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1 METHOD FOR FORMING ANTI-REFLECTIVE COATING
DESCRIPTION 5 [0001] With the continuing demand for smaller feature
sizes in the semiconductor industry, 193 mm optical lithography has
emerged very recently as the technc}logy to produce devices with sub-100
nm. The use of such shorter wavelength of light requires the bottom
antireflective coati(%%é%f‘ARC) to reduce the reflection on the substrate and
dampen’tHe! Rbtorekist SRiHGNura By aBsdrblirtg ight thafdS been
passed through the photoresist. 10 Commercially available antireflective
coatings (ARC) consist of both organic and inorganic materials. Typically,
the inorganic ARC, which exﬁ?&@g&}g Q@‘Nesistant, is CVD based and
is subject to all of the integration disadvantage of extreme topography.
The organic ARC materials are agglie by spin-on process, and have

[0001] cReith Pt AU BRASTZAH SR SFOPTEGS BEe KSR TRGTPBEERIterOr industrs.
193 mSepebvitiderganiapheiaiesish s Rdesiitag matesiabibal effersdbdliRvices
. combined advantages of inorganic and organic ARC materials js highly
with sefeL{{A8m 000%] BiselouEh Hirer r ﬁgggé%a%;&ﬁ%é%&rﬁg Bl
antirefRRtkefQclNE: CONRNG) properiethorel93: M digite Thesaantietestpem the
cqatings can be stripped at the remqval stage and the silsesqujoxane,
PRotorF S ePE SHab e GO P FB e BT e BRI R Ay e
Comm@FrednininR-Silsestuoane.r esifiig essratialde thefdesiresaieand inorganic
.properties and strip-ability 20 as a.1,93nm ARC material.. [0003] In. a first
materi 3 1 2 pHORERH B UIEF FOATLE R S BEHoR ey B
and is abRleakenic it gampisigdrirnapyingie-ar elgoitanitydeVizeoagnic ARC
e rmposilon comprising. ()2, lesauigan PR ARG e MM e
but sufifd HEr 313 QcheEMBHIOIB A OPHXRESIO (3 )24 pachwviab reaP bffers
is a phenyl group, Me is a methyl group, R js, selected fr m ester groups
the cor R N AEEEN A ROSE RS BRSO R P T e S PRe 51 Tr08 to
[0002]0.95 5610188 Bevalarekilsesquioxane resins that exhibit antireflective coating
properties for 193 nm light. These antireflective coatings can be stripped at the removal stage
and the silsesquioxane resins are stable upon storage. In addition, the presence of a hydnde
group in the silsesquioxane resin is essential for the desired cure properties and strip-ability
as a 193nm ARC material.
[0003] In a first aspect, there is provided a method of forming an antireflective coating on
an electronic device comprising
(A) applying to an electronic device an ARC composition comprising

(i)a silsesquioxane resin having the formula
(PhSiO3.3y2(0H ) )m HS103x)2(OH hin(MeSi03 2 OH)x)p(RSI03.x)2(0H)x)g
where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 to 0.95, q has a value of 0.01 to 0.50 and
m+n +p+q=1;and

(ii) a solvent; and
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0.05 to 0.95, p has a value of 0.05 to 0.95, g has a value of 0.01 to 0.50

and m+n +p+g~l;and 30 (ii) a solvent; and 2 (B) removing the solvent

and curing the silsesquioxane resin to form an antireflective coating on

the electronic device. [0003a] In a sécond aspect, there is provided a

method of forming an antireflective coating on an electronic device

comprising (A) applying to an electronic device an ARC composition 5 _
(B) rer@@wfg}ﬁ@q%‘éegﬂgg M&H@ @éﬁ@ﬁﬁggﬁ@}ﬂfg%ﬁﬂ dpgm an antireflective coating

on the FrRBINSa4REOH)X)mM HSIO(3_ _
X)/I2(OH)X)n(McSiO(3_x)/2(OH)x)p RSlOé% x)/2ﬁ(90;=.J)x)q where Phisa .
[0003ah By Seronpb 2MEcs BEFRIHPYISth? RTS8 BEAIHBRERIGIGTHHY afRpting

on an AKSHIELSIUNS R HEEHR VRIS B 8T8 el hasiaualie &h ART @mposition
0.95, n has a value of 0.05 to 0.95, p has a value of 0.05 to 0.95, q has a

comprisiigé)oks0dqtodd A aeirhaying the foriyda dPiis @ solvenOB) re Mdiing
the solvent 10 and curing the silsesquioxane resin to fprm an

s (Olhtip€ileStive goating e (RE€lecirpricidayicerhandiiG) daring areesishie is a
image over the antireflective coating. 10003b] In a third aspect, there is

methylgeHBelt i FEHHGH BPIBRHFORATBHARRAUGE CoRIME Drf 541 Bretlitoic): | or 2

m has S€¥i68 SOMPTigiNgoA hanRlyinade aruelecyoms derice: aRIAReE 0.05 1 0.95,
composition comprising (i)a silsesquioxane resin having the formula
hasa V@F?S?@Qénxﬁ?ﬂé@-lﬁ%ﬁﬁnm? 1= 1; and (ii) a solvent; (B) removing the solvent

and cuﬁﬂé@é‘%%@%ﬁ@@%)ﬁ) RERRIREB2H L 5N MhakeRRide @ c device;

henyl group, Me is a methyl group, R is selected from ester groups and

and (Cgépy@a@@ragr@dmém@a%gw\ﬁ&mw elecerocomings a value of 0.05 to
[006315)- | P B haR1ayRleRi Q- Oieldla. ShasA vallgeff- 8B 488 RclvB@8Aing on

value of 0.01 to 0.50 and m + n + p + q 1; and (ii) a solvent; (B) removing |
an eleqignépAite SAMBHANG thd) SRIUEHSOX 3RS ReSIATS fiTiFaAtantverfipesition

compr R ale SSAE AR (B b S SO rE i H DA e
(O RIRaR IR I ERRESH AR 5 PERSHSIARE 9 RTIHHRIY Sup. e is a
methyl group, R is selected from ester groups and polyether groups, x has a value of 0, 1 or 2;
m has a value of 0.05 t0.0.95, n has a vaiue of 0.05 to 0.95, p has a value of 0.05 to 0.95, q
has a value of 0.01 to 0.50 and m +n + p + q = I; and (ii) a solvent; (B) removing the solvent
and curing the silsesquioxane resin to form an antireflective coating on the electronic device; |
(C) forming a resist image over the antireflective coating; and (D)} etching a pattern in the
anti-reflective film.

