WO 2009/111121PCT/US2009/032906 SILSESQUIOXANE RESINS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] None 5BACKGROUND OF THE INVENTION [0002] With the

continuing dﬁ,@%qffg{émaller feature sizes in the semiconductor industry,-L935, Apliga! lithography
has emerged very recently as the technology to produce devices with sub-100nm features. The use of

such a shorter wavelength of light requires the bottom antireflective coating (BARC) to reduce the
reflection on substrate and dampen the 10photoresist swing cure by absorbing light that has passed
though the photoresist. Commercially available antireflective coatings consist of both organic and
inorganic based materials. Typically, $hesihgaans ARE RwRislsexhibits good etch resistant, is CVD
based and is subject to all the integration disadvantage of extreme topography; on the other hand, the
organic ARC materials are applied by spin-on process and have excellent fill and 15planarization
properties, but suffer fronTROSSERHFERIBRISH D REQATE P hoppTiasisisIAs s result, a material that
offers the ﬁﬁ(ﬁu }Gg(l:leadvantages of organic and inorganic ARC is highly desired. In this regards, we
have recén y discovered that phenyl-hydride based silsesquioxane resins exhibit excellent
anti-r&flective coating propertiesBaCIGRMUgt OFidinvdaMIENT20Bertains to a new silsesquioxane

material %ﬂ@ﬁﬁg%hayxgr%lrmﬁg%éaﬁ%d&m%%mra%%immgn%ﬁﬁm&qmsﬁ orosilanes or

alkoxysilanes. oxyl moi e silane is protected by an organic group or a silyl group,

which cled¥&uprimathichaaiaitc SAURBIE Y YiBldegsaborebp GridimR) 48y dFORAAYES IS VIFRR new hydroxyl

functionalgiisesqyigxang 48sins BimexsellRntspin-ep Jiv:rRadiRas erelentR@MEA@ad TMAH 25
resistance when cured at 250 C or below. BRIEF SUMMARY OF THE INVENTION [0003] According

to one aspREEBGVEEoRERS SREEqLiBKEReT G HEIFEER 7 SHRTERE RIS EBREMGE wherein the
silsegquigHIRG e8I Bt e RMPIiset @ By ks (RAPR(CH 2R SB 630 MREQR ) st.

Commercially available antireflective coatings consist of both organic and inorganic based
materials. Typically, the inorganic ARC, which exhibits good etch resistant, is CVD based
and is subject to all the integration disadvantage of extreme topography: on the other hand,
the organic ARC materials are applied by spin-on process and have excellent fill and

15 planarization properties, but suffer from poor etch selectivity to organic photoresists, As a
result, a material that offers the combined advantages of organic and inorganic ARC is highly
desired.

In this regards, we have recently discovered that phenyl-hydride based silsesquioxane

resing exhibit excellent anti-reflective coating properties for 193nm light. This invention

20  pertains to a new silsesquioxane material containing hydroxyl moiety, made via the
co-hydrolysis of the corresponding chlorosilanes or alkoxysilanes. The hydroxyl moiety of
the silane is protected by an organic group or a silyl group, which cleaves under the acidic
conditions to yield the corresponding hydroxyl group. The new hydroxyl functional
silsesquioxane resins form excellent spin-on film and has excellent PGMEA and TMAH

25 resistance when cured at 250 ° C or below.
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(HSIO(3-x)/2(OR")x)n (MeSi0(3-02(0OR")x30 (RSi0(3-02(OR")x)p (RiSi0O(3-02(OR")x/q 10where Phis 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 a hydroxyl producing group; and R1 is selected from substituted
phenyl groups, ester groups, polyether groups; mercapto groups, aryl sulphonic ester groups, and
reactive or curable organic functional groups; and r has a value of O, 1, 2, 3, or 4; x has a value of 0, 1
or 2; wherein in the resin m 15has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of
0 to 0.95; p has a value of 0.05 to 0 5; ghas a value of0 to 0.5; andm +n + 0 -Fp + g 1. [0003a]
According to another aspect, there is provided an antirefleetive coating composition comprising (i)

silsesquioxane resin comprised B ieSiAHSVRERRH (BHEHS IS BEIGRNX)M (HSI0(3-x)/2(OR")x)n
(MeSi0(JolasPRoRAMARBIBL3-AGQR R 622 I URYARR PO WS 1 i BRIyl group, Me

is a methyl group; R" is hydrogen ator or a_hydrocarbon group having from 1 to 4 carbon atoms; R is
selecte ST RHGH G PSS HYERRIRG T§Ru S, covapRsedsefidecamiiom substituted phenyl groups,

O O A )2 (OR ™)
(HSi0(3.x)2(OR)xn

(MeSiO(3.x)2(0R )y )0

(RSI0(3-x)2(0R )y
(R'Si0G12(0R"))q

10 where Ph is a phenyl group, Me is a methyl group; R” is hyvdrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a hydroxy! producing

1, .
group; and R 1s selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, aryl sulphonic ester groups, and reactive or curable organic functional
groups; and r has a value 0of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m

15  has a-valﬁe of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0 to 0.95; p has a value
0f 0.05 to 0.5; q has a value of 0 to0 0.5; and m-+nto-+p-t ql = 1.

[00603a} According to another aspect, there is provided an antireflective coating composition
comprising

(1} silsesquioxane resin comprised of the units
20 (Ph(CH2);Si0(12(OR )
(HS103 52 (0OR gy
(MeSi0(3.xy2(0R")x)o
(RSiO0(3.5)2(OR )x)p

(R'SiOx)2(OR")x)q

25 where Ph is a phenyl] group, Me is a methyl group; R” is hydrogen atom or a



groups; mercapto groups, aryl sulphonic ester 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 5the 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; g has a value of 0 to 0.5; and m+n+o+p+ cf.": I.; and (ii) a solvent. [0003b1 According to another
aspect, there is provided a method of forming an antireflective coating on an electronic device
comprising 10(A) applying to an electronic device an anti-reflective coating composition comprising (i)
silsesquioxane resin comprised of the units (Ph(CH2)rSiO(3_x)/2(OR")x)rn (HSIO(3_02(OR")x)n

(MeSiO(3 x)(2(QR™)x)c, 15(RSIi0(3 _02(ORMx)p (RiSIO(3_02(OR™x)g where Ph is_a phenyl group, Me
is a metfyPEREUBPRESHR A B A HAVRTB PRGN H&&éﬁ%@%‘f%@fﬁb‘@%&’ on atoms; R is

selecte y, I bgj ~and R, r bsti [ s, ester
dBflf@cmc% %lrﬁ /| RLORU NG QERUPHARO L iR SEG S %gl% : %Mgﬁﬁgﬁﬁ t_i%ﬁ%?

groups, polyether groups; 20mercapto groups, aryl sulphonices oups, active or curable

organic iaaionakerampsiramsk ! rabsalyabiecodstrlardugs, Qhd r¥abassoyaluatit Grdamic 2; Wherein in the
resin m has a value of 0 to 0.95; n ha a\(/gléje ?1%0 0510 0.95;0has av |U? of 0.05 to 0.95; p has a
value of BREIEE STYRMSHANR DY 5 O 8; At PR FoXheq A valygot U. T or 2 wherem in

5  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 t0 0.5; g has a value of O to 0.5; and m+n+o+p+qg=1.; and

(i1) a solvent.

