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{54) Title: FLUORINATED POLYMERS, PHOTORESISTS AND PROCESSES FOR MICROLITHOGR APHY
(57) Abstract

Fluorinated pelymers, photoresists and associated processes for microlithagraphy are described. These polymers and photoresists are
comprised of a fluoroaicohol functional group which simultancously imparts high ultraviolet (UV) transparency and developability in basic

media to these materials, The materials of this invention have high UV transparency, particularly at short wavelengths, e.g., 157 nm, which
makes them highly useful for lithography at these short wavclcngths
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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
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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
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substr ate Cr?or}'l?orno%errlghave Becn reported in U.S. Patent 3,444,148 and JP 62186907 A2
patent pubhcatmn. These patents are directed to membrane or other non-
photosensitve films or fibers, and neither has any teaching of fluorinated alcohol
comonomers use in photosensitve layers (e.g., resists).
U.S. Patent 5,655,627 discloses 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 is a critical need though for other novel resist compositions for use
at 193 nm, and particularly ét 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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cyclic or pgl %ggé%%ésg%gg#ﬁgﬁgﬁ cg}genseét hyl eni cal | y unsaturated conpound

cont ai ns at uor rne atoni coval ent | y attached to an
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of fromsl to about 10 car bofavadi®Dife sBfuciudken t oget her are (CF2) " wherein n
is 2 to 10. In another enbodi rrent the invention is a photoresist
conprising: 5 (a) a fluorine- coﬁtﬁlﬂ)(R}gOkbpol ymer conprising a repeat unit
derived fromat |east one ethylenically unsaturated conpound characterized

Ipcn)l ;Esél ?I':, | S?sf eggte gtxgl}{ g?e ﬁl fezwlld)égu?r%aﬁeu ga%g gr dlffo rrTBtO u%?oz{ll%ylcg){glhjlsc or
20 of from 1 to about 10 carbon atoms or taken together are (CF5),,
wherein n 1s 2 to 10, and wherein the fluorine-containing
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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Structure:

-C(Re)(R¢)OH

wherein Ry and Ry are the same or different fluoroalkyl groups of
from I to about 10 carbon atoms or taken together are (CF,),
whereinn is 2 to 10; and
(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.
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
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
unsaturated carbon atom, dnd at least one ethylenically
unsaturated compound is comprised of a fluorocalcohol

functional group having the structure:

-CR(Rf)OH



unsat urated conpound containing at |least three fluorine atons covalently
attached to two, ethylenically wunsaturated carbon atons; an/ehbdr 280t epeat
unit deriyed froman ethylenically unsaturated conmpound conprised of a
f1 uor oal cOfOIYPncti onal group having the structure: -C( RHPH53D 4
Novenber 2003 WO 00/ 670%ReRGTRLSQDR 1 2R3Re santeedraliflerBufanchiBfl st he sanme

or different fluoroal kyl.group f m,l to about. 10 carbon ns or taken
t oget her are (CF,), m%ﬁ%?rﬁlﬁnt%iagmﬂ {(gcailfﬂna?ws grttall‘eé‘a{ggeté?fé’%&gfﬁacti ve
conponent; and (c) a swhemntpisther¥ln the fluorine-containing copol yner

contains sufficient f“”?&%%@l‘eh&%m&%&@&ﬁ’ﬁé Cmgf’lﬁ‘nptaﬂ@ esi st devel opabl e so

as to roduce a relief ge upon | agew se exposure to ultraviol et
radi ati on havi ng wavel entfoh 860%88%5 nny (X) drying the photoresist

Cﬁrrposi tion Ito subst atnth Wﬁbﬂeﬁbﬂhem;éﬂpe%&ﬂaiﬁﬁﬂg@ﬁéiyﬁn@ﬂc&rﬁﬁﬁ?ﬁ%{i%i@ﬁtmhat st
Payer to form | mged ani o ROHh BRI b Mo Rt By AR GAS19 t ho exposed
phot or esi st | ayer havi nprodnegectianinageaneh imgedisregpssutotdhairmiblee rel i ef
i mge on the substrate., l%oﬁ%g%aﬁﬁfwa%féﬂg&%?%es the invention is a

f] aaﬁ a rliuer nt ai

phot or esi st conpri si n& ) I'ne-contai ni'ng topol ymer conprising: and
wher ei 10Rf and Rf ar e(*¥hed&ingsthg phaiordsést eernpdsitinrio athsyantiably cupeveof from |

to about 10 carbon atons g SBR}éﬁf‘andttﬂgx%EPEfm%ogqgsigt%ﬁ?ﬁﬂie.n nis 2to

10; (b) at |east one phot Olg%tl ve conponent; rein th uori ne-contai ni ng
copol yner contains suf fic? ¥@¥€unct i onal i ty to 35 render the photoresist

devel-opabl e so as to @¥pdistgeiseadriposing MRGAoIHRANT IAWBABIHSS imSeAQSHr € tO

ul traviolet radiation havﬁ@x?i av?l e%gjc h .of <365 nm |n anot her enbodi nent,
the invention is a process 5?\,\/8% eaﬁ ’i?“'é1 a photoresist inmage on a '

substrdfe conprising, (4)n devdbpingthe@xpaed pBataresist 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:



10 4 Novenber 2003 PCT/US00/t 1 539 (W applying a photoresist

conposition on a substrate, wherein the photoresist conposjiRRLGOERsi ses:
(a) a fluorine-containing copolymer conprising: (i) a repeat unit derived
.fromat Iwest/ieme et hylenically unsaturated conpound contP&TﬂﬂSﬂg’lh&wl east

three fluorine atons ﬁﬁv%rll 91In|§3é %%{Oz%lé:& Egor}l%osgtb oeagsql Stgaqeﬁ‘qﬁéz unsat ur at ed

carbon atons that mak on-carbon a repeat
unit derived froman et hyﬂ@mfmsqwsystcqmsmtmnaaoa@rxsmound conprised of a

f1uoroal cohol functional (groygu,bBavd. g(gnmgg c§ glyﬁgpgcgn nsﬂ:[ng ) (R?)OH 15 20
wherein Rl and Rr are the sanme or different &oroa &‘(EF‘?‘?‘ of froml

to about 10 carbon atons or tlakeh iR6yePHEENE OT@FE’?M%ﬁé %ys 2 to

10; (b) mt |east one photoacti veuspareainpand coﬁtﬁihm% # Mayeftee Wherein the
fl uori ne-containing copol ynmer co tal ns . suffi cgeﬂ &c?‘cé{on%l ity to render
the photoresist devel opabl e so af P@PFHIBLERLTHLAIEFT HYS upon i magewi se
exposure to ultraviol et radiati osthplzuically wevekaedtdibafaterBsanmaké-X) dryi ng

-the photoresist conposition to sy %gtcgj%ﬁ Ay é(nﬁ&m?é’ﬁo 5mgche sol vent and

t hereby forma photoresist |ayer on the_ substrate; (ﬂew se exposi ng
the photoresist layer to for @ g%atmdeﬁwfrﬁ@gwﬂm% Yand (2)

devel opigng the exposed phot or esi gﬁsahﬁt;y[@dc dﬂgcbﬂ%ggﬁ ond non-i maged
areas to formthe relief |rrageo ét?og?&rate

anot her
enbodi nent, the invention is a p ?‘8?8 ILCBHBE’]I%?LW& X"@

fl uori ne-contai ni ng copol yner comtpmnsreng a repeat unit deri ved from at
I east one ethylenically unsaturated - conpound containing a fluoroal cohol
functional group having the structure: 35CEARNERXEPHC(RF) (Rf) OH.

15 '

wherein Ry and R{ are the same 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



wherein Rf and Rf are the sane or different fluoroal kyl groups of froml
to about 10 carbon atons or taken together are (CF2)n whan@lPmber280%2 tO

10; and | ected fromthe group 7 WD 00/ 67072 4 Nove 0

PCT/ USOO’@J@%%’églconsi sting of sulfur, oxygen, nitrogen, p[?oé%H%?ongg@ ot her
Goup Va el enent. and ofkchssistine @8 puliiracelgenBiitrogat Ghbéphoddus! 6@ss one

phot oacti ve conponent; 1er egzri] 1the ‘f,.lau?cir{' ne-gg_ontg':[niln% cc_)go(%)ymer cont ai ns
sufficient functionality T FEMTRE 2PR gPSHSTBPR Y14 ¢ eeNePidabl e so as to
produce a relief indbe @plesstionmpempative ewppsuen; to ul traviol et radiation

havi ng V"ave&rﬁé‘}ﬁhIi‘heptfluofﬁl@-%oﬂlmniﬁg‘cqﬁaagﬁﬁ@rcoﬁm&ﬁa nt fﬁp&i()ingl\{% ion is a
process for prepari ng) a. photoresrst 1 mage on a substrate comprising, In

order: QW TERHAr heRhokorent devedenable se o BIOdh e 2 6¢lied imagssepaatimagaieseei n - 10

t he phot or esipsiure RNMEsVibleOAdRAPEHGRS waldn@hlidfuges Agr cont ai ni ng copol yner

conprising a repeat unit eri elgll from.at. | east oge et hyl enical ly

unsaturated conBaORGHeCEHe }rﬂ?rﬁ’g' AP ELRTHLS LRRGESS WerFP%H’&Ia group having

t he struct yphetordsist i@ @ RfupgtRité y@hpriding éh lorddr: and Rt' are the sane or

di fferent fluoroal kylygr . Qf 1 rbon atons or taken

t oget her are 20 (CEZ)(\SQWE‘%?%F%qr?h%%?@%c%&%&%gﬁglhgngé’ﬁg%tfag% @?%Wt he group

consi sttPng the PaAiPTESIFt comppejion comptissgen, phosphorous, other Goup Va

el ement,” and ot her G oup)Vi AGbERE ntaifiy c}Uﬁ%fﬁﬁé? coﬁlgrﬁsizn%lé%hgh‘%hﬁﬁnt alning
y

copol ymer contains sufficCi eg%_,b fgrnctl onal’i t'o_rend e phot oresi st
devel opabl e so as to 25 prottitEd &ronyptlegst pra gl vigRsally vesEWas exposure to

ultraviolet radiation havi egnpamélcongidingh ffudesidkb] {brtiddal lgpasl one

phot oacti ve conponent; and 4\/0! @esgluvernt.; (X) drying the photoresi st

corrposilgi on to substanti al I9 ¢ 8T he sol vent and thereby forma ‘
phot or €3i st | ayer on the substrate; (Y) inmagew se exposing the photoresist

" layer to forminmaged and non-imaged arZ&3LEARHRPPOHevel opi ng the exposed

phot oresi st | ayer having i maged and non-inmaged areas to formthe relief

I mge on the substrate. wherein Ryand Ry are the same or different fluoroalkyl 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:



35 In still another enbodinent, the invention is a fluorine-containing

" polymer conprising the structure: 8 4 Novenber 2003 WO O

PCT/ USOQ' 11539 wherein each of Rl, R2, R3, and R4 indepengh§%¥Z3QiMO3

. hydr ogen,waohredogen atom a hydrocarbon group contai ni ng Pcoms(o/1163910
carbon atons, a substituted 5 hydrocarbon group, an al koxy group, a
carboxylic acid, a carboxylic esteg functional group containing the
structure: -C(Rf)(Rf)ORb 10 whereiin gndpRt' are the sane or different
fluoroal kyl groups of from1l to 10 £arboy atons or taken together are
(CF2)n wherein nis 2 to 10; Rbis den or an acid- or base-labile
protecting group; p is the nunber t units in the polyner; r is
0-4; at |east one of the repeat uni{ 23 Ja structure whereby at |east one
of Rl, R2, R3, and R4 contains the. tr ctufe C(Rf)(Rf) ORb; and wherein
the 15 fl uori ne- cont ai ni ng pol ymeg, rgbsorption coefficient of less
than 4.0 m1 at a wavel ength of 157RnrRh I'n anot her enbodi nent, the
-invention is a photoresist conprising: (a) a fluorine-containing polymer
conprising the structure: R R3 20 wherein each of Rl, R2, R3, and R4

i ndependentyherdis edthHrRIER,, 1, Bk R QQﬁHﬂ?ER&Em@ is By#o %ra%'ib hQm cPnt al ni ng

froml to Ocargon at ons, a.substitu dr ocar , an al koxy
group, a c YBOLIPPR SIUP gontaining 6‘9@yll‘i°cma‘iﬁﬂa°‘b%lf’@ls %?‘“bs “F ctional group

cont ai nisng hyﬂmcabbmgtompezn ARoxyGrBuh,)a dAcd ERiic AcMDa QB X PITRederNReMer 2003

PCTI US00/ 1 Rg.are the sanme or different fluoroalkyl
groups of fro C%O%fgoﬁh}m?ﬁ o%th gsn-u 0% t aken together are (CF7)" wherein n

is 2 to 101 Rb is hydrogen or an aC|d or base | abi | e protecting group; p
is the number of repeat units in CHBIROCKer; is 0-4; at |east one of
the repeat units has a structure whereby at Ieast 5 one of Rl, R2, R3, and

R4 contlai nsyHehsn Rl é}'}tpkﬁléx% thé Sind & differnt ﬂﬁgro‘m@[ gioﬁh 5 Befrom 1 to

fluori ne-caqgntainin has, an a on. coef e ess than 4.0
NGRS s oA S e (e AR T R AP R AT A oo |

conponent . ok An atidt drdrasekbile preedting tdneup; prie ilid mmnbes oﬁreﬁj’e@mﬁt‘s th@ke preparing
a

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,



10 photoresist imge on a substrate conprising, in order: (W applying a
phot oresi st conposition on a substrate, wherein the phot %rl\‘?&je%ﬁerzoo
conposition conprises: (a) a fluorine-containing polymer conprisin %he
structur O 6idrein each of RL, R7, R3, and R4 independeﬁgﬁys?ﬁé‘] dr ogen,

. a hal ogen atieiein®R ¢ ahd ROG8 FHEANE @ WRFF&ent Rl drbaBylf dreups bf F@mlDicar bon at ons,

a substitutied_.hydrocarb rou an kX roup, .a rboxylic acid, a
carboxylic 1gcclar s Oﬁ%gt%eﬁﬁﬁaei@kéﬁl ‘é}t’%ﬁlﬁ r@ér-%tt%i?&’iﬁn)\gls%ﬁ%m&? uct ur e:

- C(R f) ( R} pORb agide pebaseRAbidnproRicting grauipep $atire nombeli §ffrepeantmifslindicoal ky|
groups of f . 2D. : 2)" wherein
nis 2to f(%’%%’%%-(ﬁéagrtge%ﬁw%gtgép ch-m{g?ﬁggéggﬁ%%nﬁyat&c ti ng group;
p is thé neRBef Rof Rpchoand faicostains thesrugsere\#Br)(R{)ORs; eadiwhereinitbast one of
the repeat fHRhe-cBARIMANS bbNaT hes WMas8RfiodlcobARSnt 0P Rin Ryl ¢ R3. and

R4 contains the. struc (Rf) (Rf) ORb;” and wherein the
f1 uor i ne- c St RIS B%F{]en’érp?ﬂ?s an absorption coefficient of less than 4.0

m 1 at 30 a wavel engbh oft ides/onerphofdactiad cérepsdenane phot oacti ve conponent;
and (c) a solvant,. 4 A L, 2 5 67072 PCTE USO0/1 1539 (X)
dryi ng the phot g?é??é’t%r%’&%%‘su ?’gﬁe ?‘gglgb%l\sq?g%{)%ﬁ%rpéeﬁ%{’}ég?he sol vent and
therebﬂ'oforpzpwrmt@ﬁ%m@ siibspate eomnpriséngs itbexdent e; (YY) i nagewi se exposi ng

t he photoresist |ayer i s OFRGE ; (2)

devel opi ng t he exp'o_séﬁh@%ﬁ%?@?&?gﬁggc%ﬁfg&ﬁ% i rragglse Sgﬁg’ WI?I%%Pi maged
areas to f GPTPINFIS] FUNPIFHRYLCHIPIISKE substrate. 10 In anot her enmbodi ment,
the invention is a phot qapsd StorRAgnt:fhiAg polydierdompteing HR-s&@BkA: Ni NQ

pol ymer conprising a repeat unit derived fromat [east one ethylenicaily
unsat urated conpound containing a_ fluoroal cohol functional group having
the structure: -C(Rf)(Rf)OH 15 whe¢kein and Rf are the sane or different
fluoroal kyl groups of froml to 1Q ¢ patons or taken together are
(CF2)n wherein nis 2 to 10, said f e-cont ai ni ng pol ymer being free
of any aromatic group; and

r

R
1 Ry R3R4

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



(b) at |east one photoactive conponent; 20 wherein the fluorine-containing

pol yner has an absorption coefficient of less than 4.0 p,mI| at a

~wavel ength of 157 nm DETAI LED DESCRI PTI ON OF THE PREFERR%%E EDIF%E\IT( Sy
%1 GyI'

Fl uori nated Al cohol (Co)polymers A given fluorine-containing’p

~or. copol yoer rises a repeat unit 25 (discussed infra) LV from at

| east one@t%&?@%i cal ly unsaturated conpound containing ap(?ﬁg%ﬂrgggfsgohol

functional group. Theg¥) f Hiydmpidklphbtogesin psmpssitiondtesiigatiely agndse and R?,

whi ch can i i na | [ou or Iy fluorinated al kyl
o8eRREE PR AP SOl 0L, Bl

groups (i.e., uor oal Rf are the sane or

di fferent fl uoroal kyl (Y olmpageviisef expasite the piotuesist (ayeriolform ataged and t aken 30

t oget her argor-fehzged A &gh n is 2 to 10. (In the |ast sentence, the terms
"taken _together" indi atg that Rf and Rt' are not separate. discrete
fluorinated al kyl  grGupsdesirPigte cxBenst pBetorasisy layerhaviag imagedsanduct ur e
such as is ndd-lisdgedtaeshs e Faw 1he reliedsRagd omhd samsaer ed ring: 11 4 Novenber
2003 F2 F2CG--~ C\~H % F21C-C/ F2. Rf and Rf . can be partially
fluorinated al kyf 25PBSEOM TRYuLS MYFRLON SABPEraig! P HAE i nventi on” except
that there nust be a(uf hiffloBR-cSRInEE i | LQn : i npart
acidity to the hydro&?l %O—%t of -t he%@q’?@%ﬁggﬂﬁgﬁh 82?:qeiggﬁlgfﬁlérb‘}regup, such
that the hydroxyl proton R &east apf staylesicalymsabraied mposndredi a, such 5 as
in aquedfls” sodi um hydr oxberetainilput flastosicotiob funeabey baspRalmmRy dr oxi de
solution. In preferred CE‘{? according to the invention, there will be
sufficient fluorine subStitution present in the fluorinated al kyl groups
of the fluoroal cohol functional group such that the hydroxyl group wll
have a pKa val ue as foll OWSE(R. R<)(91I:ga < 11. Preferably, Rf and Rj are

i ndependent |y perfl uoroal kyl roﬁp of 1 10 to 5 carbon atons, and, nost
perferably, Rf and Rf are both trifluoronethyl- (CF3). As is well known to
those skblled in thewheleRf ardl Ry a@_ﬁhﬁah;el(ﬁmﬁmgﬂtmmm@qlé{.@tpggfconpound
undergoes free radi Efrl pg;oy rigati on totagffor dharﬁpol(%(lf?sr | a. WD, 00/ 67072 4
November 2003 PCT/ U"88 1{]@3?5 PRI oLtk AR ArE ((Ypds WhereleR ISved from
the et hyl eni cal | y ungé l¥.aeeldlcompeondiningSpéymés pald free afimngtabychai cal |y

- unsaturated conpoundglgyi fgy structure:

(b) at least one photoactive component;
20  wherein the fluorine-containing polymer has an absorption 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



P Q \ / 5 that undergoes free radical polynerization wll afford a pol yner
having a repeat wunit: PQ - f---iGQ ST 10 where P, Q S, and T
i ndependently can be the sane or different and illustrati v‘plhgvem%grugo%be
fluorine, hydrogen, chlorine, and trifluoronethyl. If only
et hyl eni cal ly unsaturated conpound undergoes pol yneri zati on the resul ting
polynmer is a honopolyner. |If two or nore distinct ethylenically 15
unsat urat ed conpounds undergo pol ynerization, the resulting polyner is a
copol ymer. Sone representative exanples of ethylenically unsaturated
conpounds and their corresponding repBat units are given below 20 Each
fl uori ne-contai ni ng copol yner acap thls i nvention has an 25
absorption coefficient of less t aﬁi‘m/ﬁ Bt a wavel ength of 157 rim
preferably of less than 3.5 m1 veI ength, nore preferably, of
less tthan 3.0 m1 at 12 4 Novenber?2 @ V\D 00/ 67072 5 PCT/ US00/ 11539 this
wavel ength, and, still nore preferablyr,of less than 2.5 m] at this
wavel engt h. The fluorinated pol ynmers, photoresists, and processes of this
invention that involve a fluoroal cohol functional group nay have the
structure: -XCH, Rf f.f erent
fluoroal kyl grou ‘M{f %%19{1) %ﬁggﬂ?&afgﬁgkﬁg%gﬁat‘{?%uﬁ?ﬁ?a é?\rqitngget her
are (CF2)n tertbe éxvention SXCZPt batherexmps bseal suffrcéent deeree offluas®atigup consi sting
of oxygen, x'{%érwt 89&55: t&heﬁp&%&gm(sombh% f@bﬂi&[tohMafuﬁétﬁiﬁﬁDt and
ot her G oup erns” "ot her G oup el.enent " and "ot her
Group Vla eg’é’tﬁ'ﬁnﬁu"h t?%ﬁé@“e"‘}fdé‘? pé‘?‘@“l&%ﬂ\%?@?%ﬁ’ IFHo Wﬁj:‘ﬁ bagie mediz: SEP ot her
celement isn g0 Qfueb e8I thliﬁxﬂé sblmaoﬁef tetrdilkylaminlomitnh hydrogidet her  t han
the recited el ene ur. [ s) 'in these
95%1?1 n\tnspf%#?geg F%ﬁ‘eé%/i O&dlﬂg Lfo {h mvenltltbn QHER wil? %9 §%Qfeﬂp |

15 groups.
: fluorine substitution present in the ﬂuonnated alkyl groups of the fluoroalcohol
functional group such that the hydroxyl group will have a pKa value as follows:
- 5<pKa<l1l. Pfeferably,'Rf and Ry are independently perfluoroalky] group of 1
10 to 5 carbon atoms, and, most perferably, Ry and R¢ are both trifluoromethyl (CF3).
As is well known 10 those skilled in the polymer art, an ethylenically
unsaturated compound undergoes free radical polymerization to afford a polymer

11a



Some illustrative, but nonlimting, exanples of representative conononers
contai ning a fluoroal cohol functional group and w thin the $&epRg2bo3t he

i nvention sent ed bel ow. 20 O CH2C( CF3) 20H CH20OCH2C(

O CH2C( CF??CEE /_ l]Z:llri ous bifunctional conpounds which can i nig:i é‘ﬁ V'ﬁ?ord
crossl i nki ngag@gancpestibseihaantiéryveddront taedd/éicdly, ulipRiRateX pEmPsEnd. 0 Strong

acid) are al : -gﬁnmg? in.the copolynmers of this invention.
As an ill usts'?)g(t:llﬁ\élﬁijyy%%téﬁwgﬁ? im {uﬁaééd;&oénﬂug,g%fl Fl%lgﬁlu}uﬁw&?'i onal cononomer
NB-F-OMOMO-F-NB is desirable as a conmononer in the copolyners of this
invention. This and simlar CH2C(CH3) 20H @i2OCH2C( CF3) 20

