
WO 2009/111122PCT/US2009/032907 S1LSESOUIOXANE RESINS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] None 5 BACKGROUND OF THE INVENTION [0002] Antireflective
coatings (ARC) are one of the essential materials used in microlithographic process. Typical ARC
materials are expected to offer at least one of the following advantages: controlling line width by
reducing swing curve; reducing standing 10wave reduction, planarization, minimizing reflective
notching. As the patterning feature size shrinks to sub-65 nm in the microelectronic industry,
tremendous challenges for new materials have been confronted to the materials industry. Among one
of them is the 193 nm antireflective coatings (ARC), because the 193 rim photoresists have a very thin
layer in order to get the right depth of focus and resolution and do not offer sufficient light absorption
and 15etch resistance. There are three different types of materials for 193 nm ARC applications:
inorganic, organic, and silicon-based materials. Inorganic based materials generally contain silicon
oxynitride (Si-O-N), silicon nitride (Si-N), and silicon carbide. Because they are oxidized into silicon
dioxide in oxygen plasma, these inorganic based materials have excellent oxygen etch resistance.
However, because these materials are produced using 20chemical vapor deposition (CVD), they can
not be used for patterning planarization. In addition, typically, these materials cannot be removed with
typical etchants unless a harsh etching condition is used. Thus, they are generally retained in a device.
On the other hand, the organic based ARC materials are spin-on based materials and thus can be
used for patterning planarization. They are reworkable with typical etchants. However, they do not
offer high 25oxygen etch resistance. Moreover, because photoresists and organic ARC materials are
both organic materials, organic ARC materials do not offer CFx plasma based etch selectivity required
for stripping off ARC layer. The silicone based ARC materials are silicon based spin-on materials.
They are expected to have advantages of both CVD and organic ARC materials. 30[0003] There are
many challenges for making Si based ARC materials. The materials need to have appropriate
refractive index (n) and coefficient of absorption (k) at 193 nm to match 1  with the photoresist. The
materials need to be curable in I min by UV or heating at temperatures lower than 250 C for fast turn
around processing. The material needs to be compatible with photoresist but no inteniixing and/or
diffusion occur(s) so that no scum and footing appear in a device with a small feature size. Further, the
material needs to be resistant to propylene glycol methyl ether acetate (PGMEA), other typically
photoresist solvents, and bases such as tetramethyl ammonium hydroxide (TMAH) after cure so that
the thin film can withstand later processes. The film also needs to be reworkable for removal of the
materials. Finally, the materials must be very stable at room temperature for at least three month with
no significant molecular weight growth. 10004] Si-H containing materials are essentially base and HF
buffer solution soluble and thus the Si-H containing materials used for ARC applications are potentially
reworkable. Si-H containing silsesquioxane resin such as TH TMe and THTPh can be cured at low
temperature H Me Ph R and Si-H containing silsesquioxane resins such as TT T T where R is a
polyether group or an ester group, have potential as antireflective coating materials. Desirable
properties in ARC resins include being polar to have better compatibility with a photoresist and an
organic carbon underlayer, having a silicon content > 30 wt% in order to get high 



oxygen plasma etch resistance and high CFx plasma etch selectivity and the functional groups on the
resin need to be relatively small to mitigate the outgassing problems and porosity problems. It has now
been found that resins that have an aryl sulfonate ester group are useful in ARC applications. BRIEF
SUMMARY [0004a]In a first aspect, there is provided a silsesquioxane resin comprised of the units
(Ph(CH2)rSi0(3_02(OR')x)rn (HSi0(3-02(OR')On (MeSi0(3-02(OR')x)o (RSi0(3-02(OR')x)p
(RISi0(3-xyz(ORI)x)q           where Ph is a phenyl group, Me is a methyl group; R' is hydrogen atom or
a hydrocarbon group having from 1 to 4 carbon atoms; R is an aryl sulfonate ester group or a mixture
of an aryl sulfonate ester group and an equivalent aryl sulfonic acid group with the proviso that in the
mixture the majority of R are aryl sulfonate ester groups; and R is selected from substituted phenyl
groups, ester groups, polyether groups; mercapto groups, and reactive or curable organic functional
groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a
value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a value of 0.025
to 0.5; q has a value of 0 to 0.5; and mn+o-Fp q1. 100051 This disclosure pertains to silsesquioxane
resins useful in antireflective coatings wherein the silsesquioxane resin is comprised of the units
(Ph(CH2)rSi0(3..02(OR')x)rn (HSi0(3_02(OR')x)n (MeSiO(3_xy2(OR')x)0 (RSi0(3_xy2(ORT)x)p (RI
Si0(3_02(OR')x)q         where Ph is a phenyl group, Me is a methyl group; R' is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl sulfonate ester group
and a mixture of an aryl sulfonate ester group and the equivalent aryl sulfonic acid group with the
proviso that in the mixture the majority of R are aryl sulfonate ester groups; and R1 is selected from
substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive or curable
organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the
resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
value of 0.025 to 0.5; q has a value of 0 to 0.5; and m  n + o + p + q 1. When these resins are used in
antireflective coatings, they provide good low temperature curability and reasonable TMAH resistance.
In addition, the presence of a (HSiO3/2) unit in the silsesquioxane resin is essential for the desired
cure properties and strip-ability as a 193nm ARC material. Additionally, these resins when used in
ARC coatings provide outstanding optical, mechanical and etch electivity properties while being
applicable using spin-on application techniques. [0005a]In a second aspect, there is provided an
antireflective coating composition comprising        (i) the silsesquioxane resin as defined above, and (ii)
a solvent, and optionally        (iii) a free radical initiator, photo-acid generator, them al-acid generator,
photo-base generator, thermal-base generator and mixtures thereof 10005b]In a third aspect, there is
provided a method for foiling an antireflective coating on an electronic device comprising        (A)
applying to an electronic device an antireflective coating composition as defined above; and        (B)
removing the solvent and curing the silsesquioxane resin to form an antireflective coating on the
electronic device. 



