28 SEPTEMBER 2005 1 SI LI CON- CONTAI NI NG ACETAL PROTECTED POLYMERS AND
PHOTORESI STS COMPOSI TI ONS THEREOF FI ELD OF THE | NVENTI ON TQ%§Ehf¥ﬁﬂﬁﬁf 05
~relates to silicon-containing acetal protected polyners and photoresls
conpositions thereof especially useful in bilayer resists. BACKGROUND TO
THE | NVENTI ON New, inproved, advancedqesists are required to manufacture
new electronic devices with snaller feature sizes. Typically, inprovenents
are required in photoresist resolution, photospeed, depth of focus, and
other properties. Resolution inprovenents can al so be obtained via
exposure systens utilizing higher nunerical apertures. Unfortunately, as

the resolutionis '%'F[wmcﬁﬂﬂ"‘gw AWA%%??’E@'I‘EB%’ the depth of

focus at best resolution usually decreases o optrcal effects. -Thus,
i nprovenent s POLYMERSMNDPHOTORESISTS COMPOSITIONS FTHEERECe nost
common type of resists are called "single layer"” resists in which the
resi st has both the function of inmaging and plasnma etch resistance. A
second type of resist is te ! "bilayer _resjist" in which the upper

| ayer is assigned the funct+s ao-nE—ara— e under | ayer assigned the
function of plasma etch resistance. An oxygen etch step transfers the

I mged pattern into the underlayer. Bilayer resists typically contain
silicon and prolhisle ineeritmm eedatest dgessilicon-esmthiningn dcetah ysrotected hi nner
imaging filns and in many cases the bil ayer resist/uyndercoat  conbination
brovi de bRAMPEE: 8ad PROIPTESISE fampasifionsanstesl speeialirsalubn bifvesy or
resists cagggiRgg found for exanple in US Patent Nos. 6,359, 078,

BACKGROUND TO THE INVENTION

New, improved, advanced resists are required to manufacture new
electronic devices with smaller feature sizes. Typically, improvements are
required in photoresist resolution, photospeed, depth of focus, and other
properties. Resolution improvements can also be obtained via exposure
systems utilizing higher numerical apertures. Unfortunately, as the
resolution is improved via higher numerical apertures, the depth of focus
‘at- best resolution usually decreases due to optical effects. Thus,

improvements in depth of focus of resist are also desirable.

The most common type of resists are called “single layer” resists in
which the resist has both the function of imaging and plasma etch
resistance. A second type of resist is termed a “bilayer resist” in which the
upper layer is assigned the function of imaging and the underlayer
assigned the function of plasma etch resistance. An oxygen etch step
transfers the imaged pattern into the underlayer.- Bilayer resists typically
contain- silicon and provide certain advantages in resolution from using
thinner -imaging films and in many cases the bilayer resist/undercoat
combination provide better substrate plasma etch resistance. Examples of
bilayer resists can be found for example in US Patent Nos. 6,359,078,



28 SEPTEMBER 2005 2 5, 985,524 and 6, 028, 154 and ot her patents, each of

which is incorporated herein in their entirety. Advanced rzgﬁhgﬁW&do%

enpl oy a technique called chemcal anplification in which

generated by photolysis catalyzes a solubility switch from al kal

I nsel uble to alkali soluble by renoval ,of an acid sensitive group :
protecting an al kali sol ubilizing nnie%y. Polyners = frequently used in this
type of photosensitive conposition include acetals derived fromreaction
of vinyl ethers with a polyner containing hydroxystyrene units. Chemcally
anplified resists based on acetal protected pol yhydroxystyrene, such as

 ncor por at SR par AN, o 02Be{0 BT othel PRIENS. RAGTAT WY By iRgrporated” ' °

charact eri pletr&in iaReiPehffetpdvant ages over other. chemcally anplified
systens include | ower tenperature in processing conditions, and | ower
sensitivity to bake tenperature variations. Many new hi gh resolution

hot or esi sts havge, been ,found to be, dinensionally.unstahle to tvpical

gl ectron beam bAXYENTEM, LFUEs wg?%emqﬁysa’p?%ﬂﬁﬁ%‘ée a?ﬁ‘.ﬁ‘?dgg'ﬁf'égﬁ"e

uncert ai nt ymglificfioh i e Whidh haReasir gjepeisted Wi pRofAEIS owag&ggdtuﬁt ion
y e

device yields. Solutions to this problemare eagerly awaite '
i ndustry. $ﬁh1bfﬂrtn§mtchifmmr&lkaihlnaolslblephooaﬂkdegoluh%ybxamwdrﬁlaraaonant ages

whi ch shal | .C.0 r escr| - SUMVARY OF THE | NVENTI ON A
photoresistsegg'&ﬁggg?‘?@% @E‘#%S‘?ﬁf’kﬁdn%ﬁalf‘&?fiagﬁiug’nfé'ﬂ%o%fe ‘et aFOFYS?%'ﬁp o
cont ai ni ngfrequERRY Usedi iahR Bkl SfashctodsditiveeddmpBEivhdAdlubBadcdtie silicon
substituent is not directly attached to the acetal functionality,

derived from reaction of vinyl ethers with a polymer containing

hydroxystyrene units. Chemically amplified resists based on acetal

protected polyhydroxystyrene, such as found in US Patent nos. 5,928,818,

5,834 531, and 5,558,976, which are incorporated herein by reference, are

well known. Preferred characteristics and often advantages over other ..

chemically amplified systems include lower temperature in processing

conditions, and lower sensitivity to bake temperature variations.

Many new high resolution photoresists have been found to be
dimensionally unstable to typical electron beam-based metrology system.
This produces an undesirable uncertainty in the line width measurements,
which can lower production device yields. Solutions to this problem are

eagerly awaited by the industry.

The present invention also provides many additional advantages

which shall become apparent as described below.

SUMMARY OF THE INVENTION

A photoresist composition comprising at least one novel acetal

group containing polymer having a silicon substituent; provided that the
silicon. substituent is not directly attached to the acetal' functionality,



28 SEPTEMBER 2005 3 thereby providing high resolution, inproved DOF, and .

| nproved dinensional stability under nmetrol ogy conditions ﬁ’l’ﬂlblﬁﬁﬂi kSt
conposition preferably conprises a novel polyner forned f%%ér:]ﬁa Si |coﬁﬁ’g

cont ai ni ng nonomer unit having the general structure: CHH O~ OAR3 R |
wherein R is H lower alkyl, CH2CO2R 4 cyano, CH2CN, or hal ogen, wherein R
Is any al kyl, cycloal kyl, aryl, aral kyl, al kyl enecycl oal kyl, silyl or
siloxy or linear or cyclic polysiloxane groups; R2 is CHR7R8 where R7 and
R8 are H, lower alkyl, cycloalkyl or aryl; Ais a substituted or
unsubstituted al kylene, cycl oal kyl ene, al kyl enecycl oal kyl ene, or

al kyl enearyl - and . i i ek 4, [R5 d are | ndependently
al kyl , cyc%gg I %r‘gf@?'g 'ipgl 5?7?5‘3%)69 gﬁB&Y@PQaPQﬁ'], aSPan yI'thovseldl oxy, or
|i near or g@insdrisioris Isyabilitppiter ngéteolbgy @onditnssesqui oxane al kanol conpound.
"A" is preferably selected fromthe group consisting of: methyl ene,

et hyl ene, CH2C(CH3)H, propyl ene, CH(CH3) CH(CH3) CH(CH3), cycl ohexyl ene,

et hyl enecycl Ohﬁﬁé%toreg&?%%%&%@b?%faﬁ@?%ﬂ%gﬁle%rs'notvgfg%)ﬁ'yﬁéref erably

sel ected from up consi st ng silyl,
triphenyt forined, flom cy csitidaxy| cortgining rinehomeet biyit Shaviny stHey |gend$alSEPTEMBER

2005 4
structure:

1

R
—fc:H2

H
O\’/O—A—R;;
Ro

wherein R; is"H, lower alkyl, CH,CO,;R, cyano, CH.CN, or halogen,
wherein R is any alkyl, cycloalkyl, aryl, aralkyl, alkylenecycloalkyl, silyl or
siloxy or linear or cyclic polysiloxane groups; R, is CHR;Rg where R; and
Rs are H, lower alkyl, cycloalkyl or aryl; A is a substituted or unsubstituted
alkylene, cycloalkylene, alkylenecycloalkylene, or alkylenearylene; and R3
is SiR4RsRs where R4, Rs, and Rg are independently alkyl, cycloalkyl, aryl,
aralkyl, alkylenecycloalkyl, silyl or siloxy, or linear or cyclic polysiloxane

groups or a silsesquioxane alkanol compound.

‘A’ is preferably selected from the group consisting of: methylene,
ethylene, CH2C(CH3)H, propylene, CH(CH3)CH(CH3)CH(CHj3),
cyclohexylene, ethylenecyclohexylene , phenyleneethylene, and the like.
R? is preferably selected from the group consisting of: trimethyl silyl,

triethyl - silyl, triphenyt silyl, tricyclohexylsilyl, tristrimethylsiloxysilyl,



tristrinmethylsilylsilyl, methyl-bistrinethylsilylsilyl, nmethylbistrinethyl-
siloxysilyl, dimethyltrimethylsilylsilyl, dimethyltrinet hy&?bﬁ?ﬁfﬁﬂ%zo@”d
cyclic or linear polysiloxane oligoner or polyners or a silsesqui oxahe

al kanol conpound. The silicon containing nmononer unit is typically
generated by polymerization of a subsjituted styrene nononer, followed by
reaction of the substituent to yield a hydroxystyrene nononer unit and
subsequent reaction of the hydroxystyrene units with a vinyl ether of the
structure: R7 RoOAR3 Il Typically, acetoxy styrene is polynerized and
transacetylized to yield hydroxystyrene nononer units for reaction with

t he vinyl . I vel 1 fm AUkt can : by
reaction o?ﬁ%lﬁéﬂ'etﬁ%%ﬁgg;e"nera gt(ﬁyﬂél roxgmsrllg%g%hononnﬁhﬂﬁ%?@ﬁ\% I’l] a vinyl
et her and ailoxydilyhdimetiylsinethylsitgsilyiCdimdtByltrichethylgiloxysilyl)ydndthelics can be
used, but secondary and tertiary vinyl ethers provide better |ncorporation
of the al ccﬂﬁdmeatrmlwloxanﬁwhgemrm?/ $ iSr oo d. SilgesgrIxaNGeplanehe
nononer Unicronﬁ%hr;?)e generated by polynerization of the nononer wherein the
silicon contal'ning acetal npoiety has already been generated. Either
reaction of hydroxystyrene nononer with a vinyl ether of the structure

gi ven bel ow, or1reaction of a.vinyl ether and the alcohol of the structure

gi ven bel ow may e FiGen Senigimng)MEaROFRYs URIt Ispdypi genefated by

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:

R77=:\
R8 OAR3 1

Typically, acetoxy styrene is polymerized and transacetylized to yield

hydroxystyrene monomer units for reaction with the vinyl ether.

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; Il

Many vinyl ethers can be used, but secondary and tertiary vinyl ethers
provide better incorporation of the alcohol. t-Butyl vinyl ether is preferred.

Alternatively, the monomer unit can be generated by polymerization
of the monomer wherein the silicon containing acetal moiety has already
been generated. Either reaction of hydroxystyrene monomer with a vinyl
ether of the structure given -below- or reaction of a vinyl ether and the

alcohol of the structure given below-may be used.



HO- A-R3 111 The acetal containing polynmer is preferably fornmed by reacting
a polyner containing hydroxystyrene units with t-butyl vi n
al cohol in the presence of an acid catal yst. The HO A-R3 a @%ﬁ@bﬂﬁ§E§QQoé
preferably selected fromthe group consisting of: trinmethylsilyl methanol,
trinmethylsilyl ethanol, tristrinethyI%egI met hanol , tristrinmethylsilyl

et hanol, tristrinethylsiloxynethanol, Ytristrinethylsiloxyethanol

~methyl bistrinethylsilyl ethanol, nmethyl bistrinethylsiloxy ethanol, tris
trimethyl siloxy propanol, nethyl- bistrinmethylsiloxy propanol,

hydr oxynet hyl term nated pol ysil oxane polyners, hydroxyethyl term nated
pol ysi | oxane polyners and cyclic siloxanes oligoners, such as that of the
structure IV herebel ow and caged sil oxanes, such as the sil sesqui oxane

al kanol conpound herebelomr IV (CH2)nOH i Si- O OOSi, /Si-011~0 |

OO0S SmOO Ol VQotlonaIIy, t he pol yner al so conprises an
addi ti onal m)norrer nit ect ed fromtheH Rgonsi sting of:
hydr oxyst yr ene, roxys(P units bl ocked with other acid sensitive

groups, (mneth) acryl atgs, vi nyI i

The acetal containing polymer is preferably formed by reacting a
polymer containing hydroxystyrene units with t-butyl vinyl ether and an

alcohol in the presence of an acid catalyst.

The HO-A-R3 alcohol is preferably selected from the group
consisting of: trimethylsilyl methanol, trimethylsily! ethanol, tristrimethylsily!
methanol, tristrimethylsilyl ethanol, tristrimethylsiloxymethanol,
tristrimethylsiloxyethanol, methylbistrimeth-ylsilyl ethanol, methyl
bistrimethyisiloxy ethanol, tris trimethylsiloxy propanol, methyl-
bistrimethylsiloxy propanol, hydroxymethyl terminated polysiloxane
polymers, hydroxyethyl terminated polysiloxane polymers and cyclic
siloxanes oligomers, such as that of the structure IV herebelow and caged

siloxanes, such as the silsesquioxane alkanol compound V herebelow:

HO(CHz)X / I(C:Hz)l’l():ﬁ
— Si— O
o S O\S/ o— o si
N Nl [ i
~_ I “Si—0, | o 0
sig < o si=0x ot
O—Si_ N\ IO | / 1
— w1

Opfiorially, the polymer also comprises an additional monomer unit
selected from the group consisting of: hydroxystyrene, hydroxystyrene
units blocked with other acid sensitive groups, - (meth)acrylates, vinyl



28 SEPTEMBER 2005 6 ethers or acetates, or substituted and unsubstituted

mal ei m des. Preferably the polyner conprises between abou Eg)i %
of the silicon containing nonomer and between about 25 toiﬁgEiﬁF oﬁg

the additional nononer. More preferably the silicon containing nmononer
unit is present in an amount between @bout 5 to 30 nolar wt. % and the
addi tional nononer unit is present in an anount between about 70 to 95
nmolar wt. % The acetal containing polymer typically has a nol ecul ar wei ght
in the range between about 2,000 to 75,000. The present invention also
include a bilayer resist conprising: a photoresist |ayer conprising at

| east one agetal containing pol r...havjn a sil n, substit.ue t provided
that  the. sPIEen o Raateiosnt Of s SRRtk otng ” ulsubeied oale
functi onal pPraferatiyl tA8 wwéﬁeatndr@égrbeﬂeén wrsttd ?swbvaw%aéfsme' ncl udes

a photoresi st conposition conprising the novel acetal containing polyner
havi ng a sSlllCQOrCOF%leE’Igl mmmnerpamﬂ/beweemabouh%shol 9&ain0|su%toftthent i s not

directly attagched to the aggtal functiqpali.t hot oaci d ner at or
conpound. NehMeRome T Iﬂf%%l’éﬂygﬁ% %ﬁ 'H I"CLpRe ﬁiuggd acet al
resins of FshPré’é‘é?ﬂaih éb{p&néﬁﬁt tb)éﬁ»ééw laboii$ & to | 30 rﬁblaglvﬁ |8y &hd théS' sts and
do not nornmally contain silicon. In the present invention, acetal

cont ai ni ngagditignat moacegrr Wit isepreisentil an arheunideateieensatioutti AN 85 t sel f
contains a_sil | C Q,/substituent not directly attached to the acetal

functi onal m%;a °can be used as polyners in bilayer resists to address

the needs for hi gh resolution, inproved DOF, and inproved dinensional

stability under _metrol ogy conditions while maintaining other
The acetal containing polymer typically has a molecular weight in

the range between about 2,000 to 75,000.

The present invention also include a bilayer resist comprising: a
photoresist layer comprising at least one acetal containing polymer having
a silicon substituent; provided that the silicon substituent is not directly
attached to the acetal functionality; and an undercoat layer.

The present invention also includes a photoresist composition
comprising the novel acetal containing polymer having a silicon
substituent; provnded that the silicon substituent is not directly attached to

the acetal functionality; and a photoacid generator compound.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Single and mixed acetal resins of the acetal type are typically used

in “single layer” resists and do not normally contain silicon. In the present
invention, acetal containing polymers are provided in which the acetal
substituent itself contains a silicon substituent not directly attached to the
acetal functionality that can be used as polymers in bilayer resists to
address the needs for high resolution, improved DOF, and improved
dimensional stability under metrology conditions while ‘maintaining other

beneficial acetal properties.



beneficial acetal properties. 28 SEPTEMBER 2005 7 Polyners of the invention

conprise polyners with the silicon containing nonomer uni -
where R, = H, lower alkyl, CH2CO2R, cyano, CH2CN, or hal og%sn;éE‘I;@@B%@EZS

where R7 and R8 are H, |ower alkyl, cycloalkyl or aryl; Ais a connecting
group such as substituted or unsubstiguted al kyl ene, cycl oal kyl ene, or

al kyl enecycl oal kyl ene, al kyl enearyl ene; and R3 = Si RARSR6 where R, R4, R5,
and R6 are independently al kyl, cycloal kyl, aryl, aralkyl,

al kyl enecycl oal kyl, silyl or siloxy or linear or cyclic polysiloxane
groups. Exanples of A include but are not limted to nmethyl ene, ethylene,
CH2C( CH3) H, propyl ene, CH( CH3) CH(CH3) CH(CH3), cycl ohexyl ene,

et hyl enecycl ohexyl ene, phenyl eneet hyl ene, and the |ike. Exanples of R3

i ncl ude trimet hfHolpnkl of the iavditiorstomprisé PoRtaed with tiyé silicon
tricyclohexylsilyl, tristrinethylsiloxysilyl, tristrinmethylsilylsilyl,

net hyl bi st¢¢HAINMG Banemen ymit I: net hyl bi stri net hyl si | oxysilyl,
dinmethyltrimethylsilylsilyl, dimethyltrimethyl- siloxysilyl, and cyclic or
| i near pol ysil oxane ol igonmer or polymers or a silsesqui oxane al kanol
conpound. Polyners with silicon containing nononeric unit |I can be
generated by polynerization of a substitut styrene nononer, followed by
reaction of the substituent to yield %Fnydro ystyrene nononer unit and 28
SEPTEMBER 2005 8 subsequent reaction{of ¢ droxystyrene units with a
vinyl ether of the

H
O\’/O—A~R3
Ry

where Ry = H, lower alkyl, CH,CO2R, cyano, CH,CN, or halogen; R, =
CHR;Rg where Rz and Rg are H, lower alkyl, cycloalkyl or aryl; A is a
connecting group such as substituted or unsubstituted alkylene,
cycloalkylene, or alkylenecycloalkylene, alkylenearylene; and R; =
SiR4RsRs where R, Ry, Rs, and Re are independently alkyl, cycloalkyl, aryl,
aralkyl, alkylenecycloalkyl, silyl or siloxy or linear or cyclic polysiloxane
groups. Examples of A include but are not limited to methylene, ethylene,
CH,C(CH3)H, propylene, CH(CH3)CH(CH3)CH(CH3), cyclohexylene,
ethylenecyciohexylene, phenyleneethylene, and the like. Examples of R®
include trimethyl silyl, triethyl silyl, triphenyl silyl, tricyclohexyisilyl,
tristrimethylsiloxysilyl, tristrimethylsilylsilyl, methylbistrimethylsilylsilyl,
methylbistrimethylsiloxysilyl, dimethyltrimethylsilylsilyl, dimethyltrimethyl-
siloxysilyl, and cyclic or linear polysiloxane oligomer or polymers or a

silsesquioxane alkanol compound.