[0003b] According to another aspect, there is provided a method of forming an antireflective
coating on an electronic device comprising

10 (A) applying to an electronic device an anti-reflective coating composition comprising
(i) silsesquioxane resin comprised of the units

(Ph(CH2):51035)2(OR")x)m
(HSiO(3-%)2(OR")x)n
(MeSiO3x)2(0R™)y)o

15 (RSi03.5)2(0R )5 )p

(R'Si0.x2(0R )y )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 a hydroxyl producing

group; and RI is selected from substituted phenyl groups, ester groups, polyether groups:
20 mercapto groups, aryl sulphonic ester 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;phasa
value of 0.05t0 0.5; qbas avalue of 0 to 0.5; and m+n+ o0 +p-+q =~ 1.; and
(1) a solvent, and
55 ' (B) removing the solvent and curing the silsesquioxane resin to form an antireflective
coating on the electronic device.
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(i) a solvent, and 25(B) removing the solvent and curing the silsesquioxane resin to form an
antireflective coating on the electronic device. When these resins are used in antireflective coatings,
they can be cured without any additive at temperatures above 200C within 1 minute. The cured films
exhibit excellent solvent (i.e. PGMEA) and TMAH resistance. The cured films can be wet-stripped
using 5commercial wet-removal chemicals, such as NE-89 and CCT-1. Finally the anti-reflective
coating layer has a water contact angle range from 50 - 900 and a surface energy range from (typically
25-45 dynes/cm2). 10 WO 2009/111121PCT/US2009/032906 DETAILED DESCRPTION OF THE
INVENTION [0004] The silsesquioxane resins useful in forming the antireflective coating are

comprised of théVlll!mtSIE:s(_Pw@@H2)&8&6)(@@21@@&1'¢M@Siﬁ(&0ﬁ@mn (Me&i@@@@@&ﬂx)o _
(RSO G2(OR VR (RISIREARE JMNSTSRIE >ALenNLTRHR: MR ATISHIY aroup: R s

hydrogen atom or
solvent (1.e. PGMEA) and TMAH resistance. The cured filins can be wet-stripped using

5  commercial wet-removal chemicals, such as NE-89 and CCT-1. Finally the anti-reflective

coating layer has a water contact angle range from 50° — 90° and a surface energy range from

(typically 25-45 dynes/cm°).

10
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hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a hydroxyl producing group;
and R1 is selected from substituted phenyl groups, ester groups, polyether groups; mercapto groups,

aryl sulpho%&?%ggf%ﬂgﬁs, carboxylic acid containing groups, and reactiyg@(#ldz@}a 9,(3tr)ganic

functional groups; an as avalue of 0, 1, 2. 3, or 4; x has a value of 0, 1 ; 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
0.05t00.5;qhas avalueof 0to 0.5;andin+n+o0+p+q=1(wherem,n, o, pand g are mole
fractions). Typically m has a value of 0 to 0.25, alternatively >0.0 to 0.15. Typically n has a value of
0.15 to 0.40, alternatively 0.10 to 0.3. Typically o has a value of 0.25 to 0.80, alternatively 0.25 to 0.75.
Typically p has a value of 200.025 to 0.35, alternatively 0.05 to 0.15. Typically q has a value of O to
0.3, alternatively >0 to 0.15.[{5@6@‘5@ Eﬁmﬁ% L V 'or hydrocarbon group having

1 to 4 carjpmogatorns siemay haexemplifigd by fimathyheethyeRrapy cisenps apytangrbutyl. [0006] In
the resin R.i agﬁldroxyl producing group. The hydroxyl producing group is 25protected by an organic
or silyl grSBg‘?h Bleaves under acidic conditions to yield the corresponding hydroxyl group. Examples
of hydroxybipteduyciie aroupsere those of the 2 general formula -R20R3 where R is any organic
bridging group b%%ging é))é%/eveenxtﬂé silicon 3 3. atom and the OR group and R is the protecting group.

R2 may besBiher,sxorpiied by

(MeSiO3.x)2(0OR”)x)o

(RS10¢35)/2(0OR)x)p
(R'Si0G.2(0R")x)q

10 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 a hydroxy! producing
group; and R1 is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, aryl sulphonic ester groups, carboxylic acid containing groups, and reactive
or curable organic fonctional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1
15 or2: wherein in the resin m has a value of 0 to 0.95; n has a value of .05 to 0.95; 0 has a
value of 0.05 to 0.95; p has a value of 0.05 to 0.5;q hasavalueof Oto 0.5;and m+n+o+p
+ ¢ = 1 (where m, n, o, p and g are mole fractions). Typically m has a value of 0 to 0.25,
alternatively >0.0 to 0.15. Typically n has a value of 0.15 to 0.40, alternatively 0.10 to 0.3.
Typically o has a value of 0.25 to (.80, alternatively 0.25 to 0.75. Typically p has a value of
20 0.025 to 0.35, alternatively 0.05 to 0.15. Typically q has a value of 0 to 0.3, alternatively >0
to 0.15.
[0005] R is independently a hydrogen atom or hydrocarbon group having ! to 4 carbon
atoms. R” may be exemplified by H, methyl, ethyl, propyl, iso-propyl and butyl.
[0006] In the resin R is a hydroxyl producing group. The hydroxyi producing group is
25  protected by an organic or silyl group that cleaves under acidic conditions to yield the

correspending hydroxyl group. Examples of hydroxyl producing groups are those of the

2 2, . ‘. S .1
general formula -R ()R3 where R™ is any organic bridging group bridging between the silicon

atom and the OR3 group and R3 is the protecting group. R may be further exemplified by



WO 2009/111121PCT/US2009/032906 hydrocarbon groups having 1 -10 carbon atoms, or any other
organic bridging groups known in the art. Protecting groups, R3, are ahy organic group known in the

art that can %Q&nglypder acidic conditions to form the correspondingPe%(ﬁfﬁgg%lggo-glj&group. Some

of the protecting groups are described in "Protective Groups in Organic Synthesis” by Green and
5Wuts, 3nd Edtion, Wiley, New York, 1999. p 17-292. Protecting groups may be exemplified by t-butyl,
methoxy methyl, tetrhydropyranyl, benzyloxymethyl, cinnamyl, triphenylmethyl, trimethylsilyl,
t-butyldimethylsilyl, carbonyl group (as an carboxylic anhydride), and others. R3 may be further

exemplifigd PycLubnetdipitas i9e rbuida SERaIBNSIV a9 d el bysrapwaiih Fmay Resxemplified by,
but not limited to, 10 -(CH2)3-00tBu, s(CH2)2-CO-SiMe3, -(CH2)240CH2CH2)d-00tBu, and
-(CH2)3-(0 ¢l 2 H2)ueCD S vih e reediiiasr gavid geoop ktowi0inthf0B0 R Reis Selelctoddrom

substituted phenyl groups, ester groups, polyether. groups, mercapto grougs, aryl sulphonic ester
groups, aH‘aBFéﬁﬁ{i}%CSPéﬁlr%{bﬁéOﬁﬁrﬁkefﬁ%‘}t/f’Bﬂa‘i[’g%%}b%?’&t{é%e‘* Bﬁgﬁ%%}ﬁ $ contain at least
one HO-, ivie€riifdaxcps Gile andtiredthePibssabstients. ik Sleragio Bpstimsy 1ie éhyeargahic substituent
containin least.one e functionality. m ter groups useful herein are..

AR T e T R A e S G
hydrocardori-tmisd, linkbd<th roergin oxirhperetomm ye praggatsmduy inonliamddtriphenglfotibwing structure:
-(CH2)al%fﬁ&éﬁ)%%&%%wagﬂﬂﬁﬁyﬁi%pc%ohﬁ & 80P%a€ @%&%&gﬁﬁc%ﬂ@ﬁd@gk&ﬂd Quter 20organic

groups SUC? as acetyl. Examples of polyether groups useful herein are -(CH2)3-(OCH2CH2)e-OMe,
-(CH2)3- (D GhiZ Gkl )t amah HITH 2)3 +@ 644 2EIHE) ToDAcuay dtsiEHRIBHID @R CH2)e-OC(0)Me.

Mercapto groups have the general formula HS(CH2)ewhere e has a value of 1- 18, such as mercapto

propyl, mErEAHEPRYRAY RN Fer eSS THREEST. AN BRiHBRIES &er groups have the formula
R50r§0235é§1§%k?52@gm@{§)§_@@ ﬂ&%({gﬁ‘@}%%?(@ﬂh m@g_@%gr%@ or an aromatic group and r

has a value , Or 4”Sulphonic dster gréups may beé exemplified by, but not limited to

HO-SOZ-F}@:ﬁ;%%ﬁc@{z@ﬁ}%@j@ﬁggw%fgqﬂggré.vlgﬁggyviet(g)q@_urable organic functional groups

may be exempli ieid by, but
[G007] R’ is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, aryl sulphonic ester groups, and reactive or curable organic functional
groups. Substituted phenyl groups contain at least one HO-, MeO-, Me-, Et- Cl- and/or other

15  suobstituents. Ester groups may be any organic substituent containing at least one ester

functionality, Examples of ester groups useful herein are -(CH»);-O-C(O)Me and

-(CHp)p-C(O)-OMe. Polyether groups are an organic substituent having hydrocarbon units

linked through oxygen atom, represented, but not limited, by the following structure:

(CHy), [O(CH]OR”, wherein a =2 10 12;b =210 6: ¢ = 2 to 200; R is H, atkyl, or other
20 organic groups such as acetyl. Examples of polyether groups useful herein are

-(CHp 13-(OCH2CH»2)-OMe, -(CH»)3-{OCH2CH3)c-OH and -(CH2)3-{OCH2CH2)7-OAc

and -(CH2)3-(OCHCH»?).-OC(0O)Me, Mercapto groups have the general formula HS{CHp).-

where e has a value of I- 18, such as mercapto propyl, mercapto ethyl, and mercapto methyl.

