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WO 2006/065320 PCT/US20051035235 1 METHOD FOR FORMING
ANTI-REFLECTIVE COATING DESCRIPTION 5 100011 With the
woSeninsng demand for smaller feature sizes in the semicoRguei@BiRgssts

193 mm optical lithography has emerged very recently as the technology
to produce devices with sub-100 nm. The use of such shorter wavelength
of light requires the bottom antireflective coating (BARC) to reduce the
reflectioner-thersubRratsRAIEN SAMPEIRIBEL Phatpresisbawing:cure by
absorbing light that has been passed through the photoresist. 10
Commercially available antireflective coatings (ARC) consist of both
organic and inorganic mateggsciyprqathn the inorganic ARC, which
exhibit good etch resistant, is CVD based and is subject to all of the
integration disadvantage of extreme topography. The organic ARC

[0001 M akEHialsSEenanpliediby apifonpaieefamndshavdreteaientfiidantr industry,
planarization properties, but suffer from poor etch selectivity to nic. -

193 LR e R RS (LB 15 QLB et fevices

with s@shgotages T nssgasiciassbargameddr@hmaieialsigihighhe desirad.

... 100021 This in ' ertains to silsesqui ' ihi -
e B B By o B e
photoresatinginganbdstippbitatibi thenboaberageswadhrmasiseaghreRasie:
Comm SR L6 AHARLCHRAR SRS 1 AAHIHON JOERIGTRIE RbanhyidRorganic

group in the silsesquioxane resin iS essential for the desired cure
materiglopéiteeriidbadprimsmig AR a3 BlaD SRR AR hrRtBASEIEB0S S 2 hrsed
and 1:30BRGL SIS IsRravidediarehing .k fobningran aptisiastive TROalRGRMRC
an électronic device comprising (A) applying to an electronic.device an .
materig}2 GTe SARYSLiNE AREBRTHRSAES (R T’é’é%ﬁgﬁéﬁ@l}é& THARARG R SHREA"S:
bus sufre{ RO %{&@a@lé@éﬂi?%m Icﬂde@(a%i_@;jﬂﬂz(@bb)bsl )mA]gtgegﬁﬁb mﬂﬁihwat offers
- group, x has a value of O, 1 or 2: m has ue o 2 10.0.95, n. has a
o copBRP L FOYBB SRR Sy oo BT AR e et

[0062] This invention pertains to silsesquioxane 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 hydride
group in the silsesquioxane resin is essential for the desired cure properties and strip-abiiity
as & 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

(Da silsesquioxane resin having the formula

(PhSIO(3x)2(OH)x)m HSIO350)/2( O )in.

where Ph is a phenyl group, % has a value of 0, 1 or 2; m has a value of 0.05 10 0.95, n
has 2 value of 0.05t0 0.5 andm-+n=~ 1 ; and

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

on the elecironic device.



(B) removing the solvent and curing the silsesquioxane resin to form an
antireflective coating 30 on the electronic device. to 0003a In a second
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 compnsing ([) a silsesquloxane resin having the
formula Ph.SiO(-, r(C}I ) )QSiO,$_Y;4((}i I x.),,,. v hdere Ph is a phenyl
grlup.. x has a value of 0. or 2: at has a valve of 0.05 to (195, n has a
value of 0.05 to 0.95 and ni -r n 2- i ; and (ii) a solvent; SB) removing the