Polymers with silicon containing monomeric unit | can be
generated by polymerization of a substituted styrene monomer, followed

by reaction of the substituent to yield a hydroxystyrene monomer unit and



structure Il, R7 R- OAR3 11 where R3, R7, and R8 are as defined as
before, or by the process described in US Patents 6159653, 6133412, and
6309793 (incorporated herein by reference) using a vinyl & NePTEVBER2005
al cohol of structure Ill: HOA-R3 |it where R3 is as defined before. WO
99/ 52957 and U. S. Pat. No. 6,133,412 (which are incorporated herein by
reference) provide a process for genePating a single acetal or m xed
acetal polymers by reaction of a polyner containing hydroxystyrene units
with t-butyl vinyl ether and an alcohol in the presence of an acid

catal yst. Suitable al cohols given by the general formula IIl can be
obtained commercially or prepared by a variety of synthetic techniques
known to tSH&SEqYRN reastion efdieshydroxystyranecunits with @ vimd ater of the
trinethylskﬁxhzgﬁgmanol, trinethylsityl ethanol, tristrinethylsilyl

met hanol , tris%rlnéthylsilyl ethanol, tristrinethylsiloxynethanol,
tristrimethylsiloxyethariol, nethylbistri- nmethylsilyl ethanol, nethyl

bi strimet hyl sil oxy ethanol, tris trinethylsiloxy propanol,

met hyl bi strinmet hyl sil oxy propanol, hydroxynethyl term nated polysil oxane
pol ymers, hydroxyethyl term nated polysiloxgne pol ymers 28 SEPTEMBER 2005 9
and cyclic siloxanes oligoners, such as that'zqf forrmula IV, and caged

si | oxanes, such as the sil sesqui oxane al kanol /0 8%\?2(1 V her ebel ow.

]!
where R; R;, and Rg are as defined as before, or by the process
described in US Patents 6159653, 6133412, and 6309793 (incorporated

herein by reference) using a vinyl ether and an alcohol of structure Iii:

HO-A—R,
I

where R3 is as defined before_. WO 99/52957 and U.S. Pat. No.
6,133,412 (which are incorporated herein by reference) provide a process
for generating a single acetal or mixed acetal polymers by reaction of a
polymer containing hydroxystyrene units with t-butyl vinyl ether and an
alcohol in the presence of an acid catalyst.

Suitable alcohc_>ls given by the general formula Ill can be obtained
commercially or prepared by a variety of synthetic techniques known to
those skilled in the art. Suitable alcohols include trimethylsilyl methanol,
trimethylsilyl ethanol, tristrimethylsilyl methanol, tristrimethylsilyl ethanol,
tristrirhethylsiloxymethanol, tristrimethylsiloxyethanol, methylbistri-

| methylsilyl ethanol, methy! bistrimethylsiloxy ethanol, tris trimethylsiloxy
propanol, methylbistrimethylsiloxy propanol, hydroxymethyl terminated

polysiloxane polymers, hydroxyethyl terminated polysiloxane polymers



(CH2)nOH i Si-O OO0 Sl \Si-O 'l 1 10 10 OS Si\ O 0- Si/ I V1V
The polyners of the present invention can contain in addit}OseprMBRREBS | C
units |, other nmononeric units. Exanpl es of such nononeric units I nclude,
but are not limted to, hydroxystyrene, hydroxystyrene units blocked with
other acid sensitive groups (e.g., othgr acetals, t-BCC, t-

but oxycar bonyl net hyl [BOCMe]), various (neth)acrylates (e.g., t-butyl
acrylate, t-butyl methacrylate, nethyl nethacrylate, nmethyl acryl ate,

i sobornyl acrylate, cyclohexyl acrylate), vinyl ethers or acetates, or
substituted and unsubstituted mal ei m des. I n another enbodi nent of the

I nvention, e I & IS Lvednhr o) r, silicon
cont ai ni ngahgnc ne?sé.lloéﬁglﬁ%@@qﬁérss%@hhs?%%ﬁgégﬁ{délg [ Ir% rgm o%ﬁeg i ncl ude
tris(tri nesitmtaa"idsybuwy)aprtbe)silsesqlﬁwateeaIkhhb&ﬁdrﬁ?ﬁ&ﬁ@v Bedepewepyl acryl ate
trimethylsilylmethyl acrylate, tris(trinethylsiloxy)ethyl acrylate,
tris(trinmethylsilyl)ethyl acrylate, tris(trinmethylsilyloxy)propyl

met hacryl ate, tris(trinethylsily)propyl nmethacrylate, trinmethylsilyl methyl

met hacryl ate, tris(trimethylsiloxy)ethyl nethacrylate,
tris(trinmethylsilyl)ethyl nethacrylate, acryl oxypropyl

(CH2)nOH
|
HO(CH Si—O
( 2))(\8/ o O//O/ 1 \Si
O/ = \Si/ \Si’_o ‘ 'i/’
Y \ O
| | R o R
g 0 N Lo O=Si
- 1\ P ./ /
O'—Sl\ Si ’OO
/ O—Si~
VvV

The polymers of the present invention can contain in addition to
monomeric units |, other monomeric units. Examples of such monomeric
units include, but are not limited to, hydroxystyrene, hydroxystyrene units
blocked with other acid sensitive groups (e.g., other acetals, t-BOC, t-
butoxycarbonylmethyl [BOCMe]), various (meth)acrylates (e.g., t-butyl
acrylate, t-butyl methacrylate, methyl methacrylate, methyl acrylate,
isobornyl acrylate, cyclohexyl acrylate), vinyl ethers or acetates, or

substituted and unsubstituted maleimides.

In another embodiment of the invention, the additional monomer
units may be derived from other silicon containing monomers. Examples
of such silicon containing monomers include tris(trimethylsilyloxy)propyl
acrylate, tris(trimethylsily)propyl acrylate trimethylsilyimethyl acrylate,
tris(trimethylsiloxy)ethyl  acrylate,  tris(trimethylsilyl)ethyl acrylaie,
tris(trimethylsilyloxy)propy! methacrylate, tris(trimethylsily)propyl
methacrylate, trimethylsilyimethyl methacrylate, tris(trimethylisiloxy)ethyl
methacrylate, tris{trimethylsilyl)ethyl  methacrylate,  acryloxypropy}-



28 SEPTEMBER 2005 10 hept acycl opentyl - T8-si | sesqui oxane,

nmet hacr yl oxypr opyl hept acycl opentyt T8-sil sesqui oxane, 28 SEPTEMBER 2005
acryl oxypr opyl hept aet hyl - T8-si | sesqui oxane, mnet h-
acryloxypropylheptaethyI-T8-siIsesquioxane, and the acryl ates or

met hacryl ates of cyclic sil oxanes, as conpound IV. The anount of

addi tional nononeric units wll depen on the silicon content of silicon
cont ai ning nmonormer unit 1. Generally a total of about 6- 15%silicon is
desired in the polyner to provide suitable oxygen etch resistance and |ine
edge roughness. Polynmers where the silicon containing nononeric unit |

o ol g R REloFB AP B L RaRES eac I BRBLoATN AR RERRRNE | "
Gener al | y, T8hsilseebiiorang) | |aotylok¢prbp9lhbmm¢mmlklls&qﬁﬁ))mﬁear fe- silicon

cont ai ni ng mononer unit 1. Silicon containing nonomeric units 1 in which
nul tiple s?PW&@%VP&@BWBea@tW'é@eﬂiseéﬂé'oxﬁF'@f erand] siieéh tacaylatase Ml ar % of

Si111o0n, COMGhaLAEDRPRRICiIIbhes Tsddh ad DEmBBLYARY 1o between abou

5-30% In po arn an nononmer unit and al so
cont ai ni ng S|I|con t he sumof t he rmlar % of the two nononer units wll
fall into the sane ranges dependi ng on whether the nononers have one or

nore silicon atdhg "HE?UWD(P ionatamRRerC Uﬂﬁ%%ﬂ@@%ﬁl“é@”\ﬂbﬁ@ﬁ@nf or the
| 7 t t
pol Y71 el e lco 00l F00AneT V5Ll SEFEIa s A0 nvent on

cont ai ns at151’/£&$ltcoanrs debiredrin thei polymen tohﬁr@ﬁ@é aluitabld ioxygeh étoR
nol ecule. That is, polymers of the present jnvention differ fromthose
di scl osed [65iStABCE ABE~ Hpe Fﬁgﬁhé‘?ughﬂessa | Podymergowhergethei siligen at t ached

directly tQohiachiAg thehome¥igaihit Pdofdin only 1 silicon atom must contain a
higher percentage of silicon containing monomeric unit 1 to provide the
desired silicon content. Generally, the polymer will contain between about
5-75 molar % of silicon containing monomer unit 1. Silicon containing
monomeric units 1 in which multiple silicon atoms are present are
preferred such that the molar % of silicon containing monomeric units 1 in
the polymer is between about 5-30%. In polymers which contain an
additional monomer unit and also containing silicon, the sum of the molar
% of the two monomer units will fall into the same ranges depending on

whether the monomers have one or more silicon atoms per molecule.

Generally, the molecular weights for the polymers are between
2000 and 75000.

The polymers of the present invention are different than most of
those disclosed in the prior art in that R® contains at least one silicon
moiety in the acetal portion of the molecule. That is, polymers. of the
present invention differ from those disclosed in the prior art in that the
silicon substituent is not attached directly to the acetal oxygen. Direct
attachment of a silicon to one of the acetal oxygens will directly involve the
silicon in the acid catalyzed chemistry and adversely affect the storage

stability of the acetal.



attachnment of a silicon to one of the acetal oxygens will directly involve
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Phot osensi tive conpositions can be formul ated using the polynmers of the
present invention. The photosensitive jonpositions will conprise the
polynmers of this invention and a phota cid generator. The polyners of this
invention may be bl ended with anot her photoresist polynmer which may

contain silicon. Cenerally, any photoresist polyner wth alkal

solubilizing groups protected by acid sensitive groups nmay be bl ended in

t hese photosensitive conpositions. Suitable additional silicon containing
pol ynmers for bl ending include acrylic polyners; such as those described in
US patents 6146793 and 6165682 herei nyi ncorporated by reference. Suitable
non-silicon containing polynmers for bllending i nclude acetal protected

hydr oxyst yr ene polyners such as thosg ribed in US Patents 5468589,
5976759, 5849808, and 6159653 herei n _jlncorporated by reference and acrylic
pol ymers, such as described in US P.‘ s 4491628, 6284430, and 6042997
herei n incorporated by reference. Ag i tabl e photoaci d generator conpound
may be used in the photoresist conposition. Preferred photoacid generators
are those generating sulfonic acids. Su#tabwe | asses of photoacid
generators 28 SEPTEMBER 2005 12 genera sgl ni c acids include, but are
not limted to, sulfonium or

Me;Si

\2

Photosensitive compositions can be formulated using the polymers
of the present invention. The photosensitive compositions will comprise
the polymers of this invention and a photoacid generator. 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 patents 6146793 and 6165682 herein incorporated by reference.
Suitable non-silicon containing polymers for blending include acetal
protected hydroxystyrene polymers, such as those described in US Patents
5468589, 5976759, 5849808, and 6159653 herein incorporated by
reference and acrylic polymers, such as described in US Patents 4491628,
6284430, and 6042997 herein incorporated by reference.

Any suitable photoacid generator compound may be used in the
photoresist composition. Preferred photoacid generators are those

generating sulfonic acids. Suitable classes of photoacid generators



I odoni um sal ts, oxi m dosuffonates, bissuffonyldi azonet hane conpounds, and
ni trobenzyl sul fonate esters. Suitable photoacid generator

di scl osed, for exanple, in US-Patent Nos. 5,558,978 and 5, 38@?@%&@@5
are incorporated herein by reference. Still other suitable exanpl es of
photoacid generators are triphenyl sul§pnium brom de, triphenylsul fonium
chloride, triphenylsulfonium iodide, triphenylsulfonium

hexaf | uor ophosphat e, triphenyl sul fonium hexafl uoroarsenate,

tri phenyl sul f oni um hexaf | uor oarsenate, triphenyl sul fonium
trifluoronethanesul fonate, diphenylethylsulfonium chloride,

phenacyl di . b 3 h B ' eni um

chl ori de, %4- é&?t‘ﬁ%%&gﬁgg;ﬁcﬁg’t E%hg%l' ggﬁ?f)égﬁtgtﬁ%ﬁéﬁa gﬂl%g'?f%@,n?gﬁd 4- hydr oxy- 2-
met hyl phengtorivahgalits) tdximjdosylfonateshbissulfienyldiddometinarie eampplads of suitabl e
phot oaci d geperators for use in this . inveptjon. jnclude triphenyl sulfonium
perfl uoroo%lcgﬂ@r engyisy 9“atﬁrﬁﬁ3ﬂ@ny§‘§tﬂqi%ﬁ oipaskt generaty£LUPRAWIS,| f onat e,

met hy| phef%/rbﬁji@ﬂ@@é&,%# boa ,nﬁﬁémwﬁq@@&%ﬁé,gwtﬁd 5,468,589
Ip I su 4-n-

met hyl phenyl enysul f oni um per f | uor ooct ane onat e,

but oxyphenwhigh@re mydarpbfaied inergiortyl nebereboe.anesul f onate, 2, 4, 6-
tri met hyl phenyl di phenyl sul f oni um perfl uor obut anesul fonate, 2,4, 6-
tri met hyl phenyl di phenyl sul f oni um benzenesul fonate, 2,4, 6-

{ri et hyl pheny! c@hamet Suhielansinds Br bhbiosBRY GeNbaRnzenesul fonat o

phenyl t hi ophenyl di p | sul T onl um’4- dodecyl benzénsu nic acid, tris(-t-
but yl pheny It)ishéhydsultoniprer brooude deiphepgalifamamechlonde,(triphenylsulfonium

but y1 pheny 199t ERNERVECHOBLE RRERBREDs etz ceiheaMabEonibm o -

but yl phenylnesiakilioryaise haBZ fippenylstfidhiam RBLafluoroarsenate,
triphenylsulfonium trifluoromethanesulfonate, diphenylethylsulfonium
chloride, phenacyldimethylsulfonium chloride,
phenacyltetrahydrothiophenium chloride, 4-
nitrophenacyltetrahydrothiopheniumn chloride, and 4-hydroxy-2-
methylphenylhexahydrothiopyrylium chloride.

Additional examples of suitable photoacid generators for use in this
invention include triphenylsulfonium perfluorooctanesulfonate,
triphenylsuifonium perfluorobutanesulfonate,
methylphenyldiphenylsulfonium perfluorooctanesulfonate,
methylphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
butoxyphenyidiphenylsuifonium perfluorobutanesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium benzenesulfonate, 2,4,6-
trimethylphenyldiphenytsulfonium 2,4,6-triisopropylbenzenesulfonate,
phenylthiophenyldiphenylsulfonium 4-dodecylbenzensulfonic acid, tris(-t-
butylphenyl)sulfonium perfluorooctanesulfonate, tris(-t-
butylphenyl)sulfonium perfluorobutanesulfonate, tris(-t-
butylphenyl)sulfonium 2,4,6-triisopropy|benzehesurfonate, tris(-t-
butylphenyl)sulfonium benzenesulfonate, and

phenylthiophenyldiphenylsulfonium perfluorooctanesulfonate.



phenyl t hi ophenyl di phenyl sul f oni um perfl uor ooct anesul fonate. 28 SEPTEMBER
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i nclude, but are not limted to, diphenyl iodonium

per fl uor obut anesul fonate, bis-(t-butyl phenyl)i odonium

perfl uor obut anesul fonate, bis-(t- butg kphenyl )i odoni um

per fl uor ooct anesul f onat e, di phenyl oni um perfl uorooct anesutfonate,

bi s- (t-butyl phenyl )i odoni um benzenesul fonate, bis-(t-butyl phenyl)iodoni um
2,4,6-triisopropyl benzenesul fonate, and di phenyli odoni um

4- met hoxybenzensul f onate. Further exanples of suitable photoacid generators

f in thi l. th

ot hyi sul fonyl - oMo RESyRits drlybRatifates Mihid Hantss! nane

1- cycl o- heicliid, babte hof imited @ NEpheh\a idddriumf pEmilh o fbataned opatdi s( 1, 1-
di et hyl et hyl sul f onyl ) di_ azonet hane, bi s(1-

net hyl et hyP&dt-eityp @ﬁh@mlﬁ%@eﬁlypg@wmambﬂ%ﬂw ) di azorret hane, 1

- p-tol ueneg -2-(p-
£ D1 Lenecur PRV edemiim BeSidorBLRRRELAbREBIRRNRAS! iofp Y, 2 (P
net hyl thi Opémmxbmaﬁ@@lfo&aﬂe rmgiwbu@f;(r@ntygiddﬁnm Ibfemyhémfdnaie one, 1-
di azo- 1- net hyl sul f onyl - 4- phenyl - 2- but anone, 2- (cyclohexylcarbonyl 2-(p-

t ol uenesuf b@r(wbyﬁmdmw)loqomym MEinisepropyipenzenesulfonate, and
1cycl oh | ohexy! sul fonyl - 3, 3-
ai ot by - B G AR o RIB L ST oy ) - 3, 3- i et hy! -

but anone, 1-acetyl-1-(1-nethylethylsul fonyl)di azonet hane, 1-di azo-I-(p-
t ol uenesul f onyl 3-di met hyl - 2- but anone, 1-di azo-|-benzenesul fonyl -3, 3-

| -
di net hyl - 2- but alﬁuﬁber qxwake@ of syitabls pleteacidraaneratoss fertusg inzhisut anone,
cycl ohexyl; geflich ré bistp tALERBESHEAVARE AR EME  mbfHyisitenyl p2- di azo- 2-

toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazometane, bis(1,1-
dimethylethylsulfonyt)diazomethane, bis(1-
methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane,
1-p-toluenesulfonyl-1-cyclohexylcarbonyidiazomethane, 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-
toluenesulfonyl)propane, 1-cyclohexylsulfonyl-
1cyclohexylcarbonyldiazomethane, 1-diazo-1-cyclohexyisulfonyl-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-
dimethyi-2-butanone, 1-diazo-1-(p-toluenesulfonyl)-3-methyl-2-butanone,
cyclohexyl 2-diazo-2-(p-toluenesulfonyl)acetate, tert-butyl 2-diazo-2-
benzenesulfonylacetate, isopropyl-2-diazo-2-methanesulfonylacetate,
cyclohexyl 2-diazo-2-benzenesulfonylacetate, tert-butyl 2 diazo-2-(p-
toluenesulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-dinitrobenzyl
p-toluenesulfonate, and 2,4-dinitrobenzyl p-trifluoromethylbenzene-

sulfonate.



benzenesul fonyl acet at e, isopropyl-2-di azo-2- nmet hanesul f onyl acet at e,

cycl ohexyl 2-di azo-2-benzenesul fonyl acetate, tert-butyl 2 EﬂﬁfﬁTﬁ%ﬁﬁh&mms

t ol uenesul fonyl ) acetate, 2-nitrobenzyl p-tol uenesul fonate,

2, 6-di ni trobenzyl p-toluenesul fonate, and 2, 4-dinitrobenzyl
p-trifluoronethyl benzene- sulfonate. 33 SEPTENBER 2005 14 The photoacid
generator conpound is typically enployed in the anounts of about 0.0001 to
20% by wei ght of polynmer solids and nore preferably about 1% to 10% by

wei ght of polyner solids. Preferred photoacid generators are sulfonium
salts. The photoacid generator may be used alone or in conbination with

gencrator i n pht 5aRAeERid, eefisrator, EAFYRRIEE fificaly, SRRI0PRBIRE oo

90% of t heatriumits Wﬁoatbmmmoocenerm%rbwweﬁgmeof pOigfer rsedids had asoré
generator mxtures contain ab ﬁé phot oaci d generators. Such
m xtures nBIETBEARY ahputsdve te) 1% 9?/ WG!Q*\‘e‘PfeﬁP'YHPQIS§@BdS ExRrgfegedot

pref et red phifolip obfgtatdR S Sambuihoabie el fhdbssid hatlflanaget hane

conpounds, on| m sa s and onat €s sultoniurm sal ts.
The choi cebefum slone 6oin tombiriativar with snecompesé tphatogcid ddrerators.
concentratjon thereof de ends pabnc pal]ly on the type of functionalities

i ncor por at £B€i RefeRptage ©°f &8che ganegaten oino RAPtPasidh cgeRefatorand t he
coating mepfhad, [es, The @&Wé"e‘ﬁt aBBQPHgJU)f??o' B%Et h/«?%fdtrfkl ?ﬁe%V@é?bécaHhe

corrponent sint hOt or esi st sh not I‘ go any reacti on:
with the cgeperatot mnetnnb sIﬁbeieairetmepmmoaemgahératwnndnttynesgcaftamrabwttl ng.

