WO 02/ 06895 PCT/ US01/41011 t-BUTYL Cl NNAMATE POLYMERS AND THEI R USE I N
PHOTORESI ST COMPOSI TI ONS Background of the Invention Field of the

| nvent i orwo0 B2/0dses present invention relates to pol ynmers thecT/ase/asdaf ul in
phot oresi st conpositions. Mre particularly, the present invention relates
to polyners containing t-tHBEVYLOCINSAMATEROLYMERShOt or esi st

conposi tions, which produce high resolution photoresist patterns with

i nproved etch resi SARDCEHEIR %5 N PHOTORESIRG @OMPARSITIINSOr esi st

conpositions containing copolyners of t-butyl acrylate or nethacryl ate,
and hydroxy styrene nononers it .15 The t-butyl acrylate
noi ety retards the al kaline s%%ﬁ%ﬁpﬁ%§06®egagﬂﬁé§ﬁst film in unexposed
areas. In the exposed area, pho Qqﬁn rated acid and heat causes
deconposition of the t-butyl est'df @ﬁgﬂbﬁvﬁnﬂo%arboxylic aci d, enhanci ng
the alkaline solubility of the exposed area of the film Wile sone

| ithographic properties, such as shape of profile, linked to al kaline
solubility inprove as the 20 anount of t-butyl acrylate is increased in the

copol ymer, ot her The @peeiitiiBgensive Fel@ss togioagaﬁasﬂta@aren@@ﬂuﬁﬁmﬁa)rwitf er as the
anount of hydroxy styrene is decreased. Plasma etching is a well known

met hod for pé&ﬁ&b%itﬂﬁs.%r@ﬁﬁﬁi%ﬁﬂﬂ;ﬁﬁe st invention relates to polymers

containing t-butyl cinnamate useful in photoresist compositions, which produce

high resolution photoresist patterns with improved etch resistance.

10
Description of Related Art
Photoresist compositions containing copolymers of t-butyl acrylate or
methacrylate, and hydroxy styrene monomers are known in the art.
15 The t-butyl acrylate moiety retards the alkaline solubility of the resist film

in unexposed areas. In the exposed area, photogenerated acid and heat causes
decomposition of the t-butyl ester group to a carboxylic acid, enhancing the
alkaline solubility of the exposed area of the film. While some lithographic
properties, such as shape of profile, linked to alkaline solubility improve as the
20  amount of t-butyl acrylate is increased in the copolymer, other properties such as
plasma-etch resistance suffer as the amount of hydroxy styrene is decreased.
Plasma etching is a well known method for producing microstructures on a

substrate. Etching of the photoresist must be controlled and precise. Variables that



substrate. Etching of the photoresist nust be controlled and precise.
Variables that 1 WD 02/06895 PCT/ USO1/41011 nust be consi dered during

t hi s prooede2/4ses ude power | evel, tenperature, pressure, PAPESUM10ENd
etchant chem stry. The role of the photoresist also influences the etching
process. Fomuskbherpdmesideasdodmmingahigpoepss include phrvotrdeed, tsmpeatupg prdsiwn, af f ect s
the etching stability and etch selectivity. That is, certain polyners in

the 5 phot oldesibslandiRas dhefiistdf Mol e 1R HIIESHt B IERuenWbN tBE IS an
indication of the etch selectivity. By manipulating the etch selectivity,

control and Y o] ' .1 proved. cordingly,
it is desi rg%lﬁg @Jggﬁgvgo%é%ﬂagfeg%?lﬁ gitc %(E:Og%g?)%?? ﬁ‘%ﬂ&? ﬁ%{@?npgog&ogea?cectaesi red
shape and profile properties, while de strating ipproved etch resistance,
10 i.e. et cﬁhes@Flé@E B ’ﬁ’{?y wﬁf?t%l? SW-WQ@ 1%??@“?%\?@%%%@1% present
invention provides a photosensitive resist conposition 15 conprising a
pol ymer 6f thbiotasist compesiereaifest thestabacsistagenwhahos an auditatiosof theatch  The
polymers of t-butyl cinnamate that are useful in the present invention have
nononeri ¢ uRtks&ivly. BAmBEip@REng e cfh@leCHiiAly3 control and precision of the
etching process can be improved.
Accordingly, it is desireable to have a photoresist composition that provides

desired shape and profile properties, while demonstrating improved etch resistance,

10  i.e. etch selectivity.

Brief Summary of the Invention

The present invention provides a photosensitive resist composition
15 comprising a polymer of t-butyl cinnamate, a photoacid generator, and a solvent.
The polymers of t-butyl cinnamate that are useful in the present invention have

monomeric units of:

- rR [ 1T ]
R?
J 0= ™ 0ps
OH O OC(CHs)3
- Ja L dp L -c




abc 2 W 02/06895 PCT/USO01/41011 wherein a = 0.3 t0 0.9, b=0.1to
0.7, and ¢c = 0to 0.3; Rl=H nethyl, or CH2OR4; R4 = Hor C 1-C4 allcyl
group; RAweotpesaet hyl , CH2OR4, CH2CN, or CHzX; X = Cd, |PCBUSOIR100r
CH2COOR5; R5 = O -C4 al kyl group; and R3 = isobonyl, cyclohexyl nethyl,
cycl ohexyl etheydin areh3 yo 0.90b =ghieteed. hyand c5= Dbt &3 § Rb= B swathyps ardHLERY he

I nvention The present invention provides photoresist conpositions

contai ni ng Rie! MRS -0 an?bgwh; R A HafRie ], (ORI Cant g epaeh Y; Xpepves the
resolution and 10 shape of a photoresist pattern obtained upon exposure,

et PIIBAS, bIRHOMOBRCROD ¢ 28k SHANEE TR IPUROSIbLOBhIGRRYE

pol ymers of 't cfnnamate, a pho gener at or, so6f’ent. The

pol ymers of t-butyl. cinna have the oneric units of: RL R2 [/ ~
~~OR3 O oc(%ﬁ%ﬁfsyydﬁﬂaXﬂeﬁ%’@%f%nbeagﬁﬂs to 0.9, b=10.1t00.7, and ¢
=0to0.3;, R =H nethyl, or CH2ZOR4; R4 = Hor C 1-C4 alkyl group; R2 =
H, nmethyB, CH20R4, CH2CN, or CH2X; X = d,

Detailed Description of the Invention

The present invention provides photoresist compositions containing
polymers of t-butyl cinnamate that advantageously improves the resolution and
10  shape of a photoresist pattern obtained upon exposure, while exhibiting improved
etch resistance. The compositions contain polymers of t-butyl cinnamate, a
photoacid generator, and a solvent.

The polymers of t-butyl cinnamate have the monomeric units of:

- rO T T 1 7]
R2
P 0= op?
=
] OH 07~ 0C(CH3)s3 ]
—a - -b —c

15 whereina=0.3t00.9,b=0.1t00.7,and c=0to 0.3; R'=1, methyl, or CH,OR%;
R*=H or C1-C4 alkyl group; R* = H, methyl, CH,OR*, CH,CN, or CH,X; X = Cl,
I, Br, F, or CH,COOR’; R’ = C1-C4 alkyl group; and R? = isobornyl, cyclohexyl

methyl, cyclohexyl ethyl, benzyl, or phenethyl.



I, Br, F, or CH2OOOR5; R5 = C 1-C4 al kyl group; and R3 = isobornyl,

cycl ohexyl nethyl, cyclohexyl ethyl, benzyl, or phenethyl. 3 WO 02/ 06895
PCT/ US01MQ 020s895These pol yners can be prepared by copol yneeT/pseigiivtibut yl

cinnamate with acetoxy styrene and subsequently converting the resulting
acet oxy styrene/ tThess pdlymeiscambapepaep by gopolymeritiyglt-butyl chyamememtithbut yl

ci nnamat e copol yner, as shown by the follow ng reaction sequence: \

pol yneri zat iagdtox @hyaﬁd bubséduh corﬁ/eﬂln the f5hB mr@né#rbuﬂ'l
met hanol / base ca}tga yst Oq—l W a= @0 3-0.9 and b'="70. 1-0. 7ty The

pol ynmer of 1t rﬁ’l&&]}ﬂe &b?{%ﬁ@%o%h){dgw&/{ Qﬁyp&ﬁﬁ/a'.rr?alfé &%oﬁ%’er asrs?lg\%l b?/n’ has

t he nononeric unit

the following reaction sequence:

\ polymetization
: catalyst/initiator

i 0?0
o o] OCOCH; —7\—

metharol/base catalyst

oH +

a=0.3-0.9 and b=0.1-0.7.

The polymer of t-butyl cinnamate formed in the previously shown reaction,

has the monomeric units:

=
OH (0] OC(CHz)3
— —a - . —p

10



(CHa 10 4 WO 02/ 06895 PCT/USOLl/ 41011 where a = 0.3 t0 0.9; b=0.1to
0.7; and atb = 1.0. The nononeric units are about 30 to 90 nol e% hydr oxy
styrene avaozabses 10 to 70 nole% t-butyl cinnamate. PrefePa@blUgor/4ihbre i s
about 50 to 90 nol e% hydroxy styrene and about 10 to 50 nole%t-butyl

ci nnamat e i nvhehea TOpbioyhairb = THits Opblagdretb rrey0. alieanominiarel ynitseréatpuepar ed by
directly copolynerizing hydroxy styrene with t-butyl cinnamate. This 1is

acconpl i shegothpougheAmydioapwirditanddbalt 102 YORIJIRALLAR ciifbmaanpl e,
anionic or free radical polynerization my be used. Any of the conmmonly

oty ol negneoh ek s skl 3P0 3 b Ak Sleho TRk a1 PUEBO YT

t-butyl cinnanate fay nc

solubilizin omeri.c.unit i.n the | ymer, and/ or by attachi ng an acid-
abi e g oun SR ! SrRte i e oRb i Sh GRiBsH ey Al emghy o be
tetrahydropyranyl esters (THP) or butoxycarbonyl nethyl (BocMe) to a

portion &f preateddryalisecty eenpdymesizingleydsoxpr syrene with it-bhiyl einpahstaeThisavi ng t he
nononeric units: 15 5 WD 02/ 06895 PCT/USOL/ 41011 RL R2 / O ~~OR3
is accomplished through any known method of polymerization. For example,
anionic or free radical polymerization may be used. Any of the commonly used
polymerization initiators or catalysts may be used.
The polymer of t-butyl cinnamate may be modified by including a non-
10 alkali solubilizing monomeric unit in the polymer and/or by attaching an acid-
labile group such as acetal, tertiary butoxycarbonyl (t-Boc), tetrahydropyranyl

esters (THP) or butoxycarbonylmethyl (BocMe) to a portion of the hydroxy groups

of the styrene to yield a polymer having the monomeric units:

15



OHO O(CH3)3 abc 02Z'~~ O(CH)XRB R:-C- O- R7 d e f wherein
a=0. 3t 00. 9, b0. 1t 00. 7, c=0t 00. 3, d=0t 00. 2, e=0t 00. 2, f=0t0 0.2, and a+b+c+d+e+f
= 1.0; RWeoMesaethyl, or CH2OR4; R4 = H or Cl-C4 allcyl PQrosey41R = H,

met hyl , CH2OR4, CH2CN, or CH2X; X = a, I, Br, F, or 5 CH2OOOR5; RS = d-C4
al kyl group; R3 = k§obornyl ohexyl nethyl,[ cycl ohexy] ethyl, benzyl,
or phenethyl; |R6 =jnet hyl or R7 = a ¢ycllic or, acyc]ic group

sel ected fromja s o bi cy i near, of brlanched al ky] group, hal ogen

substituted allkyl § ard group, supstijtute ic group

sel ected from|phe bepzyl|, phenet hyl, naphthyl, ht hyl et hyl groups
whi ch 10 grougs i) y dopntadn ope or npre |hetefoatons| such as S, 0, or
N, x is O or 1, s H 4 al kyl grodp \'l\ Ikoxy group, or
an acet oxy grcup. O 0P/ 04895 Pg / US01/ 41p11 Bref eréB’y, a = 0.3 to 0.7,
b=01to 0.7, 0 to]0.3 oo %36 0to 0.2, :0t00.2, and
ctd+e+f = 0.2 ]to CI)H The ndn-al kali sol ubi |iziijng nononer [y be, for
exanpl e, styrene,” 3- nettwl styrene, tertiafly-butyl styrene, acetoxy
styrene, methyl (nmeth)acryl ate,

- - _ _ -
O\
Cl’ (CHo)x RS
RO— (': —_ 0=
R’ X
L dq = —-e - —f

"~ whereina=0.3t009,b=0.1100.7,¢=01t00.3,d=0t00.2,e=0t0 0.2, f=0to
0.2, and at+b+c+d+e+f = 1.0; R' = H, methyl, or CH,OR*; R* = H or C1-C4 alkyl
group; R’=H, methyl, CH,OR*, CH,CN, or CH,X; X =CL, I, Br, F, or

5 CH,COOR?; R’ = C1-C4 alkyl group; R? = isobornyl, cyclohexyl methyl,
cyclohexyl ethyl, benzyl, or phenethyl; R® = methyl or ethyl; R’ = a cyclic or
acyclic group selected from a cyclic, bicyclic, linear, or branched alkyl group,
halogen substituted alkyl group, aromatic group, substituted aromatic group
selected from phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which

10  groups optionally contain one or more heteroatoms such as S, O, or N; x is 0 or 1,

and R® is H, C1-C4 alkyl group, C1-C4 alkoxy group, or an acetoxy group.