CH2=CHOCH2 CH2OCH2C( CF3) 20H CH2=CHQ( GH2) 40LH2C( CF3) 20H CH2C( CF3) 20. H 13 4
Novenber 2003 WO 00/ 67072 PCT/ USO0/ 1153¢ bi functi onal conobnoners, when
present in the copol ymer conponent(g) of \ photoresist conpositions of this
invention, can afford copolynmers tBat are Tof higher nolecul ar wei ght and
are lightly crosslinked materials. Photoresist conpositions, incorporating
t hese copol yners conprised of bifunctional 5 nonomers, can have inproved
devel opnent tndndarpgs fige edtarabpolemettdtion williaffoed a puR@erexpREW Rpéphi ch

phot ochemi cgl iy generates strong acid as explained infra), there results
cl eavage of the bifunctional group and consequently a very significant
drop in nol ecul ar weight, which factors can afford greatly inproved

devel opnent and i nmagi ng characterigtics (g 9., inproved contrast). 10

Phot oacti ve Conponent (PAC) The corpositiohs of this invention contain at

| east one photoactive conpone hat-usual ly is a compound t hat
affords either acid or base upon posure.to actinic radiation. If an acid
i s produced upon exposure to actinic radiation, the PACis terned a ;
phot oacjgd generator (PAG _ If a base is produced 15 upon exposure to :
-actinic radiatiaon,. the Cjs ternmed a photobase generator (PBG. Suitable
phot oaci d ggﬁlg’feg@&’? ?szfﬁl}ﬁlﬁgeqdﬁ{}t@hgqndﬁ 6 SRR, dlgfﬁfené%dﬂb’cﬂfﬁllﬁﬁﬂt’ed to,
1) sul f oni upvdbbt Slugrsie; hgdroges, #hloridd, ah@eifMiosemedlt.s (structure 11), and 3)
hydr oxami ¢ aci d ﬁsotnﬁf Sl e?ﬁ&ﬁ@nic%?]ysl}nrsalﬂgrta eﬁ%oleomg gndergoes 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\ / \ /
c=C ( C—C )
/ AN / AN
F F F F
20
H H H H
/ . Ne_ecl
= C\ \ / \ J
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



R +1 _Rl-1 - R R-- S+ XR3X- 1 11 In structures I-11, R1-R3 are
i ndependent |y substituted or unsubstituted aryl or substigyl.edb82003
unsubstituted C1-C, 0 al kylaryl (aral kyl). Representative aryl 25 groups
-include, Bodreznot limted to, phenyl and naphthyl. Suit abr@ssubisss t uents
i ncl ude, buty;: 1, t LOXYy - CL- CrQ al kyl oxy (e.g.,
CLorp0, TS bevddBtech, LA chdhe pXROYor ke hn S aThs %) (U1 Dy (G
SbF6- ( hexaffayeleegtir i nonate), CF3SCB- (trifluoronethyl sul fonate =
triflate), and, TEARQSGRIeRNiONRRENLS Uhh AR oPthiPOLERLA e: O OUPS
he

for Renoval .by, PAC Cat al ys | uori ne-containing copolyners of the
resist c rrpSE%{WG&%“OB?a?T%PLﬁmFW@LHOBH”F?ﬁ)}"a(‘,’éﬁl?eaitﬁlc € or nore conponents
having protected acidic fluorinated al cohol groups and/or other acid
groups that can yield, by catal yXC$,0{Roatd)ds] or bases generated

photol ytically from photoactive conpounds (PACs), 14 4 Novenber 2003 WO

00/ 67072 POYAISHOH) 360 oA b B AEOAS LG RAFD! e iyl opment

-of resist coatings ven otected aci up Gistone that Ts normally
chosen on t KB cHhan atops o takenigatpenare dCF1abitescinauie B te AAt Xvkesleqserbt oacid i s

pr oducedo Up@dm mag@a'ﬁ%snﬁsem%%ﬁygehbﬁﬂﬁ@jrﬂtrog\éd,?hﬁih@%dﬁ%,%ﬂ%%ﬁid Ct: on anfl
y for vel opnmen

producti on drophilic acid oups that are necessar

under aqueo&fé1 eg‘%‘f?&ﬁﬂ%ﬁ@?’ GFP“&d 'atereé‘?ﬁm't ﬁé th t55ms nethe GG Y ng copol yner s
may al so conkaient” aod Hothem@rop Vah Eleynehtiathebstennt apraidestad o nweanpl es of
conponent s i -acl di 0 th el aci dic group as the
hydr ophi | i chsr}ré’ié‘{}%y%’%%ggé‘ggts‘ﬁ%é‘g? gthg%]eoéjr §§%Sq%‘?‘%’%‘ é’&“ ?i%f: ga%l? ﬁ’@?ﬁd’égerbut are
not | i ni t edthas thexpcitadtelaments(habprygsh, subfuri niyogor, phesphoang) ingthee, a 10

tertiaryscabicips. Glveestiehs pRfferdaCk ~C) acetal esters, D) 3-cyclic ketone
gldafs Db er,gsteers, %{%EENA (et hoxy et hoxy et hyl

esters, E) a-cycécl)c %ﬂg
met hacryl at e) and®oiHeratye; FphoRimengs PeraRlss PYTeRlESEBRY YDl e because of
anchi neri c esséi@Rcentdbling @ dubfyatiohe] fLacH®BAl o aad fWithen keadcege 8f cohol and

atertiary gl . | cohal Some specific exanples in category A) are
t - butyl est@F,“R%?&r!r!é‘fﬁrgip?%:qﬁ%ﬁ%lﬂ?'yl 15 ester, and isobornyl ester. Sone

specific exanples,in category B) are y-butyrol actone-3-yl, -

y-but yrol act ong R i act one et h | agt one- 3-yl ,
VbRl ot [ﬁh g%%?gtgtg(ﬂ:gzéﬁ

3-tetrahydrofi and® 3-oXbcycl ohex
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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exanples in category C) are 2-tetrahydropyranyl, 2-tetrahydrofuranyl, and
2, 3-propyl enecarbonate-1-yl. Additional exanples in cat eth\Yonnbér%{)éjde
various 20 esters fromaddition of vinyl ethers, such as or exa

et hoxy etWPUUFHY| ether, nmethoxy ethoxy ethyl vinyl et herPCTéli’ﬁfﬁggé? oxy
et hoxy et hyﬁlﬁmbnataxebﬁehomersgwem %&tt@&treotofpbmﬁér%ﬁﬁgnat@p&ol group

and/ or other, acid grou (t fﬁ: erenced supr contal Ns a protecting group
. whi ch pr ot dEPLOTEHY [105E BHtMSIPXEHKR. Eﬁ‘b OrétrF@PBIﬁm’(S’fS}*FQ?" %ePd group
(i.e., the lpgiodrendlechigr weight drdome BxlthbérbbNigk2d mdiciaaci Mictatesdti € in this
protected f t he ti.ar utyl group is
t he prot ectci%n OS%HQ%C&EL%Z%%%S%E u(if rééng}prléﬁ% IFﬁﬁg“:éf”g’?ect|ng group
prot ect S t HBOHQRES Ssaftﬁiﬂdlav# Hnpnoyed g@reﬂtgm@pmfﬂ eobgiop chaanienstiss,sincef pr ot ect ed
acid to fr oﬁ%k dsurt (@hieh bﬁatotﬁeneeénsﬁgén%ﬁattsosttéhgeagfetJﬁgﬁﬂm@aEtgr cid An

alpha-alkox er grou erred ting group the 30
f 1 uor oal coﬁg?reé%/%‘gfﬁ Pﬁt?ve%eo%f B? blf\’l%“ﬁf‘%hgﬁo‘ép Rrdyronsegieatly afeBr anspar ency in

L he tﬁhotorw@nﬁtmdfmﬂﬁﬂrﬁbl@aﬂaﬂha ghe Sublidhl fagtops @etrmmtﬁﬁ téaﬂptr?ﬁlofghdol group
as the I's, protecte
f 1 uor oal cohc%"'lk}(g’;ﬁ)él-En et %955%% ?%?cgeéﬁ{cs%%ﬂt WP&P%%‘FCCOPF&%S} 8al kyl groups of

froml 1fo DAk )or taken together are (CF2)n-wherein n 1is

2 to 10; R5 |s n ‘ L f between 1
and 15 WD 00/ 67% % s ngOkgggg{veW{@g@?%gE%t%ﬁ Pgé{r% on%at oms. An
illustrati \F@mPBHFmr{Bﬁ&Q)lthitthH@} Yelk arprmpoued than affpydsithen deiskgrdiake poat her
group, whi Gflitpbﬁ.u"@fdc &ty &ud@Sion. PF & R is o&f&H&pbﬂeﬁp&ﬁf&ttﬁ‘éEtﬁﬂc acid group,

i s nmet hoxy prot ctedflu with this
particul ar g& 8{;%‘&1%183&‘%3%5& Hf’é’“@ﬁ HREF PR ?’rp‘egcti? %gasﬁfls produced

chl or oriBt hydporekydsube at dAntinionatiatibmehd Pﬂdh@aémﬁé‘dd pHotsbabd panstat@t ed in
several of bhgyexanples). The fluoroal cohol functional group (protected or
unprotecteé? 09 this invention can be used alone or it can be used in
corbi nati on wi t Puiablecphorencd geperators fori tisgreansion isdlode, vt wranbidigyitéd aci d
functi onal (gf DUBIUAREOLARKAHrRY, b) ikt eatts%treém&ghb%y' ic acid

functi onal éﬁtrhog‘lp‘? %te ted this | nvention t'en, but not al ways,

t he componedt®%% Gft%t%‘tﬂ:haélsmmaﬁ repeat units having protected
acid groups that have been incorporated in the base copolyner resins of
the conpositions (as discussed supra). Frequently the protected acid
groups are present |n one or nore cononomer(s) thgt are polynerized to form
~a given copol ymeri c Bdase resin of Jthis inven 15 Alternatively, in this

invention, a COQ@_}LI’&EI‘I}@ basg rq5|ﬂ can be
R3 X

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



.copol ynerization with an acid-contai ning conononmer and then subsequently
acid functionality in the resulting acid-containi ng copolyREmEaRoPe
partially or wholly converted by appropriate. neans to derivatives having
- prot ect e?VQ@ME7YrRoups. Di ssol ution Inhibitors and AdditiveR-HBSNEIFBus

di ssol uti omyHfHHIE R it ol j 1+S, £l I ly,
di ssol uti onyi fryr?lhlﬂ?% g’?i gfg%iass%%d(})ﬁré,nfg g%qgﬁgegéﬁ%%&gs\?%%@% SA_%S‘.%E. , 193 nm
resists) SHIGFEAREAREIRIONE S derrrisliy shosep pn ke basisiof itrheiag pals needs

i ncl udi ng  labikes ehelf sharwhdnpHditddctinis ppbBRBRUBIICIMApewiss bigideere, BBdcigdhesi on

behavi or of, .res{.st__ conpositions conprising a.glven D additive. Sone

di ssol uti or‘lmﬁn #%}%el %8@%&88@'8@%%@%};%8{-@%?%9%%& 4 FOPPCIAE i n resi st
conposi b i omscess@ystiotr deretopdndot ngdea nduddeg abnditendd Mk addjtiéi) dieaffw@singt s The

phot oresi s £ RIS i it her bl lve- ' phot or esi st's
b “negat | veonarkr R PURER s LI GARfh Ak MR LKoY R 0 Dl oS
the fl uoropol ymdixampleseliromponenipbeving pettecsest aciiarogpstyal Yield@n 30 i nhi bit or

-and cr ossl iaﬂi&ﬁdﬁgr@gfa@&%hy@%hﬁlhlﬁgr%bﬁig?% ekpaaaread ?ﬁgagrﬁl?ga%& ;?rg? Lgcomss

devel opnment) ., I n sitive-workin oresi st.s, .

nore solu cé“‘i%&ﬁlg?red’i%ﬁ%‘t“gii B‘?*él‘%i ‘%‘eés %@P@l@ﬁ’% ?‘Hg‘é‘&g PhregeiRahiPett in the

i mgedlor tértiagucatondB pestas ofilaetonasC) acel pggal DY p-cwdickierope gletspr esi st, t he
resi st pol ] €, r.di ' i e .i maged or

i rradi a? ed ar ég%a&fégﬂﬁ%éﬂc%%?@%@f&e@%x&ﬁt@gﬁ% %cﬁ H{%hﬁgﬂyﬁﬁr‘%\)gﬁ [ on%J

i rradi at i oRtheagsiess whish gearasidy hydrobzableibdeause ofpmshintsyic mpsistance, G)

phot oact i veabaRRes stinedifikhk 8 SRErAREY Gicolflana & tehily MABRRicM¥bhoLat al yze
renoval of _protectjng groups fromtﬁs fl uoroal cohol and_optionally other
%, ghoes, [remths

I

aci di c- gr ogpRePES 11 CREFS R LPwyHgtesol Yyl SApPIEYing a repeat
unit 1654 dNeregrindrisc0a3/1 We0BbméQpeciRCEkAMNIOLihlaRBogR)iaved from at | east
one et hyl egical af urate ound ;cont ai ni a_ £l ugroal cohol
functi onal [pgb(r%%ﬁljdaoclrt%zea%yog el-"(‘:1 yergl%%%?&élt CEROT™F Eh%gpf’éﬁ &agﬁ'up havi ng t he
struct ur e: btyrgleRomp(Rylf 3-yeoRhydiedurenyl, Rid Jododcichexylt Beme apreifor  di f f er ent
1 uor 0al Ky kxhBHRSn Phtegdr§ €Take 3 Rl bhORiALRRE) kaken ( oget her
are (CF2)" anr el Ir]1 n % Srﬂrgﬁ‘t oe 10 a_n,g Rp}llqig?ﬁygr g‘%@n or_ ¢ ’Pr ot ect ed
functi onal 231BF R 9”%‘6‘{3#1‘9%“?&9“&#%&@@6&%0 808y SUEsingle various o
tetr arrE\A% hy baeﬁgmmmdhmmmdgl etiveis| udhesUfok lemn;im,eetﬁosw Byl Oilﬁy?efmé}ap?ﬁ Itive
I mage erea evel O t. 1l.n a or ni ¢ sol,vent .or .critica ul avi ng
noderate t qul%%%yp%tk’gﬁ’r%%l, V]%Lﬁ%ﬁr’r g@ﬁch@xy fHHORY ﬁ@ég‘t”?\’/]@%T king systemin
whi ch exposed arfgsvenenetected Adonmeedaseltb! gr@psand/or other acid group (as

referenced supra) contains a protecting group which protects the 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



15 are renoved. Positive-working photoresists are preferred. A variety of

di fferent crosslinking agents can be enployed as required 4Q§,.2P4 952!

phot oactiye ¢ onent(s) in the negative-working node o ny i on.

(A cr ossl?’vr‘ﬂ(?ozﬁd 'Qgent is required in enbodi nents that i nvoIq’\‘/—‘gi‘fUéomg35

i nsol ubi | i zZHI ¢avbor aothay AlnGjedtrad od, bt Heh- Basutangree&ﬂiple @i‘aﬁhmll nking, but is

opti onal |na%(9‘.E epLed & Wdhlse s Lhal nyol ye | I nsol.ub |I|zat|on I n

devel oper sol U as a” oresutt’ 6 f;ﬁ Sﬁrp(fﬂ%ag TGP 1B f R EFRd exposed

areas that wégnqusollsmﬁthom’nn@hgamec (l\/l@cbﬂ)/ef%npsotamﬂ fnorbateahof Withdsis havi ng

moder at e/ | Qg E)ﬁé):t Lokl eneC ut are not
O¥driz Prbtéetin 3 d}gs eéﬁ?ﬁﬁéd lﬂklleg IOEP&I az%ﬂgﬁ%ﬁ)@ﬁ'lﬁgthglp

limted to,” various bis- such ul fi de and

3, 3' - di Azi GOBFIHENPE fE{&)F‘?aéﬁ?é"l (p% éh-‘éF%FEqu Seaerzsomga%mpﬁﬁbr ki ng resi st

conposi ti on cont heflgroalceiod Susilcti bl FEoupgpididctd @uEProt6QBA P MpisS Ui t abl e
can react wth the

functionali ! rate

reactive spé %gégon?:gh&e us?‘ﬁt%f?réer?é%caf’%gtus?if‘é’ Cgé‘%é‘ﬂaélf)@d“&b%e B%xP8%ure to W to
pr gd ;,l c et cr lo:!ﬂ;tn agkdegroppd, puwr = cmlrbaxylw aidbincSatal gfcmpﬂdjpswecmé)jar;dl)tr- :
substanti a ch consequen i nparts.
negati ve- wogr léwéggé}ﬁg&gg%ﬁfg | %gg?%%¢®?%tg¥r¥@ba5| tion. C(ll her )C/:orrpmc))nent s
The corfositions ﬂdhlstln‘i’@ltlphm{l,l Wi nebal e thel goreneneeia hbviaddiroieoted|

conponent s. grb@® %eﬁuﬁ@%%h@?ﬁﬁe&%ﬁﬁﬁr@hﬁs Wi me%enlﬁ?c di ncl ude,

but are not d& g1 resol ufion enhancers, _adhesj on ters, residue
reducers, ) 15Fﬁap%}i¥ﬁl§f TS E|°2%‘P%Slt’%c(aﬁ'@sflﬁ‘ﬁ%€§§lﬂr?)ar@?ﬁ?%ﬁly
t enper at ur ethe podediedescd gro@poare peesSitdpsnd ﬂf&h&ﬂ:\/\do&ﬁmﬁme@(&yﬂﬁtﬁf& phot or esi st

conpositio e sensi itive. raviol et region of
the electr gjgnag‘keﬁiydsto %levgxpccgjo? IB%%C :fls‘f st%&'hlgéﬁvefgl "O# Novenber 2003 WO,
00/ 67042 PG"FMBS@OGIIYJBQQS inNentwinem GOy XGB5basearesimegewi oemed pysure of the -

t t W
wavel engt he g ugﬁg‘?" bbb B PR AR Hen b EASH 1 1 57

rim and |o€H@FH%§ B8 %Wémtlvméwg@lmwghm@m@nmm eriadly| of vehobly wi t h

ul travi ol etcdniveidd iof aﬁﬂﬁpﬂ’ateﬁhe&@% BérRatid&shavinh pr@fecéd'a@i@% 50?@?3’ el engt hsl
r-m or ower

preferably |stdo th I}t tV|0Iet light of 193 rim

wavel engt h@%ﬁ%@ﬁﬁ%ﬁ@ﬂ -t is done with ultraviolet |ight of 157

nm or ROwer wavveﬂglshhssolunmym}utsmredeunmze@m thlstlheasnthm ddesdllydi gital ly

with a Iasealss%ﬁm{%ﬂw@h&@gng?y 136 S0 AREREAY TR V3R Qi@ Phot omask.
I aser e

Digital imagin I's preferre eévices for
di gital i neWeRY tsrdesigaed/chasemiossiisty omatiple materials weedpincdudibgcl ude, but are

not - | i m t ediddiutRdR Iﬁlﬁlﬁﬁﬁmfﬂ)lbﬁﬁd &@h re%?&?ahE@ranH agl?erSIOWBehaWr SpFdyk at 193 rim
a krypton-fluorine exciner, Ht at 248 rim and a fluorine

t
() Pacor SHTIESBORS GomBRnGH oV 135%@6 issolution mhibiting

25  compounds also serve as plasticizers in resist composmons.

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

16



~discussed supra, use of UV light of |ower wavel ength for inmagew se exposure
corresponds to higher resolution (lower resolution limt) 41\]&(}3@”15@@0@3‘ a

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

- pref err edW8f67¢78e of a hi gher wavel ength (e.g., 248 rim BETNSYHERY.

Devel Op”entdermgﬁfohyﬁrléa@@or&%ﬂ?ﬁéﬂq N9 uRSYIRE ol ohﬁc?c{n?rﬁhﬁﬁ gonposi tions of
this invention must contaln ent functi onal or devel opmnent

fol | owi ng 28M9TRAEAW SWCcENRb 8B of BPth‘ngan‘fomfﬁF@fcérfwt&ﬁna{ geupunctional ity
is acid or havireeit eucnged d such that aqueous devel opnment is possible using
a basic devel oper such as sodi um hydroxi de sol ution, potassium hydroxide
solutio or ammoni um hydroxi de Sonme preferred

fluori ng cont ai ning polynmers in tﬁ"gklﬁé%’ﬁ@?ﬂ conpositions of this invention
are acid-containing copolyners or honopol yners 25 conprised of at |east one
f | uor oal cohol - cont aivWhengn ReawhBy arsfthe samecerndifferennfiporoalByReicuRs pOH wherein R
fand R are the sampgy t@aﬁofueﬁ@eérb&la&e&%&&m&%g&%ﬂ (¢ggm1 Lo 10 SO

-carbon atons or taken tqgether are %W rein nis 10. The level
of acidic fluoroalc SIRYPIUpY l%a‘tﬂié%aells W@a‘ﬂf e%aar%?@%ﬁwnﬁwéu tion by
optim A0ng the armlgﬂcbupneeded for good devel oprrent i n aqueous al kaline -

devel oper. Wen g}ueo r ocess blce hoigres IS coat%gr or .ot herw se
applied to a su str R |aﬁﬁ§°é\ﬁn &% Sélglbg R %Spnent of
t he phot or espyd r@8ltewihsdeimation ofraposigguimage Nﬂmeas IdeVﬁopnhent imginer al shoul d

contai n sufdibelieMivas 'oficntg:rapﬂngiﬂ ﬁﬁmgg moéérh!t@rtg ?dvg ?B&lcrjl )g)r QIS re 95/18r

protected acrd grou ps_that are AP part tecte apon
exposure td1eEd EFWPH%“&)W(%‘FB‘(I@SEWW PHOSek Feas Te‘?i‘ﬁ@t%ﬂ drignpeapsed aseRst | ng

CONposiltsi Orgre pinRBRE SERItEe iibrRiE @RbHra3] sksré ﬁ@f&&-}ﬂel oper I'n casg of 8a
e 18 4

t Ki hot th t t L
Rovenber 2005 Ve GBTEY o5 SBten) SeStikngasbis bpetrals RS sbarsphent 1 n
portions V\mmllonar;éuomgo&:e:dmpon&m«s) adhaheganviutorking IrhodeeoStitsst ant i al | y
unaf f ect ed h@edﬁ'aﬁxg&%{f‘oqslﬂﬁf Bt 0 Wl AP ORABRL B jniiggous al kaline

| i qui ds such as wh aqueadu ons contal ni ng
t et r anet hyl Iamllmonywﬁwlqwér w\mtm agevesulimieresshnkipgOoutds gptignat or | ess

than 520r q.ﬁatahea @mﬂy&ﬂnﬁ%wﬁmldwnmﬁﬂhoﬁ iR @Q@élb]ycﬁ sw&#éh%g aphot or esi st
be re uri n opnent

| ayer, the 0 ?SIS'[ er wll ?

port1 ons WHFSH S ReTa grtueh BUEE St PRISHL B B TR MO SLBBBBAL | al | y
unaf f ect ed solveebsrmdeﬂncqbﬁnidls(hasmgu’rddagltddbuakﬂmm Suisatlg ceistliiking critical
fluid o ha@iQa bRl e 1ARH | ARbu kU dacaSuuped herein, s one or

nor e substa ces P B A& 5 “hbove its crltlcal
t enper at ur ﬁmazadmlpnmsﬁédlﬁdo agd praeé@alldedlphgml selforzeh Reefarelyca i ti cal

pressuns. (ebhhvedhorkiil 1EsisticBripBiifot YRARINER ﬂﬁliﬁfcin@%@%ﬁt(ﬁtalﬁa
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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tenperature that is higher than 15C below the critical tenperature of the
fluid and are at |least at a pressure higher than 5 at msgge(%@mgglﬁ@gthe
critical pressure of the fluid. Carbon dioxide nmay be use or

critical "P‘Pﬁ‘?ﬁ'“?zn the present 15 invention. Various organi ¢“SOS0EHEY can

al so be usadvaSng;ihyeB@pﬁm :Imaghw&e ekposard éfahe r@i&%@mgaﬁhél;hﬁt%fttmt are not
“limted to; ed solvents solvents

| -1 al ogenaf ‘Jg &P séjoe{lrcem prey &t & é&“tm Wﬂvﬁbﬁ’% @“Q‘BBv‘é‘ﬁf’et are nore
pref erred. ligited tfcr,avtﬁé nr@,P48tnen sl gtm, dltS5E rempindylever wavdlemztha denpewe can
| | ustrat nj d-r ri ous
illustra 'E)@}_l,o%ml&‘%s Efejf 1abhy don%'dudﬁ%ﬂa@élqugﬁlséi} 34500,N{d @éA&% &

other material s us em con trve ufacture’ nal yti cal
| Measur eme T 3&vple sﬁhéeme?iﬂﬁéy s donguiite Bl aelet Behtfof 1A amud &8ninn t he

i ndi cat ed Oﬁmh‘éﬁwavgleﬂgtﬁﬁnanw%ﬁ\'ﬁ%fﬂ myl\/hgfls%ec\mﬁﬁm& 1fg%%flsHeyl\/R Proton
Uori1 ne- S.Si.n

