WD 03/ 099782 PCT/ US03/ 16765 ACETAL PROTECTED POLYMERS AND PHOTORESI STS
COVPCSI TI ONS THEREOF 5 FIELD OF THE I NVENTION 10 This invention rel ates

t o acet alwprostoee7sed pol yners and photoresi st conpositi on®driesngod76s
especially useful in 157-nmlithography. BACKGROUND TO THE | NVENTI ON 15
The wavel ength of light for |ithography has noved to 157-nmto produce the
feature size necessary for future el ectronic devices. Production worthiness
of a given resist platformi erJy wo inportant factors: optical
transparency and resi stance@ﬁ@agﬁﬁgpgﬁ t chi ng. As in the past, when
the wavel engtFORYMERSAND mvomlscrspconhposwmt@
nodi fications in material platformdesign have to e at the new

wavel ength in order to optim ze between these two factors. For instance,
all phenolic polynmers (novol aks and hydroxystyrenes) suitable at g-line, i-
line, and 248-nm showed reasonabl e optical and etching characteristics;
howgver, these materials are highly absorbing at 193-nm Al though

al i phatic groups are 25 transparent, they do not have sufficient etch

resi stance forcing use of alicyclic noieties to inprove etch resistance.

At 157-nm the sane barrier to printing features exists in that only a few
fluorine and silicon based conpounds are transparent. Necessary structural
30 nodifications required to produce chemcally anplified resists out of

t hese conpounds invariably add to absorbance at 157-nm Silicon-based
resists may 1 WO 03/ 09978EFIEXD/OSTHE INVENTIONe sufficient etch resistance
under 02 plasma conditions when used in a bilayer resist design.

Fl uorine-based resists would require a relatively thick filmin order to
This invention relates to acetal-protected polymers and photoresist

compositions thereof especially useful in 157-nm lithography .

BACKGROUND TO THE INVENTION

15
The wavelength of light for lithography has moved to 157-nm to produce the

feature size necessary for future electronic devices. Production worthiness of a
given resist platform is determined by two important factors: optical transparency
and resistance to reactive ion-etching. As in the past, when the wavelength of light
20 required to print is reduced, major modifications in material platform design have to
be made at the new wavelength in order to optimize between these two factors. For
instance, all phenolic polymers (novolaks and hydroxystyrenes) suitable at g-line, i-
line, and 248-nm showed reasonable optical and etching characteristics; however,
these materials are highly absorbing at 193-nm. Although aliphatic groups are
25 transparent, they do not have sufficient etch resistance forcing use of alicyclic

moieties to improve etch resistance.

At 157-nm, the same barrier to printing features exists in that only a few
fluorine and silicon based compounds are transparent. Necessary structural
30 modifications required to produce chemically amplified resists out of these

compounds invariably add to absorbance at 157-nm.  Silicon-based resists may



sustain plasma etch conditions and such filmthicknesses may have
unacceptably high optical density. Hence, the challenge is to design

resi st nawerasabsis2z whi ch neet 5 these two conditions. The eorashsveedf this
present invention is to provide novel polynmers based on fluorine and
acetal -contai ning nononer units and their use in photoresist conpositions
for printing snmall features at 157-nm SUMVARY OF THE | NVENTION 10 The

i nvention praqyvides a polymer conprising a fluorine-containing noponer

uni t, thaveesffigeal elehnigsistanes Bpdes é)tz p@%ﬁ?ﬁesqqnﬂawnﬁdwhqwsﬁmmﬁ E@@f%{phy.
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t H2C ~CF3.  R7 (CH2)Y CF3 F3C 7TOR7 O ~H O A-R3 .11 F3C R2 Ill 20

wher e TG OPfeal dISiny HEIGE 1o KAIR 1A5e 5 EACIART St Aok, AJTCh 18R 2R10
cyang. (R0 0forRAGHETHAREI&HRe RICHS ABer! lbni | 8hideaplel
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pol ysi Ipmhamersgbasgr oR2flucrineCaiRl HeEfalwioataniRy1mandniet Lirdtseamdidieir use in

i ndependently. H | ower. al kyl , .cycl oal kyl ,or 2 03/ 099782 PCT/ US03/ 16765
aryl ; R?\%Of§¥§ﬁsgwippattleasg¥f Wﬂgﬁlgsﬁm?lt{e@aurglsla;l\qggéqmcycl oal kyl ene,

al kyl enecycl oal kyl ene, or al kyl enearylene; and R3 is linear, branched or

cyclic
SUMMARY OF THE INVENTION

10
The invention provides a polymer comprising a fluorine-containing monomer

unit, thereby providing a photoresist composition for 167-nm lithography.
The novel polymer comprises at least one acetal-containing monomer unit

15 having the general structure | and at least one of the fluorine-containing monomer

units having the general structures 1l and IlI:

RI

R* R® RS R’
—EHZC —
e (CHp)y CF3
F5C OR’ ><OR7
O—?H-O—A—R3 ’ F3C
R? 1

20 wherein R', R, R® and R® are each independently H, lower alkyl, CH2CO,R™,
cyano, CH2CN, or halogen, wherein R" is any alkyl, cycloalkyl, aryl, arylalkyl,
alkylenecycloalkyl, silyl or siloxy or linear or cyclic polysiloxane group; R? is
CHR''R' where R"" and R' are each independently H, lower alkyl, cycloalkyl or



fluoroal kyl group or Si RI3R14R15 where R13, R14, and R15 are each

I ndependently an al kyl, cycloal kyl, aryl, arylal kyl, alkyl enecycl oal kyl,
silyl, siwoogjpodisnear or cyclic 5 polysiloxane or sil sesqwconao®1@bkyl
group; Bis an aryl, C(=0-0 (CH2)x where x=0- 4, lower alkyl, cycloal kyl,
al kene cycl oal kyl, silyl, siloxyl, or linear or cyclic polysiloxane group.
R7 is Hor an acid sensitive group; R8 and RO are each independently a H
or -CN group; and y=0-4. 10 The present invention also includ

phot or @Ykt Aonpdsi @i orsubshiitedi ngrt hanswlstitutedo) ﬁ“é\fle'&%rrprqy§qui’df(a3’é?”q'east
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one. SolFSLRIONAHE GPEBoIR Fnbrth B 4PGo SPRENRGIOHPbI APl Fosh Sach '
1 Lot T R B g et r s 9511 or 111 and at | east

one acetal -containing nononmer unit of Structure | at |east one of which has
a silicon substi tuen{)r' ErtOVi dfd t h@t the silicon substituent is nott
dirddtly attEchEFenbMVRRIGR 859 INFIED RIS St AOMRARINOT, HAMBHSINGBE
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03/ 099782 USO03/ 16765~ DETAI LED DESCRI PTI ON THE 1 NVENTI ON The novel
pol ynedll compndsat least aare a@cetalrooataining monomsr ohiStrustivenl @tdeast geaer al
structure.l and at | east one of the fIsLiori ne-cor}t ai ni ng nonomer unit having

the gemiOLad SERPAIILCIMPGYRA. 3nd atdpast one Solven

15 The present invention also includes a silicon-containing resist comprising: a
photoresist composition comprising at least one fluorine-containing monomer unit of
Structures Il or lll and at least one acetal-containing monomer unit of Structure |
wherein at least one of |, II, and lll have a silicon substituent; provided that the
silicon substituent is not directly attached to the acetal functionality; at least one

20 photoacid generator compound, and at least one solvent.

The present invention also includes a bilayer resist comprising: a photoresist
composition comprising at least one fluorine-containing monomer unit of Structures

25 Il or lll and at least one acetal-containing monomer unit of Structure | at least one of
which has a silicon substituent; provided that the silicon substituent is not directly
attached to the acetal functionality, at least one photoacid generator compound, and

at least one solvent; and an undercoat layer.



R4 R6E REBRO -[HXCL_1Rs CF3 OR7 (CH)Y CF3 F3C70R2 O | HO A R3 |

| FBCR2 Il 1o wherein RL, R4, R5 and R6 are each independently H, |ower
al kyl, CHROM2MR49s2 cyano, CH2CN, or hal ogen, wherein R10 i ecarusoahdaygs ,
cycl oal kyl, aryl, arylalkyl, alkylenecycloal kyl, silyl or siloxy or |inear

or cyclic polysiloxane group; R2 is CHRL1R12 where R11 and R12 are each
i ndependently H, |lower alkyl, cycloalkyl or aryl; Ais a substituted or
unsubstituted al kyl ene, cycl oal kyl ene, al kyl ene 15 cycl oal kyl ene, or

al kyl enearyl ene group; and R3 is linear, branched or cycl ic fluoroal kyl
group or Si R13R14R15 BSBRIP EVI-TE e tly al kyl,
cycl oal kyl, aryl, aryl oxy, linear or
cyclic polysiloxane or S|Isequ|oxane al kyl group Bis aryl,

C(=0 -0 (CH2 x=0-4 | ower al k oalk al kene cyc] pal k

si l oxyl or rschpial, %xmﬁr EopBrises |a<5‘x%?%a(ﬁ%nﬁ Irjgy manomgy W'LBa\A'HéaIB?
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CH2C( Citf3¢ idenprad giruetuees TrahadHB) CH( CH3) CH( CH3) , cycl ohexyl ene,

03/099782 PCT/ US03/ 16765 et hyl enecycl ohexyl ene, phenyl eneet hyI ene, and the
like. R3 is preferably selected fromthe group consisting of:

tetrafl uoroethyl;, tridecafl uorohexyl, perfluorocycl ohexyl,

per f | uor opheny per fl uoroet hyl, qu{GI uor obut yR8_perfl q@rooctyl

trinmeth ) riethylsilyl nyl silyl, thohexyIS|IyI
tris(trirethyl g oxy)silyl, 5 rrethyIS|IyI X|

silyl,

met hyl - bi s(t : hyIsinI)sinI, sret hyl bi s(trinmet ony)silyl,
di met hyl (tri silyl)silyl, dll{ yLCF4i met hyl si y)S|AIyI and cyclic
or linear 7 (CHy)y

OR

O——(IIH-O— A—R? F;C
R? I
|

10 wherein R1, R4, R® and R® are each independently H, lower alkyl, CHzCOng,
cyano, CH>CN, or halogen, wherein R" is any alkyl, cycloalkyl, aryl, arylalkyl,
alkylenecycloalkyl, silyl or siloxy or Iinéar or cyclic polysiloxane group; R® is
CHR'"'R'? where R"" and R are each independently H, lower alkyl, cycloalkyl or
aryl; A is a substituted or unsubstituted alkylene, cycloalkylene, alkylene-

15 cycloalkylene, or alkylenearylene group; and R® is linear, branched or cyclic
fluoroalkyl group or SiR™R'"R'"® where R™, R™, and R are independently alkyl,
cycloalkyl, aryl, arylalkyl, alkylenecycloalkyl, silyl, siloxy, linear or cyclic polysiloxane
or silsesquioxane alkyl group; B is aryl, C(=0)-O-(CH2)x (x=0-4), lower alkyl,
cycloalkyl, alkene cycloalkyl, silyl, siloxyl or linear or cyclic polysiloxane group; R is

20 H or an acid sensitive group; and R® and R%are H or -CN group; and y=0-4.

A is preferably selected from the group consisting of: methylene, ethylene,
CH2C(CHa)H, propylene, CH(CH3)CH(CH3)CH(CHa), cyclohexylene,



pol ysi | oxane ol i goner or polyner or a silsesqui oxane al kyl group. The
acetal -contai ning nononer unit is typically generated by radical to

pol yneri z&0isnIwB2 a substituted styrene nononer, foll owed Poy/useaedzicdpn of
the substituent to yield a hydroxystyrene nonomer unit and subsequent
reaction of the hydroxystyrene units with a vinyl ether of the structure:
R11 R12 OARS 15 IV where A, R3, Rl1, and R12 are as defined as before.

Typi cal I%/ acet oxystyrene is pol %&EI’I zed and de-esterified to g/l el d
hydr oxBifyleeeey eumhesylepeetwians, nd the: ke nR'vis myefesablyrselegied

Al terngtdy ‘ﬁ]\é(d pgél&eg%%ﬁo#n gléééarfﬁl%?o%lﬁylg c%tflﬁgrot?‘%xglf%‘é"ﬂtﬁ%&%lé%@(ggbove

generated hy a vin er and hol of

st ruct yeefludiGphénylR3 perfiudroethyls amerﬂatbnatnadﬂbefpmﬁuorﬁhnpylw gegiyislyg can
be used, but secondary and tertiary &/ f:t ers provide bett ﬁ: )
mcorpé?'%tm’lf}ﬂylof t hetiRhepwsilyl, tertltﬁ?XfJ RN "Vﬁ nyl  etrisgrimetnylsienyesivky. 30

e i S e e G g S S e

aI r ead3d|rlne61yl(gﬂmetmymlqll)sﬁl t helme‘tbyl(trlnmﬁhyiélloﬂy)a]lybxyanwr e:yellmnmrrehneart h a
vinyl ether of structure IV or reactlon of a VIIWI ether and the al cohol

of st r RANFIEXaNeRY %eﬁg'éﬂowg‘efﬁéaa%é?ﬁq“'%ﬁﬂed? rJOHBI ymer is preferably

formed by reacting a polymer containing hydroxystyrene units with t-butyl
vinyl ether and an alcohol in the presence of an acid catal yst.
The acetal-containing monomer unit is typically generated by radical

10 polymerization of a substituted styrene monomer, followed by reaction of the
substituent to yield a hydroxystyrene monomer unit and subsequent reaction of the

hydroxystyrene units with a vinyl ether of the structure:

Rll

R'? OAR?
15 v

where A, R3, R”, and R' are as defined as before. Typically, acetoxystyrene is
polymerized and de-esterified to yield hydroxystyrene monomer units for reaction

with the vinyl ether.

20
Alternatively, the monomer unit can be generated by reaction of the above
generated hydroxystyrene monomer units with a vinyl ether and an alcohol of
structure:
HO—A—R?
25 v

A is as defined before. Many vinyl ethers can be used, but secondary and tertiary
vinyl ethers provide better incorporation of the alcohol. tertiary-butyl vinyl ether is

preferred.