[0003¢] In a fourth aspect, there is provided a method of forming an antireflective coating

on an electronic device comprising (A) applying to an electronic device an ARC composition
comprising (i)a silsesquioxane resin having the formula (PhSiO¢3xy2(OH)x)m H5103.
x)/2{0H))n(MeSiO 352 (OH)x )p(RSIO0 3 x2(0H)y)g where Ph is a phenyl group, Meisa
methyl group, R is selected from ester groups and polyether groups, x has a value of 0, 1 or 2;
m has a value of 0.05 to 0.95, n has a value of 0.05 to 0.95, p has a value 0£ 0.05 t0 0.95, ¢
has a value of 0.01 t0 0.50 and m +n +p + g~ I; and (i1) a solvent; and (B) removing the

solvent and curing the silsesquioxane resin to form an antireflective coating on the electronic
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on an electronic device comprising (A) applying to an electronic device an
ARC composition comprising (i)a silsesquioxane resin having the formula
(PhSiO(3_x)/2(OH)x)m HSIO(3_ 25
X)/2(OH)x)n(MeSiO(3 x)/2(OH)x)p(%S|O(3 x)/2(OH)x)g where Ph is a
phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to

device 08P fornasa value ed HOb e @195:1’@1‘@&62&%111&@{@ (IS)K‘X&B@ Eq;)zhw}‘ain the

value of.0. Olt 50and m+n+p+q1,; and (ii) a salve
ant el T AR R G
[ooosantlrﬁf@ﬁﬁxﬁa@p@aﬂ@@@ therelaauoaic ZRCdexigeis(E)femmipgsttedist

image over the antireflective coating; (D) etching a pattern in the
sﬂsesqammfﬂemxyélfmmgéh@lf@m@ﬁ@hﬁ&har/eéﬁ%ﬁhﬂagﬂ%l@nJﬂxgz(OH)x)n(Me310(3~

anti-reflective film. [0003d1 In a fifth aspect, there is provided an ARC
x2(OdbEBSition-corPhsidg W@s@éﬂ%@w m}@ﬁmgw M&vm@ RHEDRG BAONR: R 1S

(PhSIO(3_x)/2(OH)x) SIO
slect) A AR A AR iRers PA 1o & BRathFdrSlp; B 4 e o
0.05 tooethyh geeupydiisseldrted Grofm pE@ragrﬂup&ﬁmﬂ) palyeffendraupsakdas(.01
a value of 0, 1 or 2; m has a value of 0.05to 0.95, n has a value of 0.05
to 0. DQG@%*ﬁ“hﬁé’a Feffuls G‘f‘g(@% 1968 q has a value of 0.01 to 0.50 and m

[0004]+ MHeRitshquis-and (8iAsI0)\RBRullR00Aki hhetsilsesqtiexanrectasing Hive the
useful in forming the antireflective coating have the 10 formula

formul @Dhs|0(3 -X)/2(OH)x)m

i0 (
e re T B e B She B K
where g@g%s a@g@mp@@l@ H&‘?e xshamemvaleerop R lsaeRomdhiasra a@w@@m@mm
n has a value of 0,05 to 0,95, p has a.valu 0.9
polyetlg gaouPD, b 1t EBUHRLAr 4 FF 2 S EAE A 5&?3“&5.’ AR
0.05 191kt BRQ Mhliasod yakie of & 19 tasth SAlye basivalue 36 Hidthte 870 + g ~
and g has a value of 0.05 to 0.2 g<f10005] Ris selected from ester ?rou ps

L. AligmgthislyethBrytois TH i lgtbup iesdnypbiganit [Sudtitiemhas @ value of
0.10 (SONEIRAG BLiepsiiaBe ester functipnaliy. The polyether group is an

[6005] q{ 15 selected from ester groups and polyether groups. The ester group is any organic
substituent containing at least one ester functionality. The polyether group is an organic
subsituent having hydrocarbon units linked through oxygen atom, represented, but not
limited, by the following structure: Si-(CHa),[O(CH2)p].OR’, whereina =210 12, b =210

6: ¢ =2 to 200; R* = H, alkyl, or other organic groups. Examples of ester groups useful herein

are Si-(CHy)»-0-C(O)Me and Si-(CHy)r-C(0)-OMe. Examples of polyether groups useful
herein are Si-(CH»)3-(OCH2CHy)7-OMe, Si-(CH2)3-(OCH2CHz)7-OH and  Si-(CHz)3-

(OCH,CHa)7-OAc .

[6006] The silsesquioxane resin may be essentially fully condensed or may be only partially
condensed. When the silsesquioxane resin is partially condensed less than 40 mole % of the
units in the silsesquioxane resin should contain Si-OH groups. Higher amounts of these units
can result in instability in the resin and the formation of gels. Typically 6 to 38 mole % of

the units in the silsesquioxane resin contain Si-OH groups.



subsituent having hydrocarbon units linked through oxygen atom,
represented, but not 20 limited, by the following structure:
Si-(CH2)a[O(CH2)b1cOR', whereina=2to 12; b=2to 6;c=2to 200; R’
= H, alkyl, or other organic groups. Btxamples of ester groups useful herein
are Si-(CH2)2-0-C(O)Me and Si-(CH2)2-C(O)-OMe. Examples of
polyether groups useful herein are Si-(CH2)3-(OCH2CH2)7-OMe.

16007] SifEH2)3( Rk A A Kkl 216 Sit (5e2)3 HOCHZS N HOAGW3 5 0Q0Rh ge
The silsesquioxane resin may be essentially fully condensed o be

I&@ﬁ 10,000

of 500 g AP BARAHY EBREEHEE AN VDRSPS RSES Ul XAt raSM e &

[0008] COSRRg R 1a8S thanARmaladeiatihe vanileindhaesibeseauasanaiesin
should contain Si-OH groups. Higher amounts of these units can result in

(PhSiGmstehility itHBi®resin andsthéVviobmtion. of-gel REjPivaly B 10288 mole %
of the units in the silsesquioxane resin contain Si-OH groups. 2b [0007]

R = -((hg sf{zedgiibxane resin has a weight average molecular weight (Mw) in
the range of 500 to 400,000 and preferably in the range of 500 to
100,000, alternatively 700 to 10,000. [0008] Silsesquioxane resins useful
herein may be exemplified by, but not limited to
(PhSi03/2)0.1-0.25(HSi03/2)0.15-0.30
(MeSi03/2)0.25-0.55(RSi03/2)0.05-0.20 5 R = -(CH2)2-OC(O)Me WO
2006/065321 PCT/US2005/035236 3 (PhSi0O3/2)0.1-
0.25(HSi03/2)0.15-0.30MeSi03/2)0.25-0.55(RSi03/2)0;05-0.20 R =
-(CH2)2-(OE)7-OH [0009] The silsesquioxane resins may be produced by
methods known in the art. For example, the silsesquioxane resins may be
produced by the hydrolysis and condensation of a 5 mixture of a phenyl
trialkoxysilane, hydrogen trialkoxysilane and methyl trialkoxysilane.
Alternatively they may be produced by the hydrolysis and condensation of
a phenyl trichlorosilane, hydrogen trichlarosilane and methyl
trichlorosilane.
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[0010] 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 10 participate in the reaction may be used in

WebHe§3e silsesquioxane resin. The solvent is general\PEEESIHFpS236

amount of 40 to 98 weight percent based on the total weight of solvent

and silane reactants, alternatively 70 to 90 weight percent. The reaction

may be carried out as a dual phase or single-phase system. [0011]
PrSiRolcorganBSKhoens meabieS Rmins S REiOacldiositeab o

saturated 15 aliphatics such as n-pentane, hexane, n-heptane, and
R”Ts?&%@@ﬁ'é?@&@%iphatics such as cyclopentane and cyclopexane;

