cycl ohexanone
filtered through BEFB/YE2fBAR0pylymey€).25/0241.55)0. 120 This sol ution was

subjected to the ém&l%lﬁb j.thographi ¢ 10 eval ugtjsgn procedure as
described in Exar@ffgql A posi t%ﬁeﬂl mage was produced gn t6he wafer with a

cl earing dose of hsXpRaPel y 21 m/cnR. EXAMPLE 4
‘Pol y( Hexaf 1auor oi &Mﬂﬂ]ﬁ@hkﬂaﬁw i dene FI uor| de/t But yl agrodpat e)

(0.29/.0.29/0. 42) th S stai nl ess steel autoclave
‘was | oaded with ISJ’;Q%B 4’ “rl'ﬁ) t butylacrylate (tBA).

After chilling t@llsseb@dumaynlema;onemhﬁhhﬁdb@hout 0.18 MDP in Vertrel TM XF
wer-e added. The 455?‘311, I . evacuat and 32 g of
“hexaf | uor oi sobut ﬁ%ﬁ%%@ggﬁg’ 0 vﬁ\hfﬁ@n ﬁg’ruorl de Zoﬁggged The reaction
m xture was shaken rSﬁl@lﬁﬂV‘@&B’dmcfgbtoﬁb@imyg&ﬁenmmdhthogt@merature
_reaching amoeadﬁza@iati@a p@ﬁded%%@dkﬁcﬁbe@in Erardfte 1TRepdsitiieGnd: @ ﬁr&-dai.%&(t ure

was evaporated t ess unp vacuu or_a rred for
7 hours in a 6@8’6@” %WW(? %‘ﬁe %@EBTQXIF“#G %M@?BI e solid, which
‘was _characterized as indicat ed bel OVWEX20VIPLBI4e.

(HFI B) 0. 29( VF2) 0. 29( | B 1 H.4 tical
Absor bance per M cron &B@ﬁgxaﬂﬁ%%ségggiﬁe%gf%m%}%%EE%@% atc)
(0.29/0.29/0.42) were spin coated frh292-294M42none at spin speeds of 6000

rpmonto GaF2 substr ai,gs] Rtafuse 30 copolyner filnms of 760 angstrons
t hi ckness. VW absor an%ev%ésg@gnents were then used to deternine the

optical absorbance feflCinkstyplessiies! apioplase wap lgdehwith 1papl Verleldi XF unit s
of inverse m Ce[ualrﬁsnﬂ@ft—bﬁ\(yﬂEfyﬂté/&E/ADB'Q\Ete&@h%gotoa&ls%ﬁ?-ﬂl“@r?.@‘iﬁl gavel ength

lambda (?) | " At 8. 19 M DP in Vertre]™ XF were added, The autoclave was sealed, chilled,
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
characterized as indicated below. |

25 Cale. (HFIB) 20(VF2)g 29(tBA)g 42: 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 per 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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nanoneters is shown in Figure 6. The optical absorbance pedovembeoROGt 157
rim35 determned fromthe copolyner filmis 1.57/ mcron. The optical
absorbance per. mcron at 193 nmdeterm ned fromthe copolynmer filmis

0. 15/ m cr oMO 0285811 Novenber 2004 WO 01/ 85811 PCT/ US01/ 14532PCTHEgeL /14532
Gener ati on/ Li t hographi ¢ Eval uati on The foll-ow ng sol ution was prepared and
magnetical |y stirred overni-ght at anbi ent tenperature. 5 10 ConponentW.
(anp HFI B/ . VF2/ t BA keae|Genpratiom.obggyapide Bvalpgtion 234 as described in this
exampl . Oycl ohexanpReRiishibe shivkih vas grépa@amaaﬂagﬁemﬁy%moe ghdlsi on of
tri phenylsulfoniumtriflate dissolved in cyclohéxanone whi ch had been
0.120 fil tereomf‘I‘IPBfJGWP?fa@eAS PTFE syringe filter. This solution was

subj ected to the inmage gen€ogiponent! i t hographic eval uaWi¢gmprocedure as

descri bed i.n Exa Lve roduced on the wafer with a
cl earing dgse of @&%{%@% ‘(I)Qc?pc'& éb%?ﬂ)??@@ﬁzl Ina 1:1 ratio

pol y( hexaf | uoroi aoﬂeﬁmb&mthasnyam;ﬂbuorl de) has an A/ = 0234914 at 157 rim

Thi s hexaf | uor oi }']bthléIcﬁBﬁcV' nyl -fluoride polymer stilly ds a

phot ochem cal sw o perform as a resist but the func Ionality

associ ated with &B Berolteal switch such as t- but yl @@ryl ate tends to.

I ncrease absor pt |599g}199@uﬁtg{ﬁt&1 DYRulfbiiah tdflafehe base polynmer. Conparing

I : d f I I
1 ot ae: 199uty EPoVETBOREES SEARIINEI™ 52 o  00 ana 5 00 o

157 nm Repl aci ndilteted tmongh a 6146p PITHE syringeiligl es 1 and ®12My the -
al ternating nononer _ [ reduced AL to
1.57 and 2.16 at. 1570 b@éﬁhﬁ&ﬁ% J“hgg%ggtﬂelmgéé{gmwh ﬁmg%%ﬁ DS of

alternating stishatipopcadunas Qe@mquug@gn@plesl i pesiévepisiagenyasipoeduced r easi ng

transparency. @m@%&?ﬂvﬁﬂﬁadé’&m&d@éo@é hx% 8hit g hgpsiavi nyl
Synt hesi s 210 m-