Aryl sulphonic ester groups have the formula RSO—SOQ—Ph—(CHz)r— where R5 is a hydrogen
25  atom, an aliphatic group or an aromatic group and r has a value 0of 0, 1, 2, 3, or 4. Sulphonic

ester groups may be exemplified by, but not limited to HO-50,-Ph-(CH»)r- or (CH3),CHO-

SO,-Ph-(CHj)r-. Reactive or curable organic functional groups may be exemplified by, but

4



WO 2009/111121PCT/US2009/032906 not limited to alkenyl groups such at vinyl and ally]; epoxy
groups such as glycidoxypropyl group and epoxycyclohexane group, acrylate groups such as

methacryoxx)%o L} RYhGIPHRS, acryloxypropyl, and others. [0008] The typma{,g&%@g&%gﬂr%ducmg the s
Isesquioxane resin involves the hydrolysis and 5condensation of the appropriate halo or alkoxy

silanes. One example is the hydrolysis and condensation of a mixture of phenyltrichlorsilane,
trichlorosilane, hydroxyl producing group containing silane, methyltrichlorosilane and optionally other
organofunctional trichlorosilanes. By this method it is possible that residual -OH andJor -OR" will

remain in{he;shsePAHIXAREABSIR 3R J?&MBH%H‘QHWQE&%?@J@Y%&%@H@%?B% f the total 10
amount of unlts in the silses g ioxane resin containing -OR" groups, exceed 40 mole% then gellation

and instaBIPGIHhE P FHRARE F Py ST 8 RS Tl BAIE FESIPFOBHRBTA S 1838 moled of
units cont@fyngy@ajygr@idipﬁhaﬂgernatlvely less than 5 mole%, alternatlvely less than 1 mole%. [0009]

The silse resin has a wei ver ecular We| w in th range of, 15500 to
200,000 j@%ﬁtlvelﬁr Prlmcﬁ'ue rélﬁoggg%g %uf:onf%% (fgﬁesa%é%% Fve y |n 2)evr%{)ngeé ‘()Jl()fstl(% ,0000 as
deterﬁnm@@fmgexgaatlpenﬁélatumpmhrmmamgmpﬁwemlmwmg@?kda’e&npibns&hd?pdmyyremmdstandards

[0010] Th | e for. prep xane re r ing water, HSiX3,
Mesix, Br g B L clyeable
group ind@Eémmwlmmhm]@w%@H%@Qoﬂdwaﬂm@@mﬁlmﬂﬂér other hydrolyzable

groups. Theglanes el herein63n ke g@%ﬁb@y@ﬁﬂ Ry; it netimiied 1orH RHPENRHPICI3,
PhCH2CH2SICI3 , and PhSiC13, MeSi(OMe)3, MeSiC13, RSiC13, RSi(OMe)3, R1 SiC13 and RI

SI(OME)BWIS@SRT‘Qéaég @éﬁ’r@oﬂé%\lfepfl%ﬁ’é‘?@ﬁ}%@%@ @Yﬁéﬁfﬂ‘ﬁ%a@%eﬁ@%ﬂft@ an ethyl group

and RN regfeeants ehRhenteaineR 2SRt yarexy R odremgssiRnea (RSIXR)deed may be used in

the preparatjon of the silsesquioxane resin, may be exempllfled by, but not limited to, .
(X)3Si- (Cﬁ% t'l%g:hl nstabilily of the resin may octur. Typically the silsesquioxane resin contains 6

to 38 mole% of units containing ~OR” groups, altematively less than 5 mole%, alternatively

less than | mole%.

[0009] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of
15 500 to 200,000 alternatively in the range of 500 fo 100,000, alternatively in the range of 700

to 30,0000 as determined by gel permeation chromatography employing R1 detection and

polystyrene standards,

[0010] The typical method for preparing a silsesquioxane resin comprises reacting water,

HSiX3, MeSiX3, PhSiX3, RSiX3, and optionally RISng, in an organic solvent, where X is a

20 hydrolyzable group independently selected from Cl, Br, CH3COjy-, an alkoxy group —OR”, or
other hydrolyzable groups. The silanes useful herein can be exemplified by, but not limited

to, HSi(OEt)3, HSiCly, PhCH>CH,SiCl3 , and PhSiCly, MeSi(OMe)s, MeSiCly, RSiCls,

RSi(OMe})a, RISiC§.3 and RISi(OMe)3 where R1 is as defined above, Me represents a methyl
group, Et represents an ethyl group and Ph represents a phenyl group.
25 [0611] Hydroxy! producing silanes (RSiX3) that may be used in the preparation of the
silsesquioxane resin, may be exemplified by, but not limited to,
(X)3Si-(CH)e-CO'Bu
(X)3Si-(CH2)¢-CO-SiMes
(X)3Si-(CHy)g-(OCH,CH)g-CO' Bu



(X)3Si-(CH2)f-CO-SiMe3 (X)3Si-(CH2)f-(OCH2CH2)d-00tBu WO 2009/111121PCT/US2009/032906
003s1-(cH2)f-(0cH2cH2)d-co-sime3 X...,X,, / 7Si,Si X "0---X \ 0 5 X3Si0 Wherein Me is a methyl group,

tBuis a t-buw%%iag[%ﬁz's a chloride or alkoxy group (i.e. OR"), f has a V$LH§{19§2%0%§290Qd d has a

valueof 1to 1 ] The amount of water in the reaction is typically in the'range of 0.5 to 2 moles
water per mole of X groups in the silane reactants, alternatively 0.5 to 1.5 moles per mole of X groups
in the silane reactants. [0013] 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

::r?etalyst, if 15pr%§§3 Ikhlﬁﬁfr%g&?gdﬁzgg%%gﬁgge reaction for a time sufficient for essentially all of

XSSi\/\/O\()j

Wherein Me is a methyl group, EBu is a t-butyl group, X is a chloride or alkoxy group (i.e.

OR™), f has a value of 2 or 3 and d has a value of 1 to 10.

10 [0012] The amount of water in the reaction is typically in the range of 0.5 to 2 moles water
per mole of X groups in the silane reactants, alternatively 0.5 to 1.5 moles per mole of X
groups in the silane reactants. '

[0613] The time to form the silsesquioxane resir: is dependent upon a number of factors such
as the temperature, the type and amount of silane reactants, and the amount of catalyst, if

I5  present. Itis preferred to carry out the reaction for a time sufficient for essentially all of the
X groups to undergo hydrolysis reactions. Typically the reaction time is from minutes to
hours, alternatively 10 minutes to 1 hour. 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. The temperature at which the reaction is carried out

20 is typically in the range of 25°C up to the reflux temperature of the reaction mixture.
Typically the reaction is carried out by heating under reflux for 10 minutes to | hour.

[0014] The reaction step comprises both hydrolyzing and condensing the silane components.
To facilitate the completion of the reaction a catalyst may be used. The catalyst can be a base
or an acid such as a mineral acid. Useful mineral acids include, but are not limited to, HCI,

25  HF, HBr, HNO;, and H;SO,, among others, typically HCL. The benefit of HCI or other
volatile acids is that a volatile acid can be easily removed from the composition by stripping

after the reaction is completed. The amount of catalyst may depend on its nature. The
6



X groups to undergo hydrolysis reactions. Typically the reaction time is from minutes to hours,
alternatively 10 minutes to | hour. The reaction to produce the silsesquioxane resin can be carried out

at any tempw&%@ﬁﬂrﬁpg as it does not cause significant gellation or ca&zsg[%%l %19 e :
silsesquioxane resin. The temperature at which the reaction is carried out 20is typically in the range of

25C up to the reflux temperature of the reaction mixture. Typically the reaction is carried out by heating
under reflux for 10 minutes to 1 hour. [0014] The reaction step comprises both hydrolyzing and
condensing the silane components. To facilitate the completion of the reaction a catalyst may be used.