[oﬁfﬂ“afﬁésﬁggéﬁxﬁééﬁé‘@%sM%%r&%ﬂ@é@bﬁéﬁé@ﬁﬁ&@ﬁio &’&é%?oﬁ r

tetrahydrofuran, dioxane, ethylene glycol dietheyl ether, ethylene g
exaa?ma?%ﬂ BTSSRt Ras s IAgNbbityhrdhel prisamicpadensation of a
miEQTeXHRAPE-RIOgRTIa6 NSRS alsansS SusR ARIIHERIIINaRS lane.
Mtgal%%%gﬁgg aro %tlcscf,ucg €s§r mr%% nzene and 20 chlorobenzene;

gerer LU 1E6BUN iR grirandsmsttion ebfnten¥one
trichbivesiitnen hydbez exeiviplifiedling dnd methlyinitediteosjiatie. sloxanes such as

a ' [ n ethylcyclopentasiloxane, A
e B R S a4
suitphie pezrcp ATt isiena kvt Bt deriiokeeriaiagifsticel aarripdrbishanany
parBSIRRRAIR KR 861 A0G 88 UbAPRSRRLLHESHS GRIGARLIRIAIAN AEadRRAt is

uring of the silsesquioxane resin. Typically the reaction is carried out at

c
geng B FRRERE QA GE 6 &/HtEARSTeTY fiRssh a5 dhr teial Fisight ef solvent
andssiggemdm[ﬁ@b h&%ﬁf meva‘meamogemﬁlr@sﬁsmﬁuiqueh AR ﬂ&%@@@&dﬁateutas
§$ anumber of factors such as the temperature, the type and amount
ad%? lane reac genf}fa%ensc?’% Y& amount of catalyst, 30 if present. Typically the
[801d] ctidrefrrrastiosnl vave ratvibie arenindiSed brabbuot lidited dkilkathiatstie

alipheiodlhe abledaraadilvdaterm) 1R BeGERS Y10 SR MRIR S s
cyc{(?}?e(gtlgx?é g&y&?ﬁ!}?&%ﬁ?ﬁ&ﬁ&ﬂ si%dagsl:{gn?zgxzéetoﬁwne, xylene, mesitylene;
ethers such as tetrahydrofuran, dioxane, ethylene glycol dietheyl ether, ethylene glycol
dimethyl ether; ketones such as mefhyiisobutyl ketone (MIBK) and cyclohexanone; halogen
substituted alkanes such as trichloroetbane; halogenated aromatics such as bromobenzene and
chlorobenzene; esters such as isobuty‘l iéobutyrate and propyl propronate. Useful silicone
solvents may be exemplified by, but not limited to cyclic siloxanes such as
octamethylcyclotetrasiloxane, and decamethyicyciopehtasiioxane. A single solvent may be
used or a mixture of solvents may be used.

[0012] 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 ambient temperature suggested.

[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 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.
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[0014] 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
wsseafioddig catalyst may negatively impact the shelf life of ghe/siimosness2se
resin especially when in solution thusgits removal is suggested. 5 [0015] In
the process for making the silsesquioxane resin, after the reaction is
complete, volatiles may be removed from the silsesquioxane resin

{00 B4 UtRILWEE JadpietenyEtsutactiBuche valaljsisiaglbeleptiloeiiyl removed.

y-products, excess water, catal i [ ' P
Mo G R T i oot B 8 ol Aoz,

strippini ool iosing e bisttientoierof00Thy Fenbwing e salivalpirpact the
she P RAUGSHD R SIISRSAUIOX ARG L85 N R A WIBRIRHARIPR -SIORS RIERSted.

carried out to obtain the silsesqujoxane resin in the desired form. For ;
[005arpithe TrecensEaqrabing e LS METFARe Sy AR thedBth R gRmpiete,
vo1£§IE@M'£§QH@%§@M-oMﬁ l@f(gﬂqui@iﬁf It seladmaliglerabdnitichbaemire.

numerous, methods are we own in the art (e.q. distillation.under heat
Such e SRR O R EROAE A e et et R e
(chiovssilahertesis)cal fidveptioMdihads disgeineving tubetilanarokenyoiiethe art and

. lvent for a P‘Zﬁ&i lg{i&lse. Alternatively, if a different solvent, other than
mcﬁ'ﬁ%ée’sgfveexnatmﬁg’ |rthhe reaction, is desired for the final product, a solvent

[00&4Eh Flewing/therersiierp B SheulssHikpraavRIR ARUTRER GFPRIARE!

st ShasPhueak R oSl tions foguomplereddiitinnalkird GorasiFor example,
concentration in solvent can be adjust %Sg%gg]ovm some of the A0

the SHFEANBF RS RRIRG ARG AT LU [T LR Ao

e Bﬁﬁ!@ﬂ%ﬂ' ﬁeﬁi@;ﬁl gesobyritieal bininguiecsitsestoiinen evelsindimiitiihg art
sojvent (I). C | S 3 | ;

R i

solithéoantitled|msiiveasdutimgiofedy sp-Fiasrixng i the reser annthre sy et for a

pardEPUEQRAUGRE Aaiirsy JgRiassiicRbRs sthe Brdlewisasinid @Rl utihe
arsenide-based devices intended for use m@%%% manufsc%re %f 2 14

reagonide ARIERS AT IRL RTOT i CR) Y S VIS B s el 2 Pl L B

secORAAISQIMLEH vaday@bving the first solvent through distillation, for example.

Additionally, the resin concentration in solvent can be adjusted by removing some of the

solvent or adding additional amounts of solvent.

(6617} An ARC composition is produced by combining the silsesquioxane resin (i) with a
solvent (ii). The ARC composition is then applied to an electronic device, the solvent is
removed and the silsesquioxane resin is cured to produce the antireflective coating.

[0018] Typ’ically' 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
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.

[0019] The solvent useful herein may be the same or different from the solvent used in the
production of the silsesquioxane resin. Useful solvents (ii) include, but are not limited to, 1-
methoxy-2-propanol, propylene glycol monomethyl ethyl acetate (PGMEA) and

cyclohexanone, among others. The ARC composition typically comprises from about 10% to
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and a plurality of other layers comprising various conductive,
semiconductive, or insulating materials. [0019] The solvent useful herein
maybe the same or different from the solvent used in the 30 production of
Y 2686ti3foxane resin. Useful solvents (i) include, but arePRatURH5 4236
1- methoxy-2-propanol, propylene glycol monomethyl ethyl acetate
(PGMEA) and cyclohexanone, among others. The ARC composition
typically coerfng)rises from about 10% to WO 2006/065321

aboB SR Aehp iNsatbassd 516 P eb T R L Bie R b AeB it alieEIARERR B0 to

95 wf¥hie ARC composition, alternatively 80 to 95 wt %. [0020] The ARC

mpasitjan.can further comprise a cure.catalyst. Sujtable, curg catalysts
R A e SR e s & 0 P, Y Al cor iy
inclgénimagandc Gude, phtdbyatisl Fanergtins andtherifiddidig denempirsin{ited tatalysts

e T P
pheayﬁﬁﬁmmar&ta@%wu%me&wsﬁmﬁ%@%ﬁm aggebon
the total weight of the ARC compaosition. [0021] Specific methods for

catalysh R BRFSTPHI AR 2Rp08t SR IBICit A B Re i’ J8YiBRm brise fRy e total
weiphttd@naRlmisegdsitamin-coating, dip-coating, spay-coating, flow-coating,
een- prnting, and others. The preterr. ethaod for application is.spin .
LRSS e S s S
inclafe buPeea R Hiviitethtd.aitiragatisc RIS ootingospapreteting Sovfaoetivigisereen-

prirt P MG SGS T eRic,ARMICR hR4 NG SRLMABE IS SpRoyRtEN ffii@airl]yfﬁgaﬁﬂg

~silsesquioxane resin is_cured to form the anti 15 reflective coating o
invelfss BRIt elerReniorRicenthobaut RiRR Bédvh padwidinstberdRS such
conBRHLAIIROIRY Aifing R eplinMmpPy¥isaiRRiBdevi@)231 Curing generally