DETAILED DESCRPTION OF THE INVENTION 100061 The silsesquioxane resins useful in forming
the antireflective coating are comprised of the units (Ph(CH2)rSi0(3_x)/2(0R. )x)m
(HSi0(3..x)/2(OR')x)n (MeSi0(3_x)/2(OR')x)0 (RSi0(3_xy2(OR')x)p (RISi0(3.02(OR')x)q       where Ph is
a phenyl group, Me is a methyl group; R' is hydrogen atom or a hydrocarbon group having from 1 to 4
carbon atoms; R is selected from an aryl sulfonate ester group and a mixture of an aryl sulfonate ester
group and the equivalent aryl sulfonic acid group with the proviso that in the mixture the majority of R
are aryl sulfonate ester groups; and RI is selected from substituted phenyl groups, ester groups,
polyether groups,  WO 2009/ 11122PCT/US2009/032907 mercapto groups, and reactive or curable
organic functional groups: and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, I or 2; wherein in the
resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.25 to 0.95; p has a
value of 0.025 to 0.5; q has a value of 0 to 0.5; and m+n+o+p+q 1 (where m, n, o, p and q) are mole
fractions. 5Typically m has a value of 0 to 0.25, alternatively 0.0 to 0.10, alternatively >0 to 0.10.
Typically n has a value of 0.15 to 0.40, alternatively 0.15 to 0.3. Typically o has a value of 0.25 to 0.80,
alternatively 0.40 to 0.75. Typically p has a value of 0.025 to 0.20, alternatively 0.03 to 0.15. Typically
q has a value of 0 to 0.2, alternatively 0 to 0.15. alternatively >0 to 0.15. Other silicone units such as
SiO412 may also be present in the resin. 10[00071 R' is independently a hydrogen atom or
hydrocarbon group having 1 to 4 carbon atoms. R' may be exemplified by H, methyl, ethyl, propyl,
iso-propyl, n-butyl, and tert-butyl. [0008] In the resin R is an aryl sulfonate ester group represented by
the formula    R20-S02-Ph-(CH2)r- where R2 is, an aliphatic or an aromatic hydrocarbon group having
1 to 10 carbon atoms and r is as defined above. R2 may be exemplified by, but not limited to, 15
(CH3)2CH2-, CH3- CH3CH2- CH3CH2CH2-, (CH3)C-, (CH3)2CH2CH2- and others. Because of
contaminants in the materials used to produce the silane having a sulfonate ester group and the side
reaction during resin preparation, R may also be equivalent aryl sulfonic acid group (i.e.
HO-S02-Ph-(CH2)r-). Aryl sulfonate ester groups may be exemplified by, but not limited to,
(CH3)2CHO-S02-Ph-(CH2)r-, CH3CH2O-S02-Ph-(CH2)r-, 20 CH3O-S02-Ph-(CH2)r-,
(CH3)3C0-S02-Ph-(CH2)1.-, CH3CH2CH2CH2O-S02-Ph-(CH2)rand others. [0009] R1 is selected
from substituted phenyl groups, ester groups, polyether groups;    mercapto groups, and reactive or
curable organic functional groups. Substituted phenyl groups contain at least one HO-, Me0-, Me-, Et-,
Cl-, and/or other substituents. Ester groups 25may be any organic substituent containing at least one
ester functionality. Examples of ester groups useful herein are -(CH2)2-02C(0)Me and
-(CH2)2-C(0)-0Me. Polyether groups are an organic substituent having hydrocarbon units linked
through oxygen atom, represented, but not limited, by the following structure:
-(CH2)a[0(CH2CH2)b]cOR', or : 4 SUBSTITUTE SHEET (RULE 26)  WO
2009/111122PCT/US2009/032907 



-(CH2)a[0(CH2CH(CH3))b]cOR', wherein a = 2 to 12; b = 1 to 6; c = 2 to 200; R' = H,  C(0)CH3, alkyl,
or other organic groups. Examples of polyether groups useful herein are    (CH2)3-(OCH2CH2)e-OMe,
-(CH2)3-(OCH2CH2)c-OH and -(CH2)3-(OCH2CH2)7-0Ac and -(012)340CH2CH2)c-OC(0)Me, and
-(CH2)3[0(CH2CH(CH3))10H, 5 -(CH2)3[0(CH2CH(CH3))1c0CH3. Mercapto groups have the general
formula HS(CH2)r_ where r is as described above. Examples of mercapto groups are mercaptopropyl,
mercaptoethyl, and mercaptomethyl. Reactive or curable organic functional groups may be exemplified
by, but not limited to alkenyl groups such as vinyl and allyl; epoxy groups such as glycidoxypropyl
group and epoxycyclohex group, acrylate groups such as 10rnethacryoxypropyl groups,
acryloxypropyl, and others. [0010] The typical method for producing the silsesquioxane resin involves
the hydrolysis and condensation of the appropriate silanes. By this method it is possible that residual
-OH and/or -OR' will remain in the silsesquioxane resin as a result of incomplete hydrolysis or
condensation. If the total amount of units in the silsesquioxane resin containing -OR' 15groups, exceed
40 mole% then gellation and instability of the resin may occur. Typically the silsesquioxane resin
contains 6 to 38 mole% of units containing -OR' groups, alternatively less than 5 mole%, alternatively
less than 1 mole%.  0011] The silsesquioxane resin has a weight average molecular weight (Mw) in
the range of 500 to 200,000 alternatively in the range of 500 to 100,000, alternatively in the range of
700 20 to 30,0000 as determined by gel permeation chromatography employing RI detection and
polystyrene standards. [0012] The method for preparing a siloxane resin comprises reacting water,
HSiX3, MeSiX3, RSiX3, and optionally Ph(CH2)rSiX3 and/or R1SiX3 in an organic solvent, where X is
a hydrolyzable group independently selected from Cl, Br, CH3CO2-, an alkoxy group -OR'. or 25other
hydrolyzable groups. The silanes useful herein can be exemplified by, but not limited to, HSi(OEt)3,
HSiCI3, PhCH2CH2SiC13 , and PhSiC13, MeSi(OMe)3, MeSiC13, R20-S02-Ph-(CH2)r-SiC13,
R20-S02-Ph-(CH2)r-Si(OMe)3, R1SiC13 and R1SROMe3)3 5  WO 2009/111122PCT/US2009/032907
where R is as defined above, Me represents a methyl group. Et represents an ethyl group and Ph
represents a phenyl group. [0013] The silane containing an aryl sulfonate ester group can also be
produced in situ during the reaction to produce the resin by using a silane having the general formula
5X-S02-Ph-(CH2)r-SiX3 and an alcohol of the general formula ROH where X, r and R are as described
above. For example, Cl-S02-Ph-(CH2)r-SiX3 and an alcohol such as isopropanol, methanol, ethanol or
t-butylanol may be added to the reaction mixture resulting in the formation of R-S02-Ph-(CH2)r-SiX3
which then hydrolyzes and condenses with the other silanes to produce the silsesquioxane resin.
10[0014] The silsesquioxane resin is typically produced in the presence of a solvent. Any suitable
organic or silicone solvent that does not contain a functional group which may participate in the
hydrolysis and/ or condensation reaction may be used in producing the silsesquioxane resin. The
solvent is generally used in an amount of 40 to 98 weight percent based on the total weight of solvent
and silane reactants, alternatively 70 to 90 weight 15percent. The reaction may be carried out as a
dual phase or single-phase system. 