Sui t abl e s | ve or toregi st conposition nmay include ketones,

et hers and QPEOtmgﬁggf?g?rﬁyl§%?'P\\§""%?%H@Y %Pﬁi’f‘e iSagMElASS It one, 2-
different classes. Examples of preferred mixtures include sulfonium salts
with  bissulfonyldiazomethane compounds, sulfonium salts and

imidosulfonates, and two sulfonium salts.

The choice of solvent for the photoresist composition and the
concentration 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 re-removable on drying after coating.
Suitable solvents for the photoresist composition may include ketones,.
ethers and esters, such as methyl ethyl ketone, methyl isobuty! ketone, 2-
heptanone, cyclopentanone, cyclohexanone, 2-methoxy-1-propylene
acetate, 2-methoxyethanol, 2-ethoxyothanol, 2-ethoxyethyl acetate, |-
methoxy-2-propyl acetate, 1,2-dimethoxy ethane ethyl acetate, cellosolve
acetate, propylene glycol monoethyl ether acetate, methyl lactate, ethyl
lactate, methyl pyruvate, ethyl pyruvate, methyl 3-methoxypropionate,
ethyl 3-methoxypropionate, N-methyl-2-pyrrolidone, 1,4-dioxane, ethylene
glycol monoisopropyl ether, diethylene glycol monoethyl ether, diethylene
glycol monomethy! ether, diethylene glycol dimethyl ether, and the like.



hept anone, cycl opent anone, cycl ohexanone, 2-nethoxy-1-propyl ene acetate,

2- met hoxyet hanol , 2-ethoxyothanol, 2-ethoxyethyl acetate, 3gSEPTEMBER 2005
nmet hoxy- 2- propyl acetate, 1,2-dinmethoxy ethane ethyl acetate, cellosolve
acetate, propylene glycol nonoethyl ether acetate, nethyl |actate, ethyl
lactate, nethyl pyruvate, ethyl pyruvate, nethyl 3-methoxypropionate,

et hyl 3-net hoxypropi onate, N-nethyl-2-pyrrolidone, 1,4-dioxane, ethylene

gl ycol nonoi sopropyl ether, diethylene glycol nonoethyl ether, diethylene
gl ycol nononet hyl ether, diethylene gl ycol dimethyl ether, and the Iike. 28
SEPTEMBER 2005 15 In an additional enbodi nent, base additives nmay be added

Lo the  Phot orey i LRRRR) nibaitaty PHEROBRARled Hiab BECaRIEH 1) Yhe' ° (0

scavenge protons p toreS|s prror el'ng 1rradrated by

the acti nlphotbmﬁlatdmiposm baae purpese of thad bask addilivel isagagavehgé he acid
| abi | e groups t he unde5|rable aci ds, thereby i ncreasing the performance

and stabi IRrPP"%PTQQ%'t i 4h& photeresist mronita Reing ivadiated, byy ecéﬁtﬂﬁ%l tion
houl d b f t
woul d not "BSIeSh: [Fiigbade REnG ARAck da RIGhRRE & HERRIFRRIeEEBISS (f |\

acid | abi lby ther ongesiedbie acidse thgrebypriesreasingahp garforerance and etﬁbattyed The
preferred range of the base conpounds, when present, .i.s about 3%to 50% by

wei ght of © t'ﬂ'@ ;ﬁ%ﬁbacﬂae d@f@?ﬁl"@ﬁ ebhssentmn t@l@%P@S@Q'&nﬁT%do €pase
addi tives ¢ d‘?cgntye éﬁry %@' otbﬁbfdzg&ﬁé}ayqratg%%se it would not be

4- di met hyI nopr - am no hen
2, 4, 5- t r i pesivableriforatied Gbasen’ab intbrert &\thbbtrwe/(z:lleﬂ\ég& of toa-aciénabil®yes may
be added to the gthotorem st to increase the apsorption of the conposition

to the actd"AES A8l Hig BROWESHIPLSRIDROSHOR Igiiadialed. de Piseusd ranee
conposi ti off tRB%AEES EofBobABE AvReR TprabdMS iAaHb0034 o BOIS BYSweight of

the photoacid generator compound. Suitable examples of base additives
are 2-methylimidazole, triisopropylamine, - 4-dimethylaminopryidine, 4,4'- -
diaminodiphenyl ether, 2,4,5-triphenylimidazole, and 1,5-

diazobicyclo[4.3.0Jnon-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 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.

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.

The photoresist composition is applied uniformly to a substrate by

known coating methods. For example, the coatings may be applied by



conditions including any thermal treatnents. Exanples of suitable dyes are
fl uorenone derivatives, anthracene derivatives or pyrene | |

O her specific dyes that are suitable for photoresist corrpd%dsél%%»siﬁg#ezws
described in U S. Patent No. 5,593,812, which is incorporated herein by

ref erence. The photoresi st corrposition1émy further conprise conventi onal
addi tives, such as adhesion pronoters and surfactants. A person skilled in
the art will be able to choose the appropriate desired additive and its
concentration. The photoresist conposition is applied uniformy to a
substrate by known coating nethods. For exanple, the coatings may be

lied b : : 0 . - ' 0,
B nat i on, SHiPSeRNAY: BRI, RnfE cBBlfG e, BrfHiAg: sekghing, 8R8 .7, g
t hi ckness rrengmsegmiecaating. Citheecsatirg thickness raigeigeferally coversevalpes 10 pm

After the coati r&c}; Q‘Feration, the solvent- is generally renoved by drying.
The dryi ng Gftaiput9:t ypmese tham 1eun.i Adtes theycoating eperationt theas@lvenkier e t he

resi st and. trate . ature ,0f. ahout, 5QC tq 150C for

about a feﬁé%@gﬁ%b' rteg&@q@:@ 8&"#& i‘g&%{gﬁﬁééﬁ%{%‘vypﬁaﬁﬁﬁd’ ag‘gs§88nds to 30
m nut es depeddNgof®Bak&avhére tlknesist ahd 8ubsiateireteitBdto and end use of the
resist. The photoresist conpositions are suitable for a nunber of different

uses in t hdeoiperatuseiof aboudo@1G (o 1507C frabsiub a few sanonds tasefévas
el ectroplating,resisp, plasm etch resist, solder resist, resist for the
bt oduct | on BT etegally LD SHEL se o tocfibmiraites FRPRTITGcH Feai ot -1 n t he

product i on tRfckhBb& GhalRetiRG dlétbht and@nBRE dltRe 9@&51. ngs and processing
conditions of the coated substrates differ accordingly.
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 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, 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 thrbugh a corresponding mask.

Radiation sources, which can be used, are all sources that emit
radiation to which the photoacid generator is sensitive. Examples include
high pressure mercury lamp, KrF excimer lasers, ArF excimer lasers,

electron beams and x-rays sources.

The process described above for the production of relief structures

preferably includes, as a further process measure, heating of the coating



For the production of relief structures, the substrate coated with the
photoresi st conposition is exposed i magew se. The term ' i Nggep$EMBER 2005
exposure includes both exposure through a photonask containing a
predeterm ned pattern, exposure by means of a conmputer controlled | aser
beam whi ch is noved over the surface gf the coated substrate, exposure by
means of conputer-controlled el ectron beans, and exposure by neans of
X-rays or WV rays through a correspondi ng nmask. Radi ation sources, which
can be used, are all sources that emt radiation to which the photoacid
generator is sensitive. Exanples include high pressure nmercury |anp, KrF

exci Tor | a68fiecrepSafkIRia {rBafant wif] ! de RAn& diqyfiRour ces. The

process descr above for t lon of relief structures preferably
i ncl udes, heattréatmérey kpown ess'poskexpesurt dakiehgvidbialtyheornphdte ng 28 SEPTEMBER

2005 17 between exposure and treatnent wth the devel oper. Wth the aid of
this heat'™ 'Qf‘réﬁk‘? al@fﬂ)%ﬁﬂagf%%%tﬂ&%mﬁwsfmw't AEaRd |y conpl ete
reaction o ' b 3 h " R =X | acid
gener at ed ?/ﬁ?ﬁaéé&e}? éég:é'é(b?gggegﬁ%;\% _edeﬁl'erPééé%ia 'iognﬁgin%dt{\%%r%teérgfo Jre of

t hi s post - thip psst-expasure dakevearyvanytwithin broad limitsiang deperdepend

essentially on the functjionalitjes qf the resin, the type of acid

ol yner
gener at or ?&FrHFF"VI?é‘ @8_ upgRtienalitiss qithe pe Q'%/IUSS%H%FY&%%? e exposed
resist is ¥|9él%%r:c¥n§ Hﬁltﬁétc%ﬂcéﬁtrét‘?dﬁjﬁf ﬁbgg%o@con%gntéoq;hho 1500C for a

few secondS to a few mnutes. The preferred post exposure bake is from

about 80C éexpdstiTdsist isbqically sdjectdd td terBpbratecssfaboit 5@°Citongew se
exposure and any heat treatnent of the material, the exposed areas of the
phot or esi s#5@r € feeadowdaspndsda g faw Minutes.q 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 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 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.

After the development step, the substrate carrying the resist coating
is generally subjected to at least one further treatment step which changes
substrate in areas not covered by the photoresist coating. Typically, this
can be implantation of a dopant, deposition of another material on the
substrate or an etching of the substrate. This is usually followed by the
removal of the resist coating from the substrate using a suitable stripping

method.



devel oper. The choice of the particul ar devel oper depends on the type of

photoresist; in particular on the nature of the polyner re§§§E?’i‘EMﬁR2005
phot ol ysi s products generated. The devel oper can include aqueous solutions

of bases to which organic solvents or m xtures thereof may have been
added. Particularly preferred devel opeyg are aqueous al kaline solutions.
These include, for exanple, aqueous solutions of alkali netal silicates,
phosphat es, hydroxi des and carbonates, but in particular of tetra

al kyl amoni um hydr oxi des, and nore preferably tetranethyl anmoni um
hydroxide (TMAH). If desired, relatively small anmounts of wetting agents

and/ or or gani ¢ Sphy/Gedigt GARIAhSEn AT EGuibRRer SPluIdAESat f Lor The

devel opment st ep, trate carr e resist coating is generally
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the resist coating fromthe substrate using a sul met hod.
28 SEPTEMBEXRD@pplicatitmebutegarerallyf rangesfrom abowit 880 Angsteneo td ablootver an

under coat t rma bilayer. resist. Filns, of rcoats are typically spun
cast from &Pb@ﬁpgsgﬂvpaﬁﬁ'@c*'}ﬁssﬁﬁ&fgp&PQP”’aﬁ%&f@‘&ﬂ? ﬂg‘séﬁda%gﬂed simlar
to phot or ey} Angtroiis ik préRpedof the undercoat will vary depending on

the exact application but generally range from about 800 Angstrons to
about 10,000 angstrons. Thicknesses of from about 1500 Angstrons to about

ggg? a?‘? gff ;,? Imé S%Lﬁ}a?)g?e ];J%B{erec%atss Hi’:l;[/g ts).laeer% Pee(qruclr%%t&ahrggteerig I(\:/Se.r E{rs{, equired
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 photdchemical and thermal
crosslinking may be found in US Patents 6146793, 6054248, 6323287,
and 6165682 and US application number 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

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 comprising oxygen so that the undercoat will
be removed in the area unprotected by the resist. The silicon in the silicon
containing monomer unit forms silicon dioxide when exposed to an oxygen
plasma and protects the resist from being etched so that relief structures

can be formed in the undercoat layer.



t here should be no interm xi ng between the undercoat and resist. GCenerally
this is achieved by casting a filmof undercoat and crosslig¥EpPTEMBER 2005
reduce casting solvent solubility. The crosslinking rmay be thermally or
phot ochem cal |y i nduced. Exanples of this photochem cal and thernal
crosslinking may be found in US Patent$g 6146793, 6054248, 6323287, and
6165682 and US application nunber filed on March 7, 2002, based upon US
Provi si onal Patent Application No. 60/275,528 hereby incorporated by
reference. Undercoats al so generally are designed to have good substrate
pl asma etch resistance. Generally, the optical (n,k) paraneters of a

sui table under cogftertife mgﬁw A8Snbep e SBSRHIECcaltiNG @ BhiByd0 M ni m ze
refl ections. |nmaging otosensitiVve conposition 0 ventlon on

t he over coelief sirunjbsst srgenerally shbjestedaost leastorsfuithier treatmeht stepi nages are
formed in the atlo sen ve resist thes ate w || | aced in a
pl asna- etcP(Y'ﬁ'&F‘é:g\?inQSﬁ Eﬁ% 1031525 ROLERVers %Yafi"ett?ﬁ'@yﬁhﬁ‘é? t will be
removed in the silicon
cont ai ni ng Tfn@ﬁ%nfﬂuﬁ??“?ﬁ‘#éﬁé?@"gbﬁféf B o eiion e ot ygen

pl asma and rpateriet os thesubstrater orfam)atdtmglgf thecsdabtrade t ﬁ'hts isalsiuafly st r uct ur es

can be for he, under coat SEPTEMBER 2005 19 After the oxygen
pl asnma stegeﬁ?‘ﬁﬁdi)dﬁg?rrﬁm‘@g?fr re,.r&sncsﬁ@ng s Ryprodycisand t é ndegeeat; s
generally subjected to at |least on further treatnent step Whl ch changes
the substrate in areas not covered by the bilayer coating. Typically, this
can be i npl ant at Thehirsfentiod ép dlusiratesiloys ituit oot binitaddo htie foliewimgi al on t he
substrate or_an Ietchl ng of the substrate. This is usually followed by the
renoval of R'ESist and its byproducts and the undercoat.

Svynthesis Procedures for Silyl-substituted Acetals

Preparation of 4-[1-(heptamethyl-(3-propyloxy)cyclotetrasiloxane)-
ethoxy]styrene-co-4-[1-(t-butoxy)-ethoxy]styrene-co-4- hydroxy
styrene-co-4-t-butylstyrene copolymer: Polymer SE-1

A 500 mL round-bottom, three-necked flask was equipped with a
temperaiure probe, a magnetic stir bar and closed vacuum ddapter.
190.08 g of propylene glycol monomethyl ether acetate (PGMEA) was
charged into the flask. 30.22 g of powdered poly(hydroxystyrene -co-t-
butylstyrene) (93:7)(MW 12780; PD 1.9) was added to the stirring solvent.
The mixture was stirred for 30 minutes to form a homogeneous solution.
The mixture was heated to 66 °C and vacuum was applied to the solution
to distill 100.34g of the solvent. The solution was allowed to cool to room
temperature under nitrogen atmosphere and 20.63 g of fresh PGMEA was
added. 11.34 g of heptamethyl-(3-hydroxypropyl)cyclotetrasiloxane and
4.23 g of tertiary-butyl vinyl ether were added to the homogeneous
solution. 0.7 g of 1% para-toluene sulfonic acid (prepared by dissolving 1 g
of acid in 99 g of PGMEA) was added. After a brief, mild exotherm, the
solution was allowed to stir at 23 °C for 4 hours. 8 g of 1% triethylamine

solution in PGMEA was added to the reaction mixture to quench the acid.