Acetatel/t - utyacryl e 46/ 0,27/ 0. 2

st ai nl ess 13t eel aut]g‘(?rIa\I/éatWé’s"lY(B%gHOW I;Ing Vﬁ&f@ﬂ?ﬂ@ﬁ%“%m of vi nyl
acetate, and 9.014 aif 157+ dnut.'?ﬂlahézgaﬂaomwoﬁﬂgleh&bﬁly\l\ﬂﬁoﬁdﬁﬂdlﬁdeﬂ&ﬁﬂﬂIﬁs‘éﬁs 80 than
+20C and 20 M 0% ABON) Quitdh oY pBRorh R Ph Mo Sin iy L05:288 Ok Ve

- photochemical switch such as t-butyl acrylate tends to increase absorption

considerably over that of the base polymer. Comparing Examples 1and?2,
20 . poly(hexafluoroisobutylene:vinyl fluoride:t-butylacrylate) was found to have an
A/ of 2.89 and 3.64 at 157 nm. Replacing the vinyl fluoride in Examples 1 and 2
by the alternating monomer vinylidene fluoride in E}iamplcs 3 and 4 reduced A/u
to 1.57 and 2.16 at 157 nm. These data demonstrate the advantage of alternating
short (CHy), and (CF5),,; segments in the polymer for increasing transparency.
25 EXAMPLES
Poly( exaﬂuormsobu lene/Vinyl Acetate/t-Butyacrylate) (0.46/0. 27/0 2
Copolymer 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 wéek, 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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was seal ed, chilled, evacuated, and 66 g of hexafl uoroi seNsvgmese2@ded.
‘The reaction m xture was shaken overni ght (about 20 hours) at anbient

t enper at ur.e reaching a peak of 10 psi (69 kPa) at 22C. The fluid reaction
mi-xt ure wa‘é’b 04338436r at ed to dryness, put under punp vacuum REGT/ESOMAER2 and

dried for .hours 35 in a 65-90C vacuum oven. . This gave 21 g of brittle
solid, whi ch was characterized as |nd| cat ed bel ow. Cal c.
(HFI B) 0. 46( VAC) 0. 27pigal dbsorbancemer Migros mEO#ien 43 21C; 4. 63H 27 1

Noverber 2004 WO GIS&ﬁﬂddsfd?WMM/ ?MV&M/?MF@E&%E@C@?& Mg pon
Det er m nati on Lons_of P(HF Ac/ t BA) (0.46/0 wer e

coated from 2-%2)[':E ggoﬁ%m%?e %?ﬁ’[ 8@5@1 6%705"1]3 &h Od’ré‘#'fcgﬂﬂgﬁe’ét es to
produce copol yikms Oﬁﬁﬁmgmonﬁﬁﬁcan%t NEIE abturbémemaswbﬁiemﬂsmé)ﬂﬁﬁe

neasur ementss V‘E‘ﬁé&t(% B8Brmin 1102108k &b Thd et RicQRL | cal absorbance per

m cron. The optica osor%anc per mcronin units of inverse mcrons for
P(HFI B/ VAC/ t BA) (0. E@?@’@?ll S@Pncmega@cmmaﬁg@ﬁmmﬁ%mrpmfl nunits of

nanoneters is /VAcABA 6/0 27’)@62 at 157
hanoret ers. nedp?m c/B Ayt ﬁﬁ&fsﬁ@%a@él PamaQﬁjlﬂﬂxﬁt%%P

omthe ol m_cron. "The optica
absor bance. pernaf‘ﬁm%(tff’&rf‘ﬁ% %]g‘e %eﬂ% W@ﬁ%@%ﬁwwr BT A m s
0. 93/ mcron. detegrndfien did apblyindrdila ib2d 6Ena:lr¢1ﬁt'll”hbrbpﬁhﬁ zﬁﬁbﬂbﬁ%ﬂeﬁﬁ
sol ution vgs rni at _anbi ent
.terrperature rrpon%qtgg\?\#naa %é{ﬁ%@'t@%%ﬁ : %181‘ 0TI 0. 27/ 0. 27) as
-described in this ewmaggliznentiog pebhicdvahmation 2. 586. 5% (wt) sol ution of

triphenyl sul foni UmTﬁdfoh@%ﬁxgs@lﬂ'W@s%r %@@%ﬁﬁgﬂfys BrabBatfeen - 20

filtered throu 45 PTF syrlngefl utro
subj ected to tHRPIPNHEFBPEHENE: ati on/ 1 t hogr aph| c. eval uation procedure as
described in Exanple 1. A @ﬁi@m&ﬁ | mage was produced wyar wafer with a

cl earing se- of LE 6 25 Po
exaf | uoroﬂ?obuty ene h{%gﬁéﬁ %“g@g Wrﬂar Synthesis A 75 m
st ai nl ess steel amd@cnh&@nmekmﬂbd with 7.3 m of t-bot2gdacrylate (tBA).

After chilling tegRiscdnBah -20C 20 nl of about- 0.18 in Vertrel TM XF
wer e added. The a&%oc?’éve was_seal ed, chilled, evacuat (I;/glnghd 33 g of 30

hexaf | uor oi sobut yVakte) seletionafariphenyisulfonim tiflaw xt ure was shaken overni ght
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.
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(about 21 hours) at anbient tenperature, reaching a peakid®ovémbps200476 kPa)
at 21.7C. The fluid reaction m xture was evaporated to dryness, put under
punp vacuum for a week, and dried for 7 hours in a 65-90C vacuum oven.

