SILSESQUIOX ANE RESINS

CROSS-REFERENCE TO RELATED APPLICATIONS
(66617 None

BACKGROUND OF THE INVENTION
(66621 With the continuing demand for smaller feature sizes in the semiconductor industry,
193 mm optical lithography has emerged very recently as the technology to produce devices
with sub-100 nm features. The use of such shorter wavelength of light requires the bottom
antirefiective coating (BARC) to reduce the reflection on the substrate and dampen the
photoresist swing cure by absorbing light that has been passed through the photoresist.
Commercially available antireflective coatings (ARC) consist of both organic and inorganic
materials. Typically, the inorganic ARC, which exhibit good etch resistant, is CVD based
and is subject to the entire integration disadvantage of extreme. topography. The organic
ARC muaterials are applied by spin-on process and have excellent fill and planarization
properties, but suffer from poor eich selectivity to organic photoresist. As a result, a materiul
that offers the combined advantages of inorganic and organic ARC materials is highly
desired.
BRIEF SUMMARY
[6003] This disclosure pertains to silsesquioxane resins useful in antireflective coatings.
In a first aspect, there is provided silsesquioxane resins having the formula
(PRSI0l OR 3)ml H810; 0 OR ):0u(MeSi015.42(0R )RS0 5.2 OR h);y(RZSins.—x)Iz{OR’ h)s
where Ph is a phenyl group, Me is a methyl group; R is selected from 2 sulfur-
containing organic functional group; R’ is hydrogen atom or & hydrocarbon group having.
from 1 10 4 carbon atoms; RZ is selected from ester groups, polyether groups; and
polyethyiene oxide groups; x has a value of O, | or 2; m has a value of 0.01 10 0.97; n has a
value of 0.01 to 0.97; o has a value of 0.01 10 0.97: p has 2 valuec of 0.01 to 0.97; g has.a
value of 0 to 0.96; and m+n+ 0+ p+ g = 1. When these resins are used in antireflective
coatings, the coatings can be stripped at the removal stage. In addition, the presence of a
hydrogen atom group in the silsesquioxane resin is essential for the desired cure properties

and strip-ability as-a 193nm ARC material.



[0064] In a second aspect, there is provided an antireflective coating (ARC) composition
comprising

(1) silsesquioxane resin having the formula
(PhSi0 .02 ORI HSI0 e OR L ,(MeSi00.02(OR ), (RS5O, _«,'.z,,g(OR')x)p(stiO(;;.x,m( OR W),

where Ph is a phenyl group; Me is a methyl grou;ﬁ; R is selected from a sulfur-
containing organic functional group; R’ is hydrogen atom or a hydrecarbon group baving [ to
4 carbon atoms; Rz is selected from ester groups, polyether groups, and polyethyiene oxide
groups; x has 4 value of 0, | or 2; m has a value of 0.01 10 0.97; n has a value of G.01 10 0.97,
0 has a value of .01 10 0.97: p has a vaiue of 0.01 to 0.97; g has a value of 0 10 0.96; and m +
n+o+p+g=1 and

' {ii) a solvent.

[0005] In a third aspect, there is provided a method of forming an amireﬁ.ecﬁ.ve coating on an
electronic device comprising *

{A) applying to an electronic device an ARC composition comprising

(i) silsesquioxane resin having the formula |

( ?hSiOtﬁ—x)fz(bR’ )Qm( HS103.0n{ OR ™14 MeSi00.02{ ORIALRSI0;.00( OR ) 0y RZSiO(;_x,,:( OR™)q

where Ph is a phenyl group; Me is a methy] group; R is selected from a sulfur-
contatning organic functional group; R 1s hydrogen atom or 2 hydrocarbon group having 110
4 carbon atoms; R2 is selected from ester groups, polyether groups, and polysthylene oxide
groups; X has a value of 0, 1 or 2; m has a value 01 0.01 10 0.97; n has a value of 0.01 100.97;
o has a value of 0.01 10 0.97, p has 2 value of 0.01 10 0.97: ¢ has a value of G t0 0.96; and m +
n+o+p+g=1;and

{i1) a solvent, and
(B) removing the solvent and curing the si Isesquioxane resin (o form an antireflective

coating on the electronic device.