The invention is illustrated by, but not Iimted to, the foll ow ng

exanpl es. Synthesis Procedures for Silyl-substituted Acet i of
4- (1- (hept anet hyl - ( 3- propyl oxy) cycl ot et rasi | oxane) - ah?Sﬁ;%ihZ%S
et hoxyj styrene-co-4-(1-(t-butoxy)-ethoxyjstyrene-co-4- hydroxy
styrene-co-4-t-butyl styrene copol yersq Pol ymer SE-1 A 500 nL round-bottom
t hree-necked fl ask was equi pped with a tenperature probe, a magnetic stir
bar and cl osed vacuum edapter. 190.08 g of propyl ene glycol nononethyl

et her acetate (PGVEA) was charged into the flask. 30.22 g of powdered

pol y(hydr oxystyrene -co-t- butylstyrene) (93:7)(MN12780; PD 1.9) was added
to the stifging-a0bX Rbure’ WadMsHide 012 8nShihifigal %0 Hplidu!t egnio form a
onogeneous solutT on. e mXture was heated 10 and vacuum Wwas

appl i ed t opdlpmes Odoltiiiom wa® tearisfedréd 1100 a3400 0Lt Repamitsgnfunrdieaf@! uti on

was allowed to cool to room_ tenperature under nitrogen atnosphere and
20. 63 g of reatedrwitlicBR. 3mg of aratane,180.31 gjohhexanes and 113.5 g of de-

ort ary- BanpERlE e el sH B8 bR EBRG, B Snctods datings. 0.7

of 1 % pargnd alioreé t6Weparate iatd thréengpasedTiyy IcWers @lguiedds lager whsaci d in
99 g of PQVEA) was added. After a brief, mld exotherm the solution was
al | oned t odigeandegy Dhe orgajrc dayris veregsupigetedoipt tWaomaie Wastingsolllit i on i n

PGUEA was @dact 0 {ienh WSk USRS PBRIER]ho 28 BEETEVBER

gasy]
2005 20 The reaction m xXture vva% stirre Irtiona m ntites. The

pol ymer sobfiddionized waterwefeused ahd ia thd third washiagaBoros § ohaektoned treated
W th 162.35Qr9 of acetone, 80.71 ‘? of hexanes and 113.5 g of de- ionized
wat er . ThelGw#tqi0é ReMEhard #2. b1 capbdeiosiregewairiswete #Sadnullke top

organic layer was transferred to a 500 mL round-bottdm, three-necked
flask equipped with a temperature probe, a magnetic stir bar and a
vacuum distillation assembly. The flask was placed on a heating mantle.
Acetone and hexane were removed by atmospheric distillation. Water and -
some PGMEA were removed by azeotropic vacuum distillation at 66 °C

until the solids content of the distillation flask was about 30%. Analytical

data is found in the table. The structure of SE-1 is given below (a = 0.80;
b=0.04; c=0.07; d = 0.09).




and allowed to separate into three |layers. The | ower, aqueous |ayer was

di scarded. The organic |ayers were subjected to two nore '

second washi ng, 37.97 g of acetone, 10.48 g of PGVEA and ﬁgﬁggﬁgimgéﬁk26&$
dei oni zed water were used and in the third washing, 39.04 g of acetone,

10. 73 g of PGVEA and 42.11 g of deioniggd water were used. The top organic
| ayer was transferred to a 500 nL round-bottom three-necked flask

equi pped with a tenperature probe, a magnetic stir bar and a vacuum
distillation assenbly. The flask was placed on a heating mantle. Acetone
and hexane were renoved by atnospheric distillation. Water and - sone PGVEA

were renoved Mﬂﬁ W1V, pipn@ ] | ) ?Hbz sol i ds
cont ent of tﬁgé(p I st gﬁ‘gﬁ.@ﬁgs é@’a@ﬁ{d@g%&)ﬁﬁg{ﬁﬁtﬁ"&x ata is found
in the tabl e. ethexplstyrene-co-df-[1SH-Butoxyjiethoxphstprerieaco-B. Bdroxy= 0. 04; c =
0.07; d = 0.09). | ) 4e O sip 0. CH2)3S . S./ Me OSi-OM M
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1567.93 g of propylene glycol monomethyl ether acetate (PGMEA) was

charged into the flask. 25.06 g of powdered poly(hydroxystyrene -co-t-
butylstyrene) (93:7)(MW 12780; PD 1.9) was added to the stirring solvent.
The mixture was stirred for 30 minutes to form a homogeneous solution.
The mixture was heated to 66 °C and vacuum was applied to the solution
to distill 115.07 g of the solvent. The solution was allowed to cool to room
‘temperature under nitrogen atmosphere and 49.2 g of fresh PGMEA was
added. 13.3 g of heptamethyl-(3-hydroxypropyl)cyclotetrasiloxane and
498 g of ftertiary-butyl vinyl ether were added to the homogeneous
solution. 0.63 g of 1% para-toluene sulfonic acid (prepared by dissolving 1
g of acid in 99 g of PGMEA) was added. After a brief, mild exotherm, the
solution was-‘allowed to stir at 23 °C for 4 hours. 7.23 g of 1%
triethylamine solution in PGMEA was added to the reaction mixture to
quench the acid. The reaction mixture was stirred for an additional 30
minutes. The polymer solution was transferred to a 250 mL separatory
funnel and treated with 142.54 g of acetone, 76.8 g of hexanes and 73.35
g of de-ionized water. The mixture was shaken for about 30 seconds to a
minute and allowed to separate into two layers. The lower, aqueous layer
was discarded. The top organic layer was subjected to two more
washings. In the second washing, 36.01 g of acetone, 9.36 g of PGMEA
and 37.82 g of deionized water were used and in the third washing, 69.77
g of acetone, 37.2 g of PGMEA and 10.5 g of deionized water were used.
The top organic layer was transferred to a 500 mL round-bottom, three-
necked flask equipped with a temperature probe, a magnetic stir bar and a

vacuum distillation assembly. The flask was placed on a heating mantle.



157.93 g of propyl ene glycol nononethyl ether acetate (PGlVEA) was charged
into the flask. 25.06 g of powdered poly(hydroxystyrene - CRrdrpTEMBER 2005
butyl styrene) (93:7)(MN 12780; PD 1.9) was added to the stirring solvent.
The m xture was stirred for 30 mnutes to forma honogeneous solution. The
m xture was heated to 66 C and vacuumpyas applied to the solution to
distill 115.07 g of the solvent. The solution was allowed to cool to room
t enperature under nitrogen atnosphere and 49.2 g of fresh PGVEA was added.
13.3 g of heptanet hyl - (3-hydroxypropyl)cycl otetrasil oxane and 4.98 g of
tertiary-butyl vinyl ether were added to the honpbgeneous solution. 0.63 g
of 1 % par e acid in
99 g of PGQ/CE%ﬁhﬁlaeés]ﬂad?e% Af {egférgogﬁ sy%ﬁrﬁgf@%@otaﬁgpﬁm hge‘\/atgr ?hgl on was
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separate into two |layers. The | ower, aqueous |layer was discarded. The top
organi c | ayer was subjected to two nore washings. In the second washi ng,
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Preparation of lightly crosslinked 4-[1-(1-tris(trimethylsiloxy)silyl-3-
prOponxy)femoxy]styrene-co-4-[ 1-(t-butoxy)-ethoxy]styrene-co-4-
hydroxy styrene-co-4-t-butylstyrene copafymer: Polymer SE-3

A 100 mL round-bottom, three-necked flask was equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter. 62.57
g of propylene glycol monomethyl ether acetate (PGMEA) was charged
into the flask. 15.01 g of powdered poly(hydroxystyrene -co-t-butylstyrene)
(93:7)(MW 12780; PD 1.9) was added to the stirring solvent. 9.12 g of 3-
hydroxypropyltris(trimethylsiloxy)silane was added next. The mixture was
stirred for 30 minutes to form a homogeneous solution. The mixture was
heated to 66 °C and vacuum was applied to the solution to distill 44.3 g of
the solvent. The solution was allowed to cool to room temperature under
nitrogen atmosphere and 13.05 g of fresh PGMEA was added. 2.97 g of
tertiary-butyl vinyl ether and 0.36 g cyclohexanedimethanol diviny! ether



Acet one and hexane were renoved by atnospheric distillation. Water and
some PGVEA were renpved by azeotropic vacuumdistillation

the solids content of the'distillation flask was about 30%%;3%2 %@?‘%05
data is found in the table. The structure of SE-2 is given bel ow (a = 0.78;
b = 0.04;c¢c=0.07;d=0.11). Ml Me S Ohael O -~ CHz)3 Si e Si. M O
~Si;OM M M Preparation of lightly crosslinked
4-f1-(1-tris(trimethylsiloxy)silyl-3- propyl oxy)-ethoxyjstyrene-co-4-f

1- (t-butoxy)-ethoxyJstyrene-co-4 hydroxy styrene-co-4-t-butyl styrene

copol ynmer: Polynmer SE-3 A 100 niL round-bottom three-necked flask was

equi pped w a t I g, vacuum
t1*7‘391 g7'5@§PWééUé€déHQ ethe h gghéﬁ”§ édl 5. 6ng 8§q$ " nas

adapter. propyl ene gly er acetale
charged i mana{thlueﬁbasﬂfonlcs agid garepamd/\bwcbssthg(hgdobay@t wr 99.@ of

- t - butyl 9 780 dd dto.th t
sgloventu yﬁmz"? (ﬁaaﬁé %’%ﬁy?t?f’ tmll‘iﬁ%ﬁga %s?o‘?hé % \S/Vé’ésr ;:jggd
next. The misedeo' & atSi3 bc%ru%é@ H‘d@lg%‘? o8 tFuQ{HT\a%W%’I?S?I Beoite

solution. The m xture was heated to 66 C and vacuum was
sol ution t PEMEA Iwagdlladiey dd theheea;cdiomemlxturdﬂetosqhencrmrthaaaciatl | Diveed t O
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cycl ohexanedy iRinn@aas! trahste el BIAS50 mL separatory funnel and treated with
58.38 g of acetone, 23.68 g of hexanes and 23.45 g of de-ionized water.
The mixture was shaken for about 30 seconds to a minute and allowed to
separate into two layers. The lower, aqueous layer was discarded. The
top organic layer was subjected to two more washings. In the second
washing, 33.93 g of acetone, 21.67 g of PGMEA and 10.94 g of deionized
water were used and in the third washing, 22.39 g of acetone, 13.78 g of
PGMEA and 12.82 g of deionized water were used. The top organic layer
was transferred to a 500 mlL round-bottom, three-necked flask equipped
with a temperature probe, magnetic stir bar and a vacuum distillation
assembly. The flask was placed on a heating mantle. Acetone and
hexane were removed by atmospheric distillation. Water and some
PGMEA were removed by azeotropic vacuum distillation at 66 °C until the
solids content of the distillation flask was about 30%. Analytical data is
found in the table. The structure of SE-3 is given below (a = 0.73; b+ d =
0.072; ¢ =0.128; e = 0.07).



28 SEPTEMBER 2005 23 (17351-75-6) were added to the hompgeneous sol ution.
0.38 g of 1% para-toluene sulfonic acid (prepared by diss

acid in 99 g of PGVEA) was added. After a brief, mld exotﬁder f‘ﬁ@lﬁnﬁn%os
solution-was allowed to stir at 23 Cfor 4 hours. 4.60 g of 1%
triethylamne solution in PGVEA was agded to the reaction mxture to
quench the acid. The reaction mxture was stirred for an additional 30

m nutes. The polynmer solution was transferred to a 250 nL separatory
funnel and treated with 58.38 g of acetone, 23.68 g of hexanes and 23.45 ¢
of de-ionized water. The m xture was shaken for about 30 seconds to a

m nute and allowed to separate into two |ayers. The | ower, aqueous | ayer
was di scarded. The teop organic gyer was_$ bjected to two nmore washi ngs.

In the seconf™—washi ng, 339 geetone, L6 RGVEA ahd 10.94 g of
dei oni zed at et were u eq and |. tHe thirdg fshlng, 2.89 g of acetone,

13.78 g of PG@¥A . and 12-8%.g of defdgi Zed B were sed, The top organic
grred 500 nd- bot t hr ed ed flask
t enper st up€ probes paEgneti bar a vacuum

| ayer was trg

equi pped with

distillation assenbly. The flask wgs placed gn a heat| ng mantl e. Acetone
and hexane wer@yrenoved @Sy sph@rl distilgation. Mater and sonme PGVEA

. . Q ) .
were renoved by azeotropi c\yacuum di tion 66, C until the solids
content of the distillation flask was bot 30% Anal tical data is found
in the table. The structur®eof SE-3 iMe gi en beMsw

3 0. 73; b + d =
0.072; ¢ = 0.128; e = 0.07). 28 SEPTEMBE Bg ]&4 Prion of lightly
crosslinked 4-[1 -(lI-tris(trimethylsiloxy) [(PyiMeg)s
j)\Me:

Preparation of lightly crosslinked 4-[1-(1-tris(trimethylsiloxy)silyl-3-
propyloxy)-ethoxy]styrene-co-4-[1-(t-butoxy)-ethoxy]styrene-co-4-
hydroxy styrene copolymer: Polymer SE-4

A 100 mL round-bottom, three-necked flask was equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter. 59.42
g of propylene glycol monomethyl ether acetate (PGMEA) was charged
into the flask. 15.46 g of powdered poly(hydroxystyrene) (MW 8000; PD
1.2) was added to the stirring solvent. 1168 g of 3-
hydroxypropyltris(trimethylsiloxy)silane was added next. The mixture was
stirred for 30 minutes to form a homogeneous solution. The mixture was

heated to 66 °C and vacuum was applied to the solution to distill 38.29 g



propyl oxy) - et hoxy) styrene-co- 4{ 1- (t-but oxy) - et hoxyj styrene-co-4- hydroxy

styrene copol yner: Polynmer SE-4 A 100 nlL round-bottom thrﬁ%ﬁ?ﬁﬁrﬁ 865
was equi pped with a tenperature probe, a magnetic stir bar and c osez

vacuum adapter. 59.42 g of propylene glycol nononethyl ether acetate
(PGVEA) was charged into the flask. 46 g of powdered

pol y( hydroxystyrene) (MN8000; PD 1. was added to the stirring solvent.
11.68 g of 3- hydroxypropyltris(trinethylsiloxy)silane was added next. The
m xture was stirred for 30 mnutes to forma honbgeneous sol ution. The

m xture was heated to 66 C and vacuum was applied to the solution to

distill 38, f ol ti S
al | oned tooggtgg %glvgoom%%%e@gﬁr@ 3"#1'8 8ntl%t Féggtﬁ" g;@&éﬁ@ﬁgfaﬂﬁzl_ 52 ¢
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cyclohexanedlnethanol divin ether (17351-75-6) were added to the
honogeneoud Sbiteiasyb U@"3‘6”b‘ Bﬁ‘efla"% M%& GVQQHSX%M'BTﬁtBa%@* G'V(’M epar ed

by di ssol vifiged 011 961e \\Bre?30de8ro REVEhoYBGARIRAILAL 208 PEfel, mild

exot herm, the oI ution to stir A hour & 4. 74 g of
1 %triet hyI‘Vamamtt«slobuelsmmfonm adrBifrépaced bydestohing Neg oéacmjnamg’rg pfure to
quench the _acid The reaction mxtyre was stirred for an addl tional 30

m nutes. ThREMEAINWRS addedi oAftRaa brighsildr exothem pdbe nsoldtion vasr v
funnel and \%@Betg é’ﬂrt#h r5nC2f§rg' ﬁéur@cﬁtﬂn@ofﬁg/ozﬁ%ﬁgfgrgggsecgﬁ?ﬁrf 22.87 ¢

of de- |on|ze ure was' shak for a

m nute andP@MEwedNés) adiRiRPt@ el rdaTtiononiaufs o dhentwRE, asidueTs Iayer
was di scarded. The top organic | ayer was subjected to two nore washi ngs:

In the sectrretioaghixiie was Airgdoforaertagiditionnl 730 gipptescaVEne aplymer 37 g of
dei oni zed solution was transferred to a 250 mL separatory funnel and treated with

65.27 g of acetone, 50.73 g of hexanes and 22.87 g of de-ionized water.
The mixture was shaken for about 30 seconds to a minute and allowed to
separate into two layers. The lower, aqueous layer was discarded. The
top organic layer was subjected to two more washings: In the second
washing, 22.26 g of acetone, 3.77 g of PGMEA and 11.37 g of deionized
water were used and in the third washing, 28.38 g of acetone, 3.3 g of
PGMEA and 11.34 g of deionized water were used. The top organic layer
was transferred to a 500 mL round-bottom, three-necked flask equipped
with a temperature probe, a magnetic stir bar and a vacuum distillation
assembly. The flask was placed ona heating mantle. Acetone and hexane
were removed by atmospheric distillation. Water and some PGMEA were
removed by azeotropic vacuum distillation at 66 °C until the solids content
of the distillation flask was about 30%. Analytical data is found in the
table. The structure of SE-4 is given below (a = 0.7; b +d = 0.14; c =
0.16).



water were used and in the third washing, 28.38 g of acetone, 3.3 g of
PGVEA and 11.34 g of deionized water were used. The top OrNg&xNPTEMBER 200%.S
transferred to a 500 nL round-bottom three-necked flask equipped wth a
tenperature probe, a nmagnetic stir bar and a vacuumdistillation assenbly.
The flask was placed on a heating mantlge. Acetone and hexane were renoved
by atnospheric distillation. Water and sonme PGVEA were renoved by
azeotropi c vacuumdistillation at 66 C until the solids content of the
distillation flask was about 30% Analytical data is found in the table.
The structure of SE-4 is given below (a = 0.7, b +d =0.14; ¢ = 0.16). 28
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trimethylsilylnmethanol and 7.55 g of terti { buty
to Si OSlMe3)3

t her were added

Preparation of 4-[1-(trimethylsilylmethoxy)-ethoxy]styrene- co-4-[1-(t-
butoxy)-ethoxy]styrene-co-4- hydroxy styrene copolymer: Polymer
SE-5

A 250 mL round-bottom, three-necked flask was. equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter.
135.88 g of propylene glycol monomethyl ether acetate (PGMEA) was
charged into the flask. 31.1 g of powdered Poly(hydroxystyrene) (MW
8000; PD 1.2) was added to the stirring solvent. The mixture was stirred
for 30 minutes to form a homogeneous solution. The mixture was heated
to 66 °C and vacuum was applied to the solution to distil 74.53 g of the
solvent. The solution was allowed to cool to room temperature under

nitrogen atmosphere and 31.3 g of fresh PGMEA was added. 6.28 g of



t he honogeneous solution. 0.30 g of 1% para-toluene sulfonic acid

(prepared by dissolving 1 g of acid in 99 g of PGQVEA) was r
brief, mld exotherm, the solution was allowed to stir atiggﬁ%?@%k§mﬂs

hours. 3.77 g of 1%triethylam ne solution in PGVEA was added to the
reaction mxture to quench the acid. okhe reaction mxture was stirred for
an additional 30 m nutes. The polyner solution was transferred to a 500 nL
separatory funnel and treated with 113.68 g of acetone, 46.14 g of hexanes
and 47.04 g of de-ionized water. The m xture was shaken for about 30
seconds to a mnute and allowed to separate into two |layers. The |ower,

aqueous Iavzﬁhgif}?,zsigrﬁsﬁ{mana *T‘?ﬁ» ggafqgg@%ﬁghggoﬁ{yl Wher ﬁéﬂ@é&@@@gt& 0 two
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top organi épﬁmgmg'ﬁ%grgggap '&gg%c?fﬁé&%dﬂ%ﬁégﬁﬁ- M@ necked
f1ask equi Bagfl i BuBtHeffiP (¥l t1Btio® WlCalELUPERAG F oL bP L fflffs 2 Vacuum
distillation assenbly. e as was placed on a heating mantle. Acetone

and hexane 3ver g ofehivizidtinglaminerssfutieniin RGMEA wads added\dd ¢he asdctione PGVEA

were renoved b azeot rogi vacgcgmrdi stillation at 66 C unti| the solids
content of MK ¢{os GUENSH| acik ik Thasreastion midurenysas 1§tiead daf 21 s f ound

e 05O PP S T SR s & 400 004
separatory funnel and treated with 113.68 g of acetone, 46.14 g of
hexanes and 47.04 g of de-ionized water. The mixture was shaken for
about 30 seconds to a minute and allowed to separate into two layers.
The lower, aqueous layer was discarded. The top organic layer was
subjected to two more washings. In the second washing, 22.26 g of
acetone, 3.77 g of PGMEA and 11.37 g of deionized water were used and
in the third washing, 28.38 g of acetone, 7.89 g of PGMEA and 23.33 g of
deionized water were used. The top organic layer was transferred to a
500 mL round-bottom, three-necked flask equipped with a temperature
probe, an overhead stirrer and a vacuum distillation assembly. The flask
was placed on a heating mantle. Acetone and hexane were removed by
atmospheric distillation. Water and some PGMEA were removed by
azeotropic vacuum distillation at 66 °C until the solids content of the
distill’aﬁon flask was about 30%. Analytical data is found in the table. The
structure of SE-5 is given below (a = 0.79; b = 0.04; ¢ = 0.17).