Thi s gavew®0sg1iof solid, which was characterized as i ndirmaresdihgsow. 35
Calc. (IFTB)0.41(LBA)0.59: 48.44C 5.56H Found: 48.59C 5.65H Carbon-13
NMR anal ysi s indicated 37 5 nol e % of hexaf| uoroi sobutyl ene and 62.5 nole
% of t-butyl acryl dimege SencratignievieeraghOOBvaAND ioh 85811 PCT/ USO01/ 14532 | mage
Gener ati on/ Li't hogr [ 1 Q) %&a§ ed and
magnetically sti rrﬂacﬂ%gﬁﬁhg%wwﬁﬁgg?%ﬁ% at ur% oneglﬁ .

HFI B/ t BA copolayipasut fmperatresg) as described in this exanple. 0.234

Cycl ohexanone 2. 586. t Bucwn J;metnhochol ate 0.060 5% (gt !gﬁ\;ﬁl ution of-
trlphenyls Ifon| ed i n cycl ohexanoné i ch had been
fiIteredt rough ﬁ%’é Zﬁi@é ¥ilter. 0.120 This sol ution was
subjected to theasdmgd)egeméuaexamﬂbl t hographi ¢ eval uatd.2z8% procedure as
described in EXx ositive image was produced he wafer with a
cl earing dose of %glrl%’mér%ae?ely 14.6 mT/cnR. 15 EXAI\/PLI‘—_é)g}86t

Pol y( Hexaf | -uor oi B8 Litkerliol@iry | i dene Fl uori'de/ t - But yad:§dGate) (0.18/0

18/ 0. 64) - Copol ym é@ld@ﬁlofu? A1 shifortindiniges steel autoclave was | oaded

with 15 Vertr F a t butylacrylate (tBA). After chilling
to | ess {ﬁﬁg mlczsﬁd% {"Gh bei®geBP in Vertrel TM XF were added.

The aut ocl ave meﬁltae@ﬂ@@gh&fﬂhﬂeHTFE@yﬂ@gbﬁlﬁﬂ and 32 @.pfo

hexaf | uor oi sobut yl ghe of 1 Vi n ne fluori added, . The react I on
m xt ure was shaken%%%/sesﬁrﬁﬁl t‘gd(sz%%'e?te ﬁl&’ﬂl e%e[negﬁﬂ O8T3D e‘fﬁ)erature :
reaching a pe&Kalmﬁdll@rp@ﬂdU(eSaBGleR@d?)edam Egamﬁlel Phpoditive ithage st priduced Xt ur e
was evapor at e@ntiQ: WhkPRSE &L }gﬁﬁ&g 4f63 shours, and 25 dri ed
for 30 hoyrs in a 75C vaCl?um ovg %ﬂ)@%ave 1 #DJ,% glassy solid, which
was charaéferized as indicated bel me—-él-ﬂ:l B) 0. 18(VF2)0. 1 S(tBA)O 64:

54. 14C;, 7.02H PMI&daﬂlﬁ)ﬁoﬁ&ﬁtvlsnémﬂ ErneCRlioEoB 0. M;/g new.64
Det er mi nati on 30 S@ f onsSofthPs(igl FI B/ VF2/tBA) (0.18 “WEre spin
coated from ~=<0DOVHICT DYIINESIS ‘

A 240 ml stainless steel autoclave was loaded with 15 ml Vertrel™ XF
and 14 ml of t-butylacrylate (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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1,2-bis(1,1,2,2-tetrafl uoroet hoxy) et bane at spin speeds 0fN0E8MBer FHO4ONt O
CaF2 substrat es to produce copolyner filnms of 1584 angstrons thickness. VW
absorbancqﬁ%%%éfnents were then used to determ ne the optlcal absor bance
per mcro The optical absorbance per micron in uni PSTORSVIG se
mcrons for P(HF1B/ VF2/t BA) (0 18/ 0.18/0.64) versus wavel ength | anbda (2,)

in units of onet S The tical ., absqrbance per
micron at 157 nﬁ? %‘r%ﬁ}?ﬁﬁ @5'5‘?5%9 e‘?g%ﬁo%’ %5‘? BCHRA er ni ned
fromthis copameatfmeméewum&bdrfromdmscﬁpcdymptﬁhnﬁs(hb&/nntmnce per - mcron
at 193 nmdeternined fromthis copol yﬂg@%%‘ﬂ]@ki s 0.13/mcron. EXAVPLE 8

Pol y( Hexaf | uor oi saobut yl ene/ Vi nyl i dene /t-Butyl methacryl at e)
(0.27/0.27/0. 46) G b@iiﬁﬁﬂucsywph@ylegewmem Flagtlé@’t—éwlma&ammd with 15
nm of Vertmel TM XF and chilled to . | ges/65#0.4690C. The autocl ave was

“further |oaded V\nthES m §f It-butyl methacrylate and 20 ml of about O0.17
M HFPO DP in Vertr aut ocl ave was seal ed, chilled, evacuated,
and | oaded with 32 4240 mmmidvewmeaabwwmaﬁanmdvmwwaﬁ%m@
fluoride. The A [ v i ent tenperature
(about 20 hours Le%c @ﬁ}gﬁ‘gta ?“%‘%ﬁ“%gl% gequﬁgé ’ggc The fluid
~reaction m xt ur Wl@@ﬂm&g@iﬁamba@nﬂﬁamﬁdif Mﬁﬂ*‘R(thP mdiemeﬂ@f}ﬁbum vacuum
for 1 weekogi Viuebidhevdd sehle®@  BANGL evalhaidd Fﬁ%%}ﬁﬁ ypis sanple dried a
gave

further 19 hours jn aSOC vacuum ov g results, Calc.