5 isobornyl (neth)acrylate, adanmentyl (neth)acrylate, phenyl

(nmeth)acryl ate, phenethyl (meth)acrylate, and cycl ohexyl acrylate. In an

al t er nat avenbodvirent, the nononeric unit: O OC(CH3)3 b PepUR&/41epl aced
with the nononeric unit: OOR b 10 where RO nay be any aci d-cl eavabl e
hydr ocar bon gr ouPréfasabhg a A8 tedi7por Gat ©is7, cand td0i3sd e torle] eas0 ot ed

above. Exanples include, but are not [imted to t-anyl, 2,3-dinethyl

butyl, 3-netgyylfpertold, andcratévil=adagent yl, 2-ethyl adamentyl, methyl

cycl ohexyl, and nethyl cyclopentyl. 7 WO 02/06895 PCT/USO01/41011 The

radi ation sensiti o r. (PAG, which
is al so known as Tgl% %g{ggl?a rill %O?Lgotn%ilﬂg #g&?aﬁgw %?gﬁ‘é)&q}@?egié?en% o produce an
aci d upon expOf1 re to radi atbl on/ photol ysis. The acid reacts with the

pol yner to 314 gcf%%“aﬁiféﬁfy SHI sBTRe RSy e ey lymstivactylatea cheni cal |y
anplified reaction. Any suitable photoacid generator conpound may be used
in the phot asaoimi (metbjaondite, amefiyb(mpdtbroabite pheme (meth)accdapound may be,
for exanple, onium salts such as diazonium sulfonium sulfoxoni um and

i odoni um salghspetyl dmsth)dc@ylete, and cyclohexyl acrylate.

In an alternate embodiment, the monomeric unit;

=
(6] OC(CHz)3

- b
may be replaced with the monomeric unit:
OJ\OR9
—- -'b

10
where R’ may be any acid-cleavable hydrocarbon group having 1-10 carbon atoms
and b is defined as noted above. Examples include, but are not limited to t-amyl,
2,3-dimethyl butyl, 3-methyl pentyl, 2-methyl adamentyl, 2-ethyl adamentyl,

methyl cyclohexyl, and methyl cyclopentyl.



conpounds, sul fonate conpounds, sul foni m de conpounds, diazonethane 10
conpounds, and disulfones. In addition, suitable photoacid generator
conpounddvo a2/es88 scl osed i n US- A-5558978 and US- A- 5468589PCWuiseliiarie

i ncorporated herein by reference. Sulfoniumsalts such as

tri phenyl sul foni um perfluoro octane sulfonate and triphenyl sulfonium
perfluoro butane sulfonate are further exanples of suitable 15 photoacid

generators. A cONMpkehdnSoy &nbitist chgpentbniasiatédy prtoRid %éh'efa@d}i(PKG?,nd
i odoni um phot oaci d generators that can be included in the present

OO e " ot 4Bl A SRR, M fllodch SGOPREY LS RLSLT PY

ref erence. It1onal exanpl oacl d generators are

henacyl p- t hyl benzenesul f.onate, henzoj -t ol uenesul f onat e,
oot o1 U@ B R BRSOy Uabay Phausists e Kol Readt With he BoRmet to
- (p-tol uenesul fonyl oxy) - 2- hydr oxy- 2- phenyl - 1- phenyl propyl et her,
N- ( p- dodécy Ipbeshize akkeliisbluhid anhp)xyﬁq &ithghphid 4 eheddcallychnplified reaction.
(phenyl -sul fonyl oxy)-1, 8-napthalimde. 8 WO 02/ 06895 PCT/US01/41011 O her
sui t abl e phot oac i&m&@ﬁl@%ﬁbto@am@wﬂ@t& @rpimA intdyHRaREAI BB YE&Sresidhi Ch
[

rearrange on actinic irradiation to give o-nitrosobenzoic acids such as 1-

ni't robenzal deyesyadThe fadtbddd &f&?ﬁér%ﬁ:égﬁ% i eI UBISINGR, Such as

a,a,a- trich oacet op one and p-tert -a, a, a- groacet ophenone,
and sul fonic

2-hydroxybeﬁ?ggﬁgﬁ%§é§%§$H§%gﬁ%&%ﬁﬁgﬁﬁggﬂﬁaggg-’ %ﬁg@ggﬁz%ﬁﬁﬁﬁgﬁé
bi s( met hanesul fonat e) .
compounds, sulfonate compounds, sulfonimide compounds, diazomethane
10 compounds, and disulfones. In addition, suitable photoacid generator compounds
are disclosed in US-A-5558978 and US-A-5468589, which are incorporated herein
by reference.
Sulfonium salts such as triphenylsulfonium perfluoro octane sulfonate and
triphenylsulfonium perfluoro butane sulfonate are further examples of suitable
15 photoacid generators. A comprehensive listing and description of sulfonium and
iodonium photoacid generators that can be included in the present composition is
found in US-A-6010820, which is incorporated herein by reference.
Additional examples of suitable photoacid generators are phenacyl p-
methylbenzenesulfonate, benzoin p-toluenesulfonate, a-(p-toluene-
20  sulfonyloxy)methylbenzoin 3-(p-toluenesulfonyloxy)-2-hydroxy-2-phenyl-1-

phenylpropyl ether, N-(p-dodecylbenzenesulfonyloxy)-1,8-naphthalimide and N-

(phenyl-sulfonyloxy)-1,8-napthalimide.



Still other suitable exanpl es of photoacid generators are

tri phenyl sul fonium brom de, triphenyl sul fonium chloride,

tri phenylve@bt/edspinm i odi de, triphenyl sul foni um hexaf | uor BEHOSEhEDLH,
tri phenyl sul f oni um hexaf| uoroarsenate, 10 tri phenyl sul foni um

hexaf | uor oar senat(hen suitghlePhptoasit GaR#T HNPQURES Biset-hitnobenrhidohydes,

di phenyl et hyl sul f oni um chl ori de, phenacyl di net hyl sul f oni um chl ori de,

phenacyl t et valiytdreatrhngepdreadtinio ieddiatiomw®, gide o-nitrosobenzoic acids such as 1-
ni t rophenacyl t et rahydr ot hi opheni unm chl ori de and 4- hydr oxy- 2-

et hyl phenylyhesialydactak any DXL EALLEE. o-hmohtibBbn&XRIRAES . SuT tabl e

phot oaci d generators use’in I's 1 nvention

bi s(p-tol ueneSLiI fonyl ) di azormet hane, met hyl sul fonyl p- )

t ol uenesul f dRgheogsARRCRgARANdIP-tegl Ryt -t ehgyfrishqrepppiaphpnaneg ang sulfonic

di met hyl et hyl sul f onyl ) di azon®et ane,

bi s(1, 1- di nestissl aftoklystds ok faoylphgrdinesz sumdt 43 @Aley;droxybenzophenone

bi s( 1- met hyl et hyl sul f onyl ) di azonet hane,

bi s( cycl ohexydigatlebQHaleimazonsy s en%%ohﬁﬁ%&zﬁiﬂhﬁﬁﬁﬁééﬁhfoﬁﬁw. -
yl-2-(p-

- cycl ohexyl car bonyl di azonet hane, Z-ne

et hy £ i opr opi oRNERGAE, SDeE RatiE STEER LIt By fsbibudnig

1-di azo-1- nethyl sul f onyl - 4- phenyl - 2- but anone, 2-(cycl ohexyl carbonyl-2-(p 9
WD 02/ 06895 breerdegaphensdsu fontusn eflpddsy fRhsypy iy pfspamdodide.cy ci ohexyl sul fonyl - 1
cycl ohexyl car bonyl di azonet hane,
1- di azo- | - cyuplengbylicniiundeyxh@r8plwisphettd yiiplnplst ot me, hexaffliicaaasdnate] , 1
di et hyl et hyl sul f onyl ) - 3, 3-di net hyl - 2- but anone, 1-acetyl-1 -(1-
10 triphenylsulfonium hexafluoroarsenate, triphenylsulfonium
trifluoromethanesulfonate, diphenylethylsulfonium chloride,
phenacyldimethylsulfonium chloride, phenacyltetrahydrothiophenium chloride, 4-
nitrophenacyltetrahydrothiopheniumn chloride and 4-hydroxy-2-
methylphenylhexahydrothiopyrylium chloride.
15 Further examples of suitable photoacid generators for use in this invention
are bis(p-toluenesulfonyl)diazomethane, methylsulfonyl p-
toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazometane, bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 1-
20  p-toluenesulfonyl-1 —cyclohexcharbonyldiazomethane, 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-



met hyl et hyl sul f onyl ) di azonet hane, 1 -di azo- |
-(p-toluenesul fonyl)-3, 3-di nethyl-2- 5 butanone, 1 -diazo-

- benzenew® hoonghs 3, 3 -di net hyl - 2- but anone, 1 -diazo- | -P@I/US01/41011
t ol uenesul fonyl ) -3 -nethyl - 2- but anone, cycl ohexyl 2-diazo-2-(p-

t ol uenesul f 6WF§%€BCQWIH>TOR3@¢:t L-pyelahexgs@ionybl ovohihexdoarbonyfl dinxdrachanst e,
i sopropyl -2- di azo-2-net hanesul fonyl acetate, cycl ohexyl

2- di azo- 2- bdnrdiernes wytlohytydadioayles, 3 dandthyl+bytanghe, 1-diazo-1-(1,1-
di azo- 2- (p-tol uenesul fonyl )acetate, 2-nitrobenzyl p- tol uenesul fonate, 2,6

10 di ni t r obeg¥hy Rte)@éu%ﬁ §@'3f&lﬂé¥@ 2 dn B! t{,égag;i;qpl es of photo

trifluoronethyl benzenesul onat e her sulta

generators ar e a tetrabro ol

T s (305 asT B s AR S HiRE- Ee e a3 Siresigieny 1) - N
-(p-toluenesul fonyl)urea. 15 In the present invention, the photoacid
generat of i SutpseEc.drdigkuiitbenzenegpbfonyl-3,3-dimethpla? bgtabgnwmdgm lpgr 100 parts
of polynmer. Preferably, the photoacid generator is included at about 1 to
10 parts, ancuemsselfpuyd)-Smnadihy-2aivationd, dyoloBepantdiatoy2-yei ght per 100 parts
by wei ght of polymer in the photoresist conposition. The photoresi st

conposi t i Ont&ﬁeﬁe,‘%ﬁbﬁﬂ)\é@é’t&ﬂe%ﬂ%‘uﬁ@ ztﬁgéo@%&z%n&%if%ﬁ% etJ@%so 9' vent

shoul d be inert, should dissol ve “al conponents I'n e cdnp on shoul d
not undergo fea ot:her .co houl d reaned on drying
after coati %azo-% Q’SP%SU SpYjastate: e H@PE Iﬁiﬁelzogzr'g nﬁSIEeSP MGt IBFgani ¢
sol vent s, such as p yl ene gl coI m)norret hyl et heracetate (PGVEA),

propyl ene gPyEdE dlﬁorﬁm@ﬂ%%ﬁomC%Mﬂﬂ@qwnZﬂ p-toluenesulfonate, 2,6-

10  dinitrobenzyl p-toluenesulfonate, 2,4-dinitrobenzyl p-
trifluoromethylbenzenesulfonate.