(00 ﬁmpg'hses hea%tig | thgvc at«%1 eI%ﬁégpn_tilt%()dev(i:cesfi?1 a gufé%ﬂgrg teggergture

of a ?f?g} Rt dtraton olqtéa o Curs’l%g. For &amf)lel,u e coated™ &
refleddveromiting on the electronic device. The solvent may be removed by known methods
such as heating or during application by spinning,
[0623] Curing generally comprises heating the coated electronic device to a sufficient

temperature for a sufficient duration to lead to curing. For example, the coated electronic

| device can be heated 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, altematively 200°C to 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 quartz tube furnace, convection oven or allowed to stand on hot plates. |
[0624] To protect the silsesquioxane resin 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. The curing step
is typically carried out at atmospheric pressure although sub or super atmospheric pressures
may work also. :

[0025] Once cured, the elecironic device comprising the anti-reflective coating can be used
in further substrate processing steps, such as photolithography. When used in
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device can be heated at 80C to 450C for 0.1 to 60 minutes, alternatively
150C to 275C for 20 of 0.5 to 5 minutes, alternatively 200C to 250C for
0.5 to 2 minutes. A.ily method of heating may be used during the curing
wtemob/ossexample, the coated electronic device may be pla®et/i§2805/035236
quartz tube furnace, convection ovengor allowed to stand on hot plates.
[00241 To protect the silsesquioxane resin from reactions with oxygen or
carbon during curing, the curing step can be performed under an inert
photdiiibephping, drestsatmagsph érapadanfe] txcantreifideiitogeating. afbampcess for
limited to nitroge rdﬁlﬁ'% 2 Eiis BIeaRL ' £ the
for%%nr%alﬁ eas fﬁ%ﬁ%%&gﬂ%r?g%?efqrat?ﬁgs than %)%S?rgo g‘ﬁ gfﬁ% he

antirefbsiives aovingHRhEnagaTvisesPoeRttha ek Sl mdiation fpiaipdioe an

expo @Mgﬁcﬁéﬁ' QeveispinisthaRicpivE Fkieth Prbdicatinonpberthpregbilective
although sub or super atmospheric pressur, }/ngk alsgéiggnLO&ggée

WW&@E&%%%Q%W@WW@%W&% Yﬁn?aen PreHeaNE Roatng

m%ﬁwfaie ;xw&dﬁmv%mwdmmhammm‘ ' mtbwa?;lﬁisnm t; é‘% n%rg,qm
photo ra en used.in $200

alt%nﬁﬁg? i&%agvggp%)}?é}ar%%?s |¥nm§gxe¥%‘%2%%§%ﬁ%rir?§a§wﬂ%yeﬂediye . age

hasdwatipgedisedgrobesesior filow iy apatiasiit saberbie Sha sndasiiegtiv samipg

kbR Qﬂccﬁ:ﬂ%%tt&%@ﬁtm% 18RI dhe naniimeiectivo.coating: (Riditional steps

Imagewise exposing the resist film tg radiation to produce an eéﬁosgd d
or IR VARICRE TR T AR (e SR A T S PSRRI A R g to produce
a ddb=pfiash vRaaatingsmbecthie.electronic device are particularly useful :
o L oS et e imadewise Sxpas e R BRlBhmets of the
(0020 iat ﬁﬂﬁ‘%%ﬁ?@fgﬁﬁﬁ%? Am to 3 nml,) alternatively i
invetttaviolethaulihtio appendiatpd hyabete nf shibfin S that1ba teaehnigirsalisplosed in
the @%&%#1%&%1?&84@%% IBERRIS! o {bRA 8PN SIVIRG RISl
anti-reflective coating. "Known etching materials may be used tg remove
in fhrepmetive Ahn R dEGHR PSERRSIHETET FRaBTHiteHETsERY fpdes for
its PRAGEINRIBIRG - ANtoed6EE soaling: srylbcie tiployPthdpierent Hieclasure,
ap;g'gc\:/ilgig 1212%/ angzh&gnegsélsr %gn%rg ?rllta%%t&rﬁie specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the
invention. '

EXAMPLES

Resin Synthesis |

Example 1: T 05T 0307 040 T 0,05, X1 =-(CHp)-0C(O)Me

A mixture of 120 grams of PGMEA, 13.2 grams (0.0625 moles) of phenylirichlorosilane,
10.2 grams (0.075 moles) of trichlorosilane, 14.9 grams (0.1 moles) of methyltrichlorosilane,
and 2.8 grams {0.0125 moles) of acetoxyethyltrichlorosilane were transferred to a reactor
under nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of water
was added to the solution of trichlorosilanes over a one-hour period. The reaction was
allowed to body, stirring at 20°C for another hour. The resin solution was then concentrated
to approximatety 10 wt% by rotary evaporator at 40°C. Approximately 40 grams of ethanol
was added to the resin solution. The solution was siripped once more to approximately
20wi%. The flask was removed again and the solution was diluted to 10 wt% with additional

{
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[0026] 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 which follow
WELHES&EIEChniques discovered by the inventor to function HEIUESSG5A6236
practice of the invention, and thus caf be considered to constitute

preferred modes for its practice. However, those of skill in the art should,

in light of the present djsclosure, appreciate that many changes can_be
PGMEfle TP LR NECHEEA SR Ra) BECREbEE i HBm 250

mLIBRE sunitar result without departing from the spirit and scope of the
invention. 20 EXAMPLES Resin Synthesis Example 1: TPh0.25TH
030TMe0.40 TX10 05, XI = -(CH2)2-OC(O)Me A mixture of 120 grams of °

ExdRGMEATLY 2.arams 1625 Moleskot-phenwiiahiosonitane, 25 10.2

grams (0.075 moles) of trichlorosilane, 14.9 grams (0.1 moles) of

A mprgwg R dRbEsnantP (e S, 8 t (B985 mtes) ef phenyltrichlorosilane,

10. AERIXYBIAHLINIy 08 iRARARIRAEANF O RN @ 19RAIRY RS hNIORISRbsiane,
solution of 200 grams of PGM Aanéiglo %trggs_(o.SSS, moles) of water
and¢-A xR (Pt Rt o e e AR TR LB i L Ensans e e fepprd to 2
readackder Wit gelo\wediin b o260 giag e PPCMBsonetorghens. (0,565 ariles) of
solution then concentrated 30 1o approximately 10 wit% by.rptary .
R L B SRt B by bt e e
alioregrirtcsbidiiostirTing atQlio fevvaotberifprord Gisarsrioretatiapprexthsatedpcentrated

o %@M{%&@ {@%w%i%% fip Angdhe g 93%9;6%7%;%#&1@01

% with additional W /065321 PCT/US2005/035 MEA.
wasiidesip fisreissaitian tHie SoNticn Wes SePBrirReEEnte fapRpsisatshy 20

wi?Z5ThefakkRE repiede gindi@eiudod REO R0 80.0 w8 LFin6aal
oy S S e 40 S b MR ok 40T 250

ane,
mL HDPE bottle,‘

Example 3: Tpho.zs ™ 0.30 ™ 0.25 TXIo.zoa X1 =-(CHp)p-0C(O)Me

A mixture of 120 grams of PGMEA, 13.2 grams (0.0625 moles) of phenylirichlorosilane,

11.5 grams (0.085 moles) of trichlorosilane, 9.30 grams (0.0625 moles) of
methyltrichlorosilane, and 11.1 grams (0.05 moles) of acetoxyethyltrichiorosilane were
transferred to a reactor under nitrogen. A solution of 200 grams of PGMEA and 10 grams
(0.555 moles) of water was added to the solution of trichlorosilanes over a one-hour period.
The reaction was allowed to body, stirring at 20°C for another hour. The resin solution was
then concentrated to approximately 10 wt% by rotary evaporator at 40°C. Approximately 40
grams of ethanol was added to the resin solution. The solution was stripped once more to
approximately 20 wi%. The flask was removed again and the solution was diluted to 10 wt%
with additional PGMEA. The solution was filtered through a 0.20 micron PTFE filter and
stored in a 250 mL HDPE botile.

