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Polyrher products are used as components of imaging and photosensitive
systems and particularly in photoimaging systems such as those described in
15 Introduction to Microlithography. Second Edition by L. F. Thompson, C. G.
Willson, and M. J. Bowden, American Chemical Society, Washington, DC, 1994,
In such systems, ultraviolet (UV) light or other electromégnetic radiation
impinges on a material containing a photoactive component to induce a physical
or chemical change in that material. A useful or latent image is thereby produced
20 which can be processed into a useful image for semiconductor device fabrication.
Although the polymer product itself may be photoactive, generally a
photosensitive composition contains one or more photoactive components in

addition to the polymer product. Upon exposure to electromagnetic radiation
(e.g., UV light), the photoactive component acts to change the rheological state

25  solubility, surface characteristics, refractive index, color, electromagnetic
characteristics or other such physica)l or chemical characteristics of the
photosensitive composition as described in the Thompson et al. publication supra.

For imaging very fine features at the submicron level in semiconductor

devices, electromagnetic radiation in the far or extreme ultraviolet (UV) is needed.

30 Positive working resists generally are utilized for semiconductor manufacture.
Lithography in the UV at 365 nm (I-line) using novolak polymers and
diazonaphthoquinones as dissolution inhibitors is a currently established chip
technology having a resolution limit of about 0.35-0.30 micron. Lithography in
the far UV at 248 nm using p-hydroxystyrene polymers is known and has a

- 35 resolution limit of 0.35-0.18 nm. There is strong impetus for future

photolithography at even shorter wavelengths, due to a decreasing lower
resolution limit with decreasing wavelength (i.e., a resolution limit of

0.18-0.12 micron for 193 nm imaging and a resolution limit of about 0.07 micron



15 Introduction to Mcrolithography Second Edition by L. F. Thonmpson, C. G
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useful for ﬂd%lzﬁkgetﬂfenically unsaturated comonomer and sulfur dioxide that are suitable
for 193 nm lithography have been reported (see H. Ito et al., “Synthesis and
Evaluation of Alicyclic Backbone Polymers for 193 nm Lithography”, Chapter 16,
ACS Symposium Series 706 (Micro- and Nanopatterning Polymers) pages
30  208-223 (1998), and H. Ito et al., Abstract in Polymeric Materials Science and
| Engiﬁeering Division, American Chemical Society Meeting, Volume 77, Fall
Meeting, September 8-11, 1997, held in Las Vegas, NV.) Because of the presence
of repeat units derived from sulfur dioxide in this alternating copolymer, it is not

suitable for 157 nm lithography due to the excessively high absorption coefficient
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of this polymer at 157 nm.
Photoresists containing fluorinated alcohol functional groups attached to
aromatic moieties have been disclosed (see K. J. Przybilla et al.,

“Hexafluoroacetone in Resist Chemistry: A Versatile New Concept for Materials

o



~sem conductors at 193 nm (see F_ M Houlihan et al, Macronol ecules, 30, 15
pages 6517-6534 (1997); T. Wallow et at., SPIE, Vol. 2724, pages 355-364;
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5,229, 473 to DaiwigPhRASEII,EH dibdidhel a process for generating a negative tone
25 resist image by coating a silicon wafer with a copolymer resist solution of
pentafluoropropy! methacrylate-t-butyl methacrylate in a solvent, and then
exposing at 193 nm and developing with a carbon dioxide critical fluid.
There 1s a critical need though for other novel resist compesitions for use
at 193 nm, and particularly at 157 nm, or lower that have not only high
30  transparency at these short wavelengths but also suitable other key properties,
including good plasma etch resistance and adhesive properties.
SUMMARY OF THE INVENTION

The invention in some embodiments domprises a photoresist cormnprising:

(a) afluorine-containing polymer comprising a repeat unit derived
35 from at least one ethylenically unsaturated compound

containing a fluoroalcohol functional group having the
structure:

-C(RAR{)OH
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These patents do not disclose the use of these copolyners in any
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with certwighowhgyl esters are known. For exanple, the COPGORBEAISFE
wi t h cycl ohexanecar boxyl ate, 15 vinyl ester is known (Japanese Patent Appl.

JP 03281664 to Daini ppon. lnk and Chem cals). Copolynmers of TFE and vinyl
esters, such as viny™hsest Brand Baarqide sage of Hifsaend etopht grops of

phot osensi tive conposioti DRs f or 10 eftbas takdies bidRen tiogagér@%( ')TP' ,

hol ogr aphy) is-knomg‘fhu. S, PaéTﬁc{iOA, 63,471 to DuPont). Certaln copolyners
of fluorinated al cohd*E8hBio “Fh ot her 20 cononomers have been
reported in U S. Patént 3 l4dt oid Bharodctie GR2ABRGONTY A2 patent publication.
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particul arl OWer _Pﬁ%ﬁ have not only high 30 transparency at
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good plasnma etch resistance gif,-adh8siaV R 3Re éﬁcangﬁﬁﬁwﬁw OF THE

MENTI ON The invention in sone enbodl nents ' conprises C esi st
conprising: (a) a fluorine- $BRRAIN; G9gtapwing Retuoreniehpkiuneional gpupt  uni t
deriveds from at |east one ehdwheiHeGahbiréinsat urated conpound containing a
fl uoroal cohol functional group having the structure: -C(Rf)(ROH 3 W -
00/ 67072 4 Novenber 2003 PCTI USOH(BG3OHWherein Rf and Rfi are the same or
di fferent fluoroal kyl groups of froml to 10 carbon atons or taken

bhatoact i ve compohent  GHEF By PRI PP st Bt Rh Sopa iheromss an
absor p2Pon coef fici ent afffrorh éde abnatrl (cafbon dtoms ontakewehethet dre (CF)57 nm  The
invention is also a pr%l?e??ig‘éﬁ@ 2%63@951ixd1gxh@reﬂh%?1%8§1i1es-r§onitﬁanﬂ§ on a

substrate conprising, in o )
‘ polymer has an absorption coefficient of less than 2.5 um” at a

wavelength of 157 nm;
(b)  at least one photoactive component; and
25 (¢} asolvent;
(X) drying the photoresist composition to substantially remove
the solvent and thereby form a photoresist layer on the substrate;
(Y) imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and '
30 ' (Z) developing the exposed photoresist layer having imaged and
non-imaged areas to form the relief image on the substrate.
In another embodiment, the invention is a fluorine-containing copolymer
comprising a repeat unit derived from at least one ethylenically unsaturated

compound characterized in that at least one ethylenically unsaturated compound is

35  cyclic or polycyclic. at least one ethylenically unsaturated compound contains at
least one fluorine atom covalently attached to an ethylenically unsaturated carbon
atom, and at least one ethylenically unsaturated compound is comprised of a
fluoroalcohol functional group having the structure:

40 -CRA(RHOH
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conprising a repeat unit derived fromat |east one ethylenically

- unsat ur at¥@ 00/68¥#pound cont ai ning a fl uoroal cohol functionaPCHYEMIISHAavi ng
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and non-inaged areas to formthe relie strate. In another
enbodi nent, the inventi 6AMPeuRd m|cyshe AEPAYECHF At iEsEdoThYIeRicallonpri sing a

‘repeat unit derived frOMﬁmrh&aﬁiongﬁﬁn&bBMbﬁ@laﬂ%hét)anIﬂﬁ]@hﬁéﬁ\t‘bﬁﬂ conpound

charact.gri zed in that at a aone e al.l y. unsat ur at ed corrpound is 35
cyclic 9 polycyclic, af® Y ?ﬂﬁgh‘é %‘"eem‘@ yu?f?&‘iuﬁ‘?tﬁcﬁ %rrpound

contains at | east one ftongrndat hetastrmmmthylancdl}y wtsttacheticaropamd is

et hyl eni cal I y unsat ur at gg.6aLho8e Oﬁﬁ#“%“"?m fheti Oﬁ%f%i)ﬁ’é]ﬁa‘ﬁ{’?meen' cally

unsat urated conpound i s cohprise or oal uncttonal group
having the structure: 48TuaRE)(RF)OH 4 4 Novenber 2003 WO 00/ 67072 PCT/ U

500/ 11539 wherein Rf and ' e, same or different fluoroal kyl groups
ﬁ'g to about 10 ca?@gﬁsé%fdbgfor taken together are (CF2)" wherein n

is 2 to 10. In another enbodinent, the invention is a photoresist
conprising: 5 (a) awherds R @ncPR?ta?éﬂie%m@%Pﬁier@@ﬁ RO IRGA of epeat  uni t

derived fromat |ea t 0 unisat urated, co characterized
in that at |east on E&%ﬂ“ﬁﬁ H o O 'BkET 1e8THB ng?agz syclic or
pol ycyclic, at | eashvherm ey ke hd; caidl y
20 ' (b) atleast one photoactive component;
wherein the fluorine-containing copolymer contains sufficient
- functionality to render the photoresist developable so as to produce a
relief image upon imagewise exposure to ultraviolet radiation having
wavelength of <365 nm.
25 In another embodiment, the invention is a process for preparing a
photoresist image on a substrate comprising, in order: |
(W) applying a photoresist composition on a substrate, wherein
the photoresist composition comprises:
(a) afluorine-containing copolymer comprising a repeat unit
30 derived from at least one ethylenically unsaturated
.compound characterized in that at least one ethylenically
unsaturated compound is cyclic or polycyclic, at least
one ethylenically unsaturated compound contains at Jeast
one fluorine atom covalently attached to an ethylenically
35 unsaturated carbon atom, dnd at least one ethylenically
| unsaturated compound is comprised of a fluorocalcohol
functional group having the structure:

-C(Re(R¢)OH
40
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as to produce a relief piage; i I3 e %0 ultraviol et
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i nventi 3n is a process f pﬁéﬂléfﬁmhg a photoresist inmage on a substrate
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| east one ethyl eni cal | yprodset airedietnageamppo imapechercapiitd ®adirhviolehat at
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f1uorin® at om coval enfX) devingthe@hptoresist earhydsisitincabilystanginBptamateed car bon
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a fluoroal cohol functional group having the ructure:” - (RP)OH40 5 0
510 15 20 .25 (i) a r.epesalibs At derived fromat |east one ethylenically -

(Y) imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and
15 (Z) developing the exposed photoresist layer having imaged and
» non-imaged areas to form the relief image on the substrate.
In another embodiment, the invention is a photoresist comprising:
(a) afluorine-containing copolymer comprising:
' (1)  arepeat unit derived from at least one ethylenically
20 unsaturated compound containing at least three fluorine
atoms covalently attached to two ethylenically
unsaturated carbon atoms; and
(i1)  arepeat unit derived from an ethylenically
unsaturated compound comprised of a fluoroalcohol
25 ’ functional group having the structure:

-C(R(R)OH

wherein Ry and Ry are the same or different fluoroalkyl
30 groups of from I to about 10 carbon atoms or taken
' together are (CF,), wherein n is 2 to 10;
and
' (b) at least one photoactive component;

- wherein the fluorine-containing copolymer contains sufficient functionality to

L)
Lh

render the photoresist developable so as 10 produce a relief image upon imagewise
exposure to ultraviolet radiation having wavelength of <365 nm.

_ In another embodiment, the invention is a process for preparing a
photoresist image on a substrate comprising, in order:



unsat urated conpound containing at |least three fluorine atons covalently
“attached to two ethylenically unsaturated carbon atons; angehbir Bos epeat
unit derived froman ethylenically unsaturated corrpound conprised o

. fl uor oal cwbabse7d7anct i onal group having the structure: - I?fC)T(lFSBWG-fF?’sO 4

Novenber 2003 WO 00/ 67Q/2 1 wheeein R § . are the sane
or different fluoroal @g g‘?%ﬁmgédj?‘ %}rreoshsl PR nal%lbcag “hezra '®s or taken
t ogether are (CF,), vvheréherph@tqrﬁlszCO@PQS&I!OH(@)HIHISEﬂ east one photoactive

component; and _(¢) a so{xent naphee ehuibile cbpiphbNGriARIAL i ng copol ymer
contains sufficient functionality to render photoresi st devel opabl e so

as to produce a relief inmagl)updRepgElEase %‘Béﬁ}eéﬂtoﬁeﬁ? lesialy et
radi ati gh havi ng wavel engt h of <Bﬁ5uﬁlmd éaﬁ)pcdﬁmlcagamh@ fMabohasi St

conposition to substantially re t he sol v and.thereby forma
phot oresi st |ayer on the subst?ﬁf’%me (™ ?’?&62\7\‘#%3 54 éc]yg é’yt he phot or esi st
| ayer to forminmged and. non-i na@ghnuai@aQSaMec( Za)bajmtexhgphahglakhe exposed

-phot or esi st | ayer having i maged érg&%&ﬁﬁ‘{]ﬁtﬁﬁi tegformthe relief
i mge on the substrate. In anot 0|rren e Ihvention is a

phot or esi st conprising: (a) &l Gé?ﬁe?iémédiﬁﬂ&?%ffﬁ@ aaspwlsmetlyconpri si ng: and

wherei ni(Rf and Rf are the sane o&nﬁhﬁt@dmﬁ dnd@h h},@\dlofagroups of froml
to about 10 carbon atons or take gﬁ%?& are %? p)n wherein nis 2to
B

10; (b) at |east one photoacti ve ncfifps! 8 W51 i ne- cont ai ni ng
copol ymer contains sufficient fusmlatmraal ity to 35 render the photoresist
devel opabl e so as to produce a relief inmage upon i magew se exposure to
ultraviol et radiation having wavel ength OFCQ@&‘&MP{H | n anot her . enbodi nent,
the invention is a process for preparing a photoresist inage on a

substrate conprising, in,qf %?rl; Rt gjdvig 29'941'1% 9%% or different fluoroalkyl groups
of from 1 to about 10 carbon atoms or taken together are
(CFy), whereinn is 210 10;
(b) atleast one photoactive component; and
20 7 - (¢} asolvent;
wherein the fluorine-containing copolymer contains sufficient functionality to
render the photoresist developable so as to produce a relief image upon imagewise
exposure to ultraviolet radiation having wavelength of <365 nm;
(X) drying the photoresist composition to substantially remove
25  the solvent and thereby form a photoresist layer on the substrate;
(Y) imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and
(Z) developing the exposed photoresist layer having imaged and
non-imaged areas to form the relief image on the substrate. 7
30 In yet another embodiment, the invention is a photoresist cbrnprising:
(a) afluorine-containing copolymer comprising
a repeat unit derived from at least one ethylenically unsaturated
compound containing a fluoroalcohol functional group having
the structure:

35
-XCH>CRpHRA)OH
wherein Ry and Ry are the same or different fluoroalky! groups
of from 1 to about 10 carbon atoms or taken together are
40 (CF3), wherein n is 2 to 10; and X is selected from the group



10 4 Novenber 2003 PCT/US00/t 1 539 (W applying a photoresist
conposi tion on a substrate, wherein the photoresist conmposiNd.eRp&oaPs i ses:

(a) a fl i ne-contai ni ng copol yner conprising: (i) arep erived
from at l{’gégp%c?%e ethylenically unsaturated conpound conﬁ%yﬁﬁ@%z}g ¥ east
three fluorine atons CﬁuﬁlﬁﬁigloYsﬁﬁIra@)h%éntﬂnh‘g@n pﬂb&ﬁhbﬁfuscédhleb’ unsat ur at ed
carbon atons that nake- o

bon-ca and,(ii) a repeat
unit derived froman et hy%’)u ni %58Wm aﬂégﬁﬁf g&a‘&p ?6%%8%’&‘ é8%pri sed of a
f 1 uor oal cohol funct i(bhalat lgashope plantoangive kempsbenict ure: - C(Rf) (R?) OH 15 20

wherein RL \@Fﬂ‘gcﬁrtheaﬁ&rfn@%oﬁtﬁﬁrﬁ‘?qg,oéopglenfm@rcgﬂfalﬁg ﬁﬁ?f‘%@glﬂﬁc&%@lgﬂ&sto of froml

to about 10 carbon at ons en'to nis 2to
10; (b)~at TFREED ed?h@quﬁ%%téa\c@cl?méieé@@ﬁé%wucgﬁdehqfemag@ winigrgEWiMser ei n t he

f1 uori ne- campasuné tmgllﬂ@ﬁawﬁmus@mxahcnazawéﬁgtﬁlcﬁf%65 dpctionality to render
t he photoresi st .devel o q%f uce a relief inmpge upon i magew se
exposure to uItrlg\?P%t#‘E{)enF girﬁﬂtgﬁ H’é\?ﬁ“ﬂl RARIOETIHN RIFPEEER nm (X) dryi ng
t he phot or ggiosiresied mpagsi dni 2osubstoats clyspasing,ah loyderenove 25 t he sol vent and

thereby form a phot oigsi gyl ays hefarésbﬁaéﬁgsgmk%n a&ﬂstraqa%%gﬁgﬁ( g)xpos' ng

t he photoresist |ayer on-l
devel opPng thhehasssstasmpreition é@msltlselsayer havi ng i maged and non-i naged
areas to formthe relietyl ”Eﬂ%or%b-&&ﬁalﬁh'l %@afﬁner%g S}Hsﬁﬁg r@gé)att Rl

enbodi nent, the invention i ot or esi St risin
f1uori ne-cont ai ni ng copol yrra?“"@g gﬁlﬁﬁth“Féﬂ'&éﬁmﬁHb’tm%Ma@% from at

| east one ethylenically unsecm;q:sa-mtnﬂcztom;aﬁﬁning)Em&ho<p‘csarn:ioawomumgn@naﬂI(%H wal cohol
functional group having thﬁavszﬁgrt'ﬂesH—ugtur 35 40 - XCH, C(Rf) (Rf)

15

-XCH,C(RAHRAHOH

wherein Ryand Ry are the same or different fluoroalky! groups
of from 1 to about 10 carbon atoms or taken together are
20 (CF)y wherein n is 2 to 10; X is selected from the group
consisting of sulfur, oxygen, nitrogen, phosphorous, other
Group Va element, and other Group Vla element; and wherein
the fluorine-containing copolymer contains sufficient
functionality to render the photoresist developable so as to
25 produce a relief image upon imagewise exposure to ultraviolet
radiation having wavelength of <365 nm;
(b) at least one photoactive component; and
(c) asolvent; .
(X) drying the photoresist composition to substantially remove
30  the solvent and thereby form a photoresist layer on the substrate;
| - (Y) imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and
(Z) developing the exposed photoresist layer having imaged and
non-imaged areas to form the relief image on the substrate.
35 _ In still another embodiment, the invention is a ﬂuorine-containing polymer
comprising the structure:



wherein Rf and Rf are the sane or different fluoroal kyl groups of froml
~to about 10 carbon atoms or taken together are (CF2)n whgngin i to
10; and X is selected fromthe group 7 WO 00/ 67072 4 Novenber 5‘8%#32%032

. PCT/ USOO'wone8®7xconsi sting of sul fur, oxygen, nitrogen, phbspitsomusie ot her
G oup Va elenent. and other G oup Via el enent; and (b) at |east one
photoactive conponent; wherein the iXie- cont ai ni ng copol ymer cont ai ns

xposure to ultraviolet radiation
enbodi nent, the invention is-a

produce a relief image upon inmagew ge
havi ng wavel ength of <365 nm in ans
process for preparing a photoresi on a substrate conprising, in
order: (W applying a photoresist |cOMPosH |on on a substrate, wherein 10
t he photoresist conmposition conpris a) & fluorine- cont ai ni ng copol yner
conprising a repeat unit derived, r,east one ethylenically
unsaturated conpound contai ni ng a fRudkpaIcohoI functional group having
-the structure: 15 -XCH2C(Rf) (R f)OH wherein Rf and Rt' ‘are the same or
different fluoroal kyl groups of from1l to about 10 carbon atons or taken

toget her arghedln E4h2FR \Aiagrf@ amle $nde E:Rdéh@] 1§<h {dros &, %qﬁ@&gehramwe group

consi sting.of sulfur, oxyger. nitrog eh. orous
el enent, amyeFHEPD E9YR G0 ‘e{“‘ég ﬂ%‘riltto %?P‘Wb?‘@mﬁ a syhstifutetbr i ne- cont ai ni ng
copol ymsr  dyttoairben gtehup) i aKbxy éﬂdﬂ]@ta @fisd:yly abid, b endekyihestghetaor esi st

devel opabl e rel | ief image upon i mgewi se exposure to
ul travi ol e?m%%o §t§&"c§’nc%ft'}a\l/illuﬁé%j Refe ﬁ%th of <3865 nm (b) at |east one

phot oacti ve conponent; and (c) a solvent; (X) drying the photoresist
conposition to substantially r eno¥ERIROAR, sol vent and t hereby forma
phot oresi st | ayer on the substrate; (Y) inmagew se exposing the photoresist

| ayer t1Q fewmawagaeh gre m@ﬁhﬁé@%ﬁeémﬂﬁoroﬁﬂgl brdup Q%Y?rbﬁplfw the exposed

Prr]rg;gr gﬁl ts | a%)géla{%%/sl orll%lken 1gge(1j:her are ((ﬂ%sl w%al%ln n ?srf t%sl(% q{b 1g rlfl}mdltorégnr el ef-

or an acid- or base-labile protecting group; p is the number of repeat units in the
polymer; r is 0-4; at least one of the repeat units has a structure whereby at least
one of Ry, Ry, R3, and Ry contains the structure C(RO(R¢{)ORy; and wherein the

15 fluorine-containing polymer has an absorption coefficient of less than 4.0 pm-! at
a wavelength of 157 nun.

In another embodiment, the invention is a photoresist comprising:

(a) a fluorine-containing polymer comprising the structure:

P
r
Ry” I Ry
' Ry Ry
20
wherein each of Ry, Ry, Rs, and R, independently is hydrogen, a halogen atom, a
hydrocarbon group containing from 1 to 10 carbon atoms, a substituted
hydrocarbon group, an alkoxy group, a carboxylic acid, a carboxylic acid ester or
a functional group containing the structure:
25

-C(RHRIORy,



35 In still another enbodinent, the invention is a fluorine-containing
pol ymer conprising the structure: 8 4 Novenber 2003 WO 0%/1@7\! Izlngom
PCT/ USOQ 11539 wherein each of Rl, R2, R3, and R4 i ndependen i.S

hydr ogen W@ %&1%%en atom a hydrocarbon group containing Frff® %10
~car Bon Fl_tOﬂ?&he_rcﬁnR}h&ﬂﬂ%ﬁﬂr&%e&aﬂ&dﬁ@ﬁﬂér@ﬂﬂﬂl?ﬁ@ﬁﬁyl gmlqﬁldf%m pipup, a ]
car boxyl i c ;&cCi a_.carhoxylic ester unction Qup. cont ai ning the
structure: 16&%3“(%?&35%“ &?%ﬁ’f?f F’ire%b:g)ﬂdwﬁr CInY léattﬂgégfgm’é%éfam&?? ferent
f | uor oal kylor_gn@gqgl_s ODbaS‘BFlehiﬂd_prstC’_fﬁﬂg genupop isitho member tfakpeat twigdhier are
(CF2)n wheilyindt, | & @4! 8 1681 offof e FHIEOGER ha0h Rl iherdly LRAG- | 8D 1 @
protecting grou%;; g-ls the nunber of “repeat units in-the “polyner; r is
0-4; at”| &3¢ %bfe- Bf. Rhand Baeantainsithe stegurg GRrIBORe; abbwbirgingbe | east  one
of Rl, R2, fii3rinaRdnf2this®pPbRults hhd\h atibipiohoerifeldnt b 1B m&RP o ;@nd vher ein

the 15 fluorine-conta pol ymer has "an absorption coefficient of |ess
than 4.0 malwaa‘fele”é”g?/\&tg%t?f‘%f 157 nrn. |In another enmbodi nment, the

invention is a phot dbpsiasicaspon piotdmgtive (@hpéndnt.uor i ne- cont ai ni ng pol yner
conprising the r X . wher.ei n h of RL, R2, R3, and R4

i ndependent |y i g%ﬁ%ﬁ%%g%%?%“ﬁg}’glgeelrrlwglftborﬁlsg%%?ﬁ?g?fc?(r:ap\?e%lﬁﬁ%ar oup cont ai ni ng
from| 190 phowsesbAmagons a subsuatestomnriséng, ihgulescar bon group, an-al koxy

group, a carboxylic th}j TR Toy : i.anal group
contai ning the structure: @?ﬁﬁ%%gﬁ%%tﬁs)@%pgﬁ%%% %u%’%%%g’%ﬁg@gnber 2003

PCTI US00/ 1 13BRQIpRSFIST FORPOSHRD GUPRIFESt he sanme or different fl uoroal kyl
groups of froml-to 10 qay aoﬂu@ﬁrxériﬁan&iinihgIperynﬁ@geﬁlgﬁﬁinglt}& stiebttre: wherein n
is 2 to 101 Rb is hydrogen or an acid- or base-labile protecting group; p
is the nunber of repeat units in th polynmer; r is 0-4; at |east one of
the repeat units has a structure w X{t least 5 one of Rl, R2, R3, and
R4 contains the-structure C(Rf) (Rf \ORE @ wherein the '
fl uori ne-contai ning polynmer has an gb 3 i on coefficient of less than 4.0
gm1l at a wavelength of 157 nm ane | east one photoactive
conmponent. In another enbodi ment, f{ ition is a process for preparing
a

r-

Ry

Ry R3

15

wherein each of Ry, Ry, R3, and R, independently is hydrogen, a halogen atom, a

hydrocarbon group containing from 1 to 10 carbon atoms, a substituted

hydrocarbon group, an alkoxy group, a carboxylic acid, a carboxylic acid ester, or
20  a functional group containing the structure:

-CRP(RAORy,

wherein R¢and Ry are the same or different fluoroalkyl groups of from 1 to
25 10 carbon atoms or taken together are (CF»), wherein n is 2 to 10; Ry, is hydrogen
or an acid- or base-labile protecting group; p 1s the number of repeat units in the
polymer; r is 0-4; at least one of the repeat units has a structure whereby at least
one of Ry, Ry, R3, and R, contains the structure C(RAH(Ry)ORy,; and wherein the
fluorine-containing polymer has an absorption coefficient of less than 4.0 pum-! at
30  awavelength of 157 nm;
(b) at least one photoactive component; and
{¢) asolvent;

10



10 photoresist imge on a substrate conprising, in order: (W applying a
phot oresi st conposition on a substrate, wherein the photoresist
~composition conprises: (a) a fluorine-containing polyner K ri %i 0§ he
structure: 15 wherein each of Rl, R7, R3, and R4 independent!y s Hydrogen,
~a hal oge t hydr ocar bon group containing from1 to at ons,
"a substi N@eog%?@drocar bon group, an al koxy group, a car bo&%@gﬂﬂag%& a
carboxylic acid ester (Xprd2ngtht photoresia kogpesitoron Bttty fdagvet r uct ur e:

-C(RT)(R) ' [ me or _different fluoroal kyl
groups of f%%owatﬁ%%h?ﬁ?gg%%pg?tgrr‘retgﬂglrﬁ%a%etﬁe f%ﬁ%?tﬁ’er are (CF2)" wherein
nis 2 to 10; Rb is h{¥r oyedeevase exposiog the photdyessse ldyabiol fernpimodgedtandg gr oup;
p is the nupheimsed8RB8angunits in the polyner; r is 0-4; at |east one of
the repeat units has a structure whereby at |east ~one of Rl, R,, -R3. and
R4 contdins the structéred i@%"{g‘&hfG’QB?SGQRHOW}’SHE‘ME&M@IHB imaged and '

fl uori ne- comdrainaged apels yorformhids rélief apsey ¢ theRuiseelf i ci ent of less than 4.0
at- | east one phot oactive conponent;

m1l at 30 a wavel ength o 57 nmm . (b).
and (c) a sol véﬂﬁ?g&% € ER%%%@F"&@%@“?%O@W@WW@H Us00/t 1539 (X)
drying the phot oresi g) camgh&ic@maﬁlmgspmarebh@hkmg@)@@%\sﬁuﬁih&mhve“t and

t hereby form a photoresi §t | ayer -on t substrate; nmagew se exposi ng
the photoresist |ayer to Bt #hiFasheRe B CHNSHEGEE @mpgend and (2)

devel opitflg the exposed phedteinis sfludragieshob fiicrignal BREGhatig tha1on- i maged
areas to formthe relief j .on the substrate. 10 I n anot her enbodi nment,
the invention is a photoresist” conprising: (a) a fluorine-containing

pol ymer conprising a repeat unit derived fromat |east one ethylenicaily
unsat urated conpound cont atmfg@- fyl uor oal cohol functional group having
the structure: -C(Rf)(RfF)OH 1 erein Rf and Rf are the sanme or different
fluoroal kyl groups of froml to 10 carbon atons or taken together are

(CF2)n ®berein n is wheteth RPandRY shefthdiQbien domit@ifMbRGIIBI LYIRE obei ng free
Of any aromatic  grogg;, ?E)dlo carbon atoms or taken together are (CF,), wherein n is
2 to 10, said fluorine-containing polymer being free of any aromatic
group; and
(b) at least one photoactive component;
20  wherein the fluorine-containing polymef has an ébsorption coefficient of less than
4.0 pm! at a wavelength of 157 nm.

DETAILED DESCRIPTION OF THE PREFERRED EMBOIjIMENT( S)
Fluorinated Alcohol (Co)polymers '

A given fluorine-containing polymer or copolymer comprises a repeat unit
25 (discussed infra) derived from at least one ethylenically unsaturated compound
containing a fluoroalcohol functional group. These fluoroalky! groups are
designated as Ry and R, which can be partially fluorinated alkyl groups or fully
fluorinated alkyl groups (i.e., perfluoroalkyl groups). Broadly, Ryand R¢ are the
same or different fluoroalky! groups of from 1 to about 10 carbon atoms or taken
30 together are (CF,),, wherein nis 2 to 10. (In the last sentence, the terms “taken
together” indicate that Ry and Ry are not separate. discrete fluorinated alkyl
groups, but that together they form a ring structure such as is illustrated below in
case of a 5-membered ring: A |

11



(b) at |east one photoactive conponent; 20 wherein the fluorine-containing
pol ymer has an absorption coefficient of less than 4.0 p,m| at a

wavel ength of 157 nm DETAI LED DESCRI PTI ON OF THE PREFERREQREMBEDIMENT(S)
Fl uori nat ed Al cohol (Co)polymnmers A given fluorine-containing pd1yner
or.copol ymer conprises a repeat unit 25 (discussed infra) derived from at

| east one ethylenically unsaturated conpound containing a. fluoroal cohol

- functional group. These fluoroal kyl groups are designated as Rf.and R?,

whi ch can be partially fluorinated alk%; groups or fully fluorinated al kyl
groups (i.e., perfluoroal kyl groups). oadly, Rf and Rf are the sane or
di fferent fluoroal kyl groups of féﬁg}&c 0 about 10 carbon atons. or taken 30
together are (CF2)n wherein nis I o1l ,4?H the | ast sentence, the terns
"taken together" indicate that Rf land ~.are not separate. discrete '
fluorinated al kyl groups, but t h toegéther they forma ring structure
such as is illustrated belowin case pf a 5-nenbered ring: 11 4 Novenber
2003 F2 F2C--~ C\~OH C F21C-Cd F2 Rf and Rf .  can be partially
fluorinated al kyl groups without Iimt according to the invention except

that there nmust Be_a sufficient. Lnat.d i npart
acidity to the h é?%&éfcﬁzﬁi?m%?ﬂfﬁégﬁP%%%%g#@%H%%‘%gﬁ?%?%ﬁzﬁa&g%%Up?psuch
that the hytirtbryiveption excepsthetibsteanustdre|asuffaieny degrenobfiarimatienii a, such 5 as
i n aqueous ﬁx%gérﬂ% ﬂX}S’%‘P&@i&’iﬁr £0thE hi @91 (-OBf b e ENbABRAUThénLREDX i de
solution. Ih preferred case€s aﬁcord|g§%;$ h?_lnveq%gp%,.theﬁe MAHJ be

suf fi ci ent . 2FugEYICAdhat thrshydrepey] BRotep Ry HEMOY G0 CAYE B4 RYA gr oups

: ﬁf t he fLE(SUOﬁ:QTﬂ é&q@h@\lsfsfodlﬁﬁﬁ hjaﬁaiéidgrsel;ﬂoﬁuigeuhﬁgay]faﬁ]hﬁmhyﬁlhmkidgr oup Wil |
ave a pKa val ue oLl ows:: < pkKa.<.11. . ; j are

i ndependent F@%@'ﬁﬁﬂfﬁ%ﬁ%flse@%ﬁg 1Wg 1q g ‘feéﬁlgn_’?g%gownu Q%Iﬁ@,@ggﬁd, nost
per f er abl y, fiRbrimmshbfitutipe plestit in the fuerinatastalipil erapspf the Ayoroglagpl  known to
those Skill ftheliBndioRPlit Bl Hd by ddthofl GfUAlpARAIGAE X pKURERE WS MiIRRy OPOUNG

undergoes free ra p meri z of to affqord a p Iy&gg |1a WD. 00/ 67072 4
“Novenber 2063 Pct/Il- Erxforaplys By apd R e H’dFBeﬁ'é_ﬁ‘Et?yd?ﬁIﬁ“‘-’tr Yligéo‘éﬂa?ﬂ_/ed from
the et hylenisakhbotBRA VAR, 85bst pEFQUDIY, Ry SRR} fre®att tifluanethy (€Rixal | y

uns aturat ed Coer(KJSnl(S:l wre]:ﬁ\i(lnggmstg rtlyocs% lé{(ﬁ'led in the polymer art, an ethylenically

unsaturated compound undergoes free radical polymerization to afford a polymer

11a



P Q \ / 5 that undergoes free radical polynerization wll afford a pol yner
having a repeat wunit: PQ - f---iGQ ST 10 where P, QNRemfidods

i ndepende be the sane or different and illustrativel coul d be
fluorine, %‘%/é?’%g@n, chlorine, and trifluoronmethyl. If onl yL?:'(‘}ﬁéUSﬂ%l]539
ethylenicalm@VﬂmsaQUnammdmmdmﬂaﬂnﬂfhmﬁ&kgﬂgsmﬁaﬂuﬂﬂﬁhﬁmﬁhwBonTbﬁﬂLresulting
polynmer is Y Bhviek di sti;nct. et hyl enically 15

unsat ur at edsggﬁpﬁgﬁﬁlds unﬁ'&é‘g%li%@'fs%ﬁr’%%‘fz%%tﬁpé’ﬁ‘P dth ‘émr’&%lf:‘f”fehg polymer is a
copol ymer. Sone representative.exanples of ethylenically unsaturated
conpounds and their corresponding]fepeat(ynits are given below. 20 Each

fl uorine-containing copol ymer according to this invention has an 25
absorption coefficient of less than £on1 at a wavel ength of 157 rim
preferably of less than 3.5 m 1 at A hi s \wavel engt.h, nore preferably, of
less than 3.0 m1 at 12 4 Novenber S2003 WJ 00/ 67072 5 PCT/ US00/ 11539 this
wavel engt h, and, still nore preferably, of less than 2.5 m] at this

wavel engt h. The fluorinated pol ynmers, photoresists, and processes of this
invention t et undagues fiee sadidalipslgmlerizdtioh villaglord s ablygiaWaviraya fepyvg t he
structure: 3XCH C(Rf)(Rf )OH wherein Rf and Rf are the same or different
fluoroal kyl groups of from1 to about 10 carbon atons or taken together

are (CF2)n wherein nis 2 to 10; X is selected 10 fromthe group consisting

of oxygen, sulfur, nitrogen, .phosppmorous, pther Goup Va elenent, and
other Goup Via elenent. By the terys "other Goup Va elenent” and "ot her
G oup Vla elenent”, these ter rrb—(ar-e-ﬁndé}-st-@od- to mean herein any other
el enent in one of these groups of g/ﬁe per\i.lodi c table that is other than
the recited elements (i.e., oxygen, sulfur, nitrogen, phosphorous) in these
15 grougs. Oxygen is the preferred X ,group. :
' where P, Q, S, and T independently can be the same or different and illustratively
could be fluorine, hydrogen, chlorine, and trifluoromethyl.
If only one ethylenically unsaturated compound undergoes polymerization,
the resulting polymer is a homopolymer. If two or more distinet ethylenically |
15 unsaturated compounds undergo polymerization, the resulting polymer is a
copolymer. _
Some representative examples of ethylenically unsaturated compounds and
their corresponding repeat units are given below:

F F F F
N\ / \ e
c=c’ —C—C—3
/ AN / AN
F F F F
20
/ . Ne_ecl
O
H 0 H N\ /O
\C,;,O C\/
\
CH, CH;

Each fluorine-containing copolymer according to this invention has an
25  absorption coefficient of less than 4.0 pm-! at a wavelength of 157 nm, preferably

of less than 3.5 um-! at this wavelength, more preferably, of less than 3.0 pm-! at

12



.Some illustrative, but nonlimting, exanples of representative conononers
contai ning a fluoroal cohol functional group and within the $82R6:2h3t he
invention are presented bel ow 20 O CH2C(CF3) 20H CH2OCH2C( CF3) 20CH

- O CH2C( CF3y@@H77ar i ous bi functional conpounds which can i nPCTalShy1i8¢ or d

cr oSS! 1 nki NG:i25 0t BHOARIANLAY phe. chiod . udors R GpOSUTE Lo strong

acid) are also use The*Copd his invention.
As an il | ustyaxelpRgth. but non- liniting exanpl e, the bi functi onal cononomer

NB- F- OVOND - NB T8e ﬂﬁ&hﬂa@é@l';%l @%Mﬁ% 0853% Ce?ses%@ggkyrfc%ﬁﬁoﬂha{ hi's

|nvent|on &q?%? simla 3) 20H CH?