Y O\tBu Y CH2Si Me3 Me Me Preparation
of 4-f1-(trimethylsilyl methoxy)-ethoxy]styrene-co-4-j1-(1- 28 SEPTEMBER 2005
tris(trinmethylsiloxy)silyl:3-propyl oxy)-ethoxyJstyrene- co-4-[1-(t
but oxy) - et hoxy] st yrene-co-4- hydroxy styrene copol yner: Polyner SE-6 A 250
nmL round-bottom three-necked flask wagg equipped with a tenperature probe,
a magnetic stir bar and cl osed vacuum adapter. 145 g of propyl ene glycol
mononet hyl et her acetate (PGQVEA) was charged into the flask. 30 g of
powder ed Pol y(hydroxystyrene) (MWN 11800; PD,= 2.7) was added to the
stirring solvent. The m xture was stirred for 30 mnutes to forma
honbgeneous sol ution. sThe m xtureswas heated.to 66 C and vacuum was

' st 1] g—0Of the-solvent. The solution was
i tfrogen atnosphere. 7.87 g of

3- hydr oxypropylLsLri T nE [ (lane dd 2.5 g of tertiary-butyl
vi nyl et her : Eneo s solution. 0.30 g of 1%
| by

par a-t ol uene [ dissolving I g of acid in 99 g of
. i ef, mldFéxotherm the solution was all owed
to stir at 23 Cifor
and 9.07 ¢ tertpéﬁy-butyl Qi nyio_et herC ~a€ﬁq§ The sol ution was all owed
to stir at 23 C for 2 hours. 3.?739 of 1% t %lhypanine solution in PGQVEA
was added to the reaction m fure to ogmench the acid. The reaction m xture
was stirred for an additional 30 28 SEPTEMBER 2005 29 m nutes. The pol yner

solution was transferred to a 500 nL separatory

1.5 hours, whereupon, 7.5 g of trinethylsilylnmethanol

Preparation of 4-[1-(trimethylsilylmethoxy)-ethoxy]styrene-co-4-[1-(1-
tris(trimethylsiloxy)silyl-3-propyloxy)-ethoxy]styrene- co-4-[1-(t-
butoxy)-ethoxy]styrene-co-4- hydroxy styrene copolymer: Polymer
SE-6

A 250 mL round-bottom, three-necked flask was equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter. 145 g
of propylene glycol monomethyl ether acetate (PGMEA) was charged into
the flask. 30 g of powdered Poly(hydroxystyrene) (MW 11800; PD.= 2.7)
was added to the stirring solvent. The mixture was stirred for 30 minutes
to form a homogeneous solution. The mixture was heated to 66 °C and
vacuum was applied to the solution to distill 25 g of the solvent. The
solution was allowed to cool to room temperature under nitrogen
atmosphere. 7.87 g of 3-hydroxypropyl-tris(trimethylsiloxy)silane and 2.5
g of tertiary-butyl vinyl ether were added to the homogeneous solution.
0.30 g of 1% para-toluene sulfonic acid (prepared by dissolving 1 g of acid
in 99 g of PGMEA) was added. After a brief, mild exotherm, the solution
was allowed to stir at 23 °C for 1.5 hours, whereupon, 7.5 g of
trimethylsilylmethanol and 9.07 g tertiary-butyl vinyl ether were -added.
The solution was allowed to stir at 23 °C for 2 houfs. 3.77 g of 1%
triethylamine solution in PGMEA was added to the reaction mixture to

qguench the acid. The reaction mixture was stirred for an additional 30



funnel and treated with 143 g of acetone, 47 g of hexanes and 46 g of de-

ionized water. The m xture was shaken for about 30 seconds ' nd
allowed to separate into two layers. The |ower, aqueous Iaﬁﬁwﬂwzoo?

di scarded. The top organic |ayer was subjected to two nore washings. In
the second washing, 43 g of acetone, $g9 of PGVEA and 23 g of deioni zed
wat er were used and in the third washing, 45 g of acetone, 9 g of PGQVEA
and 23 g of deionized water were used. The majority of the hexane and
acetone were renoved by atnospheric distillation. The renaining solution
was added slowy dropwise to 2.0 L of stirred hexanes. The precipitated

solid was t ' ' apss 44 ' VAGHH L0 0 C for
24 hours. ﬁﬁng%%I %ebégtygla%r;%lgﬁlﬂg I'n Sﬁen%%{ﬁhe?o%e exelfc%sg?%&% ure of
SE-6 is di funmallandtteeatetewith 143 fg ofnacdahendil gsifthexanesand 4Py ofxdevat i on i s

i ven below (a = 0, 68; = 0,17; ¢ = 0.1125; d =,0.0375).  This
gppr oxi mat f%&??%wﬂégred-rgﬁ r?'ﬁ%"ﬁ%]?'é%‘%’b&’élabﬂ%@gi ?ﬁf"l“@w?ép,a fRutereasur ed
Silicon co ol ) t; [ [ f t bl cohols is
equal to tﬁgaﬁﬂ ar r??gaggm?ﬁgﬁ}fe\i%l i#%'coﬁlldégﬁgla?ye%ggd?%r was
, O CH2) 3Si (iiseanE’). 3The Bap ld2gamie 1a8evbBaPs elpjectsd tortwo more washings. In

f4-(1-(hept t hyl - ( 3- | gt et i ~_eth t -
o a: [ 11 (1 Mg o L RBRTREL 47 el CRoONRy G @ M. B8 228 iy st yr ene
copol yner . JEehyERf water wefe S50 BNBER tROWSrd Walhar)) 45-g'diuidtdid, (o)

t hree-necked flask was equi pped with a tenperature probe, a magnétic stir
bar and cl o6PENEAuand &fapt@rdeigonigeg water were used. The majority of the

hexane and acetone were removed by atmospheric distillation. The
remaining solution was added slowly dropwise to 2.0 L of stirred hexanes.
The precipitated solid was collected by filtration and dried in a vacuum
oven at 60 °C for 24 hours. Analytical data is found in the table. The
exact structure of SE-6 is difficult to determine from '*C analysis, but an
approximation is given below (a = 0.68; b = 0.17; ¢ = 0.1125; d = 0.0375).
This approximation is based on the measured total blocking level, the
measured Silicon content and assuming the ratio of incorporated silicon

alcohols is equal to the molar ratio of the feed silicon alcohols.

O
2

T

Me Me  SiMe; Me

O(CH2)3S1(0OSiMes)3

Preparation of 4-[1-(heptamethyl-(3-propyloxy)cyclotetrasiloxane)-
ethoxy]styrene- co-4-[1-(t-butoxy)-ethoxy]styrene-co-4- hydroxy
styrene-co-4-t-butylstyrene copolymer: Polymer SE-7



of THF, 30 g of powdered pol y(hydroxystyrene -co-t-hutylstyrene) (93:7)(
MN 13307; PD 2.3), 15 g of heptanethyl - (3-hydroxypropyl) 28SEPTEMBER 2005
cyclotetrasil oxane, 0.6 g of 1% para-toluene sulfonic acid (prepared by
dissolving 1 g of acid in 99 g of PGVEA) were added and the m xture
stirred for a fewmnutes. 5.49 g of 3grtiary-butyl vinyl ether was added
to the honpbgeneous solution. The solution was allowed to stir at 23 C for
2.5 hours. 7.65 g of 1 %triethylam ne solution in PGVEA was added to the
reaction mxture to quench the acid. The reaction mxture was stirred for
an additional 30 mnutes and then was added slowy dropwise to 1.4 L of

stirred hexanesA 26Qemb esurd-betienh, tiMdedneci@dc thsic Wasde§uipbedt withipn and
dried in a vacuumoven at 60 C for. 24 hours. Analytical data is found in

the tabl ééMpREatyre REARA. & BYagoetie stis bar apd deseslvacuum @depten 1200 04; ¢ =
0% & BIOTHE, 00 Mool L8 Biblflondfelp, 00 -
et hoxyJst Wiwhe-1330%: [ 1PDt - 2uB)xYy) 5 et §oxgl stheptametrnd43-hydesxppyopyl)
Chy co- necRaaoItESIoNaBe ik SpBh b e O ERBLP A S5 HBIeRA RGeSt |
bar and clRsRiliNg bR f 9914 broPERER NBERIdEPand the mixture

stirred for a few minutes. 5.49 g of tertiary-butyl vinyl ether was added to

the homogeneous solution. The solution was allowed to stir at 23 °C for

2.5 hours. 7.65 g of 1% triethylamine solution in PGMEA was added to the

reaction mixture to quench the acid. The reaction mixture was stirred for

an additional 30 minutes and then was added slowly dropwise to 1.4 L of

stirred hexanes. The precipitated solid was collected by filtration and dried

in a vacuum oven at 60 °C for 24 hours. Analytical data is found in the
table. The structure of SE-7 is given below (a = 0.81; b=0.04; ¢ = 0.07; d
=0.08).

Preparation of 4-[1-(heptamethyl-(3-propyloxy)cyclotetrasiloxane)-
ethoxy]styrene-co-4-[1-( t-butoxy)-ethoxy]styrene-co-4- hydroxy
styrene-co-4-t-butylstyrene copolymer: Polymer SE-8

A 250 mL round-bottom, three-necked flask was equipped with a

temperature probe, a magnetic stir bar and closed vacuum adapter. 144.5



31 g of propylene glycol nononethyl ether acetate (PGVEA) was charged into

the flask. 29.93 g of powdered pol y(hydroxystyrene -co-t-b Ii)l?iﬁg
(93:7) (MNV13307; PD 2.3) . was added to the stirring sol ve?ﬁ?ﬁ:m g 200135

hept amet hyl - ( 3- hydr oxypr opyl ) cycl otetrasi | oxane was added next. The

m xture was stirred for 30 mnutes to 3brm a honogeneous sol ution. The

m xture was heated to 66 C and vacuum was applied to the solution to
distill 25 g of the solvent. The solution was allowed to cool to room
tenperature under nitrogen atnosphere. 7.3 g of terfiary-butyl vinyl ether
was added to the honmpbgeneous solution. 0.3 g of 1% canphorsul fonic acid
(prepared hy ofireplyleneggliicol nfonamethyine®@r goetateGAEWER) swas dtdrged\f t er a

brief, mld exotherm the solutio S ?Ilowed to stir at 23 C for 3
hours. 0. 17ntp e Hask. 2%9% g1 alrowdlered Pohshydroxpeienaues- HadbistenEho

i . i c1 i@ t d f
reaction m(égg@gm\nqgn@??g?g% Q;?:??@%égaaﬁg "6 3h %ﬁ%éb%ﬁt.‘“‘?@l&éd&fﬁ for

an addi ti onal , en was a ropw se to It
stirred hexwptamethg-(Brinarpxymopylyec|atetyasioxamas syasf raddeshi méxtt HEhe hexane

W Th 5 spatliPaEas SHTeEkfor BOTEBE] AeTEa FRBPaNBIT SPLian oS and.
the tabl e TRLS WRETRAbARO 40 (Clarkd vIBWIT yah ppieddh B8 Pibfin 17, Loy
)-a )3-s g diktilD,25 @ 6f @he sbiverll. 17he 2BuGHPMASERoR@A5tEBLooPitep@oat i on of
'Tghtly cr C%g}sﬁpleirgtkuerg u%de%_thpc? etnazrarten%c?g/rlﬁeg'g. 7.3 g of tertiary-butyl vinyl ether

was added to the homogeneous solution. 0.3 g of 1% camphorsulfonic

acid (prepared by dissolving 1 g of acid in 99 g of PGMEA) was added.

After a brief, mild exotherm, the solution was allowed to stir at 23 °C for 3

hours. 0.17 g of 1% triethylamine solution in PGMEA was added to the

reaction mixture to quench the acid. The reaction mixture was stirred for

an additional 30 minutes and then was added slowly dropwise to 1.4 L of

stirred hexanes. The precipitate was a gummy mass, from which the

hexane was decanted. 500 mi of fresh hexane was added and the solid

broken up with a spatula and stired. The solid was collected by filtration

and dried in a vacuum oven at 60 °C for 18 hours. Analytical data is found

in the table. The structure of SE-8 is given below (a = 0.68; b=0.11; c =

0.07: d = 0.14).



pro pyl oxy)cycl otetrasil oxane)-et hoxyJstyrene- co-4-[1-(t-butoxyt-

et hoxy] styrene-co-4- hydroxystyrene-co-4-t-butyl acryl ate QSZEPIBNMBER 2005
Pol ymer SE-9 A 100 nmL round-bottom three-necked flask was equi pped with a
tenperature probe, a nmagnetic stir bar and cl osed vacuum adapter. 130-0 g
of propyl ene glycol nononethyl ether 3getate (PGVEA) was charged into the
flask. 20.0 g of powdered pol y(hydroxystyrene-co-t-butyl acrylate) (0.1333
nmol HS, MW 10750; PD 2.97) was added to the stirring solvent. The mxture
was stirred for 30 mnutes to forma honbgeneous solution. The m xture was
heated to 60 C and vacuum was applied to the solution to distill 40.0 g of
the solvent. The solution was allowed to cool to room tenperature under
nitrogen atnosphere and 7.9 g of heptanethyl - ( 3-
hydroxypropyl)cyclotetrasionane and 2.98 g of tertiary-butyl vinyl ether

were added to thg %55;% B ?Q(e% uene sulfonic
acid (prepared by dissolVing ﬁﬁgi’lé?bgg I &Pﬂhé}fﬁ%@l was added.
After a bri epropylakmmlbwmsﬂmwl-em né-lm»dd[t-(t-lsmﬁaxyeﬁ 22 C.
After 15hurs 3 ohexanedi net hano] . di vi nyl et her S added to
reaction s& U??‘)ﬂ? 'Rgleef’"?f\i xyg%gege-oqo«%%lpwyé éfﬁ ABPOJHTER i on i n
PGVEA was added to the reaction npghiher Sg-gluench the acid. The reaction

m xture was stirred for an additional 30 mnutes. The polyner solution was
transferred to a 250 nL separatory funnel and treated with 65.27 g of

acetone, 50.73 hexanes .and, 22. 87 of de-_ionized water e mxture
was shaken for gbgh‘? 9&88%’3‘ ﬁ‘gﬁ\ﬁcgegafmﬁa‘f"?ﬁv%%“PBegé/ﬂ &te into
two | ayer stenhprat @y robé%fi‘ﬁé'%nétﬁ‘yﬁir b’@f%nddélé%’d dséuum%éﬁer 0119@@ c |ayer
was subjected to two nore washings. In the second washing, 22.26 g of

acet one, 3g7af groﬁylevevgh(cahmqrmraeﬂ'gl etherdaceiatez JAGMIER) wasr ehawd and in
the third e th 9!231% 6’ % g?o? o%%trg@%bly(hydroxystyrene— co-t-butyl acrylate)

(0.1333 mol HS, MW 10750; PD 2.97) was added to the stirring solvent.
The mixture was stirred for 30 minutes to form a homogeneous solution.
The mixture was heated to 60 °C and vacuum was applied to the solution
to distill 40.0 g of the solvent. The solution was allowed to cool to room
temperature under nitrogen atmosphere and 7.9 g of heptamethyl-(3-
hydroxypropyl)cyclotetrasiloxane and 2.98 g of tertiary-butyl vinyl ether
were added to the homogeneous solution. 0.2 g of 1% para-toluene
sulfonic acid (prepared by dissolving 1 g of acid in 99 g of PGMEA) was
added. After a brief, mild exotherm, the solution was allowed to stir at 22
°C. After 1.5 hours 0.3 g of cyclohexanedimethanol divinyl ether was
added: to reaction solution. After 4 hours, 6.0 g of 1% triethylamine
solution in PGMEA was added to the reaction mixture to quench the acid.
The reaction mixture was stirred for an additional 30 minutes. The
polymer solution was transferred to a 260 mL separatory funnel and
treated with 65.27 g of acetone, 50.73 g of hexanes and 22.87 g of de-
ionized water. The mixture was shaken for about 30 seconds to a minute
and allowed to separate into two layers. The lower, aqueous layer was
discérded. The top organic layer was subjected to two more washings. In
the second washing, 22.26 g of acetone, 3.77 g of PGMEA and 11.37 g of

deionized water were used and in the third washing, 28.38 g of acetone,



28 SEPTEMBER 2005 33 3.3 g of PGQVEA and 11.34 g of deionized water were
used. The top organic layer was transferred to a 500 nL rQUPTRMBRR2005

t hree-necked flask equipped with a tenperature probe, a nmagnetic stir bar
and, a vacuumdistillation assenbly. The flask was placed on a heating
mantle. Acetone and hexane were renovwgd by atnospheric distillation. Water
~and sone PGVEA were renoved by azeotropic vacuumdistillation at 60 C
‘until the solids content of the distillation flask was 33.65% Anal yti cal
data is found in the tabl e. The structure of SE-9 is given below (a =
0.60; b= 0.25; ¢c +d 0.06; e = 0.09). Hai CH, H'\OSi,O—lOCIBuO
O O o(cH2) ;%M ZedCwiatér i p

4- (1- (hept g’net%?f %Fﬁdob(}'\ﬁgyyeg’{[ gte%él I oxagle)- e@?h“o%ﬁsm%%

co-4-[ 1- (tduglamx:yl)ayer( hmwjtramsf&rr&ﬂ ¢o-al 50Pdmbx ymind-bottomp tbteavaeckdebl ymer
SE-10 28 SEPTEMBER 20 50 rq‘un -bottom three:n cke | ask was
equi pped wi'BRXaCAY'BRG r‘é(fﬂr@ %r Yenh i? Tagpeps, stifhfa ® vacuum

adapter. 148udm GishftatirPayé&nBlyd! Yﬁ@lﬂawwgebiaﬁbd%marh@&m@ﬁﬁnﬁgﬁﬂ) was
Acetone and hexane were removed by atmospheric distilation. Water and
some PGMEA were removed by azeotropic vacuum distillation at 60 °C
until the solids content of the distillation flask was 33.65%. Analytical data
is found in the table. The structure of SE-9 is given below (a = 0.60; b =
0.25;c+d =0.06; e = 0.09).