30 Alternatively, the monomer unit can be generated by polymerization of the



The HO- A-R3 al cohol is preferably selected fromthe group consisting of:
10 2,2,3,3-tetrafl uoropropanol,

3,3,4, 4, 5WwH,08/089782 7, 8, 8, 8-tri decaf |l uorooct anol , PCT/US03/16765
per fl uorocycl ohexyl net hanol , perfl uorobenzyl al cohol, trimethylsilyl
met hanol, trinethylsilyl ethanol, tris(trimethylsilyl) nethanol,

tris(trinmethylsilyl) ethanol, (CH2)nOH tris(trinethylsiloxy) nethanol,
trls(trlmathylsHoxy) ethanol met hy Ibis(trinmethylsilyl) ethanal, rrethyl
' Si - O Songmebhierein tae ingetal Inpsigly Basmah@ady beea(gefnen@eﬁyligh%saactwﬂ@ 0,0

propan h thyI
Ferm navae et BB 2 L et BB e s prkortiotet SERL G

pol ysi lapngathe diednoref struttudV raxg beauseddl oxane ol i goners, such as that of the
20 structure VI shown bel ow, and caged sil oxanes, such as the

si | sesqui oxane :2)X / al kanol conpound VI shown bel ow. Si - 0~ Si/ |

I~ 0: O ic 8
PCT/ US03/ 16 g#%/ﬁlgg @ég%p'?ol’%'ﬁe? @nﬂ%fr%%b'? fofimed Y 6%%@9%?5 BOlMET 1 oo
are 4 hextdihingr bydaxystyre Lmlt;r eith &bdtyb-\idylt ether uandnan hglceliol in the

-trifluoro-2- hydroxy propyl ] -2-norbornene, respectively. R7 is Hor an
aci d sdnesenceof@nhapdLatayels ¢ -

The HO-A-R® alcohol is preferably selected from the group consisting of:

10 2,2,3,3-tetrafluoropropanol, 3,3,4,4,55,6,6,7,7,8,8,8-tridecafluorooctanol,
perfluorocyclohexylmethanol, perfluorobenzyl alcohol, trimethylsilyl methanol,
trimethylsilyl ethanol, tris(trimethylsilyl) methanol, ftris(trimethylsilyl) ethanol,

(CHz)nOH tris(trimethylsiloxy) methanol, tris(trimethylsiloxy)

/Sl—o ethanol, methylbis(trimethylsilyl) ethanol, methyl
P (Ij/ |515~ bis(trimethylsiloxy) ethanol, tris(trimethylsiloxy)
S0, |1_(§5\/_,0 propanol,  methylbis(trimethylsiloxy)  propanol,

N o~ | 0=8i . .
Si( 0 / | hydroxymethyl terminated polysiloxane polymers,
o—si 9 hydroxyethyl terminated polysiloxane polymers

and cyclic siloxane oligomers, such as that of the

20 structure VI shown below, and caged siloxanes, such as the silsesquioxane

2)X / alkanol compound VII shown below:
\/
O/SI—O\Si/
1 >
51\0 S./O
VI VI

where x=1-4 and n = 1-4.

25



but oxycar bonyl oxy or nethyl -t-butoxycarbonyloxy. R7 is preferably an acetal
group of 5 the type: -cHOAR3 R2 where A, R2, and R3 are as defined as
before. WO oQovi78nal |y, the polyner also conprises an addiPCirarsad/i6mehoner
unit selected fromthe group consisting of: hydroxystyrene, hydroxystyrene
units blocked with other acid sensitive groups,

al pha-trifluoronethacrylates, (neth)acrylates, (neth)acrylonitrile, vinyl

ethers or acetates, or substituted and, unsubstituted 15 | ei m des.
Pref erabl y tTFY@"‘ﬁiI gramplesni Woﬁé?’\/\ghna OGP”QWQJQ"#DFEH&%% Re 4-

f1uori %Xﬁﬁﬂél%iiéﬁg{??pmonﬁglhﬁé? Q%Wevﬁ'?r' orhe B0, #1triftadthb-3-Rgdroxy

addi ti ona acet nonomner ; e pol ynmer “cont'ai ns si [T con
f unct i repylh2ewolsornenes oegpactieslybeRweedd oalmoutcill sensitivengtaup $uidh ashe

silicon-containing nononer, unjit(s) and between about 25 to 95 nol ar % of
ot her _RAOHEATRRINEN QioPety-Ebuloxyed BORICY T ol Pretsratl A apetabaTgH o
uni t { sknhd ptg:esent in an anount between about 5 to 30 nolar % and other 25
nononer uni'ts are present in amounts between about 70 to 95 nolar % The
fluorine-containing polyner typically has a nol ecul ar weight in the range
bet ween about 2,000 to 75,000. 30 The pol yner backbones of this invention
can be prepared fromthe 7 WO 037@H$I8A PRI/ US03/ 16765 correspondi ng
vi nyl nononers by any suitable conyentional polynerization process. Such
processes include, but are not limted to, free radical or controlled
radi cal polynerizations. Such processes typically are run in a solvent or
solvent mxture, using a catalyst or initiator. The tenperature enpl oyed
may depéiiedh Ryand R™are as defined as before.
10
Optionally, the polymer also comprises an additional monomer unit selected
from the group consisting of. hydroxystyrene, hydroxystyrene units blocked with
other acid sensitive groups, alpha-trifluoromethacrylates, (meth)acrylates,
(meth)acrylonitrile, vinyl ethers or acetates, or substituted and unsubstituted

15 maleimides.

Preferably the polymer comprises between about 50-99 molar % of the
fluorine-containing monomer and between about 1-50 molar % of the additional
acetal-monomer unit.

20

Where polymer contains silicon functional groups, it comprises between
about 5 to 75 molar % of the silicon-containing monomer unit(s) and between about
25 to 95 molar % of other monomer units. More preferably the silicon-containing
monomer unit(s) is present in an amount between about 5 to 30 molar % and other

25 monomer units are present in amounts between about 70 to 95 molar %.

The fluorine-containing polymer typically has a molecular weight in the range
between about 2,000 to 75,000.

30 The polymer backbones of this invention can be prepared from the



5 nononer stability, and the catalytic ability of the catalyst at the
operating tenperature or by the deconposition half life of the initiator.
Exanpl es wD osup478bl e free radical initiators include, buPCarEsosod7esi mted
to, benzoyl peroxide, 2,2'- azobisisobutyronitrile,

2,2' -azobi s(met hyli sobutyronitrile), dinethyl 2,2'- azobisisobutyrate and
| aur oyl peroxide. Optionally, a chain transfer agent (e.g. to carbon
tetrabrom de or. 1-dodecanethiagl) may be included. Suitable ﬁ.ol vents for

pol ymecPHesPending Minanonnrners Ry apy Spitarle cenventional polenerzalicRRrare$sr an,

2- nmeth t f tQRui t i ke uene, £ Lyl ac ene
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met hyl popoherizdtionset Sueh procesdiegltypieally aseyucanta salveoh ot lseiveot .mixturghe
present [nvention also .includes_ a photoresist conmposition, co | Si t he
hovel SSInEme CBGRY O HBTEION eakte dRRPEIAILFS RIEIGHER| MAKIRRF AN dhe

St rugct r 4.0 n t tals C kNI 439 n i

o L e gt R A B R T L i LT
sol ventempérdRbt os bysheidezoopusitioint halhdifecahtheeinit@tou| Exetples ofysuitable

pol ymers of the .present. invention. The ly. s) ,of th resent ipvention
conpri $k€& rrﬁﬂﬂcébdﬁ‘(t'a?%.SQ% Uslea B aégwg{j)ciq\éf%{]gtoz)qur}@y r8§'§ﬁsié" ve
conMpositiARi 1QSensio 4\ hits | {id 2\ C ONPIi ep ners of
this i ﬁkgﬁ{éfsg@@gyggﬁgﬁlghot oe%i% Sg%gﬁaé@“.gbgg@%ned%egl yrrerds"%g%tﬁ\{phi soii’gvent i on
may be azbbistkedbutyrate andt laaroypipetroxidei st Optibnatty; ,a chiinctransfer cagendi(e.g.
silicon. Generally, .any photaoresist. polymer with alkalli.sol ubilizin

gr otbs Cﬁftb?’b ?té%P"\éW@%i‘H_ %‘é{‘?g?i:?r_\‘ﬁethbﬁomv?é' ﬁﬁf“ﬁ@dspgnﬁéﬂaﬁ)'ﬁ ﬁ\lgg@t.s for

phot OSWrﬁéﬁﬁatioﬁoﬁﬁé’lﬁbé,‘ b\ avtll 1aP! fmiddi té ONAbxad, | EraRRRbRIFN ND-
pol ymers for blending include acrylic polynmers, such as those described in
US Pat emethilbetrahy@iréfutas, 7asetanirileS 30IEness, @bglacatatei n proydenr aglgeplby

f . Suj t abl -Sili < I ni 8 /
bl y morESn e kel SFRt e ol VARSOBIPT A bt Bl T ERyRE, FRRDY bUTIYS.

such agetone, and diglyme or any combination thereof.

15
The present invention also includes a photoresist composition comprising the
novel polymer comprising at least one fluorine-containing monomer of Structure Il or
Il or and at least one acetal-containing monomer of Structure I, at least one
photoacid generator compound and at least one solvent.
20

Photosensitive compositions can be formulated using the polymers of the
present invention. The polymer(s) of the present invention comprise from about
0.9% to about 25% by weight of the photosensitive composition. The photosensitive
compositions will comprise the polymers of this invention and a photoacid generator.

25 The polymers of this invention may be blended with another photoresist polymer,
which may contain silicon. Generally, any photoresist polymer with alkali solubilizing
groups protected by acid sensitive groups may be blended in these photosensitive
compositions. Suitable additional silicon-containing polymers for blending include
acrylic polymers, such as those described in US Patent Nos. US 6,146,793 and US

30 6,165,682, herein incorporated by reference.  Suitable non-silicon-containing



t hose described in US Patent Nos. US 5,468,589, US 5,976,759, US 5, 849, 808,
and US 6, 159,653, herein incorporated by reference and acrylic polyners,
such as wesgsnpyrer in US Patent Nos. US 4,491, 628, US 6, 28¢1A303/1@8sl US
6,042,997, herein 5 incorporated by reference. Any suitable photoacid
generator conpound may be used in the photoresist conposition. Preferred
phot oaci d generators are those generating sulfonic acids. Suitable classes
of photoacid generators generati nq sul fonic acids include, but are 1o not
I m t eplyraerssiert Blendindoingledp mcetdl sRiptested yidrepstirena seaiymers, such as

bi ssul |l h d ' ofat S
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U1 1 orfASCHBEHITILS BAIETRANGH, Ut Bthecs PSR T6h9 50, anchDs Bo4aiRe, Bechini n us

Pat ent; MF H:H8Ace i Ncorporated herein by reference thereto. Still
ot heg?1 Igw gt)#?%éggarérpﬁqeseedf phot oaci d generators are triphenyl sul fonium

brom de, triphenyl sul foniumchloride, triphenylsulfoniumi odide,

triphenyl sul foni um 20 hexaf| uorophosphate, triphenyl su]foni um .
hexaf | uor oar¥WhgHItable PhoiRard geNeEHPLRTARRYR lﬁrc‘)%bgf‘%&%‘l[ i the photoresist
triphe f0n u | ' ; fQEum
chl br | qEMIL Bl BRORLRLGERY plofe S thosd GERETHiRG BB M
phenac\8uitabieabladses lof phlotsacidngeheatordegenerating sulfonic acids include, but are

4-ni trophenacyl t et rahydr ot hi opheni um c¢hl or.i de, an .
4~ hyeir G- > RAIY | pGy| AGMDEY ot KT opySYPLIR hicaltede. OBTAaRIIanales.

exanpl %’?séiﬁfoﬁglgiﬁ%ghﬁtﬁé?ﬁé Oé&hg?ﬁgr;ﬂc}f;‘r éﬁ@rﬁitrBBF?iﬁ&H‘dhatt@! tE&Ve”SFF?ébIe

i nclude trip oni um pe ooct anesul fonate, triphenyl sulfonium
per f | ughobedch genkfaiontempoanty lapd eindatieah éoryéxampleniiudS Patent Nos. US

perflu esu t t hy] phenyl di phenysu] f oni um

or {1 ucrosspZen LR s 485 W DR BB R, eyt O eterense.  Other

perflu i : ' ' | '

oy U} Eh}wﬁgﬁ.g % e,ratgrﬁ?% pégmwﬁidw BOAGH) Fhelhrivs st berfudidalky!
15 sulfonyl imides as disclosed in US Patent No. US 5,554,664, incorporated herein

by reference thereto.

Still other suitable examples of photoacid generators are triphenylsulfonium

bromide, triphenylsulfonium chloride, triphenylsulfonium iodide, triphenylsulfonium

20 hexafluorophosphate, triphenylsulfonium hexafluoroarsenate, triphenylsulfonium
hexafluoroarsenate, triphenylsulfonium trifluoromethanesulfonate,
diphenylethylsulfonium chloride, phenacyldimethylsulfonium chloride,
phenacyltetrahydrothiophenium  chloride,  4-nitrophenacyltetrahydrothiophenium

chloride, and 4-hydroxy-2-methylphenylhexahydrothiopyrylium chloride.