CHCI:E| U‘@%%TGPE}’M yetesiyus BFPCHZC( CF3)20.H 13 4
Novenber 2003 WO 00/ 67072 PCT/ US00/ 11539 bi functi onal conononers, when
present in the copol ynmer conponeRCIELC(RH(RHOG! or esi st conpositions of this
invention, can afford copolyners that are of higher nolecul ar weight and

ar e "gh“yu%f&ﬁ?ﬂ{tsﬂmg U e r SRR Loy SOERRS AT 10 LOGRT POT AL I NG

‘t hese copol¥ners C nprlsed of unctiona ave nproved
devel opnent 18A#bemalgmsgr takar eeder arei(€Ey)n svhesain n iggde 1@)(505&91@t§dl\lh| ch

phot ocheg carthhg BRAP bAEst ro‘PBﬁyg%ﬁ' gim%% BBk, @)ﬁgs;ﬂhewlﬁ )othed BRI results
nseq uent a very Si gn |cant :

cl eavage of i,on r

drop in nol é/t@lff "Inéf‘éﬁ’ther &Pﬁ”%kﬁ@& g?ﬁﬁ %Wﬁdoré‘?’é@fquf’ Y#mpr oved

devel opnent ehmdntf’rm@f otjerodbranp M e elemiehC'sthese @rms bipimdvathaiostniast ) . 10

Phot oact i ve S n f th| e ontain at

| east one p ot oacEJ ?\%rg éQlt II%%% 8?@%%@%}}% gfutg]ugFF 5} Céa%i @'Strﬁoq}ﬁ d t hat

af fords ei t Hap tgceeitegrel m@ﬁ (rpo Axygerpodir.anitrogen phospboread) atthese. | f an acid

i's produsedgiips @%fg@ﬁlﬁﬁeb{%f@ﬁé&ﬁl foupf @di ation, the PACis ternmed a
phot oaci d gener af, or E]AG @elf a bﬁ e. |s pr oduced 15 upon exposure to

actinic radiati oneme Hiys i Rutnophamging. pHEMRIBRREregEseMativy  (PBG) . Suitabl e
phot oaci d gecﬁmﬂilﬂiIIBrSCdnwllnh@Bﬁubﬁéﬁ&hbﬁbnttftﬁiaugﬂ) FQMH vatten BRtscbpdbt ed to,

1) sul foni “{Hﬁfﬂe&]ﬁ éirterﬁesgrzigfg%l% i odoni um sa ts (structure I1), andr 3)

hydr oxam ¢ acid Pat's st ruct ure I11.

@—CHZC(CF;;)ZOH @—CHzoCHZC(CF3)2OH
m—CHzc(CFa)ZOH m—CHZOCHZC(CF3)ZO

@~O—CH2C(CF3)2OH WO—CHQC(CF_}hOH

Various bifunctional compounds which can initially afford crosshinking
25 and subsequently be cleaved (e.g., upon exposure to strong acid) are also useful as
comonomers in the copolymers of this invention. As an illustrative, but non-
limiting example, the bifunctional comonomer NB-F-OMOMO-F-NB is desirable
as a comonomer In the copolymers of this invention. This and similar

~
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R +1 _Rl-1 - R R-- S+ XR3X- | 11 In structures I-11, RL-R3 are
i ndependent |y substituted or unsubstituted aryl or substiyj tr’d’va%ﬂ Q%003
unsubstituted Cl1-C 0 al kylaryl (aral kyl). Representative ar E roups

i ncl ude, WG0%4/%¥2not |imted to, phenyl and naphthyl. Sui téfﬂT@J%’G’g@?tuents

i ncl ude, buifimegomd cotrofibingsl, When PrdER %Y the(m%)vrﬁé?d:o%o%@({ sphikyl oxy (e.g.,
Cl10H210. T(r;P(rel_1 anion X- in. strug%ﬁaes I-11 can not [i mted to,

. SbF6- (hexdtHBFBSOMRASIIORT OF tassigrantion, Fany ?fé%ﬁdcﬁ?ﬁ?lﬁweﬁﬁ’?‘cﬂﬁ%@

triflate), Mgt mdldG98Beighperd dreliptbuinsbdinkto nali@)als. IGokiredigct i ve G oups
for Renoval or| ne- cont ai ni ng. .copol yners of the
resi st como%ogggngbéélﬁg}aﬁng%%% orllyrﬁaﬁ C@W?F% gﬁ‘ﬁ““@f re components
havi ng Pr otfeerwaeractaghave imwwﬁﬁé@@ébrmhmhml ngagop shaadémticytsivee, aci d
groups t hatufoaRxpbsié (whih

phot ol yti cauP%Iy Xﬁj) (vc';t oagiﬁfﬂ@%ﬂéﬁéal%%erg%géﬂ%ng%% %g ngtlrﬁgaﬂbOS WO
00/ 67072 PCRFEESEHIE cgxace ofithe th‘i‘)éa FEPEP g@%wewéh agf@bl e devel opment
of resist chafificgs drdio gmeieclnmowgh@dum Rc@rothh dffor@BRat ahproSedror mal |y

chosen on t S JtS be uch t when photoacid is
pr oduced upc{c]?ﬁdgﬁéﬁe%\n gcs ‘J&gd mWrPYedg%ﬂ“gF%a}ie deprotection and
pr oductiBon Rifotdagtive : roups that are 5 necessary for devel opnent

under aqueous Coﬂfgdﬁb%mdng oﬂﬁévaﬁ'%o&&%dzh‘é?féa&ec}ne%?& gfyng copol yrers
may al so contain aci ncti a: If—fxanpl es of

conponent s %ﬁlﬂoﬁ@tpﬁP&@@@&S%iW@ cgmpapad thﬁé@ffytdéledh@rrﬁcmrdaa@e grosup as the
hydr ophi | i %x@éﬁﬂ@t&élﬁ&l@fﬁﬂ%@helﬂ& Rt @dl&reat@gn%%diurenaﬁ&uﬂ@ but are

not limted e S.C bl e of J‘orm ngi.ng a 10

tertiary céf“i%%ﬂon’l%‘e Eé(tae’rséerﬂ'%% aég’PH?’i‘éld @e?g‘gt@ﬁ@ 3@? ase Pfgd‘é%f:él ic ketone

est er s,15E) uponyrpostretdwtinestidiaton, Rhe MEENA iérifeidhiophiotsiabopanesitdry |

nmet hacryl at(ph nd other esters which are easily hydrolyzabl e because of

anchi neric ‘assifstance, G carbonates formed froma fluorinated al cohol and

a tertiary alipHatiablephoiensid gensuaters Syabisfineergioariptiode, bnt wanegoniedy) ar e

t-butyl estegry) sammmgzéxaﬁﬁ@@@qyb) ijo'ﬁoﬁﬁltn%altsa(%dﬁx‘aqg élTe' ester. Some

specific eégggl es in category B) are y- utyrol actone

y- butygﬁ @mﬁawca GHAFEnFRch ag strestere 18 net hyl - y- butyrol actone- 3-yl ,
ydrofiiranyl,

-tetr and 3-oxocycl ohexyl. Sone specific
O
" RI 1
, | +
R—s X RI—I-R, O N-—0—S0,CF;
N
R3 , X" |
0

1 11 111

In structures I-II, R;-R; are independently substituted or unsubstituted aryl or
substituted or unsubstituted C-Cy alkylaryl (aralkyl). Representative aryl
groups include, but are not limited to, pheny! and naphthyl. Suitable substituents
include, but are not limited to, hydroxyl (-OH) and C1-Cyy alkyloxy (e.g.,
CyoH210. The anion X- in structures I-IT can be, but is not limited to, SbF¢-
(hexaﬂuoroantifnonate), CF3805- (trifluvoromethylsulfonate = triflate), and-
C4F¢S0O5- (perfluorobutylsulfonate).

30 Protective Groups for Removal by PAC Catalysis

[
LN

The fluorine-containing copolymers of the resist compositions of this
invention may contain one or more components having protected acidic
fluorinated alcohol groups and/or other acid groups that can yield, by catalysis of
acids or bases generated photolytically from photoactive compounds (PACs),

14



.exanples in category C) are 2-tetrahydropyranyl, 2-tetrahydrofuranyl, and
2, 3-propyl enecar bonat e- 1-yl . Addi ti onal exanples in cat egqu\yovg‘,),bgrrigd)yde
various 20 esters fromaddition of vinyl ethers, such as, for exag

- et hoxy etWMQIROGTH¥| ether, nethoxy ethoxy ethyl vinyl et hePCT/USAY1 k3R ¢ oxy

et hoxy et hyhaMmighlic E&&‘@foupf‘uﬁﬂic%%aﬂl%%@&% erﬁtlo'f Psinalpdeal £ghRl, group

and/ or ot her ama gr.oup referenced a) contai ns a %ot ecting group
éc

whi ch pr ot EEECEA&ECH) 356‘1‘1? ’ﬁé’tnéélhatéﬁ %ﬁ@l‘lygh‘éﬁﬁﬁ OB ey W!S@fﬁébera% peidgr oup

(i.e., thelapﬂm; emmagwm:p@ho&mm & phddiickd ﬁﬁoxﬁ:ﬁldgéﬁlsaék]jﬂisﬁﬂé thBiatig in this
prot ect ed f“g butyl group is

0 v t | ar
t he protect] ngcaballb &lpﬁ()t%?tlto&‘af] @F—Euﬁﬁ?K}P }@’sdtr@?'hﬂé%%m %Ilhat[aéEtI ng group
protect§ tmecdssany facdfdleldpmamndmday@'qu@wepmdmm |Imadc(1tmnw1&rﬁmmwf pr ot ect ed

acid to fr%Sm%%/ ﬁg %J}%n@étﬂg 41$ ESRAE mmﬁ Gk Ks%ﬁ,regfbfééc acid An

al pha- al koxyal rou pre err pr ot &t n% or the 30
f | uor oal cohol gr}%’ﬁﬂéﬂﬁﬁﬁ Cﬂmﬁoﬂﬁltﬁrﬁ?‘ﬁﬂéi})wt%t?ﬁ %}Fﬂl@ié@ué@ éﬁ‘}’lﬁlﬂ@nsparency in

L he EhOt 0?8181&(551'&19%@&# Hyl h]lﬂ@mﬁ%_'gbﬁ bﬂg)sﬁ)freQ&F nEﬂa%raf[éﬁi’ tcggol group
t he rycture ot ec

f?ﬁor oal cgﬁ%‘i‘f é 5?.@%5%&@@%3@%3 tpa 1’01f Wg=f’¥’if@?g‘éﬂ‘%§° agr oups of

f2 r ;)m Il(l)'ﬁo aﬁb‘oanty dzﬂxooaBchuerabﬁlmtooa € pkeemn] eagel Dep-caclie Mefaﬁz)estct](yngre ?L\geﬂ 1i s

) r - Q

and 15 w0 GRSt JARRsRl By MiTa9h QherbbRDTGS By oo BB g 0 "R

i |lustrati g&er ﬁﬁﬁerﬁmhmhiafﬁqamﬁghhd(abﬁﬂble bgmwo%amphmenalamwm@) et her

group, whi @ﬁkbb%a@%ff&ﬁ{eﬂ\fﬁm@ﬁ ﬂ%oﬁfx&%%@?kb?&dﬁ]@%&nbﬁ #hip ﬁénf&ta‘?&:hﬁﬁt h?gl d group,

par U1 cul ay SRS e TSGR EPOITD Tk GHAISRY QDR B LAPeF omBEiPai shamanty]

chl or ot hyttantamahscﬂaoﬁtymememmehxetsbeczﬁbumhgmm{eg(@%}ia&é ustrated in

cinpr of ect ed) ROl o R e G R p b P used i m

conbi nat i oRuipirelactone-3ayl, hﬁ@hydmtﬁmanﬂcmﬁ Frovegysiohsd. hSerse sgecifoxyl i ¢ aci d

functi onal e%xﬁﬂ}%@%‘%@é&ftgq}e ﬂ%&yd@gﬁhﬁgggﬁa&ghmﬁg@ﬁﬂb' ¢ acid

functional _grou prote 10 ut not al ways,

t he conponé Er%"é( “ﬁ@arb‘?‘@tteéi‘tyéd Adgitionalexamp! qsélpéﬂéﬁgquhpi @Ch@@ﬂ’ﬁ’gmﬁr ot ect ed
aci d ge@upsstehafrofadaitbaof virtit et aidhths, foﬂeidiﬁ;:l@&ﬂfbx et VI®I eth@si NS of

t he conpositi.ons 23 d| uss d sup entl rotected acid -
groupsrrgrenbe}lé%)@'né P)ﬁ"%t 9P rFtS}?eé %@Zﬁﬁg’ I%?r@}yfa 1ynmerized to form
a given copol yrre‘klgweb@;@eﬂeéﬂnomigttmalsohoi\gmlmlmd/or mﬁleﬁdmdegmap (asely, in this
i nvention, r&.£AROY ¥R ©nldRe: provdcting ﬁﬂnﬁﬁ%ﬁla{ ][)E%ELGQXhe fluorinated

alcohol group and/or other acid group (i.e., the protected group) from exhibiting-

25 1s acidity while in this protected form. As one illustrative example, the tertiary-
butyl group is the protecting group in a tertiary-butyl ester and this protecting
group protects the free acid. In undergding deprotection (conversion of protected . .
acid to free acid), the ester is converted to the corresponding acid.

An alpha-alkoxyalkyl ether group is a preferred protecting group for the

30  fluoroalcohol group in order to maintain a high degree of transparency in the
photoresist composition. The resulting protected fluoroalcohol group has the
structure:

—C{RPRYO—CH,OCHsRs
35
In this protected fluoroalcohol, Rrand Ry are the same or different ﬂuoroalkyl.
groups of from 1 to about 10 carbon atoms or taken together are (CF5), wherein n

1s 2 to 10; Ry is hydrogen or a linear or branched alkyl group of between 1 and

15



L B e,

copol yneri zation with an acid-containing conmononer and then subsequentl|y
acid functionality in the resulting acid-containing copgl4w@,@mggr}0
partially or wholly converted by appropriate. neans to derj avi ng
pr ot ect edw&?%m&?oups Di ssolution Inhibitors and Additived cégﬁ@éﬁfsga

di ssol ut i ont0 cdrbdai stoms. ariliteerativé, lbiuz Seh- lllﬁllﬁl‘fg éxahpie Bf helphadeal |y,

W 193
featste)  oHsBRaRoA Bt bichd b ieelier B as G e HBP o rarefrds needs
i ncl udi ng m%gmunilﬁ@mﬁthqﬂylrmthﬂ@merm Apoitestedistmalehobwith altikesi on
behavi or of phsiiftprok Sl Qe{?xs‘oecéym Bty Raltid o\'f%ﬂ}o%m@ﬂfyhtn §; Some

dlssolutlon nh|b|t|n conpound So ‘'serve as plasticlrzers-in resist

conposi i orfgher wgkihe; IQPJﬁOféPIr[@S ﬁh’éuﬂé‘bﬁtﬁe\‘/@mm%? BYATPPISEbr esi st s The
phot or esi sts of kTHiH ﬂuc?]rﬂa’letﬁﬁdl ﬁ.ﬂmﬁ@xﬁh]%kddﬂ roRe:td0St nl i’tﬁec\,‘b@(ﬂjf(éﬂﬂls phot 0{ esists
or negatlve-wor in otoyesists upon ¢ e of conponents in
the fl uorop8'§HS? %Sgé?iﬁo%ror ’{3“538?{5% ?Fﬁf'&é?ﬁﬂond?'l B PT BYT™S0 i nhi bitor
and crossl |¢1kcrrvg1cbgenp3 suciray caitbex plioacidfuntticey gtompamptstetednandrsed in
devel opnent utyl'é} 8?b%b&g%?e%‘a'fﬂ&ti%%té%&fﬁ@%{n%m he resist polynmer becones

nmore sol uble” an rsibleina d i n devel opment in the
i maged 18r i rr aditdhisdreméias, offeertad ol #lways dytompenarss kiavipgahoteotedsi st, t he

resi st pol ygmiips &@e@mﬂlﬁ%ﬁvﬁg}:fh@é&emﬂi uﬁé ek e Yebn ifkdrPiadeqBIEd OF

i rradi ated .ar ne 35 rre diment of this inventiaon,

1 adi at | oriPdhs Biss CPRATEEREET Pihe GPRRT TSGR e ) RR®. Fremuently

phot oact i vetheq)rq:nenm:’namdi gmmae@rabmﬁﬁ o?é' tiemafd dhnwnobRe(E@) Fay areca]t i'il yz ?h

r enoval 0 e. f.luoro gptional Iy other

aci di c- ﬁ%%ﬁ%&gﬁg ffglﬁl" §E§F pr&r?é N l?ag‘f hes%otggﬁs)}%qnqggnp“ sing a repeat . .
unit 18 4 hmﬁlﬂowwmvm1®7®¢®m¢miIﬁﬁ&gandmrﬁomddfoyom at ‘least
one ethyle fo%l#%

functloﬁal ru otﬂéﬁl&r%ﬁéﬁﬁgtﬁrg%?%gg uor oal co owgg%tﬁjlegﬁgp@g outgfgﬁaw ng the
structure: ‘6{"@? Y)‘(‘Iﬂ?"f repding gHércantAinme soralymaer sam be partediyer gyhadiyf f er ent

f 1 uor oal kylcc@watﬂ@sbyoippréﬁrﬁm rhezIn@ 16 Be&riNati+€ oo RERERCH gloakgn t oget her
are (CF2)" Wn 0 and R is hydrogen or apro ected

functi onal GOt Peve et ®n an aqueous base such a

t et r amefhyl ammnVamusﬂissobundmmhvbnwlrsjcanéxumﬂlzeahutths ifreertiin. ddeaify, adp?ﬁl tive

| mage wher |+ | I avi ng
m)dgrate tgﬁ 8%3%2 lgirﬁ?ﬁ (D%%&PJED %hgméw‘?& Sts(lz;\ ’vld\/\%lr%reglgtgjsystem I n
whi ch ex posguidrbedesieandFhpsemie S@ﬁ@ip@d@ﬂemwfs needs including

dissolution inhibition, plasma etch resistance, and adhesion behavior of resist

compositions comprising a given DI additive. Some dissolution inhibiting

25  compounds also serve as plasticizers in resist compositions.

Positive-Working and Negative-Working Photoresists
~ The photoresists of this invention can either be positive-working
photoresists or negative-working photoresists, depending upon choice of
components 1n the fluoropolymer, presence or absence of optional dissolution
30 inhibitor and crosslinking agents, and the choice of developer (solvént used in
~ development). In positive-working photoresists, the resist polymer becomes more
soluble and/or dispersible in a solvent used in development in the imaged or
irradiated areas whereas in a negative-working photoresist, the resist polymer
becomes less soluble and/or dispersible in the imaged or irradiated areas. In one
35  preferred embodiment of this invention, irradiation causes the generation of acid
or base by the photoactive component discussed above. The acid or base may
catalyze removal of protecting groups from the fluoroalcohol and optionally other

acidic groups present in a fluorine-containing polymer comprising a repeat unit
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15 are renoved. Positive-working photoresists are preferred. A variety of

di fferent crosslinking agents can be enployed as required QfoycQpd befal

phot oactive conponent(s) in the negative-working node of this invention.

- (A cross| WeKi0#3073gent is required in enbodi ments that i nvoPGEUS00/11539

| nsol ubl 11 2ol Slfh A9A4E AREIAL LY WsAafld Bbln@ bofiafiind 4 NKI ND, but s
ve 1Nnso

optional in_20 preferre I nval zation in
devel oper sirareaiephol ngtionag grpup ObﬁPf%“F‘%ﬁd %Ir%afﬂgof%f%ctmﬁh@@upn exposed
areas.that lavingthsedrupbre: i n organic solvents and critical fluids having
noderat e/l ow pol arity). Suitable crosslinking agents include, but are not
limted sto, vari ous bis-azides, Ltgp @? o 4' - di azi dodi phenyl sul fide and
3, 3" -di azi dodi phenyl sul f one. Pr ef Q ﬁ) 25 negati ve-working resi st
conmposi tion containing a crosslinking agent(s) also contains suitable
functionality (e.g.,WhengaRaped Bd acly: sromeder)differgnt Sueronbkyt gromps bf t he

reactive species (e.fbm 1R HSRRE0 LarhbiPhoft r BRI At: PO gposure to W to
-produce crosslinked pol yners_that are not sol uble, dispers

substantial ly swol I"EHTERDEYE Hhand Rl ydiggen ghi EWt%‘B?é 8qeearaly i nparts.
negat i M@- wor ki ng 3Qgrmlpar acteristics to the conposi tion. O her Corrponent S

The conposition S.invention in t,i onal .addi t,i on

conmponents. Exarsr%%j pg}ent ([ IREE AN b&%r?’blcﬁgﬁ BQWWI q‘i b‘ﬁ? ncl ude,

but are novouldpsubian the fometioh uf & posityehiarege vdieread Idewlopmpnbmﬁner s, residue

reducers, 3gg %@&dl{)&ht at E’ﬁncaphfi’lﬂt(hﬁlﬁggﬁxﬁflergﬂa% TRy ggig'(ﬁ@ CtSLlll
t eps sur

t enper at ure) nodi fiers. Process mal aew s e phot or esi st
conposi t i orfsPeSALYSMETKIRg YSEMOR valeh ewRsst IS TPWat“r@dl}lﬂt@IXa%eél 2s¢asr egi on of

00T 67075 POl L oW e exposure of the
S nm re of the

resi st conposi t%yﬁgn‘%ﬂ' ?Wffgﬂqnﬁ ﬁﬁg‘ﬂ‘g’r?bc?ﬁ?f’tﬁga”dl%%mgf ﬁa “frF FEnt LV

wavel engt hsnntinuéiluxihptn)gctl\bwbmponentds) im thedegative mhmgnnocﬂaﬁl&” thig 193 rim 157

rim and qu}@ém é%gggn%n%%g@m&m ﬁg&ﬁwcﬁm'eﬁtsgﬁftflﬁ{/a%y done wi th

ul travi ol et, % ower wavel engt hs,
pref erabl y m%o ¥ h%ﬁe i fevelopet Mmmaétarﬁsu@tmf cmsshglgng; bt i aptigriahin  or | ower

vavel engt hsprefeed BRBSdiRERE %{a@m%lvehﬁsdhﬂmﬁlﬁﬂﬁn% bbvaibpdravi@iogtaski ght of 157
e cap either done digitally

nm or | ower \Qﬁ %J Ehgth Lmaggq

with a | asdfFSBrolPQlr ¢uenpep ﬁe arga5 thet 3reRgohukle an ergamicphot onmsk.
Digital i rsabieng and tfitieal flaglehaviag ﬂTcﬂEﬁteﬂ’bd/ pofarity pbEeitdtas efosslkimges f or
g TRl A RO QAR RTL BBl EPAL o | net ude, but are

not limt orine W out put at 193 rim
a krypton-f4 ﬁ@a&@@k&nﬁéﬂlﬂda%ﬁ 3\ii-tiazidoNipbenyp sulfene. Pgfarably, mand a fl uorine

(F2) laser wokdveOlbmiHe ralist %églpﬁélmm &ﬂﬁﬁmg%%rosshnkmg agent(s) also
contains suitable functionality (e.g., unsaturated C=C bonds) that can react with

the reactive species (e.g., nitrenes) that are generated upon exposure to UV to

produce crosslinked polymers that are not soluble, dispersed, or substantially
swollen in developer solution , which consequently imparts negatwe—workmg
30 characteristics to the composition.
Other Components
The compositions of this invention can contain optional additional
components. Examples of additional components which can be added include, but

are not limited to, resolution enhancers, adhesion promoters, residue reducers,

L2
W

coating aids, plasticizers, and T, (glass transition temperature) modifiers.

Process Steps
Imagewise Exposure

The photoresist compositions of this invention are sensitive in the

ultraviolet region of the electromagnetic spectrum and especially to those
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di scussed supra, use of UV light of |ower wavel ength for inagew se exposure
corresponds to higher resolution (lower resolution limt) ,41{’6'{1%m!:l§@0@§ a

| ower 15 wavelength (e.g., 193 rimor 157 in or lower) is gepera

pref erred” DVEY “Uge of a higher wavel ength (e.g., 248 rim %FTNS&HE%?

Dﬁvel oprmentvavdltsgths 4563 me: Qﬂmga\?z?t egpdmfe]ydsmhs r¢sﬂstfcbﬂ1p6fﬁ§br§s}jofq9il'§p05| tions of
~this -inve treontain suffici ent functional.i or, devel opnent

f ol | owi ng %eﬁﬁ%% seéjoenfﬁéglua% df rlr"’dh*{"e Se‘P‘éEéfl’;’?g’ BH&% unctional i ty

is acid orlipiied t&t364 nnadi48 reuclP3timt] Sdquecwd ldevehvapsdenths. dnpassisbl e usi ng

a basic deuglperis ?i’é‘?&aﬁﬁr AR AL ER, 503 S‘Piigtﬁrﬂnl oA A% T fpy dr ox1 de

sol uti op, amon e solution refe
f1 uori ne- cHSEVAVA nE@Fanyéfeéahlh “tlhém?ee‘é’ltbPltf%é@ﬂﬁbhghtlo(ﬁﬁ§3 ofe, § il Bmj nvent i on

are aci d- conlodichi~agelen@k wmrrﬁos%réf&mgowm&ﬁe &%Qﬂmdlaqigh%f at |east one
structural unit: ).OH wherein R

fl uoroal co -contai nin
[ and R oty PROTIGHE BTy dRRer ViR SRR Bt Siss boford SRR o 10 30
carbon at owsth(arlamaloe Rquivglenthdavicarce n@ﬁ;lazgx‘falwwrth use of 4 photorhaskl Migitle | evel

of acidic &@g@hﬁ%ﬁ%% ﬁeds sﬂﬁa L ﬁeéleés }gzﬁﬂ gﬁg@goglt{g on by

optim zi ng anount  nee Gl ine
devel opr. cwmltmsaﬁ@@émvepﬂg@mL butpﬁ@n@fr]e@utsd tq,smwamleﬂumnmt herw se

appl i ed t Oex@meMIASHVALIEUANSuthBA 29k 58, &) HﬂIR)rH\c{ ﬂ% I jasEieyfh opent  of
t he phot or st 35 ég osition may require that th mat eral shoul d

contain sutfi SRt -gréagiopae (2 lFffeﬁB‘FB]a‘P‘EBWcﬂ‘ 167 6%331“%6? or
pr ot ect ed éxscui;scgf aupps, dsbaf Uk Hg}&tof ﬂ@.ﬁ&twa%@d’dgﬂ@fdrﬁrrﬂe@ﬁl@é eglogeupon

t hot t I t
compost 11 oy apa R Tl Sre G nBUEISHE T A ecce of %o
posi ti - Wﬁkqlmtbfmg@ﬂ%nMorl Iéyen or idmr))fscgemﬁﬂéllysjreﬂea'yéovmuls&: obe 18 4
Novenber zggger\@@q)é@z}pgg%pggmo #539 renoved during devel opnment in

portions which are exposé tTon but wll be substantially
unaffected i n uRE¥§IERBENYOrti ons during devel opment by aqueous al kaline

|t i ?uu dstﬁulch asm@ﬁhbbi%@%&ﬁ fslsdl h@ﬂﬁﬁ?&*&%ﬁt Bdrigo ng%&ﬁ%fltiln? Cor |

et r anet hyl ammoni um X ev suall'y for |ess
than 5 or gxdr%rontxgu % g@b ¢ ‘?ﬁai‘ eﬁsgamemef PKieng phot or esi st
| ayer, 24 heimgghwisreapoatre kaljdt hghtl Prdferabmmﬁeﬁndmsmaigy ttexcel @prenied n

por L1.0nS Vi Bych fiar HRESROREHIdpfhetis ﬁ%g%afe Lg%pgrt;g%?s,c deveP%grsglggt gntially

unaffected 1 n expose port ™a critical
fluid or afPdgppamfioxids Sﬂ@ﬁtﬁn Aot@;asmméwaﬁrcmdﬂ shlutden, stemnmamnn is one or

nore subst ﬁﬁﬁ@ﬁd@@@lﬁﬁgnt Qoﬁe%@eﬂsﬁéﬁ)ﬁﬁ@ﬁﬁg @orﬁﬁﬁfngoﬁolgﬂﬂgx‘é% teSreGkd U1 cal
t enperat ure_and. conp ﬂfﬁi d tQ a pressure : near of above its critical

pressure. EFPRYSHADSOf fiigarveption P@ el eI R EG WOl mers g horpepolymers

25  compnsed of at least one fluoroalcohol-containing monomer of structural unit:
-C(R(Rf)OH

wherein Ry and Ry are the same or different fluoroalkyl groups of from 1 to 10
30 carbon atoms or taken together are (CF,), wherein n is 2 to 10. The level of
acidic fluoroalcohol groups is determined for a given composition by optimizing
the amount needed for good development in aqueous alkaline developer.
When an aqueous processable photoresist is coated or otherwise applied to
_ a substrate and imagewise exposed to UV light, development of the photoresist
35  composition may require that the binder material should contain sufficient acid
groups {e.g., fluoroalcohol groups) and/or protected acid gfoups that are at least
partially deprotected upon exposure to render the photoresist (or other
photoimageable coating composition) processable in aqueous alkaline developer.
In case of a positive-working photoresist layer, the photoresist layer will be

18



“tenperature that is higher than 15C below the critical tenperature of the
fluid and are at least at a pressure higher than 5 atnosphessmBel-ews t he
critical pressure of the fluid. Carbon dioxide may be used for the

- critical wo ai/€to2n t he pr esent 15 invention. Various or gammcwwmﬁss can

I b
i mited 1o CnaT Rk e Rl hehl bl oRb R B SRR AL YR e 2T "

limted to ogena non-
| -1al ogenatVGH bsgbb%mtsalh’rtmaﬁfﬁetﬁém m@bmnﬂidf}immmsrthtrma dedleppming byar e nor e

preferred. ,gubskLALENe %Qu@%u&f%%ﬁ@heacgﬁgﬁé)%qﬁinddg cBK'['aﬁnri WMNOH can

illustratively be 5| |con | con OXxl lcon nitr or vari ous

ot her mat eﬁ?téar%ethbéé@mqm%@ ém&fdtw*v\ede\"ﬁrkmea&m eC ug@éﬁéﬂd?smhw ytical

/ Ngasureger&sq@ ths20EeRAdSl NGkse o aMVBathewbaahg §I|i‘dt$1*e51§\fﬂ§5&blrtﬁé| in the
I nal cate

o] ven ra NVR Nucl ear neti c. .Resgnanc 30 1H NVR Proton
AR 130 NNETEIRY B 157 R be T RO T i T R DS N O oTE FHAGTe o
second(s) 3@exposeditct UM ethiation but will bé subistagti¢ly unaffecredlih exyebat (s) T9 d ass
‘Transi tion Eﬁm% %eéré% mﬁ%@ %%%Oe?&e cf}n&\&?\f{%ﬁ@)&r anﬁ;;\g ic E‘@IJ ppSO0 11539

Nunber - average rm | ven t-aver age
mol ecul ar wei ghtA 6#1‘1%?161%@5 u@%ﬂ Kerein, 5 qD%IWW‘WF\ S‘MW&?%}@@“F&FQ ¥ of a given
pol ymen oAbsé_m rhidfe §Q8 Tk kBhRITs Meical t@h{perdfdi}@ r28d Aomgkbﬁgeﬁb@a ?ﬂ:.ssm'e Log 10(1
| T) and b near cl)rla o%’g }tg lérr}tei\csza Irerg;srrlpecr rmcal ﬁ\h ?ls m Jus 1nvent10n are at eaars]tC ae( aas defined
bel ow. p
temperature that is higher than 15°C below the critical temperature of the fluid
and are at Jeast at a pressure higher than 5 atmosphers below the critical pressure
of the fluid. Carbon dioxide may be used for the critical fluid in the present
15  invention. Various organic solvents can also be used as developer in this
invention. These include, but are not limited to, halogenated solvents and non-
halogenated solvents. Halogenated solvents are preferred and fluorinated solvents
are more preferred.
Substrate
20 The substrate employed in this invention can illustratively be silicon,

silicon oxide, silicon nitride, or various other materials used in semiconductive

manufacture.
GLOSSARY
Analvtical/]\ffeasurements
25 bs broad singlet
o NMR chemical shift measured in the indicated
solvent
g gram
NMR Nuclear Magnetic Resonance
30 TH NMR Proton NMR
I3C NMR Carbon-13 NMR
I9F NMR Fluorine-19 NMR
S singlet
sec. second(s)
35 m ' multiplet
mL milliliter(s)
mm ' millimeter(s)
T, Glass Transition Temperature
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Transm ttance Transni ttance, T,

transmtted by a sanple to the radi ant power
%%{ﬁﬁmﬁped fied wavel ength X (e.g., nm. Chem call,%ljé@g}@ﬁ]a
-Adamant anenet hyl vinyl ether 15 AA Acrylic acid T em cal

measur ed
AdVet her

Co., Mlwaukee, W, AIBN 2,2'-azobi Shusbbuiyerarimdleditar vdight offh Ghesr cal
M | waukee, W CFC-1 13 1,1,2-Trichlog ]9tri
W | m ngt on, DE§ B

Nenours and Conpany,

ratio of the radiant power 10 _
i nci dent on4t\iRe580BbEs and is

Co. ,
fluoroethane 20 (E. I. du Pont de
BO Hexaf | uor oi sobut yl ene epoxi de

MAA Met hacrylic &wd Al drich Cheni c¥eightraverngd malekeler weicht 862 Eien2- But anone

Al drich Chem cal Co., M waukee, W OIPﬁe}\Ior bomene = Bicyclo[2.2. |
] hept-2-gne Al d i_CQ4 m cal Co., R/I waukee, W . Perkadox(r) 16 N
Di-(4-tett-but)rfcy yl ) per oxydf efBesiEecf302iINGUPSlYISE N Cal Corp, Burt,

NY PGVEA Propyl eisogipaabeftieichy | enlter Aas eihatea, Mseibasde, Sess

M | waukee,
Chem cal Co.,

W TBA Tertiary-Butyl
M | waukee,

. ﬁﬁ@ilfrgo' .
acry,. ) a T. Tri chl orobenzene 35 Al drich
W 20 WO oﬁ%ﬁ%@“ﬁ%ﬁﬂ%&r%‘ Hh&r 2003

PCT/ USOQO' 11539 = Tetracycl ododecenyl Uarsbliuqdcbas ddfirgdtbelobw.but yl ester =

CO7t Bu TFE THE 1§.WAGivaza(r) 52

10
Chemicals/Monomers
AdVether
15 AA
AIBN
_ CFC-113
20
HFIBO
MAA
25 MEK
" NB
Perkadox® 16 N
30
PGMEA
TBA
TCB
35

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

specified wavelength A (e.g., nm).