| CcHs
MG o-si
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CH,
0
Me/ko

Preparation of 4-[1-(heptamethyl-(3-propyloxy)cyclotetrasiloxane)-
ethoxy]styrene- co-4-[1-(t-butoxy)-ethoxy]styrene-co-4-
hydroxystyrene copolymer: Polymer SE-10



charged into the flask. 30.06 g of powdered poly(hydroxystyrene) (MN 8000;
PD 1.2) was added to the stirring solvent. The m xture vvaszssgmrmEﬁngso
m nutes to forma honbgeneous solution. The m xture was heated to 60 C and
vacuum was applied to the solution to distill 63.69 g of the solvent. The
solution was allowed to cool to room tggperature under nitrogen atnosphere
and 13.60 g of fresh PGQVEA was added. 24.68 g of

hept amet hyl - ( 3- hydr oxypropyl) cyclotetrasil oxane and 9.49 g of tertiary-
butyl vinyl ether were added to the honbgeneous solution. 0.30 g of 1%
para-tol uene sulfonic acid (prepared by dissolving 1 g of acid in 99 g of

PGVEA) was addeg 250t il poutid-Bbttor hlﬁe@xﬁdﬁﬁﬁﬂaémﬂfa%oéqﬁlp?@dm&h.aﬂ | owed
to stir at 23 Cfor 4 hours. 0.30 g of 1%tr|ethé§am ne solution in PGVEA

was added tempgEatueRPBE; @ ynagretico siindbrh ande closed. vaeumy @gdaptasn ni xt ure

was stirre I dro
wse to 1. 7P0f% @ ?%bé&lﬁgga%lggol%etoﬁeetg tﬁb[ %éte ?ﬁ rr%’é qn”?\;agsgs/ frgm
whi ch the khaegesi Wwite thechagied 30106 gobf bb%bréwmlwhydm agﬂw he sol i d
broken up with a Eatula and stirred. The solid _was ¢o Iecte

filtrationS8R8: kO d@)i was added.ta theestiring soivent o Thexmixyg yaSA&tareﬂ i cal

071 b - 0130 Pihlfey @tofm, o Rbmdeda seliigf oo i BB (5 i ve

OSs to 60 °C and vacuum was applied to the solution to distill 63.69 g of the
solvent. The solution was allowed to cool to room temperature under
nitrogen atmosphere and 13.60 g of fresh PGMEA was added. 24.68 g of
heptamethyl-(3-hydroxypropyl) cyclotetrasiloxane and 9.49 g of tertiary-
butyl vinyl ether were added to the homogeneous solution. 0.30 g of 1%
para-toluene sulfonic acid (prepared by dissolving 1 g of acid in 99 g of
PGMEA) was added. After a brief, mild exotherm, the solution was
allo;/ved to stir at 23 °C for 4 hours. 0.30 g of 1% triethylamine solution in
PGMEA was added to the reaction mixture to quench the acid. The
reaction mixture was stirred for an additional 30 minutes and then was
added slowly drop wise to 1.8 L of stirred hexanes. The precipitate was a
gummy mass, from which the hexane was decanted. 1 L of fresh hexane
was added and the solid broken up with a spatula and stirred. The solid
was collected by filtration and dried in a vacuum oven at 50 °C for 12
hours. Analytical data is found in the table. The structure of SE-10 is
given below (a=0.71;b =0.11; c=0.18).




Si-0, \ M H3C | CH3 CH3 28 SEPTEMBER 2005 35 Preparation of

4-fi-(heptanet hyl - (3 propyl oxy)cycl otetrasil oxane)- ethoxy PREEB f
1- (t-butoxy)-ethoxy]styrene- co-4-f 1X2-. bESip €203
cycl ohexyl et hoxy) - et hoxy] st yrene-co-4- hydroxystyrene-co cycl ahexyl acryl ate
copolynmer: Polynmer SE-11 A 250 nL rourgh bottom three-necked flask was

equi pped with a tenperature probe, a magnetic stir bar and cl osed vacuum
adapter. 170.77 g of propylene glycol nononethyl ether acetate (PGVEA) was
charged into the flask. 30.12 g of powdered pol y(hydroxystyrene -co-

cycl ohexyl acryl ate) (90:10)(MN 17530; PD 2.1) was added to the stirring

sol vent. The m xture was stirred for 30 mnutes to form a honobgeneous

solution. The m xture heated to 6 and vacyum was applied to the
solution to f%ﬁ’?f’oﬂl‘\gﬂ;ﬁ"'éﬁﬁ?tat’ﬂﬁt’yg‘l(gﬂfppy’m@’)§MF(ﬁtP€ﬁ5ﬂa§aﬁ¢)'ov\ed to

cool to room,gg.;gf@{ g&d% B A4 gfgj, jl‘?g?bﬁél c? .133,0 of fresh
PGVEA was added. .]4 gﬁg]%J ﬁ?ﬁ{ah{é{,ﬁy -e'?-tﬂe%‘?ox prOp?ﬁ .Q.ﬁ%zg '
cycl ot et r asi | oxgotohexytéthixy)-ethoxy]styene-bot4 hydroxystytesre-eer e added to
the honogeneous solution. 0,3 of 1% para-tal uene fonic acid (prepared
by dissolving 1 g ofcjé‘élf’ﬁef(x’%%’tﬁfc ’V\ggwéﬂﬂégg'ﬁter a brief, nild
exotherm the solution was allowed to stir at 26 C. After 2 hours, 2.76 ¢

of 2-cycl ohexyl ethanol and 2.67 g tertiary-butyl vinyl ether were added.
After 4 hours, 3 880gmbfround-bettarnhitireainesked| fiaskowaisneqiveed with added to

N A N TN A
170.77 g of propylene glycol monomethyl ether acetate (PGMEA) was
charged into the flask. 30.12 g of powdered poly(hydroxystyrene -co-
cyclohexylacrylate) (90:10)(MW 17530; PD 2.1) was added to the stirring
solvent. The mixture was stirred for 30 minutes to form a homogeneous
solution. The mixture was heated to 60 °C and vacuum was applied to the
solution to distill 110.20 g of the solvent. The solution was allowed to cool
to room temperature under nitrogen atmosphere and 60.03 g of fresh
PGMEA was added. 1340 g of he'ptamethyl-(S-hydroxypropyl)
cyclotetrasiloxane and 4.42 g of tertiary-butyl vinyl ether were added to the
homogeneous solution. 0.3 g of 1% para-toluene sulfonic acid (prepared
by diSsolving 1 g of acid in 99 g of PGMEA) was added. After a brief, mild
exotherm, the solution was allowed to stir at 26 °C. After 2 hours, 2.76 g
of 2-cyclohexylethanol and 2.67 g fertiary-butyl vinyl ether were added.
After 4 hours, 3.68 g of 1% triethylamine solution in PGMEA was added to
the reaction mixture to quench the acid. The reaction mixture was stirred
for an additional 30 minutes. The polymer solution was: transferred to a
500 mL separatory funnel and treated with 116.42 g of acetone, 49.05 g of
hexanes and 46.08 g of de-ionized water. The mixture was shaken for

“about 30 seconds to a minute and allowed to separate into two layers.
The lower, aqueous layer was discarded. The top organic layer was
subjectéd to tv&o more washings. In the second washing, 24.41 g of
acetone, 7.09 g of PGMEA and 25.88 g of deionized water were used and
in the third washing, 24.61 g of acetone, 7.16 g of PGMEA and 23.43 g of



500 nL separatory funnel and treated with 116.42 g of acetone, 49.05 g of
hexanes and 46.08 g of de-ionized water. The m xture was %ER%@%“
30 seconds to a minute and allowed to separate into two |ayers. I"ower ,
aqueous | ayer was di scarded. The top organic |ayer was subjected to two
nore washings. In the second washing,3g24.41 g of acetone, 7.09 g of PGVEA
and 25.88 g of deionized water were used and in the third washing, 24.61 g
of acetone, 7.16 g of PGVEA and 23.43 g of 28 SEPTEMBER 2005 36 dei oni zed
wat er were used. The top organic |ayer was transferred to a 500 nL
round-bottom three-necked flask equi pped with a tenperature probe
amagneti c r ‘??%a S
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di still ati%00 nvatreund+btioemethrédnacked dlaskneyeippby wﬁhe@ttemperauﬁeuum
distillation at 60 C until Lhe sol i ds content of the distillatjon flask

was 21. 31 PPbena 1pagystic stippat aBd awacuiypdlisiationassemplyw the flask. 3 | of
stirred h%ﬁ&?ﬁfgﬂéé? t@%ﬁaa@m@ eAt:&%nQ Yardd hbkahé Oun%m(?yédtaﬂg' n a

vacuum oven a urs. Ana tlca dat a |s t abl e.
The st r uctatmosphesE- dlstlllatmgl veWaber (amd( aom%@GMEi\ Qverie; removed. bg; d =

0.06; e=0. 1aoz)eotrgglcw\{/alc_:|8um dgstl?latlon at%g °C unM? the sgdos_'zc)ontent 0 tt?tle- Crs
distillation flask was 21.31%. The polymer solution was added slowly drop
wise to 1.3 L of stirred hexanes. The solid was collected by filtration and
dried in a vacuum-oven at 50 °C for 12 hours. Analytical data is found in
the table. The structure of SE-11 is given below (a = 0.66; b = 0.10; ¢ =
0.08; d = 0.06; e = 0.10).
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Preparation of 4-[1-(heptamethyl-(3-propyloxy)cyclotetrasiloxane)-
ethoxy]styrene- co-4-[1-(t-butoxy)-ethoxy]styrene- co-4-[1-
(cyclohexylethoxy)-ethoxy]styrene-co-4- hydroxystyrene-co-
cyclohexylacrylate copolymer: Polymer SE-12

A 250 mL round-bottom, three-necked flask was equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter.
185.56 g of ethyl acetate was charged into the flask. 30.44 g of powdered
poly(hydroxystyrene -co-cyclohexylacrylate) (90:10)(MW 17530; PD 2.1)
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1- (hept anet hyl - (3- propyl oxy) cycl ot etrasi | oxane) - et hoxy] sty sSEereMBER20ds (t
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hydr oxystyrene-co cycl ohexyl acryl ate copol yner: Polynmer SE-12 A 250 nL
round-bottom three-necked flask was egfuipped with a tenperature probe, a
magnetic stir bar and closed vacuum adapter. 185.56 g of ethyl acetate was
charged into the flask. 30.44 g of powdered poly(hydroxystyrene
-co-cycl ohexyl acrylate) (90:10)(MV 17530; PD 2.1) 28 SEPTEMBER 2005 37 was
added to the stirring solvent. The m xture was stirred for 30 mnutes to

form a honpggnagded 36 kthé istfingTSsiventxt ThE niiRture Svdsstirréd 66r S0 Miflutesacuum was
applied to the solution to distill 110.36 g of the solvent. The- sol ution

was al | ownedo forms @ohomegenenus epbdion: ulbe unudurerwas dgated 4o B9sHhand and
46.52 f fresh ethyl t.at dded.. f 2- h t hanol
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sol ution. Qofutignofwddd SREWES! to WddINtS Rl {dhhpdratag ]Eibhde@i ptRigednng 1 g of

acid in 99 g of ethyl acetate) was added. After a brief, mld éxotherm,
t he sol uti @tmaeasheid anddi6. 52 ¢ of frash Edhyt. ackftater was lasided, 2538 g5ofg2-of
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in ethyl agghfddentusassiaton 0 e 6€89% tampibKsufénicacidlyprparédeyaci d- The
reaction m xture was stirred for an additional 30
dissolving 1 g of acid in 99 g of ethyl acetate) was added. After a brief,
mild exotherm , the solution was allowed to stir at 26 °C. After 2 hours,
20.15 g of heptamethyl-(3-hydroxypropyl) cyclotetrasiloxane and 7.4 g
tertiary-butyl vinyl ether were added. After 4 hours, 0.13 g of 1%
triethylamine solution in ethyl acetate was added to the reaction mixture to
quench the acid. The reaction mixture was stirred for an additional 30
minutes. The polymer solution was added slowly drop wise to 1.8 L of
stirred hexanes. The solid was collected by filtration, washed with 400 mL
~of fresh hexane and dried in a vacuum oven at 50 °C for 12 hours.
Analytical data is found in the table. The structure of SE-12 is given below

(a=061,b=0.10;c=0.10; d = 0.04; e = 0.15).
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m nutes. The pol ymer solution was added slowmy drop wise to 1.8 L of
stirred hexanes. The solid was collected by filtration, washed wth 400 niL
of fresh hexane and dried in a vacuumoven at 50 C for 12 Ho3FEITEMBER 2005
Anal ytical data is found in the table. The structure of SE-12 is given
below (a = 0.61; b=0.10;c=0.10;d=0:04,€=0.15). OHH OS ~ (Deu ,h M
OQ(CHz)3Si OO Si-CH3 ti3C CH3 CHa HNC i CH3 28 SEPTEMBER 2005 38
Preparation of 4-[1-(heptanethy!-(3-propyl oxy)cyclotetrasil oxane) -

et hoxyj styrene- co-4-[1-(t-b utoxy)-ethoxy]styrene-co-4

hydr oxyst yr ene- co- cycl ohexyl acryl ate copol ynmers Pol ymer SE- 13 A 250 niL

magnet 0. st repalABG #dheplimit BRI Iot iy Ao BRGS0 2 S s
charged into thethoxyfstysén gg.4qf1-qmmie§( Pettiotylstyrdhexysiayr ene

-co-cycl ohexyl acryl ate) (90: 10) (MW 17530; PD 2.1) 'was added to the
stirring sofVelfexysherene:aarrkc acrylatercapalymar; Rodykmer SE-d3m
honogeneous sol ution. The m xture was heated to 60 C and vacuum vvas
applied to the solution to distill 98.16 g of the solvent. The solution
was al | oned to A@B0 hil rowmd-bettper, ahtdeenedkir) flask vageequipped with a

temperature probe, a magnetic stir bar and closed vacuum adapter.
170.53 g of ethyl acetate was charged into the flask. 30.25 g of powdered
poly(hydroxystyrene -co-cyclohexylacrylate) (90:10)(MW -17530; PD 2.1)
was added to the stirring solvent. The mixture was stirred for 30 minutes
to form a homogeneous solution. The mixture was heated to 60 °C and
vacuum was applied to the solution to distill 98.16 g of the solvent. The
solution was allowed to cool to room temperature under nitrogen
atmosphere and 49.05 g of fresh ethyl acetate was added. 24.16 g of
heptamethyl-(3-hydroxypropyl) cyclotetrasiloxane and 9.39 g of tertiary-
buty! vinyl ether were added to the homogeneous solution. 0.30 g of 1%
camphor sulfonic acid (prepared by dissolving 1 g of acid in 99.g of ethyl
acetate) was added. After a brief, mild exotherm, the solution was allowed
to stir at 25 °C for 4 hours. 0.20 g of 1% triethylamine solution in ethyl
acetate was added to the reaction mixture to quench the acid. The
reaction mixture was stirred for an additionat 30 minutes and then was
added slowly drop wise to 1.8 L of stirred hexanes. The precipitate was a
gummy mass, from which the hexane was decanted. 1 L of fresh hexane
was added and the solid broken up with a spatula and stirred. The solid
was collected by filtration and dried in a vacuum oven at 60 °C for 12
hours. Analytical data is found in the table. The structure of SE-13 is
given below (a=0.62; b =0.10; ¢=0.10; d = 0.18).
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Preparation of 4-[1-(2-cyclohexylethoxy)-ethoxy]styrene-co-4-[1-(t-
butoxy)-ethoxy]styrene-co-4- hydroxystyrene-co-4-t-butylstyrene
copolymer: Polymer NSP-1

A 250 mL round-bottom, three-necked flask was equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter.
149.92 g of propylene glycol monomethyl ether acetate (PGMEA) was
charged into the flask. 30.17 g of powdered poly(hydroxystyrene -co-t-
butylstyrene) (93.7)(MW 12780; PD 1.9) was added to the stirring solvent.
The mixture was stirred for 30 minutes 't\o form a homogeneous solution.
The mixture was heated to 60 °C and vacuum was applied to the solution
to distill 48.92 g of the solvent. The solution was allowed to cool to room
temperature under nitrogen atmosphere. 7.82 g of tertiary-butyl vinyl ether
and 8.01 g 2-cyclohexylethanol were added to the homogeneous solution.
0.30 g of 1% para-toluene sulfonic acid (prepared by dissolving 1 g of acid
in 99 \g of PGMEA) was added. After a brief, mild exotherm, the solution
was allowed to stir at 23 6C for 4 hours. 3.77 g of 1% triethylamine
solution in PGMEA was added to the reaction mixture to quench the acid.
The reaction mixture was stirred for an additional 30 minutes. The
polymer solution was transferred to a 500 mL separatory funnel and
treated with 115 g of acetone, 46 g of hexanes and 46 g of de-ionized

water. The mixture was shaken for about 30 seconds to a minute and
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butyl styrene) (93:7)(MN 12780; PD 1.9) was added to the stirring sol vent.
The m xture was stirred for 30 mnutes to forma honogeneous solution. The
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40 all owed to separate into two | ayers. The |l ower, aqueous |ayer was
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the secondhvvggrr]lé n\gérezgiel%oveda ot Opmbsphe%c dlstl ation. QNan’er and some
PGMEA were removed by azeotropic vacuum distillation at 66 °C until the
solids content of the distillation flask was about 30.17%. Analytical data is
found in the table. The structure of NSP-1 is given below (a = 0.59; b =

0.07; ¢=0.16;d = 0.18).
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Lithographic Example 1
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A formulation consisting of Polymer SE-6 (7.58 g), PAG 1 (0.28 g),
PAG 2 (0:12-g), DBN (0.02 g) and PGMEA (91.92 g) was mixed .in-an
amber-bottle and stirred until a homogeneous solution was obtained. The
solution was filtered through 0.1 pm filter into a clean amber-bottle. 2500
A Photoresist films were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in example 5 of co-pending US
application number filed on March 7, 2002, based upon US Provisional
Patent Application No. 60/275,528 and pre-exposure baking at 100 °C for
1.5 minute. Films were exposed using an ASML /700 scanner using a 248
nm laser. A phase shift mask with 3%-transmission was used to expose
contact hole patterns. The optical settings used were 0.63 numerical
aperture (NA) and 0.7 sigma. The film was then post-exposure baked at
100 °C for 90 seconds and developed in a puddle of 0.26-N tetramethy!
ammonium hydroxide for about 60 seconds, rinsed with de-ionized water

and spun-dried.

The contact hole paiterns formed into the resist film were analyzed
using Hitachi-8840 CD-SEM.