25
Additional examples of suitable photoacid generators for use in this invention
include triphenylsulfonium perfluorooctanesulfonate, triphenylsulfonium
perfluorobutanesulfonate, methylphenyldiphenylsulfonium perfluorooctanesulfonate,
methylphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
30 butoxyphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-

trimethylphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-



WO 03/ 099782 PCT/ US03/ 16765 tri met hyl phenyl di phenyl sul f oni um
benzenesul fonate, 2,4,6- trinethyl phenyl di phenyl sul f oni um

2, 4, 6-triweapneygrygt benzenesul fonate, phenyl t hi ophenyl di pheayhssob/icns um
4- dodecyl benzensul fonic acid, tris(-t- butyl phenyl)sulfonium

per fl uorooct anesul fonate, tris(t-butyl phenyl)sulfoniumb5

per fluorobutanesul fonate, tris(t-butylphenyl)sulfonium 2, 4,6-

triisopropyl benzenesul fonate, tris(t-but ybghenyl )sul fonl um
benzenddmethyiphenyldipenyisifaniymi opheny| di PeRzsAesulfoRatCum 2,4,6-

fl I f t abl
Phi s 1 RSB BRI ©2 0 ot 1 1 it o G ReEfsr Tosuiondts '
per; : ucphehylﬂaopbeﬂm;}{ldm&beylsgij&(i?mbbtjt?#bﬁdeobiemﬁmmmifumc acid, tris(-t-
er f 1 uor ohut anesul fonate, bis(t-bu i odon
Do {1 UG BERSISHIPONE: o, PRI PCHBRBNI A per £ | ISty hesYh T Hiaium
0S4 oRHiudiBBaRKeL ReELT™ benzenciid{aagiheniSifaniuthy! Pheny! ) 2 um

- "tri1sopropyl benzenesul f onat e I phe odoni um
4 et hasiigbpropy Henizé nesufonats, Ftus(ct*beutylp:lxamb)lselsfomﬂrrsubderaztﬂrmsplfommc| and
generators faor use in this venti o
B o (- FenuiBoaheBAgPREMYSLlRR kRS e tanssgate-
t ol uenesul f onyl di azonet hane, 1-cycl o-hexyl sul fonyl -1 -(1, 1-
di met hyl et hyl sul f onyl ) di azonet hane,
bi s(I, 1- di mixayhples pf suitalbleyibjidniarosaltshtara)se2id this invention include, but are

b yl i | h .
ARl 34 ) SRS haedoNug. ¢ periiarebitepRyyifonate,  bist
oy owm M RO e foroBataRbbifornép- ! AiiEBaBMictyNdAIm

| ophenoneg, anesulfonyl 2-met hyl - (4- met hyi t hi opr opi ophénone,
2, 4- netﬁwﬂluorlet;haneeullfmmieul fdiphanyperoddiiome, perflutiragctanesulfonate,  bis(t-

{rg]c Bgln Y Otb%f[l\ / ?#)hen "2 b%%tzgrrulgsneffonaté CycLlsr]tet))(l}(ty%%ER)gl%hbr%ihfr‘P 25 4,6-

1- CyC' Qhﬁes?f yldeﬂ%heéw&{a@@%d Glgf\gﬂpbﬂd@hﬂﬁﬁﬁﬁh@mybénz@lﬂ\s@ﬁenhte

-cycl ohexyl suf f onyl di met hyl - anone, 1l-diazo-l-(1
dlneihylethylsulfonyl) 3, 3-di net hyl - 2- but anone, 1-acetyl-1-(1-
met hyl et hyl

ot of uencd UPBR PSS & rufble. BhoGaP G, aReeralory; g s in this invention
- benzenggul f onyl pi3(Rtdliemdsiifonghdbzémefanel - di azo-metHyisulfonyl p-
toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyl)diazomethane,

20 bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 1-p-
toluenesulfonyl-1-cyclohexylcarbonyldiazomethane, 2-methyl-2-(p-
toluenesulfony1)propiophenone, 2-methanesulfonyl-2-methyl-(4-

methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-

methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-
25 toluenesulfonyl)propane, 1-cyclohexylsulfonyl-1cyclohexylcarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(1,1-
dimethylethylsulfonyl)-3,3-dimethyl-2-butanone, 1-acetyl-1-(1-
methylethylsulfonyl)diazomethane, 1-diazo-1-(p-toluenesulfonyl)-3,3-dimethyl-2-
butanone, 1-diazo-1-benzenesulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(p-
30 toluenesulfonyl)-3-methyl-2-butanone, cyclohexyl 2-diazo-2-(p-
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30 tol uenesul fonyl)-3-net hyl - 2- but anone, cycl ohexyl 2-diazo-2-(p- 10 WO
03/ 099782 PCT/ US03/ 16765 tol uenesul fonyl)acetate, tert-butyl

2- di azo- 2wibamesresul f onyl acet at e, i sopropyl - 2- PCT/US03/16765

di azo- 2- net hanesul f onyl acet at e, cycl ohexyl

2-di azo- 2- benzenesul fonyl acetate, tert- butyl 2

di azo- 2- (p-tol uenesul fonyl )acetate, 2-nitrobenzyl p-toluenesul fonate, 2, 6-

di nitrobenzyl p-taol uenesul fonate, .and 2, 4-dinitrohenzyl .
p-trif Ita'élﬁaﬁ%‘t"ERHYB@ﬁﬁ@%- tertstmty'o%Q@ZOﬂn@eWaﬁpwg@%F&‘at GHOREBRYAIN i s

typi caldy., e ' n )\ A 9 ' ofapol yner
sol i ds dzliynzd&%tg%%ﬁg QI%’B)I% agoutdilci‘%g%e%(gb%gizng% b\%glzéﬁ g%”ﬁﬁcgtr?é?’ {seorFi ds.

Pr ef er roadylp Bo dizro-2H(prHéoiae ¢ sulfonglacetatd, oAinitmolsen 2y . p-taludhesyifonate c 2ob6-
gener at Qr. be used al one or in conbinatiopn with one or nopre hot oaci d
Goner AL ObYRE o BriguienasW TRttt o fEHuH abgBAk: RIDRUSRAIBYBRBReC:

genef atQlifoRhtd Uures i s between about 10%to about-90% of the total photoacid
generator m xture. Preferred photoacid generator m xtures contain about 2
or 3 photoacid generators. Such m xtures may be of the sane class or

di fferent clmafspRotohtidEyandriats: &Smpoeieid %ida'uytem?@y@aaqh UHE FHbhmei ¢fm
salts with bissul fonyl di azonmet hane conpounds, “sul foni um salts and

i M dos @bfowt &t Bt 26%dby weighd @f pehinoen salids andimere pesfeeabdy abeut &%t tof Br%t he

o net i1 v o RPN BE GRS L REeRERG PO Rt eiRalels B s BREM SRS 1 avi 1
pol ysrerthe bRoRiaeidgehéeraticeinaiagt 96 .useddalbhe &omt tovabirRtiBAdwitd theser vesre
shoul d be inert, should dissolve all the conponents in the photoresist,

shoul d phetoacihgengmatarsy dienperdentage of @achi Rhrteaeidcepssataitis phrfoaeidul d be

comosiensreter Mk Os 3h GrvRsr ph 108 1A AB0BrS6d pipRraRRe' " 11

Sui t ablgenepiteethixtdrer PhdferreBobistestidt gererasi mixeuregayoritaml speutket omes,
ethers and esters, such as nethyl ethyl ketone, nethyl is_obut%/l ket one,
2- hept Ah@heacid genefaiaisanauweh Mixterashary the same plgr§-of differpt elasseset at e,

2- et hoé%&ﬁ\'ﬂ%y)l ’ o%'et&%ﬁ(r?éaqan%ixttﬁ’egt NOXXRIAY! sulfonium  salts  with
bissulfonyldiazomethane compounds, sulfonium salts and imidosulfonates, and two

sulfonium salts.

The choice of solvent for the photoresist composition and the concentration

20 thereof depends principally on the type of functionalities incorporated in the acid
labile polymer, the photoacid generator, and the coating method. The solvent
should be inert, should dissolve all the components in the photoresist, should not
undergo any chemical reaction with the components and should be removable on
drying after coating. The solvent is generally present in the composition in an

25 amount of from about 75 to about 99% by weight. Suitable solvents for the
photoresist composition may include ketones, ethers and esters, such as methyl
ethyl ketone, methyl isobutyl ketone, 2-heptanone, cyclopentanone, cyclohexanone,
2-methoxy-1-propylene acetate, 2-methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl
acetate, I-methoxy-2-propyl acetate, 1,2-dimethoxy ethane ethyl acetate, cellosolve

30 acetate, propylene glycol monoethyl ether acetate (PGMEA), methyl lactate, ethyl

lactate, n-butyl acetate, methyl pyruvate, ethyl pyruvate, methyl 3-

11



acetate, |-nmethoxy-2-propyl acetate, 1,2-dinethoxy ethane ethyl acetate,
cel l osol ve 30 acetate, propylene glycol nonoethyl ether acetate (PGVEA),
met hyl | awpaBBey97et hyl | actate, n-butyl acetate, nethyl pycoiaEnsic7es hyl
pyruvate, methyl 3- 11 WD 03/099782 PCT/ US03/ 16765 met hoxypr opi onat e,

et hyl 3-net hoxypropi onate, 1, 4-di oxane, ethylene glycol nonoisopropyl

et her, diethylene glycol nonoethyl ether, diethylene glycol nononethyl

et her, digethylene glycol dinethyl ether, and the |like or mxtures thereof.
5 1'n AMEHERYPTORRNASY Rt n - MEosVRigRInAlRs yiBeangid R VigNEncaVCal
phot or eghSdi ShiHON. Ai p f e It ' (o] enge
Dt ot ong OFSUBERPRSEiHeR AERIENS DBRRP ridrRaiRi 0 L arETE, Jre

act i ni anorainethybetherhdietasenepglyvairdimetha ettu, andithd ees agmixibresHberssfd

| abi | e groups by the undesirable acids, thereby increasing the performance
and stability of the resist. The percentage of base in the to conposition

shoukd be sijgrinfAddidnal drivEdinidntbddecadtificiamial EEAGIE] & tHRESIRAB R Sidt
woul d not be desirable for the base to interfere with the cl eavage of the

aci 19 | m;mm:sit@mdﬁse attposet ofdhp hase asidlitye is terpeavarigenpriotons pregeat isdheThe
f the _bas: ds. . wh , 3%1tq 50% Db
et ght RPRSRE s 48 bR HaEiAEY oM AMcaatiabre Jhepres RFvelse

addi ti vgacRr nd cieivaykl 81 da Alck Idiilet gfdu%@pb)fbﬂﬁé%fﬁdt%irable acids, thereby
4- di met hyl ani nogyrl dine, 4,4'-diam nodi phenyl ether, 2,4,5- _
t r i pheny¢reasingZbe erionmance apdstalityyaf it zesto] snpercentagenyfdeasenip the added

ot b CoPa, Shold b€ ST r Tafer R YRE PRgatE SEREPRSL bBRS N o
and musfolle riodbebdésiiblevidthleaidie® intérfareaRiers She eRAVEGE T tha Alcitiabgeany
thermal treatnents. Exanples of suitable dyes are fluorenone derivatives,

ant hr acsaepsieftey e photaesisy cenpogitionvistirradiatedx Hdte prrfeired caage oftthat are
sui t abl f | Skl §e ef iLbed i P, No.
5. 503, 5p5e SmBATIE. PhE ERERCT REPE 30y RUPE Y eldhu e BiaPaels: o
conposigeneratRtofipoundl  SQititle sexabmples of ibzaral additvds ¥rs 2-methylimidazole,

15 triisopropylamine, 4-dimethylaminopyridine, 4,4'-diaminodipheny!l ether, 2,4,5-

triphenylimidazole, and 1,5-diazobicyclo[4.3.0]non-5-ene.

Dyes may be added to the photoresist to increase the absorption of the
composition to the actinic radiation wavelength. The dye must not poison the

20 composition and must be capable of withstanding the process conditions including
any thermal treatments. Examples of suitable dyes are fluorenone derivatives,
anthracene derivatives or pyrene derivatives. Other specific dyes that are suitable

for photoresist compositions are described in U.S. Patent No. 5,593,812, which is

incorporated herein by reference.
25

The photoresist composition may further comprise conventional additives,
such as adhesion promoters and surfactants. A person skilled in the art will be able

to choose the appropriate desired additive and its concentration.

30 The present invention also includes a bilayer resist comprising: a photoresist

composition comprising at least one fluorine-containing monomer unit of Structures
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such as adhesion pronoters and surfactants. A person skilled in the art

wll be able to choose the appropriate desired additive and its

concent r awoma/09882 The present invention al so includes a biPCagEso3/1Ess st

conprising: a photoresist conposition conprising at |east one

fluori ne-containing nononer unit of Structures 12 WO 03/099782

PCT/ US03/ 16765 Il or 11l and at | east one acetal -containing nononer unit of
east one of .1, 11, and I,

St t | wher ej I , I i]i ,
Subst 1 1Ll b5 et one seataSm R mascrier it o Srudire| peeieiy a
at t achqgadtricher AACHAY Iif HAE H QRal §L}bstig§eﬂt?§fﬁ/io@&ethﬁhﬁ%§§Fr?é&SQL%hgﬁ@érﬂr

conpound, and at |east one solvent; and an under coat )

phot or dsinot directly sittached its thgppicetal fumdtionalityy at deast surtes phatoacidygé&merator
coati ng _net hods. For, ex | e, .the coatings, nmay be applied by spin-coating,
di ppi n ,Omﬁﬁqﬁéggtqtﬁ%?sa%@ﬁﬁ%‘ﬁ n@n ?Uéﬁpﬁ{fc}l%gﬁyﬁi ng, and reverse-rol |
coatéing. The coating thickness range generally covers val ues of about 0.1
to nmore than 10 m to After the coating operation, the solvent is generally

renoved by drhg phptomsistaompagitian is@ppdied wpifernlyytoa suhstiate by kepwal | ed

about 2060ng MEhBap oF ok Baibis’ fle ety Beanrl R i SrifaBabier er by 7or
about Hfigsing nklsife &)éi@l]gmmh@ﬁoﬁ,mﬁﬂihggsmytri@,e ahBirékeres soll cbhndiedhéng

el ement and end use of the resist. 15 The photoresist conpositions are
sui t abla@atipg thicknigaseiange agnerallyesavers valups of aheuted.dde mapiectsani@ustry. For

XA Sand lin 6 ¥Balo UBEEARR, RleeGA R HEREF b oued b Ming® 1H S

t,
sol der 'resi's rests of printing , resist for

cheni calteprid typrallpa Hezgingtstepcaliedl sofidiakel whes thenteigt ahe¢dubbtratei 4re.  The
possi ble 20 coatings and rocessin% conditions of the coated substrates
iQ

di ffer neated i AdeyPeraskre ofahaud d0reiterd S8rC far akouts fayesesands torfenibst rat e
i mgenbibs, Befebatdl Rrsiicrh sSUIBARS 16 30 RIS 8 e gkt 71T g
a pr edeheheating eferhéstrand end use of the resist.
15
The photoresist compositions are suitable for a number of different uses in

the electronics industry. For example, it can be used as electroplating resist, plasma

etch resist, solder resist, resist for the production of printing plates, resist for

chemical milling or resist in the production of integrated circuits. The possible

20 coatings and processing conditions of the coated substrates differ accordingly.