1-Adamantanemethyl vinyl ether
Acrylic acid ‘

Aldrich Chemical Co., Milwaukee, W1
2,2'-azobisisobutyronitrile

Aldrich Chemical Co., Milwaukee, W1
1,1,2-Trichlorotrifluoroethane

(E. I. du Pont de Nemours and Company,
Wilmington, DE)
Hexafluoroisobutylene epoxide
Methacrylic acid

Aldrich Chemical Co., Milwaukee, WI
2-Butanone

Aldrich Chemical Co., Milwaukee, W1
Norbornene = Bicyclo[2.2.1]hept-2-ene
Aldrich Chemical Co., Milwaukee, W1
Di-(4-tert-butylcyclohexyl)peroxydicarbonate
Noury Chemical Corp., Burt, NY
Propylene glycol methyl ether acetate
Aldrich Chemical Co., Milwaukee, W1
Tertiary-Butyl acrylate
Trichiorobenzene .

Aldrich Chemical Co., Milwaukee, WI
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.15 VOH NB- Me-OH NB-Me-F-OH NB-Me-F-OMOM NB-OAc NB-OH NB-F- OH
NB- F- OMOM VE F-OH VE-F-OMOM 20 U traviolet Extrene W FarniNoga 2003
Tetrafl uoroethylene (E. 1. du Pont de Nenours and Conpany, W/ m ngton,
- DE) TetraW@d@p/6tadtan Al drich Chenical Co., MIwaukee, W XHYBoldEE0at e

Al drich Chemnm cal kee, -0 -2 2 ~azobi
s(pentanenitrile) %PII:) Mldi’ﬁ%g Pont téaﬁg%l%égéﬂg&&}%lﬁﬁfﬁdam%ﬁlw ngt on,  DE)
Vinyl al cohol X=0OH X=0CH-, C(CF3) 28 = X=0CH2C( CF3) 70CH2OCH3 X=0COCH3 X=CH
X=0OCH7C( CF3) 20H X=0CH2C( CF3) 20CH20CH3 CH2=CHOCH2CH7OCH2C( CF3) 7CH
CH7=CHOCH2CH2OCH2C( CF3) 70CH20CH3 \CH2X Reg{ on of the el ectromagnetic
spectrumin the wultraviolet that om 10 nanoneters to 200
nanonet ers Region of the electrqg

\'\”coz‘Bu
5
‘ TFE Tetrafluoroethylene
(E. 1. du Pont de Nemours and Company,
Wilmington, DE)
THF Tetrahydrofuran
10 - Aldrich Chemical Co., Milwaukee, W]
' VAc Vinyl acetate
Aldrich Chemical Co., Milwaukee, WI
Vazo® 52 2,4-Dimethyl-2,2"-azobis(pentanenitrile)
(E. I. du Pont de Nemours and Company,
15 Wilmington, DE)
VOH Vinyl alcohol
NB-Me-OH X=0H
NB-Me-F-OH X=0CH,C(CF),0H @—*Cfbx
NB-Me-F-OMOM X=0CH,C(CF;);OCH,0OCH;
NB-OAc , X=0COCH; X
NB-OH - X=0H ‘
NB-F-OH - X=0CH,C(CF;),OH @
NB-F-OMOM X=0CH,C(CF3),0CH,0CH;
VE-F-OH CH,=CHOCH,CH,0CH,C(CF;),0H
VE-F-OMOM CHy=CHOCH,CH,;0CH,C(CF3;)»OCH,0CH;

20 Ultraviolet
Extreme UV Region of the electromagnetic spectrum in the
ultraviolet that ranges from 10 nanometers to
200 nanometers
Far UV Region of the electromagnetic spectrum in the
25 ultraviolet that ranges from 200 nanometers to

300 nanometers
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ultraviolet that ranges from 200 nanoneters to 300 nanoneters 21 WO
00/67072 5 W 4 Novenber 2003 PCTIUSOQO 11539 U traviol et j@di-2ReC00% he

el ectromggneti c spectrum whi ch ranges from 10 nanoneters ?’ﬁT{u??%O

nanonet er § ONE4/ 78y Regi on of the el ectromagnetic spectrum i 0711539

ul traviol et that Wanges from 300 Ulaswori egfon of thddlRch@nagmiRr S Pol yners

P( TFE/ HFI P- Sub-2- Pol y(tetrafl uoroecthtl11 I eg.%- coﬂohe af | @rm so-. OH EVE)
propanol -substituted 2-hydr oxyet R§TVi ﬁwv Fhéfners YPBBE POPEReigE o

tetrafl uoroet hyl ene and conononsF02xndicrerE/ NB/ NB- HFI P)

Pol y(tetrafl uoro ly¢pe- co-norb - omet] :

5- hexaf |_uor oi sop?g%gnlz?- substit u?{aégﬁigﬁ)fﬁ%r%%?ﬁog%nfg%?%ﬁ%% ln0t ¢ _
tetrafl doroet hyl ene, 15 conmpnonerluavileidhatsapgssiease 00 ExINPEES oUn| ess

ot herwi se specified, all tenperat3goeandficersn degrees Centigrade, all nass
measur errentﬁol%rngrsi n granms, and all percentages are wei ght percentages.

“Unl ess otherwrse i ndicated, n, appearing within structure(s) given in the
20 exanpl es, reprId&hEFiSua2mber Poly(tetpiairoethileae-ico-tehaflpabisoer .

Thr oughout the s iftyeation, p, a g it DA, epresents
t he nunher of re;ﬁgtévg its in the%p Bé%&r%%‘n?éi?eﬁ&éﬁéé%&Q |Yclae§ﬁ%re
measur 88 using a Cannon AutoVisc | chmeémpééptraﬂugmﬁwtl@esamt em ( Cannon

I nstrument Conpany, State College, :bhod®BQ4) in the 25 indicated solvents,
generally at 35C 9 ratiop, and are reported in units of dL/g.
d ass transition W@W‘@@m) 'P\Rgﬁ(‘@tr@fglf%PWH@B*E?‘“BS@IPE‘P?‘F‘M enti al
scanni ng cal orinetry) using a heat iSAgxsfaiceoiebpdp&ioisabstitated 3-s reported
fromthe second heat. The DSC unit i del 0] b TA
Instruments, W/ mngton, DE. 30 As%’ggégrrgﬁ?(c%pwyﬁrrq?%%%'ﬁfﬂegﬂﬁgﬂ%i tivity

was dodé using a Lanbda- Physi k Conposnddd lexodmerboimesie) configured for 157

rimoperation. Vacuum ultraviol etg}hgfgpssi on measurenents were nmade

~using a McPhers
g Ql.r}nless otherwise specified, all temperatures are in degrees Centigrade, all

mass measurements are in grams, and all percentages are weight percentages.
Unless otherwise indicated, n, appearing within structure(s) given in the

20  examples, represents the number of repeat units in the polymer. Throughout the
specification, p, appearing within structure(s), represents the number of repeat
units in the polymer.

Inherent viscosities were measured using a Cannon AutoVisc II automated
viscosity system (Cannon Instrument Company, State College, PA 16804) in the

25  indicated solvents, generally at 35°C and 1% concentration, and are reported in
units of dL/g. Glass transition temperatures (Tg) were determined by DSC
(differential scanning calorimetry) using a heating rate of 20°C/min, data is
reported from the second heat. The DSC unit used is a Model DSC2910 made by
TA Instruments, Wilmington, DE.

30 Assessment of 157 nm imaging sensitivity was done using a Lambda-
Physik Compex 102 excimer laser configured for 157 nm operation. Vacuum
ultraviolet transmission measurements were made using a McPherson
spectrometer equipped with a D2 light source. Samples were spin-coated at
several thicknesses on CaF, substrates, and the contribution of the substrate to the

35  transmission was approximately removed by spectral division. _

' ' More specifically, all absorption coefficient méasurements were made
using the procedure listed below.
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.spectroneter equipped with a D2 |ight source. Sanples were spin-coated at
several thicknesses on CaF7 substrates, and the contri butiQ@.Qfntos
substrate to the 35 transm ssion was approxi mately renoved by spectral

- di vi si on.wep/€708peci fical ly, all absorption coefficient nd4UPREAEE were
made using the pr [ : . . r 00/ 67072
PCT/ US00/ 11539 1. géﬁn@}é{e‘geﬂﬁe@é&?i“%g“&g Ofﬁsﬁécégﬁgagggognb%s? %%%o%ﬁ%f ers on a
Brewer Cee (Raig MO W?Oagﬁ’ﬂm&!?é‘?qd%f(ﬂﬂcﬁ-e nodel 10C0CB. a) Two to four

si Imi)c?n wgl{ ers were Hphro ﬁiflod't %ig;&ﬂﬁﬂifeﬁpﬁﬁg%ﬁlﬁaﬂiiﬁfﬁgp ed?@:@@; 4000, 6000
rp 00 m.t hi ckness. an .coat e waf ers were
subsequent | @@ag{%@%b@gg@ a5 t%ﬁgtﬁi"rfﬁ?ﬁ?ﬂ@ ﬁf’f’ cknqsyandiEEoPKen  measur ed
for thi cknewsfesnwere Galeetjuratly Bakegnit | 20°C {oCRD aago Theldned lfilma 6v&re tHehi psomnet er

(400 to 12Qge?%gﬁéﬁ@é@%gﬁ%%@Péﬁc@%ﬁﬂﬁggﬁic}ﬁg@%hﬁ"ﬁ@e' ected fromthis

data to spin 1 or the's ) t“neasurenent. b) Two
CaF, subst r Blwsompeter (480 to 1200@mggrom ringw)) Twes epin epeasisavprafgn se@cedch was run

- gg 47‘333]‘ er ef}sﬁl tﬁﬁtd?taftb kSin @ @aﬁygggﬁfaséa{foﬁﬂe%és%&ér rg%ﬁf&%ﬂti.d, | {\/A) ¥
nonochr onet er, _using a yteri our ce, phot 0 iplier,
and Keithl ey 485 pic aﬁ%?@?:z sbstratis (s (i of %r@‘é‘g“@éﬁi %eéleof[?qﬁﬁﬂe silicon

waf er ddta egchtwrssh ik a fefegereadphdiiaai e MdPhesbh Speteorhakr (Chiegisésnce

substrat es g 2000 and 4000 r t 0, achieve t desired film
t hi'ckness. ﬁ‘ﬁthégﬁ _“%3%00 aﬂ(rrée era‘fgtijrl_r%%é}‘fﬁg?&%u% %ur(éeﬂg%?he sanpl e spectra
was  col | ect pibtomuitipbevarhieeitidey Sidgutoaometter.; the sanple files were then

di vided by the refer ' [ files were
‘then adj usted (sanpl@n?ig? %ﬁs @v%%%%leg?éif%?ﬁt}%%ﬁigghzﬁgfﬁﬁgﬁf%%ﬁ | m '

[ CalF
. thickness t@egWBIEMﬁ#%aaf@éh%?Fzﬁe&r%ezebser&%/(%geﬂooqu AOORE™bne usi ng
GRAMB386 antb déhieit DAWRBAR mef thithés. Thbeedchribs Hakedhi 1TP°daBe30 hilfli cates the

i ni ) it .q. its.of nB/cnR), t bl
o ven- ot oFLPEESTRE P55 s i M Pt SRy 15 o
and NB- OH weles werethan dirides bylescmeidoade BaFPddeaser et al . 25 Tetrahedron,

| .32, 2281 7 Day | : . i |
433 ( 197723le .'gel\/bno_rrpg @c@ﬁ%@@%@ﬁ%ﬁz@? 3’%?}%%%?%&63@%3‘3”20%3& e
prepar ed byCrEagiidsa by CaheRliankifor blae dridmess igiive phsepianenpergpicredbut yl ene,

respectiel gabsasic)d 0Hchivie doRyY uAEGRRIMS 86 AR ALEMDRGR XPH sofdrardages
1400- 1410 (1968) es of these 30 preparations are given

Il lustrative exanpl
bel ow. Tet racycl SHOUEE aHeaig dhssyPricaies e TR SXpoe CBE 2y BESB o hased
f r om Honshu(eGheimiunith 8f mTtwa?piol eyihblp alghhvadiphotoeesign g, following exposure,

to undergo development. : _
NB-OAc and NB-OH were prepared as described by Posner et al.
~25  Tetrahedron, vol. 32, page 2281 (1976) and Davies et al. J. Chem. Soc. Perkin I,
page 433 (1973). Monomers CHy=CHCH5C(CF3)2OH and :
CH,=C(CH3)CH>C(CF3)20H were prepared by reaction of hexafluoroacetone
with propylene or isobutylene, respectively, as described by Adelman, J. Org.
Chem., vol. 33, pages 1400-1410 (1968). Illustrative examples of these
30  preparations are given below. Tetracyclododecenylcarboxylic acid tert-butyl ester
was purchased from Honshu Chemicals. The allyl palladium complex
[(n3-MeCHCHCH,)PdCl}, used in pb]ymen'zation experiments is described in the
following reference: Reinmuth et al., Macromol. Rapid Commun., vol. 17,
page 173 (1996).
35 EXAMPLE 1
Preparation of 1,1-Bis(triflucromethyl)ethylene Oxide (HFIBO)
Hexafluoroisobutene CHp=C(CF3); (25 ml, 40 g) was condensed in a flask
contaming a solution of NaOC] (made at -5 to -3°C by bubbling 15 g of chlorine
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[ (t13- McCHCHCH2) PdCl ]2 used in polynerization experinments is described in
the following reference: Reinmuth et al., Macronol. Rapi ¢ §QamHD 2000l -
17, page 96). 35 EXAMPLE | Preparation of 1,1-B

is(trifl L}%ﬁ?@j" | Yet hyl ene Oxi de (HFIBO) Hexaf | uor oi sobut&na e¢HSE cr3) 2

(25 mt, 40 igp seAasionofidemsiad 30nwa % bABKOHCRNMOBI Mi @gwa halblscmo habéa OCl

made at of chlorine 23 /6 4 Novenber
b00s. per Enr et PHRY eiodm dthe i Wy e et dgf‘ {2 i 200
of water) aREC@n8ergigdrophatsmingt rRaasfien mbeatia yat kept aethistempeianagfoy| vl
ammoni um chlpkihdgs: Was added at -2 to +2C under vigorous stirring.
Reaction m xture_was kept at this tenperature for 1-1.5 hours. 5 The
resul tiAg react |T@ﬁrﬁﬁ‘4¥rtﬁ@a%@l PYHHET woy Enshutedgiut phthereagtardr in vacuum

col | ected ivacing,@oledtedih 4 861d-t%pQat ambcq lafd dlshigdd tcpglge w 5?g7(y5e1c9 (yield

86% of T, 1-bi
S(t/?’l f) uor%ﬁéqﬁﬁﬂ‘g‘tdh?feﬁ%@%g@émﬁ% fﬁﬁﬁ”f‘%ﬁ”’égﬁiﬁ QESNI\/R (sl) 73. 34
(s). 13C {H)] Nﬁfﬁ’lﬂuﬁ‘omtk()g)e’th)ﬂdn@@ﬂdseﬁﬂ NNIR £8)3.28.@5. P& NHIR @72)7 10 IR
1 ,
(90 (e Eae (IS SR Rl qegy Lilghte Bl A8k, Oy 19
Found: 1€, 127?%%41113}@) 1148 EXANBBEs)? IQ(hEShelé)i% (&% 9%1;1&@}1?@?2810”20( CF3) 20H

15 ( VE-F- Odpd (mﬁazs wieh TOMREL bAIdIOR) ELAgk. R PEEY. 14 1h. FEahan cal
stirrer, %R%i nd addi tion funnel was ['ushed wi'th ni trogen and

charged w (0 59 nol) of 95% sodi um hydri de and 400 niL of
anhydr ous DVF. Th| s mxture was coBKedMPLB 210C and 41.6 g (0.47 nol) of

250 m sl DU ver s acipeER RS R OB R R ity 11, " 20 o

1,1-Bi 4t rifluoronethyl)ethyl ene oXVEeF-Olaf | uoro-i sobut yl ene epoxi de,
HFI BO (85 0.444, n
(85 5. Ot rm gy Sl e CSRLLTD

suspen3| on -was Stl rrer

flask and 2RHaddien funechyes finshedawish itrogen and ehaigsd withpéRa @r59a1101fb 1 nmm and
29C. The 23595%sbdiun ﬁd&l &I 0086 LI oF aRBRirfhs DMMATEE ndRehrdl R%8 fiigochl oric

epar at od Ja0 o B Edo e gt G 'rq%ér%@whﬁaﬂ“’%qr‘é‘e?@%éb@d AoRMREur o of
anhydr @ds ewvti lirhr. sAth additioaald? Jfombssi DMiFoadrb atddédandlihe niktamves was filtered
and the filsraf R 145 i ,1-Bis(trifluoromethyl)ethylene oxide (Hexaﬂuoro—xsobutylene
epoxide, HFIBO) (85 g, 0.47 mol) was added over 1 hr at 20-23°C. The resulting
suspension was stirrer for 22 hr. It was then transferred to a one-neck flask and
most of the DMF was removed on a rotary evaporator at 0.1 mm and 29°C. The
25 residue was dissolved in 250 mL of water and 10% hydrochloric acid was
carefully added until the solution pH was about 8. An oil which separated was
collected, washed with water and dried over a mixture of anhydrous sodium
- sulfate and potassium carbonate. The mixture was filtered and the filtrate was
distilled in a Kugelrohr apparatus at 0.5 mm and 50-59°C from a small amount of
30  anhydrous potassium carbonate to give 89 g (71%) of oil which was stored ox}er
potassium carbonate. TH NMR (8, C4Dj) 3.12 (d, 2H), 3.28 (d, 2H), 3.60 (s, 2H),
3.90 (d, 1H), 4.07 (d, 1H), 6.20 (dd, 1H). !9F NMR (8, CgDg) -76.89 (s).
Another sample prepared in the same fashion was submitted for elemental
_ analysis. Caled. for CgH\gF¢O5: C, 35.83; H, 3.76; F, 42.51. Found: C, 35.13;
35 H,3.92;F, 41.40.



.distilled in a Kugel rohr apparatus at 0.5 mm and 50-59C froma small anount
of 30 anhydrous potassium carbonate to give 89 g (71 % of4 'vlsmg\gizg@ was
stored over ot assi um carbonate. 1H NWR (S, CeD6) 3.12 (d 28 (d,

. 2H), 3.61VQ a7 3.90 (d, | H), 4.07 (d, 1 H), 6.20 (olo'*CT”U ’“%F NVR
(8, CeD6) -76. 89 (s). Anot her sanpkanpsepared in the sane fashi on was
subnmitted for elenmental analysis. Calcd. Tor Cgl-110F603: C, 35.83; H,
3.76; F, 42.51. Found: C, 35.13; 35 H, 3.92; F, 41.40. 24 4 Novenber 2003
WD 00/ 67072 EXAMPLE 3 Synt hesi s of /RCTI US00/ 11539 H2OCH2C( CF3) 20H 5

Hexaf | uor oi sopropanol - substituted bornene NB-Me-F-OH A dry round bottom
flask with nechanical stirrer denser was charged under nitrogen
with 28.8 g (1.2 mYNthesisgosssd i ntg gp%é Hﬂgnhydrous DIVF.

. 5- Nor bor nene- 2- net hanol ( NB- ME- OH, s g, %2 9 2 %3)2 s added
dropwi se at roomtenperature over 0.5 hr. The resulting mxture was
stirred for 3 hr. 1,1-Bis(trifluoronethyl)ethylene oxide

-( Hexaf | fior oi sobut yl ene Hepduprisoprpppely substygtcd norb@ngs npl ) was added

dr opwi se over 2 hr. The resulti ngqugmL@Hwas stirred for 72 hr at room
t enperature. s evapor at on.a r ar Va tor at 45C and 1 mm
The residue vvas Tyurtoélag&f) %@é‘mhﬁe \’f\’/i'f? ‘&%ﬁF%ﬁeﬁWﬁﬁ 30 nmL of

gl aci al acehargedionder nitroganewith 28/Big (\l\asnek)pﬁﬂa‘t/mdxmﬂydrhie aadyédoud. | ayer was
extracted we ani c

| ayers were was}%%l%i?/ﬁisﬁ)b gigokp%{%&et}%?hp“%wlg o’ver %né)\oh rngctr}g
‘magnesi®&m ok efdaefiedropmiset sebra ranperatel Q\@aOQrmer'l"h@a@auhrnD|mixwre Kagel r ohr
appar at us afin&br? BGrand @;é(nmnor&ﬂe&wzﬁ%ﬁé by '{H!}@ﬂuﬁﬂuﬁohﬁitylénge 20

product was _caqnt with snall anmoun So it s “di ssolved in
o0 e of “2asie HHERHE Seim 0P o axeaich dop e ov ber Byl us
magnesi u md sashftﬁigemﬂtmdet\mSQsﬁnaﬂ Gorcii2skiri dt/;@dlf] temnperituge | DFrwaRpafciee at
70-80C an

(hexaf | uor 8?%5%?3%% Orﬁgréstﬁﬁﬂgdg Ao gg‘ﬁé%l%?ue \fv%# (glﬂlg ‘é"?g%?%ﬁ%r ation, the
pr oduct 5 wasf thesvatéd eoditaihing JGmBR 6f alagal acgugraeidx A biwaniayenwacseparateda boi K ng

poi nt rang%.n@{hegh%uégﬂg lﬁf/erQNst éﬁpactgzcﬁ"w1ml\ﬂ?}{('@ m%%@l}__yl&e%h}dﬁd@ Fné conpl ex
mul ti pI ets, 19 an 6, CDr/Cl2) -77.4

(s). ). An&?lﬁlémeg&m B’b’éﬁé’l’%‘a ""iaﬁlf’(dh‘@ﬂég]%loq mdreforatsimdried per t t ed for
el errent al @.ﬂﬁ?ch‘@&ﬁmaéi@ésﬁdn cﬁ!@ﬁdéﬂﬁliérékﬁﬁﬂ, distledbhddrvactim i#ta 65; F, 37.47.

Found: G, ﬁg%lsbhr zippara? s at|(:5’5 8?72C and 07 Omm. ﬁ I]\ﬁ\/lﬁ spectrum revealed that the
20  product was contaminated with small amounts of DMF so it was dissolved in
100 mL of hexane, washed with 4 X 200 mL water, dried over anhydrous

magnesium sulfate, filtered and distilled in a Kugelrohr apparatus at 70-80°C and
0.1 mm giving 233.9 g (88%) of the title product (hexafluoroisopropanol-
substituted norbomene). In another preparation, the product was distilled through
25  a 12" Vigreux column indicating a boiling point range of 52-53°C at 0.1 mm. 'H
NMR (8, CD»Cl,) 0.5 to 4.3 (complex multiplets, 12 H), 5.90, 6.19 and 6.26 (m,
2H). 19F NMR (8, CD,Cl,) -77.4 (s). ). Another sample prepared in the same
fashion was submitted for elemental analysis. Calcd. for C,,H,,F,0,: C, 47.37; H,
4.65; F,37.47. Found: C, 46.15; H, 4.69; F, 37.96.
30 : EXAMPLE 4
Preparation of CH,=C(CH3)CH,C(CF;),0H
An 800 mL pressure vessel was evacuated, cooled to about -80°C and
charged with 100 g (0.6 mol) of hexafluoroacetone and 68 g (1.2 mol) of
2-methylpropene. The mixture was agitated for 72 hr at room temperature. The

L2
(Wl

vessel was cooled to about 10°C and slowly vented to atmospheric pressure. The

25



Preparation of CH2=C(CH3) CH7C(CF3) 20H An 800 nL pressure vessel was
evacuat ed, cooled to about -80C and charged with 100 g (Q.6,JaRbd: 283

hexaf | uarQac and 68 g (1.2 nol) of 2-nethyl propene. 3 &4 was
agitated Q’g}&sfgglﬁr at roomtenperature. The 35 vessel was %gﬁl e t}oéggbout

10C and sl ohmyld\remdlmwa@rmmépheg h smplil emoumtenf niiey1@ s MDR/16 70iE2. 4

Novenber @ﬁﬁ rF Q:Mry(?%yo 1S @t@g rzl(g)'idw 'tl‘goﬁgeﬁsdTﬂ?u eVl\A@e%x CSWQ g {]ﬂf

anount of ene re was rapl dly
through a 1% glw 47 @ of copdsrimodict. aﬂuwwmwd ’tvah &e\moci% f@%ﬁn@h@rde

product . lThte&cﬁ‘@ﬁoﬁQMagﬁt%ﬁMkhﬁH @1@@115@1&%&&@5 afinow; aaet &ﬂﬁmnrg?ﬁﬁitr' 28 On(;goe/()
sane scal e e rou gr g

of product : fﬂﬁgg%@}gf’% P %Ifﬁ!]\;‘éo( C]:%})\&JSS%Q) Ei?s 230 (s,
2H), 2.57 (B30 (LRH), Asaz(bgslH)sz(mmm(m (s) HY). ¥BRNIRRS(©zD D6)9 76.9
(s) 10 EXANQIE 5 Copol yneri zati on of CH2=CHOCH, CH20OCH2C( CF3) 20H and

Tetrafl uoroethyl ene A 200 ni pressure vessel was charged with 53.6 g (0.20
mol ) of CH2=CHOCH2CH2OCH2C( CF3) 20EBXAMPLE 5of tert-butanol, 0.2 g of

pot assi um car bonat ecapslyeRzaioflos ¥ Qgﬁ@ CH+0 (Ij(@j:é Qﬁ{Nermurs and
Corrpany W m ngton," Dé)e Thg vesﬂz) d}% Iq’e £ool & i n dry ice,

evacuat'®d and 15 charged with 334 Yenet tetrafl uoroethyl ene. The
vessel contents We2( mheptadrewicida] wgd &}ﬁtgeamnmswg(aadmmjmai ned for 18 hr

[ oom t emmer Gl HGHY EHERE PGP i B e beand)) f i e oo ea -
usi ng acet otrebeminaatied g of Yizn®s2 (FHedwbinitde dvenwmss agi Catipabyunt i |
honpgeneousyafighy Fg;% mderq&e%gwast&os@ %%Ed'lﬁﬂ 1%9e dﬁ'iedﬁ%da bl ender. The

preC|p|tated so ITected on a filter an washe water in a

bl enderlS | {Chaagedwitag |gq(0a>0\;a@1meﬁﬁega/@wrwbxlﬁmg hibeatessel CongeRtE RYpre 62. 1 k (74
% of 4\/\2;3 t ?héa@émﬂﬁh%gitm%n o oMYEnd Bainldiled@) 1thére§u818ng m@?f&sure%r 9 (m
gr oups) %ﬁ%%@ tfz@ﬁ(lﬁ E?fz‘j@sseﬁ:wsmqi@ ﬁ%rﬁ’%‘é‘r“éﬂlp? %
absor pti onsylstdnm pobymed s;aharonompaﬁmtddomngmemﬁé ey meedatitolindee T92. 3 nol e
t tet th

Comonorer - R ASHENE] i Bfoférey SRR aPARTbGRL BT _25Th00,

= 477660, NWAWRiI= blenger A’H@lpreclmwmdosohd:wag zoUgtedign Diilg;ang washed5. The
pol yner Ve Swith Statah & BlandRt BwalYked B SRR VER o RGHRAY S &oéfig%vi}{g

Lt ramet Y | e S g T I MR (5, THE-ds) 2.4-2.8 (m, 2H),
3.6-3-9 (m, 6H), 4.38 (bs, 1H), 6.6 (s, 1H). !F NMR (8, THF-d8) -77.2 (s, CF;
groups), -110 to -125 (m, CF5). From the integral ratio of the 1°F absorptions, the

25 polymer composition was determined to be 50.3 mole percent tetrafluoroethylene
and 49.7 mole percent of the vinyl ether comonomer. DSC: Tg 11 C. Inh. Visc
(1% 1in THF) 0.865. GPC: Mn = 268400; Mw = 477600; Mw/Mn = 1.78. Anal.
Found: C,32.45; H, 2.40; F, 47.95. The polymer was insoluble in water but
dissolved in aqueous 0.262 N tetramethylammonium hydroxide.
30 EXAMPLE 6

| -
Copolymerization of TFE, Norbornene and CH,OCH,C(CF),0H

A 200 mL pressure vessel was charged with 14.1 g (0.15 mol) of
35  norbomene, 45.6 g (0.15 mol) of the hexafluoroisopropanol-substituted
norbommene, 75 mL of 1,1,2-trichlorotrifluoroethane and 1.2 g of Perkadox®16N.