(HF1B) 0. 27 2) RSP UEleng gudhB g0 %mhﬁﬁneﬁhw e. Jbe meﬂm@rr@me@ms cal
Absor bance pershhkeﬁ’Mr@gliteﬁﬁinﬂﬁtntthpéfahﬁé oRes0 Iiour &deﬂ:%

T S T i it B G B 1
of 6000 rpm orﬂndﬂigﬁﬁltgudenptmcum:nfmbwdegwngd] 9 gef pfadues &fi 7930
o0 o e A A SRS LR e o

determ ne the tgpt I_cal sor ce per ‘m cron
micron in uni tie Ellowigetes tﬁ‘mcrons for P(BFI B/VF2/tBI\/A) (0.27/0.27/0. 46)

versus wavel ength |(§d]®(tﬂ}7¢§) BMA), LanomBiesHos shown as spectrum
8 in Figure 9 Th_e alzigqg 7%‘%?2)@%}%& )r%%cron at ?S%P urn determ ned

fromthe copol yrrer cron. The optical absorbance per mcron

at 193 nm deterni n@ﬁmms&mmw on.

- 20 Solutions of P(HFIB/VF2/(BMA) (0.27/0.27/0.46) in s
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 -



| mmge Generation/Lithographi c Eval uati on Resi st 8A The f ¢INoyambgr 2@l4ut i on
(formul ated resist 8A) was prepared and nagnetically stir overnight at
anbi ent tenperature. Conponent W. (Qm 35 HFIBIVF2/t BMA copol yner

(0. 27/ 0. 2W01H88113s described in this exanple. 0.290 Sol PEATUS01/14532
HCF2CF20CH2CH2OCF2CF2H 2.561 6.82 % (wt) solution of triphenyl sul fonium
nonaflate 30 1 Novenber 2004 WO 01/85811 PCT/USO1/14532 dissolved in

HCF2 CF20CH2 CH2 Oisselved, inRiCdh C2 Q6B GHoOBEEFF AH Whished t hrough a 0. 45 PTFE

syringe filter. HEH'b‘éeﬁﬁltbk%d‘ﬂﬁoﬁQﬁa@ﬂ 5k PTFE dyrigbel fMeeri MOY 50
generation/lithogr eval uatlo 9@ e.dure as descy. |bed | .n Exarrpl el A
positive inmage \/vasq.g'l'S Bvﬁ‘ﬁs?lﬁ iedpe ifhagh BgngRR

appr oxi mat el yeﬁaltﬁamﬁ/mmibduﬂermgbsoﬁbaémaﬁxmpdé_l 1 Aqgjsmhlma@/whﬂg&bdmdFor

Resi st 8B {.ﬁie'é? P%tﬁ?x' E’FRQFSJG gﬁéwﬂg %m)l was prepared and

magnet i cal |rre overnlg ure Corrponent wW. (M

HFEI B/ VE2/ t B|\/A co Ol_aﬁggﬁgnetmoﬂﬂamomp]_uzfﬂ@mwogf-‘or Resist 8B as described in
this exanple.0.2457fp !fd?lfo%n @]&%ﬂat%ﬁm%@%ﬂﬁeﬁgﬁy stirred

/ 2- hept anone 0. 045_t - buty |th
: ovennght at amb1ent temperature,

: : Component Wt. (gm)
10 HFIB/VF2ABMA copolymer (0.27/0.27/0.46)
" as described in this example. 0245
Solvent: 65/35 (wt.) HCFZCF200H20H20CF20F2H/ 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. S _
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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156.82 % (wt ) solution of triphenylsul fonium nonafl ate dit$$ebmbdr 200465135
(wt.) HCF2CF20CH2CH2OCF2CF2H  2- hept anone whi ch had been filtered through
a 0.45 0. 150 PTEE syringe filter. 20This sol ution was subjected to the

i mage gen&GP¥ERH it hographic eval uation procedure as descPEHEEHHSEanpl e
1. A positive inmage was produced on the wafer with a clearing dose of

approximately 3.4 mlJ/cnmi. Optical Abmer M cron Determ nation of
-Copol yner Fi |l mof Formul ated Resi st ol ution used for inage

generation/lithog rP@]bYC[{exaﬂm:umobmﬁemvmbdenecﬁamdb/f—Bmylmethacrylate)
1,2-bis(1,1,2,2-tetrafl uoroet hoxy) et(la?gﬁ, gi%g speesl of 2;)(;0 lr(pm ontS/W
angst rons i ckness

_CaFZ substrates to sroduce copol ymer* il ms O

absor bance neasure ! used to determine the optical absorbance
per macrong : 30Tb@4@@h:|1@1aiocﬁbéwapﬁia&€wﬁﬁ3mnﬂrméree1mbﬂ$aﬂafchmb\ﬂ%se _
“mcrons for I 53(:: Iﬁ}%md ced (I;\ fowﬁ ated resist versus
wavel engt h Ia ﬁf’(“a 0°6n Lam pteelgye w ¢rapadgdg f€t-spectrum 8B in
Figure 9. The bugﬂmeﬁiacryMSﬂmbémmeof)ﬂfouﬂﬁ) ¢7 M EFPOLDP ifh Wergd e KT e from t he
copol ymer fil cal,a e mcron at 193
nm det er m ned%}ﬂoﬁlav?ﬁvaﬂéﬂ%lc&me ?“}%Pei a@%ﬁ?ﬁo@qﬁﬁg%ﬁel Novenber 2004
WD 01/ 85811 P@W@B@xmﬁme@m& @fvlﬁ’.ﬂi@t(leiémaﬂﬁmo?ba wodtidnmhbmet Waay| | dene