For the production of relief structures, the substrate coated with the
photoresist composition is exposed imagewise. The term ‘imagewise’ exposure
includes both exposure through a photomask containing a predetermined pattern,

25 exposure by means of a computer controlled laser beam which is moved over the
surface of the coated substrate, exposure by means of computer-controlled electron
beams, and exposure by means of X-rays or UV rays through a corresponding

mask.
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25 exposure by neans of a conputer controlled | aser beam which is noved
over the surface of the coated substrate, exposure by neans of
conput er -worBned7Bed el ectron beans, and exposure by nean®cafusi3naygs or W
rays through a corresponding mask. 13 WO 03/099782 PCT/ US03/ 16765

Radi ati on sources, which can be used, are all sources that emt radiation
to which the photoacid generator is sensitive. Exanples include high
pressure nercury. |anp, KrF excinmer |asers, ArF exciner |asers,. F2 exciner
| asers, el eﬁa%%t'%a%rceanth%% bg are E?"Ter%‘rﬁ$%§%%t§rﬂg§€g'ia586 Qbove
for L NSMERHEbhOiBaBl detldraior N Seiitiie SERIRPREARINde il HRSyréimeRodryr L her
process neasure, heatihg of the coating betWween exposute and treatnent

wi t h t hamgeKeF opaiimeiNldders hArfaiedcivhert lassrshdat excimar fasers, efenivonabeams
"post - exposure bake", virtually conplete reaction of the acid |abile groups
in the bEAYMAUEESin with the acid generated by the exposure is

achi eved. The duration and tenperature of this post-exposure bake can vary
within broad limts and depend essentially on the functionalities of the
pol ymer resiThe procesy desaiibatt ablovgefasthe produdtion@f relef sinrotenes raefesablyf

th t Th d ist.is typicall jected t
t onper AHTHESS 078 Bobihes Grofers: Bipaeufin, et Biesertng, BEED Soiha os.
The pr &frRy frEStRERT witi RS Weveliper. | Withr 9@ aiaost thd) Reb® trbabhehO rkrithiiiiasS

seconds to 300 seconds. After i magewi se exposure and anﬁ_ heat treatnment of
t he mat'posteéxpasbiee bakphswdualyegomirletehieastion cfctbiesacidr labile rgioups iy the

dissolution in a deyeloper., The 0, chgice of the particular deyel oper
depé%d?o(%“frhéest'@ t\f‘o%egﬂﬁ'goqeéﬁrgéd 6%%%?1’@8%’1"& 'So%cr}'%\éeénatTlmeeg%qa%BHe
pol y merandeeiipeRaturd of 19 okl EkSodure Bakt Taaarey dithfh brbad lirdiey ah@Rebehan
I ncl ude aqueous sol utions of bases to which organic solvents or mxtures

t her eofessaptiaibven thectungtidealitienfithe poammer esiy, éhe &pedelacid generatpeandqueous
al kali Th ?hoe!' %toinggﬁt'rat-imwe%? thggé lf\%%’ c&%{aoﬁ‘é(r?tgpl %heagkbeo%"é% ?é)éiéit iso%ic%fllyal kal i
subjected to temperatures of about 50°C to 150°C for a few seconds to a few

15 minutes. The preferred post exposure bake is from about 80°C to 130°C for about 5

seconds to 300 seconds.

After imagewise exposure and any heat treatment of the material, the

exposed areas of the photoresist are removed by dissolution in a developer. The

20 choice of the particular developer depends on the type of photoresist; in particular
on the nature of the polymer resin or the photolysis products generated. The
developer can include aqueous solutions of bases to which organic solvents or
mixtures thereof may have been added. Particularly preferred developers are
aqueous alkaline solutions. These include, for example, aqueous solutions of alkali

25 metal silicates, phosphates, hydroxides and carbonates, but in particular of tetra
alkylammonium hydroxides, and more preferably tetramethylammonium hydroxide
(TMAH). If desired, relatively small amounts of wetting agents and/or organic

solvents can also be added to these solutions.
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25 netal silicates, phosphates, hydroxi des and carbonates, but in
particular of tetra al kyl ammoni um hydroxi des, and nore preferably

t et r amet hwbaaoesa8um hydroxi de (TMAH). |If desired, relati weryusesrad7bs anount s
of wetting agents and/or organic solvents can also be added to these
solutions. 14 WD 03/099782 PCT/ US03/ 16765 After the devel opnent step, the
substrate carrying the resist coating is generally subjected to at |east
one further treatne step whi ch changes substrate in_ areas not, covered by
t he photor eﬁfgq bl%t W&'Opﬁwtcétlepyqﬁ?hﬁlé bsttaie pealrving atheafed®t &Patng dspant |
deposi teRaraly ULy t Rbn@ Rt Rt bR Pivh ABEEQuBbtraRRen5
subst rge. r [YI SIS usu(g%F f‘era|fso%)1.‘owed t he rermpq{v ﬁp Cftﬁtaearemust coatnl ng
from t legeas nbscowred byithg p@omrea;labcb@atmgr |'hm1¢aj|ynﬂ1|$10dn behHmpladaton of at hi s

i nventi pon y ,be c ated ove an _under.coat , to f i layer,  resist, Filns
of  undelBaatS 48PeSHan: et Apthe eI B oS sBERRE St SMertend: of tpe

phot or egbstrafP P THidid %@ﬁaﬁﬁ%li@ﬁ%@%?'tﬁb'r@hd\@l RP RO rBSisE Coatify |fBrkh thekness
of the undercoat will vary dependi ng on the exact application but generally
range fsubsiratebusing @0suitablgsstrippgtroetiiodut 10, 000 angstrons. Thi cknesses of

from about 1500 Angstrons to about 5000 Angstrons are preferred. 15
Sui t abl e undercoats have several required characteristics. First, there

shoul d be M @sfﬁt@fﬂﬁn@%d@%h&ﬁ@ﬁb;ﬁ be coafrr 6@atarpifdéresasto foﬁﬁfhﬁbﬂ’é)}éf this
is achi eved b%lj casting a filmof ‘undercoat and crosslinking it to reduce
m

cast i ngesist.ve sooﬁmnldefqoats e bipisallyi s gcashyfrene- soleentsl syitaple for

LB R B S Sl AT, RS g,
U
LS Sar AN 4350 A0E et Sckar pctn g b G T 11

60/ 275 3528t B8P Anastieses maa@@m %000 engpa®s. Umalémet&s&wfaﬂ% ab@@héﬁam y are
opt1 oar st A3 sHOeGh G B ARTBRHR Cont "are optim zed for the
exposure 25 wavelength to mnimze reflections.

15 Suitable undercoats have several required characteristics. First, there should
be no intermixing between the undercoat and resist. Generally this is achieved by
casting a film of undercoat and crosslinking it to reduce casting solvent solubility.
The crosslinking may be thermally or photochemically induced. Examples of this
photochemical and thermal crosslinking may be found in US Patents Nos. US

20 6,146,793, US 6.054.248, US 6,323,287, and US 6,165,682 and US application
number 10/093,079, filed on March 7, 2002, based upon US Provisional Patent
Application No. 60/275,528 hereby incorporated by reference. Undercoats also
generally are designed to have good substrate plasma etch resistance. Generally,
the optical (n,k) parameters of a suitable undercoat are optimized for the exposure

25 wavelength to minimize reflections.

Imaging the photosensitive composition of this invention on the overcoat is
substantially the same as on a substrate. After images are formed in the radiation
sensitive resist, the substrate will be placed in a plasma-etching environment

30 comprising oxygen so that the undercoat will be removed in the area unprotected by

15



| magi ng the photosensitive conposition of this invention on the overcoat is
substantially the sane as on a substrate. After inages are forned in the
radi at i onrwossngeB2 ve resist, the substrate will be pl acedPOT/Es03/16765

pl asma- et chi ng envi ronment 30 conpri si ng oxygen so that the undercoat wl|
be renoved in the area unprotected by 15 WO 03/099782 PCT/ US03/ 16765 the
resist. The silicon in the silicon-containing nmononer unit fornms silicon

di oxi de, when exposed to. an oxiggenpgllpasna and protects the resist from

bei ng 4R AEYSE o INEngllicanein Wie sHicQn-CORIAINIRG MAROTEY Hal TorNs KUICAR FHPKgS!

| ayer. t ufpsit i Lhayer
ol e Whefl EEboclP IO RKARHOBN AT, AR) plOBCRLINR] FER EAhTAg SR S
st ep whhathretidfostgeturestemanshb firmetienithe andaescoabtayeover ed by the bil ayer
coating. Typically, this can be inplantation of a dopant, deposition of
anot her material on the substrate or an etching of the substrate. This is

usuad 'y fol lgwadify 4 hepR¥Aa Gltep hend eslibtrafdiCed tpebyns ¢éifefand
theaéundercoat. The i rﬁgﬁt [ gﬁ i sa [ I(Ia%st rat ed brfll, butrFyE% I iem' te%@f'tjo, t he

f ol | owistrgctxaripigeserallysubjented 40 at east eufusther dieafneant step-\Whishathanggs

Pol yner, Synt hesi s _Exanmple 1 Preparatiaon of . . .

a5 dha spRafSin el Bef soverrib s by Poaing e dumicaly. thig can be

hydr oxy@b)drattort P Ypant Hepdsitidh @f ankifermndtéfi@con ankesutbAtng doahom
flask the follow ng ingredients were charged: 18.6 g of _ .

4- hexafetelongiof the spystrater diis '(mmww,lovaecg by hefemovalnfitbg yesigt and its AS) |
25. 15 %gof ettrahgﬁaﬁof uaanﬁéTHF) and 0.30 g of 1 25 dodecanethiol. The

f1 ask Br%ciﬂ'ﬁ?)ﬁ@ PR9Y“R8Ynetic stir bar, a t hernocouple, a refluxing
condenser and a gl ass stopper. The solution was stirred and heated to 55C
then 0.98 g of 2,2'-azobis(2-nmethylbutyronitrile) was added to initiate the
pol yneri zat i 6 invertigvisilysiiates by hewdtna limitegde, therfollawing epamplesy mer
solution was cooled to roomtenperature and 60 g of methanol and 0.244 g
p-t ol uene

15

Synthesis Procedures for Fluorine-Containing Polymers

Synthesis Example 1
Preparation of 4-[2-(1,1,1,3,3,3-hexafluoro-2-hydroxy)-propyl]styrene-co-4-
20 hydroxystyrene copolymer (SE-1)

Into a 100-mL three-necked round bottom flask the following ingredients were

charged: 18.6 g of 4-hexafluoroisopropylstyrene (HFIPSty), 8.31 g of 4-
acetoxystyrene (AS), 25.15 g of tetrahydrofuran (THF) and 0.30 g of 1-

25 dodecanethiol. The flask was equipped with a magnetic stir bar, a thermocouple, a
refluxing condenser and a glass stopper. The solution was stirred and heated to
55°C then 0.98 g of 2,2’-azobis(2-methylbutyronitrile) was added to initiate the
polymerization. The solution was heated to 65°C for 24 h. The polymer solution
was cooled to room temperature and 60 g of methanol and 0.244 g p-toluene

30 sulfonic acid (pTSA) were added. The mixture was refluxed at 64°C for 4 h. A Dean
Stark condenser was inserted between the flask and the reflux condenser and the

mixture was heated for two more hours with constant drainage of distillate and

16



30 sulfonic acid (pTSA) were added. The m xture was refluxed at 64C for 4
h. A Dean Stark condenser was inserted between the flask and the reflux
condenserwand/obdre2 m xture was heated for two nore hours WATIUSO8MEHRNT
drai nage of distillate and 16 WD 03/099782 PCT/ US03/ 16765 addition of
fresh nethanol to the mxture (- 25 nL of distillate/ nethanol each tine).
Reacti on conpl etion was determ ned by the absence of a carbonyl stretch in
the IR spectr to_roomtenperat .58 g of

u After the m xture cooled | re, 5
CR- 20 ia&‘i“t'oé‘x%fr{égfdb"%'%@ripl(t%”?ﬁ BaEe G1 5§4m%@6ﬂ§ﬁlﬂa@l@ﬁff@a0§’ eqeR ilfled and
stirre : | wteb A R ol i L of
wat o | i ckion, B mplellt v dbtoffintthy fnel Mo Heabcnlvt ke tho fR5 0,
of wat especifam. phitgmtire waixtute i @abled ta rooat dempevaturaet 5EBCgunidIR\28ciomn f or
24 h. The dr ol. r i ghe 6. 35, | 82% recove Anal yti,cal data i
el uocaenand ETL TR rBaHELS! VIS HERr R EE oL HER e, ahd Sl PHOb oot ot
bl ocke & : SE e £ e i t - t i nyl
other - ams soluligiaels IRGERARE pRNCISIBAC 07 4 Aot RO SO o
t hr ee- veatksolid wvass- filtetrred mndl washeshwitip 566 L of watemghles polystérrwasl 8rigdin aa
t her mocoupl e, a gl topper and a,r r t um was char ged 4. of
Ty 4 SPERURY alerBel B G SR O T (R T SRR el Ml d 8 3805, 4
of et hyBouaeebdé®).(AhdMG0al daREisSAEILEESTh WRStapReHaIBWdi stilled at 60C unti |
8.40 g of solvent” was renoved. To 25.85 g of the remaining pol yner
solution 2.20 g 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uoro-1-octanol (FOH)

and 0.71 g tertiary butyl vi nyé 2(])1 eftg__ﬁ(r I_I%tIB ) were added. The reaction
was!Cat al yzed with 0.30 g pTSA ¥'8tl Sidideis ke E’)? ared as 0.003 g of pTSA

di ssol VP?bOdamatﬁbr?@f?a@etafblEb@%PSE-N(s@z}: FeepaRel bypfedeBon beuessheg- th 1. 45

g of CR-20 resin and stirred for 20 mnutes. The polymer solution was

filter endarltpndaylsther and 3/3,460,56,67, hgShtidesaduorshagtanalee times each
with 50 nL of hexanes. The polyner solid was filtered and dried in a vacuum
25 oven at 60C for 12 h. Analytical data is included in the table bel ow.

Synt hesi s EXgtaph €10d-mL three-neck round-bottom flask equipped with a magnetic stir
15 bar, a thermocouple, a glass stopper and a rubber septum was charged 4.98 g of
poly(4-hexafluoroisopropylstyrene-co-4-hydroxystyrene) (SE-1) and 29.27 g of ethyl
acetate (EtOAc). The solution was vacuum distilled at 60°C until 8.40 g of solvent
was removed. To 2585 g of the remaining polymer solution 220 ¢
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-octanol (FOH) and 0.71 g tertiary butyl vinyl

20 ether (tBVE) were added. The reaction was catalyzed with 0.30 g pTSA solution
(prepared as 0.003 g of pTSA dissolved in 0.297 g of EtOAc). At 4h the reaction was
quenched with 1.45 g of CR-20 resin and stirred for 20 minutes. The polymer
solution was filtered and precipitated in 300 mL of hexanes and washed three times
each with 50 mL of hexanes. The polymer solid was filtered and dried in a vacuum

25 oven at 60°C for 12 h. Analytical data is included in the table below.