Other suitable examples of photogenerators are hexafluorotetrabromo-
bisphenol A, 1,1,1-tris(3,5-dibromo-4-hydroxyphenyl)ethane and N-(2,4,6-
tribromopheny!)-N’-(p-toluenesulfonyl)urea.

15 In the present invention, the photoacid generator is used at about 0.5 parts
to 20 parts by weight per 100 parts of polymer. Preferably, the photoacid generator
is included at about 1 to 10 parts, and more preferably about 2 to 8 parts by weight
per 100 parts by weight of polymer in the photoresist composition.

The photoresist composition of this invention also includes a solvent. The

20  solvent should be inert, should dissolve all components in the composition, should
not undergo reaction with other components, and should be removed on drying
after coating. Suitable solvents include, but are not limited to organic solvents,

such as propylene glycol monomethyl etheracetate (PGMEA), propylene glycol

10



nmononet hyl et her (PGVE), 1-nethoxy-2-propanol acetate (PMA), N

nmet hyl pyrrol i done (NMP), y- butyrolactone (GBL), N, N-di nethyl acetam de
(DVAC), aveorer/bpghs 2- pi peri done, N, N-di met hyl f or mam de ( DVFPCT/@Se/4108,
tetrahydrofuran (THF), nmethyl ethyl ketone, nethyl isobutyl ketone,

2- hept anone m&omethydetbent @odde), 1 eycthatyekarpangl Retaet(AMd)eNmanol ,
2- et hoxyot hanol , 2-ethoxyethyl acetate, |-nethoxy-2-propyl acetate,

1, 2-di met homme;ﬂb%&m&hémm,eﬁt%lhg/mmbﬁa@meN NehathSlachapy! ene gl ycol
y

nonoet hyl et her acetate, neth actate, ethyl Tactate, nmethyl pyruvate,

et hyl pyruv hyl. 3- h rQR} G et hyl ; 3s t ho ropi onat e,
1, 4-di oxane?bg/%g?élr%eﬂgﬁ S/Zglglk’er%%g’i Ig’(%g%%li%llgofw }deo(iDm E@ﬁy %0 gl ycol
nonoet hyl et her, diethylene glycol nononet h¥l et her, diethylene glycol

di met hyl et E%F@YQTRQH%ZTHF)(& thyh thyh lestenes methydsphyiy] ketonss aéyp@n@le@ ycol
nononet hyl et heracetate (PGVEA). Typically, the solvent is about 100 to

1000 parts byclopinggrtonparycleBéapand, 8-rhgthoxyeilghol, Bfethandyyiiranolj h-ethbryqilydt or esi st
conposition. Preferably, about 200 to about 15 800 parts, and nore

preferably, a@éi@tb't1—141@@10&9—2719%39@Eét;ﬁe,bb@-‘ﬂﬁﬁ&ﬁé}lqpﬁﬁa&%y@ﬁéétﬁe,mélloé’éﬁ@/@ht of

pol yner in the photoresist composition is solvent. Optionally, the

conposition h rese invent i y. L.ncl ud basi ¢ onpound. The
basi c conpo&g%at%ﬁ(? }dglilesgl &%dlsn(lzoe{l gnggetg%(% %tﬁ{sé’ 1&@ gggﬁf%feneqqﬁ@%t %di at i on
sensitive conposition prior to bei ng irradjated by the actinic radiation.

20 The base"ta{@ntyate eREkovAR e Agenghoxspeonienate: €81 = groups by the
undesirable acids thereby increasing the performance and stability of the
resi st. Sui nmthexypmpampied,.dediokms] ahyempglvend snanoesopfopy! ehangikéylene
1, 5-di azobi cycl o[ 4. 3. 0] non- 5-ene
10  glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol
dimethyl ether, and the like. The preferred solvent is propylene glycol monomethyl
etheracetate (PGMEA).
Typically, the solvent is about 100 to 1000 parts by weight per 100 parts by
weight of polymer in the photoresist composition. Preferably, about 200 to about
15 800 parts, and more preferably, about 400 to 700 parts by weight per 100 parts by
weight of polymer in the photoresist composition is solvent.
Optionally, the composition of the present invention may include a basic
compound. The basic compound functions to scavenge protons present in the
radiation sensitive composition prior to being irradiated by the actinic radiation.
20  The base prevents attack and cleavage of the acid labile groups by the undesirable
acids thereby increasing the performance and stability of the resist. Suitable

examples of basic compounds are, for example, 1,5-diazobicyclo[4.3.0]non-5-ene

(DBN), 1,8-diazobicyclo[5.4.0Tundec-7-ene (DBU), 2,4,5-triphenylimidazole,

11



(DBN), 1, 8-diazobicyclo[5.4.0]undec-7-ene (DBU), 2,4,5-triphenylimdazol e,
11 WO 02/ 06895 PCT/ USO1/ 41011

trimet hylvwoopedses ri s(2- net hyl - azi ri di nepropi onate), 1-cycPoh®&sel418t1( 2-

mor phol onoet hyl ) - 2-t hi ourea, 2, 8-di nethyl -6H, 12H-5, 11-

met hanodi bemobthyitr¢pansiid(2aneihyhezifidinepreplonatBy dedyclohexykidn@- 4- pi per azi ne,
4- (3- am nopropyl ) nmor phol i ne, 2-(am nophenyl)-6-net hyl benzot hi azol e,

tri benzyl amntgphdodoethyl)-I-tHiurkh)-Deyan@hIydH 1 pELSVl-enet et r ami ne,
t hi onor phol i ne, 1, 3-bis(3- pyridylnethyl)-2-thiourea,

4,4"-tet i i dine ani-hine. t e
L P08 DS S PRl B S BB b i .01 1 e

N, N- di net hylani 1 ne, o-[t mto I'ne;” p-10

qgui nol i ne, isoquinoline,. for i de, N-nethyl-fqrmanjde, N, N )

i ot hy 1 or AT AROLSAEET B . 2B A B sy TR kel SebHyY Wina de, 2
10 pyrrolidone, N-nethylpyrrolidone imdazole, a-picoline, 0-picoline,

y- pi col i he, 1,114,2,10H8rhexemetdyiindthid encict@unphertiiosveptdiliaed Ind-pis(3-

1, 4- phenyl enedi am ne, 2-am no-4- nitrophenol, and triazines such as

2- ( p- chl or opphiéylleihy®-Bitisued) Yor apritiythyenedipipaddifg aniline, N- _
1, 3,5-tri benzyl hexahydro-1, 3,5-triazine, tetrabutyl anmoni um hydroxi de,

| el uded at "ot o RO B EH G, SHALERL, LR PSSR or ¢ ne
Pasi o conpo B e GO LR G e S TAPL BB Rt mor 6
preferably about 6 to 10 parts by weight per 100 parts by weight of the
phot oaci d  dunethgfamantide, hectighideoNasétbyl-asetmpudd, N, Drdimethylacetamide, 2-

10  pyrrolidone, N-methylpyrrolidone imidazole, a-picoline, B-picoline, y-picoline,
1,2-phenylenediamine, 1,3-phenylene-diamine, 1,4-phenylenediamine, 2-amino-4-
nitrophenol, and triazines such as 2-(p-chloro-phenyl)-4,6-trichloromethyl-s-
triazine, 1,3,5-tribenzylhexahydro-1,3,5-triazine, tetrabutyl ammonium hydroxide,
trismethoxy ethylamine and mixtures thereof.

15 The basic compound may be included at about 1 to 50 parts by weight per
100 parts by weight of the photoacid generator used in the photoresist composition.
Preferably the basic compound is included at about 5 to 25 parts by weight, more
preferably about 6 to 10 parts by weight per 100 parts by weight of the photoacid
generator in the photoresist composition.

20 The present invention may further include one or more other additives.

Suitable additives are, for example, surfactants, adhesion promoters, leveling

agents, dyes, mixtures thereof, and the like.
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20 The present invention may further include one or nore other additives.
Suitable additives are, for exanple, surfactants, adhesion pronoters,

| evel i ngwW@gmmssy dyes, m xtures thereof, and_the |like. 1PCVOSO2108895

PCT/ USO01/ 41011 |In addition, the present invention includes a process for
formng a relief Ipaddidom thesprmsent hyestderpinsiutésomprotess ffier foreingntreliefvent i on.
The process conprises the steps of. (a) coating on a suitable substrate, a

phot or esi st pagerReSing ithNc@@isItioniof thefpredenbitiy¥htichi NMHEHRERs P nYRks e thi s
i nvention, a photoacid generator, and a solvent, 5 thereby formng a coated

substrat e; Vi - : | L1Lon; W Se exposi ng
t he coated %%kség frcgétl)er& £ %ﬁg%r&?%1%%%2%1?)%’[{2}%%ﬁ@%?'g%résg%g?&gé%%%rg?e PIRY %g t he
coated substrate at an el evated tenperature; (e) devel oping the coated
substrate w’tt'ﬁjﬂtygﬁmﬁﬁfﬂ@ﬁ@Q%&WQPB%%?@WFP& %Bg}oé’#‘%ﬁ@m&%éﬁl afolygtti ern on an
i maged coated substrate; and (f) rinsing the inmaged coated substrate. 10
The phot dr ehesebydenmpingiatdoated gnbstiaies (W)riveng therphotoresis cenipositiamy(cls ui t abl e
substrate such as a silicon wafer, a ceram c substrate, or the |ike.

Coati ng met haggewisd@ipdsiag tHelboard Subkitatd torictigid rddatioRt ab) peSiadkipbeire SPi N
coating, offset printing, roller coating, screen printing, extrusion

coating, nenLs C ' ' i - () ORI S; i.Ag. The
resul ting f?%%ﬁgglf %%%eygg%ﬁtﬁgﬁb%hElreg,g%%%gpftr&g%’ g;) evatlﬁdgggj%% g)%rp{@egrat ure of
about 70-160 .C for ane minute to thirty mnutes, dependi ng on.the . nethod,
o evapor at QU ERRTHTHGO TR, St didine ) sl et s drenitatmd, i 1m s
i magewi se exposed to actinic rays in a preferred pattern through a nask.
X-rays, coated substrate; and (f) rinsing the imaged coated substrate.

10 The photoresist composition of this invention is coated on any suitable
substrate such as a silicon wafer, a ceramic substrate, or the like. Coating methods
include, but are not limited to spray coating, spin coating, offset printing, roller
coating, screen printing, extrusion coating, meniscus coating, curtain coating, and
immersion coating. The resulting film may optionally be prebaked at an elevated

15  temperature of about 70-160° C for one minute to thirty minutes, depending on the
method, to evaporate the remaining solvent. Subsequently, the resulting dry film is
imagewise exposed to actinic rays in a preferred pattern through a mask. X-rays,
KrF-excimer laser, ArF-excimer laser, electron beam, ultraviolet, visible light, and
the like can be used as actinic rays. The most preferable rays are those with

20  wavelengths of about 248 nm or less.