DETAILED DESCRPTION OF THE INVENTION
[0866] The silsesquioxane resins useful in forming the antireflective éc;a{ing have the
formula |
(PhSi0 .02 {OR 1al HS10 A OR ) n(MeSi0n 5l OR 1RSI0l OR ), R?'SiO(r.‘wz{OR‘)N}q
2
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where Ph is a phenyt group: Me is a methyl group; R is selected from a sulfur-
containing organic functional group; R™ is hydrogen atom or a hydrocarbon group having | 1o
4 carbon atoms; Rz is selected from ester groups, polyether groups, and polyethylene oxide
groups; x has a value of G, [ or 2Z; m has a value of 0.01 10 0,97, n has a value of 0.061 to 0.97,
o has a value of 0.01 t0 0.97; p bus a value of 0.01 100,97, ¢ has a value of G to .96 and m +
n+o+p+q=1Typically m hasa value of 0.02 10 0.7, alternatively 0.05 10 0.15.
‘Typically n has a value of .05 10 (.90, alternatively .10 to 0.30. Typically o has a value of
.05 w 0.90, altematively 0.25 to 0.75. Typically p has a value of 0.02 16 .20, aliematively
0.05 10 6. 5. Typically g has a value of 0 to 0.25, alternatively 0 15 0,15,
FGG07] In the resin R is a sulfur-containing functional group. R may be exemplified by,
mercaptoalkyl groups having the general formula H8{CHy),- where z has a value of | to 18,
sutlide or polysulfido compounds having the general formulas R'BS(CI"IQ);_Vs RSSS(CHQ)Z—,
and RBSSS{CH?_}Z- where R3 is a F atom, an C1-C4 atkyl group such as methyl, ethyl or
propyl or a aryl group such as phenyl. R may be further exemplified by mercaptopropyl,
mercaptoethyl, and mercaptomethyl,
fOB08] R’ is independently a hydregen alom or hydrocarbon group having | to 4 carbon

atoms. R’ may be exemplified by H, methyl, ethyl, propyl, iso-propy! and butyl.

(9009 RZ 18 selected from ester groups, polyether groups., and polyethvlens oxide groups.
Ester groups may be any organic substituent containing at least one ester functionality.
Polyether groups are an organic substituent having hydrocarbon units linked through oxygen
atom, represented, but not limited, by the following structure: ~(CHa Y, [O(CH 31 .OR”,
whereln a=210 12 b=2te 6; ¢ = 2to 200; R" = H, alkyl, or other organic groups.
Polyethylene oxide groups ave groups having at least one repeating unit of ~(CHoCH-O)-
where t is a number selected from (10 50. Examples of ester groups useful herein are
-(CH2)2-0-C(OMe and -(CHa)r-C(O3-OMe. Examples of polyether groups useful herein
are -(CHa - OCHCHAp-OMe, «(CH )3 -{OCH>CH, 17-OH and

A(CH ) 3-(OCH2CH»317-0OAc. Examples of polyethylene oxides useful herein are



rr

14

3G

WO 2069/0886006 PCT/USI008/085643

~{CH)3-(OCHLCHy }-OMe, ~{CH7333-(OCH2CHL),-OC(O)Me, and
~(CH3}3-(OCHCHy)-OH.

{B018] 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’
groups, exceed 40 mole% then gellation and instability of the resin may occur. Typically the
stisesquioxane resin contains less 5 mole% or units containing ~OR’ groups, alternatively
less than | mole.

[8811] The silsesquioxane resin has a weight average molacular weight (Mw) in the range of
500 to 50,000 alteratively in the range of 2500 to 25,000, alternatively in the range of 4,600
to 20,0000 as determined by gel permeation chromatography employing R detection and
polystyrene standards,

[0012] The silsesquioxane resing may be produced by methods known in the art. For
example, they may be produced by the hydrolysis und condensation of a trichlorosilanes
using the methods as set forth in U.S. Patent No. 6,28 1285 to Recker et al. and LS. Patent
MNo. 5,010,159 to Bank et al. Alternatively, the silsesqunoxane resins may be produced by the
hydrolysis and condensations of alkoxysilanes.

{3013] The silsesquioxane resin is typically produced in the presence of a solvent. Any
suitable organic o 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
silsesquionane resin. The solvent is generally used in an amount of 40 to 68 weight percent
based on the total weight of soivent and silune reactants, alternatively 70 to 90 weight
percent. The reaction may be carried out as a dual phase or single-phase system.