n

19%6Rent and’ Gy e Rike SitiioRatie Fagiets tHiin 2 aitirefiee e eliectve

co0ating on:ibeselectenic-deviee;siandC)forminga-resistiimage oves fhes ko
) anti reflectlvg “CQatln% (0 03h In a third as ect 0ktl}:\er? ovided a method
OGP RSP G AR ARtiretie Ve COAIIHY DIT 4R 'BIEtFdHT a ‘é comprising
(P& applying.toranelectromic.deviceaPARC! rheomposition ﬁ@mpvtsmgu({ i@é._ ;
or YPIRESENIONADG FES)D YN M faraauia (ol bl oo (G b i
5 where Phis a phe.nyi group, X has a vallie of 0, 1 or 2 h as
alf?aavwb@%’ef (E0540:0:95. rhas ervalne off 019510 0195 anckais-asis o andr an
antie®S00eNk:6B) cemoving. the solvent and.curing the silsesquioxane resin,.
to 'form an antirellective coating on the electronlc device; (") formin.4g a
anfEdistifage dler the antiretiective coating; and (L?) etching a pattern in
the anti-reflective film. 10003el in a fourth aspect, there is provided a
o) %Hhod of form £ an annifiective, coating on an electronic device
cothprising (A) & ﬁ?ﬁlﬁﬁ%‘m A BISCORIC Hetigl A AR CY EoRipdsitigh - Tective
cogomptising i} @ siisesguioxaneriesin {ma\ang e farim wlec(RRSIQfice an ARC
| ISio,, where Phis a group, x.has a value of 0, 1054
o D P 08 6 065 S EA a8 o Gt Grod AR i (P10
x;:f!gﬁla)(ljz) fd‘sb}ven’é OtLremoving'the solvent and:carings téaeféuse\squléxarit m
ha{SSILAQ. TN a0 antiketlective coating oy e, gleatronic deviGew(G:) ang i o

formln a resist imagc over the antlreflectlve
solvent: (B) removing the solvent and curing the silsesquioxane resin to form an

antirefiective coating on the electronic device, () forming a resist image over the

antirefiective coating: and (D) etching a patiern in the anti-reflective film,

[003¢] in & fourth aspect. there is provided a method of forming an antireflective
coating on an electronic device comprising (A) applving to an electronic device an ARC

composition comprising (i} a silsesquioxane resin having the formula (PE"ES%@';.
ol O HS O onl OO, where Phis a phenyl group, x has a value of G, 1 or 20 m
has a value of (.05 10 0.95, nhas a value of 00510 095 and m + n = | ; and {31} a solvent;
{B) removing the soivent and curing the silsesquioxane resin w form an antirellective
coating on the electronic device: () formmg & resist image over the antireflective
coating; (D) etching a pattern in the antireflective {ilm: and (E) removing the resist

image and the anti-reflective film.
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coating; (D1 etching a pattern in the antireflective film; and (E) removing
the resist image and the anti-reflective, film. WO 2006/065320

05/035235 2 [00041 The silsesquioxane resins N <z
vs?)%)c{(,]m] tgz% é@?}%zg&ﬁs?( 5235

orming the antireflective coating hav?z the formula (PhSiO m
HSIO(3-x)/2(OH)x)n, where Ph is a phenyl group, x has a value of 0, 1 or
2; in has a value of 0.05 to 0.95, n has a value of 0.05 to 0.95 and in + n

[oao@og‘gﬁér%ﬁgé’se . in.fasavalue-of 0. %ofé}é&éétﬁét&{%% %0 H0:40.0:20: Bie

e Silsesquioxane resin may ssentia ly condensed or

fornfARY BIESEDy Pataly) caIsiensesl. WHep thelsis@itiyioxane Tesinpss has a
partially condensed less than 40 mole % of the units in the silsesquioxane

valupesfif should ednesdv8 o ¢§Supd- thighbrsavelineidt Bided Ahitedaant n~ 1.
Alteﬁgﬁv%-}@ instabilingin the regin angdheatarmaian of st Typically 6 to 38

of the units in the silsesquioxane resin contain Si-OH groups. 10
[000f00 (B FhervasisnBrEdn et BRbRradigech s aaride wely Rertally
condMAIIN e £aR08 LERAOIBHRRIAVRAG PraferabivanHethan e SR, 16f the

.100,000, alternatively 700 to 10,000, %Sg&l Silsesquioxane resins useful
it Bt i A B T O B SRR L0 67 SRS RS DS S it
can (PhSIQ3A)aBRGIOR 2OHRASTRRIZ)bn 1B gels. Typically 6 to 38 mole % of

PhSi03/2)a(PhSi02/2(0OH))c(HSIQ3/2)b(HSIO212(OM)d
the YO SR BRI FouD
[604Fh STD3 )Rl SiOR/ HOH)I6 (PRSI A2(OEY2)e(pt8LHIOB2 (MW) in the range

s e
[00¢Ph ST s7eypiPrS O ol PRSIoR (BHRRpH SR SR IBiRsibnyROW))