Second(s) 35 PR APPRRTET Il INRarvIRFiekaEs S bf PR SBED To df ass
Transi ti onwithrdaseau em&iﬂzﬂcﬂﬂe@@de@?&%ﬁ d@tﬂlyhbuhm@ebf a?ﬁﬁh’iomm IDpRXY 11539
ol cour ar WM o Aiar B cpity safe B Sy gTRCRE el e A48 205 e
pol ymet0 Abseppasiténnss dius inveation aciudeaby arphety kmited absma;gmeauomd_og 10(1
I T) and begeitbrl Bsdrbiak 08SSutblt 411195 ARS o MPREE-uctinelkaRRAAsLANRE as defined
beI oW UV output at 248 nm, and a fluorine (F2) laser with output at 157 nm. Since, as
discussed sﬁpra, use of UV light of lower wavelength for imagewise exposure
corresponds to higher resolution (lower resolution limit), the use of a lower
15 wavelength (e.g., 193 nm or 157 m or lower) is generally preferred over use of a
higher wavelength (e.g., 248 nm or higher).
Development
The fluorine-containing polymers in the resist compositions of this
invention must contain sufficient functionality for development fol]owiﬁg
20 imagewise exposure to UV light. Preferably, the functionality is acid or protected
acid such that aqueous development is possible using a basic developer such as
sodium hydroxide solution, potassium hydroxide solution, or ammonium
hydroxide solution. Some preferred fluorine-containing polymers in the resist
compositions of this invention are acid-containing copolymers or homopolymers
25  compnsed of at least one fluoroalcohol-containing monomer of structural unit:

-C(Rp(R{)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
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~Transm ttance Transmttance, T, = ratio of the radiant power 10
transmtted by a sanple to the radiant power incident on f{i&.58000h8;and is
nmeasured for a specified wavelength X (e.g., nm. Chem cal s/ Mononers

- AdVet her wip fdéoeint anenet hyl vinyl ether 15 AA Acrylic aci dPN/U$G0RS3Cheni cal

“Co., MIlwa ._ Al BN 2' -azobi sjisobutyronitril dr,i ch em cal Co.,
Wi ke ot dupr e e PR30 B PREY B Geprifle Ut Hhiaty BUETT 20 G
Nenour s anaviidmsabsrantialiyl uniafigetod in DExphiFidBRtHensahinng devedermeny bgne epoxi de
MAA Met hac Lyl ddns a8 nAlidhi s RuGh e ealy JIUROHERSniafing PR MEK 2- But anone
‘Al drich Chg)r‘ﬁ calS Cg. n I\}Iqil wauléeex W . }N%Iﬁg?%%rrene = 1’Ii%ia]lc nc% o[2.2, |
] hept - 2- endetrampedhylemmepdvm dirirasee, (with deyglepaentt 2586 rreadianlpr lessigay
Di - (4-tert doludl ke yzd sdronit)) NE caeydiaGrERORANEI3M: Pladbysisheysrapé Corp, Burt,
NY PGVEA %p%eg%l Cﬁ| met h Id (gt herd acetate . Al gr'l ch,Chenm cal Co.,
M | waukee, RO A Pe BP0 eI EpPe d6 glOPRER B PoRiAns M &8s ne 35 Al drich
Cheni cal Cowgxpdsédvaulderadiatiof GuiNailDB¢ SnBaatiFIRPERaE02teBun dxpedsscenber 2003
"PCT/ USOO 11339, TaHRAAKE SREPRXM £d aftiofesgSt €r =
CO7t Bu TFEJP'?'HE nfg bkg Vaéz_]g r ﬁégmg eqfh_eP it 1R O dirbardSotbenk
A critical flmid, as'used herein, 1s one or more substances heated to a
10 temperature near or above its critical temperature and compressed 10 a pressure
near or above 1ts critical pressure. Critical fluids in this invention are at least at a
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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15 VOH NB-Me-OH NB-Me-F-OH NB-Me-F-OMOM NB-QAc NB-OH NB-F- OH .
NB- F- OMOM VE F-OH VE-F-OMOM 20 Utraviolet Extreme W FanydW¥mga 2003,

Tetrafl uo ne (E. 1. du Pont de Nenours and Conpany on,
DE) Tetraﬁ%é@%hﬁan Al drich Chem cal Co., M| waukee, W 'Wﬁgﬂg)égsggte

Al drich Chenical Mp., M Iwaukee, W NumibédrBieratiehydleeidar vddigiZsi given
s(pentanenitrile) (E |. du Pont de] apur s and Conpany, WI m ngton, DE)
Vi nyl al cohol X=0H X=0CH, C(CF3) ZOEP_%:ICU%ZC( CF3) 70CH20CH3 X=0COCH3 X=CH
X=0CH7C( CF3) 20H MixOCH2C( CF3) 20 CH2 Oz hCiaerapOnpizOmaoaeRl CF8 p@n
CH7=CHOCH2CH2OCH2C( CF3) 70CH20CH3  CHRafyfegi on of the el ectromagnetic

| et that ragnges from 10 nanoneters to 200

ﬁgﬁg?nra'ltj Is " Rt_eg?o R U%Mwal%oel ect r omagh@VfisPLpbeelagiehpelwmer _
Absorption coefficient AC = A/b, where A, absorbance, = Logo(1/T)
' and b = film thickness in microns, where T=
transmittance as defined below.
Transmittance Transmittahce, T, = ratio of the radiant power
10 transmitted by a sample to the radiant power
incident on the sample and is measured for a
i specified wavelength A (e.g., nm).
Chemicals/Monomers

AdVether 1-Adamantanemethyl vinyl ether
15 AA ~ Acrylic acid :
Aldrich Chemical Co., Milwaukee, W1
AIBN 2,2'-azobisisobutyronitrile
Aldrich Chemical Co., Milwaukee, W1
_ CFC-113 1,1,2-Trichiorotriflucroethane
20 E (E. I du Pont de Nemours and Company,
Wilmington, DE)
HFIBO Hexafluoroisobutylene epoxide
MAA Methacrylic acid
Aldrich Chemical Co., Milwaukee, WI
25 MEK 2-Butanone
Aldrich Chemical Co., Milwaukee, W1
- NB Norbornene = Bicyclo[2.2.1]hept-2-ene
Aldrich Chemical Co., Milwaukee, W1
Perkadox® 16 N Di-(4-tert-butylcyclohexyl)peroxydicarbonate
30 Noury Chemical Corp., Burt, NY
PGMEA Propylene glycol methyl ether acetate
Aldrich Chemical Co., Milwaukee, W1
TBA Tertiary-Butyl acrylate
TCB Trichiorobenzene .
35 _ Aldrich Chemical Co., Milwaukee, WI

20



.ultraviolet that ranges from 200 nanoneters to 300 nanoneters 21 WO
00/ 67072 5 UV 4 Novenber 2003 PCTIUSOO 11539 U travi ol et 4rI@(g)eglge&f00§ he
el ectromagneti ¢ spectrum which ranges from 10 nanoneters to
- nanonet er\EOm’a’r‘va Regl on of the electromagnetic spectrum PﬁTfUﬁ@/11539

ul traviol et that 300 r ol ynmer s
P( TFE/ HFI P- Sub- 2 oI y?' et?g} | uor ggt{f'%«fﬁ%oﬁgﬁ%égg é:%g&f ulé:ram so Hli-?EVE) ‘
propanol -substituted 2-hydroxyet hg$€ifyl et her 10 (copol ymer of
tetrafl uoroet hyl ene and conononer 2) P(TFE/ NB/ NB- HFI P)

Pol y(tetrafl uoroet hyl ene-co-nor bgr nene-co:
5- hexaf | uor oi sopr opanol - substi t utjeqd 2- Qor nene (copol yner of
tetrafl uoroet hyl ene, 15 cononone and.{porbqr nene) EXAMPLES Unl ess
ot herwi se specified, all tenpefat % ggrees Centigrade, all nass
measurenents are in granms, and p g are wei ght percentages.

Unl ess ot herwi se indicated, n, appearl ng wt truct ure(s) given in the
20 exanpl es, represents the nunber of repeat uni t sCOa Buhe pol yner.
Thr oughaout the specification, p, appearing within structure(s), represents
t he nun‘1§er of repeat wunits in t he pol yner. Inherent viscosities were
measured usi hg a TBBAnon AutoVisc Ebnﬂllic@mhﬁéne vi scosity system (Cannon

| nstrunment Conpany, State Col |l ege PA 1 043; in the dﬁ@o' ndi cat ed sol vents,
general Iy at 35C and 1% concent r atidnd® AP PP PR i ts of dL/g.

d ass transition tenperatures (Ta)Nn]mmgthleDeEr)m ned by DSC (differenti al
scanni ng cal ori ) using a hea f 20Cmn, data is reported
fromthe secondrr?qu%t The DSC uni ?Eﬁggg?é@rag Model DSC2910 rmade by TA
Instru®nts, WInington, DE. 30 AddEidyfehamigl Qo Milwgwkeraliing sensitivity
was done using a tzarabda- Physi k Compaxcdidié exciner |aser configured for 157
Llswngp:rzl\a/}slpﬁgrsgﬁcuum ul travi ol eztmém%néhems“s:élo& rﬁahsNgﬂl?erge S were rrade

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 CHX
NB-Me-F-OMOM X=0CH,C(CF;);OCH,0OCH;
NB-OAc X=0COCH; ¥
NB-OH _ X=0H ‘
NB-F-OH . X=0CH,C(CF3),0OH
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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spectroneter equipped with a D2 |ight source. Sanples were spin-coated at
several thicknesses on CaF7 substrates, and the contri butiog, RfbEM03
substrate to the 35 transm ssion was approxi mately renove ctral
di vi si on.WWP@"‘gﬁeci fically, all absorption coefficient ne ?{Jéﬁr@ﬁts wer e
made using the poWcedure |isted Uiebvivlet 2gich dMakesberord@ 0 00/ 67072

PCT/ USO0/ 11539 1. Sanpl es were fisrgc}ﬂgf&ﬁ.-ﬁogtoed on @)I icon wafers on a
Brewer Cee (Rolla, M), Spincoat®f WPISH SRS 1O EY BEIOTHS RS o f our
silicon wafers were spun at diffePémanapdeds (e.g., 2000, 3000, 4000, 6000
rpm) to obtain dififgripg filmthi tlﬂc"@i {:%85%9 . wer e
subsequently bakeIg ﬁtwgzoc for 3($e|$ﬁ1ﬂﬁﬁT e t(ezlértl e @flﬁgpe\%g\r@ﬁ%% measur ed
for thi gkness on a Gaertner Sci eftiyFviieytesirangss fram $00 panoarB@erseEp| i psomet er
(400 to 1200 angstrom range). Tw39sphmbrsfeeds were then selected fromthis
data to spi lgrrr\]g CaF2 substrates for the spectroneter nmeasurenent. b) Two
“CaF, subst rgq-es—rél " dia. x 0.80" thick) were selected and 10 each was run
as a reference dat@HE/HEPeSuta2-Mc Ph@ebdietrShevbetbpeherofiEhaiisfroisd; M),

234/ 302 monochr ongfyegyeysi ng a 632\RD%%(9[%lggﬁﬁ%ldrzqu(drgg}&%hﬁpgﬁ)% Ltiplier,

and Keithley 485 picoanfhreter. c) T sFee S were selecte e silicon
wafer dta a) to spin the sanple fkeapebimer obirttfiuproethytene andf er ence
substrates (e.g., 2000 and 4000 rpm,mogéngrq:})achi eve the desired film

t hi ckness. Then at 12 fo 0O mn. and the sanple spectra
was col | ect ed on%%ﬁﬁ@ gﬁ'ﬂp)Spe}Pg’gtﬁ’éi’fill‘o,m?‘F@fg’E%rﬁﬁT“é’rbcf’PF%c%re t hen

di vided by the reference CaF2 fil esS-hedjfiubheisomephidlagbahardidance files were

t hen adjusted (sanple filmon CaF%Ogo}qeggfl‘io%?Cn%ﬁ%f%%\%oﬁg film
' fmcy,

t hi ckness to give absorbance per nic¢ron “Hone usi ng

GRAVS386 and KALEI DAGRAPH sof t war e com@pmanardr. and pbdermeng) dose” i ndi cates the

m ni mum exposure energy density (gxdmpiigg units of nB/cn2) to enable a
"~ given phot oresi Slﬁ fil fol | owi_.ng exposure, to undergo devel opnent. NB- OAc
and NB- OH were prefsy dfemasedpedhcd el yporgurrsaretn degrees € epgigrashealt on,

Z g!\% 35,972331%?\/52621&%(1&9173@3 als'ﬁet’chlﬂi| gﬂ;ﬁi, Qﬁccli: gm g%end%eﬁﬂdﬁ?ei ® erc%;ﬁlr;%ﬁ !35 ZOﬂage
. Monamer s =CHCH H and. . CH2= wer e
prepared by r eagpﬁgﬁs ?c)q;‘é‘)%%é%?ﬁ%%&c%%%%ng WP BrESPTFeh&ivsR

utyl ene,
r especibvelexamaiesdepoaseiie the mypmbdedirapsat dnitsOnghe pdliyeer., Thodughd®, thpages

1400- 1410 ( : u ' f rati are given
bel ow. Tet r%g‘gg%%tﬁié%gc%%ygﬁ@é@?{.F@ét‘g’gfsg i I(Sellr%tg aﬁ%ﬁ‘g ln‘&égo;% gro ﬂé\ﬁggts pur chased
f r om Honsh\naE ékihepodymahe al |yl pal | adi um conpl ex

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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. 250 nL of

L[ (13- MCHCHCH2) PdCl 1 2 used in polymerization experinments is described in
the following reference: Reinmuth et al., Mcronol. Rapi ¢ R5ME-200Y0! -

- 17, page 173 (1996). 35 EXAMPLE | Preparation of 1,1-B

-is(trifl NOOMETNY| ) et hyl ene Oxi de (HFI BO) Hexaf | uor oi sobUt(@feSBAREE CF3) 2

25 m, 40 wa of NaCOCl
gmade at -5920 g %&q@gﬁg{%lﬂrgsﬁf AR Oncﬁp:%r :‘%g&%3£\/€)§%%£%%2 4 Novenber
2003 PCT/ Lﬁ%ﬁélfdﬂ@@gsplﬁ%%tegféiqm P‘éﬁ’%‘ﬁ BQS) - of 50 wt. %of NaOH in 100 m
of water) and 0.5 g é)fT\Q@ﬁ)Sf%ur §1I1@cﬂ15\.f1ﬂérsﬁﬂéréﬂs])‘t§{ az-dlﬁeiehvépe%as @aprylyl

Reacti on m 20 a0k a0RE eBOEmR cofim v pn oo St shoie 5"

resul tirg reaferd weresubsequeatlyhakddranh2d€r foed0 mih. dhetdned rfﬂmstvmre then vacuum

|l ected t 7.5 | d
5699 Cof 11 iR fr AR s Clfhe AR CH G DB EBAT T § LY E
s(trifluor oﬁﬂmn«)amtex HPP enk20hangsirom nange)INVRVY )18 spaf(dg)were gren ch(eg) 73.34

'ES;S 1§;§ { ﬁroﬁ% fﬁé 145pih o CEF, sagstﬁse%g%g t)hszpeazaomé@r@nza@u&%enz7s) 10 IR Y
(w, 550 (1 (M. 636 (@) TutrCers A i K S ARk plergsetesetbind 11 (o)

Fou?d 1@  @th6¥hs rih asla ﬁb&r&?&éﬁﬁ%ﬁﬁiléorﬁy MdPhsisen Sﬁ)ﬁﬁl’ﬁlﬁéﬂs@ﬁﬂ&ﬁ’dﬁ@HZCl( CF3) 20H
15 (VE-F- oun oLt o mechani ca
stirrer, (C:]O_Rn/? hé‘n’eér}’%)nlaom él ?{ ?Sl% H\Ag%(f: §)cp Qe Egn| trogen and

char ged wi thhcmmgl_tmllgmalﬁﬁ(mlﬂ?y 485fpigBearsadi- um hydr| de and 400 nL of
anhydrous DMF. This g}( ﬁ%?‘&%ae dlﬁ%@l'e@@d fiofh ﬂa@%l%ﬁ ﬁa:'feﬁ?aQa Eﬂodsilﬁm ) of

2- hydroxyet hyl vi nél dropw se over n additional

Taglered onirdhe ﬁéFZrﬁef?(“Eﬂcé Sv\%%rat%t £-2r-2§09 ard 400

1,1-Bisfsri fd AtBIe0BBichiski}eat il ®Renexi Thed &Rkafdsuaked s TIaCYHEDE rmﬁ‘.DOXi de,
HFI BO) (85 The .resul t.i ng

ver at 2Q-23C.
Cusnons: on ke SR et Sud SR e MipnEsof Snectim s b e Deck
flask and fitestwend thehdivided byalse remance Cabp fidesr ot ary evaporator at 0.1 nm and
29C.  The 25 residue "‘@ﬁ l%kuﬁﬁé QrHaH ezélgs%r eﬁ"%& teﬁqgag&ﬁim Pchloric
a de 19 Xtﬁ ou n

acid was carefully e so ut1 on ol I which
separ at ed wasF z@mdeé@v&afz Wagl@efarmm Hn%!me@rmaemr %bﬁ%‘%ﬁ%@é?”&lcﬁ?&ture of

angy?L ozr]{s lsgﬂ,b;;ﬁm), sichatag defchdinyd GRANSI FRARA0AL EID AR APKtdfivay@s filtered
an e Tl rate

Tl\gva term “clearing dose” indicates the minimum exposure energy density
~ (e.g., in units of mJ/cm?) to enable a given photoresist film, following exposuré,
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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distilled in a Kugel rohr apparatus at 0.5 mm and 50-59C from a snal | armunt

of 30 anhydrous potassium carbonate to give 89 g (71 % ofy @i L, ¥4-6

stored o] ol assium carbonate. 1H NWR (S, C6D6) 3.12 (ép 0/%;’1 8 (d
55%’8‘"% 3.90 (d, | H), 4.07 (d, 1 H), 6.20 (dd, 9 \WR

(8 CGD6) 46 .sBRAIOS of 50 AmlaifITer wi 89pf BlapHeRaedn] &f ¥her %ﬁﬂfﬁ sf(a§ ik was

submtted f I L.al | ysis. .Cal cd 110 5.83; H,
3.76: F aftnyet aly e %@prﬂ‘é@”ﬁ“m@”‘@fh"gd%ﬂwﬁ?)a‘%%ﬂ B 2NGvenber 2003
WO 00/ 6707?’%@1@@mm81gs RefacB@TiniS0R/ waSdpt RRBEHRGHGRRY O IH 5

Hexaf | uor oijspphgpanol - substituted norbornene NB-Me-F-OH A dry round bottom
fl ask with nmechanpical stirrer and condenser was charged under nitrogen
with 2828 g (1. 2Dsssulene washapam sy ransfaared oroof i reastoramhydr ous DVF.
5- Nor bor nenacﬁnmnaaea 1r(i\|BolhiErag'dat iwcﬁagqr ﬁgnazast he 338 M@fi@dded

dropwi se a e ing mxture was
stirred fotr86§9ﬁ?hq‘i réﬁ@?% g#’e"&&}‘f}ﬁ‘é’% e@ﬂ 5§ de

(Hexaf | uor dslsbb(lnﬂhmnmeﬂ@mm}h)dene oEHBOJH NIMB. &)G. 282)(55)619}2?01*11)/{}&/\@?1 ad?ed

dr opwi se ower rs Ul r or. r at room
t enper atur\ggz’é)ﬁ?@wag e aNcE\))rﬁg 45 7'3(;{njn$£t9g (gerp ev%&mlﬁ?g6 (%n”igc and 1 mm

The redPdudReas, majast:e i sh 1368 (k. 1220 &), 1|0<8é (W P8F (o BT AI(M),ITG8E@),NL of

| aci-al, ac 1G534. Wep nk t h | ayer was
gxtract ed gz\.ém g ‘gﬁ\r?%po Anrrel?%%[cg\rll%gﬁﬂ rc?'dgdzér%gq{?:o%b?neg (L)§fgan| o -

| ayers wer ith 3 X 100 nmL of water, dried over anhydr ous
magnesi um chloride, filtered and dEXIANPEH 2 2under vacuumin a Kugel rohr

apparatus at 65-87C that the 20
pPgduct was cont am nﬁgd&gém%%ﬁgl ?Hm %#WE@ 6 was di ssolved in
100 nL1df hexane, washed with 4 X ZUE-FHOH)ter, dried over anhydrous ‘

f t
Mg ggsc um s ugf i%gginry ﬁﬁfrﬁg&g%%% HaSk %é)gxﬁgﬁd Bl n%%&??lju&ﬁ *}{lg%p RELALME @

( hexaf | uor 8P ek Hwmel %’Gﬁbﬂwk’c‘?@t‘@(ﬁh AéoBenarbyharged ‘é(ﬁgtlﬁélrg ®Bpaelti on, the
pr oduct wasfgls%tsbaﬁuaﬂh dHdeusl 4% A1 12 anly b edIMR| TRk nalﬂﬂﬂr&aakg fhi@ boi i ng

SERPI R st o s G
(s). ) 20 Anovdrdr2 hamphedqumpalrﬁj) mh dffieMFanare aﬂdﬁhamnhwaﬁxmw)m ted for
Egﬁﬁ?t acl gf'ﬁécgﬁ)ﬁ m%égﬁlﬁ@?@??égﬁhggéﬁ%ﬂﬁg‘d} (%Iekad_liioro-xsogut’ylelx:lé 37.47.
epomde HFIBO) (85 2. 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 0il which was stored over
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.



. Preparation of CH2=C(CH3) CH/C(CF3) 20H An 800 nmL pressure vessel was
evacuat ed, cooled to about -80C and charged with 100 g (Ql\ﬁwglgﬂ,grz@@
hexaf | uoroacetone and 68 g (1.2 nol) of 2-methyl propene. The m xture was
- agi t at ed WOPV67872nr at room tenperature. The 35 vessel was &%V%W 1%? about
10C and slowy vented to at nospherggapi@ssygre. The 25 WO 00/ 67072 4
Novenber 2003 PCTI USOQ 11539 |iquid residue was renoved using a snall
anount of nethylene chloride to rinse. This mxture was distilled rapidly
through a 12" Vigreux colum at abgyt 200 mm to give 136 g of crude
product. This was conbined with the Yproduct from another reaction on the
sane scale and distil I ed throuia T Vigreux columm giving 5 210 g (79%

of product: bp 72WIthesls ¢m I—Bc%bg’d(ﬁk/éZPgﬁ)CG 2. 3537&33_9

- 2H), 2.57 (bs, 1H), 4.52 (s, |IH),.