Table 2
Feature Bias .
Energy to size Minimum
(CD on mask- CD DOF .
0.18 pm resolution
on wafer)
63 mJ/cm2 0.03 ym 0.65 pm 0.14 pm -
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Lithographic Example 2

A formulation consisting of Polymer SE-11 (10.47 g), PAG 3 (0.495
g), antipyrene (0.0.0085g), DBU (0.0255 g) PGMEA/2-heptanone (89 g;
40/60 blend) and a trace amount of Silwet L-7210 was mixed in an amber-
bottle and stirred until a homogeneous solution was obtained. The
solution was filtered through 0.1 pm filter into a clean amber-bottle. 2350
A Photoresist films were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in example 5 of co-pending US
application number filed on March 7, 2002, based upon US Provisional
Patent Application No. 60/275,528) and pre-exposure baking at 100 °C for
1.5 minute. The photorésist was exposed on a Canon EX6 (NA = 0.65)
exposure system with annular illumination (sigma: 0.8/0.5). The film was
then post-exposure’ baked at 90 °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. The photoresist resolved
0.13 micron equal-Line/Space patterns with a DOF of about 0.6 microns at
an exposure of 22.6 mJ/cm? Using a binary contact hole mask, 0.16
micron contact holes. could be resolved with about 0.8 micron DOF at an

exposure of 70 mJ/cm?.

' +©
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Lithographic Example 3

A formulation consisting of Polymer SE-12 (2.354 g), Polymer NSP-
1 (0.262 g), PAG 4 (0.13 g), tetramethyl ammonium hydroxide (0.005 g),
PGMEA (22.25 g) and a trace amount of Silwet L-7210 was mixed in an
amber-bottle and stirred until a homogeneous solution was obtained. The
solution was filtered through 0.1 uym filter into a clean amber-bottle.. 2350
A Photoresist films were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in example 5 of co-pending US
application number filed on March 7, 2002, based upon US Provisional
Patent Application No. 60/275,528) and pre-exposure baking at 100 °C for
1.5 minute. The photoresist was exposed on a Canon EX6 (NA = 0.65)
exposure system with annular ilumination (sigma: 0.8/0.5). The film was
then post-exposure baked at 90 °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. The photoresist resolved
0.13 micron equal Line/Space patterns with a DOF of about 0.8 microns at
an exposure of 29 mJ/cm?. Using a binary contact hole mask, 0.16 micron
contact holes could be resolved with about 0.8 micron DOF at an

exposure of 70 mJ/cm?.
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+ Q
tBu S ;
O’ 038(CF2);CF3 PAG 4

Lithographic Example 4



Mwv. 12, 780/ PD: 1.9 Lithographic Exanple | 28 SEPTEMBER 2005 44 A

formul ati on consisting of Polymer SE-6 (7.58 g), PAG 1 (O.
(0.12- g); DBN (0.02 g) and PGVEA (91.92 g) was nixed in a%%ﬁwggﬁﬁﬁtzp?s

and stirred until a honobgeneous sol ution was obtai ned. The solution was
filtered through 0.1 pmfilter into a %}ean anber-bottle. 2500 A
Photoresist filns were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in exanple 5 of co-pending US application
nunber filed on March 7, 2002, based upon US Provisional Patent
Application No. 60/275,528 and pre-exposure baking at 100 C for 1.5
mnute. Filnms were exposed using an ASML /700 scanner using a 248 nm

| aser. A phase shift mask with 3% transm ssion was used to expose contact

hol e patterns. Tﬂ%ﬁﬁbla‘ﬁéh csﬂstsmﬁg%fmﬂnéese 936 @azur@r PRt 3 @pepqure (NA)
and 0.7 sigma. The filmwas then post- exgosure baked att 100 C for 90

seconds anog)dée@amp@whammqﬂmwdmx@ez 005 @), iREMER (22 28ghianth aydr oxi de

cont act  hol L orns of STAEALT1A1D 1hs PREAEH IPbRFnofl andiudl Tl ng”

Hi t achi - 88489 h@ﬁro@ﬂﬂeo‘ﬁ@@@uﬁ’of@&ttﬂtﬂalﬁe&s EResaltiba wag alverddnihio (G on

mask- CDDOE Q.18 pnresol ution
0.1 um filter into a clean amber-bottle. 2350 A Photoresist films were
prepared by spin coating on top of 5000 A of an undercoat (prepared as
described in example 5 of co-pending US application number filed on
March 7, 2002, based upon US Provisional Patent Application No.
60/275,528) and pre-exposure baking at 100 °C for 1.5 minute. The
photoresist was exposed on a Canon EX6 (NA = 0.65) exposure system
with annular illumination (sigma: 0.8/0.5). The fiim was then post-
exposure baked at 90 °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. The photoresist resolved at least 0.15

micron equal Line/Space patterns at an exposure of 38 mJ/cm?.
Comparative Pattern Transfer Etch Rates

The etch rates of the photoresists prepared in Lithographic
Examples 2-4 were measured relative to that of TIS-2000, a commercial
resist sold by Arch Chemicals, Norwalk, CN. The etch experiments were

run in a LMA TCP 9400 using an etch gas of O,/SO,. Etch rates are

given in Table 2.
TABLE 2

Resist Example Number Etch rate (A Isec)
29.5
18.6
4 14.1




on wafer) 63 nmJ/cnR0.03 pnD.65 pnD.14 pmMC O N O 11 11 11 U QO 28
SEPTEMBER 2005 45 PAG 1 PAG 2 Lithographic Exanple 2 A fqr MISFR
consi sting of Polymer SE-11 (10.47 g), PAG 3 (0.495 g), azgtslﬁggriene 2005
(0.0.0085g), DBU (0.0255 g) PGVEA/ 2- heptanone (89 g; 40/60 blend) and a
trace anmount of Silwet L-7210 was m x in an anber- bottle and stirred
until a honbgeneous sol ution was obtained. The solution was filtered
through 0.1 pmfilter into a clean anber-bottle. 2350 A Photoresist filns
were prepared by spin coating on top of 5000 A of an wundercoat (prepared
as described in exanple 5 of co-pending US application nunber filed on
March 7, 2002 upon US Proviiségnal Pat ent Application No.

60/ 275, 528) and pre-exposure bakingat 100 C for 1.5 mnute. The

phot or esi st was exposed on a Canon EX6 (NA = 0.65) exposure systemwth

annular illumnation (sigma: 0.8/0.5). The filmwas then post-exposure
baked at 99ingilar,experigenis d4siagdralemesh anoteregist pupspdy exeelignt
t et r amet hy; ! i fc@%q ‘ onds, rinsed with
de-ioni zed'lm\/\%gegr)méﬂ?ésgu%%%a. @Bgﬁ%tsg%@?fséf resolved 0.13 mcron
equal =Li ne/ Space patterns with a DOF of about 0.6 mcrons at an exposure
of 22.5 md/cnR. Using a binary contact hole mask, 0.16 .
While we have shown and described several embodiments in

accordance with our invention, it is to be clearly understood that the same

are susceptible to numerous changes apparent to one skilled in the art.

Therefore, we do not wish to be limited to the details shown and described

but intend to show all changes and modifications which come within the

scope of the appended claims.



m cron contact holes could be resolved wth about 0.8 m cron DOF at an
exposure of 70 mli/cn2. O S Cl12H25 PAG 3 28 SEPTEMBER 20054ﬁﬁ¥h; ﬁﬁagkg
Exanple 3 A fornul ation consisting of Polyner SE-12 (2.35 ol yner P-
1 (0.262 g), PAG 4 (0.13 g), tetranethyl anmoni um hydroxide (0.005 g),

PGVEA (22.25 g) and a trace anount of Qflwet L-7210 was m xed in an
anber-bottle and stirred until a honbgeneous sol ution was obtained. The
solution was filtered through 0.1 pmfilter into a clean anber-bottle. 2350
A Photoresist filns were prepared by spin coating on top of 5000 A of an
under coat bed in exanple 5 of co-pending US application
nunber filed on March 7, 2002 based upon US Provisional Patent
Appl i cation No. 60/275, 528) and pre- exposure baking at 100 C for 1.5

mnute. The photior esigtp H&ér@iﬁoé@l‘iﬁp%u@ncéaﬁghrﬁ?ﬁb MezsD e acetrosur e

systemw th annular ill'umnation (signa: The filmwas then
post - exposuoataﬂhﬁdﬁm kaviog a0 m&nasbmedbv@boﬁeeltai rsulStip@Ed| e of

0. 26- Ntetra t.h mroai um hydroxi de f about 6 econds,., rin with
de-i oni zed® nfaé?'%gn(? ssﬂﬁ}?grhr‘f’%t@ftﬁq‘?{g &?gt greets a 8%@1?‘638 tbglgcﬁ{e ron
equal Li nefipdtiomaRfiiterns with a DOF of about 0.8 microns at an exposure

of 29 ml/cnR. Using a binary contact hole mask, 0.16 mcron contact holes
could be resolved with about 0.8 micron DOF at an exposure of 70 ml/cnR.

PAG 4 2. The photoresist composition according to claim 1, wherein
said photaresist compositibn comprises a polymer formed from a silicon
containing monomer unit having the general structure:

—ECHQ

H ‘
R

wherein Ry is H, lower alkyl, CH,CO2R, cyano, CHzCN, or halogen,
wherein R is any alkyl, cycloalkyl, aryl, aralkyl, alkylenecycloalkyl, silyl or
siloxy or linear or cyclic polysiloxane groups; R. is CHR7Rg where Ry and
Rg are H, lower alkyl, cycloalkyl or aryl; A is a substituted or unsubstituted
alkylene, cycloalkylene, alkylenecycloalkylene, or alkylenearylene; and R3
is SiR4RsRe where Rg4, Rs, and Rg are independently alkyl, cycloalkyt, aryl,
aralkyl, alkylenecycloalkyl, silyl or siloxy, or linear or cyclic polysiloxane
groups or silsesquioxane alkanol compounds.



Li t hographi c Exanple 4 28 SEPTEMBER 2005 47 A fornul ati on consisting of

Pol ymer SE-13 (2.621 g), PAG 3 (0.124 g), tetranethyl ampREpFeMEER%60%E
(0.005 g), PGVEA (22.25 g) and a trace ampunt of Silwet L-7210 was m xed

an anber-bottle and stirred until a honbgeneous solution was obtai ned. The
solution was filtered through 0.1 pmgglter into a clean anber-bottle.
2350 A Photoresist filns were prepared by spin coating on top of 5000 A of
an undercoat (prepared as described in exanple 5 of co-pending US
application nunber filed on March 7, 2002, based upon US Provi si onal

Pat ent Application No. 60/275,528) and pre-exposure baking at 100 C for

1.5 minute. The3 pho
3. phoiTHeeshetoredist SampsetloRtRofdngig Bifind PWrcRif)

exposure system with annular 1llumnation (signa
t hen post - iexpelegted bifosn e O@raup orcodBistiagonafs anethglenel, o@tdylenea puddl e

Ge- 1 ont zed HAEPRI sgtRPRRTES CHLCOMGTHCRnEREkb  Biaberuste! o 15~
m cron equathylé Eyémym{et ahapHinyfehedimashee of 38 ml/cn2. Conparative

Pattern Transfer ch Rates The etch rates of the photoresists prepared in
Li t hographic Exanples 2- 4 were neasured relative to that of TIS 2000, a

| t ch Ch | | k, ,CN, .Th t.ch
experi ment s werd: r un nPHOQRN HCSSBIRGR e AGECIEINGL b CHlEY o WS, ¢ ch
rates are Réiegelebtelrfibf the TIELE corisasting! ofAMEtBYINsIREtridthinsiydt e (A

/sec) 229.5
trlphenyl silyl, tricyclohexylsilyl, tristrimethylsiloxysilyl, tristrimethyisilylsilyl,

methyibistrimethyisilylsily!, methyibistrimethylsiloxysilyl,
dimethyltrimethylsilylsilyl, dimethyltrimethylsiloxysilyl, cyclic or linear
polysiloxane oligomer or polymers, and silsesquioxane alkanol

compounds.

5. The photoresist composition according to claim 2, wherein
said silicon containing monomer unit is produced by: polymerizing a
substituted styrene monomer, converting the polymerized substituted
styrene rhonomer to a hydroxystyrene monomer unit, and reacting said

- hydroxystyrene monomer unit with a vinyl ether of the structure:

R7
Rel. OAR3

6. The photoresist composition according to claim 2, wherein
said silicon containing monomer unit is produced by: polymerizing a
substituted styrene monomer, converting the polymerized substituted
styrene monomer to a hydroxystyrene monomer unit, and reacting said -
hydroxystyrene monomer unit with a vinyl ether and an alcohol of

structure:



318.6 414.1 28 SEPTEMBER 2005 48 TI'S 2000 16.4 Sim |l ar experinments using

patterned photoresist produced excellent inages with stee i ar
to the substrate. While we have shown and descri bed severaﬁ@%ﬁ%‘?‘#&%@bgn

accordance with our invention, it is to be clearly understood that the sanme
are susceptible to numerous changes apgarent to one skilled in the art.
Therefore, we do not wish to be [imted to the details shown and descri bed
but intend to show all changes and nodifications which come within the
scope of the appended cl ainms. 28 SEPTEMBER 2005 49 WHAT IS CLAIMED. IS: 1. A
phot oresi st conposition conprising at | east one acetal containing-polyner
havi ng an acetal substituent, the acetal substituent containing a silicon
substituent not directly attached to the acetal functionality. 2. The

phot oresi st conposition according to claim1, wherein said photoresist

conposition conprises a polynmer forned %PC%% sl%i con containing nononer
unit having the general structure: O A- [TWherein R, is H |ower

al kyl, CH2C2R, cyano, CH2CN, or hal ogen,

7. The photoresist composition according to claim 1, wherein
said acetal containing polymer is formed by reacting a polymer containing
hydroxystyrene units with t-butyl vinyl ether and an alcohol in the presence

of an acid catalyst.

8. The photoresist composition according to claim 7, wherein
said alcohol is selected from the group consisting of. trimethylsilyl
methanol, trimethylsilyl ethanol, tristrimethylsilyl methanol, tristrimethyisilyl
ethanol, tristrimethylsiloxymethanol, tristrimethylsiloxyethanol,
methylbistrimethylsilyl ethanol, methyl bistrimethylsiloxy ethanol, tris
trimethylsiloxy propanol, methylbistrimethylsiloxy propanol, hydroxymethyl
terminated polysiloxane polymers, hydroxyethyl terminated pglysiloxane
polymers and cyclic siloxanes oligomers of the structure herebelow, and

silsesquioxane alkanol compounds:

9. The photoresist composition ‘according to claim 2, wherein
said polymer also comprises an additional monomer selected from the

group consisting of: hydroxystyrene, hydroxystyrene units blocked with



wherein R is any al kyl, cycloal kyl, aryl, aral kyl, alkyl ehecycl oal kyl ,

silyt or siloxy or linear or cyclic polysiloxane groups; |

where R7 and R3 are H, |ower alkyl, cycloal kyl or aryl; ﬁ?@%&%ﬁﬁp?ﬁ ed
or unsubstituted al kylene, cycloal kyl ene, al kyl enecycl oal kyl ene, or

al kyl enearyl ene; and R3 is Si RARSR6 where R4, R5, and R6 are independently
al kyl, cycloal kyl, aryl, aralkyl, alk %necycl oal kyl, silyl or siloxy, or

| i near or cyclic polysiloxane groups or silsesqui oxane al kanol conpounds. -
28 SEPTEMBER 2005 50 3. The photoresi st conposition according to claim?2

wherein A igtheelaid eénbiive grsups! Ol(meftl@)@&@%teag virlyl athehRy o nacetale’y! ene,
CH2C(CH3) H, --propyl ene, CH(CH3) CH CH3) CH ), cycl ohexyl ene,

et hyl enecycl%ﬂ-@%ﬂ@ﬂe@%dﬂ‘%ﬂ@t e’@@&?}"‘&%, and pirerpRiicen ceondaining
conposition @88{3{]‘@;@9 to claim?2, wherein R3 is selected fromthe group
consi sting of: I'met hyl silyl, triethyl silyl, triphenyl silyl,
tricyclohexylsilyl, tristrimethylsiloxysilyl, tristrinmethylsilylsilyl,

met hyl bi strinmethylsilylsilyl, nmethyl bistrinethylsiloxysilyl, .

di net hyl t ri met hyl §91 yi Ehe yphoteresist i5ampesition pcepiding 40| glaim & wherelt | i near
pol ysi | oxan i : ' ' €y, I unds.

5 The phot il peiEr compHG BetmeBRacthy SI014 OB LA EE modGHRE 1, |

cont ai ni ng rambbetween dbdt 38 1098 Atblay% ¢fdaidradditiongl monemiest i t uted styrene
nononer, converting the polynerized substituted styrene nononer to a
hydr oxystyrene nonomer unit, and reacting said hydroxystyrene nononer unit

with a vinyl ethefy ofrfhe3tdpdelst ' omptsitid? YeBbrding to claim 10, wherein
said silicon containing monomer unit is present in an amount between

about § to 30 molar % and said additional monomer is present in an
amount between about 70 to 95 molar %.

12. The photoresist composition according to claim 1, wherein
said acetal containing polymer has a molecular weight in the range
between about 2,000 to 75,000.

13. A bilayer resist comprising:
a photoresist layer comprising at least one acetal containing
polymer having an acetal substituent, the acetal substituent
containing a silicon substituent not directly attached to the
acetal functionality; and

an undercoat layer.
14. The bilayer resist according to claim 13, wherein said

photoresist layer comprises a polymer formed from the monomer unit

having the general structure:



6. The photoresist conposition according to claim?2, wherein said silicon
contai ni ng nononer unit is produced by: polynerizing a su ne
nononer, converting the polynerized substituted. styrene ggggkgﬁﬁﬂ%ﬁ%%&ﬁ
hydr oxystyrene nonomer unit, and reacting said hydroxystyrene nononer unit
with a vinyl ether and an al cohol of sdructure: 28 SEPTEMBER 2005 51
HO A, R3 7. The photoresist conposition according to claim1, wherein said
acetal containing polynmer is forned by reacting a pol yner containing

hydr oxystyrene units with t-butyl vinyl ether and an al cohol in the
presence of an acid catalyst. 8. The photoresist conposition according to
claim7, wherein said alcohol is selected fromthe group consisting of:
trimethylsilyl methanol, trinethylsilyl etﬁanol tristrinmethylsilyl

met hanol , trlstrlnethyIS|IyI ethanotfgﬁrlst nethyIS|onynethanoI

tristrinmethylsiloxyethanol, nethyl bi 1 silyl ethanol, nethyl

bi strimet hyl si |l oxy ethanol, tris trinmethyl si Foxy propanol,

met hyl bi stri met hyl si | oxy propanol, hydroxi hyl term nated pol ysil oxane
pol ymers, hydroxyethyl term nated pol ysil ¢ g polynmers and cyclic

si |l oxanes oligoners of the structure herebélow, and sil sesqui oxane al kanol
conpounds: 9. The photoresi st conposition agcarding to claim2, wherein
said polymer al so conprises an additional —#etBgted fromthe group
consi sting of: hydroxystyrene, hydroxystyrene!units bl ocked with 28
SEPTEMBER 2005 52 R2

wherein R; is H, lower alkyl, CH,CO;R, cyano, CH,CN, .or halogen,
wherein R is any alkyl, cycloalkyl, aryl, aralkyl, alkylenecycloalkyl, silyl or
siloxy or linear or cyclic polysiloxane groups; R, is CHR;Rg where R; and
Rs are H, lower alkyl, cycloalky!l or aryl; A is a substituted or unsubstituted
alkylene, cycloalkylene, alkylenecycloalkylene, or alkylenearylene; and R;
is SiR4RsRs where R4, Rs, and Rg are independently alkyl, cycloalkyt, aryl,
arélkyl, alkylenecycloalkyl, silyl or siloxy, linear or cyclic polysiloxane

groups or silsesquioxane alkanol compounds.