Example 4: Tpho.l oTH osnTMeo.ssszo.05= X2 = -(CHg)p-C(OYOMe
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10.2 grams (0.075 moles) of trichlorosilane, 14.9 grams (0.1 moles) of
methyltrichlorosilane, and 2.8 grams (0.0125 moles) of
2-(carbomethoxy)ethyltrichlorosilane were transferred to a reactor under
wttogransAisolution of 200 grams of PGMEA and 10 grams ¥01368naas)36
of water was added to the solution oftrichlorosilanes over a one-hour
period. The reaction was 10 allowed to body, stirring at 20C for another
hour. The resin solution was then concentrated to approximately 10 wt%

A it af\i 20 grooa i REMES. ABP@rin o R24agleshef phevytiriohlgwesilane,
10. 1%Sggro)q tﬁ? y%%ﬁ&%&%l&@&léﬁ’éuﬁ'@@%ﬁ;ﬁ&rtﬁﬁ%‘?s%%?eéyefe to

t%. The flask was removed again and the solution

mefhvé@@ﬂarealﬁéxq@%dt@ﬁ%m xSt mpdsml iR 2frrabammsths isEhiticdgro-
silatBROME R-A ORI P06 KRR 0T Enaﬁﬁﬁﬁ@gﬁowedm@oaw 206 grdnis DFFEMEA and

bottle, Example Example 3: TPhO 11 e 025 710,20, XI
10 R 495 O CREISRAS SO TRLIES B30 TR B oL AL g Sl fuer » one-houe
pen(ﬁ OPR5reacties) wigdikrydty ltomodysdim’elg 11 29t dion ax(@i@8 hono[E6) ofsin
hlorosil 9 3 | d
iR Bl s O T e
Apmwmmwlmﬁdﬁeéw@@mwmmmwgmww
mﬁmﬁcé%éﬁgw OMReRAEROAAENQSMHIOR®hoain and the solution

trichlorosilanes over a one- ur eriod. The reaction was allowed to

wasisiedsior iR v SoE THBe RSB Brad A e hapet 2 0-20

micESETRY dlies @mwimawgmmmwmary evaporator at 40C.
Approximately 40 25 grams of ethanol was added to the resin solution.
The solution was stripped once more to approximately 20 wt%. The flask
was removed again and the solution was diluted to 10 wt% with additional

PGME @5@0‘““:% P%SER) " % Xam@fﬁﬁ%@é% PTFE fllter and

A n%%}%@ggoos/ %@& POMERA; @i@&ﬁég@)@m enWiéa) %@Qﬁéﬁﬁﬁéﬁzﬁgmsﬂane
ixtyre ams grams
10 A PR ARS8 SRRy i 1978 Ables) o
metiitinichiledsibme 26h85 QWSXQBZS e PpHR-(carbomethoxy)ethyhrichlorosilane
were transferred to a reactor under nitrogen. A solution of 200 grams of PGMEA and 10

grams (0.555 moles) of water was added to the solution of trichlorosilanes over a one-hour
period. The reaction was allowed to body, stirring at 20°C for another hour. The resin
solution was then concentraied to approximately 10 wt% by rotary evaporator at 40°C.
Approximately 40 grams of ethanol was added to the resin solution. The solution was
stripped once more to approximately 20 wt%. The flask was removed again and the solution
was diluted to 10 wit% with additional PGMEA. The solution was filtered through 2 0.20
micron PTFE filter and stored in a 250 mL HDPE bottle.

Example 6: T 0,107 0257 055T 010, X2 = -(CH)p-C(O)OMe

A mixture of 120 grams of PGMEA, 5.29 grams (0.‘025 moles) of phenyltrichlorosilane, 8.47
grams (0.075 moles) of trichlorosilane, 20.55 grams (0.138 moles) of methyltrichlorosilane,
and 5.54 grams (0.025 moles) of 2-(carbomethoxy)ethyltrichlorosilane were transferred to a
reactor under nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of
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methyltrichlorosilane, and 2.77 grams (0.0125 moles) of
2-(carbomethoxy)ethyltrichloro- silane were transferred to a reactor under
nitrogen. A solution of 200 grams of PGMEA and 5 10 grams (0.555
WRAMEEF H ater was added to the solution of trichlorosilaned oS 05/035236
one-hour period. The reaction was aflowed to body, stirring at 20C for
another hour. The resin solution was then concentrated to approximately
10 wt% by rotary eya 'ora%or, t4OCﬂ Aepproximate 40 grams fethacgol
watgh NS A5 10 e UL Sl SN OPRRAEST RIS HVaE AP B oncE M e as
alioaptovivdgtetindiy Wt THerflasihwdowe by ectmgaintamdiheaissl gtioeedifated
was diluted 1 1 % _ Wi iti A i ]
B e R i
wasEskde poels: resim eoleian 3 Ee seintiom ¥edstipDned enee s e appovimasinzo
wioBN A B-0F 320 rasve P R M A St hamas 8025 R0le )9 with additional
phenyltrichlorosilane, 10.16 grams (cgr.g?S mole tr] hlcgfgf)ﬁissilane _18.9?
POYinells 305 E) SRS AR AT G o8 R B APRLYD00 & 250
mL MDES behl’-(carbomethoxy)ethyltrichlorosilane were transferred to a

reactor under nitrogen. A solution of 200 grams of PGMEA and 10 grams
(0.555 moles) of water was added to the solution of trichlorosilanes over a

Bxa8feour 20 afiogh i paactiBh, was mtiewed g partp)siming at 20C for

another hour. The resin solution was then concentrated to approximately
A rofgrygeonf BP0 aramp SF RSy RSy S220mama hHavimatety Ar ke Sleasims,
10.M632aR040 .@27? %&%&%ﬁ?ﬁﬂﬂﬂ&?m'@ﬁw .gliang%]mc‘el more to

approximately %, The flask was remov in and olutj .
ORGSR P AR PO R BB Wehgosian
werth fabigtnedi2@ acwictadcPiibgiite rosudhsimred 20bg2b0sof PDEE. bodt k)

Ex 6:.TRNhO.1 OP 0.25T'eq. = 02~
o e G20 A o BOMEAC g oyar 1D AL oA o
periptieijitricandrostanalleved tohadis TOROTS #hHes)for anetmsrbamafie 2eig5
soh@A Wt U BonQREIel BAPHKERIIGSI R0y, 39 Mﬁ&érpgf@e@ 404095

moles) of,2-(carbomethoxyiethyltri hlorosilane were transferred to a
AP AL PO LA AL e OP2 B0t STHE B7 BRSRE S H

strifffeBoRonples)iohpproximately 20 wt%. The flask was removed again and the solution
was diluted to 10 wt% with additional PGMEA. The solution was filtered through a 0.20
micron PTFE filter and stored in a 250 mL HDPE botlle.