The Cata'é(ﬁbﬁéﬂo?%a@a@@@ﬁ Wp@ﬂlgﬁ@@%f‘?@é@ mineral-acid diseful %ﬂﬁ@f@ﬁ&%ﬁ@&&de’ but are not
limited to, HC1, 25 HF, HBr, HNO3, and H2S0O4, among others, typically HC1. The benefit of HC1 or

other voldBE"¥€ids is that a volatile acid can be easily removed from the composition by stripping after

the reactigeis cosmleiedEhaanaiptafcatadystmay sdapgnth anits AaipiendiR oM in
2009/111121PCT/US2009/032906 amount of. ¢ taltyst IS %Eicallg 2:05 WIPO to 1 wt% based on the total
weight of 1E e SLHSA Ml fO615] B ShVAIRT He SAR SRR Are &TtREFRE SOBI&in water or
sparifigly setabiéninnyatesuin dighitahthisdiisel ve alotisinis carrietoul piamigrhaniesclvent. The organic
solvent is 5present in any amount.suffici issglve the sil reac . ically the organic
zohvent o D e B o
weight ofttial rezighioef thixeaeti asefulorgabiecsdlveanyaaly basereyriiticanplifbdbrobdmited to,

saturated, Aiphafics shickASIbRERIEARL NEXaNS D aRlane, ARG IS0 RGYRIRaliphatics such as

cyclopentane and cyclohexane; aromatics such as benzene, toluene, 10xylene, mesitylene; ethers
such as te¥AMEBTIFAM ISR SHE CREABRAGIGED PafERTSY ETetiC I GIve dMiemsy| ether;
ketofies shgmastathxisobuiyk ketane (WHBKI-ane:eyelokaxarensealggendbsiittee alkanes such

as trichloroethane; halt:qgenated aromatics such as bromgbenzene and chlorobenzene; esters such as
propylen&'GK/EBF SRS APV SRR REERE FEEMERSHEBRRMSEHORS YE BRd35Fopy! propronate.
Useful silisehshsalvenishalayed siistaxemplifiecs bycibut mohlinitathte dydtigsiloxbnemstich as

octameth%(&c;ﬁclgget%ggoxane agd ecameth I_cgg%ggen%asnoxan?. %IF solvent m?gﬂ?e% used or a

; | A sjn
mixture of Sovents mafi 58" Gi<Ed. 1066 T the processusC or Ma iywﬁlﬁélgl se‘%&ﬁ?&%ﬁ% resin, after the
reaction isceorepletd/bdlatitebutyhystentenioved fropylthepitsadeuldsedmes vesinesoltytions tmpler reduced

pressire 2055 NOIBHES R AEONOLBYGDIARMSHS: XOPSSANAIRE ARSI agilorc acid

(chlorosilanes routes) and solvents. Methods for removing volatiles are’known in the art and include,

for exampted desameiaACaE SO sARter feditielsc pikessarey be used or a mixture of solvents

may be used.
[6016] 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.

20 Such volatiles include alcohol by-products, excess water, catalyst, hydrochioric acid
(chlorosilanes routes) and solvents. Methods for removing volatiles are known in the art and
include, for example, distillation or stripping under reduced pressure.

{0017} 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,

25  stripping or water washing or combinations thereof. The catalyst may negatively impact the
shelf life of the silsesquioxane resin especially when in solution thus its removal is suggested.
[0018] To increase the molecular weight of the silsesquioxane resin and/or to improve the
storage stability of the silsesquioxane resin the reaction may be carried out for an extended
period of time with heating from 40 °C up to the reflux temperature of the solvent (“bodying

30 step™). The bodying step may be carried out subsequent to the reaction step or as part of the



[0017] 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, 25stripping or water

washing or w@%%ﬂ%ﬁthereof. The catalyst may negatively impact .theP Sgé%ﬁﬁg%&
silsesquioxane resin especially when in solution thus its removal is suggested. o increase the

molecular weight of the silsesquioxane resin and/or to improve the storage stability of the
silsesquioxane resin the reaction may be carried out for an extended period of time with heating from
40 C up to the reflux temperature of the solvent ("bodying 30step™). The bodying step may be carried

out subsegyent,to{pe SRAGHIY SIRPHREAS PAEAE e WY OL2ANY A4 dRIRGT/ SROAYARZ906 reaction

step. Preferably, the bodying step is carried out for a period of time in the range of 10 minutes to 6

hours, marePHEHEFHBI) BOTHiMNEPIB T HIUL [O0EST ELAGRIMY the reaction to produce the
silsesquiqgens nesiawinimbesafaplinaliste ps ayHeicRtHe - aHtipRkiain theElse segioxane resin
in the desired form._FCc{)r examt?le, the Ssilsesquioxane res(iljrfl n%a? gﬁg[ecma%ed in s?(%lid forrn by
removing T8 RoRAHE-PHE RtHEHBT SHITRHY aMRE U s MOt S AR h e FEAT RifetfiS ds are well
knowh in theearbi(econedistitl ationbanetervhedtiandidrfvaeymmOrice thesslisesgliioxand odsin is

recovered n &, SO INe5 D R RRNBl S dasoeRNS, A of gnother solvent fora

I
particular use. Alternative erent solvent, other than the solvent use fhe reaction, is 10
desired faklishBafinalynbdbet! andaiventaxehaines thayibesdoinadny sddingracseegrdarssbivent and

removing4he, figgt salyent %UBHQ&QiEIil@HE‘Qo%f%:d‘%ﬁQ%}EBL&nMdJHQ&@PXo%{ e fAREERiration in

solvent can be adjusted by removing some of the solvent or adding additional amounts of solvent.

[0020] ThisanveHEBH I pEMaiHe R pfretdtibacBatRl PAREY B S8HEAM Scomprising

silsegfuioxapedrasi &@W@?&ﬂl&t H‘@)M@ﬂ&ﬁ%ﬁiﬁé@%ﬁ@@é&&%(%@%ﬂ@ ﬁ'ﬂ&@(@a@%ﬁ@/@nbx)n
(MeSi0(3_x)/2(OR"),30 20(RSI0(3_02(OR")x)p.(R1Si0(3_02(OR")x)q where Ph is a phenyl group, Me
is a methﬁpﬂfgal?;"l‘:‘é"g i@%{}%&wgﬁgﬁf)@}h&sn ation, forexample.” Additionally, the resin

concentration in solvent can be adjusted by removing some of the solvent or adding

additional amounts of solvent.

[0020] This invention also pertains to an antireflective coating (ARC) composition
15 comprising

() silsesquioxane resin comprised of the units
(Ph{CH2)rS103.x)2(0R )0m
(HS103.5)/2(0OR")x)n
(MeSiO3-x)2(OR™)x)o

20 (RSi03.x)2(0R " )x)p

(R1310(3-x}/2(0R”)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 a hydroxyl

producing group; and R1 is selected from substituted phenyl groups, ester groups, polyether
25 groups; mercapto groups, and reactive or curable organic functional groups; and r has a value

of 0,1, 2,3, or4; 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 0.05t0 0.5; g has a

vafueof 0 to 0.5;andm+n+o+p+qg=1;and

(ii} a solvent.



hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an a hydroxyl producing
group; and R1 is selected from substituted phenyl groups, ester groups, polyether 25groups; mercapto

groups, and_r actf}\é?]%zciurable organic functional groups; and r has a V%ﬁs?g%o%zgﬁs or 4; x has a

value of 0, 1“6r 50 wheréin in the resin m has a value of 0 to 0.95; n has a value to 0.95; o has

a value of 0.05 to 0.95; p has a value of 0.05 to 0.5; g has a value of 0 to 0,5; and m+n+o+p+q 1.; and
(i) a solvent. WO 2009/111121PCT/US2009/032906 [0021] Useful solvents (ii) include, but are not
limited to, 1-methoxy-2-propanol, propylene glycol monomethyl ethyl acetate (PGMEA),

gamma-ygsPlaGLeRE s ANELEYGIOHRXANOBE: ATNTIARL! %o, TN MRS yCOMBPSIOL NI comprises

from about 10% to about 99.9 wt% solvent based on the total weight of the ARC composition,

alternativelysbreeangihyl elog 2 i IR E Com BB BT HHEY BeSrid & Yo FXaRCaFinitiator which

f:arll t:je Q%Ei%ﬁé%h%}@fr?ﬂﬁé%RCRﬂ%E%ﬂ%ﬂé@ﬁ%Ma% @?ﬁgfrﬁgﬂﬁw&bgwtmtﬁremﬁ@i@?lmw?torz
include peroxides such as benzoyl peroxide, dicumyl peroxide, azobisjsobutyronthile (AIBN) an
others. TyBIEEH e Bha R MRIBRLSF Bpretes? pﬁlﬁnlté?ﬂoﬂmaft%{tyog%dgé%‘ﬁ%%galternativeIy 10 to