Following imagewise exposure to actinic radiation, it is advantageous to
heat the coated substrate to a temperature between about 70° C and 160° C. The

coated substrate is heated in this temperature range for a short period of time,

13



Kr F-exci mer | aser, ArF-excinmer |aser, electron beam ultraviolet, visible
light, and the |like can be used as actinic rays. The nost preferable rays
are t hosavowr/bss29) wavel engt hs of about 248 nm or | ess. FoPCDWSOIgt1DIIAgEW Se
exposure to actinic radiation, it is advantageous to heat the coated
substrat e t dypicallrgseerak secendsat weeral aboutes. 70hi€penedss 56D i€commnlycoat ed
substrate is heated in this tenperature range for a short period of tineg,

13 WO 02/ 06&9@neﬁdiﬂ$ﬁaéﬁ§§)§asteklydyuﬁagﬁdhgseveraI seconds to several
m nutes. This process step 1s conmmonly referred to in the art as post

exposur e baki ng. I i t.and a relief
pattern is obt ai]ﬁjeég?l;nf%gla%%?}%g\é?aglgaag?(g%grg??l%?ggggrgﬁgﬁﬁg‘%lﬁ& of alkalis
amon; & vt S eapgecirudord iip g R ALARI TGRS dh ney
secondary amines (e.g. diethylamne, di-n-propylanine), tertiary am nes
(e.g., thietingigami akkpli (e.gl pothssiamihpdoxide, wpdivum hpdrbside) samhomil watpupt er nar y
anmonium salts ( e.g., tetranethylanmoni um hydroxi de, tetraethyl ammoni um

hydr oxi de) , paimchrivhines @é&g.}@th&lﬁﬁﬁl@%—pﬂ%&arﬂiﬁ}, swoﬁaﬁzhﬁﬂn@q&@! opers are

t hose containing tetranethylammoni um hydroxide (TMAH). An appropriate

anount of a Gﬁé}ﬁi}%g’%%?%if’%?%ﬁgwﬁ%ﬁﬂyE‘%esgﬁ%ﬁrgﬁﬁﬁami vel opnent can be

carried out rsion, spray, p ng, of her siml ar

devel opi n thods. The reljef pattern is then rinsed using deionized
wat er . Pt ng rg?co?xogmlnesrze.g. trletha.nolra)lmgne?, quaternary ammomnum salts ( e.gg,

tetramethylammonium hydroxide, tetracthylammonium hydroxide), and mixtures
10 thereof. The most preferred developers are those containing tetramethylammonium
hydroxide (TMAH). An appropriate amount of a surfactant can be added to the
developer. Development can be carried out by means of immersion, spray,
puddling, or other similar developing methods.
The relief pattern is then rinsed using deionized water.
15 To illustrate the present invention, the following examples are provided. It
should be understood that the present invention is not limited to the examples

described.

14



15 To illustrate the present invention, the follow ng exanples are
provided. It should be understood that the present invention is not
limted twObDhessexanpl es described. 14 WO 02/ 06895 PCT/ USPAT/A$@141011

SYNTHESI S EXAMPLE 1 Synthesis of t-butyl cinnamate 5 42.82 Gans (0.289
nol es) trans-cinnamc acid and 440 nL of nethylene chloride were added to
a2 liter, 3 neck round bottom flask. The m xture was stirred until

conpl ete sol uti on was obt ai ned§SYRTHESISIEXANVIFISE §t i ng of 131.56 grans
(0.578 noles as 100% t-butyl 2,2, 2-trichloroacetiinidate and 1000 ni of

cycl ohexane was then added to the reaction m xture. Next, 0.8 nL of boron
10 trifluoride etherate was then added. Immediately, a thick white slurry
formed. The rea re.was stirred at roomtenperature for 16 hours.
8 Granms of solid 8 eﬁlﬁogfgﬁ?yb‘é‘ﬁﬁ%r@a%s added. The reaction m xture was
stirred for 2-3 hours. The m xture was filtered through a pad of silica
gel . Metshyl ene cRI&r GransdA@ 30 yudles) gvameimenis acehandedi Ofmb i tethyldnet r at e by
vacuum 15 distillation. The colorless oil was redissolved in approximtely

300 nL of etdhdride a@ed added tdJ B 18EMY hedcRUA Bothsth HhilONTHBS M@ashed Wi th 6 x 50
mL portions of 5% sodi um hydroxi de, followed by 2 x 50 nmL portions of

et er; The ARl 5oL GPRIBE NSRBI LT, o o
filtrate by g\fgrgsy (%@7%' nslgllels Iasa O%/n) t- butyl 2,2,2-trichloroacetimidate and 1000 mL of
cyclohexane was then added to the reaction mixture. Next, 0.8 mL of boron
10 trifluoride etherate was then added. Immediately, a thick white slurry formed. The
reaction mixture was stirred at room temperature for 16 hours.
8 Grams of solid sodium bicarbonate was added. The reaction mixture was
stirred for 2-3 hours. The mixture was filtered through a pad of silica gel.
Methylene chloride and cyclohexane were removed from the filtrate by vacuum
15  distillation. The colorless oil was redissolved in approximately 300 mL of ethyl
acetate. The ethyl acetate solution was washed with 6 x 50 mL portions of 5%
sodium hydroxide, followed by 2 x 50 mL portions of water. The organic phase
was dried over magnesium sulfate. The magnesium sulfate was removed by
filtration. Ethyl acetate was removed from the filtrate by vacuum distillation to

20  afford 40 grams of a colorless oil. The crude product was purified by distillation

under vacuum.
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20 afford 40 grains of a colorless oil. The crude product was purified by
distillation wunder vacuum 15 WD 02/06895 PCT/ US01/41011 EXAMPLE 1

Synt hesi svobh2/espdl ynmer of hydroxy styrene and_ t-butyl cinhr@Eise/440800 nlL
three necked flask was fitted with a tenperature probe attached 5 to a
tenperature controller, an adaptor EXAMELEdgen, and a refl ux condensor.
The flask was placed in an oil bath over a nagnetic stirrer. 21 Gans (35
nole %9 of t- butyl cinnamate (as prepared by Synthesis Exanple 1) and 23
grans (65 nole %9 of acetoxy styrene along with 15 nlL of p-di oxane and 80

mL i sopropyl al C‘,?@ﬂ{hfsi‘@@??ﬁ@ﬁ&?gﬁ%%gﬁ%n@'aﬂ&ikrbuM Lrogen.gas was bubbl ed

t hrough the nono ute he con € were stirred
and the tenperatu t reaction m S ralsedto 60 C. 4 G ans
of benzoyl per oxi‘t SO(XHQJ@EF& gke&]rﬂPSEP?@S? éi’vﬂmt?@ﬁﬁ@?“é?ﬂﬁoéeﬁ%h@&adual ly
increased to 78 C. After 20 hours, the reaction contents were allowed to
cool to 34 ® atmepwdpus somirolléroameadipioador nivogent antl 4 rafhxicosdeawdrutlhen by
precipitation in 1200 nL of hexanes. The isolated 15 pol yner was washed

with 800 ni flafk tvex plesd infdnl diEbdll overRthabkGestirfera 2V TrHME|3 PMER- "/&)Aofstoo m
t hree-necked flask was fitted with a tenperature probe attache to a

terper at ur e ANt ot S (48feABeRbOSyRLIDELEAIET) aRN BaRRIES ShAI appar atus

with refl ux yrrer uspende in 105
mL

of acetoxy styrene along with 15 mL of p-dioxane and 80 mL isopropyl alcohol
were charged into the flask. Nitrogen gas was bubbled through the monomer

10 solution for 30 minutes. The contents were stirred and the temperature of the
reaction mixture was raised to 60 °C. 1.4 Grams of benzoyl peroxide was added
and the reaction temperature w;ts gradually increased to 78 °C. After 20 hours, the
reaction contents were allowed to cool to 24 °C. The copolymer formed was
isolated from its solution by precipitation in 1200 mL of hexanes. The isolated

15  polymer was washed with 800 mL of hexanes, filtered, and dried in a vacuum
oven.

A 500 mL three-necked flask was fitted with a temperature probe attached

to a temperature controller, an adaptor for nitrogen, and a Dean-Stark apparatus
with reflux condensor. 28 Grams of the dried polymer was suspended in 105 mL

20  of methanol. 3 Grams of 10% sodium methoxide solution in methanol was added.
The temperature of the reaction mixture was raised to 66 °C. Methyl acetate

formed and was removed by azeotropic distillation with methanol. The conversion

of acetoxy styrene to hydroxy styrene was monitored by disappearance of the IR
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20 of nethanol. 3 G ans of 10% sodi um et hoxi de sol ution in nethanol was
added. The tenperature of the reaction mxture was raised to 66 C. Met hyl
acet ate wonrmeddnnd was renoved by azeotropic distillati orCWUSHL/4TRIIhaNOI .
The conversion of acetoxy styrene to hydroxy styrene was nonitored by

di sappear anpeakodt 178 chiR. 1sftan0o0pletios 96 tHe@Tctisn,lthd tdttion mixakreatas1765 cm 1.
After conpletion of the reaction, the reaction mxture was cooled to room

t enper at ur e c6di8d € roofhRnpREfue a1 BICYS Eh%@sercﬁgagﬁ HabYerddvel 'biy@ﬁ%rh@%he sol ution

with 10 grans of Anberlyst ion-exchange (A- resin [Aldric Chem cal s,

Cat. No. 21 = 0. - {0 1\S I pn-.exchange 5 resin
was rem)vedsﬁgﬁ?]?mtpétqsﬁﬁmgﬁg%%%@;%%({/nr%Xﬁéﬁg-%gﬁ’t ﬁ)?gsﬁ%pkz;@ﬁl?é copol ynmer was

i sol ated by precipi ion i 00 e-jonized water. The isol ated

pol yrer \/\/ag?‘\?ﬁ%%gsdtq%}wrl\g‘éztli%%é‘ist{ghlg%b?f?ﬁj]g‘éﬂz]&?ﬂr%eahw&x?h@gﬁered, and
dried in a vacuumoven at 60 C for 24 hours. The copol ynmer contained 36

mol e% of 5t - kastywWasienraved by fdisatipat Elydingdtybsne/tigtyldinmmmitd @PoNiRr aad had a
Mv of 8,900. EXAMPLES 2 to 6 The polyners prepared in Exanples 2, 3, 4, 5,
and 6 were syhidielsi gedipitdfod @l 1200nIgoflePioaeed Watr S THE |s8latddpolyierone
described in Exanple 1, with the follow ng nodifications: (a) in Exanple 2
t he nononer & 1St : K 90.1 - (o e, 65 nmole %
acet oxy sty?%ﬁgg§%n lSl:Ff%q{r}rﬁo Sé%l o%@%ﬁ?ﬁé?lﬂ%&%@g%’y ﬂaé{éeé,’ a{%@?ﬁﬁ anple 3 the

i . 0, -
TonortEr feedet 08k, BRI HE i 3R, 01 © % t-buty!

The copolymer contained 36 mole% of t-butyl cinnamate as determined by

10 'H- and PC-NMR and had a Mw of 8,900.

EXAMPLES 2 to 6

The polymers prepared in Examples 2, 3, 4, 5, and 6 were synthesized

15 following a procedure similar to the one described in Example 1, with the
following modifications: (a) in Example 2 the monomer feedstock consisted of: 25
mole % t-butyl cinnamate, 65 mole % acetoxy styrene, and 10 mole % of phenethyl
acrylate, (b) in Example 3 the monomer feedstock consisted of: 25 mole % t-butyl
cinnamate, 60 mole % acetoxy styrene, and 15 mole % of t-butyl styrene, (¢) in

20 Example 4 the monomer feedstock consisted of: 20 mole % t-butyl cinnamate, 65
mole % acetoxy styrene, and 15 mole % of styrene, (d) in Example 5 the monomer
feedstock consisted of: 20 mole % t-butyl cinnamate, 65 mole % acetoxy styrene,

and 15 mole % of isobornyl acrylate, and (e) in Example 6 the monomer feedstock
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ci nnamate, 60 nole % acetoxy styrene, and 15 nole % of t-butyl styrene, (c)
in 20 Exanple 4 the nononer feedstock consisted of. 20 nole % t-butyl

ci nnanat 8y0 650680 e % acet oxy styrene, and 15 nole % of sPgTER&/410d) in
Exanpl e 5 the nononer feedstock consisted of. 20 mole % t-butyl cinnamate,
65 nol e % acenustyd ef: ybenade % wmdylidniagiate, Fahole Sobwtarylstyaeney bt By and (e) in
Exanpl e 6 the nononer feedstock 17 WD 02/06895 PCT/ US01/41011 consisted

of . 15 nol e nflé Yhut i¥bborhylnaRB#E , THOIoIOHi s cYs B Be@¥NthsdiXdqBym@drel 5 nol e %
of isobornyl acrylate. The descriptions of the synthesized polyners are

given in Ta ble 1 Mpnoner Exanple Conposition Polyner
Cbnposition%b&PéBT?BEﬁh Feedstock (nole 1H & 13 CGNWR (mole %9 (C) t-butyl
cinnamate: 25 t-butyl cinnanmate: 25 2 Acetoxy6SStyrene: Hydroxy Styrene: 65
9,900 2.1 126 Phenethyl acrylate: Phenethyl acrylate: 10 10 t-butyl
cinnamate: 25 t-butyl cinnamate: 25 3 Acetoxy6Styrene: Hydroxy Styrene: 60