[0015] Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics such as
n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane and cyclohexane;
aromatics such as benzene, toluene, xylene, mesitylene; ethers such as tetrahydrofuran, dioxane,
ethylene glycol diethyl ether, ethylene glycol dimethyl ether; 20ketones such as methylisobutyl ketone
(MIBIC) and cyclohexanone; halogen substituted alkanes such as uichloroethane; halogenated
aromatics such as bromobenzene and chlorobenzene; esters such as propylene glycol monomethyl
ether acetate (PGMEA), isobutyl isobutyrate and propyl propionate. Useful silicone solvents may be
exemplified by, but not limited to cyclic siloxanes such as octamethylcyclotetrasiloxane, and
25decamethylcyclopentasiloxane. A single solvent may be used or a mixture of solvents may be used.
[0016] The reaction to produce the silsesquioxane resin can be carried out at any temperature so long
as it does not cause significant gellation or cause curing of the silsesquioxane resin. Typically the
reaction is carried out at a temperature in the range of 5 C to 150 C, with 15C 30to 40C suggested. 6
W02009/111122PCT/US2009/032907 [0017] The time to form the silsesquioxane resin is dependent
upon a number of factors such as the temperature, the type and amount of silane reactants, and the
amount of catalyst, if present. Typically the reaction time is from several minutes to several hours. One
skilled in the art will be able to readily determine the time necessary to complete the reaction.
Catalysts 5that may be used to facilitate the reaction include, but are not limited to, nitric acid, sulfuric
acid, sulfonic acid, hydrochloric acid, and others. [0018] Following completion of the reaction the
catalyst may be optionally removed. Methods for removing the catalyst are well know in the art and
would include neutralization, stripping or water washing or combinations thereof. The catalyst may
negatively impact the 10shelf life of the silicone resin especially when in solution thus its removal is
suggested. [0019] In the process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure. Such
volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid (chlorosilane routes)
and solvents. Methods for removing volatiles are known in the art and 15include, for example,
distillation. [0020] Following the reaction to produce the silsesquioxane resin a number of optional
steps may be carried out to obtain the silsesquioxane resin in the desired form or desired
concentration. For example, the silsesquioxane resin may be concentrated by removing the solvent.
The method of solvent removal is not critical and numerous methods are well known 20in the art (e.g.
distillation under heat and/or vacuum). Once the concentration of the silsesquioxane resin reaches to a
certain concentration, the resin can be diluted with the same or another solvent for a particular use.
Alternatively, if a different solvent, other than the solvent used in the reaction, is desired for the final
product, a solvent exchange may be done by adding a secondary solvent and removing the first
solvent through distillation, for 25example. Additionally, the resin concentration in solvent can be
adjusted by removing some of the solvent or adding additional amounts of solvent. [0021] This
invention also pertains to an antireflective coating (ARC) composition comprising (i) silsesquioxane
resin comprised of the units 30(Ph(CH2)rSiOo_xy2(OR')x)m (HSi0(3_02(OR')x)n 7 



WO 2009/111122PCT/US2009/032907 (MeSi0(3-x)/2(OR')x)0 (RSi0(3_x)/2(OR')x)p
(RiSi0(3-xy2(OR')x)q where Ph is a phenyl group, Me is a methyl group; R' is hydrogen atom or a 5
hydrocarbon group having from 1 to 4 carbon atoms; R selected from an aryl sulfonate ester group or
mixtures of an aryl sulfonate ester group and the equivalent aryl sulfonic acid group with the proviso
that in the mixture the majority of R are aryl sulfonate ester groups; and R1 is selected from
substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive or curable
organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a 10value of 0. 1 or 2: wherein in
the resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has
a value of 0.05 to 0.5; q has a value of 0 to 0.5; and m+n+o+p+q--.1.;and (ii) a solvent. [0022] Useful
solvents (ii) include, but are not limited to, 1-methoxy-2-propanol, propylene 15 glycol monomethyl
ethyl acetate gamma-butyrolactone, and cyclohexanone, among others. The ARC composition
typically comprises from 10% to 99.9 wt% solvent based on the total weight of the ARC composition,
alternatively 80 to 95 wt %. [0023] The ARC composition may comprise a free radical initiator or other
additives. Suitable free radical initiators include peroxides and photoinitiators such as benzoyl
peroxide, 20dicumyl peroxide, azobisisobutyronitrile (AIBN) and others. Typically the free radical
initiator is present in an amount of up to 1000 ppm, alternatively 10 to 500 ppm, based on the total
weight of the ARC composition. The other additives may include, but not limited to, photo-acid and
thermal-acid generators, photo-base and thermal-base generators. [0024] The antireflective coating
compositions are formed by mixing together the 25silsesquioxane resin, solvent, and optionally the
free radical initiator or other additive. Typically the free radical initiator or other additive is added to the
coating composition just prior to its use to prevent premature curing. [0025] This invention also
pertains to a method of o ing an antireflective coating on an electronic device comprising 30(A)
applying to an electronic device an ARC composition comprising 8  WO
2009/111122PCT/US2009/032907 (i) silsesquioxane resin comprised of the units
(Ph(CH2)rSi0(3_x)12(OR')x)m (HSi0(3-02(OR')x)n (MeSi0(3_02(OW )00 