SiOéq f.where
(Ph ’%@9 1R8O0, e>0,1>0,0.05<_a+cte< 0.95and0.055b+d+f 0.95 and

(Phsﬁ?ﬁ@g?gﬁ%@a é?ﬁ%ﬁé@%ﬁgé}?fsquioxane resins may be produced by

%xample, the silsesquioxane resins may be

PhRIBIHS PR ANS By MERANS, caRdss@ian of a

(PhSi032)a(HSiO32)p(HS102/2(0H))g
(PhSi03/2)a(PhSiOan(CH)) (PRSI0, n(OH)2)e(HSIO32)p
(PhSi03/2)a(PhSiO/(OH))(PhSIO 1 (OH)2)o(HSiO3/2)(HS1022(0H))g

(PhSiO3/2)a(HSi1032)(HSiO2/2(OH) g(HS10(OH)0)e

- (PhSi032)a(PhSiOyn(OHY) (PRSI0 1 2(OH))e(HSiO03/2)p(HSI02/2(OH) g(HSIO(OH)2)s

wherea>0,b>0,¢>0,d>0,e>0,f>0,005<a+c+e<095and 0.05<b+d+f <
095andc+d+e+ 5040, ‘.

J0008] 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
mixture of a phenyl trialkoxy and hydrogen trialkoxy silane as set forth in U.S. Patent No.
5,762,697 to Sakamoto et al. Alternatively they may be produced by the hydrolysis and
condensation of a phenyl trichlorosilane and hydrogen trichlorosilane as set forth in U.S.
Patent No. 6,281285 to Becker et al. and U.S. Patent No. 5,010,159 to Bank et al. .
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25 mixture of a phenyl trialkoxy and hydrogen trialkoxy silane as set forth
in U.S. Patent No. 5,762,697 to Sakamoto et al. Alternatively they may be

roduced by the hydrolysis and condensation of a phenyl trj l%y ilane
W%n%?%&éf%"gen trichlorosilane as set fgrth in U.S. Patent No.gg, %ﬁQQQ%BD

Becker et al. and U.S. Patent No. 5,010,159 to Bank et al. WO
2006/065320 PCT/US2005/035235 3 [0009] The silsesquioxane resin is

typicall oduced in the.presence,of a solvent. itabl i
Ll i n b e i e
suitgidetinigate on tHizoeastiorriéytidecsset danprotu Gimglivralsioasguissamay
part{ Sl Inhﬁesr%g&{&f%l eﬁé‘é&ﬁ% ?Qdumg AIDOHIGLARIR PR Wi solvent is

percent based on the total weight of solvent 5 and Silane reactants,

senemBirzpddnanGmoon wedgre Bé reeisht peecrahbEsN Ad)uetahirrdeanbot spivent
and &ifMaPRasRs OnainglaRRAReS Yol AP QLS eful tganis sl &iried out as

maybe exemplified by, but not limited to, saturated aliphatics such as
a dvgl pARS 96 SREKAPASH-FEEne, and isooctane; cycloaliphatics such as

[00%'0@%@6@%@6 w%@m%h p%eahs@mpﬁﬁs@uymas@enmmlmmwd

. Xylene, mesitylene; 10 ethers such as tetrahydrofuran, dio ethylene

S A P o SIS RS ORUP BT BT SRl A &

cyclnsiinischt tyydeterendyiRiracckoyic kol texanoneohategeyieseibstisiiidehe;
alkanes such.as, trichlorogthane; halogenate IS su o

e R S R o R Sl U] NGt R e ety

dimetiy oyl stopre ﬂm@ .am@%@h’é kesie AEIRRY B exdpighfeenpyhalogen

subQuL ot timied tue el SilgXRARR SHa 8ShARd aromatics such as bromobenzene and

octamethylcyclotetrasiloxane, and decamethylcyclopentasiloxane. A
chleplpazsaeriernaychas irsbyerisohintne SrkBIoaRERMyBE uSbaitbBiqgne
sol Ve &ﬁ@%@@;&&@l@ﬂé&%hﬁ@ﬂ&%ﬂﬂ@@@ég@iﬂl@@mﬁsﬁ@m@d out at any

temperature so lgng as it does not cause significant gellation Qr cause
oot Y e ST AE e FATRL A e Feihord 1€ R e Bt e e
used @@mﬁﬁﬁaﬁérefiﬁbmmtﬁﬁw bd 820 C to 150 C, with ambient temperature
oo T R R B A e ane [aRln s e

upon a'number of factors” such as the temperature, the type and amount
tempesitaresrdangaasts, divd thecansosigbidiceataiyiafion or cause curing of the

silsesquioxane resin. Typically the reaction is carried out ata temperature in the range of 5