Synthesis Example 3
Preparation of acetal blocked SE-1 (SE-3): Prepared by reaction between SE-1 and

t-butyl vinyl ether and 2,2,3,3-tetrafluoro-1-propanol
30
Into a 100-mL round-bottom flask was charged 5.0 g of poly(4-
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Preparation of acetal blocked SE-1 (SE-3): Prepared by reaction between
SE-1 and t-butyl vinyl ether and 2, 2,3, 3-tetrafluoro-1-propanol 30 Into a
100- L r oepd3bot78om f | ask was charged 5.0 g of poly(4- 17 PODUGE3/008Y82

PCT/ US03/ 16765 hexaf | uor oi sopropyl styrene-co-4-hydroxystyrene) (SE-1) and
20.0 g of EtOAc. The solution was concentrated using a rotary evaporator
at 40C until 7.9 g of solvent was renpved. The flask was equi pped with a

magnet i b th LNl I

ol ut 1 GXaOreREpraRy shyrshertr by HSHUBHETEIOSES Ty SO T BUAS RPeE
vere adg@ftionTWas rc%?ﬁbhf?ﬁtééaﬁs@@taa}d’téﬂﬂe Oé&afbroéi 400 unﬁﬂ-‘ﬁ'@ ?C&fl%dl\?’éht
(prepared as 0.0003 g pTSA di sSol ved 'in 0297g Et OAc) and stirred for 24

h. The wammwed;vaihqﬂealchm aguippetl Wity amagmem@shremrramha thermocsuipier 20

I nut t filt d { 100
nexaned® e Boet ik rerBalfing Ralitfen sl B4 o 1 & PLE" B LR EDUARRIRARY, *soc
for 42 (ﬂTFPg)'éP\dAm@' ﬁtéfoBVEi%é%e'eﬁjdé&cﬁﬂiﬁﬁ’ead}lohhﬁaé Ayl With SN §esti s
Exanpl e E‘aratlon of acetal bl ocked SE-1( SE—4g02Pre ared by reaction

bet wee® TSIA solgtign (prepargd W.mwo%gmgl?sani@solved in 97g EtOAc) and stirred

{1 ack JHG 28y 08 EoBU0 T ot BT cheRLBA TR <o Pt b-ap fpsin di SEHES 18P 26T

st yr engnigotes: WMIyﬁerrs@nﬁbn(\ﬁEs fitered. & Brevipikité¥en a0d AL rexahes:
hept anet hyl cycl ot etr asi | oxane- 1- propanol (HMIP). The sol uti on was

r ot ovaphed petymegoeolichtwas $||t§l’§dg apgl died dnta WwesupBTOYen. atTRSC pios et h-was

reﬁg(gte(?q]%cg $aé%SQH(9Ldg(§) r?ﬂ% Wﬁélo\ﬁt QAc added and 5.84 g sol vent

ul ppe a ‘magnetic stir bar and a
t hernocouple. To 3.58 g of t he remal ning polyner solution 2.42 g of Et OAc
and 0.13 g of tBVE were added. The reaction was catalyzed with 0.01 g of
canphorsul fonic acid (CSA) sol SYnthesisgr@mpled as 0. 0001 g CSA dissolved in

0. 0099 E érﬁa%ﬁan of heétaPolBckdE SESAEE 2] PaSartely RefLtivh banled? sE-9an

triethyla
t-butyl vinyl ether and 3-heptamethylcyclotetrasiloxane-1-propanol

15
Into a 50-mL round-bottom flask was charged 1.0 g of poly(4-hexafluoroisopropyl

styrene-co-4-hydroxystyrene) (SE-1), 9.38 g of EtOAc and 0.39 g of 3-
heptamethylcyclotetrasiloxane-1-propanol (HMTP). The solution was rotovapped at
30°C until 8.15 g of solvent was removed. This process was repeated with 6.80 g of
20 additional EtOAc added and 5.84 g solvent removed. The flask was equipped with a
magnetic stir bar and a thermocouple. To 3.58 g of the remaining polymer solution
2.42 g of EtOAc and 0.13 g of tBVE were added. The reaction was catalyzed with
0.01 g of camphorsulfonic acid (CSA) solution (prepared as 0.0001 g CSA dissolved
in 0.0099 g EtOAc). At 4.5 h the reaction was quenched with 0.50 g of triethylamine
25 (TEA) solution (prepared as 0.005 g TEA dissolved in 0.495 g EtOAc) and stirred for
15 minutes. The polymer solution was filtered and precipitated in 300 mL of
pentane. The polymer solid was filtered and dried in a vacuum oven at 50°C for 12

h. Analytical data is included in the table below.

30
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25 (TEA) solution (prepared as 0.005 g TEA dissolved in 0.495 g Et OAc) and
stirred for 15 mnutes. The polyner solution was filtered and precipitated
in 300 niwofos/opest ane. The pol ynmer solid was filtered andpdmiesds/iere® vacuum
oven at 50C for 12 h. Analytical data is included in the table below 30
18 WO 03/099782 PCT/ US03/ 16765 Synthesis Exanple 5 Preparation of
4-12-(1,1,1, 3, 3, 3-hexaf | uoro-2- hydroxy) - propyl ] styrene-co-4- hydroxystyrene

copol ymer (SE-5) 5 Into a 250- ree-necked. round bottom fl ask the
foll owi ng i ngredients were ?@é@ssz%xaﬁplsdﬁ)f HFI PSty, 7.74 g of AS,

34.75 ¢ f e equi pped with
a rragne!tleg(P a-sthtﬁ fj4?2370%1&@%%815%%@%@52?@% E%gdgggﬁ%@éénd a gl ass

st opperhydide/spoene copoaer{8ErF)ed and heated to 55C then 1.23 g of

2,2' -azobis(2-methyl butyronitrile) was added to initiate the 1o

pol yneri zation. The solution was heated to 65C for 24 h. The pol yner

sol ubion  WagtocH96EME threBinetikddGudd %o%ni%ékﬂﬁ@'fo?éwﬁng ﬁ&r@é@mt@%@?e wer e

added. A Dean Stark condenser was I nserted between the“flask and the
refl ux qh@r@mg@rﬁrg@f HAIRSHY, & . ihg of &S,134e @5 gtofclddE mod M3hg ofrf-1 R spect rum

of the ture carbona/.l stre ch oM nt% nor e hqur W th
ons1 o 0dengal° dHe sk P eaYRR0 YEhC medngRt i Bor A PelRhCouTra " he
m xtur Qeﬂux@é cBﬁd@ﬁsé?'aﬂd' 4 bPés@ls'ff@éﬁﬁanhees?tﬂbtldﬁ Wé)s stir@dsHeoRehtbiRt§pect rum
of the mxture showed no carbonyl 'stretch, which indicated that the

react i dib°Getbendngd gtaf 2 Z&fazabls(aenmhxtblmitséomﬁrde)swas@ddedrtcnmh@f@rthwr e, 3.4 ¢

CR- 20 d st d | ut | t d and
br it piReMTBEIFRIeD: 711 nuil s MHASRATBacs for 248 RetRgReliiulbhca i n o
vacuumgaeeoalfd & 568 anadT. 1 \@PefHEINaRb! dndn 03053 PpiTemeReMpaddi® 0l ved in
THE to make 100 nL solution and precipitated in ? L of hexanes. The

sol i d Vi2eart Biark ceadenseravasinsered bepween theoflagk and ﬁmaﬁlnmondaawﬂ Her 12
h. Analn\(m{urglwa a}eﬁukéd apgh!’@?&i H. tAn\elFs g}?é&rurg %lf% mixture showed a

carbonyl stretch so refluxed one more hour with constant drainage of distillate and
15 addition of fresh methanol to the mixture (~ 25 mL of distillate/methanol each time).
A second IR spectrum of the mixture showed no carbony! stretch, which indicated
that the reaction was complete. After the mixture cooled to room temperature, 3.4 g
of CR-20 resin was added and stirred for 1 h. The solution was filtered and
precipitated in 0.7 L of water. The wet solid was filtered and dried in a vacuum oven
20 at 65°C under vacuum for 4 h. The polymer was dissolved in THF to make 100 mL
solution and precipitated in 1.2 L of hexanes. The solid was filtered and dried in a
vacuum oven at 60°C under vacuum for 12 h. Analytical data is included in the table

below.

25 Synthesis Example 6
Preparation of acetal blocked SE-5 (SE-6). Prepared by reaction between SE-5

and t-butyl vinyl ether and 3-heptamethylcyclotetrasiloxane-1-propanol

Into a 100-mL three-neck round-bottom flask equipped with a magnetic stir
30 bar, a thermocouple, a glass stopper and a rubber septum was charged 9.90 g of

poly(4-hexafluoroisopropylstyrene-co-4-hydroxystyrene) (SE-5) and 70.17 g of ethyl
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25 Synthesis Exanple 6 Preparation of acetal blocked SE-5 (SE-6): Prepared
by reaction between SE-5 and t-butyl vinyl ether and

3- hept amewloyi3oyeBot et r asi | oxane- 1- propanol Into a 100-nL tPloTaEEsSseETks
round-bottom fl ask equi pped with a magnetic stir 30 bar, a thernocouple, a
gl ass stopper and a rubber septum was charged 9.90 g of

pol y(4-hexaf | uoroi sopropyl styrene- co- 4- hydroxystyrene) (SE-5) and 70.17 g

f ethyl 3/ 099782 PCT/ US03/ 16765 t at (Et Th | t
ool O RELTHE B e sl Gt R s ™
Y/ f t
then 4./ RANGIER, 3% R Rl fheP boliPn 25 1730 M%ﬁéaﬁa@?%ﬁ’ (2] v
cat al yZ80Aqi, tthe® 4607 @ of HMBA amd dt8Dg ¢ipiByiareereasdded Ubhe readivndivasol ved
5 { t d wi 1.0 f . TEA

Isgl ut i d‘ﬁ%(%%‘g&ﬁ% éGQQQOOfoETg/ﬁE%l“ ﬁg%ls(gF%P\éiésﬁ’ ??uegggﬁg Q&IBQA)d'aﬁg'Vg‘t’i'Pr ed
for 45 gmeuieEt0AbS /@Phyﬁﬁhesr‘ébb'ﬁérp'@vé&aéuéhéﬁ&f Wi'tha@(b grSPiTEN abR@iohn 300

m. of hexan€s. The polynmer solid was filtered and dried in a vacuum oven
at 60C (pmpated as 0.01 g TBA-digsalrehin-0.88tg BIRAC)H3Id equems@m &mmut@swﬁgaet ic

stir bar,and a thernoco d | ved
Th 55, S9NNG Sebiin W MR ancerdinfedfieinaht S HRgaES AR ik i aten
Then 0.gfid gve@;f fnﬂaTéé\a-ﬁa didPh 4 RBeR@NeSVersalle GOt mTﬁ.A_md; $@@1hVLeebdﬁu-0- 495
g Et OAc) was added. The reaction wassﬁguenched at 4 hwith 1.0 g of TEA

sol ut i dotiopr pak equippesl Bith@ TRYNEtis HINkad and e.thgrmocaupie) 9. 12he qderrer

| ut i { d at
501 oried PrulthEr R APl imis 6B SREHE o WhlohCLR) o P BERHE 8T B Dtea
in the draligPogeRvadded Nt Tiesn 9.58xgratl TSA Rokiinaldreparel @@@t@ds gn;siTSA
t - Boc- bl ocked SE-5 éSE— 7 Pr epar ed b%_hr eaction et ween | ymer of SE-6

and di -dissolvest in b40919 Gt ¢)bua&adde¢o ﬁtr@aathmwamu@@phe@ aivésh withry8d 2. 99

g of Paql S 4 i r b bonat e

Ina 0 BTER Elﬁ;o%@éqaargp p@b"?& TEAssbida f 0.58'd ERSAG) Ui pBiyfiRdr
solution was precipitated in 1 L of hexanes, filtered and vacuum dried at 60°C for 12

15 h. The dry polymer weighed 3.3 g. Analytical data is included in the table below.

Synthesis Example 7
Preparation of acetal and t-Boc-blocked SE-5 (SE-7): Prepared by reaction between

polymer of SE-6 and di-tertiary butyl dicarbonate.
20
Into a 100-mL bottle was charged 2.99 g of Polymer SE-6, 15.24 g of THF,

0.37 g of di-tertiary-butyl dicarbonate and 0.16 g of 4-dimethylaminopyridine
(DMAP) solution (prepared as 0.06 g of DMAP in 9.60 g of PGMEA). The bottle was
rolled 12 h. The polymer solution was precipitated in 1 L of water. The polymer solid
25 was filtered and dried in a vacuum oven at 60°C for 12 h. The dry polymer weighed

2.7 g. Analytical data is included in the table below.

20



(DVAP) solution (prepared as 0.06 g of DMAP in 9.60 g of PGVEA). The bottle
was rolled 12 h. The polymer solution was precipitated in 1 L of water.
The pol ynwo sobi7d2 25 was filtered and dried in a vacuum opemn/n3/6406s f or 12
h. The dry polymer weighed 2.7 g. Analytical data is included in the table
bel ow. 20 WD 03/099782 PCT/ US03/ 16765 Bl ocking /0 0 Al cohol / al cohol

Total Abs/ Pol ynmer Backbone Carbonate acetal or Bl ock- Mv PM Type

carbonate phg—a - Poly(4-hydroxystyrene) (PHS) -- - - 8000 713
Pol y( 4- hexafl uor @i sopropyl styrene Sz-éfggg- 4-%q§4@hkmgy,/swt£, Pne) - { -- 19500
4.59 (HFI PRIpeHS, 59: 41doste 2 SE-1 20000 Ug5ck- | Skw3 SESJL TFP C 11

21000 4.64| SE-4{SE-1 HMIP 8 28 27000 41y38 SCE‘iE?'?ﬁeFI F?@tay HS (66‘34) -- --

-- 16000 4}49 -6 SE-5 HMIP 10 30 26000 4 0A™°13°ISE- 7" §F-6 fertiarybutyl d

9 39d 2850Qp _3-94| Pevit-bdreastrrened (ARR)al blockilng i-s clal eul at&eP ad. 18 he

conbi ned npl ar r Roy@-rekafiierbepiby! stgetepl and alzet al ffrom al coholl b|Pol yner
b

conposi tiop &t ef m nEe4BHYIrIMYWR | ndj vi dual pl ocki ng edue| 1 HOTERSAcet al
cannot be Hdet er mi ned (#Htyd® 58f 1 beak | over | appi ng. d Tot al bl og¢Kki ng i s
cal cul at ed| aSE-2h¢ conbi nefE-tol ar ratjo ©¥Ht-but ¢l alcetral | 4040 adéi @4l from
al cohol f[oBE-BEI6_and t-BEtoxycarbonyl & Lt hégraphitc FR&PIe64|5 A

formul at i op—2Bhsisti nlgﬁ_oi_siﬂue_gm_y.m_MSy_m_heﬁi s [Ex28p| 87090 .39 7)) |
SE-5 IPSty/HS (66:34) - = = "] 16000 | 4.40

SE-6 SE-5 HMTP 10 30 26000 | 4.04
Di-
SE-7 SE-6 tertiarybutyld 9 399 28500 | 3.94
icarbonate

? Total blocking is calculated as the combined molar ratio of t-butyl acetal and acetal from alcohol

® Polymer composition determined by 'H NMR
¢ Individual blocking due to TFP acetal cannot be determined because of peak overlapping.