2t o6 ave. g LoatEiiit b MG ERGE ?‘Péﬁ%m@%%ﬁﬂ%‘%%ﬁos Cess

than --20C. T @gg 5%&9 ¢ udbeEnid reactien oHxiue was gYapgrated to dryness
but yl met hacr ylaad ﬂle&fﬁirtﬁﬁ‘ di‘iedcﬂ)r BO@iyk ufldek b uMpB}aBﬁh@aua forver fidied i 75Pc The

~aut.ocl ave was _seal ed, chill (b ded with 96 g of
“hexaf | uor oi soBBTIER genagfﬁmﬂ gg%f}lpr%&l‘ﬁ% 1%I@"‘m e reaction mxture
was 10 shaken. overﬂ@h(ﬁmhmo.%&mmﬁr 62(366396146]3:17 hours) reaching a
peak of §§,4 psi (%%g“&%@fﬁﬁ The fluid reaction m xture was

en

evaporated to dryness, urther dried for 10 days under punp vacuum
and for 22 hours i &R : ombefieppinatioofBagerRasict . El enent al

~anal ysis found, Ca|S©lut{oHEbBP@ﬂa§({VFf/M§ (. M)zﬁ/@ége@ 30C, 6.46H 15
' Egg Inﬁ 52. 33CHC&‘ ﬁ“o%ﬁ ! ZOép %ﬂ;l’ ﬁientp erel\s/lpl%rc%gted on%g T,Z%ilg(lloln Of Base
tetrafluoroethoxy)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/Lithoggaghlc 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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Sol utions of P(HFI B/ VF2/tBMA) (0.23/0.26/0.51) in HCF2CHNOERREPRLNTH2 CF2H
sol vent were spin coated from1, 2-bis(l,1,2,2- tetrafl uoroethoxy)etha. ne at
spin speeds of 2000 rpm onto CaF2 substrates to 20 produce copol ymer films
of 10003 WP B*¥Hhs t hi ckness. VUV absorbance measur enent PCREFW14581 used
to determine the optical absorbance per m cron. The optical absorbance per
mcron in units of@%g&le mcrons f tg(HFI B/ VF2/ t BMA), (0.23/0.26/0.51)
versus wavel ength g vyasispb JE‘F’F impge grneraipa/lithograpbitn as spectrum
3 in Fi gu(rj ef 16valftienqpbdedate atﬂesuﬂbaml ﬁﬁEﬁ%;;leZSA pOBitEvedthagé w&s‘Sﬁroa{géed o
eterm ne r mis 4.40/m.cro e,optical absorbance
per mcron at 8%%ﬁqpﬁﬁberm d?? @P@%ﬁ%%?ﬁ an is 0.22/mcron. In
a Generation/ Lit hoQpHpiiA Mhiceg Popolvahdr@ingf sol uti on
(fornmul ategl resi sthﬂmg@gmgﬁmed and 30 magnetically stirred overnight
at anbient tenperaiure. 35 Componen m BFI B/ VF2/t BVA copol yner
(0.2310. 26/ 0. 51) a@ﬁﬂé@eil%mdlfw lmgg g@;@aﬁgﬁsﬂnélﬂbommsgval@amn was Spin

HCF2CF20CH? Q‘ﬁmﬂﬂ-ﬁlsgﬂl,?@(ﬂéﬁéﬂlﬁ%éﬁé%&etzﬁ aRBRISLaISIR0O R

nonaflate 2.5 CE2CF2
t hrough a O. 4%“’23"%? ﬁan‘!du“F“i‘é?P @ﬁﬁ@?méﬁmmm 01/ 85811
PCT/ US01/ 1453¥ UMhilsoseineg inpaswasems e thanused t¢ Beteiniifethe optical

gener at i | i ey aﬁ&tﬁé | uation procedure as described in Exanple 1.. A
p03|t|veoflyrrage was %&%Iey on the wafer with a clearing dose of

approximately 4.3 ?@PFE*’*I aysorhanse peis swieloane sniteef inversomidPetsdbni nat i on of

Copol yrer  Fi | gspalymér ﬁemu&%e%ﬁ@&&%ﬁ:ﬁ&ﬁ%ﬁ&'d&%? avaé&tﬁ Rmyagage
generation/li “? E"gflc eval uat.ion was. spin_ _coate

1,2-bis(1;1, 2, PRIEERJ% %%?n%e%ff“%%plprﬁ&lﬁéé@- dbe el r pm onto
CaF2 subst rataé:soxtbanq:ermumemmpmwmrdeferﬂnmfedcﬁeﬁ BEﬁiefﬁﬁﬁlst hi cklneig
VWV ab t.h d. t the o tica

bands o7 TR TR bBUTL Gk hiRe B3 Sickh T5T . p dheg

absor bance per mcron I'ca
i nverse mcr o?wob@lerﬁimpeﬂﬁﬁﬁmcmm m produced from-t h| s for mul at ed resi st

versus wavel engt h @5 gaﬁ)m/LrllthH Bic @lafl shown as spectrum
9A in Figure 10. The fqooﬁlpne G gﬂ&m&ﬁ@sﬁ§ 57 urn determ ned
fromt he copol ymer 11§ wang solutton (formulated resist 9B) was prepar ed and magnetically stirrec

~overnight at ambient temperature.

Syszlalyesie ‘z\-,_u_ll 3

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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15 5. 71/ micron. The optical absorbance per mcron at 1931iNnvdmber200ded from
‘the copolymer filmis 0.88/mcron. image Generation/Lithographic

Eval uati o ¢si st 9B The followi ng solution (fornulate t _9B) was
pr epar ed gvn(ggfrra.g%net ically stirred overnight at ambient t & fﬁg‘ilzlr“ 32 20
Conmponent wt. (-nl) HFI B/ VF2/tBVA copol yner (0.23/0.26/0.51) as descrl bed

12 heptanone. 22V EAERREe iR %%&%%%%@%F onof

tri phenyl sul f GREQIRRRESREF MieTendi ssol ved in 65/35 (wt.)