The vessel was closed, cooled in dry ice, evacuated and charged with 45 g
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_Copol yneri zation of TFE, Norbornene and CH2OCH2C( CF3) 20H A 200 nlL pressure
vessel was charged with 14.1 g (0.15 nol) of 35 norborneqqqovglﬁbg}zgojo 15
nol ) of the hexafl uoroi sopropanol -substituted norbornene, L

1.1, 2- trl\EﬁIO@Aﬁm??lfl uoroet hane and 1.2 g of Perkadox(r)l GWCTﬂ%@Uﬂé@%eI was
cl osed, oo b i hek B0 BNIEHEL 7 QRCLIChALART N hilxdPuinafidhdipverber
2003 V\DOO/ 7072 of tetrafluoroethylene. The
vessel cont &heY drdmpakingd 1o I@HHaa?ﬂf—' a%ﬁselnwa%%O%@ R YT ReTATHeend or 18

||?r The vessed. Wﬁép@l&ﬂbﬁdlﬂtl@nWﬁ@ﬁﬂﬂ@l@@ﬁ@tlgkﬁceaﬂﬁexahen%é predi tag@l yger
soutlonwasa sl o gxane Lta s dried I1n a
vacuum oven At 58 2 BFEHGiVEHh 0%@ éfg%l&g %Eﬁ’&r;f(ﬁﬂ% f]%]%]%ﬁ THE-d8) 0.6
- 4.0 (chnmpK&XIHRdsRe. 6)401(9ﬁn1NkRpétSmJTHEF®\8\)IR{$8T18F(d§) -1¥8 (s.§ifgups) , - 100
to -125 (m fRAk) -FPE- 173, @P@Wl%n{ tﬁE Erﬁeg}él 1h08 oL HE 18P SBERHORS the Ne

mol ar ratio-of tetrafluoroet ene unit

hexaf | uor oi hardganef tﬁé’@l@@ﬂ"ﬁ‘h}t@lﬂ’UH%F%@WQH%IOFS@B@&?DQJnﬁ“@UWth he pol yner

v[\)/gé d$termlggfé>ohﬁmeee atAfitd in @Egol Mferzvaﬁg&@mm%séz I:1:19(128MN/Z M E;Aﬁp i% ,

g =

Pol yreri zat i on o} ’%ﬂ b0l MRl 5pe 5 FetarhS: 15 Under
nitrogeh} 3@Gual.gFoGndo0, 4&3]3) Hoﬂ 47hE, 28BFaf | uor oi sopr opanol - substituted

nor borene was di ssol ved in nethyl egz@%gde (30 mL). The resulting
solution was added to 0.81 g (9.9 ) d 2(PCY3)2Ru=CHPh in a 1 00
m. round bottom fl ask equi pped with a magnetic stirbar. An exothermc
reaction ensued as the reacti pp m xture becane viscous. The reaction could
not 20 be stirred after jmately 10 m nutes. The reaction m xture was
al | oned to $cwrdenzstion ghtS—5 C HIJCEMSE (GF)) YORT by sibadeshiRy metathesis
precipitation in hexane folloWwed by drying in a vacuumoven. Yield was
24.7 grams of netathesis polymer. | H NWR (acetone-d6) of the polymer was
consi steht w t h theler hirggen0p&0@d0.OPP tel Lifahs howftubeisoprdphhalM ng i s not

i ntended to n tion. 25 regar tighty): CF3I1t]
CF3 OH The SoTulied bbb isspR L ORI RBRloHTE (50 810! Tek (0.262 N 30
t et r amet hyl r@miml seintioy dvas rdded to 087 %9rﬁdv%molmba’CY3)zRu—CHPh na

100 mL round bottom flask equipped with a magnetic stirbar. An exothermic

“reaction ensued as the reaction mixture became viscous. The reaction could not
20 be stirred after approximately 10 minutes. The reaction mixture was allowed to
stand overnight, and the product polymer isolated by precipitation in hexane
followed by drying in a vacuum oven. Yield was 24.7 grams of metathesis
polymer. 1H NMR (acetone-d®) of the polymer was consistent with the ring-
opened structure shown below (drawing 1s not intended to éonvc:y information
25  regarding polymer tacticity):

/

O

CF 311")2
CF

5 OH

The polymer was observed to be soluble in agueous base (0.262 N
30  tetramethyl ammonium hydroxide).
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WO 00/ 67072 PCTI USOQ 11539 d 7(PCy3) 2Ru=CHPh i s avail able from Strem
Chenmicals. 7 Miulliken Way, Newburyport, MA 01950-4098 U. S-MNovelZOMELE 8 5
Pol yneri 6i gj i 1 2-CH20CH2C(CF 3) 20H by vi nyl -addi ti on _Under nitrogen,
t he 0.397‘8 ("&3@ mmol) of the allyl palladi um conpl ex PCT/US00/11539

[ (r1 3- Mc CHCHCH2 )PS(BLly ), RoelCOIPGS s gv4ilable fiomlStrest CHemidaRX afNiupkeant i nonat e
wer e suspe { 0 . The resulting m xture was stirred
at 10 roomr\?%dr’r%\!eeﬁbgtﬁﬁlrpg)% gf&%aﬁlo-%ﬁg%ggﬁ was then filtered to renoved
precipitated AgCl. To the resultibBYAERIE 8ol ored sol uti on was added 30.0 g
(0.099 nol) of the hexafl uoroisopropanol -substituted norbornene. The
resulting reaction mxture wag\stirred overnight at roomtenperature. The
reaction m xture was then contrat ed to a volune of approxinmately 50 i,
and the pol r 1sol.ated by~Z% eci pitation in hexane foll owed by drying
in a va§uumyﬁc§$\éxﬁe.nzﬁllg?agvvas 12N2-0 O&hé&?&ﬂ@(&]{ PP maY Viptradiioptp2Cl2) of

the polyner was consistent with the vinyl-addition polyner shown bel ow
(drawing is not_ jntended tg c e i nf orpation gardi.ng pol yner
tacticity): n c%@@ewlg%e“zg’%&%%(ﬂe%ﬂawﬁ%f theallyl pallsding dopRex sof ubl e i n
aqueous ba$@>(McCBZHCH)BICHrehd Pl68antroimumol hyites kixkuorJdngnakleadi um
catalyst u i rh& atyi\0R- scrihed in the . follow ng
ref erence: %%gel énu?’rﬂ%‘ﬁgd %P 8}1%&8 g%%/ve%p&%ﬂ”) %F?‘?&?‘ﬁ&%mﬁ?%?é”wtﬁfgd%cr onol .
Rapi d E&mieem wygsratgre for 30 migmtag/Pit a9 tigorfdtmedhto ret®ved ntecifBakad i on of poly
(hexaf | uor @jegOpPTe : L i issol ved 30
e st ol o] sORIDR R Saded D BUaTPyaud o

-in cvcl oheﬁan%ne W . (%rr) 3 A
cxafluororsopropanol-substituted norbornene. The resulting reaction mixture

was stirred overnight at room temperature. The reaction mixture was then
concentrated to a volume of approximately 50 mL, and the polymer isolated by

15 precipitation in hexane followed by drying in a vacuum oven. Yield was 14.2 g of
addition polymer. 'H NMR (CD,Cl,) of the polymer was consistent with the
vinyl-addition polymer shown below (drawing is not intended to convey
information regarding polymer tacticity):

o
CF3IW)?
cF.¥ OH

The polymer was observed to be soluble in aqueous base (0.262 N
tetramethy] ammonium hydroxide).

20

The palladium catalyst used in the above polymerization is described in
the following reference: Reinmuth, A.; Mathew, J. P.; Melia, J.; Risse W.
25 Macromol. Rapid Commun. 1996, 17, 173. '
EXAMPLE 9
Component - Wt (gm)
15% (wt) Solution of poly (hexafluoroisopropanol-
substituted norbornene) from Example 7 dissolved

30  incvclohexanone 10.8
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_Cycl ohexanone t-Butyl Lithocholate 5% (wt) Sol ution of triphenylsulfonium
triflate dissolved in cyclohexanone, which was filtered  hyyeuah 80945 p
PTFE syringe filter This solution was nmagnetically sti rre over ni g?l . :
- Novenber YWOO®670FXCT| USO0/ 11539 2.3 0.56 2.8 Spin coating REFUEWAASHsi ng a
Brewer Sci @Qgghéﬁgong\/bdel 100CB conbi nati on spin coater/hotplate on a 5
in. dianete i.con wafer, Type "P", 1.00 orient. Devel opnent was
perforned ! gHWéLE@’PWlaFECh Japan Co. Resist Devel opment Anfi39zer

(Model - 7903% (FheSuiatien oﬂ@ﬁa}ﬁhﬂ@@lf&@lmhynﬂ@@OSI ting 6 m of
hexanet hyl di S'Il azane él OZP rimer gﬁc& Seﬁi nning at 1000 rpmfor 5 sec. and
B T Or MY ORI PheRME” H2S 5t R i i i

t hen 3500 e above solution, after filtering
t hroughs a Gu@%hag'#bpdéﬂﬂibylmgeﬁ]m deposited and spun at 258000 rpm for 60

seconds and bak &4 %ga WBgexposed to

248 run light o ? laslgﬁll%l%gg’%g{slg@ Quéﬁ%?ggl(?%g ng I fsgﬂ]t&%lo | EL

Mobdel - 8242251%P§F6‘S?rrﬁﬂlﬁtcér nul‘d WAPED comtinasiagrspin qmser/ﬂlamlatm@aference

; Io I ter \tNE' § . Rasseer ﬂh@ﬂwgﬁ% et“be pwalgantabeval%gnﬁm WEXRO ﬁ%thé‘dt: m; Wast
sec throu ns of va optical density

to allow vg’???ﬂg g)%ﬁ%% h%jggm ﬁ‘ée &P%ﬁqﬁéw’gu}%ﬂﬁen baked at 120C

for 1200 secondsThél‘hmfe\nMasrpmmedj@véémpmdglérmteﬁhamfeﬁmlldm&mni um hydr oxi de

TMVA | o
(069 20! Ui e BN, 5L Lt B s o ve o
pol ymer i zafhemb mh@é@qz@@@ﬁsympn,\mﬁehﬁmthmwg*xﬂg@ﬁs u(}yn_lngesﬁ]g:r( 8819 mol )

of allyl paé o@faé@mcp@ﬁala%ooé fgoh BorMoGEE A 2h P86 d 241 3R0° Oreg 19 g (0. 637 ol )
sil ver é@:‘sl uor, o %r‘?’éfgme suspended I n chl orobenzene (40 nmL). The

resul ting ©O9P5ePRds T Rps ?’ERS’H’? Oy light oRspmedbypassings. 1t was
t hen fi3t ebeddiamd3OV ﬂl@h’oﬁ‘eﬂl zﬁ’( @Bjm, mdeﬁsm SolﬁiOSihhﬂatbﬁ@OD(D waf

| d- col d I f th
Poxar | uor o Sait A (8B BHAEL afer FRLH badRs Hoif 264 %dﬁ%%syﬂ%ning (10. 62
mrol ) di sse48mad. iExpssurt tiokd waohbsezehmougThenask ogth 18 popiticeaof vaming xt ure was
stirred OVE&HI‘aEQ]Bnéﬁ dér%ﬂg]r;cﬁ %ﬂﬁ@rﬁhPﬁsecxlpEQtﬁe d'b?c%(:t'flﬁréxﬂbgéh WaferWRs then

concentrated to yNness
then baked at 120°C for 120 seconds The wafer was developed in tetramethyl-

20 ammonium hydroxide (TMAH) solution (ONKA NMD-W, 2.38% TMAH
solution) for 1 minute to give a positive image.
EXAMPLE 10

Copolymerization of CH,OCH,C(CF),0H with

by vinyl-addition polymerization

Under nitrogen, 0.125 g (0.319 mmol) of ally} palladium complex
{(n3-MeCHCHCH,)PdCl], and 0.219 g (0.637 mmol) silver
hexafluoroantimonate were suspended in chlorobenzene (40 mL). The resulting
mixture was stirred at room temperature for 15 minutes. It was then filtered to

30 removed precipitated AgCl. To the resulting gold-colored solution was added a
solution of 6.46 g (21.2 mol} of the hexafluoroisopropanoi-substituted norbornene
and 1.00 g norbornene (10.62 mmol) dissolved in 5 mL chlorobenzene. The
resulting reaction mixture was stirred ov.e'might at room temperature, The

reaction mixture was then concentrated to dryness and the polymer washed with

W5 ]
Lh

hexane and dried in a vacuum oven. Yield = 7.48 g of addition polymer. 'H
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35 hexane and dried in a vacuumoven. Yield = 7.48 g of addition polyner.
1H 29 WO 00/ 67072 4 Novenber 2003 PCT/ US00/ 11539 NWVR ( CD2GRLm0i; 2bhe

pol ymer was consistent with a random copol yner with the qﬂpﬁﬁé&ﬂﬁéﬁ‘nnlar
conposi t i 87 U8R A bel ow (drawing is not intended to convey ~1'nfofnati on
regardi ng PEVIRNEIDACGIg ofthd polym@r G/ds BorClsBhlwith aChiom &dpobpiidyRLith thk Conponent
W. m Addition.: ol voer of the rb ne.2. 18 .10 fl uaroal cohal and

nor bonene &gg%%f]ﬁgeigr? na%(og?@s%mféﬂ&v&%éﬁe\g grna(%%g Tél.oémt?n%g@?%/?oqfieyhoc hol at e
0.76 5% (wefprsatfion tegardyfg palyphenytiau)f oniumtriflate dissolved in

cycl ohexanone, which was filtered 15 through a 0.45u PTFE syringe filter
1.8 This solution was magnetically stifregd—ewernifjght. Spin coating was done
using a Brewer Science Inc. Mdel -1 OOCB nati on spin coater/hotplate
ona 5 in. dianeter silicon wafer, Ty .00 orient. Devel opment was
performed on a Litho Te i
(Model -790). 20 The wafe
hexanet hyl di si |l azane (H
then 3500 rpm for 10 sec.
through a 0.45 p. syringe
60 seconds and baked at c
to 248 run |ight obtained by pa
Model - 82421 Sol ar Sinulator (1
filter which passes about 30%
30 sec through a mask with 18 p
to all ow various exposur e ogeg
for 120 seconds. The waferq
WO 00/ 67072 PCTI US00/ 11539 “artmon

and spi nni ng %} 000 rpmfor 5 sec. and
of the above s% ution, after filtering
s deposited and spun at 5000 rpm for
onds. The coated wafer was exposed
ing 25 broadband UV |ight froman ORI EL
00 watt) through a 248 riminterference
the energy at 248 am Exposure tine was
itions of varying neutral optical density
The exposed wafer was then baked at 120C
vel oped in tetramethyl 30 4 Novenber 2003
Un1hydroxide (TMAH) sol ution (ONKA NVD-W-

2. 38% TVAH
EXAMPLE 11
Component Wt. (em
Addition copolymer of the norbomene 2.18

10 fluorcalcohol and norbornene described in Example 10
Cyclohexanone 15.3
t-Butyl Lithocholate 0.76
5% (wt) Solution of triphenylsulfonium triflate
dissolved in cyclohexanone, which was filtered
15 through a 0.45u PTFE syringe filter 1.8
This solution was magnetically stirred overnight. Spin coating was done
using a Brewer Science Inc. Model-100CB combination spin coater/hotplate on a
5 in. diameter silicon wafer, Type “P”, 1.00 otient. Development was performed |
on a Litho Tech Japan Co. Resist Development Analyzer (Model-790).
20 The wafer was prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 ml of the above solution, after filtering through a 0.45 p syringe filter, was
deposited and spun at 5000 rpm for 60 seconds and baked at 120°C for
60 seconds. The coated wafer was exposed to 248 nm light obtained by passing
25  broadband UV light from an ORIEL Model-82421 Solar Simulator (1000 watt)
through a 248 nm interference filter which passes about 30% of the energy at
248 nm. Exposure time was 30 sec through a mask with 18 positions of varying |
neutral optical density to allow various exposure doses. The exposed wafer was
then baked at 120°C for 120 seconds. The wafer was developed in tetramethyl-
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~solution) to give a positive imge. EXAVWPLE 12 Synthesis of NB-Me-F-OMOM 5

A dry round bottom flask equi pped with magnetic stirrer, atqqidvte;ngg}zfoyynel
thernocoupl e and nitrogen inlet was charged with 4.05 g (0.16 m)lg] 95%
. sodi um hy®HQ 678Hd 300 nl THF. This mixture was cool ed to BETAmes/

of 46.0 g (dnhdAiuEDhydDEdMerTAPH soRkies LotkKhnemoSsamise, MR 30 ml THE was
added dropwz éo(rsﬁsulll ng in an exothermto 8C. After addition was conplete,

the 10 homoUeHEEL B3P GHOsH VeiBaet i rred at 5C for 1 hr. A solution of 12.0
mL  (0.158 nol) chloromet hyl met hEXAMBREE 1QAl drich Chem cal Conpany) in 20

m. THF was added dropw se r k rmto 10C. The m xture was
stirred for 3 hr at roomterr% %SE%%NV%NFEQF?&EEPQQ pitate forned. The

m xturedwas fi | fAdrgsounddotthe f@@k eguippodswith migniatid stkraQaddition fiftel, The
conbi ned f 'théﬁﬁéc%uﬁl@%a% Y\%%H'nﬂg.sﬂwas"é’ﬁ e&@ﬂﬁ@%lrga(bel% rﬂ@lgto gséptary

evaporator tq atlan oil in rohr appar at us at
40- Eoc and %5‘ PB‘}‘IFdeg%RFi@O@gnIZ Gt 8wy mpture jas cqqled o %omicqso lgtigp NMVR (8,
‘CDClC’% 3546& 45.0 9Y0.95) moB) N%CI)\(I%FZGHO Xproduc Grofh Bn{pR 1%@0 mY. ﬂQF&va%OG( Eﬂ y.

s
Anot her sa q%d(j{gé)wé?ee(?m’ﬂﬁng H’eansed‘r?g‘gg&%@& ‘&i‘g g%{gﬂi(‘ﬂaé&onﬁgg% €el enent al
anal ysil§. Gmmqgent@m sgluidn waB FBO&d at SCC fagl B7;A slutior2df 1200 nd2. 73.  Found: C,
48.54; H, I t@g@};@ﬁ py round
bottom fl as OSlesgurJl]:(g) 819109@1—,% mechani cal psﬁ%ﬂ?%g?éﬁc%c?&ﬁ%&y%ﬁ? unnel and
ni trogen i nl8t %@dé%?ﬂopvwﬁequitmgdg@hewr@ﬁarl@"éa Tha mixtgrerwas (0, 78 not)
of 95% sodigmeaye 3 Beataroema é}htuﬁﬁ‘wl@&lﬂw PeQpRatOMrmed NEhe Hikhigdwall Xt ure was

i opwt se. s a?ﬁ%ﬂfaﬁ%éfl%fia‘f@%@& %§¥ﬁ@?oﬂﬁise§g§mﬁé Hiatiing i xt ur e
| was st ilbr edwishingg2verne condehiBded aBthegotafy. éhaforawt jo anasl. almdﬁrlzmlnrs]ﬂ:)pm‘sz‘/i\lthstraOgFn 30
temper atur & Hrd %af"hg TR DS Y33 G bR PUREMIE 08 L0 on
a rotary e fa@‘éﬁ* d R @¢ ¢d¥el3p Qérés’u(ma 9%@5@563&&&%&0@% ed with

200 nL  watzy), aro@ fgiz@ghaiﬂﬁs%tstezo@&ﬁcim/aél@t@%gmumﬂ y.1gghenp was about 8. 0.
The aqueous gb@;rg é\,/a( tracted with X 15 e}Hher The conbi ned

et her extr aét %8 Gk B@CWE‘FH’ %prflpﬁ?fb‘ smectashion wes submRitRd ne  dri ed
over a@ﬂydrfonsleamdtahamal;sm f @dled. dodC G Blngl;F &L, @Bl 20NHAS.2DIRIA2 B aporator to

an oil. Ku l| t ) 0.15-0.20 torn and a pot tenperature of
30- 60 Cga\g/!%l 64? %/3—l B&’pforbfégt 1H NWR (8, CD,CI2) 1.10 - 1.30 (m

1H), 1.50 (d, IH), 1.55-1.65 (m IBXAMPLEd3(s, 31 WD 00/ 67072 4 Noverber
2003 | ' Synthesis of NB-F-OH

A dry round bottom flask equipped with mechanical stirrer, addition
25 funnel and nitrogen inlet was swept with nitrogen and charged with 19.7 g
(0,78 mol) of 95% sodium hydride and 500 mL of anhydrous DMF. The stirred
mixture was cooled to 5°C and 80.1 g (0.728 mol) of exo-3-norbornen-2-ol was
added dropwise so that the temperature remained below 15°C. The resulting
. mixture was stirred for % hr. HFIBO {131 g, 0.728 mol) was added dropwise at
30 room temperature. The resulting mixture was stirred overnight at room
temperature. Methanol (40 mL} was added and most of the DMF was removed on
a rotary evaporator under reduced pressure. The residue was treated with 200 mL
water and glacial acetic acid was added until the pH was about 8.0. The aqueous
mixture was extracted with 3 X 150 mL ether. The combined ether extracts were
35  washed with 3 X 150 mL water and 150 mL brine, dried over anhydrous sodium
sulfate and concentrated on a rotary evaporator to an oil. Kugelrohr distillation at

0.15-0.20 torr and a pot temperature of 30-60 °C gave 190.1 (90%) of product. 'H
NMR (8, CD,Cl,) 1.10 - 1.30 (m, 1H), 1.50 (d, 1H), 1.55-1.65 (m, 1H), 1.70 (s,

-
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PCT/USCO'l 1539 | H), 1.75 (d, 1 H), 2.70 (s, | H, 2.85 (s, 1 H, 3.90 (d,
Il H, 595 (s, | H, 6.25 (s, 1H). Another sanple preparqg\,ld'lvﬁf% 28(233”?:

fashion was submtted for elenental analysis. Caled. for
45.53; H, WQMBI0TE 39 28. Found: C, 44.98; H, 4.22; F, 38FPSH/UGMIANPLE 14

S%/_nt hesi's 1), Lu_ra;-s Ed,gmfo@%xﬁo,wm(sb@fm,m% tdi}_s’:tH)?SlgS p@qg))t/@.w (gjﬁgnet i c
stirrer, agel unne r.mocoupl e- and nitragen inlet was charged w
5.05 g (0.2°% %lg% S@g%e%e(?ﬂe?ﬁﬁl dﬁ’agrbe aglﬁanﬂﬁﬁsﬁ}%“’ﬁ%q%@eww{ue was

cool ed t o &eVsid Cglpdziag Cy oH (o @92 Cahp S 3INE, £1BHF w2 & diehdd r@pMi ¥ resul ti ng
in H2 evolytigonmng,gn exotherr to 6C. The mxture was stirred for 2 hr

giving a yel 'ow honogeneous sol ution. Chloronethyl nethyl ether (15.2 ni,
0.2 mol)) (Aldrich Chemical ConpEXAMBEE iddded dr opwi se. The resulting

mxture was stirred overni ghtymhdss oflesmBENMONT @ precipitate. The mixture
i washed 15 wwth 3-X 50 nL THF. The conbi ned

was filtered and . the s d was . Tl
filt r:at e and vva'g ﬂfynré’gn&g%’t@r’\é\%ﬁ%?ﬂ“ﬁ%eédm@hm&gnﬁ’t&Sélwrsé\‘iléﬂ&na@@ﬁel{ o a yellow
oi | . Di st ithératdcoupletind higro@ér inidh was thgbd@»htﬂqﬁi@%) (@D wSolRbf $9%47C and 0. 13
oocl 3?6‘{%89@%6&'@1%%%&?%5 BT Bk b opdlefto S Gapt &5 7% 1y o 60
(1 i{) 121)0,113(.()){2 zgﬁ)ﬂﬂ)ﬁ{mﬁﬁsﬁddedﬂkd)p“dée fk&u(tiihg,inﬂ(j)é,voﬁlz\iﬁﬁta(ﬁ&anZI-D y 5.96 (m

, 6. .ﬂ;ﬁg-ﬁ% et S) ot her sanpl e
pr epar ed ien %ﬁe s%lrsr?'f ashi on m&a@gﬂ%{f@%ﬁx}?@;%éaj&gﬁ% Oné?\gaelnﬁgligg). Cal cd.
for Cl3HLEPbten. Ehlorgmethy! methyhetber: (16.2 184, 8.8 melp (hidrictChbi@d; H, 5.03; F,
32, 01 BXfhfanpwasidicheripwiol. Me EaMibatnf LALAtLONNATLH Bfk W LN

mechani cal . stirrer, ther.noc l'e, addition ({)unne [ gen 1 nlet was
Svept  wi ¢ HORM1oBEE R REFRPIEAEr BiECmistes ot iiprechnd hpngid was wirksdand 13.1 g
(Oi ;32 1ol Ywitt 3 3596 SOATHIR ﬁlyfid;]dr?lﬁne&ﬁhiyzdé ??@ﬁhfkﬁhgs wértewbn@ng_gged(cﬂ% 4 g, g 5
nol ) was S a .f.eacti.gn t.enper.at ur id not excee
35C. Addi ?‘ﬁ%ﬁgi’%ﬁ%%ﬁggaig%%‘ﬁ" lbﬂgﬁgf ‘886’??‘?%‘6%& %?P%éiﬁg“ RBRYBYS30 to
facilitat eat3Pi47PC agd 0AB tar gave, aftérragsniadl fokedhot, a7 I p(Ih %@ oPpproducte, t he
m Xt ure wagy N&Go . t 118 I added
dr opw se. tHn exg?ﬂ%?%@gﬂg%g?@g%s5@;?%%&3?6\/82%&%@, ?égqgelac)\tl\??ﬁ m xture
becarme a @&FB&H@&%@P@&@Q (Bl H), .08dds i}, 518 (63 Bn 5t (mat! o6
(3175 0, k2 Il ) e, e e R 16 5C and

: : no S e opwi se re | iin_an exothermto an
f or mat igonofg’%“gl ?%%H\gaﬁi“i‘g‘féf e‘?me@tﬂi ﬁ’?%ﬁ%’%?'eaggg' é’f&g:ﬁ%wﬁﬁ@éi’ &-@ht/lat room
t enper at urld, 4.8h &, dAOuFeumda C f46. 2t d.¢M&F, 320¢. sol i d was washed with 100 ni
- THF. The conbined filtrate and washngs Jer e concentrated on the rotary

d

evaporator to an oil which was S a Kugelrohr at 0.13 Corr and
30 C. The distillate was purPyathesis ofy VEIF-MOM

25 A round bottom flask with mechanical stirrer, thermocouple, addition
funne! and niirogen inlet was swept with nitrogen and charged with 300 mL of
anhydrous THF and 13.1 g (0.52 mol) of 95% sodium hydride. 2-Hydroxyethyl-
vinyl ether (45.4 g, 0.5 mol) was added dropwise so that the reaction temperature
did not exceed 35°C. Additional THF was added to the resulting slurry as needed

30 to facilitate stirring. After stirring for 1 hr at room temperture, the mixture was
cooled to about 0°C and HFIBO (93.9 g; 0.52 mol) was added dropwise. An
exotherm to about 40°C was observed and the reaction mixture became a
homogeneous solution. It was stirrer overnight at room temperature. The solution
was cooled to 0°C and chloromethylmethy] ether (41.8 g, 0.52 mol) was added

35  dropwise resulting in an exotherm to 5°C and formation of a precipitate. This
mixture was stirred overnight at room temperatare. The mixture was filtered and
the solid was washed with 100 mL THF. The combined filtrate and washings
were concentrated on the rotary evaporator to an oil which was distilled on a
Kugelrohr at 0.13 torr and 30 °C. The distillate was purified by flash
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.32 WD 00/ 67072 4 Novenmber 2003 PCT/USOQ 11539 chr omat ography using 911
hexane/ et hyl acetate to elute. There was isolated 82.3 g 415&@@&“20@5 oduct
as an oil. 1H NWMR (8, CDC13) 3.44 (s, 3H), 3.75 (m 2H),

-4 04 (ddwaotd7074.17 (s, 2H), 4.20 (dd, 1 H), 5.1. O (s, 2H9’CT/H5®01%3§d 1

. 19F N . fashi on
w5 subnt TPEaCETY Bhing At fexahURLOP LR RTR Rt SRREE G RofiB I T55T )
H, 4.52; F53Y8@fptoduroased:oilc, ’HsBIMé (SHDE1HG;49K(s, 313), 3775 EXAMPLESL6
\Iggpglhg?eg Iﬁfvpijn 2 GhH, 1 tk?rhgw&,yzk{)/%@w {@& ema)nsi 16'{&57@29@0{%35@88:1;6 vessel
tent- but3| P"’ ME?%C%%% )rﬂ%éf fmt STRPR rep%re i er%é@ﬁ??s Het%te, 0.5.9 of
ggt assigm gamlﬁﬁaafce ebnibnthil dnglysif. YardOf? quﬁHmchfOiU 03?38&47 Gﬂe4lc§llenﬁurs and
mpany, n s closed, cooled in dry ice,
evacuat ed é%%l ﬁ%?be8F5%4ﬂ Qﬂ ésfgﬁg;%%nl) of TFE. The vessel contents
were heated with agitation to 50EXAMBREdfai ned for 18 hr resulting in a

‘pressure 15 drop fr ng%fz,,@g RO, téFhBuﬁﬁ%ﬂ&@*la%del@ ed to room
tenperature and vente The vi scous pol yner. s

i on was renmoved using
acet one as needédzopdﬂLPF@%‘lfﬁﬂﬁsse*WP% %‘?%Eed "YHBJ%QI%@aVem\WésOfadded slowy to
eXCﬁSZ 10 csﬁ\mamm 3122 [ @mﬂﬁl) tertifityl RicBaatp) 4%@%ma+t Yurholas nill Ilt gr ed, .
washed wi n.a vaguum ov Y o) e
el e pol vl fei T 5of Roiafkudn ERTNED 4 Bor Vas e @l R B 9, OL 535
(t-Butyl ade ylame)xxs aBd Eofmpany 3Wiintisgton3DE).( $he am#elélw%:l()w)i cc(qlqrnilegr al =
60.8) (VE i GH. evh Qe g PGB} & 4101 iy Jefert e pLediBhicc 60, 7

CF2), -75. i nter g%“ 19F NWR spectra, the
pol yner cow@she@tedmﬂh@f@amm &dandomaistaingdfor 4 B daresyliingdn a@rﬁsw,ra as

fol lowpss  dRpiRine2% dﬁzozv;ﬁsd Tﬁ@%s-gglﬁwas‘l&ol@il@r%ﬂ&ézh]é@dmfréﬁﬂﬂ')éacateﬁ OH and 17
nmol e % 25 |ved fromt b“tv&’asﬁ;%gé 09200, M.T, =

362900, MARf viscous pg MesaE ution acel‘—?ﬂ?ﬁé “e?,dl edygrzgeand ' 3 45 F
45. 73. A SfiteiedhThe fteand whi addedfsidvile tp@kmercelmatmymladﬂmcEnoIﬁhe was nade for

spi n-coat i - £ ﬁ?]_[l’gp r A3 AP Jeqn
coeffi ci-en?ggﬁt%%%ﬁ \/\/als“%g?Eeﬁm%ﬁ%d%q%%gequaggeqﬂ?a gfné E:ghi ckness
of 137 nm Rntfi Eatoi giee 41-figgH thidiiepolygerof HINMRs(Sal HEc48) 13“63 EeMALE 17
er pﬁlt yqrrﬁr ob (M al%z)t(@ehryﬁi%wateé\cz B|(1]§4) e, a@gds §lf§ ald4n I emer MiISecu: ;ﬂ f
| g e I’ OC (0] (0] no (0]
VE- F- )&{!FI)':I‘X ?Jgﬁt qgéwlﬁa@ ﬂ{i{f 5 i 93??Ie«ew?ésf3t =anol , 25 ni
: 60 7, CF2) -75.8 (s, intergral = 100). From the 1H and 19F NMR spectra, the
polymer composition was calculated to contain repeat units derived as follows:
43 mole % derived from TFE, 40 mole % derived from VE-F-OH and 17 mole %
25 denved from tert-butyl acrylate. GPC: M, = 109200, M,, = 362900, M,,/M, =
3.32. DSC: Tg=17.5°C. Anal. Found: C, 36.25; H,3.45; F,45.73. A 5 weight

% solution of the polyrnér in cyclohexanone was made for spin-coating, film

sample(s) were spin coated, and the absorption coefficient at 157 nm was
determined to be 2.26 um-! at a film thickness of 137 nm indicating a high degree
30 of transparency. ‘ :
| EXAMPLE 17 |
Terpolymer of VE-F-OH, tert-Butyl Acrylate and
TFE with Lower Molecular Weight
The procedure of Example 16 was followed using 40.2 g (0.15 mol) of
VE-F-OH, 6.4 g (0.05 mol) tert-butyl acrylate, 50 mL of tert-butanol, 25 mL
isopropanol, 0.5 g of potassium carbonate, 0.5 g of Vazo®352 and 30 g of TFE.