Example 8 T 05T 0.15T" 0457015, X3 = (CHp)p-(OE);-OH

A 10% PGMEA solution of T T 25T 10 30T % 45 resin was prepared via the co-hydrolysis
of phenylirichlorosilane, trichlorosilane, and methylirichlorosilane at 20°C.  5.00 grams of
the 10% PGMEA. solution of Tphg,ngHg.ggTMeo_% and 0.128 grams of mono-allyl

polyglycol (DP=7) was mixed into a reaction flask. The mixture was circulated through a
platinum catalyst bed at 50°C for 18 hours. The solution was ﬁltere(d through a 0.20 micron
PTFE filter and stored in a 250 mL HDPE botile.

3
Example 9: Tpho.stH 0.10TMB 0.45TX 0.20, X3 = -(CHp)2-(OE)7-OH
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WO 2006/065321 PCT/U82005/035236 9 water was added to the
solution of tricbiorosilanes over a one-hour period. The reaction was
allowed to body, stirring at 20C for another hour. The resin solution was-
wihesveosseentrated to approximately 10 wt% by rotary evapRfafBpipHers236
Approximately 40 grams of ethanol Was added to the resin solution. The
solution was stripped once more to approximately 20 5 wt%. The flask
was removed again angd the solutio was diluted to 10 wt% with additional

A 1RO A hehaRin o Was JitesagTh  gughesin @6 mmd%?[ﬁﬁefmtehgdrdlysxs
stored in a 250 ml, HDPE bottle ~H M X2 %g mple 7:'1,h0,10

of P sgistlorosisae EPRLr S 0 Erams

the l(:g%’\ééﬁ%gf‘%% gfl%rlci oro&?ﬁs?? %mirlagn% E({(I)i:??, é%%%%ﬁﬁ%m&l

mmmﬂtﬂ@%ﬁr@mmeamd Ak, Glamsxtu® Mrsoteslpist through a platinum
|
cof B AR LIV I HRLQSIRNG e BUAORRHGND CIPRUIRIPY Gt

ion 0 GMEA and 10 "grams (0.555 moles)
and dﬁmdtmaﬁé@ addﬁ@?@tb@&aiutlon of trichlorosilanes over a one-hour 15
period. The reaction was allowed to body, stirring at 20C for another hour.
The resi squ n W hen cqQncentrated to approximately 10 wt% by
Exanothry e p@q@ ® o55Prosisataly ACERAmEEetBhol was added
to the resin solutlon The so jon wgs stripped once more to

A wgmmatwgm Tw mﬂas PeAi R RS RFP BRI B iR &ﬂ&ffdwdmiysis

9% ddi
M i e

the P@%'Pm&‘&»ﬁr Hbﬁ) 5@{ 53’ F042hdD3185 X&f mono-allyl polyelycol
-(CFI2)2-(OE)7-OH A 10% PGMEA solution of TPh0,25T' 0.30TMe0,45
(DPrRi A BEPECFeAstv: sk oS BR sHpHALH] Shegelp platimum

cataism oosikRRe fantk meihy ehisiakilonesali 6. hr00:y a0 E0eki REHIPATFE filter

10% PGMEA I TPhO 25TH0.30~1 €0.45 and 0.128 f
o d O mggﬂngo e n grams o

Example 11: T Pot0T BoasT Me 60T 0.0 X3 = -(CHa)z-(OE)-OH

A 10% PGMEA solution of 'IPhg_zs’ng_gsTMeg_éo resin was prepared via the co-hydrolysis
of phenyltrichlorosilane, trichlorosilane, and methylirichlorosilane at 20°C. Next, 120.00
grams of the 10% PGMEA solution of Tphg.gsTHo 25TM60_60 and 3.48 g of mono-allyl

polyglycol (DP=7) was mixed into a reaction flask. The mixture was circulated through a
platinum catalyst bed at 50°C for 18 howrs. The solution was filtered through a 0.20 micron
PTFE filter and stored in a 250 mL HDPE bottle.

Film Coating and Characterization

The 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 PTFE filter and then spin coated
onto standard single side four inch polished low resistivity wafers or double sided polished
FTIR wafers (spin speed = 2000 rpm; acceleration speed = 5600, time == 20 seconds). Films
were cured at a temperature (200-250 °C) for 90 seconds as indicated in the tables using a



10

polyglycol (DP=7) was mixed into a reaction flask. The mixture was
circulated through a platinum catalyst bed at 50C for 18 hours. The
solution was filtered through a 0.20 micron PTFE filter and stored in a 250
W29 2bottle. 30 Example 9: TPhO.25T 0.101 a 0.45T38GHfUSRR05/035236
-(CH2)2-(OE)7-OH WO 2006/0653211PCT/US2005/035236 i 10 A 10%
PGMEA solution of TPh0.251~0.30TMeo0.45 resin was prepared via the

co-hydrqlysis of ph richlorosjlane, trichlorosilane,.an . )
rop PSSR (L SOTe TR e 87 R o b L e s ptactive
indet Tikhio2hEHERcEMe%E asidgl b6 4. Vot allipsoolyy Eile (Difksigys values

was.mixed.into. a.r i ) tun ircl
reet B M A e e IS AL RS CHRRIES YOI ater cure
wastietenninzed Romarsroing the Ein dhicimesstehanem e fosoam afieyPEMBitchold (one
. . . ' — 2 -
e A Armonletl “WdRAC Rt
resYFiaNGE Ay B TSI 9s SFB ISy R BHBTIRa R Wg%%%g%ﬁ betore and after

TND?%I' E}g})ﬂ gm_?lﬁ)ﬁi%ﬁ??\ﬂ%aﬂé%sé Zgﬁﬂ@sg amfsmﬁnt K‘Lé)ﬂ.ol%daﬁ&lﬂ Eéigls(%i\b&kg?m-ements
.0 . . na.a. Q no- o) (9] = .
B e e o A e e

of pletting sica iy Stisnch appo@dor Y8lholuis Turedstlatiomadedifivetbel above resins
welt oL A2 Al Ao e nAnd e rain @ gl bR BBgY end cCl1.

15 Examplé 11: T Ph 0.10 T H 0.25 T Me 0.60 T X30.05, X3 =
Respits grozin drble Jopd A aldePGMEA solution of TPh0.25THO0.25TMe0.60

resin was prepared via the co-hydrolysis of phenyltrichlorosilane,

trichlorosilane, and methyltrichlorosilane at 20C. Next, 120.00 grams of

the 10% PGMEA solution of TPh0.25TH0.25TMe0.60 and 3.48 g of

mono-allyl 20 polyglycol (DP=7) was mixed into a reaction flask. The

mixture was circulated through a platinum catalyst bed at 50C for 18

hours. The solution was filtered through a 0.20 micron




PTFE filter and stored in a 250 mL HDPE bottle. Film Coating and
Characterization 25 The film coating on wafers was processed on a Karl
Suss CT62 spin water. The resin PGMEA solution was first filtered

woagheesf?2 micron PTFE filter and then spin coated onto Btamciens/635236

single side four inch polished low resiktivity wafers or double sided
polished FTIR wafers (spin speed = 2000 rpm; acceleration speed =
5000, time = 20 seconds). Films 30 were cured at a temperature (200-250