? Total blocking is calculated as the combined molar ratio of t-butyl acetal and acetal from alcohol
from SE-6 and t-butoxycarbonyloxy

Lithographic Example 1

5 A formulation consisting of the polymer of Synthesis Example 7 (1.17g),
triphenylsulfonium acetate (0.0125 g), toluyl-diphenylsulfonium-perfluorobutyl
sulfonate (0.0504 g), triphenylsulfonium-perfluoro undecyl carboxylate (0.0126 g), n-
butyl acetate (11.875 g) and PGMEA (11.875 g) was mixed in an amber-bottle and
rolled until a homogeneous solution was obtained. The solution was filtered through’

10 0.1 pm filter into a clean amber-bottle. Photoresist films of 1000 A thickness were
| prepared by spin coating on top a DUV-30 cured wafer (800 A thickness; an
antireflective coat obtained from Brewer Science) and pre-exposure baking at 110

°C for 90 seconds. Films were exposed using an Ultratech stepper using a 157 nm
laser. A phase shift mask with 6%-transmission was used to expose line-space

15 patterns. The optical settings used were 0.65 numerical aperture (NA) and 0.3
sigma. The film was then post-exposure baked at 110 °C for 90 seconds and
developed in a puddle of 0.26-N tetramethyl ammonium hydroxide for about 60

seconds, rinsed with de-ionized water and spun-dried.
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tri phenyl sul foni um acetate (0.0125 g),

t ol uyl - di phenyl sul f oni um perfl uorobutyl sulfonate (0.0504 g),

tri phenyl woldem7am perfl uoro undecyl carboxylate (0.0126 @CTI/Us03/barcy|
acetate (11.875 g) and PGVEA (11.875 g) was mxed in an anber-bottle and
rolled until a honogeneous sol ution was obtained. The solution was filtered
through' 1o 0.1 pmfilter into a clean anber-bottle. Photoresist filns of
1000 A thickness were prepared by spin coating on top a DUV-30 cured wafer
(800 A thickness; an antireflective coat obtained from Brewer Science) and
pr e- exposur il " 7.9%?%933 i ng an
U tratech sﬂaﬁ@éggﬁzs égﬁggf%%ﬁeﬁgs@??@ﬁ tz;@lg S ﬁe}"%ﬁ{aﬁés W ﬁﬁK‘l‘_ﬂ

6% t r arfsBiSEMon was used to expose |ine-space 15 patterns. The opti cal
settings used were 0.65 nunerical aperture (NA) and 0.3 sigma. The film
was then post-exposure baked at 110 C for 90 seconds and developed in a
puddbe of 0.26-N tetranethyl ammoni ggpfaysir oxi de for about 60 seconds,
rinsed with de-ionized water and spun-dried. 21 WO 03/099782 PCT/ US03/ 16765
The |ine-space patterns florbedrgyntasizee |r dMinimdml m were anal yzed usi ng KLA
CD-SEM 5 Table 2 Energy [to si M ni mum 0. 1@1 m riesolution 55.5 mJ/cn®
0.09 pm Wil e the inventijon has HBh desicrFBRt gin with reference to the
specific enbodinents thgreof, 1t Wl 33 appr eci atled t hat changes,

modi fication and variatidns 59.5 eHeMBe nnd®.99 UAbUt| departing from t he
spirit and scope of the ilnventive concept disclosed herein. Accordingly, it
is intended to enbrace all such changes, nodification and variations that
fall within the spirit and scope of the appended clains. 22 WD 03/099782
PCT/ US03/ 16765

While the invention has been described herein with reference to the specific

embodiments thereof, it will be appreciated that changes, modification and variations
10 can be made without departing from the spirit and scope of the inventive concept
disclosed herein. Accordingly, it is intended to embrace all such changes,
modification and variations that fall within the spirit and scope of the appended

claims.
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W claim 1 A polyner conprising an acetal -containing nonomer unit having
the general structure | and at |east one of the fluorine-containing
nononer uwWotos/obeei ng 5 the general structures |1 and |11 PCRUSRIIARGS R8 RO
-[HRCL__ 1 RS CF3 R7T (CH)YCF3S OFRF3IC7T0R2 O~HO AR3BI1 I F3BCR2 III
wherein Rl, R4, R5 and R6 are each independently selected fromthe group
consisting of H, |ower alkyl, CH2CO2R10, cyano, CH2CN, and hal ogen,
wherein Ri{?? is selected fromthe group consisting of any al kyl, cycloal kyl,
aryl, MeH3Mlkyl, al kyl enecycloal kyl, silyl or siloxy or linear or cyciic
pol ysil oxane group; R2 is CHRL1R12 where R11 and R12 are each

I ndependently selected fromthe group consisting of H |[|ower alkyl,

cycl oalkyl ahgolmnyer, comprsisglamcaaatal-¢ordainitgemopomey wonhbawng the gfeneral

substituted or unsubstituted, al kyl ene,. cycl oal kyl ene, . .

21 Kyl enecyclSHekYPdmand, Al ISk fnér b yRines antRing melomesiiS hRY SR ¢ he
group consi sheRy@nefaldtruchifés Il figanehed or cyclic fluoroal kyl group and

Si R13R14R15 whére R13, Rl14, and R15 are each independently selected from

t he group consisting'of alkyl, cycloal kyl, aryl, agylalkyl,

al kyl enecycl ogLkyl, [silyl, siloxy, R'nBar or cycRi _le,§fﬁoxane or

si | sesqui oxan (ky group; Bis s fromthe consi sting of an
aryl, C(=0 -0 (CH2) X where x=0-4, kyl, al kene
cycl oal kyl, silyl oxyl, or lineaR’0% cyclic polysilgkane group. R7 is

-

sel ected fromthe p consisting of H &¥3aci d sens't b Ue CF
p )Y/ -r3
F3C OR y 7
3
O—CHO—A—R’ | rc OR
R’ If

wherein R', R*, R® and R® are each independently selected from the group
consisting of H, lower alkyl, CH2CO2R'®, cyano, CH2CN, and halogen,
wherein R'° is selected from the group consisting of any alkyl, cycloalkyl, aryl,
10 arylalkyl, alkylenecycloalkyl, silyl or siloxy or linear or cyclic polysiloxane
group; R? is CHR''R'? where R"" and R'? are each independently selected
from the group consisting of H, lower alkyl, cycloalkyl and aryl; A is selected
from the. group consisting of a substituted or unsubstituted alkylene,
cycloalkylene, alkylenecycloalkylene and alkylenearylene; and R® is selected
15 from the group consisting of a linear, branched or cyclic fluoroalkyl group and
SiR™R™R'® where R", R™, and R'® are each independently selected from
the group consisting of alkyl, cycloalkyl, aryl, arylalkyl, alkylenecycloalkyl, silyl,
siloxy, linear or cyclic polysiloxane or silsesquioxane alkyl group; B is selected
from the group consisting of an aryl, C(=0)-O-(CHz)x where x=0-4, lower alkyl,
20 cycloalkyl, alkene cycloalkyl, silyl, siloxyl, or linear or cyclic polysiloxane
group. R’ is selected from the group consisting of H or an acid sensitive
group; R® and R® are each independently selected from the group consisting

of H or —CN group; and y=0-4.
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group; R8 and RO are each independently selected fromthe group consisting
of H or -CN group; and y=0-4. 23 WO 03/099782 PCT/ US03/ 16765 2. A polyner
of clai mwowseeeBn A is selected fromthe group consisti ngcafusosred7hy! ene,
et hyl ene, CH2C(CH3)H, propyl ene, CH( CH3) CH( CH3) CH( CH3), cycl ohexyl ene,

et hyl enecycl ohexyl ene, phenyl eneethyl ene; and R3 is selected fromthe
group consisting of: tetrafluoroethyl, tridecafluorohexyl, 5

e e e eéa?q?@?reén?ryt‘ﬂs ﬁyp' St

et hyl bi o(tTelyene, %‘rhk%‘“. [ PRECKERDHO Blapane, BHEHICIRICHCH:) ST TV
e
pol ymer of G @HB &] &‘ép )}:/ﬁﬂr?ﬁg'PQCBﬁp &:}%W)(i BB%CGE%IO{(%\% ut 99
mol ag % of td@@mﬁd@g&wﬁemnt aigeirfsorBPREMET Urﬁérfluéro@{h ||| ?é?ﬂlfdreﬂh@bo“t 1

to about 50 nol ar the acetal nononmeric unit |I. ol ymer ~of
cl ai m 1 whermsirfiuarpectybl triveethybredyl, steethiyt cﬁﬂvhbtmheﬁyt @llyxlbducydlshexyﬂmw % of

of ot her moiEHEIEVRISHs AR PRSITRAL et B
conpri ses frrﬁ@ﬂh@llwtmﬁethglsab@;gny?bo mol ar % of si ldiethyReithaihgisig) sfmnorrer

unit(s) and from about 7 bout 95 nolar % of other nononér unift 6. A
pol ymer of d¢limethvi(tinaethylgilaxyisildcayelic elelingar qllmwngfolrgomramomlymeom to

out 75, Y of claim1 conprising an additi onal
m)ngﬁtsrl c ur?'lggé)%'%)&atr@d&?woﬁg[whe group of mononeric units consisting of
hydr oxystyrene, hydroxystyrene units blocked with other acid sensitive

groups, al pha-trifluoronethacryl ate,
3. A polymer of claim 1 wheérein the polymer comprises from about 50 to about

99 molar % of the fluorine-containing momomer unit Il or Ill and from about 1
to about 50 molar % of the acetal momomeric unit .
15
4. A polymer of claim 1 wherein the polymer comprises from about 5 to about 75
molar % of silicon-containing monomer unit(s) and from about 25 to about 95

molar % of other monomer units.

20 5. A polymer of claim 1 wherein the polymer comprises from about 5 to about 30
molar % of silicon-containing monomer unit(s) and from about 70 to about 95

molar % of other monomer units.

6. A polymer of claim 1 having a molecular weight (Mw) of from about 2,000 to
25 about 75, 000.

7. A polymer of claim 1 comprising an additional monomeric unit selected from
the group of monomeric units consisting of hydroxystyrene, hydroxystyrene
units blocked with other acid sensitive groups, alpha-trifluoromethacrylate,

30 (meth)acrylate, (meth)acrylonitrile, vinyl ether or acetate, or substituted and
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30 (neth)acrylate, (nmeth)acrylonitrile, vinyl ether or acetate, or
substituted and 24 WD 03/099782 PCT/ US03/ 16765 unsubstituted mal ei m de
units. 8.wAosaei7alion sensitive conposition conprising: 5PpPaI@opoi7gier

conpri ses an acetal -contai ni ng nonomer unit having the”  ‘general structure |
and at | east one of the fluorine-containing nononer units having the
general structures || and I11: RL 46 RB RO -[HZCRs CF3 OR7 (CH2)Y CF3
FBCOR7 O~HO A-R3 F3C R2 Il wherein RlL, R4, R5 and R6 are each

i ndependent I‘SF‘%‘QF@H{%"W%WQ%%”'& oup 10 consisting of H Iower alkyl,
CH2CO2R10, cyano, CH2CN, and hal ogen, wherein R10O is selected fromthe
group consisting of any al kyl, cycloal kyl, aryl, arylalkyl,

al kyl enecycl oal kyl , sinI or siloxy or linear or cyclic polysiloxane

group; I s, CHE 1R12 ere R11 d R12 are each independently sel ected
fromt t@zgr(ﬁjﬁ jtﬁ%ﬂ §?"%"%‘F°’PP°?'§%P°5\HE§|”9 cycloal kyl and aryl; Ais

sel ected 15 gyr anb%é}r %Hfhp‘ﬁ@é@ &h 1 aeetalk céhtéh'mli}?gt 'thﬁ&?\ePrqu‘Wﬁg ttueed

al kyl ene, cycl oal Kyl ene, al kyl enecycl oal kyl ene” and al kyl enearyl ene; and R3
is selected gefnlemhsth@tlged@mahlaa@t png affthe fluonieercontainmghmanomes yutlitsc

fl uor oal kyl ro and Si I(I?S?KS%% E R13, R14, and R15 are each
I ndependent | &%ed‘q*? WES I’%rl!f'ﬁ onsi sting of al kyl, cycloal kyl,

aryl, arylalkyl, allkylenecycloalkyl, silyl,

R* R6
—EHp_C 6
<CH2)y CF3

7
O—?H 0—A—R? F5C OR

R2
| H

wherein R', R*, R® and R® are each independently selected from the group
10 consisting of H, lower alkyl, CH2CO:R", cyano, CH2CN, and halogen,
wherein R'’ is selected from the group consisting of any alkyl, cycloalkyl, aryl,
arylalkyl, alkylenecycloalkyl, silyl or siloxy or linear or cyclic polysiloxane
group; R? is CHR''R" where R"' and R" are each independently selected
from the group consisting of H, lower alkyl, cycloalkyl and aryl; A is selected
15 from the group consisting of a substituted or unsubstituted alkylene,
cycloalkylene, alkylenecycloalkylene and alkylenearylene; and R® is selected
from the group consisting of a linear, branched or cyclic fluoroalkyl group and
SiR™R™R"™ where R"®, R™, and R'® are each independently selected from
the group consisting of alkyl, cycloalkyl, aryl, arylalkyl, alkylenecycloalkyl, silyl,
20 siloxy, linear or cyclic polysiloxane or silsesquioxane alkyl group; B is selected
from the group consisting of an aryl, C(=0)-O-(CH.)x where x=0-4, lower alkyl,
cycloalkyl, alkene cycloalkyl, silyl, siloxyl, or linear or cyclic polysiloxane