5(RSi0(3_02(OR')x)p (R1S10(3-02(OR')x)q where Ph is a phenyl group, Me is a methyl group; R' is
hydrogen atom or a hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl
sulfonate ester group and a mixture of an aryl sulfonate ester group and the equivalent aryl sulfonic
10acid group with the proviso that in the mixture the majority of R are aryl sulfonate ester 1  groups;
and R is selected from substituted phenyl groups, ester groups, polyether groups; mercapto groups,
and reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of
0, 1 or 2; wherein in the resin in has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of
0.05 to 0.95; p has a value of 0.05 to 0.5; q has a value 15ofOto 0.5;andm+n+otp+q--.1.;and (ii) a
solvent, and       (B) removing the solvent and curing the silsesquioxane resin to form an antireflective
coating on the electronic device.   [00261 The antireflective coating composition is applied to an
electronic device to produce a 20coated substrate. The solvent is removed and the silsesquioxane
resin is cured to produce the antireflective coating on the electronic device. [0027] Typically the
electronic device is a semiconductor device, such as silicon-based devices and gallium
arsenide-based devices intended for use in the manufacture of a semiconductor component. Typically,
the device comprises at least one semiconductive layer 25and a plurality of other layers comprising
various conductive, semiconductive, or insulating materials. [0028] Specific methods for application of
the ARC composition to the electronic device include, but are not limited to, spin-coating, dip-coating,
spray-coating, flow-coating, screen-printing and others. The preferred method for application is spin
coating. Typically, coating 9  WO 2009/111122PCT/US2009/032907 involves spinning the electronic
device, at about 2000 RPM, and adding the ARC composition to the surface of the spinning electronic
device. [0029] The solvent is removed and the silsesquioxane resin is cured to form the anti-reflective
coating on the electronic device. Curing generally comprises heating the coating to 5a sufficient
temperature for a sufficient duration to lead to curing. Curing occurs when sufficient crosslinking has
taken place such that the silsesquioxane resin is essentially insoluble in the solvent from which it was
applied. Curing may take place for example by heating the coated electronic device at 80 C to 450 C
for 0.1 to 60 minutes, alternatively 150 C to 275 C for of 0.5 to 5 minutes, alternatively 200C to 250C
for 0.5 to 2 minutes. 10Any method of heating may be used during the curing step. For example, the
coated electronic device may be placed in a quartz tube furnace, convection oven or allowed to stand
on hot plates. Alternatively, the anti-reflective coating can be cured under ultraviolet irradiation in the
presence of photoactive additives, such as photo-acid generator (PAG) or photobase generators. 



15[0030] To protect the silsesquioxane resin of the coated composition from reactions with oxygen or
carbon during curing, the curing step can be performed under an inert atmosphere. Inert atmospheres
useful herein include, but are not limited to nitrogen and argon. By "inert" it is meant that the
environment contain less than 50 ppm and preferably less than 10 ppm of oxygen. The pressure at
which the curing and removal steps are carried out is not critical. 20The curing step is typically carried
out at atmospheric pressure although sub or super atmospheric pressures may work also. [0031] Once
cured, the electronic device comprising the anti-reflective coating can be used in further substrate
processing steps, such as photolithography. When used in photolithography, a resist image is formed
over the anti-reflective coating. The process for forming the resist 25image comprises (a) forming a
film of a resist composition on top of the anti-reflective coating: (b) imagewise exposing the resist film
to radiation to produce an exposed film; and (c) developing the exposed film to produce an image. The
anti-reflective coatings on the electronic device are particularly useful with resist compositions that are
imagewise exposed to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively
ultraviolet 30radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced
in the resist film, then a pattern is etched in the anti-reflective coating. Known etching materials 10
WO 2009/111122PCT/US2009/032907 may be used to remove the anti-reflective coating. Additional
steps or removing the resist film and remaining anti-reflective coating may be employed to produce a
device having the desired architecture. [0032] The ARC coating compositions can be cured at lower
temperatures and they produce 5coatings that can be removed by stripping solutions. It has been
found that the antireflective coatings produced herein have better solvent (e.g. PGMEA) and TMAH
resistance. Additionally, these resins when used in ARC coatings provide outstanding optical,
mechanical and etch selectivity properties while being applicable using spin-on application techniques.
10 EXAMPLES        The following examples are included to demonstrate embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in 15the
practice of the invention, and thus can be considered to constitute preferred modes for its  practice.
However, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and still obtain a like or similar
result without departing from the spirit and scope of the invention. All percentages are in wt. %. In the
following examples . 20 TH = HS10(3_)/2(OR')x, TMe = MeSi0(3_02(OR')x, T = PhSi0(3_02(OR')x,
R.RI T RS-100.02(0R' )x and T = R Si0(3_02(OR')x Example 1:  



HMeRPh T0.20 T0.65 T0.05 T 0.10, 25 R = -(CH2)2Ph-S02-0CH(CH3)2 with or without R=
-(CH2)2Ph-S02-0H [0033] A mixture of 486.9 g of propylene glycol methyl ether acetate (PGMEA),
50.72 g of 2-(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.075 mol), 31.73 g of
phenyltrichlorosilane (0.150 mol), 145.74 g of methyltrichlorosilane (0.975 mol), and 3040.64 g of
trichlorosilane (0.300 mol) was transferred to a reactor under nitrogen. A solution 11  WO
20091111122PCT/US20091032907 of 1123.29 g of PGMEA, 59.4 g of isopropanol (1.0 mol), and 59.4
g of deionized water (3.30 mol) was added to the solution of the trichlorosilanes over a one-hour
period at 20 C while the mixture was being stirred. The reaction was allowed to body at 30 C for
another hour while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of 5
deionized water was added and the mixture was stirred for 10 s. The mixture was let standing for
about 5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10 s.
The mixture was let standing for about 15 mm to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH 10value of the aqueous phase
is above 3. The cloudy resin solution (1450 a) was then concentrated to approximately 20 wt. % by
rotary evaporator at 40 C after 145 g of ethanol was added to the cloudy solution. The above solution
was transferred to a 5 L round-bottomed flask. While being stirred. about 2200 g of hexanes was
added to the solution. The mixture was let standing for 5 mm. The bottom viscous liquid was drain to a
1 L pear-shaped 15 flask was diluted to 600 g by adding PGMEA. The solution was concentrated to 11
wt. %. The solution was diluted to 10 wt. % by adding PGMEA. Example 2:  HMe R T 0.30 T 0.60 T
0.10 20 R= -(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-0H [0034] A mixture of
738.6 g of propylene glycol methyl ether acetate (PGMEA), 101.4 g of 2-(4-chlorosulfonylphenyl)
ethyltrichlorosilane toluene solution (50%) (0.150 mol), 134.5 g of methyltrichlorosilane (0.900 mol),
60.95 g of trichlorosilane (0.450 mol) was transferred to 25a reactor under nitrogen. A solution of 891.4
g of PGMEA, 59.4 g of isopropanoh 1.0 mol), and 59.4 g of deionized water (3.30 mol) was added to
the solution of the trichlorosilanes over a one-hour period at 15 C while the mixture was being stirred.
The reaction was allowed to body at 15 C for another hour while stirred. The solution was diluted by
adding 400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for
3010 s. The mixture was let standing for about 5 min to phase separate. The bottom aqueous phase
was removed. To the remaining upper phase was added 200 g of PGMEA and 500 g of 12  WO
2009/111122PCT/US2009/032907 deionized water and the mixture was stirred for 10 s. The mixture
was let standing for about 15 min to phase separate. The bottom aqueous phase was removed. This
wash process was 