500 ppm [bexEdTne AeCetahpeidhi afihecARG o iposifienl haothehitPagditivesieraydnclude, but
not imited o, photer- acid and hepmal-acid asnerators, hetorbase And dermal-hasg generators.
[0023] The an reflective toa Ing c%’mpo& ions are formed y mixing together the si‘llsesquioxane resin,
solvent, agvdcoptionatly thbdneeytadioaldaitatomyl pttverded ditvesiPppigeiiyitie fid8MNdiedl initiator or

other addiifes ddie 0409 CORNRG.CRRARRITIONIUSH I BHGRIIed¢3s 18 RIGYBphpremature curing.

[0024] This invention al$o pertains to a method of o ning an antiref ective coating on an electronic

device cortiprsiieial hisplffhppe. aseteetrBisicotd ek ART dmprsBRisHeB M BASIRET (i)
silsegauioxRne Lo SR M BAis e QfdheH RIS 2 URIMGHE HRIMNSHRA(RR Pelitators, photo-base

and thermal-base generators.

[6023] The antireflective 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
15 prior to its use to prevent premature curing.

[0024] This invention also pertains to a method of forming an antireflective coating on an

electronic device comprising

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

(i) silsesquioxane resin comprised of the units
20 (Ph(CH2)Si03-xy2(0R)x)m
(HS103.5)2(0R )3y
(MeSiO35)2(OR”)x)o
(RSi0(3x)2(0R")x)p
(R'SiO.5y2(OR")x)g

25 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 a hydroxyl producing
group; 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; nhas a

9



(HSIO(3_02(OR")x)n (MeSiO(3_02(OR™")x30 (RSI0(3_02(01C)x)p (RI Si0(3_02(OR")0q 25where Phis a
phenyl group, Me is a methyl group; R" is hydrogen atom or a hydrocarbon group having from 1 to 4

carbon aton&‘olg d gﬁ?l?glted from a hydroxyl pr_oducmg group; and R1 is ;f%lﬁ%%g}%g%?gbstitutgd
phenyl groups, éster 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 WO 2009/111121PCTAIS2009/032906 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-i-g I.; and

(ii) a solvent, a0 5 to (B3 'SMRUNGIBSSOER @08 SUiing the.silkepasiompeealn tafrm an

antireflective 5coating on the electronic device. [0025] The antireflective coating composition is applied
to an electféhie Yavied 1 protdceratcbatbd¥bstrate. The solvent is removed and the silsesquioxane
resin is cured to progycetieantisgflective coating on the electronic device. [0026] Typically the
electronic device is a semiconductor device, such as silicon-based 10devices and gallium
arsenide-based TOVIBL G RESaTSP LA FHTHE Maslistamie st SehR SHdu I ESHEEEnt. Typically,
the devicecempeses: aldeastioneysemiconductive layer and a plurality of other layers comprising

various c tive, semiconductive, or insulating materials, [0027] Specific methods for application of
the ARG FDIRRDUH A RS E16CHBIE CRORE T B Bl R LRl (5 SRRt
dip-coatingyspiyicoatin g Hlovelceatingssored nntintviand ather sesiine prefé mepkodethafor

application is spin coating. Typically, coating involves spinning the electronic device, at about 2000
RPM, and' rgggs{%gc tfﬁ%?&ﬁ%%%‘?n%%gﬁ%o%ct & sufface of the spinning electronic device. [0028] The
solvent is[féfdvErbmabltites siksesopidckarms resiseigiceréertor idivireheughts silicon-based

10 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
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.

[0027] Specific methods for application of the ARC composition to the electronic device

15 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
composition to the surface of the spinning electronic device.

[6028] The solvent is removed and the silsesquioxane resin is cured to form the anti-

20 reflective coating on thé electronic device. Curing generally comprises heating the coating to
a 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

25 150 °C to 275 °C for of 0.5 to 5 minutes, alternatively 200 °C to 256 °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 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

30 photobase generators.

10



20reflective coating on the electronic device. Curing generally comprises heating the coating to a
sufficient temperature for a sufficient duration to lead to curing. Curing occurs when sufficient
&gﬁl& the solvent

crosslinking@g%%ﬁq 1Bliace such that the silsesquioxane resin is essentpé%@gd%
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 25150 C to 275 C for of 0.5 to 5 minutes,
alternatively 200C to 250C 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 quartz tube furnace, convection

oven or ajigivedto Hand e halkplaies.Rlteinatively - the arlinsllastive:cratingieas rrcured under

ultraviolet irradiation in the presence of photoactive additives, such as photo-acid generator (PAG) or

30photobSELRLMETAHNE TS SO 1T £EHPESIR) SISO BT (BRSSP T & BRABRD RS Isesquioxane
resin of thg.goatesk SRIRASHIANERIN HRACHO BN X VBER-0 1 CanbeR 6 Uk g eoiingy theeetiring step

can be performed under an inert atmosphere. Inert atmospheres useful herein include, byt are not
imited to AR AP N B TRECTE T e IR o CIATAL e B0 pom and
prefefablytegsrth@helppne af boiyghn sﬁﬁ@g@ﬁﬁﬁﬂh@x&l wbps hutheacirihgrancoeemoizal . steps are

carried Ol.ilhig, not criltical. The g,hlrin sten, [ gcalrried QU atatm E’t‘?QP pressure although sub

, . typicall (
or super atm(%sﬁ%ﬁce %}%gé)d(r:esyrﬁaf?/vorﬂ%gé%%b 81j T le%coatlngs produced frém the silsesquioxane

resins typicatiyphene radhicknesy ofABEDA to 5000 A, alternatively 1500 A to 3000 A. Additionally, the
films typiGgixdiams a-h0walsrapatpebangleAl el R 20 Andiasuriass enecayRtiro 45 dynes/cm2.

[0031] Once cuyred. the electronic device comprising.the anti-reflective coating can be used in further
substrate 1§tA<8iAB0StEp altemet wdyplofb o dPAEHY. WiERonaBY MRt BGGEPIY S resist image
s foyfped over the antiraiestye caating, The process for fosapg e fesisyimage comprises (a)
forming atiim of & resistcomposition on top o the anti-reflective 15coating; (b) imagewise exposing
the resist [ 1p Oackatioriiehpraeties rniexposehfiivinafd @)idevelopin gt exposedditmdo produce
an image.. The ang-reflective coatings on the elﬁctr nféc devjce eparti%llarlﬁ use ul with resist

A ofét WA

compositicHE thaY BHE IR PGER 8 SKBEsET S URIaN Ot $ 5 Rton ASVIRG B WA GR 3R P57 nm to

365 nm, altextativebe iltfavieibtvadibtionihadiogiecwavslen e ghd&Fsrior GnhdS nin.r@mce an image

ctehing T g e A I Al e or removing the
resisiSfilmeanidng: ihaimmgeante rehestige omting frhaybadkatipiolieriwdustoduieseieUies Aatding the
desired a{ﬁbﬂ&%ﬂ;ﬁngﬁle 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

radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced in the

20  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.

25
EXAMPLES
[0032] The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skiil in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well
30  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,

11



EXAMPLES [0032] The following examples are included to demonstrate preferred embodiments of the
~invention. It should be appreciated by those of skill in the art that the techniques disclosed in the

examples WWS'EJ%'/ W 1rﬁpresent techniques discovered by the inventor T.B%IJR]%%?@ y %Qﬁ%om the
practice of the'invention, and thus can be considered to constitute preferred modes tor Its practice.