group. R’ is selected from the group consisting of H or an acid sensitive
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20 siloxy, linear or cyclic polysiloxane or silsesqui oxane al kyl group; B
Is selected fromthe group consisting of an aryl, C(=0 -0 (CH2) X where
x=0-4, | owero3abket, cycloal kyl, al kene cycl oal kyl, silyl pcIiusoxyd7es or

| inear or cyclic polysiloxane group. R7 is selected fromthe group
consisting of Hor an acid sensitive 25 WD 03/099782 PCT/ US03/ 16765
group; R8 and RO are each independently sel ected fromthe group consisting

of Hor - roup an east one phot oaci d gener at or conpound;
and c) at dtqup B %@ngo‘?v@ﬁtea@ eRepsantl selecieshom e goRpFansitingof
claim8 mgﬁg&-@ ﬁ&i f_qu the group consisting of: nethylene,

et hyl ene, "CH( CH3) CH( CH3) CH(CH3), cycl ohexyl ene,
et hyl enecyclh)ltée(a}dt@tme phqmbamgflgeneeﬂtbyb@npouadxcerB is selected fromthe

group consisting of: 10 tetrafluoroethyl, tridecafl uorohexyl,
per f uorocycqs(?lt\g‘?@f‘lt ,O”ﬁéohq%rophenyl per fl uoroet hyl , perfl uorobutyl,

perfiuorooctyl, trinmethyl silyl, trlethyl silyl, triphenyl silyl,
trlcyclohexyIS|IyI trls(trlnethyIS|ony silyl, trls(trlnethyIS|IyI)S|IyI
met hyl 8-s(t A rmhawrs|3|eysl}tye|qdmp¢ﬁetu¢rybb|c imr @ rwhetylrsAl |sxg;e)le¢tegl|from the

di hyl hyl I hyl I
i near” 15 SPURA@SI08 et o MEITAHE | BN, SHEAGHEH K prodins. o
A radi ation @}Q{(ﬁﬂg)cmcpg)mqmm yon fycrdh@lx aemher@hyqehggy@@ﬂ,é&w”econprl ses

from about 50 about 99 nol ar %,of the fluorine-containing nononer unit
Il or 111 ahenylesestiviane;1 eodafouis Selemedr fropofthe hgraupetcansistingmef:i c

ool Yirer comrratuSBRl, fishEaBlorphERf R By ToncinT bbieFerdidhud i ng

nonomer uni g:(eﬁlu@rbéthyﬂ@l@rmmwbu% tperflgbetYh  BthathyPo @ifyl OtthiéthyTDSIRATET

units. 251 A radiation sensitive conposition of clai m 8 wheréin the
pol ymer conpfipReny! silyl, tricyclohexylsilyl, tris(trimethylsiloxy)silyl, tris(trimethylsilyl)silyl,

methylbis(trimethyisilyl)silyl, methylbis(trimethylsiloxy)silyl,
dimethyl(trimethylsilyl)silyl, dimethyl(trimethylsiloxy)silyl, cyclic or linear

15 siloxane oligomer or polymer or silsesquioxane alkyl group.

10. A radiation sensitive composition of claim 8 wherein the polymer comprises
from about 50 to about 99 molar % of the fluorine-containing momomer unit 1
or lll and from about 1 to about 50 molar % of the acetal momomeric unit |.

20

11. A radiation sensitive composition of claim 8 wherein the polymer comprises

from about 5 to about 75 molar % of silicon-containing monomer unit(s) and

from about 25 to about 95 molar % of other monomer units.
25 12. A radiation sensitive composition of claim 8 wherein the polymer comprises
from about 5 to about 30 molar % of silicon-containing monomer unit(s) and

from about 70 to about 95 molar % of other monomer units.

13. A radiation sensitive composition of claim 8 wherein the polymer has a

30 molecular weight (Mw) of from about 2,000 to about 75, 000.
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fromabout 5 to about 30 nolar % of silicon-containing nononmer unit(s) and
fromabout 70 to about 95 nolar % of other nonomer units. 13. A radiation
sensi ti vewoaspessti on of claim8 wherein the polyner has @cTAGosmé7egul ar
(Mv) of from about 2,000 to about 75, 000. 26 WD 03/099782

PCT/ US03/ 16765 14. A radi ation sensitive conposition of claim8 wherein
the pol yner conprises an additional nononeric unit selected fromthe group
of nmononmeric units consisting of hydroxystyrene, hydroxystyrene units

bl ocked with other acid 5 sensitive groups, alpha-trifluoronethacryl ate,

(meth) agryl at ‘?adiéﬁ’@ﬁ %I)eﬁgiw%%mrﬁdtsitﬁmlgf eo/éhme%n%rah tﬁ‘éeﬁ@%ﬁer%nﬁi{*gﬁ%i tuted

wei ght

and unsubstitute

mal elrmae u . radl ation sensitive co

substrat e campadditingal manoa)eric snihssalected fymatheugubaipc ohtmorxyveric asitsd on
th bstrat d hot It t t | | ' t he .
i R e I i e e e

acetal - cont &epkfige TONOTGRBUPH| T haxibRE-tFifiGoroktets

str U(}ﬁé{h%dry@ﬂ:g at

fafe,

| east one of the fluorine-containing nmonomer u%i‘}?s_ havi ng t he general
structures Kmesmacnylonitriee, VayRetiRg ®o acef@te,Cor substitRtedCeRd ORFUSDHEEY CF3
F3SCOR7 O-HOAR3 I F3C R2

10

15

20

15.

maléimide units.

A radiation sensitive coated substrate comprising:
a) a substrate;
b) an undercoat layer coated on the substrate, and
c) a photosensitive topcoat layer overlaying the undercoat layer and
comprising a coating of:
a polymer comprising an acetal-containing monomer unit having the
general structure | and at least one of the fluorine-containing monomer

units having the general structures |l and lll:

1
R R* R RS R®
—fH;C 6
5

R CF; Sty CF
3

ol OR'/ . ( 2%32
3 7
O—(EH-O—A—R3 | F5C OR

R2
| Il

wherein R', R*, R* and R® are each independently selected from the group
consisting of H, lower alkyl, CH2CO:R", cyano, CH2CN, and halogen,
wherein R' is selected from the group consisting of any alkyl, cycloalkyl,
aryl, arylalkyl, alkylenecycloalkyl, silyl or siloxy or linear or cyclic
polysiloxane group; R? is CHR'"R™ where R'" and R" are each

independently selected from the group consisting of H, lower alkyl,
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|l 11l wherein R, R4, R5 and R6 are each independently selected fromthe
group consisting of H, lower alkyl, CH2CO2R10, cyano, CH2CN, and hal ogen,
20 wher ei wWORB099782 sel ected from the group consi sting of amgTalyleres

cycl oal kyl, aryl, arylal kyl, alkylenecycloal kyl, silyl or siloxy or |inear
or cyclic polysiloxane group; R2 is CHRLI1IR12 where R11 and R12 are each
| ndependently selected fromthe group consisting of H, Ilower alkyl, 27 WO

03/ 099782 PCT/ USQ3/,16765 Ais selected fromthe group
consi sting of & %Yll‘r‘frlﬂ QBX % %ﬁﬁéﬁﬁgr}w’ﬁﬁ%ﬂqu&?wﬂ fd%é\“k?flt\étt‘?é’

al kyl enecycl Oabk}’hﬂQ@bﬁﬂdteda| éﬂk%éﬁéarwmkyléﬁ@' @k*léné &é‘élféﬂeﬁé orgnjghe
group consisting of a linear ranched or cyclic fluoroal kyl” group and

Si RL3R14R15 whé Ielragarylmel, anth®’gs Refecied frent the gdweqmstir;g sthditead from

the group Consigéricﬂ%g ﬁ?yclﬂé f‘ug)&a/%lfloﬁ blaglda%ﬁﬁﬁawk hﬁg‘? ﬁ))ca'ﬁe gnd

al kyl enecycl oa ¥
si | sesqui oxaneRar lgyé e@bﬁuadeﬁem@er&m wégédfﬁ@w%e ﬂmueonﬁﬂnﬁq(& iang,0of an
ene

aryl, ¢(=0-0(CGR)X where x=0-4, [ower al , cyc oal kyl
cycl oal kyl , si pwloalgvlt @fyu argalkyi, n@byleeecs@ytalksd ptbvly§ll®mdmagr@upychm |s

10 lected f ro ap ac S

andseRSCa(rae e; %taa%en (F%gy&] quég@geaghflla@rﬁ\[?hg g %eﬂ%étgg flé‘% tl?'ﬁ r(S’f"BH or
-CN group; andOlYS:l:ﬂ‘i of)ﬁﬁ\ﬂrﬂ'?@ tbm &Hi)ﬁaﬁ'fer@&eoaf loWwer éfk‘?t 3 Qﬁ"@yﬁ' ni ng
nononeric units the fluyorine-containing nmonomer units Il or LIl has a

silicon substi PU@H? qyrrlﬂalhyé, st sdiPxdcer fneartrcevstic pelvaroxana group. R is

f it I.m
fanchlonal | dedfen Mo b han coRISIG LeHoAU PR RLRuBlo KT RS,
CH2C(CH3) H, pr RButesach w@d(o@Habmﬁ( &Bb@d(m)the@r@u;@b@ﬁybmof H or-CN

et hyl enecycl ohexyl ene, ~ phenyl eneet hyl ene; and R3 is selected fromthe

group consi sti BEPUPs :anth Y84 apravifesk g at deasicene | ofothsh@egtal-containing
per f1uorocycl ofgtsnerREit uloér%){}?enﬂuonne-contammg monomer units Il or Il has a

silicon substituent that is not directly attached to an acetal functionality
15

16. A radiation sensitive coated substrate of claim 15 wherein A is selected from
the group consisting of: methylene, ethylene, CH>C(CH3)H, propylene,

CH(CH3)CH(CH3)CH(CHa3), cyclohexylene, ethylenecyclohexylene,
phenyleneethylene; and R® is selected from the group consisting of:
20 tetrafluoroethyl, tridecafluorohexyl, perfluorocyclohexyl, perfluorophenyl,
perfluoroethyl, perfluorobutyl, perfluorooctyl, trimethyl silyl, triethyl silyl,
triphenyl silyl, tricyclohexylsilyl, tris(trimethylsiloxy)silyl, tris(trimethyisilyl)silyl,
methylbis(trimethylsilyl)silyl, methylbis(trimethylsiloxy)silyl,
dimethyl(trimethylsilyl)silyl, dimethyl(trimethylsiloxy)silyl, cyclic or linear

25 siloxane oligomer or polymer or silsesquioxane alkyl group.

17. A radiation sensitive coated substrate of claim 15 wherein the polymer
comprises from about 50 to about 99 molar % of the fluorine-containing
momomer unit [l or Ill and from about 1 to about 50 molar % of the acetal

30 momomeric unit .
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perfluoroethyl, perfluorobutyl, perfluorooctyl, trinethyl silyl, triethyl
silyl, triphenyl silyl, tricyclohexylsilyl, tris(trimethylsiloxy)silyl,
tris(trinwommgloseByl)silyl, nmethylbis(trinethylsilyl)silylPCT/US03/16765

met hyl bi s(trinmethylsiloxy)silyl, dimethyl(trinmethylsilyl)silyl,

dimet hyl (trinmethylsiloxy)silyl, cyclic or linear 25 siloxane ollgoner or
pol ymer or sil sesqui oxane al kyl group. 17. A radiation sensitive coated
substrate of claim 15 wherein the polyner conprises fromabout 50 to about
99 nnlar @6of the fluorine-containing nonmomer unit 1 or I'll and from

about 0 o) M teh

03/ 099 ?I)'c%g&g? 1%%@'“"?8@:02‘ I at% frgn ggn%'?{ﬁ?v?c\gg? t % Pglgt e of
claim 15 V\hmmp'nsblsefrqnnlabmn &tmpbome%s fralar &b@ﬁsllﬁonmo&mgmmmomm % of
silicon-cont ai n|n froma 25 to about. 95 nolar %
of ot her motGHE) B 1oy buEB0 bISE et olber PamReREraS rat e of
claim 15 wherein the poI yrrer corrprl ses fromabout 5 to about 30 nolar % of

silicon-containing nononer unit(s) and from about 70 to about 95 nolar %
of ot hel. norfomadiationt sensltwemzoaled alibatraten of eclgin | & wherednl thabpolyates of

cl ai m 15 wherein. t he rreri&g 6 n%ecgl aI;,/ i ht (Mw)_.of from about
2,000 to ab&@MPFsesH, aPays 3% NAY¥AL% o '(985fcé’ AN MRPMF ¢l ai m
15 wherein ffig swmém SR 70368 vkt 89 PhdIaPIRbS @fﬁepﬁﬁmoenérrumtssel ect ed
fromthe group of 15 nononeric units consisting of hydroxystyrene,

hydr oxystyrene units bl ocked with other acid sensitive groups,

al pha- |f| oronet hacryl.at e th)acrylate, . (et acr Ion| V|nyI
cthot 30 acdt indEtal Seafie porEl SRTalR BbSeim (BN fhePabrirhas 8y oo
A process fQﬁo@&@lgwwegﬂwmtdfefdmdbbnﬁ%ogno@béumssr@@oe the pr ocess
conprising the steps o coating on a suitable substrate, a

posi ti ve-working photosen3|t|ve
21. A radiation sensitive coated substrate of claim 15 wherein the polymer

comprises an additional monomeric unit selected from the group of
15 monomeric units consisting of hydroxystyrene, hydroxystyrene units blocked
with other acid sensitive groups, alpha-trifluoromethacrylate, (meth)acrylate,
(meth)acrylonitrile, vinyl ether or acetate, or substituted and unsubstituted

maleimide units.

20 22. A process for producing a patterned image on a substrate, the process
comprising the steps of:
(a) coating on a suitable substrate, a positive-working photosensitive
composition of claim 8, thereby forming a coated substrate;
(b) prebaking the coated substrate;
25 (c) exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an aqueous developer,

thereby forming an uncured relief image on the coated substrate.