11,438 2533 Table 1
Monomer
Composition Polymer Composition Tg
Example | ;) Feedstock (mole | 'H& PFC-NMR (mole%) | MY | PP | (o)
%)
t-butyl cinnamate:
Acetox 2§tyrene' t-butyl cinnamate: 25
2 Y Hydroxy Styrene: 65 | 9,900 | 2.1 | 126
Phenethyl acrylate: Phenethyl acrylate: 10
10
t-butyl cinnamate:
25 .
) t-butyl cinnamate: 25
3 Acetoxy6%tyrene‘ Hydroxy Styrene: 60 | 11,438 | 233 | -
t-butyl styrene: t-butyl styrene: 15
15
t-butyl cinnamate:
Acetox 23 tyrene: t-butyl cinnamate: 22
4 it Hydroxy Styrene: 65 | 12,935 | 2.62 | 92
Styrene: Styrene: 13
15
t-butyl cinnamate:
20 .
) t-butyl cinnamate: 20
5 Acet"xyétyre“e' Hydroxy Styrene: 65 | 25,954
Isoborny! acrylate: Isobornyl acrylate: 15
15
t-butyl cinnamate:
15 .
i t-butyl cinnamate: 14
6 Acetoxy%tyrene. Hydroxy Styrene: 73 | 18,351 | 23
Tsobornyl acrylate: Isobornyl acrylate: 13
15
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t-butyl styrene: t-butyl styrene: 15 15 t-butyl cinnamate: 20 t-butyl
cinnamate: 22 4 AcetoxyStyrene: Hydroxy Styrene: 65 12,935 2.62 92
Styrene: V6B 08068pne: 13 15 t-butyl cinnamate: 20 Acet oxpCBUgeldnetl t - but yl
cinnamate: 20 5 65 Hydroxy Styrene: 65 25,954 |sobornyl acrylate:

| sobornyl acrylate: 15 15 t-butyl cinnamate: 15 Acetoxy Styrene: t-butyl
cinnamate: 14 6 70 Hydroxy Styrene: 73 18,351 2.3 |sobornyl acryl ate:

| sobornyl acrylate: 13 15 18 WO 02/88FP1RCT/ USO1/ 41011 EXAMPLE 7

Lithographic evaluation of t-butyl cinnamate containing polymets
5  Preparation of Photoresist Formulations:
The resist components were blended in amber colored glass bottles. All the
components are the same for all the formulation, unless stated otherwise. The

resist component blends were as follows:

Formulation | Polymer * | PAG used (amount) | Base used Solvent
Type (amount) (amount) (amount)

I 1294 g | Triphenylsuifonium | 1,5- PGMEA
2,4,6-triisopropyl diazobicyclo (86.5¢9)
benzenesulfonate [4.3.0]non-5-

0.54 @) ene (0.019 g)

I 12.88 g | Triphenylsufonium- | 1,5- PGMEA
dodecylbenzene diazobicyclo | (86.5 g)
sulfonate [4.3.0]non-5-

(0.61 g ene
(0.014 )
10 * t-butyl cinnamate containing polymer solution in 1-methoxy-2-propylene

acetate (25% solution) (12.94 g)

All components were weighed on an electronic balance having an accuracy
t0 0.01 grams. When all the components had dissolved, the resist samples were

15  micro filtered directly into clean bottles.
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Li t hographi c eval uation of t-butyl cinnamate containing polyners 5
Preparati on of Photoresist Fornul ations: The resist conponents were bl ended
i n anmber WObwoeses gl ass bottles. Al the conponents are thervamibar all
the formulation, unless stated otherwi se. The resist conponent blends were
as foll ows: Caating, Bakiog, Exposuee, PosPEEpomerd Baking, and Désclepinged thol vent  Type
(armount) (anmount) anount | 12.94 g Triphenyl sul fonium 1,5- PGVEA
2,4,6-trii s@Hoeeekis@dt azobi cyclo (86.5 g) benzenesul fonate [4.3.0]non-5
0.54 ene (0.019 Il 12.88 g Triphenyl sufonium 1,5- PGVEA dodecyl benzene

di azobi CyC| o (86. 'Ighe%llo@fﬂ% ﬁgﬁ%%lﬁ)rg&dﬁre%&%ﬂgweéﬁ) ne‘?‘%.'eﬁ’@ﬁjfg 4 10 *

t-butyl cinnamate contain solutton In propyl ene
acetate (25% sol ution 12.94 g) Al components were wei ghed on an
el ectronic 5’8[5’21?{8 PORAVAEY an accuracy to 0.01 grams. Wen all the
conponents had di ssolved, the resist sanples were 15 mcro filtered
directlySinto cl élanvmf@rslvs@ge spimcoated by applying 3 mL of photoresist formulations

to the static six-inch wafers. The wafer was then spun to give a uniform film
thickness of about 4900 A. These photoresist coated wafers were then softbaked at
140 °C for 60 seconds to remove the residual solvents. The softbaked photoresist
coated wafers were then exposed using 248 nm wavelength light on an ISI XLS

10 0.53 NA stepper. After completion of exposure, the wafers were subjected to a
post exposure bake (PEB) at 140 °C for 60 seconds. Following the PEB, the
wafers were puddle or spray-developed using a 0.262 N tetramethylammonium
hydroxide (TMAH), aqueous developer. A deionized water rinse was applied for
20 seconds while spinning, followed by dry nitrogen gas to dry the wafer.

15 Each imaged photoresist-coated substrate was evaluated for several
important properties, such as optimum photospeed (E1:1) and line space pair

resolution (resolution).
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WO 02/ 06895 PCT/ USO1/ 41011 Coating, Baking, Exposure, Post Exposure

Baki ng, and Devel oping of the Photoresists: The foll ow ng general

procedur avoaz0ded | oned for the devel opment of a positiveP€DU8O4TAYEe: 5 The
waf ers were spin coated by applying 3 nL of photoresist fornulations to
the static six-inch wafers. The wafer was then spun to give a uniformfilm
t hi ckness of about 4900 A. These photoresist coated wafers were then
sof t baked atPholdk@sist Evaludfioseconds to renove the residual solvents. The
sof t baked photoresist coated wafers were then exposed using 248 nm

wavel ength | i ght : etion of
exposure, the vvafrlgfraslﬁlvﬁz?erre hsl%%ﬁ%g%[?lggoféem%stQgﬁ%%@&ggh%tg%ggt PEB) at 140 C
for 60 secogd lt t he PEB t’lh?é waf ers were puddl e or

spray- devel B]él&uﬁé(ilﬁéres n%rézeﬁl?gta Smet hyl ammoni um  hydr oxi de ( TMAH),
aqueous devel oper. A deionized water rinse was applied for 20 seconds
whi | e spPnning, followed by dry nitrogen gas to dry the wafer. 15 Each

i mged phot oresi st-coated substrate was eval uated for several inportant
properties, such as optimum phot ospeebal{l&€R: 1) and |ine space pair
resolution (resolution). 20 WO 02/ 06895 PCT/ US01/41011 Phot oresi st

Eval uations: The [TTRQ@RGPNC Y- OPF Fedibre |[PorkallGtidn’ [ RassintonPdy ' S Of the
phot or esi st system from | mJ/em®* | Type Type pm
Table I
Example 6 56 Iso'l ated I 0.13
line
Example 3 35 Dense I 0.16
line
Example 1 37 | Deomse I 0.16
line
Etch Selectivity
10 The plasma etching studies were carried out on a LAM TCP-9400 etcher.

Etching conditions were set at 700 W (source), -20°C; 200 sccm Ar, 8 scem CFy,
12 sccm CHF3; and pressure 700 m torr.

The oxide etch selectivity of the polymer of Example 6 in the photoresist
formulation of Example 7 was compared with a similar photoresist composition

15 having a terpolymer containing 61% hydroxy styrene, 26% tertiary-butyl acrylate

and 13% isobornyl acrylate (reference polymer).

The resists were formulated, coated, and exposed as described above. The
substrates used were 100 nm of polysilicon, and 60 nm of an organic Bottom
Antireflective Coating (BARC) [DUV-30 of Brewer Science]. After etching

20  through 60 nm of the BARC and 100 nm of polysilicon, the tertiary-butyl
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formul ations are sunmarized in Table 2: 5 Table 2 Polymer El1:1 Feature
Formul ati on Resolution systemfromml/cn2 Type Type gm Table | Exanple 6
56 |sol awopbnedod 0.13 Exanple 3 35 De | 0.16, |ipe ExanpC®U$01BA0Dennsse
Il 0.16 , Etch Selectivity 10 The plasna etchi ng 'Studi és"were carried out on
a LAM TCP- 94omamatsimtymertafdivamplao di erilp hE%ouditee erigina tiliaGBicdssour ce) ,

-20C, 200 sccm Ar, 8 sccm CF4, 12 sccm CHF3; and pressure 700 mtorr. The
oxi de etch S:Shl@@ﬁeti\td) BYYAfiint Ies Poihy hEfereate %ﬁ*ﬁ&l - orfeaihifg ket PREOr esi st

formul ati on of Exanple 7 was conpared with a simlar photoresist

conposi { 0N derhBnfiNdile SudeFbP ALY FRlsuf8 gz%lrp%@g ofa}é%aygﬁgf ol 200

tertiary-buty acry ate acryl a ence po yrrer)

The resists V\E,re ff nmul at ed, coah_1 and e osed as descri bed above. The
substrates 8 15 By iRt vep e)f%ﬁeﬁnﬁ%ﬂo 24 60 nm of an organic Bottom

Antireflective Coating (BARC) [DUV-30 of Brewer Science]. After etching
5 The present invention has been described with particular reference to the

' preferred forms thereof. It will be obvious to one of ordinary skill in the art that

changes and modifications may be made therein without departing from the spirit

and scope of the present invention as defined by the following claims.
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20 through 60 nm of the BARC and 100 nm of polysilicon, the tertiary-butyl
21 WD 02/ 06895 PCT/US01/ 41011 cinnamate pol ynmer of Exanple 6 lost only 11
% of thevoobyoasad filmthickness conpared to 30%fil m_| oBEeT/got41e11
reference polyner-containing resist. This denonstrates the superior etch
resi stance pPbaeistclamedfisit he tertiary-butyl cinnamate polyner of this

i nvention over the reference polyner. 5 The present invention has been
described with particular reference to the preferred fornms thereof. It

wi |l be obvious to one of ordinary skill in the art that changes and
nmodi ficatiogs may mﬂ&ﬂﬁu@?ﬁ%ﬁt&) Sﬁ&gtogggﬁL ing fromthe spirit and
scope of the present 1 nvention as I ne foI | ow ng clains. 22 WO
02/ 06895 PCT/ U801/4 011 \/\g i.s clali d i S: hot osensi tive resi st
conposi tion conpﬁn? BW%W@PmBﬂe 'Hﬁg?FmemﬁH% #:0thavi ng mononeri ¢
units of. R1 CIXC}B)S abc 5

R! 17 ]

R2
P O/\OR3
OH 07~ OC(CHs)3
~ —“a - -b = -c

whereina=0.3t00.9,b=0.11t00.7, and c=01t0 0.3; R!= H, methyl, or
CH,OR* R*=H or C1-C4 alkyl group; R*=H, methyl, CH,OR* CH,CN,
or CH,X; X =CL 1, Br, F, or CH,COOR?; R’ = C1-C4 alkyl group; and R3
= isobornyl, cyclohexyl methyl, cyclohexyl ethyl, benzyl, or phenethyl;

10 a photoacid generator; and

a solvent.

2. The composition of claim 1, wherein said polymer of t-butyl cinnamate has
monomeric units of t-butyl cinnamate, hydroxy styrene, and phenethyl

15 acrylate.