(U5
h

The isopropanol functions as a chain transfer agent. There was isolated 32.2 g of

polymer having repeat units derived as follows: 38 mole % derived from TFE,
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i sopropanol, 0.5 g of potassium carbonate, 0.5 g of Vazo(c)52 and 30 g of
TFE. -The isopropanol functions as a chain transfer agent ,NReLE 4863

i sol at ed f pol ymer having repeat units derived as s 9’38 nol e
% deri‘ved‘\%]g)r((?)‘]{r?‘or%E, 33 WD 00/ 67072 4 Novenmber 2003 PCT/ US&%%@% 21 ol e

% deri ved flomolresretvedfamEdfoé sadidlr mokeds idevvadtfant idmbyty] acyigteat e by
NVR anal ysits: NSRCandWsis: @9@9,]\4!\/&&/@@@%,\” MNGM&)’FI A96.» fa al!:lgéjunn%:: C.
36.87; H 13, f 42.9 MPLE “18" 5 Tet rapol ynef of roornene, VE-F- OH,

te-rt-iBUtS/I ﬁc‘?‘%}%é%’gﬁd%ﬁgﬁ 200 mL pressure vessel was charged with 14.1
g (0.15 nol) norbornene, 20.1 g (Exgnﬁ)umtslvetp _C]-I],c 9.6 g (0.0752r5mlm)_ 9
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ot at i phAgalted VI e BB wRh G dibiondiotntee scencesinenst
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i Vi 29. : = 00, .MV = : = 1.89. :

To L 960 AadpLpliuiehna Wged, ML poi g0ty tovkn it e nt e on of

t he pol ynet© fise- Regptodwiinnewaseeoncenitried o a mypary-cvapmtitery, THeirbsidseawns e(s) wer e

Spi N coat edissandd LNEHALSARL A EPIROBELGLE McR THOL AT ASigh er M ned to
. fi t hi. ckness of, 78.6 nmanc?B. 6 mlat a Tilm .
Ui ot 1§5 g Sasélé’%% i, E‘Rﬂ\wg’si%dﬁéf%wﬁ@ of 50%\petharal e waleB- EbeH and TFE ‘A
t hi ckn€ss . T ; - j
200 L pr esslid evay &obedd Mdriﬂd&h@%c%r?b{éxﬁgi&ix@ p. 0 gﬁlwﬁ?ﬁeffmriéo; ng[ Eg; gegﬁa
: : I i NB- Q. _ 2-1r1 rotrifl uoro; :

129 of Pertmdai i M0 MM 580 PSad e S8 Ganrt R o
evacuat ed ah@% hapF8dFiea.H8.48 Sgwi % stution|of tlaf polffer i ehepemont waont ent s wer e
ool od fo roatrpibfodhe flm MPIRD AR $REc0Re BB B b hae added

ed, o ro enper € : [ dde
(s:fjgwl SZOE 0 50%%@%%58 T s delgrminsd fabrod- | iy bats filny thicknessid preci pitate
was filter@8,6 maahed.26Wiht B EMANRckAdd ofl62.66ni. N @ vacuum oven at 75 C to
give 13.9 g of the title polyner (8, THE-d8) -75.7 (s, CF3
groups), -95to -125 (m CF2). F +t egral ratio of these peaks, the
pol ymer was cal cul at ed Terpohene aféerhornene, NB-F-OH and TFE

A 200 mL pressure vessel was charged with 18.8 g (0.20 mol) of

25  norbornene, 29.0 g (0.10 mol) of NB-F-OH, 75 mL of 1,1 2-trichiorotrifluoro-
ethane and 1.2 g of Perkadox®16N. The vessel was closed, cooled in dry ice,
evacuated and charged with 45 g'(0.45 mol) of TFE. The vessel contents were
heated with agitation to 50°C and maintained for 18 hr. The vessel was cooled to
room temperature and vented. The polymer solution was added slowly to a

30  tenfold excess of methanol while stim’hg. The precipitate was filtered, washed
with methanol and dried in a vacuum oven at 75 °C to give 13.9 g of the title
polymer. '9F NMR (8, THF-d8) -75.7 (s, CF3 groups), -95 to -125 (m, CF>).
From the integral ratio of these peaks, the polymer was calculated to have repeat
units in a 4.2:1 mole ratio of repeat units derived from TFE 1o repeat units derived -

35 from NB-F-OH. I3CNMR (8, CD»Cl5) 20 - 45 (int = 448.63), 64 (int = 14.63),
74 - 86 (int = 31.92), 114 - 128 (int = 149.56). From the integral ratios of the
carbon spectrum, the polymer was calculated to contain repeat units derived as
follows: 47 mole % derived from tetrafluoroethylene, 40 mole % derived from

34



.units in a 4.2:1 nole ratio of repeat units derived from TFE to repeat
units derived 35 from NB-F- CH. 13C NVR (b, CD2Cl2) 20 - 45;&(5‘;3;“1)“2@, . 63),
64 (int = 14.65), 74 - 86 (int = 31.92), 114 - 128 (int = 149.56). From
-the integwalowéeizos of the car bon spectrum t he pol yner vm“rf@awum ed to

contain regqg)?é] ri'ftgHe jlgrzhé{ﬁ%ﬁ;r dqlrérg\(\@r E% Of/v[de%w from

tetrafl uor ene, nol e erive Novenber »3 WO 00/ 67072
PCTI US00/ 11589 Hémﬂﬂn Fehél aﬁacliamlﬂ%d‘émﬁlvﬁduﬁdr End NB7FHGH76:GRC. Mh =
7300, MW = 3814000, MN Mh = 1.51. DSC: Ta = 157 C. Anal. Found: C, 51.47; H,
4.76; F, 38.07. EXAWPLE 20 5 Cop f. VE-F-OVOM and TFE A 200 nL
pressure vessel was charged with %‘é@@i@?&la nol) of VE-F-OMOM 75 nL of
tert-busanol, 0.5 g of pot@mﬂmmmﬁﬂlﬂm%m%g of VazoO 52 (E. 1. du

Pont de Nemours t sel s cl osed,
cool ed in dr%/ |c’g88%\$§tnﬁ F%ae "??ae vﬁag g%fge‘PE%tH%% gg(Y)eI B ﬁ%ﬂ) of 10
tetrafl uoroé %@M@M Thenly ebestbutanet,dhi & ofyertesshisatacbnate anddlyd ganfi on to 50C
and mai nt ajpee fHqi i—%luWonE@@Wc}doﬂﬂs dn'a C%HQJ ?S\N’flﬁmfgﬂ'p Or8R3slg 178 psi.

The vessel was cqoled to roomtenperatur vent e viscous pol yner

sol ution wa¥2s Geskgeg] qslslpﬁ’gmfée@@ﬁ%a%aq#ééa@a pithdes8.24mpe) 120 nl) was
added aod tibgaflud ene/vameaglsgeamdemwe H&Qﬂé@@ﬁﬂhﬁh‘gﬁﬁnoﬁrﬁ&%op@ahﬂer sol ution

dded s| 1-f ted solid
Was col | eceRMBIRe é??a fi BiCdtig B EBSRESAPE PP SO AR eIl a. vacaum
- oven over nivgstcoated 70 ©agn termgpratdreZang ve ﬁ@ﬁé)Tbefvmuehnaisztnecs@luhmdwaiH NVR ('S,
THE- dg) 2. 4. 17

2 a7 (bl il sl b ety ok s Bootindl Bled g ) C37 (o
gr oups) - TOBtrg wag pgitqteq u@ﬁipmospmus h&hg mlb@rzraaolu{@mwﬁsatﬂdgbslpwéy 19F :

absor ptisonge ahi @] PO EHEEss CPRBARET TRE pePitated S11d \ﬂ&dco‘llgctQ@ o @fpRsed. of
repeat-units, as follgws 5,_]11 l.e. % derived from TFE a 49 nol e % deri ved
ind e i

from VE- F- ngd in@sgacup oxergasapght Qers: MW M =
3.68. Anal 44Fbg1(ﬁ[)%ﬁqfa&5elﬁi: sblid. 3V NME (5, 4HI648) I5\MRLE)23.40%s, B pol yner of

Nor b d with

18 8 ¢ ”e”eﬁo&“ﬁ%@ﬁg eIl 10 QAL Pt E P S TS AR R G Y o
1,1, 2-t ri chitdF-g8}+13-86% 6F; eronpsh - Hifdto:125 (mofFPe Fremd theGudiral Tie ¢fssel was
cl osedppcoqhethri rﬂ)sgx;leoh§$he &yﬁeyéén%bsﬁm u?a@%ﬁﬁﬁm\éﬂl H‘be‘lé)r%ocfsgci%? mol ) of

TFE_ The vessel heat ed itation to

were” 3
mai nt ai ned TFRfRL Wit As fo fnﬁﬂ‘u‘és 'vekple v@gerbvﬁélfr@ﬂl Tﬁgaﬁl%ﬁ?ﬁ‘l"@nﬁé}eﬁkvﬁﬁle and
vent ed. TherdqnMBIBEONKOIML m:V\BgS apcted @COV\W =1 §2880; M,, = 304800,

M,,/M, = 3.68. Anal. Found: C, 35.56;H, 3.51; F, 45.61.
EXAMPLE 21
25 Terpolymer of Norbornene, NB-F-OMOM and TFE
A 200 mL pressure vessel was charged with 18.8 g (0.20 mol) of
norbomene, 33.8 g (0.10 mol) of NB-F-OH, 75 mL of 1,1,2-trichlorotrifluoro-
ethane and 1.2 g of Perkadox®16N. The vessel was closed, cooled in dry ice,
evacuated and charged with 45 g (0.45 mol) of TFE. The vessel contents were
30 heated with agitation to 50°C and maintained for 18 hr. The vessel was cooled to
-room temperature and vented. The polymer solution was added slowly toa
- tenfold excess of methano! while stirring. The precipitate was filtered, washed
. with methanol and dried in a vacuum oven at 75 °C to give 21.9 g of the title
polymer. 'THNMR (8, CDCl3) 1.0 - 3.0 (m) plus peaks at 3.45, 4.0 and 5.0
35  assigned to 8 H from the NB-F-OMOM monomer. 19F NMR (8, CDCl3) -74
(CF3)and - 95 to - 125 (CF5). From integrations of the NMR spectra, this
polymer was calculated to contain repeat units derived as follows: 46 mole %

derived from TFE, 41 mole % derived from norbornene and 13 mole % derived

35



tenfold excess of nmethanol while stirring. The precipitate was filtered,
washed wth rret hanol and dried in a vacuumoven at 75 C {Qyf8kMEer2b09 - g of

the titleyd #B - HNW (S, CDC13) 1.0 - 3.0 (m plus qqg@?@}&l%g

4.0 and 5.0 aSSI nedto8Hfromthe NB- F- OMOM npnoner .
CDC13) - 74 Iremp83-FAMOMOGRG M, £2%000M,,)= 8APOIMi Vg gT BE1.0DSMITSRe NVR

Spect 3, t i eOLIaas gb@w@t@%tlﬂ 201 3l 845 9PERLLE,IeT [ ved as

foll ows: 46 l e % derive rom TFE Ive F 8m Hor bor nene and
13 nol e % dRHYDEI" 35hepianeny waromedulonsparmsaing.oois sanmie(sEeerd spis39 from

NB- F- OMOM  ddifed, dvid the BtidfhtiolMaosti8kaDat 1MW MV wasiﬁeé%‘nn{@@% bl-@é?? a7 C. Anal.

Found: 4. 35 38. % t.i.on of the po ymer in
2- hept aflgone mgﬂmﬁg{(%nefsapf@g?ﬁn%ggl @g“mflfllt gﬁ‘rﬁ? 8Pkn coat ed,
and t he abswodipttingthatohd pmlgmenisaa‘ng}ﬂlﬁirampmamsmiemﬂrm ned to be 1.62 .m1 5
at a filmthickness of 76.9 rim apg hyBPppart at a filmthickness of 44.8
nm indicating that the polyne transparent material. EXAMPLE
22 Copol ymer . of NB- F- OH an@WWWNM-@EgMJTBEvesseI was charged with
58.0 g (0.20 nolA 206 zzr%u}:e'\gs‘kelﬁs Bharféd dich 5.0 %g@b 4 b 1 uor oet hane
co0

d 0. 6 d
Z\r/]acua'?]é]d gﬂ%%e{?g? Ry ﬁal\lgﬁr’@hqo Ve@‘@rﬂﬁhmﬁ%gnd?@ﬁg (’ﬂ?éﬂ#’élﬁ?ggirl]@&r)%t la(r:rf s

wer e heat ecﬂ'}wmebsehgraft ebsedncddebD@rang, eﬁ&hﬁlttealaﬂedh&@éd #3thwo g The vessel was
cooled to r and,vent ed sol uti was, added
slowy to (Iglr#1 qm%e ev?ssﬁ%g%ﬁ‘étsﬁﬁr‘? Caltg‘??%{‘gealg FAgon ‘ﬁ@dl&% pitate was
filtered anﬂaldﬁamd forml 8chry Jba wasselveas @iolei00 rGomaemperatur? atd gembd.pol yner. 1H
NVR (6, THFd , m 1H). 19F
VR (S, THEF dg)o]ylné;’ soluﬁox@u%gggcﬁ:hbsbovﬁ?r%o a ie;tggxl(:‘égc F%f hegg% w]iTJIé 142C Anal .
Found: €, Hi@ epseceiztatwa&tﬁhem sbinaregcugmsensmasd 09 SCao 2ive M |
aqueous t etr agef [pylyaterp M INMRYE| DHF ) I/S 53 pin/esn] usi-am gfi, 3ipe spol ymer 20

and the. angbipN ok TUR fr HERSLEE % A L NS U R
afilm t hlldlz?féséndf Feund C.i4n14nH, 3.620F msl14tTie palymet disaiveasia 0016 52. 3 nm
00, 2t ok B s SRSl B
char gedOwi tih 225pignepewasTDaderoy smR-coMmgrfitth saamla(s)gwr@ spid eeoter, arid NB- F- OVOM,
75 L of. m&ab%altpslbﬁ Bbémistent 4t 9P LRy wh! fadteniatdiPodr 97 Am-Paf Kaggx(r) 16N
The vessel thic ess ots .5 m(r:xoagldel 40 pmqra¥ a f(im thickness of 52.3 nm, indicating that
the polymer is a highly transparent material.
25 Terpolymer of NB-F-OH, NB-F-OMOM and TFE
A 200 mL pressure vessel was charged with 29.0 g (0.10 mol) of _

NB-F-OH, 33.4 g (0.10 mol) of NB-F-OMOM, 75 mL of 1,1,2-trichlorotrifluoro-

ethane and 0.8 g of Perkadox® 16N. The vessel was closed, cooled in dry ice,

evacuated and charged with 30 g (0.30 mol) of TFE. The vessel contents were
30  heated with agitation to 50°C and maintained for 18 hr. The vessel was cooled to

room temperature and vented. The polymer solution was added slowly to a

tenfold excess of hexane while stirring. The precipitate was filtered and dried in a

vacuum oven at 100°C to give 7.2 g of polymer. 1H NMR (8, THF-d8) 1.0- 3.0

(m), 3.3 -4.1 (m), 5.0 (s), 6.8 (m, 1H). 19F NMR (8, THF-d8) -73.8 (s, CF3),
35 -75.7(s, CF3), -95 to -125 (m, CF,). From integration of the 19F NMR spectrum,

the polymer composition was calculated to contain repeat units derived as follows:

27 mole % derived from NB-F-OH, 27 mole % derived from NB-F-OMOM and

46 mole % derived from TFE. In contrast to the polymer from Example 22, this



evacuated and charged with 30 g (0.30 nol) of TFE. The vessel contents were
30 heated with agitation to 50C and maintained for 18 hr. ;TR Y659603 Was
"cooled to_roomtenperature and vented. The polyner solution was added
-slowy toVOMWEHH d excess of hexane while stirring. The FPCIMIOALBe was
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rom na. - oo B ERE D0l s g 1980 MREnddd BT Pved | rom
TFE. | n Zonfimghickoesshd 50Inmer from Exanpl e 22, this 36 4 Novenber 2003 WD

00/ 67072 PCT/ US00/ 11539 pol yner wagyh b® be insoluble in 0.26 M aqueous
t et ramet hyl ammoni ution of the ol yrrer in

dr ox :
2- hept anone was U.g]%‘pf’ F%B#ﬂorbeﬁ’&f“? ’ﬁQHQﬁMJ b IEEspi n coat ed,
and the absorpti anzo@ﬂﬁip@ss@f&tvegger Wi cHakgBd M@?I@@%G{P fﬁﬁﬂ)& be 2.40 m} at

afllmthlckn ss_of a ness of 54.9
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closed, coBPRENME wege hegtedewitleggitation wﬁﬁﬂohndhmganhemfmﬂm JHeOved&elmol )  of
TFE. The vessekoole@® RSP b AnIEAAAntldl THR LS LA OwaGaagd mai nt ai ned

for 18 hr. The.vessel was. cooled to rogmtenperature and ven ted. The
vessel cont Sopdy exeaaf methangl- yThepregipitate was washedwyidmethanolning
preci pi t4at edmasxmmsimﬂm\teht EivBaITQ ofgydllyrddr. dPF BRROUR armasawm%en to give

75 to d -95 tO - 125

?CI7:2§J 0]Ic:r (IL;(r)nI ied B of (lgﬁgggaegé%mt?%@l%qﬁg %ﬂ@ t"{“@ﬁg FaRf s derived

from TFE tofﬂpéﬁiéﬁtltslﬁlﬁnvgd femiTFEdo frepeat uriisiZe@AaH7@CF3) 70H, in the pol ymer
8200,

MM = 1 ?S%“t@%m’r%fun 08 Bpthe pofimes sk ebipuidliri B 3. 5 BsC i e 28

Honopol ymer dfsépl\qg ’?ﬂ#lﬂwex%l Mudmonb62.atael. H@Wo@yﬁﬁaﬁ?zatl on of

a net hd@ly nHt h.ySﬂ,F,ed:h%. prot ect ed norbonene fl uoroal cohol, to give a

polymer that is insoluble in 25 EH}X&EPPIHESe devel oper and has good I
transparency at. 157 nm (Abﬁﬂomé}aomnle)rof@%-F bgeen. 0.045 g (0.11 mmol)

of the allyl palladiumco
This example emonstrates homopolymerization of 2 methoxy methyl

ether-protected norbomene fluoroalcohol, to give a polymer that is insoluble in
25  aqueous base developér and has good transparency at 157 nm (Abs <4 pm-1).
Under nitrogen, 0.045 g (0.11 mmol) of the allyl palladium complex
[(n3-MeCHCHCH2)PdC]]2 and 0.08 g (0.23 mmol) silver hexafluoroantimonate
were suspended in chlorobenzene (20 mL). The resulting mixture was stirred at
room temperature for 30 minutes. It was then filtered 1o remove precipitated
30  AgCl. The resulting solution was added to 4.0 g (11.5 mmol) of
NB-Me-F-OMOM. The resulting reaction mixture was stirred for two days at
room temperature, The reaction mixture was then concentrated to dryness. The
crude product was taken up in écetone to give a 4 wt. % solution, and filtered
through a 0.2 pm nylon filter; the acetone filtrate was then concentrated to
dryness, affording 2.19 g of addition polymer. GPC: M, = 8253, M,, = 15073,
Mu/M;, = 1.83. Anal. Found: C, 47.83; H, 5.34: F, 30.31. 'H (acetone-dg) and
13C (CD,Cl,) NMR spectra of the polymer were consistent with the saturated
vinyl-addition polymer shown below:

[F3
th



[(rl3-MCHCHCH2) PdC] ] 2 and 0.08 g (0.23 nmol ) silver. hexafl uoroanti nonate
vvere suspended i n chl orobenzene (20 nL). The resul ting m xNenwasossirred

roomy, ure for 30 mnutes. It was then filtered
pr ecipitat e@@ﬁﬁ%gu The resulting solution was added to 2’%65‘%5?){%3% nmol )
of - NB-Me-F-OMOM The resulting r ixture was -stirred for two days
at roomtenperature. The reaction was then concentrated to
dryness. The crude product was ta up/ijn acetone to give a 4 wt. %
solution, and filtered through a D. nylon filter; the acetone filtrate
was then concentrated to 35 dryness, a rdi ng 2.19 g of addition polyner.
GPC. Mh = 8253, Mwv = 15073, I\/Wl\/h = ¥’8%3. Anal. Found: C. 47.83; H 5.34;
F, 30.31. ' H (acetone-d6) and Cl12) NWR spectra of the polymer
were consistent with the saturat gg ¢ nyl -addi ti on pol yner shown bel ow - 37
- WD 00/67072 CF 3 0 4 Novenber PCA/ USO0/] 1539 The pol yner was found
to be insoluble in 0.26 N aqueous t et¢ arnet hyl ammoni um hydroxi de, but
sol uble in organic solvents includingdetones. A5 w.%solution in
2- hept anone was made for spin-coating, filmsanple(s) were spin coated, and
5 the absorption coefficient at 157 rimwas neasured at two different film
t hi cknessed he pelymer wapiouagd tebe inspliblin §.36 Noaguegus Btrahethylammnesinm il m
t hi ckness) h?cl}@x@ea:?m RéThBle (9 aﬁicféoh\mntt@in% NetorkeXAMPS-G1 36 sGiaRgh ymer  of

NB- Me- F- OH, agg NB- Me- 0 This exa enonstrates co onrrerl zation
of an unpr 8t ?Igﬁfwnﬁé"faﬁﬂ’réﬁ e %H“EIGP@E}%: ’6‘I Sawpfqﬁs)aw‘?%ts%)@@a

et her - pf ot detabsbrptioibarefftsient af Ilﬂbhl aaeohRbsurédhtavol REeehbliin® = 75/ (215), to
ive a co e n ueou ase, Under

%I t rogen, pg.[ %%%se% Bﬁ%ﬁdé& f et‘%&heao@%‘%a??g nfseﬁn%?ﬂ _

[(r] 3- Nt(]—l@]ﬂ(klﬂet)spd@]}@ amy! Cﬁ%ﬁgilmlthitkmm)) si | ver 15 hexaf| uor oanti monat'e

wer e suspended in chlorobenzene (BQafkpyphe resulting mxture was stirred
at roomfor 30 m'nutgs. It was then 11 red to renove precipitated AgCL.
_The resul ting sol uti SAPAEBERARIE-Ms-ErQhl epd NB-Me-B-B40y1 (15. 3 mml )

NB- Me- 8 OMOM 1748 egarﬁﬂsdemaﬁma):ed\&ﬁwyrﬁm%noﬁ@@an teehanzene (-80 ni).

The resultln reac was .stirre adas oom
t enper at ur € '%?ﬂlgn%ﬁﬂ%'galﬁ?@g%ﬁl HEEhRY Mg y{ ? FreraEe \‘?anﬁz@d'l’?ﬂet ation in
hexane. Thilgoneiceldl ginolanfeet aktem=T75/15), mcgvoneopadymerdaris4nsulubl8asol uti on,

and Ii1t Chafobl AN AV eford 2URBU MEBEer. 10 34E (0 T T PRE Y] Lr At e vas ! hen
palladlum complex [(n3-MeCHCHCH;)PdCl], and 0.43 g (1.2 mmol) silver
15  hexafluoroantimonate were suspended in chlorobenzene (30 mkL). The resulting
mixture was stirred at room for 30 minutes. It was then filtered to remove
precipitated AgCl. The resulting solution was added to a mixture of 5.33 g
(15.3 mmol) NB-Me-F-OMOM, 14.0 g (46.0 mmol) NB-Me-F-OH, and
chlorobenzene (~80 mL). The resulting reaction mixture was stirred for 3 days at
20 - room temperature. The crude product polymer was isolated by precipitation in
hexane. This material was taken up in acetone to give a 4 wt. % solution, and
filtered through a 0.2 pm nylon filter; the acetone ﬁlfrate was then concentrated to
dryness, affording 9.6 g of addition copolymer. GPC: M, = 13119; M,, = 17916;
M,/M;, =1.37. Anal. Found: C, 47.30; H, 4.76; F, 33.77. 1F NMR (8, THF-dyg)
25 -74.8 [(CF5),COCH,0Me], -77.8 [(CF3),COH]. 'H (CD»Cl,) and 13C (CD,Cl,)
NMR spectra were consistent with a random saturated vinyl addition copolymer.
From integration of the 19F and 13C NMR absorptions the polymer was |
determined to contain repeat units derived as follows: 79 mole % derived from
NB-Me-F-OH and 21 mole % derived from NB-Me-F-OMOM. The polymer was
30 found to be insoluble in 0.26 N aqueous tetramethylammonium hydroxide, but



.dryness, affording 9.6 g of addition copolyner. GPC. WMn = 13119; M =
17916, M,,,/Mr = 1.37. Anal. Found, C, 47.30; H 4.76; BnR3mbd2089F NWR
(8, THF- (é%) 25 74 8 [ (CF3) 2000H, C]VE] -77.8 [(CF3)2C0OH]. 1H (CD, Ch) and

- 33C (CD7TOMD)VVERR spectra were consistent with a random satRETAISSEIAsENY |

addi tion C%Bﬁfb}’enfﬁror%anﬁré?ﬂmén@ RO Ses! %SJVQJ:%@Q/daéﬁﬁoNNR absor pt i ons

t he polyrrer ermned to, contaln_repea erivedtas fol lows: 79
mol e % der |~v1é?P‘4"PBWﬂNB’a%f¢ s wnslﬁmﬁ%ﬁnp}@@memm certedBad/theF- OVOM

The poly rrerabmptzc&ﬂctfeﬁitﬁdmt'faﬁ 19®rh ﬂﬁa@'nh&hls@‘eﬂ Bt Svo2B ke ﬁﬁ‘i'ﬁlcknesse_? )

t et ranet hyl X but 2003. WO 00/ 670
PCT/ US00/ 1 Hl{p%?&/arf‘gh ’?"3’8?‘?’”&@ sU ?/élﬁ‘% s\(ﬁe%bc‘g Gdmithickassshend A 5 weight %
sol uti oA i WQ%médﬁ%érfdwm}mnashe for spin-coating, filmsanple(s) were

spin coated, and the absor pt| on > {ip at 157nm was neasured at two

di fferent il m t hi cknesses. ed are the follow ng: 3.45
ml"(562 A filmthi cm§b)meérﬂf@ Vieb- @qumm -FiOMQMi ckness). EXAMPLE

27 Copol ymer of TH MamfpiekinidihubMes Uondiy SEMrioF b SXBIIRLGelemonst T at es

copol ymeri zat,i on_of, an rotected  norbonenpe fluoro wi th a nmet hoxy
met hyl et h&F: bﬁPb%@PBﬁ”ﬁBB ﬁ'gﬁénelb‘”ﬂi %‘ihésb?té%fhwmﬁél nrbeTaeRE rati o =
80/ 20) 10t o fiypumlcahddpmilatfesd tahiat= $(yzmmngqubheopayn@ﬂﬂﬁm&naﬁﬁﬁe devel oper.

Und t 6 t | |
a5 wcrraspys e s telb et tEeplln, 0154 84 bl RESBraaEy oot § monat e
were suspe® ‘ifhC@Iﬁpbﬁdbﬁnh’bﬁé{QB@Halecﬂﬁrwdﬂbﬂshg(l Rgumai)xHiwre was stirred

at room f ohex3@1ubH I RL itated
AgCl . The rgsulut |dr%g&§2?a&% }Ve&o@ﬁgbpﬁd(}geg cmhgcgﬁ%%tetgrggﬁife) % reﬁﬁfxﬁg,z 3 mmol)

NB- Me- F- OVBRFIUIS™ES Sired 6t o n3O0NpinvgesE Hopas thee filteredde é@éﬁ\zfene (-80 nL).
The redfil t pregipierdtgd). Mhe resudting®haidn warhdded td a #axtuat of 4. 9@m tenperature.

The o1 ude PrRHGlPRRITET: Mok PUs% PR biELRLLRLE R0 “SES”SO s
filtered tBhomprnzEne( 30gﬁ~hyTMr$thmgn¢amlhe ndgerowes bidréd fifra dagst t hen
S83e M - rebrd &mg‘ff*‘*gs%e 7 BridToq: Batbufhs Vas RAHLQ B9 piRBGREy 75 M 7
31.98. 19F W( ISW%V%mn@p[lpngpmmwé]m Yysolatigr, @Rd) 2COH] . 1H
(acet oite- dBjicmddudds  (RpurkhZlonMiirsthe %Eélztané’\ﬁfn%tccﬂﬂﬁth%h @Bhedtrhflagy T andom
saturate ro ion of e

absor pt i on}siry?l %‘g‘r@%%n%@&? g‘@?@?ﬁ??ﬁe‘ﬁ“’?b @%ht éﬁm §5§a1t/[“un|19%34der| ved as
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NE- M- F- OMEM s (P EORIH R 077 MNR ST GR1SIE [ fBlontld,al B PO! YITEr bei ng

derived from repe t units as
Cl;) NMR spectra were con51stent with a random saturated vinyl addition

25 copo}ymcr. From integration of the 1%F NMR absorptions the polymer was
determined to contain repeat units derived as follows: 80 mole % derived from
NB-Me-F-OH and 20 mole % derived from NB-Me-F-OMOM. Quantitative 13C
NMR was consistent with the polymer being derived from repeat units as follows:
85 mole % derived from NB-Me-F-OH and 15 mole % derived from -

30 NB-Me-F-OMOM. The polymer was found to be insoluble in 0.26 N aqueous
tetramethylammonium hydroxide, but soluble in organic solventé including
ketones.

EXAMPLE 28
Copolymer of NB-Me-F-OH and NB-Me-F-OMOM

35 This example demonstrates copolymerization of an unprotected
norbomene fluoroalcohol with a methoxy methyl ether-protected norbornene
fluoroalcohol (molar feed ratio = 85/15), to give a copolymer that is sparingly
soluble in aqueous base developer. Under nitrogen, 0.24 g (0.61 mmol) of the



85 nole % derived from NB-Me-F-OH and 15 nole % derived from 30

NB- Me- F- OMOM  The pol yner was found to be insoluble in 0.26;N.Agu

t et r amet hélﬁéimmm um hydr oxi de, but soluble in organic soI % ﬁﬁia gl ng
ket ones. e Dg Copol ynmer of NB- Me-F-OH and NB- Me- F-

exanpl e demnﬁtgaan@anmmlymﬁmpM&CH@}MH@M@th gdl 2 n@xﬁdlpﬂme
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mol ) of e WRA0KAIOREH bRy enen 2000en BETLAISON L8Rl gPal fadi um

conplex [(rl 3-M Bwéf% 2 and
hexaf | uot oaft-# FERE & ek SBYiaby8 Er‘S%aPHPQJb@ﬁ'ZMﬁé: @ébaﬂi) The resulting

- m xture wascﬁrbrdbeﬁztnat(~wh119ntrhéemi@traﬁcﬁoﬁ aixt3f: WasuiRa forl 1 dMRSt t hen
filtered to %D %Irl cirpl itated AQCl. The resultl n%dsol ution s added to
a mxture of 0? © FRERBPY MR IGYeS thiisane Jo depeps ¢

NB- Me- F- OH, caxdd pmﬂuorwb:emshad with Békant,)takefilug in ectibrteito giveaat tveight % xt ure was
stirred for d&iuﬁé’ﬁ’ %n@&iltefe‘?f?tﬁ}&ugm% E‘LH{@& Tﬁﬁer %\%gégﬁﬁ;é dﬁ}‘tﬁé{e%zgs g5 then

concentrated to dryness rudeg exane, taken
up in adet opencenirgid o drynesiepifonding 9.8 glafaddnon pelymer. | GREedlsnidtigh a 0.2 gm

n]y:condfl I th Lh«s}gwemom ti14e, %&IV\@§uﬁdh€n4@r@2 GENCENtr 85 o0 19k dryn&slsM
a oraln | =
2t ording Ondgl @l A R R cvgl o RESascaul vy et /M,
[ ( CF3) 2000H2EMVEIC (CDX19) N(\«{ESﬁéiﬁ@'ﬂrere tohsistednt GlR)a ramdveh éa'%ﬁa‘(e@@i’r@l?) N:\/R
spectra wer ! ItIOI’] copo nmer.
From | nt eqr SR bbePhel g AR T AP VR SR B BRI oy i med
to contla n wepdetermingd o gertdineepeat whity depiwed 289llows:e84sndbr Youdedved r om

NB- Me- F- OH ageh 18- MQIIQO%%M’HQIJ %Od&l%@i MommaENRVE- N Vg}g‘éht‘ft%v 3C NWR

was consi st en é'Eij[é) hi s po havi ng repeat units, | ows: 89
mol e % deri v NERISORESTEDCHIA fhis PaIYRGT BAGRRRSPFR) HELS SCOTHEd RE. V- F- OVDM
The pol yhrrelr folRsvst @ﬁﬂolﬁa%.@@nﬁﬂﬂ%bﬂgﬁBlM%FL@HQnﬂ m Qlo?f@"/d\ﬂerizrgd ﬁeﬂﬁouls g
t et ranet hy | 0 ut sol.wu n _organic i ncl udi ng
ket ones. gﬂ\;\@rgﬁl&@}s@\& EJIhF BR‘YPHET?%J%‘{“&?%S%%@%%&@%? ed]%ﬁw coati ng,
film saZﬁpI etgyeoustetragethy lapepeiyn hpdiokide, talb sainipt inoorgemefsbiveitent at 157 nm
was measur eg, flqit t% fe t d were the
fol |l owi ng: 3.03_7 : J§O %%Fll%h ﬂ] §0E\%g>§ g§3§ graﬂcﬁge%s rﬁi&%g%ﬁi film25
t hi ckness) . cc@mgpf_ sample(s) were spin coated, and the absorption coefﬁcxem at 157 nm
was measured at two different film thicknesses: Results obtained were the
following: 3.37 pm-! (580 A film thickness) and 2.97 um-! (703 A film
25  thickness).
-EXAMPLE 29
Copolymer of NB-Me-F-OH and NB-Me-F-OMOM
This example demonstrates copolymerization of an unprotected

norbornene fluoroalcohol with a methoxy methyl ether-protected norbornene
30 ﬂuoroalcohol (molar feed ratio = 90/10), to give a copolymer that is soluble in

aqueous base developer. Under nitrogen, 0.25 g (0.64 mmol) of the allyl

palladium complex [(n3-MeCHCHCH,)PACl], and 0.44 g (1.27 mmol) silver

hexafluoroantimonate were suspended in chlorobenzene (30 mL). The resulting

mixture was stirred at room temperature for 30 minutes. It was then filtered to

L
Lh

remove precipitated AgCl. The resulting solution was added to a mixture 0f 2.2 g
(6.4 mmol) NB-Me-F-OMOM, 17.5 g (57.6 mmol) NB-Me-F-OH, and
chlorobenzene (~80 mL). The resulting reaction mixture was stirred for three

days at room temperature. The crude product polymer was isolated by
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_Copol ynmer of NB- Me-F-OH and NB- Me- F- OMOM Thi s exanpl e denonstrates
copol ymeri zati on of an unprotected norbornene fluoroal cohql, w EQ Boiret hoxy
ratro =

met hyl et her-protected norbornene 30 fluoroal cohol (nolar fee
.90/ 10), t¥WQYEOR copol ymer that is soluble in aqueous balEl/HEWEI6 er .