(s) 10 EXAMPLE 5 Copol yneri zation of CH2= CHOCH CH2OCH2C( CF3) 20H and
Tetrafl uoroet hyl ene A 200 nlL pressure vessel was charged with 53.6 g (0. 20
‘nol ) of > CH2=CHOCH2 CH2 Giyxafiperosrprmangissubptigiednorparpereanol , 0.2 g of

pot assi um car bonate and 0.5 g of \{agq@é.;:b 68 1. du Pont de Nenours and
Company, WImng VeSS cl osed, oled in dry ice,
evacuat ed and 1% éﬂ’aﬁo@‘g&)‘)ﬁﬂ T?‘d“%%‘aﬂ‘ﬁ?lswr?’é& FR55t B8t hyl ene. The
vessel contbarpsd wedez nitnegneitiveg. &ge(@ﬁtmbi)mﬁ%%s’iﬁ(ﬁrmhyﬂmhlandaommﬂ,for 18 hr

resulting. RaAnBISRTE, & SRd LA S AEA1AR Atk ol Bskss salstag cool ed to

room tenper vent'ed ol uti was rehoved
‘usi ng 4@ et dvie agdeddrepwaiet b regm EpeTHBresvier Pdﬁ Msrgﬁgittrﬂtmtmﬁm

honpbgeneousgy;g&dird:hag. qdﬂgils ﬁimwrain&tg saﬁ]@ﬁﬁe bgRe (ﬁQxa\fﬁbﬁﬁsobﬂt #np! ender. The
precipitated sgll ﬁ) Ilect fi and. washed vvlth water in a

bl ender. | EPRASE azxﬂac@f?érﬁ“eiwﬁsa IgRYisgevIAgi liEng  62. 1 g (74
% of whi t eesapinagixsereivehs stibteBliR 10Shr al ol 89mperdemzs. a)meﬁH)lapor@;e@ 3-9 (m

4. 38 6.6 F N 6 8 3
orbupsy - PR rolH) qutbiofbPeudsi apd SinBh e Beo B A0y b g 2
absor pﬂ5 onsf icetveat@optdinime 3 O0golnpb glatiabacena sicde tAe Fawardayet wabeepb@ted nol e

per cent tefaﬁ@ﬁle%%ﬁ@@&é‘l é,@r%as éi'ﬂgcté@\\? @ke)s%m%%a@heﬁe%lo\ﬂdey*rh@t her
conononer Vi sc 1% 1n = 268400; Mw

= 477600: camRined Orgamic lazxﬁraﬂ\ifere pgshifd: with 3391 Q%mlwf walgrgdrigd oy 95, The
pol ymer V\/a%nlh}rtﬁ@hdkhh%xdsmrﬁ\/@h!@ﬁd@ ilterel SROlivaRkd UhdeauRaws iKa 262 N

tetramet hyll&lge appaya%soaﬁ 6(3987" . NII?III_TIE gn NMR 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



Copol yneri zati on of TFE, Norbornene and CH2OCH2C(CF3) 20H A 200 nl pressure
vessel was charged with 14.1 g (0.15 nol) of 35 norbornengy,4ppd Ogo 15

m)l) of t | uor oi sopropanol -substituted norbornene, ,}iqule
‘Q’ J?)%??Iz NP he vessel was

1, 2-tri c orotrifluoroethane and 1.2 g of Perkadox(r)l 6
cI osed, cooligddiresidugy wiagemeyedosing @dmalhdmohmtraferbthilere chiorgiea6 rinshlovenber -

2003 O 00/ @EQZ&@EJ% (ibER9i0 000 12 0Fich SLIALEHPHASLIN G The

vessel contents were agl t mai_nt al ne or 18

liar. The viosZ¥f la@g qf@éwd@dnr@cblcxvo?amwm%mﬁmm pm@m{é@m Fethgiol ymer
sol uti on wagas@stesh Heowhme stcﬂe@m:@igﬁnéaam h a The viseel &ilhah wmas dried in a

vacuum qven p THE d8) 0.6
- 4.0 ((?onp?@gzgéwif)ﬁ?mdﬁg lbm%/%‘@ﬂ"P dg*’yﬁ%‘@ F@%@ (grélips), -100
to -125 (m 26623, 2H) dri7t(be 1146 6 IHa# 0 (efmhémwnms,o@mgoﬁs 9 t he

nolar ratio 2f tetrafl uoroethylene units to

hexaf | uor oi s6pr opanol -substituted norbornene repeat units in the polyner
was deternined to be 1.76:1. GPC. BXAMBBBG Mwv = 14, 100; MW M = 2.13.

DSC: Tg = 106C. merizRisAdF CE,=¢B 3, A1, e %Cdf? 87. EXAMPLE 7
Pol yrerj zat i on of CH 2C( CF3) 20H. by, ri ng- openi n fd hesis 15 Under

nitroge 30.0 g (0.099 ol ) of andnketiadyorop 5lreBFsopropanoI substituted
nor bomene was di as200vedl. prassortvaydebwes eakgdivieh $380 gf0.20 midipof resul ting

e Found batFaCHOCE: @53?’8%1@§?‘9&9%>¢f0%07r£@ﬂ°%f.f?%‘e‘%ﬁl°§@2g§¥ RS e
reacti on encarbehaisandb. Srgeafb‘{azo%lrfﬁctludlerdamtmuumﬂsCoﬂh@yg eactl on coul d
not 20 be kih %gmaijg;)r T"l’mg%ﬁgl \U%tc%s)éd ofE'dQHH ice U&sc ?ef&l‘e%-ldgn m xture was

al lowed to stand overni'ght ﬁ) uct pol ynmer |so
preci pilat | ghargad wish aRe (630 melhettensy W%thdema eI AODIHA WErF el d vias

24.7 grans kdatdtEivah Agfhton BS0YDEARd mhindibbdRof 28 8t ﬁﬁzﬂnﬂ@n Qiaretslg\ﬂera@bp/rmr was
cons SLent ilvifs e tpsacd, Sl e Shovn bl L awng f not
CF3 OH The yistouwsgolyaer suhsmnwed rémoted 1SoigHtkiene as mgdabusimbas §He0. 262 N 30
tetranet hyl soqmp&l%&m&%ﬂtﬁﬁzmogezxeéum\ﬁ%eﬁdd%&) Ql%wly o excess ice
' 20  water in a blender. The precipitated solid was collected on a filter and washed

with water in a blender. It was dried in a vacuum oven overnight at 44°C giving |

62.1 g (74 %) of white spongy solid. 'H NMR (8, THF-d8) 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% in 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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WD 00/ 67072 PCTIUSOO 11539 d 7(PCy3) 2Ru=CHPh is available from Strem
Chemi cals. 7 Milliken Wy, Newburyport, MA 01950-4098 U. SyMNovelst@¥bbE 8 5
Pol yneri zation of i i2-CH20CH2C(CF 3) 20H by vinyl -addi ti on Under nitrogen,

- the 0.39 WYO(00/6B92nmol ) of the allyl palladi um conpl ex PCT/US00/11539
[(rl3- '\’CCHCEW)TPdi)Qkfh&rémQron?féng ﬁ"ge Qesmt))neﬁﬂslvye% hbRxal)itoL9ansh monat e
wer e suspended I n | 'or obenzene (90. nL). The resulting m xture was_stirred

at 10 room teAPér sAmantged 5 Ifiut 8 VC%S?I Wscopkdto FqTR AFBRETERIG @by ed
preci pi t at edentf@Clrhe Eﬁyﬁabﬁsoﬁﬁ@u vzl Iagdcgicﬁlﬁiarl@Qb exeds Bolant] Thewascigidded 30.0 g

0. 099 nol exaf | uor oj SR 0l. -.subst | d nor The
ﬁesul ting Zea?étdflgﬁn}ﬁ XAUPE OVRA gg\nribag gé‘(/‘g‘l’ ﬁlSS ?Iup H_?mgr ature. The
reacti ond nmi xd,UrHFw8s0.6hém (cmpicwepmea{m)ed9f NMR\(éJ"[h}rBd@ﬂ b&)ﬁ)(ﬂﬁﬁmt ely 50 ni,
and -the pol ¥P@Igsj SR?OBtBefi?Stt}h @ogrﬁ%hﬂhéﬁgé B ko BP?H%“@F 2BLdrBUEAL, dry' ng

in a vacuum oV tion polyner. ITHNWVR (CD2C12) of
the pol ymer mgdar rabpsf @F@Pﬂor%ﬂmeqen@ﬂsm lhtvqa HefgisePoRanR)r pbstittsdown bel ow

-gdr?vvl n? I)Snaﬂs‘g;ﬁdﬁ&e ﬁt@npmegy_s's mek B8 deinhiaed {Sgal. dsﬂg pol yner uble |
acticity n yRer e e soluble in
aqueous base (O. %é’éi I\}L‘nt eq%ng?;[gWhy ‘Pi%mﬂw% F\% oﬁ%@)% g%pél | adi um :
cat al yst0 uséadhal.n Fohad:aDoM&3pbl, yA@r F.2887n is described in the follow ng
reference: Reinnuth, A ; Mthew, JeyRypMehia, J.; Risse W 25 Macronol .
Rapi d Commun. 1996, 17, 17"). EXAM%(’%irﬁrponent 15% (wt) Sol ution of poly
(hexaf | uor oi sopropanol - substituted norbonene) from Exanple 7 dissolved 30
in cvcl ohexanone W. (gm 10.8 28 5 10 15 20. 25 WD 0016. 7072

Polymerization of CH,OCH,C(CF3),0H by ring-opening metathesis

15 Under nitrogen, 30.0 g (0.099 mol) of the hexafluoroisopropanol-
substituted norbornene was dissolved in methylene chloride (30 mL). The
resulting solution was added to 0.81 g (9.9 x 10-4 mol) Cl,(PCy3);Ru=CHPh in a
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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Cycl ohexanone t-Butyl Lithocholate 5% (wt) Sol ution of triphenylsulfonium
triflate dissolved in cyclohexanone, which was filtered 4 AL Apd- 45 P
PTFE syri\ggggﬁ% er This solution was magnetically sti rre overnll%Pt
Novemnber | USO0/ 11539 2.3 0.56 2.8 Spin coating W& ing a
Brewer Science IQg(PChpyRL=COIFGHs aoaitiblaf b rBtap oh@;ﬁﬁtagt/m@ﬁm@ﬁe ona 5
in. dianet (AN f 00 orient. Devel opnent was

per f or med qg?ﬁg\}ehﬁaﬁg\gﬁlég{ﬁgg%%@% Y eS| st Devel opnent Anal yzer

(Model - 790). The wafer was prepar edXbMklap8siting 6 m of

hexanet hyl di si |l azane (HVDS) prinmer and spinning at 1000 rpmfor 5 sec. and
then 3500 rpmfor 10 sec. They 6 m of the above solution, after filtering
t hrough a 0. 45 syri nge filter/ \was deposited and spun at 5000 rpmfor 60
seconds and :T\, % 12 C el ec&g]§ Theg%oat ed \Q/af er-was. exposed to
248 runcl i ght ey O ¢ 2 Pt OF i gAdERREL
Model - 82421 Sol ar Sl nmul ator (1000 watt) through a 248 run interference
filter which passes out 0 ener t 8 nm, Exposure tinme was
30 sec through iﬁnﬁg rﬁF?‘h%l 3%&@998 gl?eytlﬁ’ Pajiadivmegomplex cal density
to all ow vaim M&HQW&&)BM@@&M 0B8e extprm&d) sd/afeehem(arddmmdaatéed at 120C
for 120 segpl r amet h ammnl um hydr oxi de
(TMAH) _sol ut| on ?&%WW&&X%% P ‘%S’ug)tﬁ)" rpgﬁl YASIPEAEh give a
posi ti V@ i FeRye ermrrmeEonZ) @wﬁbynbmazélnqncﬂdtmd wcmowydi peatipitaiegin

pol yner i zatpon. CHRRGHRMHAE 331 HE) 9 mol )
-of allyl g@%&l um conp I%:é‘%I %IWG%OHHQER’V%I&B& ﬁgoé 92%&2518?%%637 nmol )
oi lver’ hepg Btﬂb%’ﬂ?f?ﬂ?ﬁﬁ‘a%“é’sm@ RQTBpIERRRe dl haTesHiing teHoRMIX(WM® nl). The
resul ting was xtinidoowasightat 6@ téhpéraine. t BRPREAIIH Bk vias fikputes.. It was

th filt d t [ ti '
gofg clol Ofeaﬂ '?atgl td’h ér%g rélﬁg ’@%F@dqoélﬂgo?n%&ﬁgog"r’%%%g@aﬁg%) of the
hexaf | Udr oPeipitateminl hexairsiollowed byrbyingrime vecuun dvén. 0ield nas boaene ( 10. 62
mvol ) di ssQkyifch § (Flyl%eerI}‘PNMRQE‘ﬁ" ?r)eof t o]yﬁl‘EFHp%é L‘(ﬂ%mrt ChiliPe M Xt ure was

stirred overnl gh roomterrper I on mx ure Wds t hen
concent r at ¥gytedd Vh%%l¥m§h§ﬁ°t"1’fé HOP(FEAWing isHwd iniended to convey

information regarding polymer tacticity):

0

cww;}

20 CF3° OH
The polymer was observed to be soluble in aqueous base (0.262 N
tetramethy] ammonium hydroxide).
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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.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 NMR ( CD2GhRLmBL: be
pol ymer was consistent with a random copolymer with the approxi mate nol ar
. conposi t iV &G bel ow (drawi ng is not intended to conveyPCHREMIAESI on
regardi ng @QLMH@,gangggtici ty): 0.67 5 CF3tlu, CF3 . OH EXA)RLE 11 Conponent
. m Addi él on_copol rrer of the norbonene 2.18 10 fl uoroalcohol and
norborrene b §E’H‘HQBC}P iExanpl e 10 Cycl ohexanone 15.3 t-BufyP Lithochol ate
0.76 5% (ﬂ%)(v@&;@mtl@rmoﬁﬁlﬁHehﬂbﬂwhmltﬁgmbum triflate dissolved in
cycl ohexan I\Nﬁé filter d 15 Hl\ gh a 0.45u PTFE syringe filter
1.8 This sg TS mvvgg FHEPFCY Fb“’éf overni ght. Spin coating was done
usi ng a Br 8weughScl.éh o THE sydmidilier OOCB corrbi nati on spin 2d@&ater/hotplate
ona 5in. dia i T "B {0 sl.opment  was
TRis&bluti &é&glnx\%feﬁ Iy sépl%d oeegxe%h %Bﬂ'{ éo%ﬂ&\% Pg

performed qn a_Litho nent

( Model - 790)15111@@13%%&\/%9@106\}(@% l‘ﬁ?@éd Wrr&é%mntﬁpﬁgccmqwm@gate on a
-hexanet hyl smsldhaaﬂaaesm&dﬂ\@@er JPTypdeP” ango §ﬂéﬁlnmeﬁbmlzgp\9a§ ob:fkd 5 sec. and

th 3500 f 0 ove soI after filtering
thregugh a rﬁgg?‘g %)9!?? G- r}feélrStDﬁ?ﬂOer d%’?"’? épjt?ﬁ?at 5000 rpm for
60 secthhds and Rihekadfmtvak&ﬁébﬁﬁbﬁﬂbmemg@&nl ?j'ﬂ&x@mt}@rwmﬁzﬁ?e was ex&glsgﬁ

to 248 hgm.an

Vodel - 82428 "B PRI oE S mhiaE 0 e For 3 %gﬂd"tﬁ%’i{%&d&mﬁa Yor ence
filter whi éhenplandef thembgve sobgion, afts efilécremggsh@ng 2045 arm’Ilquoﬁhmwa&tl me was

30 sec thrayp Q & ARBdp 0 & aMAHNE | optical density
to all ow vari olltjs e ogﬁﬁratehg%fqﬁ?%rtg %éorgise%twa er tv%/ggqﬁ foﬁen baked at 120C
g@ Kﬁ" T Hey ernsps

for 120 sefdifgendsy to| 28 rap lighbeiginedby BassBgenber 2003
WO 00/ WO?&OE&EDUSWAI@E5BBHW@RIELWT 834 HeS¢liMRifulsel UDDOWaltONKA NVD- W

2. 38% TMA‘Whrough 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-

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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solution) to give a positive imge. EXAVMPLE 12 Synthesis of NB-Me-F-OVOM 5
A dry round bottom flask equi pped with magnetic stirrer, adgiti.g0 sbsnnel,
therm)cou\gl e and nitrogen inlet was charged with 4.05 g (0%(](:,'6 g@ln)s T 95%
sodi um hy§Pi%&"UAd 300 nL THF. This nixture was cool ed to OC 3R & 5ol ution

of 46.0 g (MMRSTDwAl)) MBhdvpelymeHwipradisent withm rindortoBmdrividtHEl THF was.
added dr opw | ti;ng. i n an. exothe tq.8C. After. addition was conpl ete,
the- 10 nomesBabiaY sy BtbibeihoR Sphir Boh fadbeindls Bl ke LeRen' RS, “of T 15 0
mL (0. 158 informatedr wgerdengndlymert tagticiedher (Al dri ch Chenical Conpany) in 20
m. THF was added dropwi se resulting in an exothermto 10C. The m xture was
stirred for 3 hr at roomtenperature i ipitate formed. The

m xture was filtered and the solid rinsg X 20 nL of THF. The
conbined filtrate and 15 washi ngs. werg ¢ et rated on the rotary
evaporator to an oil. Distillation pf in
40-50C and 0.13 torr gaveg ;
CDC13) 0.4-3.3 (m 9H), 3
2H), 5.85-6.00.(m 111),

e product. 1 H NMR (8,

2H), 5.00-5.20 (m
338, 00O 3) 746 ().

analysis. Calcd. for C4iH 1 Q3 14e748.27; H, 5.22; F, 32.73. Found: C,
48.54; H, 5.57; F, 29.96. EXAWPLE 13 Synthesis of NB-F-OH A dry round
bottom fl ask equi pped with nechénical stirrer, addition 25 funnel and
nitrogen inlet was swept wth trogen and charged with 19.7 g (0,78 not)
of 95% sodi um hydri de and 500 of anhydrous DMF. The stirred m xture was
cooled to -5C and 80.1 g (@ Q#8{ nol) of exo-5-norbonen-2-ol was added
dropwi se so that the terrpegg 'r_'errai ned bel ow 15C. The resulting mxture
was stibred for V2 hr. HFIBO3(131'g, 0.728 nol) was added dropwi se at 30 °
roomtenperature. The resulting m xture was stirred overnight at room
tenperature. Methanol (40 nli) was BU&E®LEAd nost of the DVF was renoved on

a rotary ewwporatgf under reduced pressure. The residug, treated with

200 mL X: | aci al acetic acid was added until was about 8. 0.
The aqueousiddiiig earelymer ofithe pesbedent t h 3 X 150 nl et her 2-1%he conbi ned

et her et r ghicsodlR1 3d WASH@EnMI¢RriBedin E@miple ¥Rt er and 150 nL brine, dried
over anhydr uc? sodi um sulfate and concentrated on a rot gry evaporator to
é& QEKWesti | | ation at

an oil. Ku 0.15-0.20 torn and & ﬁot t enper ature of
30- 60 C gavuButPid.ithdcBOlge of product. 1H NMR (8, CD,Cl2)0%610 - 1.30 (m

55%’3 1.50 (&g dbsorchicaBshei Sl Mt lihin thnf@ (S. 31 WO 00/ 67072 4 Novenber

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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_PCT/USCO'lI 1539 | H), 1.75 (d, 1 H, 2.70 (s, | H, 2.85 (s, 1 H, 3.90 (d,
I"H, 5.95 (s, I H, 6.25 (s, 1H . Another sanple preparegdiRhbiSosame
fashion was submtted for elenmental analysis. Caled. for Cll HI2F602: C,
. 45.53; H, WQE0%6T01 39 28. Found: C, 44.98; H, 4.22; F, 38PGHUSBVHRMPLE 14

Synthesis_almienfn b s IMIEINH LORKA 95fD- aqwj@%q‘wmah magnet i c

stirrer, addlthl)1 f unnel t her nocoupl e and nitrogen inlet was charged with
5.05 g (0. 2°Ngiop Bcfglé'%%p%%‘a?ﬂﬂ?a‘?ydrl de and 200 nL THE The nixture was
cooled to OC and 55.7 g 10 (0. 192 BFAMPNB-IE- OH was added dropw se resulting

in H2 evolution and an ‘exot re was stirred for 2 hr
giving a yel |l ow honogeneous ggﬂtf'es#()f%&% oromeM%l nmet hyl ether (15.2 mi,

0.2 mol § (Al dri ch dchessngddiottondinsk ngyipnedsvitomeghetic @tpvwrsaidiffhle furesd)l t i ng

m Xt ur e Wasthsinhddo88c A8 it t f r The m xture
was filtered and. the sonll?t @E\gg;mv\t/a‘gasgi] Jg_@@%vhﬁ'&o@%@ I%ISSF)BTEQ The combi ned

filtrate armPiRELRY detht rveaixgie yas popled tp ClapwkasdeEten a yel | ow
-0i | . Distildfate.op(@tst hm]mB—MﬂFa)H@@Hﬁ@ﬂfonW;ﬂé YsinH0 B0-FHE waRd 0. 13

D0 3y 1. gt xR PG B CSintls byt WnaradioB g WBlipigregipe 5 oo
(s, 1HJ0 3.hBnggene@id)sohBiobOvasmiirrddt, 5°¢ f08l ki sdlidion & 1090 (rxL 2H), 5.96 (m
1H), 6.11 (%01 5@310]5 H)hlorc;]rﬁgfh "ﬂ'}ﬁtﬁﬁ’eﬂ-@%ﬁhg] ?ﬁen%c{]sécmnﬁﬁ&s i erl e

prepared in_the sarre a |on was’ s yS|s Cal cd.
for Cl3H16P505:Wasaddegl qrppwisgiresultiz;in mm exphepy to FBifadThagninereygas H, 5. 03; F,
32.01. EXANGgkfed¥br 3 ﬁmt:bsaltanﬁérat\d%xﬁmﬁ\@#eaﬁta% foekhed Rt hamukt dgk with

Cuept i th AT GUHRARHARGRH C4d Rr0d0k ShTHE! 1haAppRRSISTiE g 13, 1'g

(0.52 nibl) \&:ﬁshgfgifovmclcwnehyﬂed ohe the 2ethdycvapgretohil an oil. MyistiBather of the. 4 g, 0.5
- nmol) was a o Iy e 0 not exceed .
35C, Addm?%ﬁgﬁad%{g%% ol ég’tgé‘{“@h@ é%@ggl F%’éggq%u‘{ﬁgé?ﬁ 8@%3 30 to
facilitate &igpedeg. "HNMR @ iGRCRY0-4313 . iH)at 4T Godth.enperdt 1 @n, t he

(rjnxture WaSZHP@QiO{GﬂM gn?imlg 8@?% Hﬁ)B@uﬁ aéo%ngm? ‘;’9% NRIR ;Nas adde?

ropw se o ;abgu was o e reac Lon mixture

becane a fﬁﬁn@@%‘éé 5K PP P Pt Fribs R ighvag SupBiRd

t enper abur efor Eemesial andlysis. Qalsd. daol g, §I0C el 205 0PER 3. Taet hyl et her

(41.8 g, 0./4,,4Pl0 44a9. gl?g%q’rﬁsydg pvvi se resulting in an exothermto 5C and
a

formati on of a précipit m xture was stirred overnight at room
tenperature. The mixture was: filtd2AMBRE I3t he solid was washed with 100 nL
THF. - The conbined filtrate and LRGFNBARIR concentrated on the rotary

g\éapc'or -?-Lce)r dlt gt |al zikglf%r %ﬁgpx;nff,as gct;]%é};ly |w1ﬁ-§rﬁgchar|§g eslugrgrh radgftm% 13 Corr and
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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32 WD 00/ 67072 4 Novenber 2003 PCT/USOQ 11539 chr omat ography using 911
hexane/ et hyl acetate to elute. There was isolated 82.3 ¢ 4(1\50?%% é?fzo oduct
as an oil. 1H NMR (8, CDCl13) 3.44 (s, 3H), 3.75 (m 2H), 3.