3. The composition of claim 1, wherein said polymer of t-butyl cinnamate has
monomeric units of t-butyl cinnamate, hydroxy styrene, and isobornyl

acrylate.
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wherein a = 0.3t0 0.9, b=0.2t00.7, and ¢c = 0 to 0.3; Rl=H nethyl, or
CH2OR4; R4 = Hor C 1-C4 alkyl group; R2 = H nethyl, CH2ZOR4, CH2CN, or
CH2X; X w@n2/0d4895 Br, F, or CH2O0O0R5; R5 = C 1-C4 al kyl grpopusamdoR3 =

i sobornyl, cyclohexyl nethyl, cyclohexyl ethyl, benzyl, or phenethyl; 10 a
phot oaci d generator; and a solvent. 2. The conposition of claim1, wherein
said polyner of t-butyl cinnamate has nononeric units of t-butyl

ci nnamat e, Hydr oxBhesdoypesition aficlajph &nehdiyin sifl lﬁﬁylﬁér&if@-bu%l cihA@m&emMposi ti on

of claim1, wherein said polyner of t-butyl cinnamate has nononeric units
of t-butyl cinnangiger QyPrRImsiomgse. and isobornyl acrylate. 23 WO

02/ 06895 PCT/ USO01/ 41011 “4. The conposition of claiml, wherein said

pol ymer of t-butyl cinnamate further conprises nmononers: 0 (cgz)X R8 R6-C
00R7 def 5whpreingd >0to[.2 e~=01t07.2[F =0 to0.2]
atb+c+d+e+f = 1.0, | c+d+eif

O\
? (CH)e RS
RO—cC— 0= >0
[ )(
R7
- dqg b —-e - -f
5 whereind =010 0.2,e=0t0 0.2, f=0to 0.2, a+b+c+d+e+f= 1.0, c+d+e+f

=0.2100.5;R°= methyl or ethyl; R = a cyclic or acyclic group selected
from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from
phenyl, benzyl, phenethyl, naphthyl, or naphthy! ethyl groups which groups
10 optionally contain one or more heteroatoms; x is 0 or 1; and R = H, C1-C4

alkyl group, C1-C4 alkoxy group, or an acetoxy group.

5. The composition of claim 4, wherein a= 0.3 t0 0.7 and b= 0.1 t0 0.7.

15 6. The composition of claim 4, wherein said polymer of t-butyl cinnamate has

monometic units of t-butyl cinnamate, hydroxy styrene, and t-butyl styrene.
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= 0.2t0 0.5 R6 = nethyl or ethyl; R7 = a cyclic or acyclic group sel ected
froma cyclic, bicyclic, linear, or branched al kyl group, hal ogen
substi t utvea 02/6d8ky| group, aromatic group, substituted ar oPETAUSOIGHIOLIP

sel ected from phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl
groups whi cH- gr oukhs coopepitipe abelrim ¢ofberein seidepolymerni &-bhil einoahawhas x is 0
or 1; and R8 = H, Cl-C4 al kyl group, C 1-C4 al koxy group, or an acetoxy
group. 5. The compasintdrierunith oft-Bitph clnnaties, &lydrogy styons, 4 Hyrénand b = 0.1 to
0.7. 15 6. The conposition of claim4, wherein said polyner of t-butyl

ci nnamat e has nononeric units of t-butyl cinnamate, hydroxy styrene, and
t-butyl styrene. 24 WO 02/06895 PCT/US01/41011 7. The conposition of
claim4, wherein-said pol.ynmer.qgf. t-butyl. cinnamate has noponeric units of
t - butyl cin%énatéﬁwﬁ§8&8§§°%?§agﬁb%‘§ mgﬁ?g toagld eppgralop fpglsctedon of
claim11, wherein said photoacid generator is selected 5 fromthe group
consi stifg of. orfarnfhsarew copsistiemel: eprvIRtigssulions ¢umpauads, solfpuatnds,

sul f oni m de conpounds, di azoi net hane conpounds, disul fones, and m xtures

t hereof. 9. The composidsi suifonfmidk adbmpdyndshdismintetisamie dofpot@Rci d generator is
10 triphenyl sul fonium 2, 4,6-triisopropyl phenyl sulfonate. 10. The

conposi tion of cliguifodes, WBheitikes Befbophot oaci d generator is about 0.5
parts to 20 parts by weight per 100 parts by weight of said polyner. 15 11.

The conposition of claim1l, wherein said solvent is selected fromthe group

9. The composition of claim 1, wherein said photoacid generator is

10 triphenylsulfonium-2,4,6-triisopropylphenyl sulfonate.

10.  The composition of claim 1, wherein said photoacid generator is about 0.5

parts to 20 parts by weight per 100 parts by weight of said polymer.

15 11.  The composition of claim 1, wherein said solvent is selected from the group
consisting of propylene glycol monomethyl etheracetate, propylene glycol
monomethylether, 1-methoxy-2-propanol acetate, N-methylpyrrolidone, y-
butyrolactone, N,N-dimethylacetamide, dimethyl-2-piperidone, N,N-
dimethylformamide, diglyme, tetrahydrofuran, methyl ethyl ketone, methyl

20 isobutyl ketone, 2-heptanone, cyclopentanone, cyclehexanone, 2-
methoxyethanol, 2-ethoxyothanol, 2-ethoxyethyl acetate, 1-methoxy-2-
propyl acetate, 1,2-dimethoxy ethane ethyl acetate, cellosolve acetate,

propylene glycol monoethyl ether acetate, methyl lactate, ethyl lactate,
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consi sting of propyl ene glycol nononethyl etheracetate, propylene glycol
nononet hyl et her, 1-nethoxy-2-propanol acetate, N-nethylpyrrolidone, y-
but yr ol asv@nz068p§ N- di net hyl acet am de, di et hyl - 2- pi peri doR€T/UB)11011

di met hyl for mam de, diglyne, tetrahydrofuran, nethyl ethyl ketone, nethyl
20 isobutyl ket ordecthyl pyapaten el Pyeyedte peathd Somethoxyeompestereting 3- 2-

nmet hoxyet hanol , 2-ethoxyot hanol, 2-ethoxyethyl acetate, |-inethoxy-2-

propyl acetate, In&hckypeipienase, éidrdiorare] biyleac glyadlenomidopassl sBeacet at e,
propyl ene gl'ycol nonoethyl ether acetate, nethyl lactate, ethyl lactate, 25

WD 02/ 06895 PCT/ leﬁlﬁfdéﬂeoél%col Ry PHA&Y &by lcRE QWE?WWtﬁyI RSy !

3- net hoxypr opi onate,” et hyl 3- et hoxypropi onate, ane, ethyl ene

gl ycol nonoi sopr et her di yl.ene gl ycol noet hyl ether, diethylene
gl ycol nononet hy%?ée%ﬂg?‘e,‘cﬁy%)llg{rﬂ%@neéheé’l%}’gdﬁlxﬁir%%ﬁ?f’{et her, and mi xtures
thereof. 5 12. The conposition of claim1l, wherein said solvent is

propyl ené glycol nononethyl etheracetate. 13. The conposition of claim1,
wherein said solvent is about 100 parts to 1000 10 parts by weight per 100
parts by weilght dhesamgogitbynkelainldl, Wheeein saipeslventanpopykehailyedl, furt her
conprising a basic conpound. 15. The conposition of claim 14, wherein said
basi ¢ conpound i sn&iRhRetyethefheethieOm t he group consi sting of

1, 5-di azobi cycl o[ 4. 3. 0] non-5-ene, 1, 8-
13. The composition of claim 1, wherein said solvent is about 100 parts to 1000

10 parts by weight per 100 parts by weight of said polymer.
14. The composition of claim 1, further comprising a basic compound.

15.  The composition of claim 14, wherein said basic compound is selected

15 from the group consisting of 1,5-diazobicyclo[4.3.0]non-5-ene, 1,8-
diazobicyclo[5.4.0Jundec-7-ene, 2,4,5-triphenylimidazole,
trimethylpropanetris(2-methyl-aziridinepropionate), 1-cyclohexyl-3-(2-
morpholonoethyl)-2-thiourea, Troger’s Base, 1-amino-4-piperazine, 4-(3-
aminopropyl)morpholine, 2-(aminophenyl)-6-methylbenzothiazole,

20 tribenzylamine, 1,1,4,7,10,10-hexamethyltriethylenetetramine,
thiomorpholine, 1,3-bis(3-pyridylmethyl)-2-thiourea, 4,4-
tetramethylenedipiperidine, aniline, N-mefhylaniline, N,N-dimethylaniline,

o-toluidine, m-toluidine, p-toluidine, 2,4-lutidine, quinoline, isoquinoline,
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di azobi cycl o[ 5. 4. O] undec-7-ene, 2,4,5-triphenyli m dazol e,

trimet hyl propanetri s(2-nethyl-aziridinepropi onate), 1-cyclohexyl-3-(2-

mor phol ovo@n2igdsys 2- t hi ourea, Troger's Base, 1-amni no-4-pi pREBDSOIE4104- ( 3-
am nopr opyl ) nor phol i ne, 2-(am nophenyl)-6- et hyl benzot hi azol e, 20

tri benzyl am ne, fHormamide,N-mghydeemnanidg) NN-dinrfhdfosmenideaceenide, N-

t hi onor phol i ne, 1, 3-bi s(3-pyridylnethyl)-2-thiourea, 4,4"-

t et ramet hyl enedi phgibyliadetamidg N, NidigethiaogtdjdeadiplirdBdody, N= di net hyl ani | i ne,
o-toluidine, mtoluidine, p-toluidine, 2,4-lutidi ne, quinoline,

i soqui nol i ne, 26 ; A f 1. de. t hyl - f or mam de,
N, N- di net hyl f or m%@lcég,gﬁlg@g?%ie g@aﬁg’%éﬁg%ége@ %d%ﬁg}efﬁzcoﬁhé]%

N, N- di et hyl acet ami. 2-.pyr.rolidon N-. met.hyl pyrrolidone i dazol e,

a- pi col i ne, (3- p%@6?&%,20138/}éﬁlldtlgﬁnﬁlgfe’be&zoﬁrﬁCW0§@ﬁ§%?b€né‘8F a?ldnﬂg'rri nobenzoi ¢
aci d, p-am nobenzoic acid, 1,2 5 phenyl enedi am ne, 1, 3-phenyl ene-di am ne,
1, 4- phenyl enedi a ﬁ@fle@dlaéfﬂp‘ﬁdﬁ'Hg@é(}eﬁéﬂﬁmlée,a]e‘?'ﬂf,le@lwlﬁﬁum At t r ophenol ,
and triazines such as 2- (p-chloro-phenyl)-4,6-trichloronethyl-s-triazine,
1, 3, 5-tri benzyl hexalojidearbokyle Beitly 2-amimed-nitepherinlt anld tenzinei suth hyzlr oxi de,
trisnethoxy ethylamne and m xtures thereof. 10 16. The conposition of

cl ai m 14, wher ei p-$Rioto-BR&HYD)-£6MMEHINSnicthyRBASZide. BA 4 iRz AR by
wei ght per 100 pg}?ts bypvveiyght of sai depﬁ}gt otaci d géner at%ﬁex‘aﬁ{'&r@

1,3,5-triazine, tetrabutyl ammonium hydroxide, trismethoxy ethylamine and

mixtures thereof.

10
16.  The composition of claim 14, wherein said basic compound is about 1 part
to 50 parts by weight per 100 parts by weight of said phototacid generator.
17. The composition of claim 1, further comprising at least one component
15 selected from the group consisting of surfactants, adhesion promoters,

leveling agents, dyes, and mixtures thereof.