repeated two more times until the pH value of the aqueous phase is above 3. The cloudy resin solution
(1623 g) was then concentrated to 479 g of solution (about 20 wt. %) by rotary evaporator at 40 C after
164 g of ethanol was added to the cloudy solution. The above solution was transferred to a 5 L
round-bottomed flask. While being stirred, 2051 g of hexanes was added to the solution. The mixture
was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted
to 702 g by adding PGMEA. The solid resin weight based on the nonvolatile content was 51.7 %. The
solution was 10 concentrated to 12 wt. %. The solution was diluted to 517 g (10 wt%) by adding
PGMEA. The yield was 46%. Example 3: ,F1,, MeR 1 0.20 10.73 1 0.070 15 R=
-(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-0H [0035] A mixture of 719.6 g of
propylene glycol methyl ether acetate (PGMEA), 71.0 g of 2- (4-chlorosulfonylphenyl)
ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.7 g of methyltrichlorosilane (1.095 mol),
40.64 g of trichlorosilane (0.300 mol) was transferred to a 20reactor under nitrogen. A solution of 824.3
g of PGMEA, 59.3 g (1.0 mol) of isopropanol, and 59.6 g (3.3 mol) of deionized water was added to
the solution of the trichlorosilanes over a one-hour period at 15 C while the mixture was being stirred.
The reaction was allowed to body at 15 C for another hour while stirred. The solution was diluted by
adding 400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10
s. The 25mixture was allowed to stand for about 15 mm to phase separate. The bottom aqueous
phase was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized water was added and the mixture was stirred for 10s. The mixture was let standing for about
15 min to phase separate. The bottom aqueous phase was removed. This wash process was repeated
two more times until the pH value of the aqueous phase is above 3. The 30cloudy resin solution (1683
g) was then concentrated to approximately 20 wt% (473 g) by 13 SUBSTI1 U 1 E SHEET (RULE 26)
WO 2009/111122PCT/U S2009/032907 rotary evaporator at 40C after 169 g of ethanol was added to
the cloudy solution. The above solution was transferred to a 5 L round-bottomed flask. While being
stirred, about 2200 g of hexanes was added to the solution. The mixture was let standing for 5 min.
The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was
5 concentrated to 12 wt. %. The solution was diluted to 472 g (10 %) by adding PGMEA. The yield was
41.4%. Example 4:  HMe 0.30 T T  0.625 T 0.075 



10 R.= -(CH2)2Ph-S02-0CH2CH3 with or without R= -(CH2)2Ph-S02-0H [0036] A mixture of 717.4 g
of propylene glycol methyl ether acetate (PGMEA). 76.2 g of 2- (4-chlorosulfonylphenyl)
ethyltrichlorosilane toluene solution (50%) (0.113 mol), 140.3 g of methyltrichlorosilane (0.938 mol),
61.0 g of trichlorosilane (0.450 mol) was transferred to a 15reactor under nitrogen. A solution of 826.7
g of PGMEA, 46.3 g (1.0 mol) of ethanol, and 59.4 g (3.30 mol) of deionized water was added to the
solution of the trichlorosilanes over a one-hour period at 15 C while the mixture was being stirred. The
reaction was allowed to body at 15 C for another hour while stirred. The solution was diluted by adding
400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10 s. The
20 mixture was let standing for about 5 min to phase separate. The bottom aqueous phase was
removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of deionized water
and the mixture was stirred for 10 s. The mixture was let standing for about 15 mm to phase separate.
The bottom aqueous phase was removed. This wash process was repeated two more times until the
pH value of the aqueous phase is above 3. The cloudy resin solution 25(1623 g) was then
concentrated to approximately 20 wt% by rotary evaporator at 40C after 164 g of ethanol was added to
the cloudy solution. The above solution (479 g) was transferred to a 5 L round-bottomed flask. While
being stirred, 2051 g of hexanes was added to the solution. The mixture was let standing for 5 mm The
bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was
concentrated to 12 wt. %. 30 The solution was diluted to 517 g (10 %) by adding PGMEA. The yield
was 46 %. 14 SUT3SITI UTE SHEET (RULE 26)  WO 20091111122PCT1US2009/032907 Example 5:
"H ,, MeR 1 0.20 10.73 1 0.070 R-= -(CH2)2Ph-S02-0CH3 with or without 12.= -(CH2)2Ph-S02-0H
[0037] A mixture of 851.8 g of propylene glycol methyl ether acetate (PGMEA), 71.0 g of 2- S
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.8 g of
methyltrichlorosilane (1.095 mol), 40.7 g of trichlorosilane (0.300 mol) was transferred to a reactor
under nitrogen. A solution of 851.8 g of PGMEA, 32.0 g (1.0 mot) of methanol, and 59.5 g (3.3 mol) of
deionized water was added to the solution of the trichlorosilanes over a one-hour period at 15 C while
the mixture was being stirred. The reaction was allowed to 10body at 15 C for another hour while
stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of deionized water was
added and the mixture was stirred for 10 s. The mixture was allowed to stand for about 15 mm to
phase separate. The bottom aqueous phase was removed. To the remaining upper phase was added
100 g of PGMEA and 500 g of deionized water was added and the mixture was stirred for 10s. The
mixture was let standing 15 for about 15 min to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy resin solution (1822 g) was then concentrated to approximately 20 wt% (492 g)
by rotary evaporator at 40 C after 183 g of ethanol was added to the cloudy solution. The above
solution was transferred to a 5 L round-bottomed flask. While being stirred, about 1920 g of 20hexanes
was added to the solution. The mixture was let standing for 5 min. The bottom viscous liquid was drain
to a 1 L pear-shaped flask was diluted to 600 g. The solution was concentrated to 12 wt. %. The
solution was diluted to 375 g (10 %) by adding PGMEA. The yield was 32.8 %. 25 30 15 