Talfid {0 f@&%@&ﬁgﬁ'ﬁ) '

iRkt thedalienpisiage WO 2006/065321

PCT/(JS2005/035236_11 rapid thermal processing (RIP) oven with a
nikesigen [gaBkergd. e fi ivé and k4&dibeitere
]g%a]%ineﬁegﬁjrag @ JRA. !} prpERethickne s uaiigsA)
recorded werée thelavera ge.of ning - measy lents. . PGMEA-resistanceof
thelfilm after8dre MaSYeterfrined bythdasuting thé film thickness
change befargsand afies minute) and rjnse (A(Bh in
angstrom (A%é; tetr ag&%%w onjum hydroxide (TMAH) résistance after
cure wag defefhing y ickness change before and
after TMAH250Id (|&87mi h in angstrom{ (A)). GBntact
angle-measttement e e Tgdideas fiquids were
useéd to galculate the criti bf wetting using the Zisman
approach. AR%f the 28F8d films made from thé above resing 10 wéfe
completgly sigpped ygil two gpmmercial wet stripping solution NE89 and
CCI. Repults are inh Table | and Table 2. WO 2006/065321 30
PCT/US2008/3523822 Table 1:|Evaluation|of TF8L'I;TMeT" (X =ester
grogip) résingdgesin Bake Th Water Surface A Th after A Th after
Example] Te%c A ﬁﬁgle E%Srgy PGIX'SIT:SA‘ (A) TMAH (A) | 61
4 250 2024 49
250 | 2041 34
5 250 2487 1
250 2485 85 37.1 44
6 250 2107 42
250 2118 92 30.9 34
7 250 1908 3
250 1898 | 87.7 30.9 52




1225 2285 85 33.6 1 225 2276 13 250 2266 86 2 250 2287 10 2 225
2081 87 15 225 2087 42 250 2038 89 2 250 2063 30 3 250 1930 0 250

1929 82 35.5 61 E54 250 2024 49 250 2041 34 250 2487 1 250 2485 85
WP 19063240 2107 42 250 2118 92 30.9 34 7 250 1908 3 PSH/USHESEI5I36

30.9 52 WO 2006/065321 PCT1US2065/035236 1 M 13 Table 2:
Evaluation of TP '1' '1' eT (X' = PEO group) resins Resin Bake Th Water
r sexample Temp (A) Angle Energy PGMEA

Surface A Th after

Taple 2\ Expiyation el ?2%3%@5% 3 G502PR20 sreumaesins
Resin Bake Th Water | Surface AThafter | AThafter
Example | Temp | (A) | Angle | Energy | PGMEA (A) | TMAH (3)
C) )
8 250 2542 3
250 2540 n/a n/a 15
9 250 2389 7
250 | 2394 | 74 38.9 | 19
10 250 2290 2-8
250 2320 81.2 32 60
11 250 2125 46
250 | 2186 | 83 313 47
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9 250 2389 7 250 2394 74 38.9 19 10 250 2290 28 250 2320 81.2 32 60
11 250 2125 46 250 2186 83 31.3 47 WO 2006/065321
PCT/US2005/035236 14 CLAMS WHAT IS CLAIMED IS: 5 1. A method

wofesmaingan antireflective coating on an electronic device comprisng 068336
applying to an electronic device an AR composition comprising (i) a

silsesquioxane resin having the formula (PhSiO(3-x)/2(OH)x)m
HSIO(3-xy2(OH)x)n(McSiO(3-x)/2(OI1-)x)p(RSIO(3-x)/2(OH)x)q where Ph
is a phenyl group, Me is a methyl gbu#IMSIis selected from ester groups
and 10 polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05

wi9Or9s: Wﬂ%‘e of 0.05 to 0.95, p has a value of 0.05 to 0.95, q has
avalue of 0.01to 0.50 and m+ n+ p + g 1; and (ii) a solvent; and (B)

1. TRV Heivenihand:cHERG the Slse s WIOXRBRJIG S IftRcfothBRsing
antireflective coating 15 on the electronic device. 2. The method as

(Ao anabing teI AR Al HT SRY e AROR CADRRASHIPH $B8PEHIR has a value of

0.10(p DsHSkshuhae YedlichaiifgiBiddodatilaand q has a value of 0.05 to
0.20. 20 3. The method as claimed in claim 1 wherein in the

siBbSioxp©Fosim REORanA0 oM teu HonBfiPshaOmxq
oG A D A5 YA SR s s
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 t0 0.95, n has a value of
0.05 to‘ 0.95, p has a value 0of 0.05 t0 0.95, q has a value of 0.01 to 0.50 and m +n +p+g=
f; and
(ii) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireﬂective‘ coating

on the electronic device.

2. The method as claimed in claim 1 wherein m has a-value 0£0.10t0 0.50, n has a value of
0.10 to 0.50, p has a value of 0.10 to 0.70, and ¢ has a value of 0.05 to 0.20.

3. The method as claimed in claim 1 wherein in the silsesquioxane resin less than 40 mole %

of the units contains Si-OH groups.

4. The method as claimed in claim 1 wherein in the silsesquioxane resin 6 to 38 mol % of the

units contain Si-OH groups.

5. The method as claimed in claim 1 wherein the solvent (ii) is selected from 1-methoxy-2-

propanol, propyleﬁe methyl ether acetate and cyclohexanone.

6. The method as claimed in claim 1 wherein the ARC composition contains 80 to 95 wt% of
solvent, based on the weight of the ARC composition.
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units contain Si-OH groups. 25 5. The method as claimed in claim 1
wherein the solvent (ii) is selected from I-methoxy-2- propanol, propylene
methyl ether acetate and cyclohexanone. 6. The method as claimed in
WPLAPHoP4R¥rein the ARC composition contains 80 to 95 Wi/ USepes/e35236
solvent, based on the weight of the ARC composition. WO 2006/065321
PCT/1JS2005/035236 15 7. The method as claimed in claim 1 wherein

e ARC compasition additi GO alns a cure catalyst. 8. The method
7. LR A P R T\ B AR BeCoR p SBR SeB esrutgis
curecssiyst. 9. The method as claimed in claim 1 wherein the silsesquioxane

resin is cured by heating. '10. The method as claimed in claim 9 wherein
the silsesquioxane resin is cured by heating at 10 a temperature in the
8. Thegstbed spdaimed slaim Twbensititbel AR @ leompaebitionl #impflishbyeipithe
coaffigesquioxane resin is cured by heating at a temperature in the range of
200C to 250C. 15 12. The method as claimed in claim 1 wherein the
silsesquioxane resin is cured by heating in an inert atmosphere. 13. A

9. Thethedodf doctingdin aliitefloptivecOMMBRGAKRIRIUGRIS HRYUEBY heating,
comprising (A) applying to an electronic device an ARC composition

comprising 20 (i)a silsesquioxane resin having the formula
10. (FisSiei®dpe@inid in HISIOM3MpRIO e silsesquioxane resin is cured by heating at
a tenPMEROIIRY A FAIPDRIRHQAE0/2(OH)X)g where Ph is a phenyl

group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95,

11. Mhesahsdue iR e85, %&%ﬁﬂ@%&&ﬂ&%ﬁ@@s%%ﬁ@é YRS at
a ten%{aeora éomoﬂ?eor%]g% 'cf}zoﬂ'{: B) 25%"0

i2. The method as claimed in claim 1 wherein the silsesquioxane resin is cured by heating in

an inert atmosphere.