4.04 (dd, WPawe7073 17 (s, 2H), 4.20 (dd, 1 H), 5.1.0 (s, 2H)PCTGJSS'@’1{5é%I 1
H. 19F NMB, (S5 (@Dce:;s;z 76 {4} 15), mcshen)samt@ nppepaﬁemﬁj ¢ he §am9 fashi on
was 5 sub I—tDt @_8 ]mental & %ms £ | cd. Q@'@ é(%H 4F6 4 C, 38.47,
H 4.52; rFTi 2%‘ ersﬁ“ﬁeé’rep&re 18 Wpsang fagihgy wa submifig E%jlﬂWE‘Ef 16

Ter pol ymerimglysigeCel Cé—forfjerltl}zlﬁta@yl Cad$pPated dRdF TR BomdmC,iédfsur e vessel

was charg g (0.12 nmol) of 10 VE-F-OH, 5.12 g (0.04 nol)
tent - butyﬁqa%\%%/?aggzg 40 mL of tert-butanol, 30 nL nethyl acetate, 0.5.g of

pot assi’um car bonate and 0.4 g ofM&EJ(QE. 1. du Pont de Nenours and
Conpany, W/ m ngton, DE) Thgyﬂ{gm SE.eMeRf, cooled in dry ice,
evacuated and c g th 2 (0.24 rml of TFE.. The vessel contents
wer e heated wi t“pu EQ WPRE ﬁﬁ’l‘%f”&gﬂ@lf stigrer, pgditionfusnglt i ng in a

pressure :IIEerdTo@m]ﬂe am a;%agmnaa@ Wapehargdd wmessgsaF ((wgsn&pef ehot ov re goLns ng
mer so

ncetong. acoRBES Sp pod B MR IAZ ARt Thrs SR e LS € Ged sl owly 1o
excesstl ce0vig2 arol} NBaF-lﬁlewdmddthdeopmsemspltingtmmgpﬁblm}bh andanf |4 Ilt gr ed, f o

hed t 5 0 _give g o e
trtle.pol tyé?r‘é’?@*’“ A i ilk® e QR R A er e il RopfideBied ) 21 L 52)
(t-Butyl a“@'-?‘é‘ﬂeﬁmﬁ’zo@e@ﬁ*)me@ymt &)(152.18L( &7 raeldl (Aldgsh Gremicalnt egral =
60.8) (VE-Go {NQE aMd(‘ mg_é*FﬂQ‘?r)esuliliﬁ rﬁlﬁmrél-%és étm'ed wel\/%ggpec_ 60. 7,

tra, the

I F t
gglzi/mar cfﬂﬂé@iofll T C‘E}’ %g‘% Eeét?qqarrdetbéa@hdjw waghadi ved as ‘
fol | ovis:  wiith Brixl 50 ﬁrﬂdﬂﬂ}‘ V’Eﬂe imm&ffﬁ}mf@mﬁm{uasw{ngiem&%dnéeglggieul\;ll%n$a OH and 17
% t , =
oL o 25 ST e D Dy Al B Dot g ety 3 a5 ¢
45.73. A StdRi4ghHE andfdalterr gave, @ftertakmnzglbfqchm i47. lcy (130 wApodactvas nade f or
RONMA t t PLisANn
ohel T 1 or entPNME {87 CBRIR1 0Ty, 481 5B, SAENSE cf ! DRREMLTBY. | s

of 137 nmEnideaf g 3N %(fﬂae’d‘ﬂy)fé ;:g';(dldofﬂlt, ﬁa(ﬁ(p%gé;i%% 1ERARDL :ze g?l N
Ter polmner(nQﬂHyElﬂFmR(aecﬂ)cBm 6.8y |Alother Prddinkif u ,
Ve " el Y o 15; Bpenl s y%sspé‘ef%séﬁéﬁ@ﬁ%ezﬁ? %?ﬁ anol . 25 L
H, 4.82; F, 34.10. Found: C, 46.26; H, 5.03; F, 32.01. —
EXAMPLE 15
Synthesis of VE-F-OMOM
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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_.isopropanol, 0.5 g of potassium carbonate, 0.5 g of Vazo(c)52 and 30 g of
TFE. The |sopropanol functions as a chain transfer agent 41@1@&8&%&
isolated 32.2 g of polynmer having repeat units derived as follows: 38 nole
- % der i vedvd pwémTFE, 33 WO 00/ 67072 4 Novenber 2003 PCT/ USEXTU$®M395381 nol e

N ana ys! B8R s PG oo B B BRNN RO LETHIR baglibibloBEralg 02 Y
36. 87; H @378, of prodppt gan CEMA&PNEARz{SBCEP@ﬂ;r)apM pnald), o 7 SNon. IS InB e, VE- F- OH,

tezg fgt >r/rID frACTH’)l 398 (a@qHBFEﬁ{;%{)gh%g é@@%ﬂ)eﬂ@g%)mgo@@ ggg%w ml )14 1
? ert-butyl %égvff’a&e%ﬁ )m’_f 6f Ainot CT?WQPTEH?TSEB%W SF‘F‘Gé?%‘é’c“h‘ﬁ 25 m of

t ert - bug ana@lbmiftedfg elimeaneil aﬁayum c:arclaofa)ath oHUTEOL: 2,38017; Hemﬁadﬁx( r)16N.

The vessel g fl ose g ,gg?blg %llj] r%% evacuated ‘10 and charged with 45
g (0.45 mﬂ,%‘@ f - U ar P t 9P ehe e vessel contents were heated with

agl tation to 50C and mai nt ai ned fBKAMPRE 16The vessel was cooled to room

-tenperature and vent—i\f%gp &&WE-QEO}PQ&rHBhWTAV@ﬁa{e%HVﬂ% usi ng acetone to

rinse. The 'solution s concentrated on a rotary eva Wé The residue

was di ssol ved {r0Pmel RrSHE vesssl vvas %%F—rg‘?ﬂ‘b’“@ﬁ@)és% ﬁ?’e %r . The solid was

lsolhatﬁ?i v@mcﬂ meg(omfﬁla t&ﬁ&uwla@matéam;ﬂuaﬂtm@uancesenﬁi 50%

met hanol in

0| at ed
g vi g 2o, elfS e 1 p 3P bosst cdRRleihatifa OF VoGt (Y REHEN °55" oo
Tg = 46C. émb!hmoﬁrswndCo@panﬁ,l\Wﬁ;mg-tonSDE& Tﬁf;v%el%as dosedweoddedsiol ut i on of
the pol y”e r% {eﬁ%ﬁﬁh %@;2@{% 1gghe$éslséﬁc8§t€ﬂ€e(s) wer e

Spl n coat e e absorp o | CI e nm was termned to
be 3.19 m we@theatemwwh agﬁﬁaam@sséo &mma@t%mdaf@a 1§ ho gespitmgdn a praspyren

t hi ckness Qlfop@"?on52mo wahéQes-E@r\Péﬁ MY ©frodiarbapEate Mt yenfdd. and TFE A
200 nL pre was. charged wit of 25 orbornene

29.0g (0. 1B MSFIUSIP wrrﬁoleﬂon%Sﬁﬁmavedlﬂn@a%%mswé?#tmﬂ&a?6ﬂ ot hane. and
12 g of Pefi kandd»x@ha fiiidte Wheadded sbiwiwas cgtaas e, waracinecblemdedr Yhe ce,

t d 1 t
o aq o't BREERARE ISl by Fhelbd Sadied Tloh wller ERfFarifl ¥ £230k, GAA' 7S Wer e
heated wi ¢ 4ol tocsipef b6 618 it polyensr. THANMBI PBHFH) ed o) skl Addod
sl owl yp¢ 0 az%rh &1@-@)6(&9@@ aelfyafegtba bwég)% Stdyananms Hpe precipitate

Give 130 GriseH R AL PG EVEICRE 0 ST I RN A
-groups), -88710F2)]125.4 (¢ intdrgyal = 00PNFidie thenttegidil FF MPosmketratkse peaks, the
pol ymer wasg lgr?nlelg gc'n%;%oes 1c¥nowgsae/ FediGRE R 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,, = 362500, 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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units in a 4.2:1 nole ratio of repeat units derived from  TFE to repeat
uni ts-derived 35 from NB-F-CH. 13C NMR (b, CD2CI2) 20 - 45 bﬁdv@&berzﬁ(‘bg 63),

64 (int svblodiPdz 74 - 86 (int = 31.92), 114 - 128 (int =, ﬁ@ 53%:”)”‘
the integral ratios of the carbon spectrum the pol yner was ca ed to

cont ai n r effEamolfnterdsrived fromdV B -Oftbinidolismols 76 et edate térvmatyf scovtate
tetraf | uor ast Ny agal d fu 4 0] 00/ 67072
MRBGIvO GpLe 16 desdoues [ prachind Miowener A2 ?@g

PCTI US00/ 115 rbq e 12 nol'e % deri véd

7300, MW = ﬂfbgglPM#M% BY:1° Tee Ta = 157 C. Anal. Found: G, 5 47, H,
4.76; F, 38.07. EXAIVPLE 20 5 CopoEynPIH 18/E- F- OMOM and TFE A 200 ni

pr essur vessel h 49, of . VE-F- 75 nmL of

tert- bu?anol ? po ass| urrlﬁef:l%r‘%% é)g éﬁtdér%yl)f‘ e angdy 52 (E. 1. du
Pont de Nermurs AR Ocdprpemyzrewssni wat dnrgeDB)ith Il?hbg(/(BlsSﬁiol) nuelsorfibms ed,

cool ed in aiy gfz@om«fﬁmtqﬂg@m Eh7. 9%%%11 ﬁﬁ‘tgﬁacg-ﬁa%“%(ﬁ‘gl) of 10

tetrafl uorgeiTg The ves confent’s Pation to 50C
and mai nt CF‘F@PTOFS Rerogibarg. 2P Al phteg-ansd (ke of ppassronc@Béndto 178 psi .
Thle vessel andes? g@ﬁpaetaa@@mmrmgeamgeléﬁéw cHEBd fry T&eevalcﬁgngafml)w' ymer
sol uti no n as .nee to rjnse:. was
added %dwaﬁd C%% Wr‘tg gbgﬂc ?)ecff upTay nghﬁgessqlﬁén}%FWﬁ sol ution
was added $eatedywittbrgitatiamtb 30°CF aldmeincsrsed foﬂmxameve.érslaew@s'&fd]&i foated sofid
was coll ec I the dried in a vacuum
oven over nitrgﬂlpqg?ﬁ%%@%%q %861%34019? %Bg}()whg C'én aélreég?‘f WEEACRY NVR (S,
THE- d8) 2. 5BTIss- EF?)SOIGJWQ%CODQH)HMCCBOIBWW(@W eRiPorat@. ckhe(resididHvas 4. 17 (s,
2H), 4.37 @msovellin Tﬁl:%d(p?em Bed 5 e)ME@ 1Q§wateIHﬁied§>)hd a% %ﬁzgt??‘, 19F

groups)g - . Fromthe inte ratio

absor pi i .on 133{)#8«:1 b‘b%éﬁ\%l“dé’ @ted gt hercesref, é%rﬁ el 1%@’3@@@13% ed of -

r epeat - uni selidsvat ddolavsdsandbdriatitih e Vacoehiovead fbmgrm %mo ngpe; % derived
peloho

o Ve S BB ool S, s 00 S5 er ol ymer o

Nor bor nene 5118; . OBBNF 2208 Fis SawR Bsalitiqorod sieup@ymess ehhepamonhiaaged Wi t h

18.8 g (0. 2hde8h) <. b f NB-F-OH, 75 nL of
1,1, 2d,20r| chl o otrslp?rlt ﬁ%ér}g{ o g%gpggsévﬁer Slﬁgc%aqggr%@%lg %%’éﬂ IlI'he vessel was
cl osed?” cobPEdCIaRt drly’ @%WﬂSé@%ﬂm&édohm @ war batch fli tickBesy of0. 45 nol ) of
TFE_ The vE@8setmenhB et mer e 39 thRah&d ofb3 b nagi tation to 50C and

mai ntai ned for 18 hr. The vessel m@b@%{ to roomtenperature and
vent ed. The pol ynmer sol ution was y to a
Terpolymer of Norbornene, 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 2 (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 to 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
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.tenfold excess of nmethanol while stirring. The precipitate was filtered,
washed w th nmethanol and dried in a vacuumoven at 75 C tQuli¥e2bgP 9 of
the title polyner. I HNW (S, CDC13) 1.0 - 3.0 (m plus peaks at %

-4.0 and 5W® @%7e8si gned to 8 H fromthe NB-F- OMOM nononer . PADPSHNKRSI%,

CDC13) -74 no@‘t%:rﬁérfeai{ﬁg 12 lgéempfierlﬁﬁrcgﬁtﬁ? E- d: Ogﬁ)bntl\?gr alt‘bﬁ) of the NWR

spectra, this was ca con aln fepeat’”"unit¥ derived as
fol | ows: 46111960é\4%MdeT]i YedDBECorm, TFE7 41 ﬁmﬁleF%@eﬁb a7 Hohvédr.bor nene and

13 nol e % dgrgved 35 WD 00/ 67072 4 November 2003 PCT/USOQ'| 1539 from
NB- F-OMOM GPC: Mh = 5600, Mwv = 838& m E = 1.51. DSC. TQ = 127 C. Anal.
Found: C, 50.01; H, 4 35; F, 38.8 solution of the polymer in

2- hept asone was made for s(l‘npmmﬂﬁtdf@-FfOMmMaﬁﬁ)TEEs) Were spin coated,
and the absorpti ffi |ent at, te be 1.62 .m1 5
at a filmthi ckn’gggﬁgﬁ‘ %H??'?’?\Sanaasfh@rﬁggp‘\g"?ﬁ 42% ga(rofl M t)ﬂ?ckness of 44.8
nm i ndi ca{EdgOMAM, ﬂﬁ@lpoﬁprtémtan@l &g gmqlastsman@qula:rmmanddl@giodl EXAVPLE

22 Copol f d with
58.0 gp?oy%&gglﬂqfl B md;ﬁgnﬁugsoﬁld@oﬁaﬁiw{ﬁlﬁ/ﬁﬁ tri I uor ogt h\émne

and 0.8 g d?aswé?ﬂsém{qd)lwwwemf@cw%@ chargeéweiéézég(@é’&mal)pﬁ dry ice,
evacuatied asgaftidesegipded. (ThedRs@] céleddweR! heatel WTﬁEFIt;tlﬂﬁl ePs€langont ent s
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The vessel TRRE&UupBasdollows| symole &p gerved fro mole % derived
from VE-F-OMOM. DSC: Tg =-21°C. GPC: M, = 82800; 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
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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
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The resultlnq égécblon m'xture wa ora

t enper at ur €= ¥ thide MinGhFED. Mo 0, MadMnsol é%e&n@lprmmin@; $&462:0n in
hexane.20Thi H, mﬂeﬂz&ﬁ?was taken up in acetone to give a 4 w. % sol ution,
and filtered t hrough a 0 2 pm nylEXAMPIIREZS the acetone filtrate was then

concentrated ta Homopolymer of NB-Me-F-OMOM
This example demonstrates homopolymerization of a 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 stirréd.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 reacﬁon mixture was then concentrated to dryness. The
crude product was taken up in acetone 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:
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~different f| | mt hi cknesses.

dryness, affording 9.6 g of addition copolyner. GPC. M = 13119; M =
17916; M,,,/NMn = 1.37. Anal. Found; C, 47.30; H, 4.76; EN&%mﬂé-zoéﬁF NI\/R

(8, THF- 4.8 [ (CF3) 2000H, C]VE] -77.8 [(CF3)2CH . ﬁ‘%}}“%?
33C (CD78§§)08}§H spectra were consistent with a random saturate nyI

addi tion copolynmer. Fromintegra e 19F and -13C NWR absor pti ons

the polyner was determned to con eat units derived as follows: 79

nol e % derived from NB-Me-F-OH an e % derived from NB- Me- F- OVOM

The pol yner was 30 found to be inspl ijn 0.26 N aqueous

t et ramet hyl anmmoni um hydr oxi de, but 38 gHNovenber 2003 WO 00/ 67072

PCT/ US00/ 11539 sol uble in organic sol \/emzs i ncl udi ng ketones. A 5 weight %

solution in 2-heptanone was nad@p‘3pr0 spin-coating, filmsanple(s) were '

spin coated, and the absor pt| on &?@l cient at 157nm was neasured at two
Re&EiB s'@btained are the follow ng: 3.45

ml" (562 A filmthickness) and 5 3.2%¢m1 (699 A filmthickness). EXAMPLE

27 Copol yner of NB-Me-F-OH and NB- Me- k3 OMOM Thi s exanpl e denonstrates

copol yneri zation of an unprotected nbrbonene fluoroal cohol with a nethoxy

met hyl et her-protected norbornene 10 fl uoroal cohol (molar feed ratio =
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The crude product polymer was i sotgh@gdpPy, Jrecipitation in hexane. This
mat eri al was taken UB in acetone Togive a 4 wt. %solution, and 20
9

filtered through a 0 P‘éWﬁS/PHﬂBrMet H gad NB-MeokOMOM at e was t hen
concenl® at ed t oTh@kysesls deﬁbﬁﬁﬂt%p@lﬁn&ﬂmﬁ@ﬂbﬁ hﬁﬁkofe@&@' ymer. GPC: M =

9838; M,,—1384 Anal 8, H 4.27; F,
31.98. 19F RRRTERS ﬂ%igglﬁ‘@}"wm}‘f @C{W&?@B@&E@m‘fem FOROqIRRe3) 2C0H] . 1H
(acet one- d8yoranidolid OnplBDiceCrajo NVE/ 2 ewt gise mo;mlymasmateﬁhsomﬁlh i random

t ted 2 t he 19F NWR
SoLur ot o0 il B 25nBBRIIEEL 0 O ATLERITLL SR,

absorptions t e polyner "was arn peat its derived as

fol l ows: gpallsgiven ograplex &aa—M%HﬁH@iwdﬂmnér@de@(l@m% ddvdérved from
NB- Me- 5 omaﬂmﬂﬁmﬁ@hte@er%%@spé}m& WRERIBASLRhSHR T80 MIHN ThiGeRMigTer bei ng

derived fromrepeat .unijts as
. mlxmreRNas stirred af room for 56 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



.85 mole % 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.agueass
t et ramet hyl anmoni um hydr oxi de, but soluble in organic solvents I ncluding
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filtered to renove preC|p|tat %—qﬁ%ﬁ;esultlng sol ution was added to
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nol e % der FletPberzsne (ESOVBLY- Dht msdltibg reasitien higewe weslstirrahfor Nyt F- OVMOM

Th I t
tetr 2&?@*‘5‘*&’?@?&%%?%5 PR KRR Ok it 50 RPN et it ng

ket ones ?%l mgel M%Séakennlpznr@é@pam@r@vm W‘ita&feSCﬂ@morspncﬂ] coat i ng,
film s20pl Gtsded deotspdn mapaﬂ filRdiht ReerBRsARRtd Whs #RE% Bh@énf‘rﬁtfeg% 157 nm

10 orour i4ndls, 0SS P oo RG0S R 275 e oraso | 2
t hi ckness) ME)WPLET. ZQna] Found C,46.38; H, 4.27; F, 31.98. 19F NMR (§, THF-dg)

-74.8 [(CF3),COCH,0Me], -77.8 [(CF3),COH]. 1H (acetone- ~-dg) and 13C

(CD,Cly) NMR spectra were consistent with a random saturated vinyl addition

25  copolymer. From integration of the 19F 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
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of an unpr o C norbornene | uor lve nmer is
solubl e in adu “@a§@n513@%w%élps a?ﬂaﬂﬁaéa\fée&@maéﬁ{"twea% g ency at 157

an Under nfdlioa@ers9 Mol Ysderi (€1 ﬂSmWBlIx)le-@fCl)Hhﬁd [al lmGie wddrﬁzed ganconpl ex
i 3- M:mmg?z silve nti nonat e
Wer e suspen Wd}cgﬁgﬁgbgg% lé"c‘l“e% %@%ﬁ’l’e g’ssl?ﬁi’ Lb%é; ure was
stirredt aanmmm @npmedwlmembonmhydmmde,dﬁn sdltble@sotghen sa’nhvbmter ed to renove
precipitate ke an The
resul tii ng 591 ut | o \/\g&gesad ]ghgga%ﬁ% %25’% aﬂ‘f’fm&ﬁ%@ f?}g&ﬁﬂm The
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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  fluorocalcohel (molar feed ratio = 90/10), to give a copolymer that is soluble in
équeous base developer. Under nitrogen, 0.25 g (0.64 mmol)} of the allyl
palladium complex i(n3—MeCHCHCH2)PdCl}2 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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.tenperature. The crude product polynmer was isolated by precipitation in
hexane. 25 This material was taken up in acetone to give %
solution, and filtered through a 0.2 mTeflon(r) filter; %%@Qex\ggéerggﬁ?,

filtrate WEE0W&BR concentrated to dryness, affording 7. 8 RFUUSHWAIFI% on

l 1 Il B ac d C
Zgygs;yrrar £ #;;%né‘ﬁg’gé’%ﬂ%ma‘&%%mﬂ& {:% etcﬁ}n ?&grﬁw wei vv&sygonmstent

“with the s 8p: and Fef%fh@'mngﬁ Op%wr?é!}ons thsece@meofwra@&asthm ~0 3 CF
OH 41 WO OQbhIdiTAtel tNQNﬁféb@raﬁBﬂﬁﬁ: 9P§Bffa§@§6r1 nidie ara: YPB= was found to

be sol ubl e 11 6 N S nmoni in organic
sol ven'lth i nCpU%’IIﬁQ’ ké?‘gg:eg}fw/y é\)ta}ge/&\g%liﬁ (er% ]gy% %égg]gn’é’a‘%s rradegfor
Spi n-coéat i éﬂ(GD&%}S@T:#)P@((@)DZW)QJMmspemaxfelut; copnlyrteh evereadsioisint on
coefficient f sses

Resul ts obtgﬁ%é&%%gamﬁe?%m%ﬂu% %otpgg'n?érrn E:For(]gg]jlegfﬁéti 3&%%%55) and
3.00 Pm 1 (HER sbseintions.ihereiyms) waﬂﬂﬁéermr@éﬁa centain rmateumtseien@nd)gm YEr Was
nmeasur ed; ifblioves Dok Vet el fidtn NBSe-K-G1@nd 21 g0 %M@ ERK, control in

Pomopelyer ade FaohP Rt Bt ™ S vt ordisintpity e polymer

par a- hylr ohpsing reprat baisedridel af BH8we) 92 enlsto detidedEHANMNIEM4-F- (bﬁrrpol yner of
NB- F- OH Usi Q I S e [ | e 30, the
100% oxo- rog Banae 2 ARl AR RIS E RN TEERG b B B Bt yi el . 1
NVR (acet GRlbiga (46 Nrmugmsymamﬂaémn@m}mmmh the saturated

vinyl -addi ti on 15 pol yner shown bekowirFP&y M = 13975; Mwv = 183026; MW M

Cet v amet hyl ammon um hydr oxi GERTAYRS5BRERF-QH 5 ol ymer were made by
spi n-coating. THhinksoipe Hﬁﬁomafefs h&h&ﬁﬁlyménﬂdﬁﬁn Bt @fprofeted 20 pol yner was
e o ol ORI SR B 5 e e, 1
t hi ckness) derigpapiapd 3as me]dmtymspamcwalw rﬁn dﬂpdem&tmc@w adg TCDD- CO, t Bu
25 Thi's exaonb aue)Orae A Pallddifin ok EL fth B CRS, yRHRIBSHA - cont ai ni ng
0.34 g (0.98 mmol) silver hexafluoroantimonate were suspended in chlorobenzene
20 (40 ml). The resnlting mixture was stirred at room temperature for 30 minutes.
It was then filtered to remove precipitated AgCl, and an additional 10 mL
chlorobenzene added. The resulting solution was added to 15.0 g (49.0 mmol) 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. TH NMR (CD,Cly) of
the polymer was consistent with the saturated vinyl-addition polymer shown
30  below:

CF%‘O
CF3’<
OH
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conononer can be incorporated into a fluoroal cohol copolynmer, while

mai nt ai ni ng reasonabl e transparency at 157 nm Under nitrQg@RemPerdfod (0. 94
nmol ) of \;"Beomﬁ%wl pal | adi um conpl ex [ (113- McCHCHCH2) PdCl | g-Biddedi@sp 9 (1.9
mrol ) silver hexafl uoroantinonate were suspended in chl orobenzene 30 (40
nL). The rddgipelyagr ivag fannd ks sadeble i@ 26N pgmens trag@thlaromesiumt was t hen

filtered t%\rﬂﬁm,emﬂriﬁ%Lg%icasbﬁém‘s\glﬂxudﬂgﬁe{oﬁéy|Aim.%%mticmnms added to a
m xt ure of Me- OH,.. 20. 0 7 nmmol ) NB- Me-F-OH, and

.17 (9.4 ) NB- Me- (.65. A

15 o (16 GBI i ML EINg SHSERIH S PR SRR AT st br . The
42 4 NovenabsorgfidToBiciin 67137 ZnPwht We8Ordd B3%o dfetdnt fin tigakeidseds. m xt ur e
was stitreg,f ' t omte at ur Th r.ude product pol yner
was i sofl at 2{55@55 ‘%’\r{%‘&‘? |?Sr5 }?ofh CIJ_\H 'e%g&ﬁd’e“?’lw@gﬁt&) ﬁlrﬂ'ﬁ?léﬁmeﬁ%a@gi al was taken
up in acet Gf¥ o §h&AeA £ilm thickngiss). dhheqgilasmanstch zatel tiei Hommpetymertwarugh a 0. 2 pm
nylon filteksaslB® i8%: j t1€ r ; ess,

2 For di ng 6 R e L R S 2 RS

MA Mh = 1. PE§Snianfn a pelgsifeen gtch uongHBrIG] plasge, the homppeiymersvaniorndacet one-
d6) of the ipelchaEr.] wake QONFiaFaehhydtbk tdeha BARMISEYVYDA88H) MRy - addi tion
copol yger with the nolar conposi tyd eat- units derived as follows: 53
nol e % derived from NB- Me- F- OH, erived from TCDD- CO2t Bu, 10 and
27 nol e % derived from NB- Me-HinpdlpmenbSNBpFiQih coef ficient at 157 Mh for
spi n-coated fil pR: Qf ' . di o, f1 1M
"~ thicknesses. Reg%}nf’sa%Eét:eglnng‘bX%?%%ﬁ}ég]&%?%b\%gﬁg&%%&eJ.q;’&rl}?% 05 A film

-t hi ckness) e¥pacmomenediuorogsthohNE-F ik asipebysgrizedpileyigld. 15! WMRT ol | owi ng
sol uti on WasceRineRay SAhapslyBawsd tdmistet S4ththe Shr@MeddWigNtaddid@ponent W.

grn TFE/ NB-F- OH copol yner (60/40 nolar feed ratio) as described in Exanple
22 0.355 ?9Ef€ﬁf é@%ﬁbbgj{%oo 20 Cycl ohexanone 1.648 t-Butyl Lithochdl ate
ul f ot

0.080 5% (wt) solution of trip mtriflate dissolved in
cycl ohexanone which had been filte ugh-a 0.45p PTFE syringe filter
0.160 25 Spin coating was done usi wer Science Inc. Mdel-1 OOCB
conbi nati on spin coater/hotplate o ip. dianeter Type "P', <100>
orientation, silicon wafer. Devel op t Wds perforned on a Litho Tech
Japan Co. Resist Devel opnent Analiyﬁei( Model - 790) .
3,
CF3

OH

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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. The wafer was prepared by depositing 6 m of hexanethyl disilazane 30 (HVDS)
prinmer and spinning at 1000 rpmfor 5 sec. and then 3500 rp@ Q;Berjz‘a ec.