SUBSTITUTE SHEET (RULE 26)  WO 2009/111122PCT/US2009/032907 Example 6:  ",, HMeR
0.200.73 I 0.070 R-= -(CH2)2Ph-S02-0C(CH3)3 with or without R= -(CH2)2Ph-S02-0H 5[0038] A
mixture of 719.5 g of propylene glycol methyl ether acetate (PGMEA), 71.0 g of 2-
(4-chlorosulfonylphenyI) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.7 g of
methyltrichlorosilane (1.095 mol), 40.6 g of trichlorosilane (0.300 mol) was transferred to a reactor
under nitrogen. A solution of 809.8 g of PGMEA, 74.1 g (1.0 moll of tert-butyl alcohol, and 59.5 g (3.3
moll of deionized water was added to the solution of the 10trichlorosilanes over a one-hour period at
15 C while the mixture was being stirred. The reaction was allowed to body at 15 C for another hour
while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of deionized water was
added and the mixture was stirred for 10 s. The mixture was allowed to stand for about 15 min to
phase separate. The bottom aqueous phase was removed. To the remaining upper phase was added
100 g of 15 PGIVIEA and 500 g of deionized water was added and the mixture was stirred for 10s. The
mixture was let standing for about 15 min to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy resin solution (1961 g) was then concentrated to approximately 20 wt% (535 g)
by rotary evaporator at 40 C after 196 g of ethanol was added to the cloudy 20solution. The above
solution was transferred to a 5 L round-bottomed flask. While being stirred, about 2200 g of hexanes
was added to the solution. The mixture was let standing for 5 trim. The bottom viscous liquid was drain
to a 1 L pear-shaped flask was diluted to 600 g. The solution was concentrated to 12 wt. %. The
solution was diluted to 550 g (10 %) by adding PGMEA. The yield was 48.2 %. 25 30 16  WO
2009/111122PCT/US2009/032907 Example 7:  H ,,, MeRR1 " 0.300.5250.0750.10 



R= -(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-0H , 1 . R is
-(CH2)310(CH2CH(CH3))120CH3 S [0039] A mixture of 795.7 g of propylene glycol methyl ether
acetate (PGMEA), 76.1 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%)
(0.113 mol), 48.6 g of polypropyleneoxidetrichlorosilane (C13Si-(CH2)3[0(CH2CH(CH3))120CH3),
117.7 g of methyltrichlorosilane (0.788 mol), 60.95 g of trichlorosilane (0.450 mol) was transferred to a
10reactor under nitrogen. A solution of 1144.1 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and 59.5
g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a one-hour
period at 15 C while the mixture was being stirred. The reaction was allowed to body at 30 C for
another hour while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of
deionized water was added and the mixture was stirred for 1510 s. The mixture was let standing for
about 5 mm to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10 s.
The mixture was let standing for about 15 min to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy 20resin solution (1690 g) was then concentrated to 450 g by rotary evaporator at
40C after 169 g of ethanol was added to the cloudy solution. The above solution was transferred to a 5
L round-bottomed flask. While being stirred, about 2000 g of hexanes was added to the solution. The
mixture was let standing for 5 mm. The bottom viscous liquid was drain to a 1 L pear-shaped flask was
diluted to 600 g. The solution was concentrated to 410 g (17.5 wt%) 25and then diluted to 467 g (15
%) by adding PGMEA. The yield was 50 %. 30 17  WO 2009/111122PCT/US2009/032907 5 Example
8:  HMeR T0.20 T 0.60 T 0.03 TR1 0.17 R= -(CH2)2Ph-S02-0CH(CH3)2 R1 is -CH2CH2CH2CH2SH h
or without R= -(012)2Ph-S02-0H ,  [00401 A mixture of 721.4 g of propylene glycol methyl ether
acetate (PGMEA), 30.4 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%)
(0.045 mol), 50.1 g of 3-mercaptopropyltrimethoxysilane ((CH30)3Si- CH2CH2CH2CH2SH (0.255
mol), 134.5 g of methyltrichlorosilane (0.900 mot), 40.7 g of trichlorosilane (0.300 mol) was transferred
to 



10a reactor under nitrogen. A solution of 907.1 g of PGMEA, 59.5 g (1.0 mol) of isopropanol, and 59.1
g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a one-hour
period at 15 C while the mixture was being stirred. The reaction was allowed to body at 15C for
another hour while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of
deionized water was added and the mixture was stirred for 1510 s. The mixture was let standing for
about 5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10s.
The mixture was let standing for about 15 min to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy 20resin solution (1500 g) was then concentrated to 436 g by rotary evaporator at
40C after 150 g of ethanol was added to the cloudy solution. The above solution was transferred to a 5
L round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The mixture
was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted
to 600 g. The solution was concentrated to 407 g (10 wt%). The yield was 25 34%. 30 18  WO
2009/111122PCT/US2009/032907 Example 9:  rnMeR1 1 0.20 10.60 1 0.03 1 ,0.17 R=
-(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-0H , . R1 -CHH2 5 [0041] A mixture of
694.7 g of propylene glycol methyl ether acetate (PGMEA), 30.4 g of 2- (4-chlorosullonylphenyl)
ethyltrichlorosilane toluene solution (50%) (0.045 mol), 41.3 g of vinyltrichlorosilane (CHSi-CHH2)
(0.255 mol), 134.5 g of methyltrichlorosilane (0.900 mol), 40.7 g of trichlorosilane (0.300 mol) was
transferred to a reactor under nitrogen. A 10solution of 738.6 g of PGMEA, 59.3 g (1.0 mol) of
isopropanol, and 60.0 g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes
over a one-hour period at 15 C while the mixture was being stirred. The reaction was allowed to body
at 15 C for another hour while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500
g of deionized water was added and the mixture was stirred for 10 s. The mixture was let standing 15
for about 5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10 s.
The mixture was let standing for about 15 mm to phase separate. The bottom aqueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy resin solution (1551 g) was then 20concentrated to 460 g by rotary evaporator at
40 C after 156 g of ethanol was added to the cloudy solution. The above solution was transferred to a
5 L round-bottomed flask. While being stiffed, 2300 g of hexanes was added to the solution. The
mixture was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was
diluted to 600 g. The solution was concentrated to 278 g (10 wt%). The yield was 26 %. 