13. A method of forming an antireflective coating on an electronic device comprising
(A) applying to an electronic device an ARC composition compnsmg

(a sﬂsesqmoxane resin having the formula

(FBSIO3-292(0H)wm HSI0(3—x)ﬂ(omx)n(MeSIO(E-x}/Z(omx)p(Rs10(3 x)/2(0H)x)q

where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 10 0.95, p has a value 0 0.05 10 0.95, g has a value of 0.01 to 0.50 and m +n +p+q~
1; and

(ii} 2 solvent;
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating
on the electronic device; and

(C) forming a resist image over the antireflective coating,
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25 1; and (ii) a solvent; (B) removing the solvent and curing the
silsesquioxane resin to form an antireflective coating on the electronic
device; and (C) forming a resist image over the antireflective coating. 30
wiVRehR§7065321 PCT/US2005/035236 16 14. The methaa-asslasansais
claim 13 wherein the resist image isi®rmed by (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; (c) -

14. Unveleinbathdtxpd de didim D whedin t:thesisidgessit foreddthod of
forming an antireflectiv ' i iC iSj A)
e A R S
silSbsgswins rapisinathegene Bmigmdietirniiomboy film;
HSIO R0 ARSI RE - RRPUURSIQ(3-X)2(OH)X)q where Ph
is a phenyl group, Me is a methyl group, R is selected from ester groups
and polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to
0.95, n has a value of 0.05 to 0.95, p has a value of 0.05 to 0.95, g has a

alue, of.0.01 t0,0.50 an +n+p+qgl and i) a selvent: (B) . .

15. (RO AR TIRER B e A o SR ACH e b

(A) appinafie ttive destionjc davice a2l SR niohovitien @)ripnisimgg a resist image
OV?ﬁéﬁgs@\E&EﬁE@ﬁQ‘é&&m A% LR)gtching a pattern in the

anti-reflective film.
(PhSiO3.x32(OH))m HSI0 3.5y (OH)y)n(MeSiO3.x2(OH),0p(RSi03.52(0H)xq

where Ph is é.phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, X has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 t0 0.95, q has a value 0f 0.01 t0 0.50 and m+n +p+q=
1; and |

(ii) a solvent;
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating -
on the electronic device; '
(C) forming a resist image over the antireflective coating; and

(D) etching a pattern in the anti-reflective film.

16. A method of forming an antireflective coating on an electronic device comprising
(A) applying to an electronic device an ARC composition comprising

()a silsesquioxane resin having the formula

(PRSI0 (3.x)2(0H)x)m HSI0(-xy2(OH)n(MeSiO 32 OH)y)p(RSIO3.x)2(0H)x)q

where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a vatue of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 t0 0.95, g has a value 0f 0.01 t0 0.50 and m+n +p+q=
1; and

(if) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device;
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20 16. A method of forming an antireflective coating on an electronic
device comprising (A) applying to an electronic device an ARC
corr'g)osition comprising (i)a silsesquioxane resin having the formula

W@F‘ F@@:j% /2(OH)x)m PCT/US20065/035236
HSIO(3-x)/l(OH)X)N(MeSiOB-x)/2(0F1)x)p(RSIO(3-x)/2(OHX)q 25 where
Ph is a phenyl group, Me is a methyl group, R is selected from ester

. %xg!@ r . valug of 0, 1 or 2; m has a value of
© %FOS_ t% %@9 ,SRn as a8 %/%I%%%%gg%g%%%%ﬁavalue
(D) etchomesoatgHadesaptiadiectyedlosaesthdm+n +p+q 1; and (i) a solvent;

(E) Ash3R R amavinsethashentiard yagthe silsesquioxane resin to

form an antireflective coating on the electronic device; WO 2006/065321
PCT/11IS2005/035236: 17 (C) forming a resist image over the antireflective

17. conARY; ddrekitithg-enpaisas in the anti-reflective film; and (E) removing
the 1 §is‘°-ﬁ5i£§‘a 2 andrgg]% ﬁg%hre[heec{.ive Lilm. 517. An ARC composition
cor%grlsmg eﬁsxa?lesesqwoxarge resm a\?fing the formula .
(PESIOH 30 (ADHRMBIO3.50/2( OH ) (MeSiO3.52(0 i0g3.5y/2(0
HSiO%-x%?(Own(McSiO%iL;):ZIZ_(IC—)DI—)S?(%I(RSi 2 G0 WA BRa
a pWEeRp hatip pivessezore Mg ig rous i igreete Révshlortré Stom grtarpscans and

polyREIMEERRIRAIQURS aX/H1a8 6FvalLe: Of B Ha0% 2aiikNR 89RO P20 10.8:23¢
n has a value of 10 0,05 to 0,95, p has a value of 0.05 to 0.95, q has a

005} HiRorea a3 APs OLAIPite -8 pliests valup af@Pa ehatand gy Thet p+ g~

1; agbmposition as claimed in claim 17 wherein in has a value of 0.10 to 0.50,

: h&i?) ey solvent.

18. The composition as claimed in claim 17 wherein m has a value of 0.10 t0 0.50, n has a
value of 0.10 to 0.50, p has a value 0£0.10 to 0.70, and q has a value 01 0.05 to 0.20,

19. The composition as claimed in claim 17 wherein in the silsesquioxane resin less than 40

mole % of the units contains Si-OH groups.

20. The composition as claimed in claim 17 wherein in the silsesquioxane resin 6 to 38 mol

% of the units contain Si-OH groups.

21. The composition as claimed in claim 17 wherein the solvent (ii) is selected from 1-

methoxy-2-propanol, propylene methyl ether acetate and cyclohexanone.

22. The composition as claimed in claim 17 wherein the ARC composition contains 80 to 95
wi% of solvent, based on the weight of the ARC composition.

23. The composition as claimed in claim 17 wherein the ARC composition additionally
contains a cure catalyst.
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15 value of 0.10 to 0.50, p has a value of 0.10 to 0.70, and g has a value

of 0.05 to 0.20. 19. The composition as claimed in claim 17 wherein in the

silsesquioxane resin less than 40 mole % of the units contains Si-OH

wouns0eEs20. The composition as claimed in claim 17 whensirrinstiogs/o35236

silsesquioxane resin 6 to 38 mol % ot ghe units contain Si-OH groups. 21.

The composition as claimed in claim 17 wherein the solvent (ii) is selected

from i- methoxy-2-propanol, propylene methyl ether acetate and
24cydhelveramasitien 26cinTER dncdwim dditdiesindaismacteciimp kndthe msier group
is 405 AR ABRARLIPBLAIARSERAA IR L2 Qfsqlyailybased on the

weight of the ARC composition. 23. The composition as claimed in claim

17 wherein the ARC composition additionally 30 contains a cure catalyst.

253/\/@.62&95166@5&2&5 RlaibAbSAQRUEHN 3323648 R4 I%ﬁé&ﬁé@@ﬁiﬂ@ BrRthe
ed in claim 17 Wher n R is an ester grou and the, ester group is

pof Jny Srgante SibSHRFels ﬁ’tlg?ﬂ%%‘ ggig‘ Eﬁ%&%ﬁ&ﬁﬁ? USE O yRST

atoegpmposition as claimed in claim 17 wherein R is a poyether group and the

5 polyether group is an organic subsituent having hydrocarbon units linked
through oxygen atom. 26. The composition as claimed in claim 25

26\ Rbpepimpesiion atstaigedup HaisnRé @ﬁ@r@eerréemb@ﬂn@)a;@mwbmmm
1-&@3 mﬁg éﬁ Qvﬁcre‘i’g g "‘% t0215) gO% B é S Alf f’ 5%?{7‘13 selected from

H, alkyl, or organic groups