HcmchomzmzoCFz@gaﬂ pticd- SGHARRRE rmrs@mts%me@elnhgf ofig g ough @ 0.45
- PTFE syrlnge fllter m& ol uti on was._ subjecte he i mage
“generation/lit CRBYESH r@ﬁﬁ%&ﬁﬂ?@fﬁgﬂ%%r‘?’%’é@ﬂg@ lesebdpi e 1.. A

positive i ﬁagﬂy\mmtsaﬂmmletﬁ@ﬂdhem&a’fs@pedtﬂuthBmF@afd g Tewptied]

‘appr oxi mat el Y 2B | Absor banc erJm nati on of
Copol ymer Fil R o(f(‘}b o%fm(f%-g aéggs?l ﬁ @ﬁgmstg? B?ROEYP?}' 4B Bor i nmge
gener ati on/ | i tfSgmagrhi.c Ths apticat zﬂ:sarbaas.e ppinricroaaé i ¥dnth determined from the

2 1,2-bis(1,1, 2,36 2IH P8k yhethane at a spin speed of 6000 rpm onto
CaF2 substrat gs lghfnroduce co/%g?ryrrer filnms_ of 1188 angstrons thickness. 33

‘1 Novenmber 2004 WO 01/ 85811 PCT/ USO1EX4AMBLEN) absor bance neasurements were
then usedigo determ nePbMH&&Iaﬂu@ﬁhsobﬁ@%&h%l&?la&?fatéj‘(@@/@5 he opti cal
absor bance per mcrﬁ bn rég a af inverse mcronS for copolymer film

produced fromthis I st versus wavelength lanbda (X) in units

“of nanoneters is shtmautadaepeat chilladdB léss tingROTC dl lodded it 2@ail of absor bance
per mcron at bl i ' 6..43/ m cron.

| Bk G0 SPLEPOEHh VEATIOEe SRR NI b e ine

- The opt i cal absor m cron nm d Pt EB copol yner
filmis 1.08/ atockye wmdgcm‘ed;@vacuated and loaded with 100 g of

~ Pol y(Hex. a6 | UBERIfRRR | Cang Synt hesi
o Lo B - MR RRI NIGHD i Btk i Q;?f” e ernibg kBRI YL eSS
QP%&Q%/IFPa?éﬁWdaFe Thene

0.17 M HFPO DEHRF f?ré’?"f BaihBRpcs Fesohing aipegp
aut ocl ave was fh;:ﬁhfeaduominutthledvasevmﬂwfb drgiehs lapdded fnhémirkdFons ghysl5
hexaf | uoroi SOQH&EYIJ;ﬁﬂ!?p vacfim B PR Sl%tsli'ﬂ gS%véscr&%eor%nO\é%g 9ht at arbi ent
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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tenperature (about 18 hours) reaching a peak of 10 psi (8NdvPeipea20@UC. The
fluid reaction mxture was evaporated to dryness and then father dried for
5 days under punp vacuum and for 2 to 3 days in a 50C vacuum oven giving 7
g of prodMOw1IBWiknental anal ysis found, 20 Calc. {HF1B)O.Ba(TBAJ@5SH6:
47.23C; 5.28H Found: 47.15C; 5.06H QOticaI Absor bance per M cron

Det erm nati on of Base Resin Solutions of P(HFIB/tBA) (0.4410.56) in
HCF2CF2O0CH2 CH2 OCF2 GRReheptagoeyent were spin coated at spin speeds of 2000 rpm

onto CaF2 substr@t@s%t(g,t)?sgm%ggy h% E#I of 9510 angstrons
t hi ckness. VUV absorb agﬁalelégrreasur Wer e en used to determ ne the

opt i cal absorbanéi}egsﬁ'éﬁ3 MF2O%%Q€EGC%HS‘U@%nce per micron in units
of inverse m cromadbwnﬂf&ﬂﬁfd@&hd@m&ﬁin gists mys) engt h | anbda (2)

in units of nanonet.er.s i,s. shown.a tr.um Fi gur e . The opti cal
absor bance “per ni cr'g$1l S el q%wﬁﬁﬁubgﬁt%g? gﬁg‘i"?’e&?oflﬁ’gh%?é!‘%mer filmis
3. 74/ m cron. Tmhxapnn pmcecb.bsasdmm‘mdpﬁrExmnpteo]n Atpodifide inagdeiRpibdied f r om

t he copol yner tlhE‘w!' e als) |;,_t ho hic Eval uation
For Resist 1 O&lT e Q’Pg}zmé s% L?ts?g : ot a??&g%ghleswt 10A) was prepared
and nmagnetical | y st¥D2cgyE AeR/ LEhogtam C ¢eist 108, Conponent wt .

(gm (HFI Bl tBA cOpol TREfoIEing 46 i3 3B 435:6990) Wag Breli ﬁ%@%&gj

Sol vent : G535 () HORCE %OCHZCH OCP2CR21V2. 561534 ﬁrekb\?e%g%r fjgystirre
01/ 85811 PETI 1T EBHSHLAIBOEBLIRTBEABRe 6.82 % (W) sol ution of

triphenyl sul foniumtrifl at Composanl ved in HCFZCFZOCHZMCFZH whi ch -had

been filtered th RBgc%BﬁgmﬁgfoEﬁf@yrs ge filter.. 0.150 5 This solution

was subjected to € I na i t hogr aphi ¢ eval uation procedure as
described in Exaﬂﬁ)d@cllbed/mébsr»‘xﬂmlém mage was produced @243 he wafer with a

clearing dose of Sap,gﬂpng% %gcﬂaéﬂgé@'g mage Gener af égn/ Li t hogr aphi ¢
Wi_n

Eval uatlo For %23& % utlon (formilated resist | OB)
was prepa éd and gﬁ‘iéﬂ Salufign gt friphenyly at anbi ent tenperature.