[6614] Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics
such as n-pentane, hexane, n-heptane, and isooctune: cycloaliphatics such as cyclopentane
andd cyclohexane; aromatics such as benzens, toluene, xylene, mesitylene; ethers such as
tetrubydrofuran, dioxane, cthylene glycol dietheyl ether, cthylene glycol dimethyl cther;
ketones such us methylisobuty! ketone (MIBK) and cyclohexanone: halogen substituted

alkanes such as trichloroethane; halogenated aromatics such as bromobenzene and

4
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chlorobenzene: esters such as propylene glycol monomethyi ether acetate (PGMEA), isobutyl
isobutyrate and propy! propronate. Useful silicone solvents may be exemplified by, but not
Himited to cyclic siloxanes such as octamethyleyelotetrasiloxane, and
decamethyleyclopentasiloxane. A single solvent may be used or a mixture of solvents may
be used.

[0015] The reaction to produce the silsesquioxane resin can be carried out at any temperature
so tong 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 1o 150 °C, with 56°C
to 100°C suggested,

[8016] 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 s from several minuies (o several hours. One skilled in
the art will be able to readily determine the time necessary to complete the reaction. Catalysits
that may be used to facilitate the reaction include, but are not limited to, pitric acid, sulfuric
acid, hydrochloric acid, and others.

(00171 Following completion of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst ars well know in the art and would include neutralization,
stripping of water washing or combinations thereof.  The catalyst may negatively impact the
shelf ife of the silicone resin especially when in solution thus its removal is suggested,
[6018] 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, hvdrochloric acid
{chlorosilane routes) and solvents, Methods for removing volatiles are known in the art and
include, for example, distiliation.

[6019] Following the reaction to produce the silsesquioxane resin 4 number of optional steps
may be carried out to obtain the silsesquioxane resin in the desired form. For example, the
silsesquioxune resin may be recovered in solid form by removing the solvent. The method of
solvent removal js not critical and numerous methods are well known in the art {e.g
distilfation under heat andfor vacuum). Once the silsesquioxane resin is recovered in a solid
form, the resin can be optionally re-dissolved in the sume or another solvent for a particujar

use. Alternatively, if a different solvent, other than the solvent used in the reaction, is

5
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desired for the final product, a sclvent exchange may be done by adding a secondary solvent
and removing the first solvent through distiilation, for example. Additionully, the resin
concentration in solvent can be adjusted by removing some of the solvent or adding
additional amounts of solvent,
[6628] This invention also pertains to an antirefiective coating {(ARC) composition
COMpsing

(1) silsesquioxane resin having the formula
{(PhSIOn alOR 1 )(HS10 100  OR 3,0 :(Me S0l OR 1)L RSI0 50 OR 30,( Rzgi(.jg;.x);g{(:}}{'}x}%

where Ph is o phenyi group; Me is a methy! group: R is selected from a sulfur-
containing organic functional group: R’ is hydrogen atom or a hydrocarbon group having 1 to
4 carbon atoms; R2 is selected from ester groups, polyether groups, and polyethylene oxide
groups; x has a value of 0, 1 or 2; m has a value of 0.01 10 0.97; n has a value of 0.G1 10 0.97;
o has a valoe of O.01 to G.97; p has a value of .01 10 0.97; g has a value of G106 0.96; and m +
n+o+p+q=1;and

{11} a solvent.
[6621] Useful solvents (i) inctude, but are not limited to0, 1-methoxy-2-propanol, propylene
glycol monomethyl ethyl acetate and cyclohexan{mc,.umong others. The ARC composition
typically comprises from about 10% to about 99.9 wi% solvent based on the total weight of
the ARC composition, altematively 80 to 95 wt %.
[6622] The ARC composition may comprise a free radical initiator or other additives.
Suitable free radical inittators include peroxides and photoimtiators such as benzoyl peroxide,
dicumyl peroxide, azobisisobutyronitrile {AIBN}) and others. Typically the free radical
mitiator is present in an amount of up to 1000 ppm, aliematively 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.
(00231 The antirellective coating compositions are formed by mixing together the
silsesquioxane 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 [o iis use (o prevent premature curing.
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[6624] The antireflective coating composition is applied to an electronic device to produce a
coated substrate. The solvent is removed and the silsesquioxane resin is cured to produce the
antireflective coating on the electronic device.