15. The bilayer resist according to claim 14 wherein A is
selected from the group consisting of: methylene, ethylene, CH>C(CH3)H,
propylene, CH(CH3)CH(CH3)CH(CHs), cyclohexylene,

ethylenecyclohexylene, and phenyleneethylene

16. The bilayer resist according to claim 14, wherein R? is
selected from the group consisting of: trimethy! silyl, triethyl silyl, triphenyl
silyl, tricyclohexyisilyl, tristrimethylsiloxysilyl, tristrimethylsilylsilyl,
methylbistrimethylsilylsilyl, methylbistrimethylsiloxysily|,



other acid sensitive groups, (neth)acrylates, vinyl ethers or acetates,
substituted and unsubstituted mal ei m des, and other silic

nononers. 10. The photoresist composition according to cl g?s@%%ﬁﬁ%os
sai d pol ymer conprising between about 5 to 75 nolar % of said nononer and
bet ween about 25 to 95 nolar % of sai ggadditional nononer. 11. The

phot oresi st conposition according to claim 10, wherein said silicon
~containing nononer unit is present in an anmount between about 5 to 30

nol ar % and said additional nmonomer is present in an anount between about
70 to 95 nolar % 12. The photoresist conposition accordi ng to claim1,

wh [ t h
e b oSS ATA OGRS S| el O thgaf e 1

phot or esi spolyavexam&)rrmllmrmfg avr | emiymerm aendal silsmstaioxiang ptklaymbr havi ng
an acetal substituent, the acetal substituent containing a silicon

subst i t uenfORGRYG Fectly attached to the acetal functionality; and an
undercoat |ayer. 14. The bilayer resist according to claim 13, wherein said
phot oresi st | ayer conprises a polynmer fornmed fromthe nononer unit having
t he gener al strd&'turgpezallmTENBERCQ@dmgstb daimn 40 wWigereih said silicon

containing monomer unit is produced by: polymerizing a substituted
styrene  monomer, converting the polymerized substituted styrene
monomer to a hydroxystyrene monomer unit, and reacting said

hydroxystyrene monomer unit with a vinyl ether of the structure:

R77:\
RB OAR3

18.  The bilayer resist according to claim 14, wherein said silicon
containing monomer unit is produced by: polymerizing a substituted
styrene monomer converting the polymerized substituted styrene
monomer to a hydroxystyrene monomer unit, and reacting said
hydroxystyrene monomer unit with a vinyl ether and an alcohol of

structure:

HO-A—R,

19.  The bilayer resist according to claim 13, wherein said acetal
polymer is formed by reacting a polymer containing hydroxystyrene units

with t-butyl vinyl ether and an alcohol in the presence of an acid catalyst.



| wherein R is H I|ower alkyl, CH2CO2R, cyano, CH2CN, or hal ogen, wherein
R is any al kyl, cycloal kyl, aryl, aral kyl, alkylenecycl oal |

siloxy or linear or cyclic polysiloxane groups; R2 is CI—IR?%é%'@@Ey‘O@%
R8 are H, lower alkyl, cycloalkyl or aryl; Ais a substituted or
unsubstituted alkylene, cycloal kyl engsg al kyl enecycl oal kyl ene, or

al kyl enearytene; and R3 is SRARSR6 where R4, R5, and R6 are independently
al kyl, cycl oal kyl, aryl, aralkyl, alkylenecycloal kyl, silyl or siloxy,

| i near or cyclic polysiloxane groups or silsesqui oxane al kanol conpounds.
15. The bilayer resist according to claim14 wherein Ais selected from

the group consi gig ng : i'lEi?eW 8 i e,
CH( CH3) CH( CH3) CI?(OI uﬂs)ﬁec?/cl ohe{a(fjlggrllce@ E‘?ﬁgﬁ%ﬂ@g%%@bgﬁg{ Aieehsr
phenyl eneeishyselretetl. froe thiel agroupr exinsistingc cfdi trgmethylslilygl nmthandier ei n R3

Is selected from.the groyp,.cqonsisting,of: trirnethyl silyl riethyl

silyl, tri g'HBﬁ.{ﬂV's"&rﬁ’%'ﬁ?" U F’&%ﬁﬂﬁ“&ﬁ&!?lg’éimﬁh,anfﬁi%‘FW’H‘E&‘B{H{M by,
tristrimet bdtdinehisilosdymetiBady | bi strimet hyl si | whsttiléthylisiloxyethanol,

met hyl bi strinmethyl’sil oxysilyl, 28 SEPTEMBER 2005 54

di met hyl t r mashpipistimethyisilyl | ethiamet, hyhethyhebistrirsethylsitoxy y lethanal| i tisor | i near
pol ysi | oxape_ol.i goner or polyners,. and silsesqui oxane al kanol ¢ ounds.
2 Y The b My BInIERL eraefe i vio bl R 8ot by armmeiir

cont ai ni NYtdFRAIRARA BBiysiloXart PBHFRErsDYHydPOXYETIRYI ErMthated UBSEloKA@ Styrene
mononer, converting the polynerized substituted styrene nohoner to a

hydr oxyst y pelyenersnayetic usiloxangs doligeanetisn @f sthied strogtiire xherepedow, mmdoner uni t

Wth a vi ngilseestqr&%xa%fe 5Ip§n<§ltc{o%60%necfs:

HO(CHy)x
\S'/—O
o’ 1 “sit
. |

/Si\ 0

O0—Si1
/ ~

21. The bilayer resist according to claim 14, wherein said
polymer also comprises an additional monomer selected from the group
consisting of: hydroxystyrene, hydroxystyrene units blocked with other
acid sensitive. groups, (meth)acrylates, vinyl ethers or acetates,
substituted and unsubstituted maleimides, and other silicon containing

monomers.

22. The bilayer resist according to claim 21, wherein said
polymer comprising between about 5 to 75 molar % of said monomer and

between about 25 to 95 molar % of said additional monomer.

23. The bilayerresist according to claim 22, wherein said monomer

is present in an amount between about 5 to 30 molar % and said



R ['OARS 18. The bilayer resist according to claim 14, wherein said silicon
contai ni ng nononer unit is produced by: polynerizing a subsi, t ne
nononer, converting the polynerized substituted styrene MBEQ%@
hydr oxystyrene nonomer unit, and reacting said hydroxystyrene nononer unit
with a vinyl ether and an al cohol of g)?ructure: HO A-R3 19. The bil ayer
resist according to claim 13, wherein Id acetal polyner is.fornmed by
reacting a polyner containing hydroxystyrene units wth t-butyl vinyl
ether and an al cohol in the presence of an acid catalyst. 28 SEPTEMBER 2005
55 20. The Bsddiippal mesomerds presenid ap arhaunt h@wegincabout Khiai9aimaelanl i s
sel ected fr%n the group consisting of. trinmethylsilyl nmethanol,

I

trimet hyl si et hanol, tristrinethylsilyl methanol, tristrinethylsilyl
ethanol, tristrinethylsiloxynethanol, tristrimethylsiloxyethanol,
met hyl bi strimethylsilyl ethanol, methyl bistrinmethylsiloxy ethanol, tris

trinethyl sil oxy pfoparide bilayenyesstaccordinglosclainrytd: wipenem saidyaeeial et hyl
term nated pol vsi |l gxane I r r. thyl terninpate | ¥ Sin~oxane

pol ymers, c§8‘y 's ?%)?aﬁﬁ@%ﬂﬁé%@!‘gdﬁ%ﬁe%%gpﬁge%e%ﬁgI%’ﬁ,oloaﬁﬁ

si | sesqui oxag@®o@l. kanol conpounds: 21. The bilayer resist according to claim

14, wherein said polyner also conprises an additional nononer sel ected
fromthe group consisting of: hydroxystyrene, hydroxystyrene units bl ocked

Wi th other acid,gensiytj p A I S i t or
acetates, subst ?$Ut e@ éﬁ@oﬂéns #b@‘%’?éﬁ%@ ?’éﬁé}’ %j@egt %g%gggﬁgg{%i l'icon
cont al ni Ng containing polymer having an acetal substituent, the acetal substituent
containing a silicon substituent not directly attached to the acetal
functionality, another photoresist polymer which may contain silicon; and a

photoacid generator.

26... The photoresist composition according to claim 25, wherein
said photoacid generator is one which is capable of generating sulfonic

acids.

27. The photoresist composition according to claim 26, wherein
said photoacid generator is at least-one selected from the group consisting
of: sulforiium or iodonium salts, oximidosulfonates,

_bissulfonyldiazomethane compounds, and nitrobenzyisulfonate esters.

28. The photoresist composition according to claim 25 further
comprising at least one component additive selected from the group
consisting of: solvents, a base, dyes, adhesion promoters and surfactants.

29. The photoresist composition according to claim 25 further
comprising an additional silicon containing polymer.

30. An acetal containing polymer having an acetal substituent,
the acetal substituent containing a silicon substituent not directly attached

to the acetal functionality.



nononers. 22. The bil ayer resist according to claim2l, wherein said

pol ymer conprising between about 5 to 75 nolar % of said n?iggéﬁw
bet ween about 25 to 95 nolar % of said additional nonomer ﬁﬂ%“l’é’%r

resi st according to claim 22, wherein said nononer s present in an anount
bet ween about 5 to 30 nolar % and sai &28 SEPTEMBER 2005 56 additi onal
nononmer is present in an anount between about 70 to 95 nolar 24. The

bi | ayer resist according to claim 13, wherein said acetal polynmer has a
nol ecul ar wei ght in the range between about 2,000 to 75,000. 25. A

phot oresi st conposition conprising at | east one acetal containing pol yner
havi ng an acetal substituent, the acetal substituent containing a silicon

substituent not dj re\?ﬂ"}é at tached t& the acetal functionality, another
phot or esi st pol y#e i HOW’C%QRO& Rostol ¢'€'6h30aﬂﬂ‘9&e'"p$ﬁj€jd%€2b’@e§éﬁ1er at or.
26... The e ogpéb;d td A i aid

phot oacid ggﬁéggt ﬁ?ﬁ{ é:one i%cﬁﬂ?sﬁ@gpagﬁe géﬁeﬁgﬁﬁﬁgmsbﬁ nel 8F aci ds.
27. The phcttmcagiest conposition according to claim?26, wherein said

phot oaci d generator is at |east. one selected fromthe group consisting

of : sul fonium or iodoniumsalts, oximdosulfonates, bissulfonyldiazonethane
conpounds, and nitrobenzyl sul fonate esters. 28. The photoresi st conposition
according to claim25 further conprising ag, |east one conponent additive

selected fromthe group consisting of:.  sol ts, a base, dyes, adhesion
pronoters and surfactants. CH;

H
O\’/O—A—Rg,
R2

wherein R, is H,: lower alkyl, CH,CO;R, cyano, CH,CN, or halogen,
wherein R is any alkyl, cycloalkyl, aryl, aralkyl, alkylenecycloalkyl, silyl or
siloxy or linear or cyclic polysiloxane groups; R, is CHR;Rg where R; and
Rs are H, lower alkyl, cycloalkyl or aryl; A is a substituted or unsubstituted
alkylene, cycloalkylene, alkylenecycloalkylene, or alkylenearylene; and R3
is SiR4RsR¢ where Ry, Rs, and Rg are independently alkyl, cycloalkyl, aryl,
aralkyl, alkylenecycloalkyl, silyl or siloxy, or linear or cyclic polysiloxane

groups or silsesquioxane alkanol compounds.

32. The polymer according to claim 31 wherein A is selected
from the group consisting of: methylene, ethylene, CH,C(CH3)H,
propylene, CH(CH3)CH(CH3)CH(CHy), cyclohexylene,

ethylenecyclohexylene, and phenyleneethylene.



29. The photoresi st conposition according to claim25 further conprising
an additional silicon containing polynmer. 30. An acetal cogisHPTIEMBERRYOSE"
havi ng an acetal substituent, the acetal substituent containing a silicon
substituent not directly attached to the acetal functionality. 28
SEPTEMBER 2005 57 31. The polyner accoggling to claim 30, wherein said
polymer is formed froma silicon containing nononer unit having the
general structure: OA-R3 Rz | wherein R is He |ower alkyl, CH2CO2R,
cyano, CH2CN, or hal ogen, wherein R is any alkyl, cycloal kyl, aryl,

aral kyl, al kyl enecycl oal kyl, silyl or siloxy or linear or cyclic

pol ysi | oxane groyps; fﬁeip%lﬁhB?BecMﬁiogf(t)éfaémﬂ31R&r@r&nfh3 :iﬁ‘@%ﬁeéédfy"

cycloal kyl or aryl; Ais a substitute qnsubs’ti tuted alkyl ene,

cycl oal kyl dram thiek gtaspe cposisting yofe temetihnyl il | triedbyly$ityhe triphehyRilyl, s

Si RARSR6 where R4, RS ~and R6 are .i.nd ndent Ly al ky cycl.oal.kyl, aryl,

aral kyl, al'YRQROPT Y kyl, si |"9?"”"8}§8}%F€989’,3"%'r lin "%?4*@%'”&83"'

pol ysi | oxaraﬁetrgrmstﬁmétmwlgig&,qu! oxane al kanolmegiymsasthfifethyidilodsfyipol ymer

according to claim31 wherein Ais selected from'the group consisting of.,

net hyl ene, dimethythisetayisiyleid) HdimethytimetiyIsitosysilg) Caychda) or( direpr

cyel ohexyl enGsioghhy! oL SH! So5meted BRENY SROSSLANaRRS Afror TEMEER
compounds.

34. The polymer according to claim 31, wherein said silicon
containing monomer unit is produced by: polymerizing a substituted
styrene monomer, converting the polymerized substituted styrene
monomer to a hydroxystyrene monomer unit, and reacting said

hydroxystyrene monomer unit with a viny!l ether of the structure:

Ry
R 8; OARs

35. The polymer according to claim 31, wherein said silicon
containing monomer unit is produced by: polymerizing a substituted
styrene monomer, converting the polymerized substituted styrene
monomer to a hydroxystyrene monomer unit, and reacting said
hydroxystyrene monomer unit with a vinyl ether and an aicohol of

structure:

HO-A—R,



33. The pol yner according to claim 31, wherein R3 is selected fromthe

group consisting of: trinmethyl silyl, triethyl silyl, tripg 2005
tricyclohexylsilyl, tristrimethylsiloxysilyl, trlstr|mthyPS|ﬂ?&F§$ yl,

met hyl bi strinmethylsilylsilyl, nmethylbistrinethylsiloxysilyl,
dimethyltrimethylsilylsilyl, dinmethyltdgd nethylsiloxysilyl, cyclic or linear
pol ysi | oxane oligonmer or polyners, and silsesqui oxane al kanol conpounds.

- 34. The polyner according to claim 31, wherein said silicon containing
nmononmer unit is produced by: polynerizing a substituted styrene nononer,
converting the polynerized substituted styrene nonomer to a hydroxystyrene

Tonomer Uit A, eaptd bR addAIRKYE) L S NGRBNEdid abdaP Vi Y

ether of the structure: ol yneF accor erein said
silicon c®ontiningg palyovweer is uriontmed; }tnlyodveaetin@ya ppblym‘ﬁrl z¢orgaiming

substitute ne nongner, rt| the zed substituted
Styrenc . mOMFRAYSDES8 e oyl E Db SkE Al A Sicahal indBe dreed d

hydr oxyst yr, nit wwth a vinyl ether and an al cohol of

structure. c)I?I%(F'A %egglys%PTENBER 2005 59 36. The pol yner according to claim

30, wherein said acetal containing polyner is formed by reacting a pol ymer
cont ai ni ng hydrgxyst

the presence an dﬁ%ggg{ggﬂl‘r;%sqcvg@ggtt?bﬁiaé’bpénﬁ%leé%}:‘g‘f‘{ﬁ%éjQ%ncgaF%hgg a
me;r; Rylsg:sléuy%%thﬁgnngfe fdrﬂlpﬁg?rﬁsdstfr{qoaf tiiRetyRiR ARARARSI Hin&thylsiy!
ethanol, tristrimethylsilyl methanol tristrimethylsilyl ethanol,
tnstnmethylsuonymethanol tristrimethylsiloxyethanol,
methylblstnmethylsﬂyl ethanol, methyl bistrimethylsiloxy ethanol, tris
trimethylsiloxy propanol, methylbistrimethylsiloxy propanol, hydroxymethyt
terminated polysiloxane polymers, hydroxyethyl terminated polysiloxane
polymers and cyclic siloxanes oligomers of the structure herebelow, and

silsesquioxane alkanol compounds:

HO(CHyx ,

Sl——O
N
(,) Sl\

|
/SI\O O
/ \

38. The polymer according to claim 31, wherein said polymer
also comprises an additional monomer selected from the group consisting
of: hydroxystyrene, hydroxystyrene units blocked with other acid sensitive
groups, (meth)acrylates, vinyl ethers or acetates,»[ substituted and
unsubstituted maleimides, and other silicon containing monomers.

39. The polymer according to claim 38, wherein said polymer
comprising between about 5 to 75 molar % of said monomer and between

about 25 to 95 molar % of said additional monomer.



ethanol, tristrimethylsilyl methanol, tristrinmethylsilyl ethanol
tristrinmethylsiloxymethanol, tristrinethylsiloxyethanol, 38SEPTEMBER 2005
met hyl bi strinmethylsilyl ethanol, nethyl bistrinethylsiloxy ethanol, tris
trimethyl siloxy propanol, nethylbistrimethylsiloxy propanol, hydroxynethyl
term nat ed pol ysil oxane pol yners, hyde60xyethyl term nated pol ysil oxane

pol ynmers and cyclic sil oxanes oligoners of the structure herebel ow, and

. si |l sesqui oxane al kanol conpounds: 38. The polymer according to claim 31,
wherein said polyner also conprises an additional nonomer selected from
the group consisting of. hydroxystyrene, hydroxystyrene units blocked with
other acid sensitive groups, (neth)acrytates, vinyl ethers or acetates,
substituted and _unsubstituted mal ei m des, and other silicon containing

nmonomers. 39. TAB- polRarRolymesriaaiding 9 Llamg30.wwhesein saidd sfisepner

conpri sing : r. % ' r en about

25 To o5 reripliigrRaitier sl if ardpedin SiEaniBlo? LERMBRRARER SR 3850 T

pol ynmer aceekdh %gahd sdidiadditonaMmonomes s greddrtdoran aavdutitrbetyesnnomer

unit is present_in amanmoupt between about 5 to 30 nolar % and said

addi ti onal ab@ofRbio P2 MRIBEENt in an anpunt between about 70 to 95 molar %

41. The pol ynmer according to claim 30, wherein said acetal containing

pol ymer has a nol ecul ar wei ght in the range between about 2,000 to 75, 000.
41. The polymer according to claim 30, wherein said acetal

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