Under ni tr Ggedn;tdd 6 - f Ll adi Dl ex
[(r]3-MCH CI-E;_PEI%?D%B%%S ‘g‘hé'ig{iﬂ ét)s?%‘?%%:u Xl]é?‘ie\%F Iggié}gg‘{ﬁgﬁggnti nonat e
wer e suspend&BUPRP AR IEBEhPEnghed? wnylopdiGrabe peatens filimieiwasehems stirred
at room t enpacaiared ,tb@ryr&@s,lrﬁfﬂt&i@gsié.? lptof WaditibM edpolyrhdre i0Fe:t PI, 35 rerr]?vg ,
preci pitat . T s I ng ti.o S %g_o n.xture o .29
(6.4 mol) elﬂlgﬁ%gvlﬁ OT%%ZE%/&}ITQ_ zgg é“ﬂrrg‘?%{\n%ilé? %21%44%8% °3Lc$ﬁ'or obenzene
(-80 nmlLf. Tive(GIRsb) anvy!SCaQE,IChs) NiVIR tspecerawd shesdapplyetts faere ¢dnseent days at
room t enper. dret: i 4 00/ 67072
4 Novenber @E%%%S@Iesﬁ%%#q fgé,gqgcg{é%l?%p%ggﬁ%}g@?o# ﬁlg%gg%[go% ‘%ﬁlll_%% terial was
taken up i ANYBcthsAwtions.ghe/rolymar wes defarminggdde contrip Aepeanenitsiderizedads t hr ough a
'8- 2 1im nY:chHb\fr$:|893ﬁiolé%ﬂie]§i%€% g{atﬁmmlw-pic?eﬂ%@llgg%%wﬁm e@%{l}gg Sd }Vl 0
ryness, a i addi ol yner, . = ; n, =
19457, M, ﬁwf’:ggog’bo%%rﬂg a?‘“?b‘ﬁﬁi'j’%‘é%&?nsﬁfenhwb;“hqi?(’l%@?f?a 51 H
(CD, C129 arhdvibg CepeaDaaiPderivibRas fidlotvs:a 9D fnoldh® deoiped fromNBAVIeFoOHSi stent with
a random s k oyl : [ b C I r integrati of the 19F
NVR absor ptadlEl gr%?,i&gh)g d@ﬁ:e rre&lv\%%mofzé méggdwé;;oc%%ra\%%%ée%&euni ts derived

_the y ; .
as fol | owsolubly ifd).26 &&ﬁéwuﬁé@trmmlmmmrm@hll mol e % derived from
NB- Me- F-OMOM  Quantitative 13C NMRyw@gpcensl stent with the polyner 10

havi ng repeat units derived _as folTOWs: %ﬁ e % derived from NB- Me-F- CH
and 8 nmole %derived from NE@%QHQIW J%%r was found to be
sol ubl &5i n 0. 26 THinepsels démbrishiart hyhopdlmeti ol O aOXhEt6tecleXAVPLE 30
Honopol yner, [1\% - F- Thi.s .ex I enn rates ho ol yneri zation
of an unprtl)lf)fe)%) e el\f?ué)rl?%a(%r_(l)r?é?iemHvﬁgrp(())g'%%ﬂiﬁbalq}s 5{02“3%%\?@‘456%@5% that is
sol ubl e i ndg¥rierrrsng heeexaglont|trapeparannyl ahids remc Pndemitregean@p@gency at 157
nm - Under 1 49 88 of HkA191 phldftS BRI {63! jpdm conpl ex

¢ oS kL phliah B L MR B Pl

wer o SuspoGUch | FO e Db B DT ert eSS piehigraoDEEnc e
stirred0at (4®omb)i dhpessatingenix@ire 3Qs Birfudi2 $oonh terVRfatlirB €8x 30 MiRk&d to renove
ocul (i ng. Soret e TeETRaditip S8Rt 049, s*tdnral Nemte- £ 1 The
resul ting rchiatetieorensadded.eThameswiting segtidnoras duidedtodidyG g 849.0 aonol) of
NB-Me-F-OH. The resulting reaction mixture was stirred for three days at room
temperature. The crude product polymer was isolated by precipitation in hexane.
25  This material was taken up in acetone to give a 10 weight % solution, and filtered
through a 0.2 pm Teflon® filter; the acetone filtrate was then concentrated to
dryness, affording 7.8 g of addition copolymer. GPC: M, = 10352; M,, = 19741;
M,/M, = 1.91. Anal. Found: C,46.28; H, 4.81;F,34.22. THNMR (CD,Cl,) of
the polymer was consistent with the saturated vinyl-addition polymer shown
30  below:

CF%‘O
CF3’<
OH
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tenperature. The crude product polynmer was isolated by precipitation in
hexane. 25 This material was taken up in acetone to give @ NLWiabb3 %
sol uti On’,wa%glﬁf]&i tered through a 0.2 mTeflon(r) filter; pPpycHHS5E

filtrate was then concentrated to drgness, affording 7.8 g of addition
copol ynmer . Tap@olymer was f3md to hgsciublo 74.26 Nveqyepns tettengthylgmmioniEound: C,

46.28; H, 4y8kiide, anddn 32zanitRoWRs (ShdinEkidhe A 4 HEAQLMBRinWaS consi st ent
with the saturated vinyl=:addition pol ¥5TIE% shown 30 below CH2 CFr,~0 3 CF

OH 41 WD 0GTRSPFRNe ™R PRIRISF sBgaat PRPE{FETTRRD SO dRE found to
be sol ubl e absorptidGobfatpne als 7tined wasrichyiredmmmioudiffefendfinX itldeknaarek. i n or gani c
sol vents i Recl udi Ag . ket . 5 wt, 9 | utyi in., 2--hept anone was made for
spi n- co%ti rr#:ges M&@%Jlgeéin‘%%gﬁg)t@]\}\%‘?l@gsg 831)0%%a]t@8? Aaﬂgntﬂﬂgﬁ‘eégs%gpti on

coef fi ci enB.0pmBT5ehA Ve thicksrssle dhetplasmn aili fase drethomidpelrhérokaesses. 5
Resul t s obtgd . 1Y i i ss) and
3.00 Pm 1 %%ggﬁ,%d :‘eﬁ;l% %ﬁ%ﬁéﬁ@%ltﬁ%ﬁége ﬁggrhrga gogéﬁ?(aﬁsg{r%lh@ ahr(};r%%gﬁyner was
measur ed: PL2Sids 13 HDAYsiigenestethusing EBG/P%PI‘%SH& thethomgpolymerwrsievadnt rol in
an oxygen ipkRBaBL.1 kAh@raRdNSiatd-BRltoSfstftents bigd BRIV 4grasrmis. t he

honopol ymer was found to etch at rate of a

par a- hil/ roxystyrene-based DUV (2 - st. 10 EXAMPLE 31 Honpol yner of
NB- F- OH Usi ng a procedur e andiagpeisnteoof NBtFdMdcri bed in Exanple 30, the
100% exo nor bogeps f I - ' i %yield 'H
" NMR (acetone-d(‘t)%g H](‘S’fa érH%rdg%la;%grr@gb\J/\%@ tg%t?gfgs}?%ﬁ? val%_( ?ﬁ' ﬁ%é‘%‘?ﬁ@%@d

- vi nyl - addi €x@Rorbamees {nepaleehoh BBt Qi waspelyawerized is §2% virkg. ZHID3GR6; MV M
= 13.1. Thitgcetrt QL) & th¥pSlymetides édhsReent $9htbé Sartlifatdd VBy N RGO US

t et ramg%hyl a{monl um roxide. Filmsanples of this polymer were nmade by
spi n- coat i RYYTERERNIEOi on coefficient at 157 nmfor this 20 pol yner was
measured at two different film thi —Results obtained were the
following: 2.35 .tmt (1144 A fil ss)-and 2.47 tmt (883 Afilm

t hi ckness). EXAMPLE 32 Ter pol yner -F-OH, NB-Me-CH and TCDD- CO, t Bu
25 Thi s exanpl e denonstrates that

F30§
CF3

GPC: M, =13975; M,, = 183026; M,,/M,, = 13.1. This material was found to be
soluble in 0.26 N aqueous tetramethylammonium hydroxide. Film samples of this

polymer were made by spin-coating. The absorption coefficient at 157 nm for this
20 polymer was measured at two different film thicknesses. Results obtained were
the following: 2.35 um-! (1144 A film thickness) and 2.47 pm-! (883 A film
thickness). | -
EXAMPLE 32
Terpolymer of NB-Me-F-OH, NB-Me-OH and TCDD-CO,tBu

25 This example demonstrates that a certain amount of an ester-containing

comonomer can be incorporated into a fluoroalcohol copolymer, while

maintaining reasonable transparency at 157 nm. Under nitrogen, 0.37 g

(0.94 mmot) of the allyl palladium complex [(n3-MeCHCHCH,)PdCl}, and

0.65 g (1.9 mmol) silver hexafluoroantimonate were suspended in chlorobenzene
30  (40mLl). The resulting mixture was stirred at room for 30 minutes. It was then

filtered to remove precipitated AgCl. The resulting solution was added to a

mixture of 1.17 g (9.4 mmol) NB-Me-OH, 20.0 g (65.7 mmol) NB-Me-F-OH, and

4.9 g (18.8 mmol) tetracyclododecenylcarboxylic acid tert-butyl ester. The
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. conmononer can be incorporated into a fluoroal cohol copolymer, while

mai ntai ni ng reasonabl e transparency at 157 nm Under nitr Q4@ Qer?ﬂé g (0.94
mmol ) of the allyl palladiumconplex [(113-MCHCHCH2) PdCl] 2 and g (1.9
- mol ) si IWepdei8¥af | uor oant i nonate were suspended in chlor ob@ﬁﬂé‘r‘ﬂéllﬁso (40
m.). The r Ltk R gd%ﬁt nutes. It was then
filtered t%glklel%‘b\%cga} ecl Bﬁe\zg?%éﬁkb%ﬁ daﬁ: Oto%te% ofgnfrlléo \fas added to a
mi xt ure of cTyde produqtgolymearyyas IN@I bmeczuta@og inf b@iaﬂelﬁﬁﬂﬂmLNBTh@ F-OH, and
4.9 g (18. &aﬁﬁ@i\)lasttﬁﬁ ﬁlae@k@ﬂ@ yéﬁar\baxud%csoﬁﬁioq L tindugy! ester. The
42 4 Nove USO?J]All 39 resulting reaction mxture

was stlrre ‘h{{) H}ﬁafﬁtr?ﬁ% {T3lF @/as D coppeltsst ®duct pol ymer
was i saf at @nm} 4ffcedmg|8t9ag bHaiditiorhepaiyam &6 WPOL M, Th0306; may, er iBkhgwas t aken
up i n-acet gRovtQ. gy, iRt kit @ne 980T ild ghdd (Lheuah a 0.2 pm

nylon filter’ the aceton traté was ’then eoncentr U yness,
af f or di ng %) 9f ghediohapktiwassangsipnl with p. rar@RQ: sawated MiGgGddNTS, = 17948:

MV M = 1.4 olyﬁﬁ@lmthﬁﬁb'%]argo 8sifien oHrsﬁaﬁ%ﬂs'ﬂerlgéd & fol]é&g NVR (acet one-

dé) of the r. was random saturated vin I-addltlon
CO|)ooI ymer # ?/etm%é]eﬁﬁ? Mé\g‘? %r%ﬁ 89 mals gaderpisd frony ECRREGiBrol | ows: 53
mol e % ®er andexy :horar%ulaam froreHB-RE:-001. €The sbiptid doeaTmehtRDI £G2hBu, 10 and
ORI et ST R Poﬁ%rf@“vevasa%%%uﬁ?deaqgﬁ‘) e fR o rm

t hi cknessedickRressed. tResolts @btmdd wereethe Helldwingo®i Hgam3. (505 ﬂiﬁkﬂ (605 A film

t hi ckness)thmeéj £efd A 181511816/{ ﬁlmﬂﬁlhméggfss) EXAMPLE 33 15 The fol |l owi ng

sol ution was prepared a nmagnet | cal stirred overnight. Conponent W.
grn TFE/ NB-F-OH copol yner (60/ 4Md rati o) as described in Exanple
22 0.312 2- HepTeoliewiheG9futicdQvdsyat bk anDRagdei@4By brirffil MWerhibhhochdl at e

- 0.080 5% (w) sol ut¢on of EI’I phenyl sul foniumtrif i ssolved in
cycl ohexanone whi ch filtered through a 0. MFE syringe filter
0. 160 25 Spin c’BEEfNBgF% cdmigmas(&ﬁ)gtl(meiaemer Sci ence I nc. Model -1 OOCB
conbi nati on splfg d:&%%s/ E%Qm%;]ﬂ n. di amet eh3fype "P', <100>
ve

orientation, |con wa nt was perforrre on a L|tho Tech
Japan Co. Resi s:%’ el?JéV@lcopnent Anal yzer (Mbdel -790).1.800
20 Cyclohexanone 1.648
t-Butyl Lithocholate : 0.080

5% (wt) solution of triphenylsulfonium triflate
dissolved in cyclohexanone which had been
filtered through a 0.45u PTFE syringe filter 0.160
25 Spin coating was done using a Brewer Science Inc. Model-100CB
‘combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,
silicon wafer. Development was performed on a Litho Tech Japan Co. Resist
Development Analyzer (Model-790).
The wafer was prepared by depositing 6 ml of hexamethyldisilazane
30  (HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 ml of the above solution, after filtering through 2 0.2 pm PTFE syringe .
filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120°C for
60 seconds.
248 nm imaging was accomplished by exposing the coated wafer to light
35  obtained by passing broadband UV light from an ORIEL Model-82421 Solar
Simulator (1000 watt) through a 248 nm interference filter which passes about
30% of the energy at 248 nm. Exposure time was 30 seconds, providing an

unattenuated dose of 20.5 mJ/cm?2. By using a mask with 18 positions of varying



The wafer was prepared by depositing 6 ml of hexamnet hyl di sil azane 30 (HVDS)
primer and spinning at 1000 rpmfor 5 sec. and theﬂ 350ﬁ Iy Qe 36 EE
Then 6 ml_ of above solution, after filtering throug a&g}V . m

syringe Wﬁglop}g?'%zwas deposited and spun at 3000 rpm for 6_0P E 8&“6‘§ss<a?nd _
baked at lae@rdlepticAQicasgioQadsde ﬂélﬁety@fbmu&gio‘é@sﬁw%@@@ﬁéﬁgﬁtb%h%efy ﬁ;(p]gsn ng
t he coated ' i 5 obt.,ai ned o Sj “bro an ig rom
an ORI EL Nﬁﬁsﬁéiﬁ'gfk%%ﬁggrwﬁ iwn%slbﬁ{kS‘?a‘(%og%s%iﬁsc Sugh a 248 rim
interference filltherwafpr wis graslopsd abapeousBemEthy hememewgihydtoxa#8 rim
Exposur e t (Tl AFsodi NPIRY! SR ARAHABLIGHU T 0088.8la 20, 5

rnd/ c By using a mask with 18 positions of varyrng ) 72 4
Novenbet 2B0HUVOERFISIER p cleanne desnofat [Dpdhmal density, a wide variety of
exposure doses were generated. Af praAnv@xposure the exposed wafer was baked

at 120C for 120-.se ds. The wafer was devel oped.in aquegus |

t et r anet hyl ammr??iﬁ ?/ngpﬁlgon (Wﬁqupag%i %‘ﬁl%%n(:@fﬂ&& SWSYGIE’B%% TMAH
solution). This test (penemettted a 5 positive i nageWww g@)adcl egri ng d;)_se ?)}‘
= 12 ml/ cm - EXANPEA RS- o] AP i.on was prepared and magnetically
stirred overnight. %anponer?t)de(’}gﬁ%Bb_&Eé?NB- F- OH/ NB- F- OMOM copol ynmer 10
(60/ 20V%20 nol ar (PUEY 2P amqley) feadraties a3 fiesetbech Exanpl e 23 0.312 2- Hept anone
1.801 Cycl ohexanBRémpi 2648 t-Butyl Lithocholate 04889 15 5% (wt)
solution of tri g(l}(_:r-n | sul foniumtriflate dissolved in cyclohexanone which
had been filter &t ?Pﬁ?‘?%‘ﬁh a 0.45 PTFE syringe filtel-881160 Spin coating was
done using a Br €wyeloh&inenee | nc_ Model - 1000B  conbi ngigon spin

coater/ hotpl ate,_ 4.1 ameter Type "P", <100>.ogpentation, 20
silicon wafer. be%'\}gﬁg‘étrlr}ggl?d%ﬁs perfornmed on a Lithoo'%éhh Japan Co. Resi st

Devel opnent AnabPYyzert) saipten of7@iphenyithdfomiie trifiats pr epared by depositing 6 m

of hexanet hyl di gikagame cycidieRin Iéi%&hnﬁém?e%gi nning at 1000 rpmfor 5 sec.
and then 3500 rgwﬁ%gghég sec. _Then 6 of the above solution, after

filtering throu gh A OpRe Rk syripgedsieri | t er, 0M&8 deposited and spun
at 3000 rpm f or Spfh crtiapdss aose baked BrewdrXerdc® Inc. HRJSE OIS -

combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,

20 silicon wafer. Development was performed on a Litho Tech Japan Co. Resist
Development Analyzer (Model-790).

The wafer was prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 m} of the above solution, after filtering through a 0.2 um PTFE syringe
filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120°C for
60 seconds.

b
i

248 nm imaging was accomplished by exposing the coated wafer to light
obtained by passing broadband UV light from an ORIEL Model-82421 Solar
Simulator (1000 watt) through a 248 nm interference filter which passes about

30 30% of the energy at 248 nm. Exposure time was 60 seconds, providing an
unattenuated dose of 41 mJ/cm?. 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 120°C for 120 seconds.

The wafer was developed in aqueous tetramethylammonium hydroxide
(TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). This test generated a
positive image with a clearing dose of = 23 ml/cmZ2.

[¥5]
wh
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. 248 run imagi ng was acconpli shed by exposing the coated wafer to |ight
obt ai ned by passing broadband LTV |ight froman ORI EL Nbdqﬂ%%ﬁl%gﬂ%@ﬁ ar
Si mul ator (1000 watt) through a 248 nminterference filter asses
- about 30WaDBG/EMTE he energy at 248 nm Exposure tinme was GBC"é/é’é%Hé”

providing an unattenuated dose of és}[ﬂ% 5112 By using a mask with 18

posi tions of varylgg neutral opt a wide variety of exposure
doses were genefhge Edlowing é(?lml@)(b’é%nl?eéaf?%énfbww?é@lalwléfﬁdWé@"(gﬁked at 120C

for 120 seconds. Thecyahghett@s devel oped in aqueougt, t&hy amet hyl amoni um
hydr oxi de 35 (. gA%élg MC%I@A%S 2.38% TMAH sol ution). This test
generated a poSPr Cﬂ%& % SO Yose of 23 mi/cnR. 44 4
Novenbar 2003 WO50LY Hi60if 2RCAI AJSRWedtH3@iEXAMPLE 35 The fol | owi ng sol ution
was prepared a%xrra netically stirred overnight. 5444 ConponentW. m

NB- Me- F- OH/ NB- MEX copol ynmer (75125 nolar feed ratio) as described in
0. 702 Exanpl e 26y®9h¢>cahemnone4 758 t-Butyl LithocHei%t e0.180 5% (wt)
'solution of tripg wbélﬁﬂ'dté'm triflate dissolvedd gocycl ohexanone which
had been 0.360 f] re 45 PTFE syringe filter Spin coating
was done using é/m mS&‘éfrfE‘@h‘FW utiopiye) wifla conbi nation spin

coat erjphot pl at ed@gpledtin dycloﬂbmhemmﬂﬁd 'bBEn <100> orientation, silicon

waf er, Devel op a L|t Tech Jebt)?da Co. Resist 15
Devel opnent Ana G?S%EWE@E?&%?} ﬁ%sémwg? erwas prepar ed@(gé depositing 6 m
of hexamet hyl di Spihavaneg wasHi®B) usprg aBrevwendciepierine. ddoda-19 rpmfor 5 sec.
and then 3@%&&&81‘]‘ ﬂ:lén %Qat i ‘@nm:ha.ﬁ'{etérh? poV €16 dHdn@hlionaf t er

filtering syringe ter; was, dep S|ted and spun at
3000 rpm fs;hcmws’@éo@@selamerﬂak@opeaﬁonmgb@ 2 btho Serhglgpandedy ftesist

15  Development Analyzer (Model-790).

The wafer was prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 ml of the above solution, after filtering through a 0.2 pm PTFE syringe
filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120°C for

20 60 seconds.

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

25  unattenuated dose of 20.5 mJ/cm?. By using a mask with 18 positions of varying
neutral optical density, a wide variety of exposure doses were generated. After
éxposufe the exposed wafer was baked at 120°C for 120 seconds.

~ The wafer was developed in aqueous tetramethylammonium hydroxide
(TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). This test generated a

30  positive image with a clearing dose of = 4.3 mJ/om?2.

EXAMPLE 36
The following solution was prepared and magnetically stirred overnight.
Component Wt. (gm) '
NB-Me-F-OH/NB-Me-F-OMOM copolymer
35 (80/20 molar feed ratio) as described in

Example 27 ' | 0.769
Cyclohexanone 4.758

t-Butyl Lithocholate 0.113



248 nm i magi ng was acconpli shed by exposing the coated wafer to |ight
obt ai ned by passing broadband UV |ight froman ORI EL Mdel:1@2428..98ba"

Si mul at or tt) through a 248 urn interference filte sses
about 30%%@%9?17261%& gy at 248 rim Exposure tinme was 30 EQWEﬁ‘g]] &
provi di ng an 25 54hatt) estusdredt telplseyzhilfdfium wiflae®. By using a mask with 18
positions of varyl eut.r optical .density, a wide variety of exposure
doses were generd\)'glétsglg".3d &f#élroﬁéxea%g%%‘ﬁr%ech_t a‘g%%%osed waf er was baked at 120C
for 120 seconds filtrred thiahgha W48 #EVE|sypsge fiheraqueous0B860r amet hyl ammoni um

hydroxi de ( TMAH); i : e %0el] 1% b . This test
ggnerg!t d a( m%gﬁggﬂ?%éegi%n%?g%ngﬁmg%cl gg%lglr]?gre Ig{lg!s_i(\afﬁ)% PL({.)@WB/ crr;z. EXAVPLE

. L -,’O . .

36 35 The 18 Ay SRIB CORIS AR TRARIS OB Ry BiaMgIFA 11y N BT TP yorieniatioad
Teod 1at] O} aa e Lbod o T ] O P AN aNeAS55 t Butyl
. feed ratio escr i anpl e cl ohexanone4. t-Buty

L thocnol SRS bERECART et Auaad a5 00 Gor 67075 5% (wt) sol ution of
t ri phenyl sul f oniliavtaférfviaa peepadid Sy aepesiting6 mj of hheaactbpdisilazate had been
PCT/ US00/ 7 ' . ' int.er . 360 _Spin
~coati ng m%ﬁm@' ﬂlﬁgﬂgg‘g{“g&g? ! gocoi%erﬁgje@%rg%é&gg% ?llﬁggéﬁmsgégﬁﬁ?%ati on
spi n - cEt erligs opplaf dhegpboxe splwtipn, afienfiltesing tough p'0.2 wnOBEFB syamgeat i on,

silicon vaffgfer, vids\dehsIREEIId spaf aPTITOGHAEL 80 sékortit Bed A 1 3pgsr ‘ﬁg Resi st
. Devel opnen zer' (Model - 7 90). The wafer was prepared by depositing

>téAnaI %/
6 m of he Qr?ﬁ?‘ﬁ‘i? ‘di silazane (HVDS) priner and spinning at 1000 rpmfor 5
sec. and then 3309nmgmaping whe aseinplishéd BexpoSing the toitbd walgve lighl ut i on,

after filtegpr r T rin i hter osited and
Spun af 3o§8*a5*§%%93?% Bottsan OIS R BRI Pl 90 S 0”228 11 m
i magi ni waSimelewrpl 008 vet) tyoustrodd Sgn titerferenccefilteradlsich pesses gidut obt ai ned By
" passing br gggibamee ¥rdy APk O3B &B'z"é}e\b%fiﬂ seRoft i Si mul at or
(1000 watt L t hr ougg aé)}Z%% nr? I rbtx%r ? er_elnce I t_Ser Vﬁ@ﬁ”ﬁ%@%é@ about

. nattenuated dose of 41 mJ/cm?. 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 120°C for 120 seconds.
20 The wafer was developed in aqueous tetramethylammonium hydroxide

(TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). This test generated a

positive image with a clearing dose of = 5.5 mJ/cm2.

EXAMPLE 37
The following solution was prepared and magnetically stirred overnight.
25 Component Wit (gm)

NB-Me-F-OH/NB-Me-F-OMOM copolymer
(85/15 molar feed ratio) as described in

Example 28 0.769
Cyclohexanone 4.758
30 t-Butyl Lithocholate 0.113

5% (wt) solution of triphenylsulfonjum triflate
dissolved in cyclohexanone which had been
filtered through a 0.45u PTFE syringe filter 0.360
Spin coating was done using a Brewer Science Inc. Model-100CB
35  combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,
silicon wafer. Development was performed on a Litho Tech Japan Co. Resist
Development Analyzer (Model-790). '
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. 30% of the energy at 248 nm Exposure tinme was 60 seconds, providing an
unattenuated dose of 41 m)/cn2. By using a mask with 18 positJ.00s Rb3
varyi ng neutral optical density, a wi de variety of exposure doses wer e
- gener at ed¥YOE2 exposure the exposed waf er was baked at YSHESIYHSI0

seconds. 20 The Tnah@ferWas bﬂtlﬁ%@@ﬂ%ﬁﬂ&éﬁéﬂﬁﬂd’%a@éﬁ@m um
hydr oxi de ﬁw sol uti,on KAl 38% T sol ution This test
generat ed & PSRN At SyBNRE eh @%@Fﬁg’seﬁ o 53 U sesAMPLE 37

The f ol | owiTihgn § ohlwif itlenabess sqintpa nier Glnohingethretzhadl. :R)ansPTFEes?lrmWeer night. 25
)

Co t f eed rat

s deseri bedT mEvarTe” 31 g abeodg R RORBL o By TOEE P "o 0

Li t hoch®l atoé second8 59 (wt) solution of triphenylsulfoniumtriflate

4o ve | 7, Y elomngne b i ipsbte s od cdnsiahasy yfe T
I\/zdel g1OOCI§ 85’ ?Fé‘fg Iﬂfﬁa‘g’ﬁ ﬂ%%rff%ﬁﬁ@m 5614824?? 1 et er Type

e P"h <%00; Sormizletor etGOOrwatt) slubugimﬂ&ﬁmnmﬂemb@ﬁtf&%% la&;?ag %B(ﬁm\zg 3\% a

Litho Tec I ze e

00/ 67072 4 Kk %’&Q E@e %2%&?1[)%%69‘%3‘?@6 ‘?’%9 b Water Mé"‘ﬁf‘@ﬁﬁ%‘ed by

deposi #fng UBa’fFﬁﬂu@ﬁd Beseanfédt myleisi Bayasing 2 pNOS)jthdBinveitioan df spiyimgi ng at 1000

rpmfor 5 $86rald a‘l H&ﬁl@%ld&%g rofjchés%?e dos-EE'%r@ éﬂere?é(? tﬂﬁepbove

solution, after lterin rou § 0 Syri
deposi t ed EFRPSUBIRE GEPOS ‘UanWF”r B?‘kcé@t %%Q:@nf?é 1896‘3 &d at 120C for 5 60

seconds. 248 ri fhé m@rmsmimoﬂaém@hemﬁme@mﬁmlmﬂ gmtcﬁd wafer to

_'sio|92§ L@TM?‘%R%?&’@ ?Wﬁﬁﬂﬁ?;ﬁg S T o kBB ¢ B RS EpFAIEs 2o or

passesléboupsmwmaaé wither dergingydoat oﬂaiBSnnJmszxposure time was 60 seconds,

providing an 10 unattenuat ed dos%)@j&lr\@ écmz By using a mask with 18
positions of varél n neutral opt , a wi de variety of exposure

doses were generBt Edlowang %}JUUW%%RIP@I%@%mééﬁwﬂuﬁﬁ@ﬁe@\ﬁgeméd at 120C
for 120 seconds. TheCwmbeienyas devel oped in aqueougit@pfamet hyl ammoni um

. 5 . .
hydr oxi de (TMAKQB %'#B}Bﬁ&ﬁé‘ﬁ%%fcopoﬁﬁé’ TMAH solution). This test

generated a

20 (90/10 molar feed ratio) as described in
Example 26 0.468
Cyclohexanone 5.172
t-Butyl Lithocholate 0.120
- 5% (wt) solution of triphenylsulfonium triflate
25 dissolved in cyclohexanone which had been
filtered through a 0.45p PTFE syringe filter | 0.240

Spin coating was done using a Brewer Science Inc. Model-100CB
combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,
silicon wafer. Development was performed on a Litho Tech Japan Co. Resist

30 Development Analyzer (Model-790).

The wafer was prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 ml of the above solution, after filtering through a 0.45 um PTFE syringe
filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120°C for

35 60 seconds. |

248 nm imaging was accomplished by exposing the coated wafer to light
obtained by passing broadband UV light from an ORIEL Model-82421 Solar
Simulator (1000 watt) through a 248 nm interference filter which passes about
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15 positive image with a clearing dose of 25 mjJ/cn2. EXAVPLE -38 The
followi ng solution was prepared and magnetically stirred QuglRih88too3
Conponenty,Woossfd72 NB- Me- F- OH NB- Me- F- OMOM copol ymer 20 ( 90/ %T’ﬁg(@ﬁ sfs?aed
ratio) as described in Exanple 29 0.468 Cycl ohexanone 5.1 - Bu

Li t hochol at3@79oflthe ensgy(at2}8 sul. Uixposureftini wpha0 gtenld, prividing sn f | at e 25

di ssol ved i@k RRRIABRFO0 WA Al haH  heER hbeLal 1RHEHAN & 345, PTFE
g SO%G g a §CI e]r:?'

syringe filter 0.240 Spin coatlng wa usi n ewer S ce I nc.
* Mbdel - 1 OOPE2R SRHERASISHY spvide var e ofiesppiuae dosss werdgdnaratadi Aftet er  Type

"pP, <_100>eﬁpéﬁfﬁﬁabie@@osecﬁ\%fgﬁﬂﬁs M@{earatl_m@t Afd?fl'?ﬁ@&coﬁﬁl\%dpe”; g(r) ;fedTgn 3@ Cor
i J Co. i st vel opnen na er el - ). . e
%ghgrlﬁg?edags%&gﬁv) ﬁef%‘!ﬁgd%veﬁn)qp[ggfm ﬁ‘é&?ﬁéfﬂ%‘é?@ M J@F‘WE?S?C priner and
spi nni ng at{TVOO9) sqduti o (OB KSeNMRu3d2 131885 TBHH sbhmohpr'l}iliﬁ)teStegkneraEd%f _6I m  of
t he above At 1 o r, fillterd h h,,a §.45 m PTFE syri nge ilter,
: ?)g%jlﬂg% g‘ﬂa @Mtﬁa%%%%@ do_&g?ifﬁ bgg%]/cm

was deposi spun’ at rpm seconids and baked at 120C for 35
60 seconds. 248 rimimagi ng was acdeeiMBIdha® by exposing the coated wafer

to light obtai meg BloRagsioMidkreadiantded¥nd haBhedaaidRedRefh 0 de! - 82421
Sol ar @i mul at or (1000 watt %hroughalg&}248nnm ?nt erference felﬁ{]%er whi ch
passes!&bout 47 V0 OGAPEREDY Noverber 2003 PCTI U ¥6drm1539 30% of the
energy at 248 ndiFE/EBsbsOHeopolpmened/ADmaiaonds, providing an unattenuated

dose of 20.5 nﬂlf%ﬁigzaygés&g?e? 1@5@&%@2@ 18 positi o&glgf varying neutral

optical density, a vari e doses we enerated. After
exposure the expgdiemiangrieer was baked at 120C for 1201.8ékonds_ 5 The waf er

was devel oped i g RKeQ4Sodcet r amet hyl anmoni um hydr oxi fj.§48 (TMAH) sol ution
(ONKA NMD- 3, 2. 3%% TNMAH solution). This test generated a positive inmage

with al?learing® hogholteny/ cnp. EXAMPLE 3 9 Thel-P8 | owi ng sol ution was
prepared and nmagnetw)abhiiontof @RnPMENBhIUR rifladd Conponent W. (gm

oo o O coPgi iRl (R At MBS LERA Hhdbeg) as described in Bxample 22
filtered through a 0.45u PTFE syringe filter 0.160
Spin coating was done using a Brewer Science Inc. Model-100CB
20  combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,
sthicon wafer. Development was performed on a Litho Tech Japan Co. Resist
Development Analyzer (Mode}-790).
The wafer was prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
25 Then 6 ml of the above solution. after filtering through a 0.45u PTFE syringe
filter, was deposited and spun at 5000 rpm for 60 seconds and baked at 120°C for
60 seconds.- '
Open frame 157 nm imaging was accomplished by exposing the coated
wafer to light from a Lambda-Physik Compex 102 excimer laser configured for
30 157 nm operation. The imaging dose was controlled by varying the number of
- laser pulses used to expose a given spot on the wafer. Eight spots were imaged
with doses that varied from 3.0 mJ/em? to 190 mJ/em?. Afier exposure the
exposed wafer was baked at 120°C for 120 seconds.
The wafer was developed in aqueous tetramethylammeonium hydroxide
(TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). The lowest dose that

gave a positive image was 24 mJ/cm?. The lowest dose that produced regions of

L2
h

negative image was 190 mJ/ecm?. (High doses can afford negative imaging by
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S

. 2-Heptanone 1.800 - Cycl ohexanone 1.648 15 t-Butyl Lithocholate 0.080 5%
(W) solution of triphenylsulfoniumtriflate dissolved inqy&lohes ne

whi ch had been filtered through a 0.45p PTFE syringe filter 0.160 ggjljn

. coating WES Y¥67E2usi ng a Brewer Science Inc- Mdel -1 OOCB PE/ESMIIFHAL i on

spi n coat eyhh@isthédanRsdnblulihe FbANRLBE er&g"Lﬁ% gaﬁ%éécﬁm?géﬁgﬁt ?;f) i Ogési o

silicon wafer. @velo megt \Aas erforned on a [
Devel opmentPFEhY y‘?@’tos‘?rﬁ/tﬁ’ BIPRY\GFSISt eRRtalfinge? PhRISackt 859858 by depositing 6 n
of hexanet hyl di sil azane (HVDS) pEX»yevPARMSPI Nning at 1000 rpm for 5 sec.