Then 6 m of the above solution, after filtering through a 0 2 p. %

- syringe WOPYE&72 was deposited and spun at 3000 rpmfor 6 0P<§'§’é1§ms53and

baked at 1 o) | i d by exposing
t he coat edl%\%g%lé? Feacg% ﬁﬁ&%qgas Séfrgcll 2%9(} w%gg‘sfl“ﬁgl %ﬁl%%%%nd light from
an ORI EL MJuds pl@éugPOB’@Pewasmm%bb PrecIgBoonan hyxaph(G¥ymld. Th8 rim

i nt er f er enggtefibl Wwey tandii anhnra@&%ﬁétoaéaoyb 4 REYMOF, soliRio/NSION 1 GLd 248 rim

Exposure t se rovidi n unat t enuat ed dose of 20.5
rnd/ cne. B@“‘ﬂﬂgﬁﬂgog RO ‘wdﬁ %S@?‘F%&R@eb‘{ﬂs ORGEIAFEISAB000/ 67072 4
Novenbe¥ 2ﬂx®ﬁesspmrdrd13m9ga.ﬁﬁﬁinmmmﬂym@t IGRC: dgnsil0396; Myi=dE7TMBS i ety of

d f r e fer was baked
P Saber ORI LT AR B, U RO S R oo Deked

at 120C for 120 secon evé Ope

t et r amet hyda @8 ReThsF dvas cotsi ste Tt rgmﬂom SavurateQNKuy INUBEt D 2. 38% TMAH

sol ution). colata ér%%htﬂ@ﬂ%‘létc%% asménB@%éﬁemv@utsrm%edwamn%ugl earing dose of

= 12 mi/c 34 The f n so ution_was prepared and magnetically
stirred ov Wio 4’ enmﬂﬁ%@ I‘W‘ 'Q% ‘NE?TWeé)fVONB ELBRGP BBl yrner 10

(60/ 201®R0 aml Brmbeed déxavield(f}orﬁs\TBiMd:O}be'ﬁhd fbosbiaival Beflizidht 8l P57 gmHept anone
1.801 Cyc t But L|thoch 080 .15 5% (wt)
sol ution 0#09?&%%%& ?f@éﬁlsﬁﬁh{? AR TRSS o?taga c{)ﬁ IEP S hexanone whi ch
had been f‘ihlqkef:%@B tRﬁS@hﬁg@tamed 18rePhiEFoywingy 8. 7li ;ltmér(605 PofilnSpi n coating was
done usi ngmaKBERYELd 57 F&ceglg%ﬁh@%kﬁng conbi nation spin
coater/ hotplate on a anet er “P", <100> orientation, 20
silicon wafer. Devel oprrent was p&%ﬁ%{ﬁ_& a Litho Tech Japan Co. Resi st
Devel opsrent  Analye@tlotadelutitd@as pFaRr¥@Ae] muBSetRERP iresh Hyerdignosi ting 6 n
- of hexanet hyl di si | aéﬁ e éE!E/DS) prplgrr%rI and spi nni ﬁfg 5000 r%mfor 5 sec.
and then 3500 rpm f = . Then 6 mM of the a E24| ution, after
filtering throufPEABFO copi¥iEE @r4thgela25 filter, was deposi ted and spun .
at 3000 rpm forefPH6F AR AW iRFEHphl 23 20C for  BPsppconds.

2-Heptanone 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



248 run imagi ng was acconpli shed by exposing the coated wafer to |ight

obt ai ned by passing broadband LTV Iight froman ORI EL Mdgly Q%ﬁ&z% ar

Si mul at or, éég/g?m?/att) through a 248 nminterference filter é]g@c asses
i h P 5

about 30 e energy at 248 nm Exposure tinme was 60 >39
provi di ng aeutralrgptitanieasied addde vafierd bf Bfos 2. doBys Wik BencRatB®SKrwd th 18

posi tions Vi ral optical d It w de, vari ety of exposure
doses V\eregig(j%a/nsgl%%{thgg?(p %%? téAFa ere&%ob'saﬁ(?ia ﬁ%bsgfé%@dscﬁ\%’fdér was baked at 120C
for 120 seconds.Thepeaforivey dapalopdé rehqpets ieramgbybusndndtm diydtoajdearmoni um:

hydr oxi de BivARA DR @ieR ]qp(A N : I | LAt i i's test
generated a _POSltil\]/e i (lr%ge v&'ﬁt a E’ygg)ﬁ%é}ﬁ%@aﬂ%ﬁﬁgﬁﬁeg .at?léll- 4
Novenbet 2BPHUVDRIcEYHY 2 Cloermedots of E5EOMERARPLE 35 The fol | owi ng sol uti on
was prepared and nmagnetically stimsesheyersy ght. 5 10 ConponentW. m

NB- Me- F- OH/ NB- Mg+ F- coppl.yner 75125 | ar f.eed ratio) as_described in
0.702 Exanple 2 hﬁf&ﬁ%‘ﬁ‘&%éﬁﬁ‘ﬁéﬁ.‘*ﬁ*’éé’% TG ALY ISHED YT EBY% ( wt )

sol ution of triphenylComdopmitum triflate di ssol vedWin(geyxcl ohexanone whi ch

had been 0. 360 ﬁﬁmg@_@%glgjﬁr@d{é%g&ﬁ%{ syringe filter Spin coating

was done using a_Brewer | | OOCB conbi nation spin

coat er¥thot pl at e (¥H29/24 malar fgedirasiop ps dgsgabed” | <100> orientation, silicon
wafer, Devel opn&pgxgﬁﬁﬁe@grforned on a Litho Tech Japag,Co. Resist 15

Devel opnent Anal7 }ﬁer (Model -790). The wafer was prepared by depositing 6 m
of hexanet hyl di STTESHIEE (HMVDS) prinmer and spinni ng!&011000 rpmfor 5 sec.
and then 3500 r @yclohexdbdnsec. Then 6 ml of the abovgs4gol ution, after
filtering throug_@u 19;'%09%%?;':'5 syringe filter, MSB%SQOSi ted and spun at

3000 rpm for 60 Seconds an aked at 120C for 20 6 conds.
15 5% (wt) solution of triphenylsulfonium triflate

dissolved in cyclohexanone which had been
filtered through a 0.45u PTFE syringe filter 0.160

Spin coating was done using a Brewer Science Inc. Model-100CB

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

b
i

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
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 nmimagi ng was acconpl i shed by exposing the coated wafer to |ight
obt ai ned by passing broadband UV |ight froman ORI EL Mdelr82424..58L#r
Si mul ator (1000 watt) through a 248 urn interference filter vvhlg-lcﬁr asses
- about 3090 of/sWiE energy at 248 rim Exposure tine was 30PSEUSHYYSS?

provi ding an 25 unattenuat ed dosenggP@.ESﬁrﬂ/ch. By using a mask with 18
posi tions of varyigg neutral opt y ty, a wide variety of exposure

doses were geneFht fdlowing eqlutiesypyas preparehandkmpensteplvatiaed gegnighked at 120C
for 120 seconds. Thecwafhshenpas devel oped in aqueoum_;@lr amet hyl anmoni um
hydroxide (T S I , 2.38% TMAH sol ution). This test
generated a %()M%t#\%‘? %%%ﬁﬁ?%’mﬁg dose of 4.3 nB/cn2. EXAMPLE
36 35 Fhe fol | oisrigs solanfécdrat@saspicspibeéith and nagnetically stirred

over ni ght. Conpgnent]\é\lbz m NB- Me- F- OH NB- Me- F- OMOM gppgl ymer - (80/ 20 nol ar
feed ratio) as S «gd in 0.769 Exanple 27 Cycl ohexanone4. 758 t - Butyl

Li t hochol at e0. 1@gclabexgnpoy enrber 2003 WD 00/ 67072 5% &) sol ution of

triphenyl sul fon{_BI};[)xl Ut@[)@rf?‘fatedi ssol ved in cycl ohexanmee whi ch had been
PCT/ USOQ/ 71539 filter t hrough a 0.45 PTFE syringe filter 0.360 Spin

coating was doné”afditheplutios ehigphesyileriumigiflakhdel - 1 0OCB 5 combi nati on
spi n goat er / hot glsadl@edih Gclbhbfanod aheld Byge " P', <100> orientati on,

silicon wafer. vel,opnment r ned a Lithqg, Jech Japan Co. Resi st

Devel opnent Anaﬁﬁﬁf?g%ﬂ@ﬁ%m-%“%gé%mﬁ%ﬁ&% er vvag)jp()?)epar ed by depositing

6 m of hexanet Ryihdicgithgwandone WimS) BpwenSeienstdne friodal1§0G8 1000 rpm for 5

sec. and t . ‘ _ » L i@l ution,
&qﬁ'blggt?(%r %Eghgﬁérg?ogp%ﬁconaﬂ-gl RS Tﬂ)? o Lhgy-aheat

after filterin m PTFE Tséé“ ng_e ter, s deposifed and
spun at 309bcerpwafesr Develapmertarasaegioparben althebeshrlapan ©9 Resisbnds. 248 rim

I Mg Ng Wasefa6RARt SdvhebyMBaRIOBINg the coated wafer to [ight ‘obt ai ned by
passi ng br oadba

paceing b i (1ot Lo ST KA 202k i de S o
(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



30% of the energy at 248 nm Exposure tinme was 60 seconds, providing an
unattenuated dose of 41 mJ/cnR. By using a mask with 18 pasidi,Rbs 20h3

varyi ng utr optical density, a wi de variety of exposu e re
gener at edQ%Aéof@%z exposure the exposed wafer was baked at Egﬁgﬁ%f‘-”%o
seconds. 20 The 3&a{vet) svtasoncefdbiogpgtbul foniagiieidlds t et r amet hyl ammoni um

hydr oxi de ( TMVA i QN ggKA NV n.4138% TMAH sol ution). This test
generated a poslzgsislélgé&ll}nnc&ggflw Hn%&/gcg_gralgr?aerhose of 5.5 mJ/cn2_ EXAWPLE 37
The foll owi ng sdiltareddhronghsa PAepETER sandgafiberet i cal | §360i rred overnight. 25
Conponent W . msphedyinEweHANE-IMhreR MOV SeRRLYIRI MGBB( He®! ar feed ratio)
as desc%i bed in Exarrpl 25‘58 0. 769 g(,Ei/c'l oh,exanonemégl'.}%ﬁg{ @0@ But yl

Li t hochdl att@m¥maiian syycoatgrihotieteopardt B depieisndape BT Fobfi0grarientationt e

di ssol ve]g_ :sﬂidbylgéagdggxgﬂgqﬁn&hiv@a peg@lml%(?eéh 4 LitheTeeh JBetyaﬁlmh é@_sigt 45 IF>TFE
. syringe fi . in coating was done using a Brewer Science Inc.

Model - 1000?‘3?51088’%%%5?3(28{16\@?)‘#%5%8)&'[ er/hotpiate on a 4 in. dianmeter Type
"P", <100> ori erthatwafar was piepredibywapesitindDé wd lof heeahethpiligaeier mred on a
Litho Tech L - |.-79 46 WO
00/ 67072 4 (%oﬁﬁwefggggﬁ%@@%r TRE YAA Il D0 ’P‘é’p%%%ﬁ SBY

deposi t9 ng T&enP rof theabris so)wiénts plierfHrsing thvnsh 293 pey PHAE sgpigeni ng at 1000

rpmfor 5 $ier, vldepdiabd uﬁﬁf@dﬂ@rrgﬁ'pfo? 89 secohR€ Bn®ba¥ledOft 10H& ahove
. solution, rough a 0.2 m PTFE syringe filter, was

;ﬁter filtering t

deposi t ed ZAFCPHHH at 3000 rpm for 60 seconds and baked at 120C for 5 60
seconds. 248 ri 248 magimginpass acampishahbg eposgnhs coged befgeatiopt waf er to

| i ght obt aj j n | i el -82421
Sotar & mopREisaty pHORN Noh 0RO o b SRl WA DT Sl o i on
- passeslabo#imuizpyd KI00res) Smewaha 48 1mr Snteifereneadiloeruwisich pawsewalsolB0 seconds,
- providing @UVJ&M_%PMQ&@%@%&?QQ%F@TMM PsecBall dediﬁg'gESk with 18

positions of varé%(ggo gﬁ:utra}l Qpti C ensity, a W dé variety of exposure
doses wer e "gEtfeF ose f ¢ b /ey JS(rdEng Aaragk pedelP nesEenseiyapdred at 120C
for 120 seaeutes opildabdeBitgra wids vaesmelodprsbsuft ARBCOME: depleracit AftkAmMONi um

hydroxi de (TP L AR VA MDaP 2R A T gL U o) Thi s et

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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. 15 positive image with a clearing dose of 25 mJ/cn2. EXAMPLE -38 The
fol | ow ng soI ution was prepared and nagnetically stirred QuesRig88t003
Conpone m NB- Me- F- OH/ NB- Me- F- OMOM copol yner 20 (90/10 nol ar eed
- ratio) aswﬁ’é’gfé?q"bed in Exanpl e 29 0.468 Cycl ohexanone 5. 1¥ST/USOBEHEIA

Ialtho?:holj ate 0. ﬂlﬂx@ﬁva@ﬁvﬁ }%%fédtﬁ}ﬁd%@oﬂfmé G:C:ﬂllft?fﬂ%ék%%thaéﬂ’ﬁb&ﬁéof |4§t gTég

i ssol ved i ohexangne whi nfiltere

syringe fi I({J{W YRS ﬁplﬁﬁlﬁ&ahb&@d? %’ﬁé %5 tge %‘%e@%%lréﬁééc | nc.

Nbdel - 1 OOGMen 6 awuif ezt stowe sqdunnomaﬁtxelﬁ]/tdsmtgnhan@h@m 24 PTFE dinangs gr Type
"P", <100> r on a

Li tho T@chf?{géiﬁgéoﬁé%ﬁs%ﬁﬁéﬂgﬁg&%@% PO RERE dhe PR B Frre et e
was prebar Sb%ﬂné%pomtl ng 6 mM of hexanethyl disilazane (HVDS) primer and
spinning at 10004g pM iHR m@ %%cccﬁﬁﬂ15§1@@ﬂy%§9&lﬁ§§t fBhted Qa¥8iG0 hr%il;hen 6 m of

th b | ut after ou PTFE s ge filter,
| vvag 3e8\£| t%gﬁy"ﬁhg’y?ﬁfﬁﬁngalfmﬁﬁﬁgﬂp\?n?g]&rr %E H]Bl Qr 120C for 35

'-60 seconds Sidiator { FA00Vey) dgougtsa ac&mﬂphueﬁ’ﬂ&(ﬁcbﬁ}tep(wﬁ&hrpﬁ@ssteh abs@at ed waf er

li gh ht f ORI EL Model - 82421
tsgl - tSI wp&%ﬂﬁé’%{ﬁ%ﬁ? ;ﬂﬂ} bé)%’%gﬁr%qg? a%lrsné’l nctog{;lgglngvﬁg@gﬁnl ter \?\:hl ch
passes abo@vatmumi @W@f@?ancmi;vBMng@mask RIS 861ioed 689ar80% of the -
energy at %é«&rapuﬁncaﬁaagﬁwaewfde%n@@%f%;z iﬁ?@@gs%s WUl AR petinat t enual ed

dose of 20.5 usi a mask ] ositio varyrng neutral
opti cal eﬁ§1?‘{59retgﬂ'€ﬁﬁ?ée%‘ﬁ? BYgs B‘?kcéﬁbb%%cef%dg%e"?ﬁ@fié generat ed. After
exposure the eXD‘hS&dde&fa@ﬂeV@@pehahﬁqlu@hs iﬁ%&mmmnﬁﬁm @axide The wafer

I
(Onwa v SR B RR N (RBR ST T AT sglRerh e aést BEEFFYR | mage
wi th alZl eapsinge idege voth 20eBingtioseef ~ EXANRDE. 3 9 The fol | owi ng sol ution was

prepared and magnetically stirreds M}g@g 10 Conponent W. (gm
TFE/ NB- F- OH copol yner (60/ 40, nol aﬂ io) as described in Exanple 22

0.312 The following solution was prepared and magnetically stirred overmght.
Component Wt. (gm)

NB-Me-F-OH/NB-Me-F-OMOM copolymer

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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2- Hept anone 1.800 - Cycl ohexanone 1.648 15 t-Butyl Lithocholate 0.080 5%
(wt) solution of triphenylsulfoniumtriflate dissolved i n@y&lelQIQg,)%@pne

whi ch hadybegRsd-k! tered through a 0.45p PTFE syringe fllte 69. ng

coating was done using a Brewer Science Inc- Mdel-]| co |na |on

spi n coat er-’ﬂ%@ﬁihateeem 24 248 nm. IlipeswedmeType30 E%qonetsl@ﬂmdmg annt at| on,

l , | f Resi st
o b D oo g R

~of hexanet R§H §1PF15 Sltilﬂ\)ﬁ‘g}?Vﬁ’flﬁth‘é?feéﬁ‘éﬁ%?)ﬂmﬁsﬁgﬁrme@@w Afier for 5 sec.
and then BEQﬁosupmhfeCﬁxp&@aﬁ@@ferwaébékfearat @'Jmﬁc fir ibheealgye sol ution, after

fllterlggthroug@g S5u PTFE rlng ter s deposited and spun at
5000 rpm for 60 coﬁ&gwﬁﬁae (ngﬁ g a%&tqt@fneﬂ\é@a@g@am hydredey frame 157
nrn i magi ngTiwesH peodotngh (GNEG NMMp@s”ﬂSBt’ng\/hteI—I@natmd) M&Et de@etatedt from a
Lanbda- Phyibﬁn@iﬁ?% Q"léae&f@ah rdOL@§ Fﬁg Jbgrl,]l-ﬁ ed for 30 157 rim

operation e | magi ng dose vva con y varying the nunber of |aser
pul ses used to expose a given spotEXAMME 8Bfer. Ei ght spots were imaged

with doses that TharfbREWHLMIRiR WAl t@ ad PRl By shfdBdvefiipgsure the
eXposegowaf er was basﬁd at 120C forﬁg%g seconcallgi;l They Stﬁ?er V\(/ailasglgével oped in
aqueous”tetranet hyl a ydr oxi de 35 ( TMAH) SOIM(O\IKA NVD-3, 2.3
8% TMAH sol uti oﬂFE/N%FL@meolglﬁﬁe(&dﬁw mojiave a posi tive i mage was 24.

m)/ cn2. The Iom?getdrgﬁgﬁa§$eg lgf’rd LgEC Zeg%gns of @ﬁlié ve i mage was |go
4

mJ/ cn2. (H gh doses ca gi ng by Novenber 2003 WO
00/ 67072 PCT/ USBeHanteasne vari ous rrechanl sns, includi h§0&r osslinking
resulting from d;ﬁg(al%ﬁductl on upon WV exposure o phot or esi st
contai ning a photfoacid gener ator.) EXAMPLE 40 The follow ng sol ution was
prepar & and magR¥Yidaitheehelate red overnight. 5 ConpdP&ht W. m '

TFE/ NB- F- OH/ NB- B¥OMAY s Bphvined }(Qﬁg)ysgﬁé,agmnﬁlfﬁie feed ratio) as described in
Exanpl e 23 0. 46 Li t hochol ate 0.120 6.82%

(wt) solution o lsfﬂvgﬁéﬂﬂ@{’}l?efxaﬂ‘?r&rﬁ’}?%ﬁ&?@E‘P"é'}/dl ssol ved i n 2-heptanone
whi ch had been filtetedribdough 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

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

L2
h
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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 coateg/mgﬁ{)é}tzgopn a4d
in. dianeter T}/ "P", <100> orientation, silicon wafer opnent was

. perfor redv8A¥8747Z ¢ ho Tech Japan Co. Resist Devel opnent An%‘FVE%‘W”S”

(Model - 79O)Ima-lﬂﬁn%faﬁfsm\é@%c]ﬁﬂﬁﬂafr@sgl1@(111@‘?%%5& ¥ ﬁad‘f@abglfoducno

hexanet hyl di sw_@zane [}/DS% r| mer and  spi nni ng at 10 for 5 sec. and

t hen 3500 PP For RISTEL! 2 PRHIOTET éﬁﬁcﬁnﬁim?ﬁaf’]l‘féoﬁ%%e?&fdtl on, after

filtering through a 0.45u PTFE syEMmeIPUEIzt()er was deposited and spun at

5000 rpm for 60 Kk [ n frame 157
nm i magi ng was gzlgg%p Isgggl E)S/ln g’%f)ggipa@e EWS rﬁ%ﬁ?téc&ﬁv\ﬁﬁ?%(fmfe% ¥'ght froma’
Lanbda- SPhy5| k ConpexCofponsdi mer | aser configured Rr(gnd5 157nm operati on.

The i magi ng doserwaSBORMH/RIB. PQD]‘QYJM%?MR&& he nunmber of |aser pulses used
to expose a giv t spots were inmaged wth doses

e o
t hat varied froﬁé]%f@ brﬂ?%?fﬁe%%raﬁgbamqséwe%fter exposure the exposed waf er
-was baked at 129@&@@]&2@ seconds. - The wafer was dewgkgped i n aqueous
t et r anet hyl anmogi roxi de 30 (TMAH) sol ution ( NVD- 3, 2.38% TMAH
solution). The I’ﬁmé’s%%a%se that gave a positive |%Igéowas 50 mJ/cn2. The
| onestiose t hat-Bpnddutbechalagi ons of negative imagel2ds 190 mi/ cnP.

EXAMPLE 41 Th b magnetically stirred
over ni ght, 3? g%’/ﬁw’tﬁ §8$y5{19@’§’)§’?‘%ﬁ19?m% nae mag y

exanone to 12% Solids. 49 WO 00/ 67072
. Conponent  NB- Malspulyeq Ne2-Rentmanerrhiels ped herarfiltegeds/ 25 nol ar feed ratio) as

described in Wthr(,@ﬁae}c; wqmmzng@@ﬁ]tePCTI US001115g9ggxanpl e 26 0.769 5
Cycl ohexanone 4_.758 t Bu%% Li t hocholate 0, 113 S(VM? %1) sol ution of

tri pheny|su|fonﬁam°m1?$ dopesLg f?\ﬁercifefrnaﬁasea <& had been
filterléd témobightian @nzﬂﬁod?él'xﬂﬁat}slwelmgze%mIdu&ﬂet@rﬁ@ﬁ“m 6}001& osiembiis) was done

on a4 . g SN0 Bimer VR st op ST b R Bl R, o1 Mt e
Devel oprren]t)e\iﬁgprﬁéﬁff@imr B¥iodelt1%0ho Tech Japan Co. Resi st
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.
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 image 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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Devel opnent Anal yzer (Moddel -790). The wafer was prepared by depositing 6 ni
of hexamet hyl di silazane 15 (HVDS) primer and spinning at 1G@Q..LBpkes S

sec. and O rpmfor 10 sec. Then 6 m- of the above after
filtering tedra{)ﬁzg’g a 0.45u PTFE syringe filter, was deposi Fég}@mf?{éﬁ%n at

5000 rpm for 60 secofisnmmehtbaked at 120C for 60 Wedqensis. Open frame 157
nm i nmagi ng was agseipki By, 8xpas oated 20 wafer to light from
a Lanbda- Physi k 3 qlgg\ﬁaeme pwﬁ)’g@g?&%ﬁ%

Conpex XCl1 mer ser” igured for 157nm operation.