{08257 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
sericonductor component. Typically, the device comprises at least one semiconductive layer
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials,

{6826} Specific methods for apphication of the ARC composition 1o the electronic device
include, but are not limited to, spin-coating, dip-coating, spay-coating, flow-coating, screen-
printing and others. The preferred method for application is spin coating., Typically, coating
involves spinning the electronic device, at about 2000 RPM, and adding the ARC
compasition to the surface of the spinning electronic device,

[6027] The solvent is removed and the silsesquioxane resin is cured to form the anti-
reficctive coating on the clectronic device. Curing generally comprises heating the coating to
a sufficient temperature for a sufficient duration 1o Jead to curing. Curing occurs when
sufficient crosslinking has taken place such that the silsesquioxane resin is essentiaily
insolubie in the solvent from which it was applied.  Curing may take place for example by
heating the coated electromic device at 80 °C to 450 °C for 6.1 to 60 minutes, alternatively
150 °C o 275 °C for of 0.5 to 5 minutes, alternatively 200 °C 1o 250 °C for 0.5 to 2 minutes.
Any method of heating may be used during the curing step. For example, the coated
electronic device may be placed in a guanz tbe 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 phoio-acid generator (PAG) or
photobase generators,

[6628] To protect the silsesquioxane resin of the couted composition from reactions with
oxygen or carbon during curing, the curing step can be performed under an inert atmosphere.
Inert atmospheres useful hereirr inciude, 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.
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The curing step is typically carried out at atmospheric pressure although sub or super
atmospheric pressures may work also.

{0829] Once cured, the electronic device comprising the anti-reflective coating can be used in
turther 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
image 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 f1lm to produce an image. The anti-reflective coatings on the
electronic device are particularly useful with resist compositions that are imagewise exposead
to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively ultraviolet
radiation 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
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,

100337 The ARC coating compositions can be cured at lower temperatures and they produce

coatings that can be removed by stripping solutions, It has been found that the antireflective

coatings produced herein have better solvent {¢.g. PGMEA) and TMAH resistance.

180317 The following examples are included to demonstrate embodiments of the invention.
It should be appreciated by those of skill in the ait that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute preferred modes forits
practice. However, those of skill in the art should, in light of the present disc'}(}sm'e,
appreciate that many changes can be made in the specific embodiments which are disclosed
andd still obitain a fike or similar result without departing from the spirit and scope of the

mvention.

EXAMPLES
{00321 The following examples ure included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the lechniques disclosed in

the examples which follow represent technigues discovered by the inventor to function well

g
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in the 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 siill obtain a like or similar result without departing from the spirit and scope of the

invention. Al percentages are in wt, %.

Examples 1-12

{60337 The amounts of reactants ased is given in Tables 1. A mixture of PGMEA,
phenyltrichlorosilane (Silane 1), trichlorostlane (Siane 2), methyitricklorositane (Silane 3),
and 2-(carbomethoxyjethylirichlorosilane {Silune 4) and mercaptopropyltrimethox ysilane
{Silane 5) were added to a reactor under nitrogen. A solution of PGMEA and of water was
added 1o the solution of trichlorosilunes over g 90 minute period. The reaction was allowed
to body, stirring at 20°C for another hour. The resulting reaction product was water or
watei/ethyl acetate washed and separcted. Ethanol was then added t6 the resin solution and
the solution was siripped Lo approximately 22 wt%  Cold n-hexane was then added to the
solution and the bottom layer was collected. Additional POMEA was added and the solution
was stripped to <10 wi% solids in POMEA. The solution was diluted to 10 wt% with
additional PGMEA. The solution was filtered through a 0.20 micron PTFE filter. A resin
with the general formula THYT(Me)T{Fh)Y T RE)T{_ R} was produced. Resulls are given in
Table 2. Run 4/5 wus carvied out as ong run and the product was fractionated Lo obtain two
resins with different Mw.

Table 1 Amount of reactants {grams).