and then 3500 r d - Then m, of the. above solutjon, after
filtering througﬁ]e fg&iﬁ"%@gﬁﬁgg év?/irs h éire% gl gpagngically siiigeq ?‘éeﬂmglfhtd spun at
5000 rpm for 60 secok@mpenehtbaked at 120C for 60 S&cd@mds., Qpen frame 157
nrn i magi ng vas teegaBh-CIIRG. PXOIROMSLPEyise coated wafer to light froma
Lanbda- Physi k Co 02 _exci ner. | aser c_gn igured for 30 157 rim
operation. The (@g@ﬁé“ﬂ%&%@“%ﬁ?ﬁﬂiw by varying the nunber of |aser
-pul ses used to @xpesepla2gi ven spot-on the wafer. Eighgospots were inaged
with doses that varied from3.0 ml/cn2 to 190 ml/e 1 \fter exposure the
exposed wafer wa Baked®at 120C for 120 seconds. The'®@fer was devel oped in
aqueould t et r anet-Bpbddntbochalethydr oxi de 35 (TMAH) sol i2dn (ONKA NVD-3, 2.3

8% TNMAH | uti el hai it \ o
5% THEH S0l ul1 oBlan T LOUES oFORfebiro BN SR RSt i ve, | moe vas

at pro 'd_regl ons hegative i mage was | go

ce
. ml/cnR. (High déseaivedip %h?ﬁ@@nﬁéféaehb@d erdilivgedby 48 4 Novenber 2003 WO

00/ 67072 PCT/ USORight38.45Y RTTFELSriBE B, SNB, | ncl udpagp cr ossl i nki ng
resulting from gadi ccahngr OdHCt i osril ug%uv g}({ggg re, of lamlzf%or esi st
cont ai ni ng a phgPBdEPU gARFFDI!)E WL eMogelr sol uti on was
pr eparléd acenbiagtiet sin kbaterdidtplatetbroy ¢ imididtheter BypeoPPONO0E oMiEntation, _ _
Exarpl e 23 B0 Fo0 0 Hont annes weysoforisdondtilh T RoRtoake™s. 120 6. 5200
(w) sol utPeyelepmentiAnedyaer Mpdnia® nonaf | at e di ssol ved i n 2- hept anone
whi ch had been fit W@f@6vas prepared by depositing 6 ml of hexamethyldisilazane
(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
20 Then 6 ml of the above solution, after filtering through a 0.45u PTFE syringe
filter, was deposited and spun at 5000 rpm for 60 seconds and baked at 120°C for
60 seconds.
Open frame 157 nm imaging was accomplished by exposing the coated
_ wafer to light from a Lambda-Physik Compex 102 excimer laser configured for
25 157nm operation. The imaging dose was controlled by varying the number of
laser pulses used to expose a given spot on the wafer. Eight spots wefe imaged
with doses that varied from 3.0 mJ/em? to 190 ml/cm?. After exposure the
exposed wafer was baked at 120°C for 120 seconds.
The wafer was developed in aqueous tetramethylammonium hydroxide
30 (TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). The lowest dose that
gave a positive image was 50 mJ/cm?. The lowest dose that produced regions of
negative tmage was 190 mJ/cm?.
EXAMPLE 41
The following solution was prepared and magnetically stirred overnight,
35  and diluted with cyclohexanone to 12% Solids.
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through a 0.45p PTFE syringe filter. 0.300 Spin coating was done using a
Brewer Science Inc. Mdel -1000B 15 conbi nation spin coateq/ﬁg,}%f.[)@rtzggj)n a4d
z

in. di an%%rﬂo]é);@g "P", <100> orientation, sidicon wafer. gf_:ié gg&m% was

perfornmed on a Litho Tech Japan Co. Resist Devel opnent An

(Model -790) . The waf éommmgemr epar ed by deposi ti ng Wt.ndenof

hexanet hyl di si | R 1 AR E R inning at 1000 rpmfor 5 sec. and
Bt SUGRTEoR, |

t hen 3500 rpmfor_ 10 sec. ) m 7 above solution, after

- filtering throudh/a> g feqrrpo)apdesrgdedin t er, was deposited and spun at

- 5000 rpm for 60Exegpndss and baked at 120C for 60 sgegeds. Open frane 157
nm-i magLng was C n‘gl i shed by exposing the coated wafer to light froma
Larmbda- Physi k Cg%ﬁg%b 1¥¥8xci mer | aser configured fd7°825 157nm operati on.
The i magi ng dose¢-Buad Idtnthiaddtt ed by varying the nunbgni®f | aser pul ses used

to expose a giv . i.ght ts were imged wth doses
that varied fm%%'éggtﬁﬁlﬁg%%\ﬁﬁ%@ﬁ%ﬁ%ﬁ{n '%?@ger exposure the exposed wafer
was baked at 120@Gs¢lyed 1peyclpbexandse wiikeh hadbeen was devel oped in aqueous

t et ramet hyl amogiuBdindnexh 88 53®1E Sghait i on (A NVD-3, 2. 38% TMAH
sol uti?@). The |_owest ,doglg tha? ,gg\%ﬁggpggﬁiv'e-i%@ms 50 mJ/cn2. The
0

| onest ‘¥ose t hatPBr ating s defiegisinzor Breyey Seienes Ipadfedelalo0@® mi/ cnp.
EXAVPLE 41 cEheirfatibh Sih Rgatetoilkebniesinpaianrie Typaepaameb sithtaiost i  r ed

overni ght, _..35 and did uted wi,th cycl ohexanopge. t 2% Sol j ds. 49 WD 00/67072
Conponent NP %@gﬁr%?%?rﬁ-v@%ﬁé&%@%ﬂ’m? 3%‘7" pﬁ’f)ld&’r iFé’ébl rati o) as
descri bed Devetopmeninpnalyo(dodeds792D03 PCTI US00111539 Exanple 26 0.769 5
Cycl ohexanone 4: s B i . 9 . tion of

tri phenyl sul foniTé‘?n%‘{a??flaﬁée’?h‘:egg@f‘{}gm %’;’éﬁ?ﬁ%’%é‘h%%‘)dﬁ%%ad been |
filterbd tKANIYH raimerend shipgng gt § ¢ifapm for & se@ a8dthen® 58Pirpmcioat Disge-was done

usi ng4a_ Br e 6 36l oFiiseatloRE€ solMIGHE afitr iXeeRg 1@TBh RBLISQP B Byisnat er/ hotpl ate
on a I n.

o0, 2 o 2 s i 1 S S8 sl e T0 o
, 60 seconds.
Open frame 157 nm imaging was accomplished by exposing the coated

20  wafer 1o light from a Lambda-Physik Compex 102 excimer laser configured for
157nm operation. The imaging dose was controlled by varying the number of '
laser pulses used to expose a given spot on the wafer. Eight spots were imaged
with doses that varied from 4 m}/em? to 128 mJ/ecm?2. After exposure the exposed
wafer was baked at 120°C for 120 seconds.

25 The wafer was developed in aqueous tetramethylammonium hydroxide
(TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). The lowest dose that
gave a positive image was 15 mJ/cm2. The lowest dose that produced regions of

‘negative image was 50 mJ/cm?2.

EXAMPLE 42
30 The following solution was prepared and magnetically stirred overnight,
and diluted with cyclohexanone to 12% Solids.
Component ' Wt (gm)

NB-Me-F-OH/NB-Me-F-OMOM copolymer
(80/20 molar feed ratio) as described in

35 Example 27 0.76%
Cyclohexanone 4,758
t-Butyl Lithocholate 0.113



. Devel opnent Anal yzer (Mdel-790). The wafer was prepared by depositing 6 m
of hexamet hyl di silazane 15 (HVDS) primer and spinning at LQQQe5HLPpdbes S
sec. and then 3500 rpmfor 10 sec. Then 6 ml of the above solution, after
~filteri ngwchoﬂm:uy?h a 0.45u PTFE syringe filter, was deposi Peutmunmspwn at

5000 rpm for 60 20C f 60 seconds. Open franme 157
nm i magi ng was a%fg%g?lg %%Ogvpngsgatlﬁ‘u%@%beat ed 20 wafer to light from
a Lanbda- Physi k disajyed in@2ldwxginvee whahdiad bearf i gured for  157nm operati on.
The imagi ng dosg;MA% HRR ﬁglo'@ﬂmavggxbﬂﬁuéhe numbgzgf | aser pulses used

to expose a given.spot, 0 wer é |maged w th doses
that varied fromp® W@&@'aﬁéoq%mﬁﬁwaﬁwme kﬁpb@ﬂeblf)@@exposed waf er

was baked ajonb2R6oh mlzaﬂeﬁl%iﬁ]@ﬂﬁ}n a%anBi@Jﬂé%frqry e deMm)>0fRfbdihnagqueous
t et r anet byl [ g 38%’ TVAH

sol uti on). S?Jﬂgg’glqvlc?\?\%s eaglgﬁrlnfﬂla‘f’as %efo%g“itpﬂ% gf\:mﬂ?“v%% Resishy/ cnp. The

| onest doselevelpmenblodetr (elpdd90pf  negative inmage was 50 mJ/cnR. EXAVPLE

‘42 30 The follo stirred

overni ght, andwé@%at?%ciy} p(?ﬂ;, %ﬁ%gggﬁ%éw%fﬁgﬂ@o hlygim a§%“e()orrponentV\l m
NB- Me- F- m(ﬁéﬁ%mwmvﬁ@nmmgr@éw({os@mﬁor Askaranfldben 330 min fos 10escri bed in

0. 769 E@arrpmnm%h@mwa@&aﬁén Eﬁ& filreBt Yhrok BQ@f@Pﬂ%FﬁFégﬁaw 4 November

2003 WD 00/67072 0 lutio tr suI fonlumitri di ssol ved
in cycl ohexHIfongs aﬁ’E'f? E@P/ fggf %ngs Apf baredptIRPdudti a 0. 45
PTFE syri ngS@sbcdnﬂe.r 0 360 Spin coatl ng was done using a Brewer Science Inc.
Model -1 OOCB 5 ¢Q | in coater/ hot on a 4. di arret er Type
"P", <100> orienta |on Rl 139, ]1"9Imaﬁl%‘f‘raesraccﬁelgéﬁggrygn?xr’\?/é@gﬁ%? fed on a
Litho Tech wedprdn light frﬂegulwnbd@é\hmb@mx Aaa|eymmer(1mde¢nf7§ee)d fofhe waf er
was prepar ad7y g @r@ﬁ§ﬁtﬂ'ﬂgn§a Hg R bﬁ B b M}/'B ) primer and
spi nni ng at1 100 9 rpm for 1 § & an%l t en 3% ? Iﬂéﬁ% nurh %
aser pulses used to expose a given spot on the wafer 1x spots were Imaged with
doses that varied from 1.25 mJ/cm? to 300 mJ/em?2. After exposure the exposed
wafer was baked at 120°C for 120 seconds.
The wafer was developed in aqueous tetramethylammonium hydroxide
20 (TMAH) solution (ONKA NMD-3, 2.38% TMAH solution). The lowest dose that
gave a positive image was 11 mJ/cm?. The lowest dose that produced regions of

negative image was 100 mJ/cm2,

EXAMPLE 43
The following solution was prepared and magnetically stirred overnight.
25 Component Wt. (pm)
NB-Me-F-OH/NB-Me-F-OMOM copolymer
- (85/15 molar feed ratio) as described in
Example 28 0.307
Cyclohexanone 2.470
30 t-Butyl Lithocholate 0.045
5% (wt) solution of triphenylsulfonium triflate
dissolved in cyclohexanone which had been
filtered through a 0.45p PTFE syringe filter 0.181
Spin coating was done using a Brewer Science Inc. Model-100CB
35 combination spin coater/hotplate on a 4 in. diameter Type “P”, < 100> orientation,

silicon wafer. Development was performed on a Litho Tech Japan Co. Resist
Development Analyzer (Model-790).
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10 Then 6 m of the above solution, after filtering through a 0.20 m PTFE
syringe filter, was deposited and spun at 3000 rpm for 60 ;S6rQRHS -3¢ baked
at 120C for 60 seconds. Open frame 157 nmimagi ng was acconplished by
exposi ng YA&¥&Wated wafer to light froma Lanbda- Physi k CSg8%%4H23%xci ner

by Var yi G, T ol B e R3S ot on ¢ ho.
waf er. Si x“é‘g@?% RAEPS andspiipimg E{%Hoagbrg’@gg{%é?c'\?a ?}E‘Gﬁpgfﬁr&f%qﬁ%‘-cnﬂ to
300 mJ/ cn2Thed 6 exl odiposhave sbhiioexafos édierivgflebuglas Ot3tked PIFELAed or 120
soconds. ThecHaleuctan deKELAAel folgagusaysn LaLEATRL AU o ox de
gave a bosP?reenltmge was 1 | ni/cnR2. The | owest dose that produced regions

of negative i magenWamel Y m/iﬁggng%hﬁ%é&ﬁ&h@g%ée%%%@g \ﬁgéar;ti on vas

prepared and tically stirred qQvernight 2
NB- Me- F- OH ﬁﬁ%ﬂ%‘%a&%@?‘{?r@fﬁﬁ( @8?1?:%‘ W7 s¥cipse lesergonBgurad fatescri bed i n
Exanpl e 28187180 dper@ijcd.ofiex anayieg 2oskAlas @diroHBUbY valyiidiee Romdeof0. 045 5%

‘(wt) sol utj i | foniumtriflate.di ssolved in cycl ohexanone
Shi o hd 1288 lseb MRTENEBLE L BN Dbyl b AES Xa8ed fins WS ad o
coat i nHf wayithdeeesubatigrigd Broanar’ 18 ced de 180mJ/dvibti e ftbr @PEBIr8thec onbi nat i on

Spi n_coat esiguabdvates val bakdi iN209E FBIRY sely: " P', <100> ori entat i on,
silicon vvafeﬁra).@ vel ?e(errent was per?%?rredseo%%' Litho Tech Japan Co. Resi st

Devel opnent Anal §% ¥@le Waseleyeiopsd insrgugonienmethyaparsompmdorisrid?

ECT | US?glllﬂmngﬁ helthaN&@&) WEPWEQS%YPMQ@D&IM&?. %@éo@ést d?se thaSt g
exanet hy i ne . ri and spi nni a rpm for sec. an
t hen 3500 éj%ovr%ﬁ %%fsﬁ% 1%‘%8&%‘??2?1“%‘3 W‘Fﬁ 035635@1"%‘31‘%8 Fe&Pnsfter filtering
t hr ough® a @20 verrpageEvasy 180md/enfi | t er, was deposited and spun at 3000 rpm'.

for 60 seconds and baked at 120C f@rs)\fp1 Q4s€conds. Open frane 157 nm
i magi ng was -acconpl i shed by expos ated wafer to light froma
Lanbda- Physi k ChpEllonnne silatipreivas praparedamtingrgnsticalby stirkd pvemigher at i on. The
i magi ng doggl diiseCORth cOLbBEkRYnY & ViRGAiage nunber of

Component Wt. {(gm)
20 NB-Me-F-OH/NB-Me-F-OMOM copolymer
| (80/10 molar feed ratio) as described in
Example 29 v 0.769
Cyclohexanone 4.758
_ t-Butyl Lithocholate 0.113
25 5% (wt) solution of triphenylsulfonium triflate

dissolved in cyclohexanone which had been

filtered through a 0.45p PTFE syringe filter 0.360

Spin coating was done using a Brewer Science Inc. Model-100CB-
combination spin coater/hotplate on a 4 in. diameter Type “P”, <100> orientation,

30 silicon wafer. Development was performed on a Litho Tech Japan Co. Resist

Development Analyzer (Model-790). .
7 The wafer was prepared by depositing 6 ml of hex'amethyldisilazane
‘(HMDS) primer and spinning at 1000 rpm for 5 sec. and then 3500 rpm for 10 sec.
Then 6 mi of the above solution, after filtering through a 0.20 pm PTFE syringe

filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120°C for
60 seconds. |

[¥3]
(W]

Open frame 157 nm imaging was accomplished by exposing the coated
wafer 10 light from a Lambda-Physik Compex 102 excimer laser configured for

in
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-l aser pul ses used to expose a given spot on the wafer. Seven spots were
imaged 10 with doses that varied from2.7 ml/cn2 to 180 mlygsRmbafo6s

exposure the Posed waf er was baked at 120C for 120 secopds. The wafer
“was devel Bp&Y 706' aqueous t et ranet hyl anmmoni um hydr oxi de (TWWSQ%PG?% on

( ONKA Zl:l\ng- 31/3731n3§)$pﬁﬂ-M?\HT§@1t glr%rﬁc;s% F{é@ cb@t\é\&%d oAy ihBate ?191?}56& & p?SI tive

i mge e | owest dose that produc egi ons o negati ve i mage
wne 580" e PUES AR £ SHROPAEIT S oW RGP BR {éra%vagotwgb%we nd

nagnet i cal I\ylﬂsdmscsthdt avied fiogh?.5 midnd? i 160 ed/cwi’t bAfrarekphwexatiene to 12%

Sol i ds. §§Se§%gpé} LAY ) aQ %oc %@_)gg %O%NB- Me- F- OMOM copol ynmer . (90/10

nol ar feed rati g SCI’I be 1e 29 Cycl ohexanone4. 758
t - But yl 2Li t hocholihgteerv4as ds%l@md)IH%PWHSéﬁrmethHapImymrsthyﬁmNIGnn triflate

di ssol ved igmneam] sblmmr(@m/ﬂmb Nat e e AH3Mh{dn gt FhEThdY QhGn& 0. 45
PTFE syringe filter Spin coa&bln% eu5|‘g) ﬁx rewer Science |Inc

Model - | OC% Ve B BADY YFIH28H Ve éfé’ﬂerﬁ?‘?glf’&eéft 5§ Ahal proquped regionsedfer Type
"P", <100> mepatértimbgowas B0 sl/twéon -waf er. Devel opnment was perfornmed on a
Litho Tech Japan Co. Resist Devel opnent Anal yzer (Model -790). The wafer
was prepared by depositing 6 m of hexanethyl disilazane (HVDS) prinmer and
spinning at 1 000 rpmfor 5 sec. and then 3500 rpmfor 10 sec. Then 6 m
of the above solution, after filtering through a 0.20 m PTFE syringe 35
filter, was deposited and spun at 3000 rpm for 60 seconds and baked at 120C
for 60 seconds. Open frame 157 nminmagi ng was acconplished by exposing the
coated wafer to |light froma Lanbda-Physi k Conpex 102 exci ner |aser
configured for 52 WD 00/ 67072 4 Novenber 2003



- IPCEL e 2U-15%hm oper ation: The i pagi dose was cont ol hem
}yla” = gifper of | aser pul se lexpose a gi véRespi
iwar er .foMpght spots were. imaged w PH=00S&8*t hat varied from%:

;160 ml/cnR. After exposure the exposed wafer was baked at® Nogberg0 120

iseconds. 5 The wahms cm(iqgavel oped i n aqueous tetranethyl anmoni um hydr ox|-dle

( TMAH) soI ution ( n’gg 38% TMAH sol ution). The | owest dose that
gave. . a p05|t|ve i t"ZﬁSW?IEPFEmEhe | onest dose that produced regiop

of negatgve |mage vwas (60 aflbeiR- oﬁﬁtammgpolyrﬁér&&ﬁﬁgﬁ%r g& g’m% gt s
uoriln cont ai ni

clainmed is: 1. -. A photoresjst Si.n
* Ipol ymer cenprising a repeat& |a?gg£ "r“?fé@q nﬁﬁﬁ%ugqmg%gow@t hyl eni cal |

unsat ur at éd conpound cont atomtamjnga flharosladbrfhatonil hedp arak gy oup havi ng
the strugture: -c(Rf) (R )sgﬂmﬁtg:ereln Rf and Re are the sane or dlffere}'u
fluoroal kyl groups of from1 to 10 carbon atons or taken together are ..
(CF2)n wherein nis 2 to 10; and (b) at |east one photoactive corrponen
wherein the fluorine-containi {gRPAHDEr has an absorption coefficient ofl
less thani2.5 ml at a wavel ength of 157 nm 2_ The photoresist 'of Claimll
further conprising a dissolution i nhi bitor. 3. The photoresist of O ai mll
wher ei n théVf | uori ne- co?ﬂ*%@ﬁl&i@ll%fWéhcslmcha@ﬁamnmmmlmupﬂeﬁ i ci enti

less than!3.0 m| at a Mqlt@mwb@i‘at&@oﬂtﬂ&n g@p Ohfshat, of C ailnt
er Cc n'pzll)

1, whereifi the quorlnez!éol i ng pol ymer
der| ved fromat |east on Fﬂ#em cal l'y unsat urat ed conpound cont ai ni ng

functional group havi ngb} hat keestwos photoactive component;

: ; wherein the fluorine-containing polymer has an absorption coefficient of
- 15  lessthan 2.5 pm-! at a wavelength of 157 nm.
: 2. The photoresist of Claim 1, further comprising a dissolution inhibitor,
' 3. The photoresist of Claim 1, wherein the fluorine-contzining polymer

has an absorption coefficient of less than 3.0 pm-! at a wavelength of 157 nm.

<<

4. The photoresist of Claim 1, wherein the fluorine-containing polymer
20 further comprises a repeat unit derived from at least one ethylenically unsaturated
compound containing a functional group having the structure ' B

CRIRHOR,

25  wherein Rgand Ry are the same or different fluoroalky! groups of from 1 to’
10 carbon atoms or taken together ate (CFp), whereinn is 2to 10 and R, is an
acid- cr base-labile protecting group.
5. ‘The photoresist of Claim 4, wherein R, in the fluorine-containing
i . polymer is CHyOCH;R;, and Ry is hydrogen or a linear or branched alky! group
’ 30 ofbetween 1 and 10 carbont atoms.

6. A process for preparing a photoresist image on a substrate comprising,

in order: .

(W) applying a photoresist composition on a substrate, whersin
the photoresist composition comprises:
; 35 (@ a ﬂuormc—contmntug polymer comprising a repeat it
L ' derived from at ledst ane ethylenically unsaturated
_ compound containing a flucroaleohol functional group
i having the structure: :

TSes a Tepeat Uni
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grevnukl "and Ri* are th
Hicar bon atons or také
16’ “ARO-Ra & an- aci d- or base- | abi FESpF 'e'fl ng group. 5. Thé
.pof- d'aim 4, wherein R in the fl uob¢3§ éntal ning pol ynert faye
and RS i s .hydrogen or a linear or

and 10 car.bon atons. 35 (a) a fluorine-contain rig polyner conprisin

cont ai ning a fl uoroal cohol ][r.]gnct [ on@ havi n%
order: (W applying a phot 8HE&RS0 (bFB Bct‘i’%ofdﬁ@& egethet mg(CFJuher ei n

phot or esi st Zompositi on cowheemass 2 t610, An@ﬁuﬁéi'@l&?ehd‘ﬂliorﬁé-@@%hﬁ% a

PSR ShaafRddh P2 KR Rt bl o

fl uori ne. Contalnlng pol yrer , has ap absorption co
jnuM at a wavel ength of 1 Y

and (c) a ¥blvent; 10 (&) ddrwnggxdphetommmmsmbnﬁﬂsﬁbaamﬁaﬂ@%xﬁ@ve

or taken together are (CFZ)S Satlcgﬂvgﬂ@gﬁdtgacg{,émgnégo cﬂjr,oandand wherein t

havi ng i mgged amd-lmaged areas, and
{Z) developing the exposéd photoresist layer having imaged and
¢ 15 non-imaged areas to form the relief image on the substrate.
: 7. The process of Claim 6 wherein the imagewise exposure is performed
using ultraviolet radiation having a wavelength of 157 nm.
8. The process of Claim 6 wherein the imagewise exposure ie performed
using ultraviolet radiation having a wavelength cf 1930,

20 3. The process of Claim 6 wherein the photoresist composition in light
exposed areas is rendered soluble in aqueous base developer upon exposure to
patterned ultraviolet radiation of wavelength less than or equal to 365 nm.

10.  The process of Claim 6, wherein the fluorine~containing polymer
further comprises a repeat unit derived from at least one ethylenically unsaturated

- 23 ' compound containing a functional group having the structure

-CRARAOR, ’

wherein Reand Ry are the same or different fluoroalky! groups of from 1 to
30 10 carbon atoms or taken together are (CF,), wherein n is 2 to 10 and Ra is an
acid- or base-labile protecting group.

11. The process of Claim 10 wherein R, in the fluorine-containing
_polymer is CHZOCHZR& and Rs is hydrogen or a linear or branched alkyl group
of between 1 and 10 carbon atoms.
" 35 12. A fluorine-containing copolymer comprising 2 repeat unit demred
5 from at jeast one ethylenically msamratcd{compound characterized in that at least
one ethylenically unsaturated compound is eyclic or polycyclic, at least one
ethylenically wnsaturated compound contains at least one fluorine atom covalently
attached to an ethylenically unsaturated carbon atom, and at least one

35
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IIcyI grou p 30 of between 1

repeat unit' dérived from heleRABL an&’k? a&t@yé&wa}ﬁe&#ﬁﬁ&%w g?p corSTIA)founc
im

are the sane or different Wetedangtidfy57gmpups of fromIto 10 carbon atons

fTicient of less than 2i5%
'} at | east one photoactive corrponent‘
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15 non imaged areas to formthe relief inmage on the substrate 7- The
process of Claim6 wherein the i magew se exposure is perf yBdmpSiohd

ul travi ol i«adion having a wavel ength of 157 nm 8- Th f
Claim6 \M‘?Ge? g?ﬁ’ﬂt e i magew se exposure is perforned usi ngq)tﬁqr{l?%\g/iﬁg?gt

radi ati on hethivlegicallyamedrengt hopoub@3s campri2d 9= fTHoeoaEdOEfscAbnal ai m 6

wher ei n theo%gth%ﬁ%itﬁé st@RF{P@RSi tion in light exposed areas is rendered
sol ubl e i n aquéous base devel' oper upon exposure to patterned ultraviol et

radi ati on of wavelength |less than or_equal to 365 rum 10. The process of
Clai m 6, wherein the fluorinentai nﬁ%f)&ﬂ)wﬂer further conprises a repeat
unit derived fromat |east one et hyl eni cal |y unsaturated 25 conpound

cont ai ni ng ehtwhcRi andR( greabysaha\or Aiffdriia THibFdaiN eeoudsSORGORE 1 ORa wher ei n

Rl and Rf a ne or..diffeprent f roai kyl grqu of froml1l to 30 10
car bon atonjs@f::)%rlgg %%g’rrln St(ggtaelieﬁéorgeg‘t%ar(aé{:—'i:l? w e&%‘ér“gfgt‘ﬁ??s 2 to 10 and R is
an acid- or basd3l aBht eogsima of Clgmgi2dupherkbmpfismgpr @pessinfifdeGvad m 10
wherein Ra fmtheeds! Y9 dipQa 8ot ity ' %I—!Z 5. and RS is

hydr oge%Sor raml i nee_asr or W%n@ﬂ@hﬁt%feggﬁggﬁn‘%&’%@ en}%lnb%%?lo car bon
atons. 85 180U bayingheEIERIR ai ni ng copol yner conprising a repeat unit
derived fromat |east one ethylenically unsaturatedtconpound characteri zed

in that at |east one etbylenical ycQguRywR} ed compound is cyclic or
pol ycyclic, at |east one ethylenically unsaturated conmpound contains at

| east one f | t O, lently ..attached to.an ethylenically
unsat ur at ed\k’}égé}{e ngﬁf %fdgw grgx% SEPBI%glsifer [ glug?a@@l @5?”@?@1’;?0&" ﬁlb‘?/enber 2003
PCTI USGQ 11HBcarbemgioasias skey tognbart are 4€85), wdwpdunds ? $o toapd Rgédarnf a

f1 uor oal cohglidfamnetd-onak prddaH gllg)%_i ng the structure: 5 -C(R f)(R f)OH
wherein Rf and Toare tﬁe sane_or different -f_Iuoroallé_y]IR groups of froml
15

Rt
to 10 carbon atlﬁ'rrs%é‘? copekEiT obglaimde. whereindiis ¢ rendRPist o 10. D.
The copol yneydroger@rai lickPoftirichal AR ANRS IS Mt RedePRS 10Birbofl8lonyed from at

g oup havi ng L heost HEHRIPETC RIS MR APHERFAl I UREE e same or
di ff er @dt fdompaatcphtagning gy deast orferfbirine tiomléovhkndgranachedttons or t aken
toget her ar@npiCheMy WAGHRAE: Shrbch dorh s 0 R the olp BRLiGin Pl aSE-1 abIT @
_ tetrafluoroethylene, chlorotrifluoroethylene, hexafluoropropylene, '
trifluoroethylene, and R{OCF=CF, wherein Ry is a saturated fluoroalkyl group of
from I to 10 carbon atoms.
25 16. A photoresist comprising:
(a) a fluorine-containing copolymer comprising a repeat unit derived
from at least one ethylenically unsaturated compound
characterized in that at least one ethylenically unsaturated
compound is cyclic or polycyclic, at least one ethylenically
30 unsaturated compound contains at least one fluorine atom
covalently attached 1o an ethylenically unsaturated carbon atom,
and at least one ethylenically unsaturated compound is comprised
of a fluoroalcohol functional group having the structure:

35 -C(RpR)OH

wherein Rgand R¢ are the same or different fluoroalky! groups of
from 1 to 10 carbon atoms or taken together are (CF,),, wherein n
is 210 10; and

40 (b) at least one photoactive component;
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. 14. The copolymer of Claim 13, wherein Ra is CH/OCH R5, and R5 is hydrogen
or a linear or branched al kyl group of between | and 10 canpRR.gio8E; 15.
The copol yner of Claim 12 wherein the ethylenically unsaturated 20 conpound
- cont ai ni ngAtY4®3st one fluorine atom coval ently attached PETA§00/11539

et hyl eni cal I y unsat ur at@grefifthb GioRb 0Bt SinHR| BpbBehd toMalReugiQUR consi sting

of tetrafl uoroethylen hl orotriflugroethyl ene, hexafl uoropropyl ene,

trifluoro ethyl ene, anﬁlrﬁg?ll%ﬁé@ﬁﬁn%gl?e %WI%FS’F‘sdeae]@E? FEPE8F | uor oal kyl

group of froml to lOpwEnbomrelielinmge 2pod Bnagkwitot:poesiesd ulteividlesi ng: 30

(2) @ fluorine-cont ai nijagcARGlNIGly RMRAIGPLAGs dnf epeat unit derived from
i o .

at |l east one ethylenically unsatturated Tonpound characterized in that at
| east oRe et hyl bhi d&F Pyotprssist efideisy] 6.durbeeaaprisingadissolatiopol ycyclic, at
| east one dhhiplieni cally unsaturated conpound c¢contains at |east

f bi ori ne-at om valently att ed etye ,Jcally unsal umal ed carbon
atom and at- Iﬁé;st bR Otélieﬁ’ﬁ‘gcrél@gﬁg‘glm%{g&?eaﬁ‘éﬂl%?%ﬂﬁﬂlgi s conprised of
a fl uor oal eoholymeufirtheromalprigescanepmavinhgetihel Somust latsseons3ahylehiRaly Rf ) OH
wherein Rf ' ne . .51 fluoroal kyl groups of froml
fo 10 qgr b arared aProdP SRR s ioclhatbaly WREHESREE T 2t o 107 nd
40 (b) at | east one photoactive coggfone‘nt; 56 4 Novenber 2003 WO 00/67072
- PCT/ US00/ 11539 wherein the fluortdes@an®8uni ng copol ymer cont ai ns
sufficient functionality to render the photoresist devel opable so as to
produce a nelcreth Ri BROR, & @k daiRAL WiEGeRIRRSsHIRY IRt sravdmliah radi ation
havi ng vvavl%lce%%%réoofsoﬁaq% rti rrh_1 5 17 I_.The hotor.e%i st__of gta,i m 16, further
conpri si ng “a di Q8 SIS % KFED \8SHICHTE SFF nicreR @ 15 dP d 0@ dta 1880 Ol ai m 16;
wher ei A5t hecidr gobdsadabde praa¢atinggrasppol ymer further conprises a repeat unit
derived from atid eggt ,R leni,.cad | at; g@gb Qumd containing a
functi onal groupd' hav%ﬂg ?ﬁggtyr(g%?‘ulraéé a%??(’éng a}g%qggpﬁﬁﬁf‘s and Rf are
the sane oPYETOBFRPIEHENCRT eidarairy rlkyr srape obbetivesml Bnid 0xerkpardioms.at oms or
taken toget her 2 e A(fsbresd o p¥paigl MpRotbfesit fnfagtQranditsRateSofPrisink? aci d- or

base- | abi | e 8rrdcc)]t_:ect| ng group.