23. A process for producing a patterned image on a substrate, the process

30 comprising the steps of:
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conposition of claim8, thereby formng a coated substrate; (b) prebaking
the coated substrate; 25 (c) exposing the prebaked coated substrate to
actinic rwdiatpes? (d) devel opi ng the exposed coated substPcarEsosyidzas an
aqueous devel oper, thereby formng an uncured relief imge on the coated
substrate. 23. A process for producing a patterned i nage on a substrate,
the process 30 corrpri sing the steps of 29 WD 03/099782 PCT/ US03/ 16765

(a) coating onas abI e subs sitive- \{vorki nE phot o ensi{t.i ve
composi tion of ( ICQ? 9, o h%r%‘lﬂ ¢ BaPeYLEHQRRge PO ?Oé)e”ﬁ WBaki ng
the coated substi@hf;osition SRR Qgthte fﬁoﬂhm@gcggmm@rate to actinic

radiation; 5 (d) devel oping the exposed coated substrate wi th an aqueous
devel oper, th@r)@bqbalomgrih&gcaatedm@bshfdta‘ elief image on the coated

T S R oA A B B R B 507

subsirate, a p@'dév\éﬁ:ﬂh? llfhenﬁx e64tel tdubetrakOWRASAr h§ledis abaéiBpdd
thereby formng a coate substrate éb) prebaki ng the coated substrat e; (c)
&

exposi ng t he preltagrebydommniag anwiaured elieh inmage endhe goatad supstiade. devel opi ng
t he exposed coated substrate with an aqgueous devel oper, 15 thereby form ng
an uncured relief image on the coated substrate. 25. A process for

producizag a pPrécsdietor PREfucHy a paksirdedl fnagd coPrO&edstrakONBE! pidtesthe
steps of: (a) coating on a suitable substrate, a positive-working

phot osensi t iCREPIBOG ep$Pbn of claim 11, thereby forning a coated

subsfrate: (b) prelgkhl ngy hec gamiec Mld 2hepokile SRRL" BrbRBcRERREk

coatéed substra i'on
composition of claim 10 thereby forming a coated substrate;

(b) prebaking the coated substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an aqueous developer,

15 thereby forming an uncured relief image on the coated substrate.

25. A process for producing a patterned image on a substrate, the process
comprising the steps of:
(a) coating on a suitable substrate, a positive-working photosensitive
20 composition of claim 11, thereby forming a coated substrate;
(b) prebaking the coated substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an aqueous developer,

thereby forming an uncured relief image on the coated substrate.

25
26. A process for producing a patterned image on a substrate, the process
comprising the steps of:
(a) coating on a suitable substrate, a positive-working photosensitive
composition of claim 12, thereby forming a coated substrate;
30 (b) prebaking the coated substrate;
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(d) devel opi ng the exposed coated substrate with an aqueous devel oper,
thereby formng an uncured relief inmage on the coated substrate. 25 26. A
process fwoopomdsri ng a patterned i nage on a substrate, tReTASODEEES
conprising the steps of: (a) coating on a suitable substrate, a
positive-working photosensitive conposition of claim12, thereby formng a
coated substrate; 30 (b) prebaking the coated substrate; 30 WO 03/099782
PCT/ US03/ 16765 (c) expasing the prebaked coated substrate to actinic

radi ation; (d)(Q&xersipoibe Pheb ed sybsippte g actinicdagialifnan aqueous

d | , h . M - |
evel oper 5t 2@{')90%(,81(%{,:@529? ngbgé‘dJﬁéﬁeﬂeédb%{raté“'mﬁ d&fahﬂ@o&é’@b@@lo er,

substrate. r" producing a patterne nmege on a substrate,
the process conghéesbydothiegstreyrscuoéd rélef image iomghercoatedisubdiratesubst r at e,
a positive-working photosensitive conposition of claim 13, thereby form ng
a coated substrate; (b) prebaking the coated substrate; 10 (c) exposing the

prebakegy cogf zﬁoéé@as?érab?od&ir?g?td Daftefrid #hbgs: ol B ARKELRDI e bheceasposed
coated substrate wth an aqueous devel oper, “thereby form ng an uncured
relief imageoomprising thessteds ofibstrate. 28. A process for producing a

atterned i magge.,on substrate he process 1 onprisin h t f:
Fa) coati nlg ogfaa Y ﬁ?%g?% §u§l§'{qbi es,&hf?rﬁg i \9§§&%%’c}{8=r‘§28ﬁ18§%%§§[%&?2
conposi tion of clenipobftiort bEAISIRY 1B80Mherely RreaRf #doatdassutiiteite,(b) prebaking
the coated substrate; (c) exposing the prebaked coated substrate to actinic

radi ation; 20 () p@bakingghagoalrd supsiedel coat ed substrate with an aqueous
devgl oper, 1 hFcr) %Q%ogi%%g%rg@al%é'&cc%a?gd rsﬁbét%te'tg%%ﬂn%'}aﬁB?ioﬁ?at ed

substrate.
(d) developing the exposed coated substrate with an aqueous developer,

thereby forming an uncured relief image on the coated substrate.

28. A process for producing a patterned image on a substrate, the process
15 comprising the steps of:
(a) coating on a suitable substrate, a positive-working photosensitive
composition of claim 14, thereby forming a coated substrate;
(b) prebaking the coated substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
20 (d) developing the exposed coated substrate with an aqueous developer,

thereby forming an uncured relief image on the coated substrate.
29. A patterned substrate produced by the process of claim 22.
25 30. A patterned substrate produced by the process of claim 23.
31. A patterned substrate produced by the process of claim 24.

32. A patterned substrate produced by the process of claim 25.
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29. A patterned substrate produced by the process of claim?22. 25 30. A
patterned substrate produced by the process of claim23. 31. A patterned
subst r at evpredwoer by the process of claim24. 32, A patternsdy/substrate
produced by the process of claim25. 30 31 WD 03/099782 PCT/ US03/ 16765

33. A patterned substrate produced by the process of claim?26. 34. A
patterned substrate produced by the process of clai m 27. 5 35. A patterned
substragte produ 0Cess ai m 28. di ation sensitive
sili co% 3conthP# W@ege%]%§ ra Wﬁ’é’é‘F?ggN%%Rﬁ?qeﬁsré d?’% pol ymer conpri si ng
an acetal -contai ning nononer unit having the general structure | and at

| east one of the fluorine-containing nononmer units 10 having the general
st ruct Bdes A patternetisubBirate prodgyced byfth2 gregessks cladR2{.CH2) Y CF3 F3C 70R7
OCHOAR3I1lI FBSCR2 111 wherein Rl, R4, R5 and R6 are each independently
sel ected fromthe group consisting of H |ower alkyl, CH2CO2R10, cyano,
CH2CN, 3mnd Wb%ﬂed%@:b%ﬁf@bﬂbdﬁé@d'bﬁtﬁ@b%é@@ df icPaTh @@ group consisting of
any al kyl, cycloalkyl, aryl,” arylal , al kyl enecycl oal kyl, silyl or
siloxy or linear or cyclic polysiloxane group; R2 is CHR11R12 where R11

and Rl%Ga "€ A% atlorﬁdseé)nsr&?v%né 'lé/o 8$r?tgltn?rgg resist composition comprising:

(a) a polymer comprising an acetal-containing monomer unit having the

general structure | and at least one of the fluorine-containing monomer units

10 having the general structures Il and Il
1
R R* RS
_EH;,_C 6
(CHz)}’ CFs
7
O—CHO—A—R? F;C OR
ll{2 Il

wherein R", R*, R® and R® are each independently selected from the group
consisting of H, lower alkyl, CH2CO:R'™, cyano, CH2CN, and halogen,
15 wherein R'® is selected from the group consisting of any alkyl, cycloalkyl, aryl,
arylalkyl, alkylenecycloalkyl, silyl or siloxy or linear or cyclic polysiloxane
group; R? is CHR''R'? where R"' and R' are each independently selected
from the group consisting of H, lower alkyl, cycloalkyl and aryl; A is selected
from the group consisting of a substituted or unsubstituted alkylene,
20 cycloalkylene, alkylenecycloalkylene and alkylenearylene; and R® is selected
from the group consisting of a linear, branched or cyclic fluoroalkyl group and
SiR"R"R"® where R13, RM, and R are each independently selected from

the group consisting of alkyl, cycloalkyl, aryl, arylalkyl, alkylenecycloalkyl, silyl,
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fromthe group consisting of H, |ower alkyl, cycloalkyl and aryl; Ais
selected fromthe group consisting of a substituted or unsubstituted

al kyl ene,w@®3pyoboal kyl ene, al kyl enecycl oal kyl ene and al kyCensas/w7ene; and
R3 is selected fromthe group consisting of a linear, branched or cyclic
fluoroal kyl group and Si R13R14R15 where R13, R14, and R15 are each

I ndependently selected from the group consi sti ng of al kyl, cycl oal kyl,

aryl, aryl aléﬁgl , Al k | ene Iy al k; |¥ @2‘9{{09978 PCT/ U 0 /16765
siloxy, Iin ler'”@? PY Eyfgﬁl ysilg %’ll%%? Sﬁsﬂ%’é‘aﬂ‘? 9rARR ISgFEFEdB | s
sel ected frRym ﬁ?gg{wwmﬁﬂmam oml cH;f Meglﬁﬁ)%wewx =0- 4,

| oner al kyl, ne cycl oal l"'oxyl ,” or |inéar or
cyclic pol ys:lybb_xaﬂwé alj;eoepcydk?alkyﬂ %ybdlbdylf rQJ‘nllnhw @ro@wllcomlysﬁqmgeof H

or an acid sensitpve 562 oaf ﬁl‘d RO are ea@’?ﬂj q_gpendentl sel ect ed
fromthe gr AiPURoRsi'StIFFLEDTYNoTE. SIUTr GAPSISHHY QZ0-A aBr%‘U dEStN&t at

| easy one ofgrbhis REGhAIR® %%Qéﬁ“lrl@l@zrz@ﬁﬂ@ﬁw s&lebfdidt fon MRAgrodp consisting
fluorine- cont ai ni ng nonomer units | has a silicon substituent that

i s not direcflly et +edhgiowm and acdr-4 promﬁ,cl itoataiat dgastioneg 1of the peetet- one

photoacid g S

radi ati on sé:r?g 6@8 rﬁﬁﬁ?@%ﬂg “ﬁ‘g '?lﬁgheaﬁ%‘l@fe'é%@%g’é’?ﬂﬁ@gﬁe% rz'illtér?ll

wherein A i|§ B&d etk dubbit@iedt OUpat a8snétt ditecwy attahbyl enean eideydlene,
CH2C(CH3)H, 15 pr og(yl ene, CH(CH3) CH( CH3) CH(CH3), cycl ohexyl ene,

et hyl enecycl fanetionad phenyl eneet hyl ene; and R3 is selected fromthe group

CONSY ST 9} ot LS A4 BRORBHMbendibof S6RlddiroBRYY! . pert ! uor ocycl ohexy!

per uoroph ar oe I"uor uty perfluorooctyl trimethyl

silyl, trietbyatishstydne sdlvemhenyl silyl, tricyclohexylsilyl,
tris(trinethylsiloxy)siIyI, tris(trinethylsilyl)silyl, 20
met hyl bi s(trimethylsilyl)silyl, methylbis(trimethylsiloxy)silyl,

di met hyd(tr 'Mdlé’tllosrl éé(rlélﬁvé ¥||I|cor‘f“cgﬁfa|w hé lé%@ie&llll 8&i |8?§36)f%LAn¥1| 36 W\%lrélﬁ or

| i near ~'sSi | oxane sesqul oxane
Ais selected from the group conS|st|ng of: methylene ethylene CHzC(CH3)

15 propylene, CH(CH3)CH(CH3)CH(CH3s), cyclohexylene, ethylenecyclohexylene,
phenyleneethylene; and R® is selected from the group consisting of:
tetrafluoroethyl, tridecafluorohexyl, perfluorocyclohexyl, perfluorophenyl,
perfluoroethyl, perfluorobutyl, perfluorooctyl, trimethyl silyl, triethyl silyl,
triphenyl silyl, tricyclohexylsilyl, tris(trimethylsiloxy)silyl, tris(trimethylsilyl)silyl,

20 methylbis(trimethylsilyl)silyl, methylbis(trimethylsiloxy)silyl,
dimethyl(trimethylsilyl)silyl, dimethyl(trimethylsiloxy)silyl, cyclic or linear

siloxane oligomer or polymer or silsesquioxane alkyl group.

38. A radiation sensitive silicon-containing resist composition of claim 36 wherein
25 the polymer comprises from about 50 to about 99 molar % of the fluorine-
containing momomer unit Il or lll and from about 1 to about 50 molar % of the

acetal momomeric unit I.

39. A radiation sensitive silicon-containing resist composition of claim 36 wherein

30 the polymer comprises from about 5 to about 75 molar % of silicon-containing
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38. Aradiation sensitive silicon-containing resist conposition of claim36
wherein 25 the polynmer conprises fromabout 50 to about 99 nolar % of the
fl uori ne-womawed7et ng nonomer unit Il or 1l and from aboutci/usos/adresuit 50
nol ar % of the acetal nononeric unit |I. 39. A radiation sensitive
silicon-containing resist conposition of claim36 wherein 30 the polyner
conprises fromabout 5 to about 75 nolar % of silicon-containing 33 WO
03/099782 PCT/ US03/ 1676 m){mmar unizté(?% Bnd é%om abg/ut 25 to about 95
mol ar % of GRPRAMBLHBHEY anGnireR abeyt aPavt dn raelag % jof other monomer

si li con-contaitni ng resist conposition of claim36 wherein 5 the polyner
conprises fromabout 5 to about 30 nolar % of silicon-containing nononer
unit(s) and from about 70 to about 95 nolar % of other nonomer units. 41.

A radi atjon sensitive sil.icon-contajni.ng resist conposition of.claim 36
aher ei 0. 70 A4 FTgiaT Refeiive SHeraBlamiPg e EomRaTTaR o ot i 5200 ¢ o
about 75, QRO pofifnertdrAdtists PEmSAIIL Bl tveabiut 30GoRP Wb ¥ BilieEn cBhtdiking
conposition of cl'aim 36 wherein the polyner conprises an additi onal
nmononeri ¢ umenaeeeonits) fandniremealpwiud torsbett 8o maater i% afirther e@noMmari ng of
hydr oxystyr ene hydr oxystyrene units bl ocked with other acid sensitive
groups, al pﬁ'g-' Fri fluoronethacrylate, (nmeth)acrylate, (neth)acrylonitrile,
vinyl ether or acetate, or substituted and unsubstituted mal eim de units.

20 34
41. A radiation sensitive silicon-containing resist composition of claim 36 wherein

10 the polymer has a molecular weight (Mw) of from about 2,000 to about 75,
000.

42. A radiation sensitive silicon-containing resist composition of claim 36 wherein

the polymer comprises an additional monomeric unit selected from the group

15 of monomeric units consisting of hydroxystyrene, hydroxystyrene units
blocked with other acid sensitive groups, alpha-trifluoromethacrylate,
(meth)acrylate, (meth)acrylonitrile, vinyl ether or acetate, or substituted and

unsubstituted maleimide units.
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