25 30 19  WO 2009/111122PCT/US2009/032907 Example 10:  "H Me R ", PhR1 1 0.201" a65i"
aos0.05 R= -(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-0H 1 . ," R s
-tCn2)31.0(CH2CH(CH3))]2OCH3 5 [0042] A mixture of 756 g of propylene glycol methyl ether acetate
(PGMEA), 50.8 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.075 mol),
24.3 g of polypropyleneoxidetrichlorosilane (C13Si-(CH2)3[0(CH2CH(CH3))120CH3) (0.075 mol),
145.7 g of methyltrichlorosilane (0.975 mol), 40.6 g of trichlorosilane (0.300 mol) was 10transferred to
a reactor under nitrogen. A solution of 986 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and 59.4 g
(3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a one-hour period
at 15 C while the mixture was being stirred. The reaction was allowed to body at 15 C for another hour
while stirred. The solution was diluted by adding 400 g of PGMEA Then 500 g of deionized water was
added and the mixture was 15stirred for 10 s. The mixture was let standing for about 5 min to phase
separate. The bottom aqueous phase was removed. To the remaining upper phase was added 100 g
of PGMEA and 500 g of deionized water and the mixture was stirred for 10 s. The mixture was let
standing for about 15 min to phase separate. The bottom aqueous phase was removed. This wash
process was repeated two more times until the pH value of the aqueous phase is above 3. The
20cloudy resin solution (1705 g) was then concentrated to 460 g by rotary evaporator at 40 C after 170
g of ethanol was added to the cloudy solution. The above solution was transferred to a 5 L
round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The mixture
was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted
to 600 g. The solution was concentrated to 502 g (10 wt%). 25 The yield was 40 %. 30 20  WO
2009/111122PCT/US2009/032907 Example 11:  



HMeRR1 T0.20T0.59TaoaT O. 1 0Q0.05 R.= -(CH2)2Ph-S02-0CH(CH3)2 with or without R.=
-(CH2)2Ph-S02-0H 5 R1 is -(CH2)3[0(CH2CH(CH3))]20CH3 [0043] A mixture of 802.5 g of propylene
glycol methyl ether acetate (PGMEA), 60.8 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene
solution (50%) (0.090 mol), 48.5 g of polypropyleneoxidetrichlorosilane
(C13Si-(CH2)3[0(CH2CH(CH3))170CH3) (0.150 mol), 1015.6 g of tetraethyl orthosilicate (0.075
mol),132.3 g of methyltrichlorosilane (0.885 mol), 40.6 g of trichlorosilane (0.300 mot) was transferred
to a reactor under nitrogen. A solution of 1097.4 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and
59.4 g (3.30 mol) of deionized water was added to the solution of the ttichlorosilanes over a one-hour
period at 15 C while the mixture was being stirred. The reaction was allowed to body at 30C for
another hour 15while stiffed. The solution was diluted by adding 400 g of PGMEA Then 500 g of
deionized water was added and the mixture was stirred for 10 s. The mixture was let standing for
about 5 mm to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10s.
The mixture was let standing for about 15 mm to phase separate. The bottom aqueous 20 phase was
removed. This wash process was repeated two more times until the pH value of the aqueous phase is
above 3. The cloudy resin solution (1798 g) was then concentrated to 460 g by rotary evaporator at 40
C after 181 g of ethanol was added to the cloudy solution. The above solution was transferred to a 5 L
round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The mixture
was let standing for 5 mm. The bottom 25viscous liquid was drain to a 1 L pear-shaped flask was
diluted to 600 g. The solution was concentrated to 572 g (10 wt%). The yield was 42 %. 30 21  WO
2009/111122PCT/US2009/032907 Example 12: Film Coating and Characterization 5[0044] Film
coating on wafers was processed on a Karl Suss CT62 spin coater. The resin PGMEA solution was
first filtered through a 0.2 micron Telfon filter and then spin coated onto standard single side four inch
polished low resistively wafers or double sided polished FTIR wafers (spin speed 2000-4000 rpm).
Films were cured at a temperature of 200 to 250 C for 60 sec. on a hotplate. The film thickness,
refractive index, and k value were measured 10using a J. A. Woollam ellipsometer. The thickness
values recorded were the average of nine measurements. PGMEA resistance after cure was
determined by measuring the film thickness change before and after PGMEA rinse. The wet removal
rate was assessed with two commercial wet stripping solutions NE89 and CC1. Contact angle
measurements were conducted using water and methylene iodide as liquid and the critical surface
tension of 15wetting was calculated based on the Zisman approach. Results are summarized in Table
1. 22  WO 2009/111122PCT/US2009/032907 Table 1.Film Coating and Characterization Results (All
the Stills represent -(CH2)2Ph-S02-0CH(C113)2 and 17. -(C-12)2Pi-S02-011, 



HMeSul"MeIHMeSul. . except that T 030T 0.6250.075'0200.7)0.07' ,ST T 0.731 0.07" .111 wtciSidfs
represent Rr -(G12)211-S02-0C1- 2C113 and Rz -(CH2)2P -S02-0H, -(012)2Pli-S02-0CH3 and R=
-(C112)2Ph-S02-OH, and -(0-12)2Ph-S02 OC(CH3)3 and R-t -(CF,)2Ph-S02-0H, respectively) Resin
Nominal Composition mw vs, PS viwimn vs. PS Thin Flit Cure Temp, (C) Thickness Change in
PGMEA (A) Thickness Change in T vIAH (A)  k Water Contact Angle () Surface Tension (1\ Im) I1
T0.20 TMe0.631Sul0.07 



14500 4,23 250 76 7 1.585 0,139 91,8 25A 1-1MeSul T 0.30105310.07 1600) 4.39 250 96 8 1,586
0.139 91.7 25.7 TH030 1Me0.60 TSulo 0 10000 3.26 240 146 42 1,601 0.202 



89.7 27.2 HMeSul T 0.301a62510.075 1580 3.56 240 233 39 1,590 0.159 91.7 26.9 ,HT.Me,Sul 10,20
10,65T0.05 27900 4.97 240 186  1.570 0.108 90,8 26,2 TilT\ IleTSul'a i0.30 i0.625 A0.075' 14100 ` 



4.18 ' 240 110 27 1,589 0.150 91,5 --- T 0200.73 1HeTS1110.07*h 1  11900 4.23 250 12 7 1.578
0.139 92.0 25,7 ul Tfl 0.20 1MeS0.07 I ,0.73 i,* 15900 4.71 250 9 8 1.578 