Conponent "W . CgHim};olvdxﬁhlﬂﬂﬁﬂ(mqEMEWZOC@IZQHZO@QEFQHI described in this
exanple. 0.245 -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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Sol vent: HCF2CF20CH2CH2OCF2CF2H 2.561 15 6.82 % (w ) soli idvembef 2004
triphenylsulfoniumtriflate dissolved in 65/35 (w.) -

HCFZCFZCI:E%(&:H%%F CF2H  2- hept anone which had been filtered through a O 45
PTFE syri 0.150 This solution was subjected toPFF@SPWaS
generation/lithographic 20 . evaluation procedure as described in Exanple

1. A positive img roduc n fer ri,ng dose of
approximately 4.3 ﬁgm‘% ed}?chga%ﬂs@i ﬁ#@ﬁfr}?ﬁ%&m nati on of
Copolymer Fi | i0@8/0.7g0.al) Mmﬁml@ iml gBmchfe'Z-hcnwtongnndlﬁécg 6br i mage
generati.on/li tw PO A %r&g spi n speed of
~6000 rpm onto substra j@y@% ?gﬁx@égﬁ? m;ogf 1160 ‘angstrons
t hi ckness. ' %bﬁ prsare spotied op sficoprwaters anthe
‘opti cal absor Qﬂ'ﬂ%dl@@ﬁlr ﬂ})CVMeI&@n@ﬂid E-ﬁéptﬁtﬁﬁr@ﬁﬁ(iﬁe n@mdrﬁogr%ds units

of inverse mcrons i rodquced .fro j s..fornul e resi st
versus wavel erfff g%ﬁ/lf’lﬁfleﬁqsiﬁt?ﬁg?@ wreraho Hg?% i1 qiameigy, :
-zlpectrumlOI fCBmmdﬁccgﬂnmpaldhesﬁhpnlmmwhéraﬂﬁo@mﬂxmrhaedwnbﬂckrfmméie 15; urn
- det 4

oo oo S ReBBROR MRl b i f AR SRl SR e Rragy Dorce

per mcron at et erm ne rom

- EXAMPLE 11 ( Prdswindpiacsmoptis®pphimser ditermphghly tha@amame@f thhatamrtmhqmahpmlnd
‘havi ng t hggst rpje, Mg%b&@?%@ﬁ%@%‘? &%%F%Fég;wgi I—F %:(ngter as

a spreading sol vent l'1.con ation to stan g.,

2-hept anone) . b’eﬂtﬂ&/@#ﬁ’ém@MZ%Z@thggﬂ@%ﬁﬂ%mﬂl%@@SGWIPl ons are
made by di SOl atlraigive add GnifrmPKinEihBA Wie2dabBNBpolyhier 337-BebhdheTblveht 0m Exanpl e
"9 in 1 gramof 2-heptanone and 0.1 g of P(HFI B/ VF2/t ) (0.23/0.26/0.51)
~fromExanple 9 in 1 gramof HCF2CF20CH2CH2OCF2CF2H. Bot h sol utions are
spotted on silicon wafers and 5 allowed to air dry. As the solution in
2-hept anone dries, the liquid pool beads up eventually leaving a thick
deposit of copol ynmer about 0.25" in dianeter and scattered thin patches
"copol yner where the solution has drawn back fromthe wafer surface. In
contrast the solution in HCF2CF20CH2CH2OCF2CF2H dries down to a snooth
copolymer filmroughly the dianeter of the starting liquid pool. 10
Paralleling this better wetting for copolyner in HCF2CF20CH2CH2OCF2CF2H
solvent, the solution in HCF2CF20CH2CH2OCF2CF2H spin coats to a nore .
_attractl ve and uniformfilmthan the sane copol ymer in 2-heptanone sol vent.
36 1 Novenber 2004
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WO 01/ 85811 PCT/U01/ 14532 5 What is clainmed is: 1. A copbdiNovembeo2fii¥i si ng:
(a) a first repeat unit derived fromat |east one fluoroolefin having the
structure: (H(H C=C(R1l)( R2) wherein R, and R2 are independently sel ected
fromthe groopssst consi sting of Cl-C3 perfluoroal kyl, or tekpunstiagstzher
are. (CF2). wherein nis 3 to 5 and (b) a second repeat unit derived from
a first ethylenically unsaturated compnomer conprising an acid group or a
protected acid group 15 2. The copol ChadM@® C aim 1 wherein the second
repeat unit SW? . @l Kyl acrylate or a tertiary-alkyl nmethacrylate
In which the alley roup ranges from four to about ten carbon atons and
the first repeat um-t AQOHWMQ%HEIS@@FJUWI ene or decafl uoroi sohexyl ene.
3. The copol yner of Cl@ MaZiréyep&it Bnkt GerivddBdm Eiﬂlé%%foné‘ﬂhbrdoﬁeﬁ(}lavmlg

hexaf | uor oi_sobut yl ene and t he second repeat unit is the tertiary-alkyl
acryl ate, 2 The copol yne QFUEEEm 1 furt her conprising a third repeat
unit derived froma second ethylenically unsaturated conmononer. 5. The
copolyner of Claim4 wherein the third t s derived fromvinyl
fluoride, vinylidene fluoride, vinyl g@?ﬁ?@ C@%b‘}}ﬁ%}or oet hyl ene, 25
tetrafluoroethylene 4, 5-difluoro-2,2-bis(trifluoronethyl)-1,3-dioxol e,