18. A polymer of t-butyl cinnamate having the monomeric units of:

Rl
R2
B O/\ORs
OH 0O OC(CHzs)3
s Jda L Jp L Je
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17. The conposition of claiml1, further conprising at |east one conponent
15 selected fromthe group consisting of surfactants, adhesion pronoters,

| evel i ng vegenoas9s dyes, and m xtures thereof. 18. A pol ynepCDUSer/410t1y|

ci nnamat e having the nononeric units of- R R2 / O~~0OR3 O OC(CH3)3 CH a
b ¢ 27 WO 02/ 0689YSTECH TSI 1P AL0b T 0.Inteed. @i andax =000 8.3t B' 6 ) mdthyd, @ 1 to 0. 7,
and ¢ = 01t0 0.3; RL=H nethyl, or CH2OR4; R4 = H or Cl-C4 al kyl group;
Rz = H,_nethyl, Q@ROW,; RHEN: Clo04 Ski2ronp; R*G H, hethBl, CEORS! CEHRQOOR5; RS

= C 1-A alkyl group; and R3 = isobornyl, cyclohexyl nmethyl, cycl 6hexy|
et hyl, benzyl, or, netshylcr PG, of b, e80H™RS Af £ hbn said
pol ymer of t-but yolr@g;gnﬁanat e furt her éonpr | égs n%f]g%ear’ﬁlg]rgguﬁhtﬁ{de CH2) X R8

R6-C 0--1" 0 R7_ isobornyl, cyclohexyl methyl, cyclohexyl ethyl, benzyl, or phenethyl.

19.  The polymer of claim 18, wherein said polymer of t-butyl cinnamate further

compr 1Ses monomers:

_ _ B —_
O\
(|) {CHz)x RS
RO ~— (l: — 0N
R7 X
- 4 = e - —f

whereind =010 0.2,e=01t0 0.2, f=0to 0.2, atb+ct+d+e+f= 1.0, c+d+e+f
10 =02100.5;R®= methyl or ethyl; R” = a cyclic or acyclic group selected
from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from
phenyl, benzyl, phenethyl, naphthyl, or naphthy! ethyl groups which groups
optionally contain one or more heteroatoms; x is 0 or 1; and R® =H, C1-C4

15 alkyl group, C1-C4 alkoxy group, or an acetoxy group.

20.  The polymer of claim 19, whereina=0.3t0 0.7 and b=0.1t0 0.7.
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def wiereind=0to00.2, e=0to0.2, f =0to 0.2, atb+tc+d+e+f = 1.0,
ctd+e+f 10 = 0.2 to 0.5; R6 = nethyl or ethyl; R7 = a cyclic or acyclic
group selv@vzobsps om a cyclic, bicyclic, linear, or branchedr/askydiogr oup,
hal ogen substituted alkyl group, aronmatic group, substituted aromatic
group sel ect?dd fﬂ%ﬁﬂméﬁ@%yﬁﬁmuéﬁ@yhﬂﬁwﬁéﬁePW?Pﬂﬂm&ﬂhwh@Bpﬂor napht hyl et hyl
groups which groups optionally contain one or nore heteroatons; x is 0 or
1; and R8 = Ha)Clo@nglén abubsiratgythe phottredisCdorapdsiion Jiciitp,1, Heredy acet oxy
group. 20. The polyner of claim19, wherein a = 0.3to 0.7 and’b =0.11to

0.7. 28 WO 02/ oqg&@ngg%gg@;%gr%; 21. A process for formng a relief
pattern, conprising the steps of: a) coating on a substrate, the

phot oresi st ¢ ition of claim.1, there form.ng a coated substrate;
i magew se expgngéméQWQe%@5?@@S@ﬂﬁnggﬁgmgéméﬁPgﬁpﬁgﬁgﬁpﬁiion; 5 c) post
exposure baking said coated substrate at an el evated tenperature; d)
devel opi Ag saFg PoslEROLH Balving widweatedabaiinie aian devatsddpeperatunar eby

form ng an imaged substrate; and e) rinsing said i naged substrate. 10 22.

The process ofl) cldaveloRibg saitl epsedsubairate pathyaeaquedustdebeldydr, therbamat e furt her
conpri ses nononmers: 0

forming an imaged substrate; and

b)

e) rinsing said imaged substrate.

10 22.  The process of claim 21, wherein said polymer of t-butyl cinnamate further

comprises monomers:

(I) ™ (CHo) RS
R@——f——- 07N
R’ ’>&:,

whereind =010 0.2,e=0t0 0.2, f=0 to0 0.2, atb+ct+d+e+f = 1.0, c+d+e+f
= 0.2 to 0.5; R® = methyl or ethyl; R’ = a cyclic or acyclic group selected

15 from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from

phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which groups
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Ol \ (CH2)x R8 R6-CO--1, ORd e f whereind=0to00.2, e =0to 0.2,
f =0to 0.2, atb+tc+d+e+f = 1.0, c+d+e+f = 0.2 to 0.5; R6 = nethyl or
ethyl; RWeozoay%lic or acyclic group selected 15 from a egTUBey41biicyclic,

| i near, or branched al kyl group, hal ogen substituted al kyl group, aromatic
group, substi t ut eptigralverontainens gy REF deteeattdmmis floehyind Benkly Cl-@henet hyl |
napht hyl , or naphthyl ethyl groups which groups 29 WO 02/ 06895

PCT/ US01/ 41011 ity groap| ¢ 1-€Bindlledxy goowp, OF afBdetodiadreat oi ns; x is 0 or 1,
and R = H C 1-C4 alkyl group, C 1-C4 al koxy group, or an acetoxy group.
23. The process of claim?22, wherein a = 0.3to 0.7 and b =0.12t00.7. 5
24. The process of claim 21, wherein said photoresist conposition further

i i 30 2/ 06895 PCT/1SOL/ 41011 AVENDED CLAI MB
[ otei ved byt he THEBARI T SHAM EarGas o 1o Kb RGP 200 46, 10. 01)
5

24.  The process of claim 21, wherein said photoresist composition further

comprises a basic compound.
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ori gi nal

clained is:

clainms 1-24 replaced by new clains 1-24 (8 pages)] Wat is
1. A photosensitive resist conposition conprising: a polyner of

t-butyl ovenze@d® havi ng nonomeric units of: Rl / R2 O PCORSII/DHIQ

OC(CH3)3 a b ¢
Rl1= H, nethyl,
CH20R4, CH2CN,
group; and R3
phenet hyl ;

[ispeigdpx theytnternafiona) Burggu onpld Nypve

5 wherein a =0.3t00.9 b=0.1t00.7, and ¢c =0 to 0.3;

CH2OR4: R4 AMENPEB GLAIMS| kyl group; R2 = H, methyl,
Pxhol vembp R R8> 1 R8D: C1. o4 al kyl
i senerHylaimel24 whlaged bymewielaims Lo4(&mese)l et hyl, benzyi, or

10 a photoacid generator; and a solvent. 2. The conposition of

claim 1, wheWhnahisglaimedds:ymer of t-butyl cinnamate has nononeric units of
t-butyl cinnamate, hydroxy styrene, and phenethyl 15 acrylate. 3. The
conposition of claiml1l, wherein said polynmer of t-butyl cinnamate has
nmononeric units of t-butyl cinnamate, hydroxy styrene, and i sobornyl

acryl ate.

10

15

20

A photosensitive resist composition comprising:

a polymer of t-butyl cinnamate having monomeric units of:

ﬂkz/\
O/\OR3
OH 0~ "OC(CHz)s
- -a - -b = -c

whereina=0.3100.9,b=0.1t00.7,and c=0t0 0.3; R! =H, methyl, or
CH,OR*; R* = H or C1-C4 alkyl group; R? = H, methyl, CH,OR?, CH,CN,
or CH,X; X =Cl, 1, Br, F, or CH,COOR?; R® = C1-C4 alkyl group; and R’
= isobornyl, cyclohexyl methyl, cyclohexyl ethyl, benzyl, or phenethyl;

a photoacid generator; and

a solvent.

The composition of claim 1, wherein said polymer of t-butyl cinnamate has
monomeric units of t-butyl cinnamate, hydroxy styrene, and phenethyl

acrylate.

The composition of claim 1, wherein said polymer of t-butyl cinnamate has
monomeric units of t-butyl cinnamate, hydroxy styrene, and isobornyl

acrylate.

31
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20 31 AMENDED SHEET (ARTICLE 19) WO 02/06895 PCT/ USOL/ 41011 4. The
conposition of claim1, wherein said polyner of t-butyl cinnamate further
conpri sewoonasesic units of: 0 Ol "(CH2)x Rg R6-C CoOr/BRodterrf 5
wherein d = 0to 0.2, e =0to 0.2, f =0 to 0.2, atb+c+d+e+f = 1.0,

ctd+e+f = 0.2 to 0.5; R6 = nethyl or ethyl; R7 = a cyclic or acyclic group
selected froma cyclic, bicyclic, linear, or branched al kyl group, hal ogen
substi t ut ed 4.al kyThagomppsitian ofielaine 1gwbenpin ssidysiymertof d-batyd canamatgr oup
selected from phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl
groups whi ch gr oufusthdcopiprise@bhometniirdisvfone or nore heteroatons; x is 0
or 1; and R8 = H, Cl-C4 al kyl group, Cl1-C4 al koxy group, or an acetoxy
group. 5. The conposition of claim4, wherein a = 0.3 to 0.7 and_b = 0.1 to
0.7. 15 6. The conyositi Elafm erein dai d[pol ynmer of t-|butyl

ci nnamat e has nondneric \units|of|t-Butyl cinnanate} hydroxy _styrlene, and
t-butyl styrene.

O\
f|> (CHa)x RS
RO—C— 0N
| X
R7
- -d — —“e - —f
5 whereind =010 0.2, e =010 0.2, f=0to 0.2, at+tb+c+d+e+f = 1.0, ctd+et+f

= 0.2 to 0.5; R® = methyl or ethyl; R” = a cyclic or acyclic group selected
from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from
phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which groups
10 optionally contain one or more heteroatoms; x is 0 or 1; and R®=H, C1-C4

alkyl group, C1-C4 alkoxy group, or an acetoxy group.

5. The composition of claim 4, wherein a= 0.3 to 0.7 and b= 0.1 t0 0.7.

15 6. The composition of claim 4, wherein said polymer of t-butyl cinnamate has

monomeric units of t-butyl cinnamate, hydroxy styrene, and t-butyl styrene.
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32 AMENDED SHEET ( ARTI CLE 19) WO 02/ 06895 PCT/ USOL/ 41011 7. The
conposition of claim4, wherein said polyner of t-butyl cinnanmate has
nononer i ovan/oas9df t-butyl cinnamate, hydroxy styrene, anBCBUgoeniell1 8. The
conposition of claim1, wherein said photoacid generator is selected 5
from the grodp cohbe eempeyitism ofelainy, sdierein saidpglpmer elgrintylradenamatd fagnat e
conpounds, sul foni m de conpounds, di azonet hane conpounds, disul fones, and
m xt ur es t her eof . m@nombe smitgudgituiyd vinnhmeleahydrdxy sthvengiand sgrahephot oaci d
generator is 10 triphenylsul fonium2,4,6-triisopropyl phenyl sulfonate. 10.
The conposition of claim1;, wherein said photoacid generator is about 0.5
parts to 20 parts by weight per 100 parts by weight of said polyner. 15 11.

The conposi t %;.On Offhfl:(ﬁﬁlses?tion [ %h%?l?%{i%@?ﬂtodc?d gé?letea%rqg s&{léc%ﬁ the glr oup

consi sting of propylene glycol nonoret acet ate, propylene glyco

nononet hyl et her, 1- hoxy-2-pr.opangl acet at e met hyl rolidone, y-

but yr ol ac% one, N, o%xﬁh%grnoép §8§?§%gcf§; OIHW?IIER] Fqlg): i Q%P‘E%C[?éul%flﬁe

di et hyl f ormam de, di gl yne, tetrahydrofuran, nethyl ethyl ketone, mnethyl

20 isobutyl ket on%?m@ogwefnsaﬁewgl}gf‘c?&nm@% Qwaﬂ@?thewwya bne, 2-

met hoxyet hanol , 2-ethoxyethanol, 2-ethoxyethyl acetate, |-methoxy-2- propyl
acetate, 1,2-di metiseligncatandmeixarestheigeft ate, cel | osol ve acetate, propyl ene
gl ycol nonoet hyl ether acetate, nethyl lactate, ethyl |actate,

O. The composition of claim 1, wherein said photoacid generator is

10 triphenylsulfonium-2,4,6-triisopropylphenyl sulfonate.