20 (W) applying a photoresist composition on a substrate, wherein
the photoresist comprises:

(a) afluorine-containing copolymer comprising a repeat unit
derived from at least one ethylenically unsaturated
compound characterized in that at least one ethylenically

25 unsaturated compound is cyclic or polycyclic, at least
one ethylenically unsaturated compound contains at least
one fluorine atom covalently attached to an ethylenically
unsaturated carbon atom, and at least one ethylenically
unsaturated compound is comprised of a fluoroalcohol

30 : functional group having the structure:

-C(R(Rf)OH

wherein Ry and Ry are the same or different fluoroalkyl
35 groups of from | to 10 carbon atoms or taken together
arc (CFy), whereinnis 2 to 10;
(b} at least one photoactive component; and
 (¢) asolvent;
wherein the fluorine-containing copolymer contains

40 sufficient functionality to render the photoresist
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19. The photoresist of Claim18, wherein Ra is CH2OCH-, RS, and RS is
hydrogen or a linear or branched al kyl ﬁroup of between 148}@&:]1%&;:2@5%3%
atoms. 2Q, cess for preparing a photoresist inmage on a substrate
conpri si n%,oaﬁ\llﬁﬁ&gr der: 20 (W applying a photoresist conposttiB#*8t3%
substrate, wherein the phot damdmblmraartmpﬂﬁhaé&ré&_f(:ﬁé%eaupon Jf t
fl uori ne-contai ni ng copol yne (ising a repeat unit .derived froma

| east one ethylenically unsa[%réa%ggscf e>‘88%%%&91‘dﬁ%ﬁ5’tl§5?‘é? FLRAVIRE t hat at

| east one ethylenically unsweutlengitofshfoumd is cyclic or polycyclic, at

| east one et hyl eni cafixy 8&%@}ME%h@fi‘)r&m@ﬂgﬁseiﬁ?@gcféﬁ&aﬁ‘ﬁalgﬁ%ﬁ}ove one

fluorine atom coval entl'y aftached to an e unsaturat ed parbon
at om aﬁd a eF‘gé{%’F %Héhéﬁm%%m EBhotgresishlasen prathe ubsiifound i s conpri sed of
a fluoroal cohol funafv)onimhaggiserexposihg thelfMtaresiuahybr 86 forfl RabbRindOH 35 40

wherein Rf C ' t same or different fluoroalkyl groups of froml
to 10 car borﬁ)[illg{rogﬁgd%regf’aa%en together are (CF2)n wherein nis 2 to 10; (b)

at | east one photoactive dayeppmenthe capaked phptoressnliasenhsving Bnfied ahdre

fluorine-c b r b ﬁ}lt]é .Gl functionality to render
t he phator gg%?{ﬂlﬁg(gva%gggil %J%;ESZ&II\%&/%E eer %6@5&%&’/ USOQ' 11539 devel opabl e

so as t'd produc-a ?hsmreFeSﬁﬁé&éaigp%whmg@mé@am@msm il traviol et
radi ati on havbiiged WaneLBRIIdeOhdaa6R hivthg b ¥ avilenbiitort)36 ot or esi st
conposition to bst.antially ﬁfrrg]\éf()S th%ntaol,ven and thereby forma _
phot oresi st | ay®r o tHESHREHAMA0 phsremihy dipeeiss paoswg 1t he phot or esi st
layer to f@erformedjetngniitaviciemaiiatge davingasvavalitigthZf 198\veh.opi ng t he fa?(p;)sed
photoresi st T aysy e figed vBeRhifsh whGlr! fBPRGoALE ot o i i, o' 1 @
i :

g 15 exposed areas is rendered soluble in aqueous base developer upon exposure to

patterned ultraviolet radiation of wavelength less than or equal to 365 nm.
24. The process of Claim 20, wherein the fluorine-containing copolymer
further comprises a repeat unit derived from at least one ethylenically unsaturated

compound containing a functional group having the structure

-CRPRIOR,

wherein Ry and R¢ are the same or different fluoroalky! groups of from 1 to
10 carbon atoms or taken together are (CF,), wherein n is 2 to 10 and R,isan
25 acid- or base-labile protecting group. 7
25. The process of Claim 24 wherein R, is CH;OCH,R5, and Ry is
hydrogen or a linear or branched alkyl group of between 1 and 10 carbon atoms.
26. A photoresist comprising:
(a) a fluorine-containing copolymer comprising a repeat unit derived
30 from at least one ethylenically unsaturated compound containing
at least three fluorine atoms covalently attached to two
ethylenically unsaturated carbon atoms and a repeat unit derived
from at least one ethylenically unsaturated compound containing a

fluoroalcohol functional group having the structure:

35
-CR(R¢YOH
wherein Ryand Ry' are the same or different fluoroalkyl groups of
from 1 to 10 carbon atoms or taken together are (CF5), wherein n
40 1s 210 10; and
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.10 21. The process of Caim20 wherein the inagew se exposure is perforned
using ultraviolet radiation having a wavel ength of 157 nm,\22,.,dhgyProcess
of Claim 20 wherein the i nagewi se exposure is performed using uPt ravi ol et

- radi at i onWeeepreigf2za wavel ength of 193 nm 23. The process ofcTustoniz
wherein the phot ore(g)gs %% r;l)SItOI,[Oan Vn | i 15 exposed areas is rendered
sol ubl e i n agueous © CB %C%Q]g%me to 20 patterned ul traviol et
radi ati on of wavel engt Wheteinghe ﬂamlwccemlaﬂnvtoop@@&er tamtaid¥suffidientpr ocess of
Gaim 20, whereln the fhUasiane 6eBiaL nidlhoraRaLIEE o LIS, COTPT T sE8 2
repeat unit derived fromat |east one ethyleni ca Unsat ural conpound
contai ning a functi onaProgisirehehimige ppen %@?&?@ﬂﬁfreépo@(ﬂoﬂl)h(wd)’—ma wher ei n
Rf and Bf are the san&adratldnhﬁxﬁﬁgﬂhvélb eakky mgroups of from1l to 10
carbon atons or 7takﬁ1 oget hetr ane wher.ej n S 2 to 10 and Ra is
an 25 acid- or’ base i RSTPESIF o4 el?:lﬂ ﬁonﬁ’ﬁlsmﬂ?ﬁ 55?88%%5 of Cl aim 24
wher ei n Ra igbiGM20OCH2R5, and R5 is hydrogen or a linear or branched al kyl

group of bet weery. | BRAHRCALNPCIAONR whetln oft RILLES SpacomPri sing: (@)
a fluorine-contai ni copol ynmer conpri repea PR i ved 30 from
at | east off8P @’Fi‘ﬂ ICPVPH?'@a?tTEP@E Bt é@m@n@bh@ﬁmnc eifyyiesically | east

three fi0uouhssuAtedE®ERMALBhihifR § AFBEShA @rduhayvBizhd SRIGAL | Y unsat ur at ed
carbon atons and a repeat unit derived fromat |east one ethylenically

unsat urat ed conpound containing a {ﬂﬁﬁﬁ})@cohol functional group having
the structure: -C(Rf) (R )OH 40 V\/ne f md Rf are the sane or different
fluoroal kyl groups of froml| to 10 carbon atons or taken together are
(CF2)i whediereimRriagd Ryt ave i16;samn@r 88Tetentidlnendndkyl 200ps Wr00/168072 5

PCTI USP9/ 11538bbR)atéths bﬁaaian W@@thgpé}fsﬁéﬁgﬂ‘(%eg@gﬁﬁpf% | Orfg;s”ptyhfo r ender

fl uori ne-cont.ai ni n ymer, “cont ai
t he phot or é%’fjs?rnl&"é'gé%'g%m"éﬁcgﬁg &8990 produce a relief inmge upon i nagew se
exposure to ul 29aviThegthotdraskitaf CRimiERY wherel@Re iL0BL HCALR X388 RIT
hydrogen or a linear or branched atkyl group of between 1 and 10 carbon atoms.
30. A process for preparing a photoresist image on a substrate comprising,
20  in order:
(W) applying a photoresist composition on a substrate, wherem ‘
the photoresmt composition comprises:
(a) a ﬂuorme~c0nltaming copolymer comprising é repeat unit
- derived from-at least one ethylenically unsaturated
25 compound containing at Jeast three ﬂnounﬁainms
covalently attached to two ethylenicél]y unsaturated
carbon atoms and a repeat unit derived from at least one
efhylenically unsaturated compound containing a

fluoroalcohol functional group Having the structure:

30
-C(R(Rf)OH
wherein Ry and Ry are the same or different fluoroalkyl
groups of from 1 to 10 carbon atoms or taken together
35 are (CF,), wherein n is 2 to 10; and

(b) at least one photoactive component; and
{c) asolvent;
(X) drying the photoresist composition to substantially remove
the solvent and thereby form a photoresist layer on the substrate;
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27 The photoresist of Caim26, further conprising a dissolution inhibitor.
28. The photoresist of Caim26, wherein the fluorine-contay «CRRY! ymer

further i a repeat unit derived fromat |east one g\j i ly 10
unsat ur aﬁg@@@ 7?'ﬁ?)i(s)und contai ning a functional group havi ng% @?‘d%@ure
C(Rf) (Rf ) ORa wher ei (YRf ima@wile capesinghhe phomredist Biyéf 0ot ihhper aal Kyl
groups of }‘]&gg}]g etd%éga%' é%Rgar bon atons or taken together. are (CF2)" -

I'S 15 10%%h

wherein n is an acid- or base-labile protecting group.
29. The photoresist &) Chelelap® thekerosthpRtonesistOrPOORPRS, imaged BB | S

hydrogen Oforithhdd@airedto RIrANGE fdiclrtide SNAYRILRfaRet Ween | and 10 carbon
atons. _ 30. A proc%gs for preCoa_rlqn a photoresist inmage on a substrate :
conpri o ng, 20!i nl1Bf gecesspd %W%R?W%E‘Pﬁh%@%eh’hﬁt%ﬂé%ﬁ%ts conmposition on a
fS:Jb_St rate, pwhﬁﬁﬁmﬁmsirtghﬂuf)hﬁlfsmaeﬁliéﬁ h&ORP S Habélemte of P37 ﬁﬁz : (a) daf ' ,

uor i ne-cont aikRI n [,CO 1. S1 N repeat unit erive rom at
| east one et hylsghi g%igﬁg"%ﬁ%gz%%&%‘” %SIM%W?%SB’HC&?‘H?%G& | east three
Bri ne at onperfarpediusing yiratiolaichdidtiomhaving ewaydlengtb af 193 nmsat ur at ed  car bon
atons and a repsat THRbioc8& Jr v edn o l.eni cal

R T S A N

unsat ur at ed conpound, cont ai nlgg ] roup having
the sthfuct @Fhosed geps isrraderedigoblenagesays ReselsyelRperaentenposaeto or di f f er ent

f1 uor oal kypartegricduladiblet f2aMmtibn o whiclER P ARs BLABE cQlal tPk@Nnk0get her  are
(CF2)" wherein g |§,h2 to 10; n%@b%at.lga%% qQne phot pactive conponent;
and (c) a sol vént : ?Rﬁocfﬁsﬁfﬁ%ﬂ - BTt B8 Pn%ﬁﬁﬁélmgowpp Webst antial |y
remove t hiutet senprisnd regeer wbyddrivednfranmpdidéanr @ Shyltdyslly msatigtegubst r at e;

59 4 Novegaﬁ'{lp&glg%m&?gg%é?l]rp%iénﬁg;r%lg%%ﬂ]gde %QRQY) i mgewi se exposi ng the

phot or@si st Tayer to non=i rrage& ar eas; and (2) devel oping.
t he exposed photoresist |ayer having i maged and non-inaged areas to form .
the relief image on the substrat eC(RHRFOR,

wherein Ry and Ry are the same or different fluoroalkyl groups of from 1 to

10 carbon atoms or taken together are (CF,), wherein nis 2 to 10 and R, is an
20 acid- or base-labile protecting group.

' 35. The process of Claim 34 wherein R, is CHyOCH,Rs, and Rs is
hydrogen or a linear or branched alkyl group of between 1 and 10 carbon atoms.
36. A photoresist comprising:
(2) a fluorine-containing polymer comprising a repeat unit derived
25 from at least one ethylenically unsaturated compound containing a —
fluoroalcohol functional group having the structure:

“XCH,CRYRAOH

230 wherein Rrand Ry are the same or different fluoroalkyl groups of
from 1 10 10 carbon atoms or taken together are (CF5), wherein n
15 210 10; and X is selected from the group consisting of sulfur,
oxygen, nitrogen, phosphorous, other Group Va element, and

_ other Group Vla element; and
35 (b) at least one photoactive component;

wherein the fluorine-containing polymer contains sufficient
functionality to render the photoresist developable so as to
produce a relief image upon imagewise exposure to ultraviolet

radiation having wavelength of <365 nm.
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.5 31. The process of Caim30 wherein the i magew se exposure is perforned
using ultraviolet radiation having a wavel ength of 157 ri mNoR@be2883
process of Claim 30 wherein the i nagewi se exposure is perforned using

-ul travi ol 0 404dP72t i on havi ng a wavel ength of 193 nm 33. TREl/PPHKEEY of

G aim 30 wher ef 071 MR RERT o LIEATRORILADr ol ANicsdyrposed areas is

render ed sol g}e i n agueous base vel oper osure 1o patterned
~ultravi ol etI 4%t i on of wavel ength Iess than or equal to 365 nm 34. The

process of O ai I3830The\/yhﬁfcﬁdtsﬁktbhelaﬁﬂll$@rWH@eﬁQHé ﬁuéﬁﬂwc&ﬁﬂﬁhﬁgrgm mbdr ther

conpri ses peat unit derive ast one. e nically sat ur at ed
conpound cgfn N R ivera on |de‘aYe<rS[‘]J§°’ﬂ3‘\?‘F?1%°%%t ¥{CPiIP€ﬁur"ésaltBratedn

-C(Rf) (Rf! )C(mcxmélcemtmnm’g acfindctiRialogreun havirgathe swoucraief f er ent  f | uor oal kyl
groups of from1 to 10 carbon atons or taken together are (CF2)" wherein n

is 2to 10 and Ra is an 20 aci %C%%%@ﬂgﬁ?@b' l e protecting group. 35. The

process of CI aim34 wherein Ra is and R5 is hydrogen or a
1inear or nch 10 carbon atons. 36. A

phot or esi st S fsai“ﬁg{y a(%ﬁheéarf]? Bb¢*ffﬁ@nbg?ﬂf8?1herﬁjo‘ﬂbﬂ gffEemddRpri si ng a
repeat 10ni t10desrboreslob of 1aRén @peth@asd (CCH}?“ whéryinanis 0abl1yw, RN sP4s@8ed conmpound

cont ai ni ng functi ving the structure:

Co 2 e BB BLRRNEL B SR L PR R kR R R

. f1 uor oal kylsuiftngxygey, nitfogemphosphoms,cahdsdiroup Yasleorent adodrothargetioner ar e

(CF2} F, V\hem%léjelﬁemi s 2 to 10; and X is selected fromthe group consisting

of sul fur, oxygen,_nitrogen, Ehosphorous ot her G oup Va el enrent, and
g5C

other Group Vi a>2l erhsrihotozssit 38t wheseintR ,gh ETh kKR ¢, iané P(501l5rponent
wher ei n5t hélyfdhbgﬁhldaam@a}toabfwﬂgedmﬂyy rg'%up(iﬂlﬂéﬁﬂ!eaﬁ 1%Haf1I00da%Hn athmctional ity

t.o render the ph t S deve toduce a relief image upon

i magevm se ngéposug %HI.]?P{ oralt 8*@’[2““1 r’gd‘i"]g‘iriﬂfigh%%\‘f?q@ SRRANBERYTBET <365 rim

60 4 Nove saﬂ(am)lpt\mmffﬁ:mmflecé'ﬁhﬁsmmﬂ 302 wavelerdiR op 6T afiesi st of

Claim36. furth [ ol | i th%eéi > The. phot or esi st
g1, R Bﬂ{glzks%ff{;'rg%r@? fnﬁ%ﬁ;htﬂ{or&ﬂ:t RO £ £ubsF§f%tc}g?g}p tis

of Claim 36, wherein ne=c al ning rises a
repeat uni N @&STved from at | east one et hyl eni cal | y unsaturated 5 conpound

contai nong a functiongh) apPyighdHotiBedft@ompsisdnbfa substrate, wherein
. the photoresist composition comprises: |
(@) afluorine-containing polymer comprising a repeat unit
derived from at least one ethylenically unsaturated
compourid containing a fluoroalcohol functional group
25 having the structure:

-XCH>C(RP(R)OH

wherein Ry and Ry are the same or different fluoroalkyl
30 : groups of from 1 to 10 carbon atoms or taken together
are (CF,), whereinn is 2 to 10; and X is selected from
the group consisting of sulfur, oxygen, nitrogen,
phosphorous, other Group Va element, and other Group
Vla element; and
35 (b) at least one photoactive component;

' * wherein the fluorine-containing polymer contains
sufficient functionality to render the photoresist
developable so as to produce a relief image upon
imagewise exposure to ultraviolet radiation having

40 wavelength <365 nm;
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-XCH2C(Rf) (Rf ) ORa wherein Rf and Rj are the sane or different fluoroalkyl.
groups of froml| to 10 10 carbon atons or taken together ago,kEd)mowherein

nis 2t -Bﬁ_ls an acid- or base-labile protecting grO%Tﬁﬁgwﬁség
sel ect edq?’rom e group consisting of sulfur, oxygen, nitrogen,

phosphor ous, other G ougcha a@l@ﬁiecmew@mcmdwmmﬁhﬁmp andi a el enent. 39. The
phot oresi st of C aim 38, d)v\,h @ik s CH OCHR5, and RS is 15 hydrogen or
a linear or branched gk group of between 1 and 10 carbon atons. 40. The
phot oresi st of d ai mg drag rsPhqieresisycamnesitionrtosuhstagtialyirgmeye has an

absor pti on thoefl¥anc behthetdbyl oS atghaborssi& 1et odtthésauslengt h of 157 rim 41

B o3 (W BoaPat 98 HuRbRRE B BEBksth TR B el o
t he phot or gonsnagahpess; spdn conprises: 25 (a) a fluori neI cont a: Inl ng pol yner
conprising a repeat t eni ca

unsm;turat ed conpoun jcor?tegflg%b%gqhé%ﬁyg‘?%%}lfog%%%spgg %%1 a&?% havi ng

the struct deBmasedaregsripyipmn fodelef BmesoniberdisnaRf and Rf are the sane or

di fferent fluorsal kKyk pr@fe@y@ﬁCﬁfmfﬂ%&mh%@—Qm%@X ) )%to?ﬁ’étxﬁé(rj ]Efgren“ ‘he

h 2.t ;
Ey?gﬁtp g@nm@f‘ﬁéﬁ%ﬁfsz%‘ll Tgyo eg{?r}alﬁﬁion m‘i?‘?%)@é’ﬁvelﬁw dP8E@H: other Group V a
el ement, and otd3er T&qm:p:es%ia':hirﬁlmnbherandhe(bﬂag%imiee@@bs@ees IOhO]'E ?aCt i Vte
in ains sufficien
1(‘: Sggf |n gﬂfm |p}é§81§1gédgl é?n% ]{r%’ ﬁ%wtﬁgc%lgtl}%]sgasvtl %8’8@7%?}%%0&?9%% to produce a
relief imge ufdn Thewteesise! Ehapodilneharen tha platoxesist campbsatiomin Hpavi ng
wavel engt h es3@ad Bt @]remrg@écﬁzglgqn éq@&%?ﬁp&rde%%%er E}%q é{%g%rk tor 239 () at

| east gQpne photoactive npanent ;
? F;))alttt::rned ultravio et radxatlon of wavelength less than or equal to 365 nm, -

45. The process of Claim 41, wherein the fluorine-containing polymer
further comprises a repeat unit derived from at least one ethylenically unsaturated
compound containing a functional group having the structure

20 -CRA(R)OR,

wherein Ry and Ry are the same or different fluoroalkyl groups of from 1 to
10 carbon atorns or taken together are (CF,),, whereinn is 2 to 10 and R, is an
acid- or base-labile protecting group.

25 46. The process of Claim 45 wherein R, is CH,OCH,R 5, and Rs is
hydrogen or a linear or branched alkyl group of between 1 and 10 carbon atoms.

47. A fluorine-containing polymer comprising the structure:’

=
=9l
re T

R4

R, Rs

wherein each of Rj, Ry, R3, and Ry independently is hydrogen, a halogen atom, a

hydrocarbon group containing from 1 to 10 carbon atoms, a substituted



~(d) a solvent; (X) drying the photoresist conposition to substantially
renove the solvent and thereby forma photoresist |ayer qndhsprsubsirate;
5 (Y) inmagew se exposing the photoresist |layer to forminaged and
- non- i mag¥d evEaE;, and (Z) devel oping the exposed phot or esils{t”T/UW@i‘SBﬁavi ng

i maged andy, - are [ f ubstrate 42.
The process ?%@%%gf é%@?%%}gg{oﬁgn%%g%{ sea%éixf)‘gg%ﬁéﬁlmsacuﬁﬁ 'e ¥'f or ned

usi ng uItraiﬁilt?hetla}@WEGGWDMVMQU&CWH ength of 157 rim 43. The
process of C aim4l wherein the imagew se exposure is perforned using
ultraviolet radiation having a mm(gkeng{:j@ f 193 rim 44. The process of

Cl aim44d wherein the photoresist corrpOS| tion in light exposed areas is

rendered sQ ubl yeo base d 0 n,ex 15 patterned

i trav ol ot Resf A Rs ftingt el Tt BERER P Fatded ni 45 ' The
process of 1Ckabon 4bmsraalaintogdtberfdre (CFgwherdimnns Adp phIRgrehydrbgat her

compri ses g LPRSALor tALL ARE bYGELile0 ggbgwe@?é eI OARNGRI) dhot NSl UL At ed
conmpound contal ning a funct fona aving the structure Rf) (Rf

) ORa wher ePAYRET.Zrig 01 ahleastame 0§élweree¢at@mt$ ez#%wtruquuemgwbylat gesdups of fr.om

| to 1Qp capRost Ry, QIEERQraﬁ@K $Poriage thefinafte CEEZR gm?ﬁidr\nﬁbrélﬁﬂ% to 10 and
Ra is an WﬁCld or "hasSe-| abi | prot ctin 6.. The ]cess of

O ai m 45 WHEPRATCIRIAPDER, an ghepTRESH goe?ﬁgla%fgfé?ﬁsahma‘* 9 et or
branched ahhgahrelgnghp)fdﬁ’}lnﬁt ween 1 and 10 carbon atonms. 47. A

H uorRl neRgont aigi nghggluxgﬁ%c&?g%rr{ %%Ep&éﬁw%u gerem R?‘O V\/ner ein each of
hydr ocar boﬁ}bp&iﬁ%oﬁmfh mmlgydwmqratlme@oodaﬁbdwdaﬁﬂmmomo§bbt9\tecm uted 62 4
-~ Noverbes 29Q34 YP-LRdR 4ihids. PCT/ US00/ 11539 hydr ocar bon group, an al koxy
group, a car boz%l ic acid, a carboxylic acid ester, or a functional group
cont ai ni ng t he %8t r (tdthst QESISICOEEHQS}I'(ERf)OR’b wherein Rf and Rf are the sanme or
different fluoroal gyl a@ruetps ceitainigpdlyiner ddngrdih®theatrat®redr taken toget her
are (CF7)n wherein nis 2 to 10; Rb is hydrogen or an acid- or base-labile
protecting group; p is the nunber repedat units in the ~polyner; r is
0-4; at |east one of the repeat unyt s/p structure whereby at | east

; E T
R Hm
" Ry Ry
wherein each of Ry, Ry, R3, and R4 independently is hydrogen, a halogen atom, a
20 hydrocarbon group containing from 1 to 10 carbon atoms, a substituted

hydrocarbon group, an alkoxy group, a carboxylic acid, a carboxylic acid ester, or
- a functional group containing the structure:

~CRRFOR,

- wherein Rgand Ry are the same or different fluoroalky! groups of from 1 to
10 carbon atoms or taken together are (CF5,), wherein n is 2 to 10; Ry, is hydrogen
or an acid- or base-labile protecting group; p is the number of repeat units in the
polymer; r 1s 0-4; at least one of the repeating units has a structure whereby at
30  least one of Ry, Ry, R3. and R, contains the structure C(RA(R{YOR,; and wherein
~ the fluorine-containing polymer has an absorption coefficient of less than
4.0 um-! at a wavelength of 157 nm; and

(b) at least one photoactive component.
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10 one of Rl, R2, R3. and R4 contains the structure C(Rf)(R?)ORb; and )
wherein the fluorine-containing polymer has an absorption gRefbiChsnt of
| ess than ‘bd?osq% at a wavelength of 157 nm 48. The fluorine-containing
pol ymer of* YI"&'¥*47, wherein Ro is CH2OCH2R5, and R5 is hjHFESEHI G a
linear or"branched @h&yphotgregispootiahietyveBiher Lombrising 2 lks6REBAN atoms. 49. A
phot or esi st@%;i sing: (a) a fluorine-containing polynmer conprising the
structure: wherein each of Rl, R2, R3, and R4 independently is
hydrogen, a hal 8genAaroeqss for r2€pahiyg a gphatotesist pnapepnacnbatk ognprigael to 10
carbon at ong, gr@esubstituted hydrocarbon group, an al koxy group, a
car boxylé' c acid, a carboxylic acid ester, or a functional group containing
the structure: 25 _C(RY)(Rephors apheiosssist RImpastioRfongr wbstae selmeeior di f f er ent
f1 uoroal kyl thgphtfesestdt chipBiitioh Borhfrigedr bon atons or taken together are ,
(CF2)n wherein nis 2 toﬁ’éO; ﬁg .S h(}/dr.oggn or an acid- or base-labile
protecting group;, p is tHe ntitBe o0t polypier compnsippthe sERgREs:; 1 i s
0-4; at |east one of the repeating units has a structure whereby at 30
| east one of R, R2, R3. and R4 contains the structure C(Rf)(Rl')ORb; and
wherein the fluorine-containing pg as an absorption coefficient of
less than 4.0 m1 at a wavel ength pm and (b) at |east one
phot oacti ve conponent. 63 4 Novenber 3 WO 00/ 67072 5 PCTIUSOO' | 1539 50.
The photoresist of Caim49, furthe jsing a dissolution inhibitor.
51. A process for preparing a photar mage on a substrate conprising, .
in order: (W applying a photoresi gt ; sirtion on a substrate, wherein
t he photoresi st composition conprise? ) a fluorine-containing pol yner
conprising the structure: 10 wher ref RL, R2, R3, and R4 )
i ndependently is hydrogen, a hal ogenFatB8m;m a hydrocarbon group containing
froml to 10 carbon atons, a substituted hydrocarbon group, an al koxy
group, 18 cawh&xildach 8ERY, R% g&?g@ﬁjld&f&&%ﬂlﬁ§ﬁ?&mgé}ﬂ a Bidgeh Gidnal group
O

cont ail ni ng ﬁy%?oc%}ﬁo%cérgﬁg :contaming

(1 to 10 carbon atoms, a substituted
hydrocarbon group, an alkoxy group, a carboxylic acid, a carboxylic acid ester, or
a functional group containing the structure:

15 -CRARAORy,

wherein Ryand Ry are the same or different fluoroalkyl groups of from 1 to
10 carbon atoms or taken together are (CF,); wherein nis 2 to 10; Ry, is hydrogen
or an acid- or base-labile protecting group; p is the number of repeat units in the
20 polymer; r is 0-4; at least one of the repeat units has a structure whereby at Jeast
one of Ry, Ry, R3, and R, contains the structure C(RP)(R{)ORy,; and wherein the
fluorine-containing polymer has an absorption coefficient of less than 4.0 pum-! at
a wavelength of 157 nm;
(b) at least one photoactive component; and
25 {c) asolvent;
(X) drying the photoresist composition to substantially remove
the solvent and thereby form a photoresist layer on the substrate;
(Y) 1imagewise exposing the photoresist layer to form imaged and
non-imaged areas; and
30 (Z) developing the exposed photoresist layer having imaged and
non-imaged areas to form the relief image on the substrate.
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~wherein Rf and Rl are the sanme or different fluoroal kyl groups of from1l to
10 carbon atons or taken together are (CF2)" wherein n is 42Ndvemb&, 206 1s
. hydrogen or an acid- or base-labile protecting group; p is the nunber of
- repeat units in the 20 polyner; r is 0-4; at |east one of the repeat units

has a structure V@ﬁrqj%é;ﬁ‘&c%@ﬁ%laf?@glthe%th&mag@ms@%o% ggontains the

structure C(Rf f(Rf ORb; "and whereln th | uori ne-cont al ni ng pol ymer has an
~ absorption cd¥fiPreebptingpluawiolet padigiion hgving ¢ waveleashenfdPémgth of 157 nm (b)

at | east one phOtmct'th\eq)rmmatm 58RGerefdthe Ghagevid ¥@dkure() drying the
phot oresi st co OSICfI on t PFZ %&ﬁl aII renove the gLvent and t her eby
form a phot orFEETEPCT B3es U ﬁ“f’ Ié‘ga“ﬁve}eﬁﬁ% 8 " posi ng t he

phot or esi st | ayer54.0 Thempmwdesagdtaandl wherein timghdtosssesasompsuitiGOin(1Zht
devel opi ng t . r n non-i maged
areas to for %QP ﬁ%ﬁ%&%ﬁg@?ﬁg&gé&@éle hﬁ@egstr ‘?ge‘}eg%% ?9@ QX@S 2003 52. The
process of Clrafteansd uitreicdstpadipiion ofavpwicsstbdsisdhamr o aqyal tpéﬁﬁ@mred usi ng

ul traviol et radi agj orrHRayédags @rm@\ﬁeh@wtttuptheJfé?cnemm?%ftht%&tnecess of
Claim 51 wherein.the i magew se exposure is perfornmed SI n uItraV| ol et

~radi ation hafpﬁrﬁlrﬁn%‘?}e hieRlegied 199 Wﬁtgr%lpffﬂ?“s‘ﬁ*tfé%’ o aim 51
wher ei n tife mlaﬂio@ytesacsdiamd)arpmectadmmd grohp ght exposed ar eas |s render ed

sol ubl e in aqueo 1% %ylgég Y %)Q?l& &wggtg%leﬁqﬂ% %I traviol et

radi ati on of wave en ess an 0 YEess of
Cl ai m 20 wher(disn the functi onal ity of the fl uorine- containing polymer is

sel ect ed fromthesprqttepmee @ff@t@en @fwlﬁrefultﬂﬁ! B LAMer iPHevidp Q@WXY' Ic
acid and a protected 56. The fluorine-containing po ymner of

d ai m 12 wher8ifHUEFS & ng%tvre PEF3. 57. The process of Claim6 wherein the
exposed liayer is shevahepestevy dﬂCla@rM&ﬂMﬁQﬂﬁwQﬂe&@tbptﬂgs&@ﬂ@b&i&fuedlﬁit@B The

Gevel oper sclCeVaPH BlsE T b et Rt o BT ARpBiiabe o

hal ogenat ed Oegé’glmoclvmlavnératn,o_nfhtatbganatcmedgammgelwemted organi ¢ sol vent. 59.
The process of O g m53 pmggsedfrtﬁ%%ﬁ%&eﬁﬂhe cl&’cﬂ:aq flurd ﬁ%%ﬂ @%)ﬁéé de. 60.

The process of O aim5b8 rein t sol vent
f 1 uor ocar bon conpglin &he@tocewéqameté%gfheqelrdhmhﬁtosew&éirsellwnm s@and Rf are
CF3. 62. 2fihe fRbaicARSIcBInp @{mcﬁ aim1l which is a positive working resist.

63. The phot or e5|§1t Cl_fhe process o%lmm hvht;%rut egndclgzn'grr |€Ees at | east one
62. The photoresist of Claim 1 which is a positive working resist.
63. The photoresist of Claim 62 which further comprises at least one
protected functional group.

25 64. The photoresist of Claim 63 wherein the functional group of the at
least one protected functional group is selected from the group consisting of an
acidic functional group and a basic functional group.

65. The photoresist of Claim 64 wherein the functional group of the
protected functional group is selected from the group consisting of carboxylic acid

30  and fluoroalcohol.

66. The photoresist of Claim 1 wherein Ry and R¢ are CFj.

67. The photoresist of Claim 1, 16, 26, 36, or 49 further comprising a
solvent.

68. The photoresist of Claim 1, 16, 26, 36, or 49 in which the solvent is 2-

35  heptanone or cyclohexanone.

69. The photoresist of Claim 1, 16, 26, 36, or 49 in which the solvent is a

solvent system which is 2-heptanone and cyclohexanone.



. protected functional group. 25 64. The photoresist of Caim63 wherein the
functional group of the at |east one protected functional group is
selected fromthe group consisting of an acidic functional group and a
 basic functional group. 65. The photoresist of O aim 64 vhdpeimper 83
functional group of the protected functional _group is selected fromthe
group consi sting’%f ThaPrsgsa ofClaism & 203é0ré_Hd01f?ﬂ@r%‘&%gﬁépg"%ﬁs 2The
phot or esi st heptakdrdd dhchclohefmbre Rf and Rf are CF3. 67. The photoresist of

Caim1l, 16, 26,,36,.0r 49 f her LI Sing.a. salvent. 68.. The

phot or esi st of O ‘ai mPEProEss (%3{‘131@66673\?9@1@? H’gé\ﬁir‘c‘ﬁh‘% SoeBhS 3 s 2- 35
hept anone orobysl Whiexanbiok is Bheptdivme photpri@dsixstonef Claim 1, 16, 26, 36, or
49 in whizch the | ve LS. S0l t system which is 2-heptanone and
cyclohexgnone. 6?94 voé%g?t?fguéx%g The process of Claim6, 20, 30, 41,
or 51 in which the sétlestiluosnoconaipingnohenes CORpESHEaaprshanit darivethe
process of Caim6, 20, $Qm AleasPbndkhyiBnivdllyGihshlifut&idon@itunds a sol vent
system whi ch i s 2-heptanone and cycl ofle%]aqlﬁ&%.. 5 72. A hotgresi st
conmprising: (a) a fluori ARMEGHEA REHEAEUIY) HECH errﬁT‘?”Qikﬁgmﬁt %peat unit
derived from at |east oseuginlyl enically unsaturated conmpound containing a
fl uoroallgohol functional group having the structure: 10 -C(Rf)(Rf)OH 15 20
4.0 m1l'at a wavel ength of 157 run. wherein Rf and Rj are the sane or

di ff.erent fluoroal kyl groupSBARMHPHM | to 10 carbon atons or taken
together are (CF2), wherein nis 2 to 10, said fluorine-containing polyner
being free of any aromatic_ group; and (b) af {east one photoactive
component ; wherei n t W&ergin By ppbRe arerths sAnOrsbifrsat lypsealk seig5t i on
coefficient of |ess tRanl &7 carbon atoms or taken together are (CF,), wherein n is

15 2 to 10, said fluorine-containing polymer being free of any aromatic

group; and
(b) at least one photoactive component;
wherein the fluorine-¢ontaining polymer has an absorption coefficient of less than
4.0 pm! at a wavelength of 157 nm.
20
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