2,2- bis(trifluoronet hyﬁe)[elﬂ,{ﬁ %%@md%‘gnéﬁ}ﬂentﬁ‘ SRR frokn BB %l e- 2- one or

mal eic anhydri-de. 6. The c aiml 1n which the c

further. cd®prises ‘an ali ﬁﬁaﬁlﬁtelgmﬁci/lcgmﬁr@uf”@ﬁ%‘ﬂ @h@kP?Pgeﬁ@f?re

copol yner of Claim®6 mher&vﬁerélﬁalpgn@er&nage of repeat units of the

copol ynmer cont ai ni ng phat e poI I,C . f t| onal i ranges from about i
to about 50 nole perc cgﬂ’? %HEXW I%ﬁ‘?t' %’11 r conprising
at | east one nenber  sel eamemuﬂatedmotrtwoglemqunmmamygmp&ra@rdieotydi c

acid, .a fluoroal cohol, and.g protected fluoroal cohol. 9. The copol yner
of CI aiml| nmade by a soI uti orf(:”T nerization process. conprising a solvent

and an inildiator. 3% Theeee ?Aﬂ@ere lainpg whereis ghesepend 1gpeat/upiidse ferjary The
copol yner of %1%@1&@@&%&:&@@ aieﬂeeiylaté lﬁwﬁicu% BRitp ranges from

chl or of | uor ocar bon, . chl or of uoro ar r orocCa and t he
afrour to’about ten carbon ato %h ﬁs{' repeat un%(gs I?e aﬂuoro(i:soguty ene or
' ‘ 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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initiator is a diacyl peroxide, dieter peroxide, percarbdmvemnber 24’
azobis is obutyronitrile. . 5 11. A photoresist conprising the copol yner . of
Clainms 1, \%Ooliﬁ:sdil 5, 6, 7 or 8. 12. The photoresist of Clalmll vvhereln
the copol yher has an absorption coefficient of less than SSEH14E2 o
-wavel ength of 157 net. .13. The photoresist of Caim 1l whi ch |s a

posi tive-worki ng phgto 10 The st , of aiml 1 wherein
the phot oacti ve cotia ngﬁgcg%obéme ?f@@&&?b“‘éﬂ%@?% venig;afﬁ% ‘iﬁ‘Fhﬁ“orem st of
Claiml| | wherellar rosaghons édomﬂuomhaéwearbqnalﬁrchy&nﬂuammOmamﬂme a relief

| mage upon i nma vi ng wavel ength
of <365 nm 15%%@‘?'1???% %gé@gt&%eﬁgﬂhﬂélﬂ%%a é{r)r%g‘rrprl sing a

solvent. 17. Tﬂ%o BE@’P legf daim 16 wherein the solvent is sel ected

fromthe @Foup congi S phparbsiyehRRensg iR @ gﬁ»ﬁar@mm 2144, 5.6 7or.
"HCF2CF20OCH2CH2 2CF2H. 18. The photore5| st of Claim 16 further ‘conprising

-a cosol yent which 20 facilitates the fil m form ng capabilities of a
phot or esi st fornul dRi oﬁheﬂzﬂotoféhﬁtmﬂmésm&breﬂi thelcapalyher has anhbsdiptidie

cosol vent is k(I CEAQIHECHQCE reS| st of daim1ll in
whi ch the sol vent % 2- hept anone andat%ﬁaveﬂﬁgﬁ?m

* HCF2 CF2 0CH2 CH2 OcF2 & HTho BhotoresistifeClpimo i bbishds a@bSlﬁ!!e&wmldﬂg platidresist,
~conprisingig di ssoliyti Phe Bﬁ&ibﬁegf&wfcm%?u AnBAr s @hé}@ﬁcﬂégegx@b%
: applylng

phot oresist i on,a substrate conpri sing,
“a phot or esi st ”@%ﬁ%%qg?%a% a substrate to forma phot or esi st '| ayer,

\fherz ei g tZe Ehot or @§j sThe phqro®kiti GFTClaRNPY waa?mtﬁabhéth&smqwgsﬁab@socl tai ms
- east one oacti ve,.conponen

(B) i magew se expgs(?&élcg rg’ﬁef g?‘é%(}ns]fna%%?eﬁos %“q?é(ﬁ)é Hetomon- i maged
areas; and : (@V%Wévdmﬁ’ﬁbﬁ%haposed phot or esi st | ayer haV| ng i maged and
non- |maged151r eas t%fo’i‘ﬁéf)lﬂﬁm@éi@ttd}*(ﬁéﬁ:ﬂ ﬁmglec&%ﬁsg%f%q‘%&ate 23. The

process of Claim 2 conpri sing, between nd (B), a step

of drying the phot i?esﬁ?ﬂ?ﬁ?ﬁﬁ%ﬁq|@ME?@§§%@E@V¢WI&WW@M@M 38 1
Noverber 2004 M6uPidhdidink JPCFéibiaahndmtb3ephgond)aneby form the photoresi st

Tayer on the sBst &AlSersRe, Bk, Higs Pot or esi st
' 18. The photoresmt of Claim 16 further compriSing a cosolvent which
20  facilitates the filin forming capabilitieé 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) applymg a photore51st composmon on a substrate to form a
photoresmt layer, wherein the photoresist composition comprises
. 30 _ (a) the copolymer of claims 1, 2, 3,4, 5, 53, 5b or 5¢; and
' (b) at least one photoactive component;
- (B) - imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and *- ' ‘
- (©) developing the exposed photoresist 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 fo 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.
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