. The i magi ng dosé7%ngnﬁéﬁtfﬁ%’lfme@) dsylescaibgd iy t he nunmber of | aser pul ses used
- to expose a gi veRagpRizeon the wafer. Eight spots wegegonmaged with doses .

that vagied from4 ml/cn2 to 128 ml/cnR. After exposure the exposed wafer
was bakad at 12?@°P&qu?633econds. 25 The wafer was*deé¥el oped i n aqueous
t et r anet byl amomiBunylHyithoohkdlgde ( TMAH) sol ution (ONKATNVD- 3, 2. 38% TMAH
solution). The I t a posifive inmage was 15 m)/cnR. The
| owest dose. thats_‘b 0 S@ggg‘}zéﬁfaiBfﬁ%’%Z‘?v“%W&g‘a?ﬁf{?ée i mge was 50 miJ/cn2. EXAMPLE
42 30 The fol | ofissglvsdiutyctohexanonp wbshbed begrd magnetical ly stirred

overni ght, and figie}edttBbudh L 0 46 q:l-@lgf%,g 0 12% Spkigls. 35 ConponentW. m
NB- Me- F- OH/ NB- Me- F- OVOVIH%\%poI y%‘rer (8 /gg fr?ritt)‘ffrgr feei?"r’ggi 0) as described in

0. 769 Ekanpl e 27PPH/LIaHAS ¥aheoTeAsmpe Brepgs peiensa lnedierel LIOAR3 50 4 Novenber
2003 WO 00k6m0FRtioYskintchateitoglaednal4 il &iahﬁ&mggé fpnimobrdfenen, di ssol ved

i | oh i¢h had b PCT/ US00/ 1 1, filt hrough” a 0. 45
:D'T'F(I:Eygy?i ﬁ)éleﬁquqlewta err'I §%§glgplgﬁ?%er¥’r]aét?§ P’f?ﬂf%@’s"% 2 E@i%&g’g%ﬂﬂgﬁr@\gy%ci 2nce | nc.

'IYD'(‘:IeI -1 mvéopmm MYEngIdpﬁei-m}at er/hotplate on a 4 in. dianmeter Type
Litho Teoh Japanon hreses by Rt R hE P BOEM HASIBENY " “afer
was pr bpar é'd“ﬁ%s)dﬁm%ri anp gpinsingiat HH00eRaloné ey land gien228Repm( fahDB)sepr i mer and
Spi nni ng atrhdéNB@Gnirdfihd Aove sdBon, after filkemg IRGHh RSP HEE $Rénge
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
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



.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 45650065 2864 baked
at 120C for 60 seconds. Open franme 157 nmimagi ng was acconplished by

- exposi ng weomoered wafer to light froma Lanbda- Physi k Ceopawsed2sexci mer
| aser configure . The imagi ng dose was controlled
by varying the f\ku}rrgmr) Sélflt]?léggﬁnpg% isélifloﬁ%'ght eexpose a given spot on the
waf er. Six. spot glisselved imeygahewiriohe wichdsdbbat varied from 1.25 ml/cn2 to
300 ml/cnR. Aft gfieRHRASMEE toh_@ ?ﬁ_@ was b at 120C for 120
seconds. The waf ere was dg e g |ns§ga%éc[)\§fsg{ etrarre?k?ﬁam_rmni um hydr oxi de
20 (TMAH) sol ut i %‘@QK&“@N@O@? “SEIESBBGEFWAEIC@@NJ}LHCOMO eiFhe0CBwest dose t hat
gave a ﬁOSldoh’)bﬁhahBﬁ@ﬁm\&ﬁﬁeﬂfhdt e/ a4 mTBi@Iﬂer\W'f}ip d@?%rdtﬁtor%eﬂfaﬁed regions

negativ Iovmn sol ution was
pr epar gd an ghcr?ﬁg“%gefrm@%lv%@p?@[r‘?’aéd’egjz Yht L“h?% @% ist
NB- Me- F- OH/ Iéeldpmien OMDNY oo flefoyieietd0). ( 85/ 15 nol ar feed rati o) as described in

Exarmle 28 0. 30 QULANRANANE ¥ 100 R Kl LhIRRIRLALE 0. 045 5%

(wt) solutiogn of triphenyl onr'u |ss
whi ch had HEMDE) nmmrev@dtsnmwgm 0. pm fp!FﬁEﬁ@;andnlg@ $$00t mm {or 18 5eSpi n

coat i ng OwasTHéABEnIUSTitRDatdvBESNBEn %ﬁéﬁﬂ@&xngﬂﬁrougﬁ% 2d g?%ﬁéyﬁggf' nation
" > orrentatl on,

spi n coat er/ hot e on.a

silicon vvaffg{é v&\affg?%‘ﬁ@ﬁ’f‘dmabgéq%d?%{? Sﬁcq_nidﬁﬁﬁd’i’é%fﬁi 3 &4, Resi st
Devel oprent60Aeaindzer ( Model - 790) 51 4 Novenber 2003 WO 00/ 67072

PCTI US00111539 S red by depgsi,t.in

hexanet hyl di si | gg’an%l—‘l\/ga Vet %%Pﬁﬁ] Hg})ya%pfﬁlﬁﬁ tﬁ?)?ﬁafedir 5 sec. and
t hen 3500 - ryferftelightUfreme Laniﬂdeﬁhﬁsmcwmet He2 abmmrslaﬂeutortﬁgurai foer filtering

throu a S f t 3000 rpm
for Gghgecqr?g%;gggyggﬁl(eﬁéa m(§do%é%s%aeg%ngg§gwg}ﬁﬂ rame?157 nm g

i magi ng WasSERBIRSISEhOFXBySec@ i gt ‘?m@eé’@éﬁ%cﬁlx\&ﬁf’@rwqfé ingggRtwithk om a
Lanbda- Phy siokes@npaed 82maxzs mgemb? a:smo ai2g W fag éx?bsuréﬁ?e@?p@%r ation. The
| magi ng dosg, AAg, GaRLd 8'1'285{2 ?c}/r 148 5&conds. the nunber
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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| aser pul ses used to expose a given spot on the wafer. Seven spots were
i maged 10 with doses that varied from2.7 mli/cn?2 to 180 mly ¢iRmbAfbhEs

exposure t he Posed waf er was baked at 120C for 120 seconds: The wafer
was devel"8P&H¢1%* aqueous t et ramet hyl ammoni um hydr oxi de  ( TNI&HYSSHI§9 on

(ONKA NVD-3, 2. Sagzﬁ@m@%@%ar@@by déﬁb&nﬁﬁi@/@ﬁﬂ éﬁ%ﬁaﬁ ldxfsﬂ%ﬁ% 292?%2 Yﬁa g
43 e | owest dose uced regions o

hae2T50. mo S ks R SR 4 DB R Oos Feft b, ene 380 e ferd Cxae

magnet i cal Iesé merédheoa/ce]vmsghmpn afregl fdieking ddouglh b 0C0oLH PEFENOHAR 0 12%

ol ar feed f o 0 oo descrs sed 1 s By %ﬂ%ﬂ%w&@%&ﬁ%ﬁar 758

t-Butyl? @@ié‘?ﬂ%ﬂ%t eO 113 5% (W) solution of triphenylsulfoniumtriflate
PTFE ved 1 T e Mg e ALl RRea Ly S Bhat e ednd] 70 %
PT nge.fl u

Model -SIyrI er(’:%hg'i“rfs{) H‘%‘Sﬁ"iﬁ‘%&’&@?%?’bﬂ@i eXgipen lager genfigyed fast er Type
"P", <100>1%hinenpatiiom, TB@nﬁagmgMEevmisecrontrDBiv@prﬁzgag maﬁgggéﬁﬁrr Lred o][] a
Litho Tech S nt., Anal.yz e wafer
was prepar eg ﬁ a8 sﬁ[%léﬁ%’to%c %1 exéln%%hyff% gev Wfrﬁ &gedor i mer and
spi nni Hg awith é)@t pirvaried g 8. miaa* tthé RO Bﬁﬁ@n‘? pAfttogxpdrste. Then 6 m

of the abomgosed WhicPas® fiiskyt d Re h a 0.20 m PTFE syringe 35
filter, maiéq:dep |terc‘j‘;IS Bki\dﬁnlzgt@g%ﬂagzrpm or 60 seconds and baked at 120C
for 60 seconds rﬂ“ér?é”iﬁﬁ%%%%ﬁ@?%‘ﬁ“@@@’é’m mHwdrdydeexposi ng t he

coated WafENAH sbluglhh (ONIOA N NgEh dB3 Mymmﬁ@dmﬁe;n)l%e%&ésfr%seltﬁaﬁer
conf i gur edgsz%ra po%:t%(e) 191%{(;9 219 mZJ/cmi\b'YggR)west (g)ose that produced regions of
15 negative image was 180 mJ/cm?2.
EXAMPLE 44
The following solution was prepared and magnetically stirred overnight,
and diluted with cyclohexanone to 12% Solids.

Component Wt. {(gm)
20 NB-Me-F-OH/NB-Me-F-OMOM copolymer
| (90/10 molar feed ratio) as described in
Example 29 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). .

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
2



- PCT/i 1S0OQ 11539 157nm operation. The imagi ng dose was control |l ed by
varying the nunber of |aser pulses used to expose a (i Vemﬁm;nb%()ﬁ)f'e

waf er. Ei ght s%)ots were. imaged w th doses that varied from2.5 ml/cn2 to
- 160 ml/ cn?OOR6t%: exposure the exposed wafer was baked at P420EYHr%120
seconds. 5 TBemvsptRItioMeTheligns@lRNeMe whs 2EMSOINS Byet4riie iy haiBRnbsum hydr oxi de
(TMAH) sol ytion }gO\IK%e VD- 3, 2..38% TMAH sol u ioﬁ .rﬂlﬁge | onest dqse that
gave. . a posfii TESTRIGLIAEROSE SHILIRS! PR NG WHkEt PR RETLFRABGEed 1 egi ons
of negati weith desgethaaearitdGrom)?.6 m/Ga? to 160 mI4mRo vefihexpdiPe thel0 What is
claimed is:., 1 .. [ tjm[ig' , ) a fluorine-containing

pol ymer cor%ij?ssefl'r@fég%%éget% azrln" _derrilvgggcqn&g'm at least one ethylenically
unsat ur &t ed conpd@nefercwmstdaveloprg in afiemnsdetrarottby lafmaniuno hadraridaip havi ng

the structanesHy sfifon(BNRANMMBIEREI g9, RiviRRGRaiR) e ThO fovsaiBoQr hdi f ferent
fl uor oal kyl grou_s.of. from:} EHﬁ 1Q, car bon at%g{ms of taken_ together are
(CF2) n wher%8Yfi2 ROT1Lve 15nage Wag 20 gy {pm. bﬁ’%ﬂpvﬂeé se dht PRI EsEIRs onponent ;
“wher ei n t henefhtis@ninage waniadiml/ag2pol ymer has an absorption coefficient of

|l ess than 2.5 nml at a wavel ength of 157 nm 2_ The photoresist of Claiml,
further conprising a dissaolution inhibitor. 3. The photoresist of Cdaiml,
wherein the fluorine-containing. polyner 1 has an absorption coefficient of
|l ess than 3.0 ml at a wavel ength of 157 run. 4. The photoresist of Caim
1, wherein the fluorine-containing polymer further conprises a repeat unit
derived fromat |east one ethylenically unsaturated conpound containing a
functional group having the structure



60N and Rf" are the sane
IPTINENRS L2080 car bon atoms or t akgy
IO AN oREZ4 s an  aci d- or base- | abi PE=prot ‘f:’tl ng group. 5. The:

different fluomoaldgy! p
are (CF2) ®0dhelgions:

[and RS is hydrog@ghg)e[aﬁﬂgdllgxear or branched allcyl grou p 30 of between
and 10 carbon atons._, 35 a) a fluorine-contain rig polymer conprising a
repeat unit' déri ved-f Mﬂ"éﬁ”ﬁ“‘é&%‘%‘!’% et hyl enical |y unsaturated corrpounj

containing a fluoroal col® 4 aaedd Qﬁm e?@&hﬁ%n 54 |
order: (V\§J appl yi ng a phot ogesi gt:ago%;p I?tél on on g{) %%%MP& ‘%gl

~ Iphotoresi st composition corr% 8@%&%?%@&19 a

phot or esi st 5i mage on a subsqm&mﬂmmalmhnbfundnoﬁﬂ)gré@lﬁhnglhg hlyyY i

D

d SI 005 00928553$00115 4eNeygber 2003 -C(R f) (R?) OH wherein Rf and
are the sane or different fluoroal kyl groups of fromlto 10 carbon ato
or taken together are (CF2) , 5 S wherein nis 2 to 10, and wherein the |
fluorine. containing pol ymer h&¥Ra®Rsbgor ption coefficient of |ess than 2[ b
jnuM at & wavel ength of 157'nm (b) at |east one photoactive ‘conponent]

and (c) n aol vent; 10 (X dl%@w? t he photoresist conposition to
subst anti allly renove tWeereig Rasrg therseme pydifferent fluorgriio groass st | ayer io

the substyate; (Y) Inag@amaeowaﬁsdmémmﬁwﬁ:%f&&(é}ﬁ%f&rhér&nf orm i mage
and non-inmaged areas ﬂadlo(aﬁd devel opi ng t he exposed p oresis Iayer

havi ng i naged and {
: (b) = at least one photoactive component;

; wherein the fluorine-containing polymer has an absorption coefficient of
_ © 15 lessthan 2.5 pm-1 at a wavelenoth 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 contéining a functional group having the structure ' St

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: :

i
i

5
2

e &
L

:

:of ‘Claim4, wherein R in the fluorine-containing pol yneﬁW@’eE}lPE@@P{Q%,[ '

B




vaneasato form'the relief ‘i mage on' the“substrat®: 7+wlh

40 6 wherein the i magagigK ¢ ' -

u“!l‘"f“r*‘é‘ﬁ‘l‘i""(ﬁ[‘“f‘““r'édi;atlon havi ng a wavel&figt £ 157 nm 8- Tj‘l\ﬂﬂ = 5 281)%

.IClaim6 wherein the i nagew se expos i s performed usin VERaWi t
A RARAOBD

radi ation .having a wavel ength of 1 9- The process of Caimb6.

radi ati on.of wavel ength less.th [ qua
Claim6, wherein the quorf"ﬁ%‘i’ng ?1?

unit derivedsfromat | east mheremeixb)’zlt@m @Ad Witerbin 918 AoRheLontigompound

carbon atons or taken togeWﬁ‘éﬁleﬂé’ﬁJ@f(lﬁme)l),, wherein nis 2 to 10 and R

an acid- or base-1|abile proggctiNgsine vt ajcﬁv s of daiml0
wherein Ra in the fluorine- fcgntal i ng go ?/mare|s CQ,% R5, and R5 is

hydrogen or a |linear or br
atoms. 35-18 A fl uori ne@fondmingitregphotopmisy crupositiontd sibstgntilll egRse UNI t

in that at | east one ethyl enica ¥ unsatur cognpound’is cyclic or

pol ycyclic, at |east one'llet'REeH
| east one fl uoricnemagdmrae\atient |y attached to an et hyI enically

f1 uor oal cohol fAPAT tfeum arvliqﬁgmm@néluwbmee 5 C(Rf)(Rf)O—I
wherein Rf and Rt aremmoeﬁm&&n%%%ﬁﬁﬁeiﬂdg%@ mba fro

.}l east one ethyl enicdtl %WQ%@@W%@W QWWMtwnmmeWMI
group having t keing tulttitiolst eadiddoRhhvingd efFebn R and Rf are the sa

o een Hhorool o] Bl Ui} Lt Al S Sl
prot ect i ng gr ogpposed areas is rendered soluble 1o agueous 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
. 25 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

e

wherei n the photoreS|st conposition in light exposed areas is rendered

sol ubl e i n aquéous base dewgkRpet aﬂg)gg a@@ﬂg@&ﬂ{eeo E@’B&Ehﬁﬁf@%t ravi ol et

OCESS

B}‘P@‘r OIﬁ%ﬁaFmﬁb@bﬁﬁsl(CEﬁS ar epeat

R R Care tho some o SHPRAR 0B Bl it 3&8&%&%5&%@%‘“5?

derived from Ahe LA aldfifc, B MR phAblott IRAL AL AL GRIPOUN charact er
a
CEPPgg e Rhetemeisidaxes prmdnegadiaains  at

unsat ur at ed carbon atom n A 2.4 .Nove r 2003
PCTI USOO 11539 ethyl e |c I?/dgénlg%ﬁ% gﬁp%e‘?ﬁ%oun%%agzr% ﬁ@éﬁecgb% !

WeR %1 group of between | and 10 car bon!

i
m
B

to 10 carbon "?:;s oﬁ R Iogg%&egwaveg?n%g?ls V\/nerel n n |£s 2to 10. DO
The copol yner al m o Féﬁ%‘at unit derived from

10
g

abii

I
!
i
i
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or
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14. The copolyner of Caim13, wherein Ra is CH/OCH R5, and R5 is hydrogen
or a linear or branched al kyl group of between | and 10 caypoR.8LO%8: 15.

The copol Y@ ho; aim 12 wherein the ethylenically unsatur npound
cont ai ni ng at é}ggt one fluorine atomcoval ently attached t%(’m]é’g

et hyl eni cal ¢Wviensatlynasadacd coopowmtiontispriet of kdihofdadtvHon firgfieny) consi sti ng

of tetrafl gy aeLbyl.60e rotrifl uoroethyl ene, hexafl uoropropyl ene,
trifluoro ef’hyﬁene, ggﬁdSt&&%:CFZ wherein Rf is a saturated fluoroal kyl

group of froml to 10 carbon atons, 25 16. A photoresist conprising: 30
(a) a fluorine-containing copol ymeF(Ro@PEi ng a repeat unit derived from
at | east’ one et hyl eni cal | y unsaturated conpound characterized in that at

| east one eWhyﬂe?emR@ar:xdl Rfmmsﬁdsaﬁﬁtcﬂdéffe&@ﬂmbﬂ%mﬁ g@t}‘ifﬂsio?ﬁ%hll P ycyclic, at

| east one e i nsat urat e ound.cont ai ng,at | east

f bi ori ne- at %@n&lﬂ?gl\}% énns'%/ rﬁ‘ﬁ?ﬁ%k‘@ﬂfféﬁﬁgﬁ%@? &df ?§° E?rsal umal ed car bon
atom and at |dast TbaeomtiindrenClail 12 furtsatconatiahgcorgpeatnaitideneedpri sed  of
a fluoroal cghgl athMRELLD V] 3 _Cé)]%)(Rf ) OH
wherein Rf and aRf _ar&ellltﬁ@llgg%gy%P?aglyﬂ}grcgﬁlﬁoﬁigﬁgﬁﬁlﬁa%rn?)td I:\"’)lrlof froml
to 10 d& boroup baringthe HRERIE oget her are (CF-_))n wherein n is2to 10; and
40 (b) at | east one photoactive conponent; 56 4 Novenber 2003 WO 00/67072

PCT/ US00/ 11539 wherein the fluorio@®RAIGRNi ng copol ymer contai ns
sufficient functionality to render the photoresist devel opable so as to

produce a rgl.i " u i ewl exposur o ultrayiolet radiation
havi ng \/_vav\gl-‘%ar%%xt %@%@%&%ﬁ Sm%gé" ﬁﬁﬂ efﬁ@”ﬁ?%‘ﬁgﬁ 58P °g¥r°@ gitcfn 16, further
conpri didng 0 earbewrignisem taken faghihbi aro (CF)] sheftenphdtol @ahd R, éf arTl ai m 16;

wher ei n theacﬁcﬁ—%'ﬂa@@h%ﬂ@gﬁhé&iﬂ? &@pol ymer further conprises a repeat unit
derived fromat | east one ethyléenically wunsaturated conpound containing a

functional group*haviherrohEes of Glaimle, Waprs) R OHFQCHbR cind Bfisand Rf ar e
the same orhydirbdear @nilifeati@@aickat aloflaups & bekwedh Latd®P1d absh BRat ons or

ke L oge e 35e TR et OPERA 13 rrdin 1% By el unshdea 15 261 ¢ O
20 compound containing at least one fluorine atom covalently attached to an
ethylenically unsaturated carbon atom is selected from the group consisting of
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(Rp(R{YOH

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;

56



.19. The photoresist of Caim18, wherein Ra is CH2ZOCH,RS, and R5 is
hydrogen or a linear or branched al kyl group of between 1 8@ .chBCapbon
atons. 20. A process for preparing a photoresist inmage on_a substrate
- conpri si n.© "W‘ﬁ“”&r der: 20 (W applying a photoresist conpoSFTUsAYHA3%
substrate, wherein thehpfRdi Ge@sbsbe-ETBNINERSpoRMe CohidinsBufficient
fluori ne-containing co li)lcﬁn”er.tcorrg%d si,ng ,a regeaH%r U@IP'[ derived from at
| east one et hyl eni cal | A SHEZAID; Qprepper %&5}5}69{8 S aOPaPIESR@S 1 that at
| east one et hyl eni cal | produessatelieBitrege cpop onapewiss eyokire tonlpeisleycl i c, at
| east . one ethyl eni cal ldingakithatedeenmoydseapt ai ns at | east  one

ed to an et ;

fluorine atom covalently attached yfen] cal 4! unsaturated carbon
atom anrd at | ebkt &pehe@peyiseefi aim |6, furbatcompristhecodissinidon s conpri sed of
a fl uoroal dafelior. f uncti onal group having the structure: -C(Rf)(Rf)OH 35 40
wherein Rf and " .are the sane aor djifferent, fluoroal kyl. ~groups of from1l
to 10 carbon -at@ns—@F pk“ﬁﬂ@ﬁ‘%%ﬁ%?‘ﬁb%* whezep PORMeFBIHIRE s 2 to 10; (b)
at | east orepgplyokoarthevenmponspoaentst nanderiva) framsnllasenine shgegichlly he

fl uori ne- cqptal;AiA : I fficient functionality to render
the phggor es%stHSYQ\?%B%%%%HQQ%\@PE%@Léﬁ%@’gha%ﬁ@l’%é&yTi%Sg devel opabl e
so as to produce a relief image ugon i magewi se exposure to ultraviol et

radiation having wavel ength of <865@)ORX) drying the photoresi st
conposition to substantially renmove 5 the solvent and thereby forma

oL ol ket s o g gl e LS S8
phgt or esi sﬁolcg?gpgf? ioﬁgaﬁcﬂé%@eéﬁg%gﬁém-%ﬂad’ léﬁéasl(ataé‘%fpaﬁﬁﬁghe reli gf
i mage &h t laeids abbase-debde protecting group.
19. The photoresist of Claim 18, wherein R, is CH;OCH»Rs, and Ry is
hydrogen or a linear or branched alky! group of between 1 and 10 carbon atoms.
20. A process for preparing a photoresist image on a substrate comprising,
in order:
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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10 21. The process of Claim 20 wherein the imagewi se exposure is perforned
using ultraviolet radiation having a wavel ength of 157 nmy NR2mbdPRGoPr OCESS
of Claim o\ﬁﬂ%ﬁi n the i magew se exposure is perfornmed usin ul t rlavgol et
radi ati on having~a wavel ength of 193 nm 23. The process of _

wherein the photoresist conpdsielopable 3o dsit@biodut®aexpdafseanRas | s rendered

sol ubl e i n agueous base deve -upon _exposure to 20.. a'fternecd ul traviol et
radi ati on of wavel ength | esslrgfér(?’lsoefagaﬁuég?q Blt§g’§??tirﬁqlgtﬁ’. haing process of

Cl ai m 20, wherein the fluori wevdemgthiohi<agb wopol ymer further conprises a

eat unit derived fnom gbide . conpound
(r:glr[])t ai n:Jng fl.inCti 0 ('Xla g%;}% ‘ﬁ’gwﬁg‘e&f’%@@g‘ﬁﬂ%ﬁﬁ’lﬁ lttays-u%w)é%g]}%&a wher ei n
Rf and Rf aﬁ%s‘? H@“%H@“Hg ¥t E]F\(fm‘feﬁﬁb]@b%%yilhegflbm@?; of from1 to 10
carbon atons or takenY)ogehdyewisrexposhgiHe phomgi@ﬂlgryé;a b fordn mgg@aﬁﬂd Ra is

an 25 acid:._.C -l abjl.e protecting group. 25. The process of C aim 24
wher ei n Raqiogqéﬁg%%,mgnd R5 is hydrogen or a |inear or branched al kyl

group of between | ar{d)l0devatdping titenposed photofesphddyer Baiisg iapepandi Ng: ()

a fluor i ne-ankAbid Bdas APRIMITEL rARMRLLA A8 LEREAL uni t derived 30 from
[ nd con

at | east one ethylenically unsaturated conpou ntaining 35 at | east
three fi0uori ne %1]%{0 cdyoatse of GJaim T Qwhergin he imegevsishormeaireds | y unsat ur at ed

carbon at onerfafifledudigp htavivled radRbioN @8ving b WvalenbBAst!1 590 €t hyl eni cal |y
unsaturated co u cont ai ni .a (LI oroal cohol “functional group having
the structure: % C(W?e(ﬁiloﬁggw PRETRY® TR dRECVEFeCtREEdhe or different
f | uor oal kylpetfooupbunfig uftraviolet tidialin davihga vaivelehedy oft13R e t oggt7 geg are
(CF2)i wherein i ; 4 Nov, r. 2003 WO 00/.67f
PCTI USQQ/ 11539 1;5) Betrbds génciﬁﬁh%f‘aﬁ%f ‘u“v‘ggtég?}é’&‘ﬁésif?mm LETRC
f1 uori ne- c SXPECARFES EoTsarRgIed S0k, mimsewfwBQﬂMOPCfmemmkmtty to render:
EXpoBUr e T b O e s e orh T SR al. oo | maew se
avi hg wa _

exposure to u tiéfw I]%eef‘)rocersgolf %E'c{ir%nm, where?n the ﬂuorin%-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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.27 The photoresist of Caim26, further conprising a dissolution inhibitor.
28. The photoresist of Caim 26, wherein the fluorine-contajN.pg..Cepe! ymer
further conprises a repeat unit derived fromat |east one et%ﬁ{?’eﬁi ggfl y 10

- unsat ur at 8@ ®EMY8und cont ai ning a functional group havi ng trheuste/usisur e
C(Rf) (R )ORa wheres Rf, are.the sane or different fluoroalkyl
groups of from| tgdeSBfllf)%gg?eb%hr? %atchﬁcsc%pmr}g%n together. are (CF2)"

wherein nis 2 to 10 awderRa thefluerineagintriniog coaslementink@nguudficeatti ng group.