Run | PGMEA PhSiCly | HSICKy | MeSiCly Stlane 4 | Silane § | Water
| 1400 17.5 29.8 1069 0.0 16.2 440
) 1463 17.5 20.8 ag8.7 8.0 270 44.0
3 1527 17.5 208 90 4 0.0 37.8 44 0
415 1545 i7.5 208 90 .4 183 216 440
6 1545 175 AR 9.4 18.3 216 44,0
7 1672 17,5 20.8 74.14) 18.3 432 440
8 1860 i7.5 298 57.5 18.3 64,8 44.G |
g 1250 £7.5 29.8 90 .4 18,3 256 44.0
1 14472 238 40.6 123.3 0.0 585 60.0
11 1463 238 46.6 P12 (1.0 66,3 60.0
| 12 1402 | 23,8 40,6 123.3 ] .0 SEA 60.0 |

9
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Table 2
Run | T(H) [ T(Me) [T(Ph) [y [ T(R) [Mn |[Mw [n @193 [k @ 193 | Solvent | Solvent | Water | Surface
Loss Loss Angle | Energy
PGMEA* | TMAH*
i 20% £5% 7.5% 0 7.5% | 4780 1 11800 1.678 0.155 175 21 £89.33 274
2 20% | B0% | 7.5% 0 12.5% | 3750 | B890 1,69 0169 | 373 34 88.67 26.2
3 20% 55% 7.5% 0 75% | 3270 7260 1.704 0.176 454 46 B8.67 28.1
4 20% 55% 7 5% 7.5% 10% 3703 | BISO 1.68 0.1533 113 28
5 20% 55% 75% | 7.5% 10% 2290 | 4130 1.687 0.166 58 17 85.00 30.1
6 20% 55% 7.5% | 7.5% 10% 3350 1 7520 1.681 0158 34 31 84.17 30.4
7 20% 45% T5% | 7.5% 20% 2310 | 4720 1.701 0.164 54 63 83.00 31.0
& 20% 35% 7.5% | 7.5% H% 1970 | 3680 1.723 (.168 109 160 81.83 31.5
_u_9 20% 25% 7.5% | 7.5% 10% 4820 | 11500 1.680 0.153 20 33 88.67 30.1
{0 20% 55% 7.5% 0 17.5% | 6460 | 16100 1.689 g.164 109 24 B88.17 271
i 20% 50% 7.5% 0 22.5% 1 4680 | 10700 1.712 0.171 465 64 90.33 28.0
12 20% 55% 7.5% & 17.5% | 68080 | 15200 1.724 0.132 284 29 30.00 26.1

*Loss (;\) after 250°C, | minuie bake

R™ = -CH,CH>C(0)OMe

R = -CH,CHyCH,SH

EPOSBI/B00TS /LD
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That which I claimed is:

I, A silsesquioxane resins having the formula

(PhSiOEE«K)JZ(GR.}x)m{HSiOU—x)f’.Z(OR‘}x}u{Mesioﬁ‘x‘.ﬂ?(OR’).\}O{RSiOQ-MQ(GR‘)x}p(RzSiO(."—x}/E{ORl)x}q
where Ph is a phenyl group, Me is a methyl group: R is selected from a sulfur-

containing organic functional group; R” is hydiogen atom or a hydrocarbon group having

from | to 4 carbon atoms; Rz 15 selected from ester groups, polysther groups; and

polyethylene oxide groups: x has a value of 0, I or 2; m has a value of 0.01 to 0.97; n has a
vaiue of (.01 to 0.97; o has a value of 0.01 16 0.97, p has a value of 0.01 10 0.97; q has a

value of Jto 096 and m+n+o+p+g=1.

2. The silsesquioxane resin as claimed in claim I wherein m has a value of 0.02 to 0.7, n has
a value of 0.05 to 0.90, o has a value of .05 10 0.90, p has a value of .02 10 0.20, and g has a

value of 0 t0 0.25.

3. The silsesquioxane resin ss claimed in claim 1 wherein R is a mercapioalkvl eroup of the
: groug

formula HS(CH;),- where z has a value of 1 to 18,

4. The silsesquioxane resin as claimed in claim | wherein R is a polysulfido group of the
Joe 3 . 3.

formula R™8S(CHj),-, and R 8SS(CH5),~ where R is u H atom, an C1-C4 alkyl group or a

aryl group.

3. The silsesquioxane resin as claimed in claim | where R is a mercaptopropyt group.

2
6. The silsesquioxane resin as claimed in claim 1 wherein R is selecied from ester groups,

polyether groups, and polycihyicne oxide groups.