However, those of skill in the art should, in light of the present disclosure, WO
2009/111121PCT/US2009/032906 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 s0Re.ef d1e AYENINR A RS IRSRRGES AL R YdiplesR AlhCRsesialethand PDI is the

polydispersity index. 5[0033] The film coating on wafers was processed on a Karl Suss CT62 spin
coater. TRBM&&rPeimElke SrtiBrlWae s itere depndingrtam SasRiFs A PEeerIN{Hiter and then spin

coated ontR&tandad singlasidedeun welpalishesdeywrasistiveynwaler s endsublaspidad, polished

1,11R wafers (spin speed = 2000 rpm; acceleration speed = 5000, time = 20 seconds unless otherwise
indicated}f‘ﬁﬁ‘ns were cured at a temperature (200-250 C) for 60 seconds using a 10 rapid thermal
processirgaEsT Phpvéimwitinia gittegaer gaasqurgesstherfiink thickne sST ¢ fraiative tirdEkeans ik value

were detegngied Lsing, 2 J: A \Vegllam elipsemeter, The ticknsReaales igeoudedaierg the average
of nine measurements. PGMEA resistance after cure was determine %y measur%g frRe film thickness
change beforetamtiusliten SRGMERwinseh Fhle vt ventovsi vale wdsrassesddd withl pebdorhmercial wet

stripbing salilions NEA9.200.GC203f Geniach angisgaauamenisuere qrdlslad using water and

methylene iodide as liquids and the critical surface tension of Wetfingawas calculated based on the

Zisman apihesaéss imdkisaisie TpHSIBQudAOrRemDaiision LR e S0 IBMOR")s)o 63
(RSHG-X){2HQRMIMFROLMBE TP A teaciah almOdecwene foadedivitn R GiMER (4 30el-and DI-water

(20 g). The water is quickly dispersed in PGMEA by stirring into a homogenous solution. To a separate

feeding fIAGERAS thEAUINER PREBTIEGE Gkt héthy witvdp sHmsqetist MieAhiskipy gy values
phenyltrickieniasilaned 1 6:¢r O brmialeydnatyitich IDcogifan el 03 hmnels 25 trichlorosilane

(13.6 g, 0.1 mole), and 2-0 -trimethaxysilyl propy th trahydropyran, (9.70,9, 0.035 mol). Next, the
solution i TRETARAT RSk S HU0ED S At B gET sVt e g
peristalticrpunypl Aftew thessempletidnteb additien;itheenbttimeing thimtieactde vamavaSlied twice by

adding Diwgter wise (21000 ) JThe Qo0 AR MeNSUIRPRZATTEr Adding FREAGH using
yap the %ritical surface tension of Wettingl, was calculated based on the Zisman approach.

Example 1

P hSi-O(Snx)/Q(OR”)X)O.] O(HSio(s-x)fz(OR”)x)o.zo(MeSiO(.?-x)/z(OR")x)n.és (RSiO(S-x)fz(OR”)x)o.m

20
[6034] In areactor at 20 °C were loaded with PGMEA {430g) and DI-water (20 g). The
water is quickly dispersed in PGMEA by stirring into a homogenous solution. To a separate
feeding flask was then added propylene glycol methyl ether acetate (PGMEA, 240 g},
phenyltrichlorosilane (10.6 g, 0.05 mole), methyltrichlorosilane (47.1g, 0.315 mol),

25  trichlorosilane (13.6 g, 0.1 mole), and 2-(1-trimethoxysilyl propyloxy) tetrahydropyran (9.70
g, 0.035 mol). Next, the solution in the feeding flask was added to the reactor under nitrogen
over 1 hr 10 min wvsing a peristaltic pump. After the completion of addition, the mixture in
the reactor was washed twice by adding DI water twice (2 x 1000 g). The solution was then

stripped after adding EtOH (40 g) using rotor-vap to give a clear PGMEA solution. The

12



WO 2009/111121PCT/US2009/032906 solution is diluted to 10 Wt.% by adding more PGMEA and
then filtrated through a 0.2 mm Teflon filter. GPC data (vs polystyrene): Mw = 29100, PDI =4.08.

[0035] A f”%%@ﬁ r%?lﬁ? produced as described above and measured f éﬁ?ﬂ%ﬁﬁ@%&{“es 5as

described above. Ickness = 2269 A. Film loss after cure at 215 C for 1 min.: or PGMEA
loss, and 4 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89. Example 2
(PhSIi0(3-x)/2(OR7)) 0.10 (HSI 0(3_02(OR™00 20 (MeSi0(3-x)/2(OR")x)0.55 (R-Si0(3-X)/2(OR"))00.15
10 [0036] To a reactor at 20 C loaded with PGMEA and DIl-water was added propylene glycol methyl

ether acelgig(RGMEA4RO1gwRheRYItichigrasiiape (406 S4QHr Meleld meshyireorasilane (41.1g,
0.275 mol), trichlorosilane (13.6 g, 0.1 mole), and 2-(l- trimetho>2/ y1 propyloxy) tetrahydropyran

il
(20.8 g, 0lG78THDS Atdr 98 BRSO TS d R OA Ahe? Pﬂx‘tuiéin the reactor was washed twice by

adding DI water twice. The solution was then stripped using rotor-vap to give a clear PGMEA solution.

The solutjon is diluted to 10 Wt.% by adding more PGMEA and then filtrated through a 0.2 mm Teflon
fiter, GPCOAEA (VB IRt R A T 85 SUDSSATH M CSSHRG WAL Broduced as
desctibechabove addineastiied toclvariou S pid pe fids dsdeberibed al2odeCFim thicknd8sA= 2237 A.

Fim loss Al SYEe 21, Lot} 08p: 13 ACKEOMEAIoSR: 1 A 96 ps Wetremoval

rate in 1 min. y amp
-02(OR")00.06(HSIi0(3-x)/2(OR™)x)0.20(ViSi0(3-02(OR").)0.64(RSi0(3-02(OR")00.io0 [0038] To a
reactor at2Q.(Joaded with PGMEA and Dl-water was added propylene glycol methyl ether acetate
(PGMEA), phenyltrichlorosilane (6.35 g), vinyltrichlorosilane (51.68 g), trichlorosilane (13.6 g), and

miure T RS LEHLT It IR B AOBhG BT Chter Ged e RGN AICE i Sripped
usingprotor-yap to give a clear PGMEA solution. The solution is diluted to 10 Wt.% by adding more
PGMEA a3 )ep, irated throyof 202 M, TRl et GRS Ja13 SRRy ISTs) s, 11800, PDI
methyl ether acetate (PGMEA, 400 g}, phenyltrichlorosilane (10.6 g, 0.05 mole),
methyltrichlorosilane (41.1g, 0.275 mol), trichlorosilane (13.6 g, 0.1 mole), and 2~(1-
trimethoxysiiyi propyloxy) tetrahydropyran (20.8 g, 0.075 mol). After the completion of
15  addition, the mixture in the reactor was washed twice by adding DI water twice. The solution
was then siripped using rotor-vap to give a clear PGMEA solution. The solution is diluted to
10 Wt.% by adding more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC
data (vs. polystyrene): Mw= 42000, PDI =7.93.

20 [6037] A film coating was produced as described above and measured for various properties
as described above. Film thickness = 2237 A. Film loss after cure at 215 °C for 1 min.: 12 A
for PGMEA loss, and 8 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89.