10.  The composition of claim 1, wherein said photoacid generator is about 0.5

parts to 20 parts by weight per 100 parts by weight of said polymer.

15 11.  The composition of claim 1, wherein said solvent is selected from the group
consisting of propylene glycol monomethyl etheracetate, propylene glycol
monomethylether, 1-methoxy-2-propanol acetate, N-methylpyrrolidone, y-
butyrolactone, N,N-dimethylacetamide, dimethyl-2-piperidone, N,N-
di;nethylformamide, diglyme, tetrahydrofuran, methyl ethyl ketone, methyl

20 isobutyl ketone, 2-heptanone, cyclopentanone, cyclohexanone, 2-
methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate, I-methoxy-2-
propyl acetate, 1,2-dimethoxy ethane ethyl acetate, cellosolve acetate,

propylene glycol monoethyl ether acetate, methyl lactate, ethyl lactate,
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33 AMENDED SHEET (ARTICLE 19) WD 02/ 06895 PCT/ US01/ 41011 nethyl pyruvate,
et hyl pyruvate, nethyl 3-nethoxypropionate, ethyl 3- nethoxypropionate,

1, 4- di oxave p2/&éi8hy| ene gl ycol nonoi sopropyl ether, diethyPenesgl4cnl

nonoet hyl et her, diethylene glycol nonomet hlyl et her, diethyl|ene glycol

di methyl ether, anethy] Rpruvae ethyd prapatesmethyl rmethoxypopionatenctbyl X1 ai m 11,
wherein said solvent is propylene glycol nononethyl etheracetate. 13. The
conposi tion of clmemotypropienst.nl 4dickans eihylene glycabmonois@@opdethsr,t o 1000 10
parts by weight per 100 parts by weight of said polyner. 14.. The

conposi tion of cldikthylkne Eliicbh@onetigp eihet, dititylErsilgcol apothethyl dther, The
conposition of claim 14, wherein said basic conpound is selected 15 from

the group consi stip@yRhe gly‘éoﬂai%a{ga Eited, MdmBaililes GRrvrene, 1, 8-
di azobi cycl o[ 5. 4. O] undec-7-ene, 2,4,5-triphenyli m dazol e,

trimet hylpr opanetri s(2-net hyl -aziridi nepropi onate), 1-cycl ohexyl-3-(2-
nor phol i noet hyl )-2-thi ourea, Troger's Base, 1-am no-4-piperazine, 4-(3-

am nopropyl ) nprphal i ne, 2:(amnpphenyl ) - 6- et hyl bepzot hi azol e, 20

Er1 bangol am 1o, P 1fhe Einosiied bf CGRR o AHARRSRIS LY B g airal

t hi onor phol i ne, 1, 3-bis(3-pyridyl nmethyl)-2-thiourea, 4,4"-

t et r amet hyl enedi popeempefnrecthaasetatoe, N-net hyl aniline, N, N-di nethyl aniline,

13.  The composition of claim 1, wherein said solvent is about 100 parts to 1000

10 parts by weight per 100 parts by weight of said polymer.
14. . The composition of claim 1, further comprising a basic compound.

15.  The composition of claim 14, wherein said basic compound is selected

15 from the group consisting of 1,5-diazobicyclo[4.3.0]non-5-ene, 1,8-
diazobicyclo[5.4.0Jundec-7-ene, 2,4,5-triphenylimidazole,
trimethylpropanetris(2-methyl-aziridinepropionate), 1-cyclohexyl-3-(2-
morpholinoethyl)-2-thiourea, Troger’s Base, 1-amino-4-piperazine, 4-(3-
aminopropyl)morpholine, 2-(aminophenyl)-6-methylbenzothiazole,

20 tribenzyli?ihine, 1,1,4,7,10,10-hexamethyltriethylenetetramine,
thiomorpholine, 1,3-bis(3-pyridylmethyl)-2-thiourea, 4,4”-
tetramethylenedipiperidine, aniline, N-methylaniline, N,N-dimethylaniline,

o-toluidine, m-toluidine, p-toluidine, 2,4-lutidine, quinoline, isoquinoline,

34
AMENDED SHEET (ARTICLE 19)



o-toluidine, mtoluidine, p-toluidine, 2,4-lutidine, quinoline,

i soqui noline, 34 AMENDED SHEET ( ARTI CLE 19) WD 02/ 06895 PCT/ US01/ 41011

f or mam deyo be/easphyl - f or mam de N, N- di et hyl f or mam de, acePﬂT/ﬂSQl/NOll

met hyl - acet am de, cetam rrolidone,

met hyl pyrrol i dond® rl“?ﬁ“ﬂ'gﬁﬁ ;ff”&%arql & Ni\% eé@flqu@angdepp%m}dﬁeN-o_

am nobenzoic acid, mam noben20| c_acid, p-am nobenzoic acid, 1,2 5

phenyl enedi am ne methy: %ﬁ@ﬁ?@%wcﬂﬂaﬁﬁhﬁbcetimﬁ%ﬁmywoém i ne, 2-

qui nol i necar boxylic acid, 2-am no-4-nitrophenol, and triazines such as 2-
(p- chl or o- phenyl )nmhsﬁpymblidﬁnerimhbzﬁy,l wpmbhmeaﬁipieolinb, Bphloting, lvenzyl hexahydr o-
1,3,5-triazine, tetrabutyl ammonium hydroxide, trismethoxy ethylamne and
m xt ures thereof atfindienzdi becﬁoﬂﬁmhﬁhbbdﬂm@fac@ lamidsbenydi€r@in gai d basic
compound is about 1 part to 50 parts by wei ght per 100 parts by wei ght of

sai d photoaci d geResALtRdiamiAd -1 ipﬁengfé‘ﬁla%dﬁh@m 95nelyAtdthibmifidipt her

conprising at |east ‘one conponén sel ected fr(?mthe group’consi sting of

surfactants, adh 9;15?: [ a and m xt ures
t her eof . 18. Ap H%QPQ% EE ?mfl ic?%ﬁlgnggércﬁgem ga%?‘?os%l??ci units of
Rl R2
(p-chloro-phenyl)-4,6-trichloromethyl-s-triazine, 1,3,5-tribenzylhexahydro-
1,3,5-triazine, tetrabutyl ammonium hydroxide, trismethoxy ethylamine

and mixtures thereof,

10
16.  The composition of claim 14, wherein said basic compound is about 1 part
to 50 parts by weight per 100 parts by weight of said photoacid generator.
17.  The composition of claim 1, further comprising at least one component
15 selected from the group consisting of surfactants, adhesion promoters,

leveling agents, dyes, and mixtures thereof.

18. A polymer of t-butyl cinnamate having the monomeric units of:
R2
P OF ™ crs3
O 07 0C(CHy)s
- —a = -b = —c
35
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0 :-"ORB3 OHO- OC(CH3)3 a b c 35 AMENDED SHEET (ARTICLE 19) WO 02/ 06895
PCT/ USO01/ 41011 wherein a = 0.3 t0 0.9, b=0.1t0 0.7, and ¢ =0 to 0.3;
Rl = H meohybesodr CH2O0R4; R4 = Hor C 1-C4 al kyl group; PRRUSOIH101IRL hyl |
CH20R4, CH2CN, or CH2X; X=d0d, |, Br, F, or CHZCOO?Si R5 = Cl1-C4 al kyl
group; and R3 = whabioraty0.3 te 9O bireki to Ot dnd ¢ = 0y 0 3hBXxy H, metyil, otbenzyl , or
phenethyl. 5 19. The polyner of claim 18, wherein said polynmer of t-butyl
ci nnamat e  f urt heCHeORhR*seH omanefrealkgl group;R°cf HOmetBy R OH,.ORE, G,@(R6; G O 0
Rt L-Jdef wereind=0to00.2 e=0to0.2, f =0to 0.2,
atb+c+d+e+f = 1. Opr CHEERE CIIOBT, B0 HBCOGR®; R6 =C1rekhwyl gfouldndlR® R7 = a
cyclic or acyclic group selected froma cyclic, bicyclic, |inear, or

br anched al kyl_orougyo ol paBSURSLRLLLEdondbl ¥y IbaHA, RIS 97 0uP.

substituted aromati c group”s
5

19.  The polymer of claim 18, wherein said polymer of t-butyl cinnamate

further comprises monomeric units of:

CI) " (CH) RS
RS—C — o’l\O
I
R’ X
= dg &= e - -f

wherein d =0 to 0.2, e =0 to 0.2, £ =0 to 0.2, atb+ct+d+et+f = 1.0, ct+d+e+f
10 =0.2100.5;R®= methyl or ethyl; R” = a cyclic or acyclic group selected
from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from
phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which groups
optionally contain one or more heteroatoms; x is 0 or 1; and R¥=H, C1-Cc4

15 alkyl group, C1-C4 alkoxy group, or an acetoxy group.

20.  The polymer of claim 19, wherein a= 0.3 to 0.7 and b= 0.1 to 0.7.
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phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which groups
optionally contain one or nore heteroatons; x is O or 1; and R8 = H Cl-4
15 al kyl vgo orm89<C1l- C4 al koxy group, or an acet oxy group. POT/USéwetipal yrer of
claim19, wherein a = 0.3t0o 0.7 and b =0.11to 0.7. 36 AMENDED SHEET
(ARTI CLE 19)2MD 02/pda8ssfoP{ormiigd redieOpdtteri® tompriging tesstepbof: forming a reli ef
pattern, conprising the steps of: a) coating on a substrate, the

phot or esi st cogposiatih®bn akulsstratelitht phbloesstdd Yompesitionf chigdatiegetsubst rat e; b)
| magewi se exposing sald coated substrate to actinic radiation; 5 c) post

exposure baking sgid; alasubelfat e at an elevated tenperature; d)
devel opi ng said coated substrate wth an aqueous devel oper, thereby

form ng anlrra d. sAi ubstrate 10 22.
The process of C|%1r§a Q%%e%%ﬁdm %lcg‘)é’la{ d% Ql%te a?tujt"ggﬁ% ¢ti nnamat e further

[ Z" ‘11 R7
conpri s e55 o nogse rIl)ocst g}?ﬁotsgre %akmg salg) cg)ateg %ubstrate at an eleva't?gd t%mpgamre; ©

d) developing said coated substrate with an aqueous developer, thereby
forming an imaged substrate; and

e) rinsing said imaged substrate.

10 22.  The process of claim 21, wherein said polymer of t-butyl cinnamate further

comprises monomeric units of’

0
(l) ™ (CHo) RS
RO—C— o"l\O
I
R’ ’>N:’
- 43 = e - —-f

whereind =010 0.2,e=0t0 0.2, f=0to 0.2, atb+c+d+e+f= 1.0, c+d+e+f
=0.2100.5;R®= methyl or ethyl; R'=a cyclic or acyclic group selected

15 from a cyclic, bicyclic, linear, or branched alkyl group, halogen substituted
alkyl group, aromatic group, substituted aromatic group selected from

phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl groups which groups
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def wiereind=0to00.2, e=0to0.2, f =0to 0.2, atb+tc+d+e+f = 1.0,
ctd+e+f = 0.2 to 0.5; R6 = nethyl or ethyl; R7 = a cyclic or acyclic group
sel ect ed WA 0106803 a cyclic, bicyclic, linear, or branched BCRYKOIgioup,

hal ogen substituted al kyl group,. aromatic group, substituted aromatic
group selected from phenyl, benzyl, phenethyl, naphthyl, or naphthyl ethyl

groups whi ch gr oun@uaﬂdlﬁtm&%eh&%% 290 ¥4; %&@@&% C1-C4
PCT/ US01/ 41011 optionally contain, One- or nore heteroatoms X is 0 or 1,

and R8 = H . C 1- 'C or an acet oxy
group. 21. The proces?‘.&* %ﬁ%y%%@gﬁél&%% (H’?’O 77 and b = 0.1to

O T. 24: The process of cl.ai m 2.1,. wherein said photoresist conposition
further conprises a. basic- corrpound 38 AMENDED SHEET (ARTI CLE 19)

23.  Theprocess of claim 22, wherein a=0.3't0 0.7 and b = 0.1 to 0.7..

24.  The process of claim 21, wherein said photoresist composition further

comprises a basic compound..
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