0.136 92.0 25.6  23 SUF3STILUTE SHEET (RULE 26)  WO 2009/111122PCT/US2009/032907 Table!:
Continued, pi, Resin N ominComposition yjw vs, PS milmn vs. PS T un EL Cure Temp, (C) Thic mess
Change in PGMEA (A) Thiclmess Change in TMAH (A) n ....., Water Contact Angle 



() Surface Tension (%) T 0.20 1Me079Sul 0.050.95 16400 3.75 240 165 18 1.656 0.190 89.2 i 1 CA '
+43. Pb HMe "Sul,,, 0.04 T 0.30 10.61 10.05 1  24290 3.6 24 238 4 1.638 0.177 89.3 27.5 



HMeTs 0.05 T 0.20 Tup  ",PPO i0,05 580 354 240 5 --,1- ..-....-1 1.583 9.1(5 85.0 27.7 ,0 1 02006H, ul
0.025 ,PPO 10.175 580 2.58 24  2 1,578 059 67.5 37.7 



Sul ,,,0.20 1 Hpl'ile 0.601,0.05 1  ,PPO 19+15 11000 2.50 240 22 103 .596 0.100 86.0 29.2 I' 020
TMe9.69 TSul0.0755 ,PPO 10.125 10800 2.95 240 59 44 1,611 0.141 78.0 32,0  24 



WO 2009/111122PCT/US2009/032907 Table 1: Continued, p. 3. Resin Nominal Composition M'', vs.
PS moi n VS. PS Thin Film Cure Temp. 1C) Thic mess Ciange in PGMEA (A) Thic ness Change in
TMAH (A) = k Wate r Cont act Angl e (0) Suiface Tension ("Im) T 030T e0.60 T ul0 0 



Ton 9100 319 240 51 20 1.617 0171 81.0 31.9 T 020 limen.50 181110.15 TPPO 10,15 7) 0 2.25 240
105 59 1.64) [232 75.8 33,7 HMeSul 1 0.20 110.60 10.03 Vinyl 1' 0.17 30700 6.90 



24) 92 11 1.604 0.086 90,0 26.6 HMcSul Tr 0.2010.6010.06 TVinV1 I'i 0.14 15700 3.91 240 99 10
1.619 [139 90,0 27.0 11MeSul81-10,17 1 020 T0.60 T0,03 T 9840 2.91 240 133 18 1.619 



.189 1, 3 18  25  WO 2009/lilt. 22PCT/US2009/032907 Table 1: Continued, p.4. Resin Nominal
Composition vs, PS M n vs. PS Thin Film Cure Temp. (3C) Thickness Change in PGMEA (A)
Thickness C iange in TMAH (A) a c Water Contact Angle 



(I') Surface Tension (.1\11m) TH0.20 T NI 0,60 TSul0.06 T11 S0,149580 102 240 49 11 1.624 0.138
49 I1 Me ,Il"Suli min i 0.20 i065T0.051"" ,PhTPPO 10.0510.05 0 .fl 24( 321 21 1,656 (.182 86,0 27,9
MeSul 



T 010 T0.59 T117 0 0,06 0.10 Q0.05 162 24  30 595 1 79.0 31.8  26  CLAIMS: 1. A silsesquioxane
resin comprised of the units (Ph(CH2)rSi0(3-x)/2(0W)x)m (HSi0(3-x)/2(OR')On (MeSi0(3-x)/2(OR')Oo
(RSi0(3-x)/2(01V)Op (R1Si0(3-xy2(OR')Oct where Ph is a phenyl group, Me is a methyl group; R' is
hydrogen atom or a hydrocarbon group having from 1 to 4 carbon atoms; R is an aryl sulfonate ester
group or a mixture of an aryl sulfonate ester group and an equivalent aryl sulfonic acid group with the
proviso that in the mixture the majority of R are aryl sulfonate ester groups; and R1 is selected from
substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive or curable
organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the
resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
value of 0.025 to 0.5; q has a value of 0 to 0.5; and m+n+o+p + q 1.  2. The resin as claimed in claim 1
wherein in has a value of 0 to 0.25, n has a value of 0.15 to 0.40, o has a value of 0.25 to 0.80, p has a
value of 0.025 to 0.2 and q has a value of 0 to 0.2. 3. The resin as claimed in claim 1 wherein m has a
value of >0 to 0.10, n has a value of 0.15 to 0.3, o has a value of 0.40 to 0.75, p has a value of 0.03 to
0.15 and q has a value of >0 to 0.15. 4. The resin as claimed in claim 1 wherein the sulfonate ester
group has the formula R20-502-Ph-(CH2)r- where R2 is an aliphatic group or an aromatic group and r
has a value of 0, 1, 2, 3, or 4.  



5. The resin as claimed in claim 4 wherein the sulfonate ester group has the formula
-(CH2)2Ph-S02-0CH(CH3)2 or -(CH2)2Ph-S02-0CH2CH3. 6. The resin as claimed in claim 1 wherein
R is a polyether group. 7. The resin as claimed in claim 1 wherein R is a mercapto group. 8. An
antireflective coating composition comprising       (i) the silsesquioxane resin as claimed in claim 1, and
(ii) a solvent, and optionally       (iii) a free radical initiator, photo-acid generator, thermal-acid
generator, photo-base generator, thermal-base generator and mixtures thereof. 9. The antireflective
coating composition as claimed in claim 8 wherein the solvent is selected from 1-methoxy-2-propanol,
propylene glycol monomethyl ethyl acetate, gammabutyrolactone, and cyclohexanone and mixtures
thereof. 10. A method for forming an antireflective coating on an electronic device comprising       (A)
applying to an electronic device an antireflective coating composition as claimed in any one of claims
8-9; and (B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating
on the electronic device.  11. The method as claimed in claim 10 wherein the antireflective coating
composition is applied by spin-coating, dip-coating, spray-coating, flow-coating, or screen printing.  12.
The method as claimed in claim 10 wherein removing the solvent and curing comprises heating the
coated substrate to 80C to 450C for 0.1 to 60 minutes.  13. The method as claimed in claim 10
wherein the curing takes place in an inert atmosphere. 14. The method as claimed in any one of
claims 10-13 and further comprising (C) forming a film of resist composition on top of the antireflective
coating; (D) imagewise exposing the resist film to radiation to produce an exposed film; (E) developing
the exposed film to produce an image; and (F) etching the image into the antireflective coating. 