29. The photoresist of ffat@bdNiRso r ;lgjegbhlgmrg;i?tggg%?ﬁo and RS is

hydrogen or a linear or Branched_a Ky roup of ) and 10 carbon.
atons. 30. A process FPOANGsaIsHET Ipgea uppibiergssi exporitoorayideabst r at e
conprisbng, 20 in or dediatigbhdlng WhvelpRdth bng385 pROt or esi st conposition on a
substrate, wherejn..th hot.or St ition conprises: (a) a

fl uori ne- cc_)nt_a_i%}i ngTI}:‘3 elbqq?/rﬁ%Ft O?%H gﬁﬁgg}g&rrc%’é’gfmﬁﬁidfsso}&@?‘? ved from at

| east one eéwhbitemically unsaturated conpound containing at |east three
Brine atonms coMal efd + . heal | nsaturated carbon
atons and a r @peat unil%{h cﬁ%rf}%gg%# %‘%n%%ﬁ%%ﬁ%ﬁgf}l‘g&ng%ﬁlt}%? lé]%ﬂgcaj |y _
unsat ur at e FORYMPEUAYLRGB SOBPH G raPeat pvg derayesofion af leasi thosthylegicalllp havi ng
the stn0ct wheituralsdRion fRiuni Cohidinderpichomd gdns Bhindfike fhknsame or different

fluoroal kyl groups of from1l to 10 carbon atonms or taken together are

(CF2)" wherein nis 2 to 10; and (B{B\fghﬁﬁgﬁ one phot oacti ve conponent;
and (c) a solvent; (X) drying the Bst conposition to substantially
renove the solvent and thereby forma photoresist |ayer on the substrate;
59 4 NoventdkremBaan\B 0t 8rGAReRCTH 80O lucto#id0 gfidps bifigeviitee exposi ng t he

PR 3, SOLmn dond o gt ol R L TR0 £ALLC T
the relief 2FfrafeBh "t he® BOKSHRHEOP-
29. The photoresist of Claim 28, wherein R, is CHyOCH,Rs, and Rs is
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, wherein
the photoresist composition comprises: |
| (a) a ﬂuorine~c0nltaining copolymer comprising a 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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5 31. The process of Caim30 wherein the imagew se exposure is performed
using ultraviolet radiation having a wavel ength of 157 ri rﬂNov%éberﬁb@B

process 30 wherein the i nagewi se exposure is perf g
ul travi oﬁ%?%@c?r ation having a wavel ength of 193 nm 383. 1’%{}@ "“@é@ of
Cl ai m 30 wher ei n t he(Yhotmagesisstexpesifirosie photrdsizt layato forlkl) iQKpasad areas is
rendered s u S base devel oper upon exposure to patterned
flr ra ggad e

ul travi ol et tion df wavel ength | ess than or equal to 365 nm 34. The
process of O ai m 30, (Zhefesielppirtgethe Expmsthphasomsial lnyergavimgdmaged and ur t her

conpri ses Aox-GpAAU araeustm@termﬂr@rﬂeﬁerﬁﬂao%tontﬁ@sﬁbseﬁ@ ethyl enical | y unsaturated
conpound cont ai,ni ng, a functi_gnal g}ro Jdp havin e structure 15

-C(Rf) CRf ' ) ORa Shher BF RraRpssof §lam 3w trﬁ@t%wgewrwrpmts f1 uor oal kyl
groups of pasrﬁomhdmmtgmmmamaaraaashmng @K@ﬂelé@ﬁbh%? ame (CF2)" wherein n

is 2 to 10 and | abi | e rotectrng group. 35. The

process of C a|3§1a3zﬁmﬁ%ceﬁsr?f§gmt“s 1ma§ﬁ8"%§ *PSUEdr ogen or a

| i near or mrﬁ}mhfédlsmgkq}tra\g@l@lmdmﬁorbhammwﬁveim:gtliﬁf teF twan atons. . 36. A

phot oresi st conpri ?h@ IOCéS’?‘))Of%IJI*'n \!vﬁ'é:feﬁ(tﬂé fggs W@fno%qm{%h?' ng a
gast u

repeat unit derived from at one eni ca nsaturated conpound
cont ai Wi nge#poseq %FS?%JéIr%Qﬂﬁ‘(ﬂd splibéa ingawgous @mrévralapr:rn@wmép@w@:m ure:

- XCH, C(Rf) Rfehgd ul&@vwéﬁa@idﬁo%f%de}gﬂ gtRIe8s AR of BRI & 36K fnfher ent

f | uor oal ky 3HpsTﬁ from é?.t ar bon @:‘oms or taken together are
(CF2}F, wher ei EPRCES 0{ F’éelré@F pRe- F‘P%W‘trﬂeco@’ro%(lﬁerconsr sting
of sul fur furthxygenpnswtarrqgaenumpcﬂmﬁ/pdhﬁbm leant dreyethylonipal Maudaaiyeiel, and

oA et O Uyl Sy R8st Bl 83 SR GUCt 0211 ve component

wher ei g t he UOri ne-cont ai ni ng p alns sufficient functionali ty.
to render the photoresist devel opabl e so as to produce a relief image upon
i magewi se exposure to ultraviol etCRgRr¥®Ron havi ng wavel ength of <365 rim
60 4 Novenber 2003 WD 00/67072 PCT/USQ0/ 11539 37. The phot oresi st of

~crc alcr m 36. Stmeﬂahekfm ht&ltﬁtgsaﬂnedirmrﬂﬁtlfﬁﬂrdaﬂl@ﬂgk&@)‘sofﬁ%gn 1 1he phot oresi st
(0} aim

repeat uni FO &"\eﬂf?t’%‘&r‘ts 05%?]?{’ Ogéﬁ%?ar%ﬁ@%&ﬁu;}% ‘?ﬂE‘) %/550 h‘i’r E‘Eg{’e‘gonp(r::)rsrgzuﬁd
cont ai2fi ngacad{arrbesé-tabale pyrenting lgawipng t he structure
' 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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.- XCH2C(Rf) (Rf)ORa wherein Rf and R are the sanme or different fluoroal kyl
groups of froml to 10 10 carbon atons or t aken toget her i Qoefdbd) Jboyher ei n
nis 2to 10, Ra is an acid- or base-labile protecting group and X is

- sel ect ed WOSETHE group consisting of sulfur, oxygen, n| t FeYBR00/11539

phosphorous, other £ OY&lﬁlg?grﬁgh,Jﬁaﬁ%ﬁgc%&&)@n%@ g.uéa enment. 39. The

phot or esi st f.d ai m wher 15 hydrogen or
a linear PPiiREhed aI kyI group of between 1 and 10 car bon atons. 40. The

- phot or eS|st of Ggai The3hotorbsds of Glaﬁrh%éf%H&Eﬂnﬁﬁeﬂ@éﬁ@éﬂdﬂﬂnﬁﬁ'ﬂmﬁhepas an
absorption f%%%fflc ient of gt h of 157 rim 41.

A process for preépariny rgp%ﬁgpgldggyegfﬁqrﬁﬁrglga%ﬁn%eﬁgﬁa ¥ Ersts%Si ng,  in
order: 20 (qn)n}uppﬂybm@nmgmlfuﬁuroaai gbugbavgsthe soictare a substrate, wherein
the photoresist conposition conprises: 25 (a) a fluorine-containing polymer

conprising a repeat unit deriveg-firem ?R bgast one ethylenically
unsaturated conpound containing a f u6) zgl c8hol functional group having

t he structur}g%](ﬁ? %z Rf)(R/)OH 3035 40 wherein Rf and Rf are the sane or
di fferent fYASPEAtIERT Regrothssame of diffgrent fluprogklgrowms eftfsrm Ide t aken

t oget hdl Hrmbdﬂ:ﬂ&msmhﬁkﬁi tdgethérsr(CIR) 1Wherainth iX 2it6 1@eRg@§ﬁda&aDm the

group consi oxygen,, .ni t.r hor ous, .oth G oup V a
el enent , Og P %Ia% H)tecltl g}ué% Wselgﬁgﬁ}w%{ BYONR LIS, toactl ve
_conponent ; SWHeF. elxmgftnhBltlfog@mlphn@homs,anﬂmrﬁgomVynﬁmmrﬁ:ﬂmﬂser Gralibi ci ent

functi onal |¢Mg1anglﬁnder the photoresist developable so as to produce a
relief image upon se exgosure to ultraviolet radiation having
JPi’V@'

wavel engt h <3653(13‘rmﬂ6’ et 870l 28 Noheein k. i 6OR OGEIR 4800 Rs is 539 (c) at
| east qfie phdiaRmtor ¥eineR P BRabked 28R4 group of between 1 and 10 carbon atoms.

40. The photoresist of Claim 36, wherein the fluorine-containing polymer
has an absorption coefficient of less than 3.0 pm-! at a wavelength of 157 nm.
41. A process for preparing a photoresist image on a substrate comprising,
in order: _
20 (W) applying a photoresist composition on a 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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(d) a solvent; (X) drying the photoresist conposition to substantially .
renove the solvent and thereby forma photoresist layer omngRebsulassrate;

5 (Y) inggsW,eR£XxPosi ng the photoresist layer to formi na%q("gsgée;]r]sﬁavi g

non-i maged areas; and (Z) devel opi ng the exposed photoresi st~
i mmged and non-i naged d¢lkeasitiw@starephohecie ¢ehponemgendn t he substrate. 42.
The process of O ai m 41 yheraif,dpe i mgew se exposure is 10 perforned
using ultraviolet ra 'gti on having a wavelength of 157 rim 43. The

r

process of Claim41 Srnng the phatgreRsswmpastinmte substpetidlyramdvaisi ng

ul travi ol etthd sulivemt adnHeeably Torma aeedredgtliycobn 108sulstfute44. The process of
Claim4l wherein the Eotoresi St congr?s' tign in_light xposed areas is
& P

rendered soluble in e STEEHHSE SRV EIIPE PRYIBHTTI S XPEE t forngmpgedand: er ned

ul travi ol etnonsxipged measpndvavel ength | ess than or equal to 365 nm 45. The

process of C aim4l, S‘F\?er g{,gogiggftgé Moisgﬁe%}g)g&egfsmaggrh%% %grgéur her

conprises a repeat_u eri v Tom at one sat ur at ed
conpound cd¥pAmAgstkareasitadern theacligh weagewavhagphshretest r uct ure 20 C(Rf) (Rf

) ORa wher ei n Rf42andhRpradess bMElasaMA Whersih s viiéé@JP%LﬂéXi  groups 2‘(‘) frgm
ertn ni1s 0 an

| to lg carb&n atons or takfn t get her .are %CF " whe

Ra is an &SHgmegusmeitraiyg qtéacﬁ Aehaving? Yevelpnethei 487 mthe process of

Cl ai m 45 wher ei43. RThe pragds GaH2REm 4anshdréinitlse infyp@diogeskpekurd id | near or
branched al tween,.-1.and 10 carban 0 47. A

fluori ne-cﬁ&ﬁ%ﬁlﬁ@9@5%ﬁ#% ﬁ%’l?%%wgfgﬁ@h,ﬂgﬁ%@% wher ei n each of
R, R, R3, and“4r4Thagegrestieitlaymidd wedeiogenphaioteaisogmnpastition indight

hydr ocar boRx 8808 Rrea®itrahdd : KLear jtuted 62 4
Noverrb?rsjl 206 SV\D 801%7£%%Er%?&§15%?6%f§%§39Rﬂs/%r%gglr%%ﬁ%orno%g?&ggwaI koxy

group, 'a c@RBERSA HEraviele radiation elowgyslengtle leas tener eqwal to 365 mmcti onal group
contai ni ng t he 4$t r Tt preesHof Clafth )4 RivheRh o ehstife Rbnalfnipoldfmer t he same or

di fferent fJd uor kyl araou of fr.o to. 10 carbo to or "t aken toget her
are (CF7)n f\l}\%mee? g‘lgljﬁp Seisg‘ rfp‘?%%;de%ggi[ lé'oﬁ’f& Gkrre gﬂygﬂlcgﬁy yosagpratgdse- | abil e
pr ot ect i ng cgmpoynd geniagninpe fouctiveral gfoupdpeat thmsthectire t he pol ymer; r is
0-4; at |east one of the repeat units has a structure whereby at | east

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:’

P
=)
7

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



10 one of Rl, R2, R3. and R4 contains the structure C(Rf)(R?)ORb; and
wherein the fluorine-containing polymer has an absorption gRehbiobgnt of
less than 4.0 M1 at a wavel ength of 157 nm 48. The fluorine-containing
- pol ynmer ®fO @/@P™ 47, wherein Rbo is CH2OCH2R5, and R5 is hEEWBHEAIHP a

|'i near or" I e arbon atons. 49. A
phot or esi sw%g%?&s?ll Ol% ?I%IRH& gl%l Ténégg% thélsdﬁlljdhgrlgrb%g l?c aCKP Hpri & ng the
structure: aIQEICRQHW@ gorsioipgotheRIructRee: R3, and R4 |ndependently is
hydrogen, a hal ogen atom a 20 hydrocarbon group containing from1l to 10
carbon atons, a substituted hydro ngpn- up, an al koxy group, a
carboxyjic acid, a carboxyli c aci d ester 0 a functional group containing

)

t he structure: or different

{1 tor oal kyEe &%gmﬁ%(@ bisint Soe ib&é}%r%?ualzc’&ﬂsﬁ&wwpaaﬁﬁwﬁgt& her are

(CF2) n whei@carbon Aon®s ¢rgalidy; toRizhersard (A ngeherem nan? &e i @-R, Gk hjthsgenl abile

b4 %ot o851 OnE °§f”a§%‘e4%?g%§‘§?§%m o o ileher It ke RV HIRT 70

| east one BYREr; 1R 0-433t legsipnre élwtea@aﬁsmttﬁba%q stonopire avherely pilRast) ORb;  and

}Aher elt EO tbﬁeocﬁﬂl’é R ! Rﬂcmla% Béﬂﬁn@ﬂldé}i?%tuh@@(@})( ;bpsﬂdq;lr,he@aﬁftﬁe ci ent of
ess an .U, al. 4 Wa rm..an e

phot oact | vﬁummﬂPlng@onwg%éﬁB@ STPB SNSTHOER assgh@éﬁ bRt 1530 50.

The phot or esiastlength@fatMndf, further conprising a dissolution inhibitor.

51. A process f@r ri.n hot or n t.rate conpri sing,
49" RLER orm 0? S oefiméxl éﬁ?gﬁ #9bwger§ ltsrate wher ei n

in order:

t he phot or gﬁ Qcpl‘gzﬁfspélsd Rlsmh}(ﬁbﬁgﬁﬂ @@shnf-‘(aa?r laraﬂ¢hpdralkwégmtoé?bmw¢gn pol yner

- conpri g4 ngltaH@1§E5ﬂ5§hlA[&nS 10 wherein each of Rl, R2, R3, and R4

i ndependently i 3 a hal ogen atom a hydr ocar bon group containing
from1l to 10 c& boﬁ%ﬁog Slstep%mr}& uted hydrocarbon group, an al koxy

group, a carboxyli @)agifithoride-canithiaisd pslymer ehrepligfig thefstruaufeynct i onal group
containing the structure: 15 -C(Rf) (Rf )ORb

P

; 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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wherein Rf and R are the sane or different fluoroal kyl groups of from1l to
10 carbon atons or taken together are (CF2)" wherein n |s‘¢N&gﬁggggap |s
hydr ogen cid- or base-labile protecting group; p is_the nunbe

r epeat unpggmﬁﬁ“@ 20 polyner; r is 0-4; at |east one ofPFF@]P@ﬁﬁa? unlts
has a structur eJ@hﬂ"ﬁb)ﬁhﬁbr&sﬂﬁ&ﬁCl@ﬂﬁ%@fﬁlﬁkr cBRprifids addoRfioroONt ai Ns the
structure I% Bf)CRb and wherein the fluorine- contalnlng pol ynmer has an
absorption coeftficient of less than 4.0 m1 at a wavel ength of 157 nm (b)
at | east one phéioadtpreeess bompoereming aphotoredbt (mdge@naahivani cdPpridhyj ng t he
phot or esi stijcepposition to substantially renove the solvent and thereby
forma E?otore5|st | ayer on the substrate; (Y) inmagew se exposing the
photoresi st |ayer to f¥pnirnigse p&ﬁ@res%wmmsgm areerubstraadviseinZ)

devel opi ng ﬂﬁqmemagag@oﬁmghgaﬁg&ﬁﬁnkgyer havi ng i maged and non-i naged
areas to formthe relief im e substrate. 64 4 Novenber 2003 52. The
process of C aim 51 V\/ner@) gﬁéoﬁ%ﬁﬂﬁﬂl%‘@g BB FRmprsing thetstpa®EE US| ng
ultraviolet radiation having a wavel ength of 157 nm 53. The process of
Claim 51 wherein the i magew se exposure is performed using ultraviolet

radi ati on havi ng a wavel ength of 19 54. The process of Caimb51
wherein the photoresist conpositio ght exposed areas is rendered

sol ubl e i n agueous base devel oper upoa—exposure to patterned ultraviol et
radi ati on of wavel ength | ess than g to 365 am 55. The process of
Claim 20 wherein the functionality fluorine- containing polyner is
sel ected fromthe group consisting ugr oal cohol, a 10 carboxylic
acid and a protected acid group. 56. fl uori ne-cont ai ni ng pol ymer of

A aim 12 wherein Rf and R- are CFg, e process of Claim6 wherein the
exposed | ayer is devel oped with an éﬁu&@us al kal i ne devel oper. 15 58. The
process of Claim®6 wherein the developing step is performed with a

devel oper swh@sihedch bOR, I RS R BHPRS Qﬂé;be%tﬂéﬁ}ﬁ; ik @rog&i GitaRlgeh La{qﬂ‘i"a a
halogenate3]6$r q§ic solvent an non- hal ogen na or ganic "so

The proces DRTEBP GARIRIDINg ‘HE lé‘PIIQF%TQPn flopisce $‘§’5¥§%ﬂﬁ€{§'on di oxi de. 60.
The pr oces§'1}mifr0cﬁﬂam1g158p Vidnerlleixty grdmp hahbgeylRtRl, § @hvRYlid Sidesér, or

fl uorocarb 6 Blrocess of daim6 wherein Rf and Rf are
CF3. 62. Tﬁgﬁ%gogo?g &nlm?T%. WHeh i s a posi tive working resist.

63. The photore5|st of Claim62 mhlch further conprises at |east one
-C(RRFORy, ‘

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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_ protected functional group. 25 64. The photoresist of Caim63 wherein the
functional group of the at |east one protected functi onal4 NgvetPeri2803
. selected fromthe group consisting of an acidic functional group and a

- basic functional group. 65. The photoresist of Caim64 wherein the

functional group &f t]*‘H% r&fe@é@ﬁ@l@ﬁn%%‘%&eﬂ{@k u%«%!zﬂf; %@?m%g%w fromthe

group consistin fg of carb ['1c acyd - 30 and fl uof oa The
- phot or esi st dﬁer%?c}r?sln%'éf@éﬁoﬁtﬁdlﬁmhRYmﬁraeW@F@ng@OfI?Hémphotore5|st of

Caiml, 16, 26, 386, THe ppceehbdsitdigim 6 DNPEIcH g ida emke/@wosm@fﬁs The
photore5|st of solvent is 2- 35

or, 49 in
hept anone or (?{/Fl %ﬁgﬁ%#&a"@gﬁ ra%hdéloﬁ%’t”éllgé‘s‘?’asvt‘sieﬁ‘gthdr}ilgmnfl 16, 26, 36, or
49 in whi6h the s®lvéiike precess ofddibine At w&yfeﬁrem\phomktslssc&ﬂbwﬁu&nmﬂ@mnd

cycl ohexanon %ﬁpg%d%rég? Y?ﬂ%ﬁ&’{rec?go%ﬁz 9} aqyggusorgagg Sévsell 9 %SL}I‘EQ(') 30, 41,

or 51 in whic vent one or
process of Clrafteangd ubgviodd ragjationggf Weieﬁgﬁhﬁti@ﬁhm 6;§19$1\Ie r3155 ng.a s oI vent

System uhi ch | 3 251ePanage AIBEhONRKANPNE fuftiAalihob IR DI LS

conprising: (a) a.flugrine:-containing polyner conpri a repeat uni t
deri ved frorﬁoéﬁa”}l%%g? Y’S‘ﬁéISéF]I‘?W%ETOEh‘IhFﬁr ﬁ?ﬂ?tﬁ@%ﬁ%@% febholcont ai ning a

- f1 uor oal doholcaftorgli¢ andhndys propechaldcierotie  structure: 10 C(Rf)(Rf)O—| 15 20

4.0 m1 at a vvavef%cﬁnglthﬁf& ng{éz?r{t‘% W%?y eér%{?lalm ﬂlowhérteglréfad{ae’%g%gﬁ of

di fferent fluoroa rou car
t oget her are {IGr2), \/\herel nnis 2to. 10, said fluorine-containing polyner

being free of anYSﬁrmt'r&esQJfQ’S{&mé%eﬁe@ﬂﬂﬁ b@s@atl g%d%@@%g@&wlﬂée

conponent; wherein th rine-containi ng po an abSorption
coef fici ent &P HBERSARZHNBEFYCloper

15 58. The process of Claim 6 wherein the developing step is performed with
a developer selected from the group consisting of a critical fluid, a halogenated
organic solvent, and a non-halogenated organic solvent.

59. The process of Claim 58 wherein the critical fluid is carbon dioxide.
60. The process of Claim 58 wherein the halogenated solvent is a
20  fluorocarbon compound.
61. The process of Claim 6 wherein Rgand Ry are CF5.
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 fluorcalcohol.

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.
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70. The process of Claim 6, 20, 30, 41, or 51 in which the solvent is 2-
heptanone or cyclohexanone. |
71. The process of Claim 6, 20, 30, 41, or 51 in which the solvent is a
solvent system which is 2-heptanone and cyclohexanone.
72. A photoresist comprising:
(a) a fluorine-containing polymer comprising a repeat unit derived
from at least one ethylenically unsaturated compound
containing a fluoroalcoho! functional group having the

structure:
-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 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;

wherein the fluorine-¢ontaining polymer has an absorption coefficient of less than

4.0 pm! at a wavelength of 157 nm.
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