¥
7. The silsesquioxane resin as claimed in claim 1 wherein R is ~-{CH2)2-C(O)-OMe.

1
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8. The silsesquioxane resin as claimed in claim | wherein the resin has a molecular weight in

the range of 500 to 50,000,

9. An anurefiective coating composition comprising
() silsesguioxane resin having the formuia
{(PESIOGx ORI )W(HS0:.02(0R ), W{MeSiOn o OR ) Dol R8I0 .4y OR” -)x}p(RZSiO(f\-KVZ{DR hlg
where Ph is a pheny! group: Me is 2 methyl group; R is selected from a sulfur-
containing organic functional group: R' s hydrogen atom or a hydrocarbon group having t to
4 carbon atoms; R2 is selected from ester groups, polyether groups, and polvethylene oxide
groups; x has a value of 0, | or 2; m has a value of 0.01 10 0.97; n has a value 0f 0.01 10 0.97;
o has a vajue of 0.01 1o 0.97; p has a value ¢f 0.01 16 0.97; g has a valve of 0 10 0.96; and m +
n+o0+p+q=1,and

(i} & sobvent,

10. The antireflective counting composition as claimed in claim 9 wherein m has g value of
0.02 10 0.7, n has a value of 0.05 10 0.90, o has a value of 0,05 10 0.90, p has a value of 0.02

to (.20, and g has a value of G 10 0.25.

11. The antireflective coating composition as ciaimed in ¢laim & wherein R is o

mercaptoalkyl eroup of the formula HS{CHy),- where 7 has a value of | to 18.

12. The antireflective coating composition as claimed in claim 9 wherein R is & polysulfido
3 3 it
group of the formuls R™SS(CH»),-, and R*SSS(CTH;),- where R is a H atom, an C1-C4

alkyl group or a aryl group.

13. The antireflective coating composition as claimed in claim 9 where Ris
mercaptopropy! group.

2
14, The antireflective coating composition as claimed in claim 9 wherein R is selected from

ester groups, poiyether groups, and polyethylene oxide groups.
{2
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5. The antireflective coating composition as claimed in claim 9 wherein R™ is

{CH2)»-C(0)-OMe.

16, The antireflective coating composition as claimed in ¢laim 9 wherein the resin has a

molecular weight in the range of 500 to 50.000.

17. The antireflective coating cornposition as claimed in claim 9 wherein the solvent is
selected from |-methoxy-2-propanol, propylene glycol monomethyl ethyl acetate and

cyclohexanone.

18. The antireflective coating composition as claimed in claim 9 wherein the composition

additionally comprises a free radical initiator.

19, A method of forming 2o anureflective coaling on an clectronic device comprising
(A) applying to an electronic device an ARC composition comprising
{i) silsesquioxane resin having the formula
(PhSIOL.rl ORIl HS IO 2 OR 3, (MESIOm ool OR N RSIO0n( OR 1ol R Si00al OR )
where Ph is a phenyl group; Me is a methy! group; R s selected from a sulfur-
containing organic functional group; R’ is hydrogen atom or a hydrocarbon group having 1 to
4 carbon atoms; R2 is selected from ester groups, polyether groups, and polyethylene oxide
groups; X has a value of ©, { or 2; m has a value of 0.01 t0 0.97; n has a value of 0.01 16 0.97;
0 has a value of 0.01 10 0.97; p has a value of 0.01 10 0.97; ¢ has a value of 010 0.96; and m +
n+o+p+qg=1 and
(it) a solvent, and
(B} removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device.
20. The method as claimed in claim 19 where R is 4 mercaptopropyl group,
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21. The method as claimed in claim 19 wherein R% is -(CHz»-C(O)-OMe.

22. The method as claimed in claim 19 wherein the solvent is selected from [-methoxy-2-

propanol, propylene glycol monomethyl ethyl acetate and cvciohexanone.

23. The method as claimed in claim 19 wherein the composition additionally comprises a

free radical initiator,

24. The method as claimed in claim 19 wherein the ARC composition is applied by spin-

coating, dip-coating, spay-coating, flow-coating, or screen-printing.

25. The method as claimed in claim {9 wherein the silsesquioxane resin is cured by heating
at 80 °C to 450 °C for 6.1 to 60 minutes.

26. The method as claimed in claim 25 wherein the silsesquioxanc resin is heated in an inert

atmosphere. .