Example 3

25 (PhSiOpn(OR00.06(HSIO:x2(OR )4 )0.20( ViSiOa.2(OR 71 )0 6a(RS1I0 32 (OR ") o 16

[0038] To a reactor at 20 °C loaded with PGMEA and Di-water was added propylene glycol
methyl ether acetate (PGMEA), phenyltrichlorosilane (6.35 g), vinylirichlorosilane (51.68 g),
trichlorosilane (13.6 g), and 2-(1-trimethoxysilyl propyloxy) tetrahydropyran (13.9 g). After
30 the completion of addition, the mixture in the reactor was washed twice by adding DI water
13



5[0039] A film coating was produced as described above and measured for various properties as
described above. Film thickness = 1913 A. Film loss after cure at 215 C for 1 mm.: 22 A for PGMEA
loss, and 8 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89, Example 4

10(1-10PhSt E%%MB’F%&)O).O(HS|o:3-x)/2(0R")x)o.)O(MeSiO(s.02(0R")‘§555§% B3 2(0R")x)0.t0
[0040] To a reactor at 20 C loaded with PGMEA and DIl-water was added propylene glycol methyl
ether acetate (PGMEA), [3-(o-methylcarbonate-phenyl)propyl]trimethoxysilane (12.80 g),
methylnichlorosilane (37.37 g), trichlorosilane (20.32 g), and 2-(1-trimethoxysilyl 15propyloxy)

tetrahydropyrantl3hah AR 0 compigtion ofadditions biednisuerniies sagigsWagwashed twice
by adding DI water twice. The solution was then stngped using rotor-yap to give a clear PGMEA

solution. THEEatighYEdIRIIEINS ROy RERIF epdhEAlpHatHeawRatéd ®ibugh a 0.2
mm Teflomditar rifal? Goatadus~PQI¥RMRRR): Mv= 14680 HRipL5308. 20 [0041] A film coating was

produced as described above and measured for various properties as described above. Film thickness
= 2098 A. Film loss after cure at 215 C for | min.: 88 A for PGMEA loss, and 102 A for TMAH loss. Wet
remoyal reuess A fiim cdB096 WysNodReMMAROOB b 2d R THelSRRAIHI2006s Phadevhich | claimed

PN o b G e G Pt S S

(RISIO(3_02(3RMpAgloss, and 8 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89.

Example 4

10 (HOPhSIOn (OR)x)a10(HSI0 4 52 OR ™50 50(MeSi0 5.2 OR 7))o 5o (RS1O 3.2 (OR o0

[0040] To areactor at 20 °C loaded with PGMEA and DI-water was added propylene glycol
methyl ether acetate (PGMEA), [3-(o-methylcarbonate-phenyl)propyl]trimethoxysilane
(12.80 g), methyltrichlorosilane (37.37 g), trichlorosilane (20.32 ), and 2-(1-trimethoxysityl
15  propyloxy) tetrabydropyran (13.9 g). After the completion of addition, the mixture in the
reactor was washed twice by adding DI water twice. The solution was then stripped using
rotor-vap to give a clear PGMEA solution. The solution is diluted to 10 Wt.% by adding
more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC data (vs. polystyrene):
Mw= 14600, PDI =3.98.
20
[0841] A film coating was produced as described above and measured for various properties
as described above. Film thickness = 2098 A. Film loss after cure at 215 °C for 1 min.; 88 A

for PGMEA loss, and 102 A for TMAH loss. Wet removal rate in 1 min.; 100% by NE-89.
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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 a hydroxyl producing group; and 1 10R is selected from

substituted QGS%?%%{(;%BS' ester groups, polyether groups; mercapto groh;gf%&rég(@ﬁ@@%ﬁic ester

groups, carboxy containing groups, and reactive or curable organic functional groups; and r has
avalue 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 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 +0 +p +q 1. 15 2. The resin as claimed in claim 1 wherein m has a value of 0 to 0.25,
n has a vaiyg @fQ41P49:040,0 has a value of 0.25 to 0.80, p has a value of 0.025 to 0.35 and g has a
value of 0 to 0.3. 3. The resin as claimed in claim | wherein m has a value of >0 to 0.15, n has a

value of 0\ 10' 2D HHBOH S HBRFEEHT HOBIS 0SS 1A H 28R 90Y 8908 and q has a value of

>0t00.15. 4. T in ag¢laimedin.claim 1 wherein the hydroxyl producing group. R, has the
formula 3 i -RZO@@E@&?&?@% or)élgﬂic bridging group and R s a protecting group. 25 5. The

resin as claime&ﬁsgj}?gn é(@lﬁegejn the hydroxyl producing group has the formula - (CH2)3-00tBu,
-(CH2)2-CO-SiMe3, - H )2-(Oéf3|2CH2)d-00tBu, or -(CH2)3-(OCH2CH2)d-CO-SiMe3. . 6. The

resin4s claimed(megli@j@m X]) Mberein R1 Is an alkenyl group.
(RSi03.x)2(0R")x)p

(R}'Sio(a-x)/z(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 a hydroxyl producing group; and
10 R1 is selected from substituted phenyl groups, ester groups, polyether groups; mercapto

groups, aryl sulphonic ester groups, carboxylic acid containing 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 0.93; n has a value of 0.05 to 0.95; ¢ has a value

of 0 to 0.95; p has a value of 0.03t0 0.5, qhasavalue of to 0.5;and m+n+o+p+q= L.
15

2. The resin as claimed in claim 1 wherein m has a value of 0 to 0.25, n has a value of 0.15 to

0.40, o has a value of (.25 to 0.80, p has a value of 0.025 to (.35 and ¢ has a value of 0 to 0.3.

3. The resin as claimed in claim 1 wherein m has a value of >0 to 0.15, n has a value of 0.10
20 to 0.3, o has a value of .25 to 0.75, p has a value of 0.05 to 0.15 and q has a value of >0 to
0.15.

4. The resin as claimed in claim 1 wherein the hydroxyl producing group, R, has the formula
j 3
-RZOR3 where R.z is any organic bridging group and R is a protecting group.
25

5. The resin as claimed in claim 4 wherein the hydroxyl producing group has the formula -

(CH2)3-CO'Bu, -(CH2)y-CO-SiMes, ~(CHy)p-(OCH,CHy)g-CO ' Bu, or
-(CH2)3-(OCHCHo)4-CO-SiMes.

15



7. The resin as claimed in claim | wherein the resin contains 6 to 38 mole % of units having -OR"
groups. 5 8. The resin as claimed in claim | wherein the resin has an average molecular weight (Mw)

. of 700 to 30\9%%09/11?§€n antireflective coating composition comprising l}ﬁll)(é% ﬁé] g ane resin
comprised of the units (Ph(CH2)rSi0(3-02(OR™")x)in (HSIO(3-x)/2(OR")x)1 (MeSi % 2'2% R")x)o
(RSIO(3-02(OR"x)p 15(R1Si0(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 a
hydroxyl producing group; and R1 is selected from substituted phenyl groups, ester groups, polyether

groups; mercapto groups, aryl.sulphonic ester groups, and reactive or curable organic 20functional
groups; Z%?dﬁﬁ%gsgﬂ\?gl%%iﬁé} Iﬁ.c%r% of A% %{s %i%glﬁgeg fgrf 1%Pr'Z; 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; g has a value of 0 to 0.5; and m+n+ Q+p+q 1.; and (ii) a solvent. 2510. The antireflective coating
compositin L TS AR 6 ARk IR AL A OHIEF D36 .98 TPl SVAS BYOMS to 0.40, o
has a valu@Rf @3bpto 0.80, p has a value of 0.025 to 0.35 and g has a value of 0 to 0.3. WO
2009{51.11121PCT/U82009/032906

8. The resin as claimed in claim 1 wherein the resin has an average molecular weight (Mw)

of 700 to 30,000.

9. An antireflective coating composition comprising

10 (i) silsesquioxane resin comprised of the units
(Ph{CH2)rSi03.5)2(0OR )5 )m
HSIO03xy2(0R )50y
(MeSi03_x)2(0R")x)o
(RS10(3.5)/2(0R)x)p

15 (R'SiO.xy2(0R")x)g
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 a hydroxyl
producing group; and Rl is selected from substituted phenyl groups, ester groups, polyether

groups; mercapto groups, aryl sulphonic ester groups, and reactive or curable organic

20 functional groups; and r has a value of 0, 1, 2, 3, or4; x has a value of (), 1 or 2; wherein in
the resin m has a value of 0 to 0.95; n has a value of 0.05 tc 0.95; o has a value of 0.05 to
0.95: phas a value of .05 tc 0.5; g has avalue of O to 0.5 and m+n+o+p+qg~1.;and

(i) a solvent.
25 10. The antireflective coating composition as claimed in claim 9 wherein m has a vaiue 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
0.35 and q has a value of 0 to 0.3.

16



11. The antireflective coating composition as claimed in claim 9 wherein m has a value of >0 to 0.15, n
has a value of 0.10 to 0.3, o has a value of 0.25 to 0.75, p has a value of 0.05 to 0.15 and g has a

value of >0 . The antireflective coating composition as claimeg.i “Eé ' rein the
hydroxyl . p&g uzgzi?r?éggjfr%lljp has the formula -R20R3 where R2 is any Or;fgﬁ %%%lj%%}&r%up and R3 Is

a protecting group.  13. The antireflective coating composition as claimed in claim 12 wherein the
hydroxyl 10 producing group has the formula -(CH2)3-00t13u, -(CH2)2-CO-SiMe3,
-(CH2)2-(OCH2CH2)d-00tBu. or -(CH2)3-(0C,H2CH2)d-CO-SiMe3. 14. The antireflective coating

compositipn a4 Claimathin A VOSEBILRIIS AR GroHR dRerls: hhgantirilegtive coating
composition as claimed in claim 9 wherein the resin contains 6 to 38 mole % of units having -OR"

groups. 0 &8 TrHaahEpdHeRtile Cilligictthpostiie R D died iR BisimvoliaRi Bt resin has an
20 average malecuias weightdiMwy)oh 780 to 30,000. 17. The antireflective coating composition as
claimed in claim 9 wherein the solvent is selected from 1-methoxy-2-propanol, propylene glycol
monomethyl ethyl acetate (PGMEA), gamma-butyrolactone, and cyclohexanone 25 18. The
antireflectize Thatimgrdrapesitionnas chaddomn slaisn@dvinerdeim the loanipdsitlorcaniprises 80 to 95 wt
% solvent based on the total weight of the camposition. 19. The antiretlective coating composition

as claimed IR Bt o Ron dssa fit bk cethis il p g g radbRniidtor. 17 WO
2009/111121PET/\)S2009/032906

13. The antireflective coating composition as claimed in claim 12 wherein the hydroxyl

10 producing group has the formula -(CHz)3-CO'Bu, ~(CHy)p-CO-SiMes,

-(CH;}_)Q-(GCHQCHZ)d-COtBU, or ~(CH2)3-(OCH2CH7)g-CO-SiMes.

14, The antireflective coating composition as claimed in claim 9 wherein R1 is an alkenyl
group.

15
15. The antireflective coating composition as claimed in claim 9 wherein the resin contains 6

to 38 mole % of units having ~OR” groups.

16. The antireflective coating composition as claimed in claim 9 wherein the resin has an

20 average molecular weight (Mw) of 700 to 30,000.

17. The antireflective coating composition as claimed in claim 9 wherein the solvent 1s
selected from 1-methoxy-2-propanol, propylene glycol monomethyl ethyl acetate (PGMEA),
gamma-butyrolactone, and cycichexanone

25
18. The antireflective coating composition as claimed in claim 9 wherein the composition

comprises 80 to 95 wt % solvent based on the total weight of the composition.

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

30  additionally comprises a free radical initiator.
17



20. A method of forming an antireflective coating on an electronic device comprising (A) applying to an
electronic device an anti-reflective coating composition comprising (i) silsesquioxane resin comprised

of the units i0(3_x)12(0OR")x),11 (HS10(3_02(OR")x)n (MeSiQ(3._xy2(OR")x)0
(RSiO(3_OZ%§'%%%%(ﬁ| 10(3_xy2(OR")x)q 10where Ph is a phenyl group],)mgzg%?n%’gngg? group; R" is

hydrogen atom or a hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a hydroxy!l
producing group; and R is selected from substituted phenyl groups, ester groups, polyether groups;
mercapto groups, aryl sulphonic ester 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 15has a value of O 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 04& 05mahahet frrsipe yantirgfierive £Q8i0e 90 amelectoBY deri\ g s i88lvent and curing

the silsesquioxar@g)r 'Mﬁ’gfgf m aRaRkeflective coaling @R ihe lestoniedevics, 'siﬁ'%e method
as claimed in claim 20 wherein m 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 hdd) &Vt oree 25 B8R AN of HEaHalue of 0 to 0.3. 2522. The method as

claimgd in claim 20 Wh%ﬁ& %@@% vg%tgglgtfp to 0.15, n has a value of 0.10 to 0.3, o has a value of
0.25 {0 0.75, p has a value of 0705 t6 D'15 and*q'has a value of >0 to 0.15. 23. The method as

claimed in claim 20 wh@g@%&g& B)(Qf@»s}drproducing group has the formula -R20R3 where R2 is any
organic bridging group and % a protecting group.

(MeSiO3.5)2{OR™)x)o
(RS10¢3.xy2(OR")x)p

(R'Si0¢3 x2(0R )y )g

10 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 a hydroxyl producing
i. .
group; and R is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, aryl sulphonic ester 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
15 has a value of 0 to 0.953; n has a value of 0.05 to 0.95; o has a value of 0.05 10 0.95; phas a
value of 0.05t0 0.5; qhasavalue of Oto 0.5;and m+n+o+p+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.
20
21. The method as claimed in claim 20 wherein m has g value of 0 to 0.25, n has a value of
(.15 to 0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to 0.35 and q has a value of
0to 0.3,

25 22, The method as claimed in claim 20 wherein m has a value of >0 to 0.15, n has a value of
0.10 to 0.3, o has a vatlue of 0.25 to (.75, p has a value of 0.05 to 0.15 and q has a value of >0
to 0.15.

18



24. The method as claimed in claim 23 wherein the hydroxyl producing group has the 5 formula
-(CH2)3-00tBu, -(CH2)2-CO-SiMe3, -(CH2)2-(OCH2CH2)d-00tBu, or -

-(CH2)3-(OCH22C(:}0H9? ld-l%O-SiMe& 25. The method as claimed in claim 2}9 %heggin ‘I;\;%gi% an alkenyl
group. 10 26" ThE"Phetidd as claimed in claim 20 wherein the resin contaiiis 616 38 Mol& % of units

having -OR" groups. 27. The method as claimed in claim 20 wherein the resin has an average
molecular weight (Mw) of 700 to 30.000. 15 28. The method as claimed in claim 20 wherein the
solvent is selected from 1-methoxy-2- propanol, propylene glycol monomethyl ethyl acetate (PGMEA),

gamma‘bﬁ)’@iﬁ%?éﬁ?ocﬁ&dcﬁ%’i‘%%?5&91?8?%%@@%%%?&@ 510,130 $Q wherein the

composition comprises 80 to 952Wt % solvent based on eightof the composition. 30. The
method afniaimer |Om?mwmhenem@mmm§i@gﬁa@oﬁﬁdma ly cpmprises ardige radical initiator.
25 31. The method as claimed in claim 20 wherein the antireflective coating composition is applied by
spin-coating, dip-coating, spray-coating, flow-coating, or screen printing. 32. The method as

claimed in£lajmt 3dewbesinl hgeantiefiectivevaoaiine e omposilipnois. shanplies Ry srin-coating. 33.
The method as claimed in claim 20 wherein removing the solvent and curing comprises heating the

coated susstiate 16 B0B-tduBoC (foi 021G 60Msnutes 5 IDCHRCHDMER Btchiimed in claim 20

wherein the curin takesglace in an inert atmosphere. 10
-(CH; )3-(OCH2CH7)¢-CO-SiMes.

25. The method as claimed in claim 20 wherein Rl is an alkenyl group.

10 26. The method as claimed in claim 20 wherein the resin contains 6 to 38 mole % of units

having ~OR” groups.

27. The method as claimed in claim 20 wherein the resin has an average molecular weight
(Mw) of 700 to 30,000.

15
28. The method as claimed in claim 20 wherein the solvent is selected from I-methoxy-2-
propanol, propylene glycol monomethyl ethyl acetate (PGMEA), gamma-butyrolactone, and

cvclohexanone

20 29. The method as claimed in claim 20 wherein the composition comprises 80 to 95 wt %

solvent based on the total weight of the composition.

30. The method as claimed in claim 20 wherein the composition additionally comprises a

free radical initiator.

31. The method as claimed in claim 20 wherein the antireflective coating composition is

applied by spin-coating, dip-coating, spray-coating, flow-coating, or screen printing.

32. The method as claimed in claim 31 wherein the antireflective coating composition is
30  applied by spin-coating.
19
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WO 2009/111122 ’ PCT/US2009/032%06

33. The method as claimed in claim 20 wherein removing the solvent and curing comprises

heating the coated substrate to §0°C to 450°C for 0.1 to 60 minutes.

34. The method as claimed in claim 20 wherein the curing takes place in an inert

atmosphere.

20