°C to 150 °C, with ambient temperature suggested.

[0012] 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 readﬂy determine the time necessary to complete the reaction.
I10613] Following completion of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst are well know in the art and would include neutralization,
stripping or water washing or combinations thereof.  The catalyst may negatively impact the
shelf life of the siticone resin especially when in solution thus its removal is snggested.
[0014] Inthe process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure,

Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid
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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. 25 [0013] Following completion of t
WRAL %65#128 catalyst may be optionally removed. Methods Fo%%r%ovih&
the catalyst are well know in the art 4nd would include neutralization,
stripping or water washing or combinations thereof. The catalyst may
ve helﬁgfi? é e silicone resin especiall When in 0 ort and
(chi C§8 hr £ﬁs §b° & T A S IR e B e SEXAT Making . -
inclhitke ﬁjimaqipikexdrmlﬁeeim after the reaction is complete, 30 volatiles may

Oﬂlgf r%m}oved ft cran rﬁt_‘heiSII es a CO % %@ﬁp{%@n I%Qg%rl{&l%gglegf optional

essure. Pes | cts, excess water,
stepxmaiyacmrbcmmicm wglmer@es@zewﬂws@@@@desm@ of example,

the sifi%' aiatt%é&ﬂtﬁ%v%dfa%kvaéimm@@aa—t@ t%mm%ﬂfgmteaa@m

n in the art include, for example, distillation Followin

meﬂm@ créa&t@rt wﬁduéeqh@aebme%aﬁt@%%@ﬁ ptigig the art

(e.g ORI PR SAHERAAUBIQLEEN RS |§®ﬁl§@s§@ﬁ&d@§t@dﬂ% thesgesiredin a

form. For example, 5 the silsesquioxa in ma be recovered in solid
solid QP RS SR OEOIBN RS LF 5 PR Mheal

partRAfiselerdusnetadd Sfar&%hkmtnoﬁheraﬁm(&@ solietiltation nritier
heat.and/or vacyum). Qnce the silsesquioxane resin is recovere

macg8ﬂd1?§9r%ret%ge Fe{gi‘a’ni)%:né?i BEBCHERS V%‘gaaissai%e 8‘ar‘ilﬁie§%%mg oF an%tfher

secopdhrgnt fomaapdrticudaingsbe Atsesnbtivelydhighofffeiénioso feegiaothisr than

Addﬂ? 5 y%ﬁé seddn.ihe %a%éﬁ%‘f%’i%iﬁ 9&%@9@%@3%{)@&58 E&n& of the

ven exc ange may one by adding a secondary solvent and
Solvmmﬁ%%é%m\mmf@ﬁlﬁ@ﬁilaﬂon for example. Additionally,

mof@ﬁ reginGQRGEINEAHO RSO aIiaR IS Adhusiachhy JgmeriRmsemeshic

the solvent or adding additional amounts of solvent. éﬁ(i)m ] The

he,
52

devigidaHRAYRBAEHESH TOSEAtHInE IR P GIVEMARG ARG SR, S CIERR SR> 1
curckadignigeda patiicg ageatesisybstrate. The solvent is removed and the

B ESASIS coh s cush e podics e aptalechs e 00T
devieiticamt hakeeh arsenide-based devices intended for use in the manufacture of a
semiconductor component. Typically, the device comprises at least one semiconductive layer
and a plnrality of other layers comprising various conductive, semiconductive, or insulating
materials.

[0018] Useful solvents (ii) include, but are not limited to, 1-methoxy-2-propano, propylene
glycol monomethyl ethyl acetate and cyclohexanone, among others. The ARC composition
typically comprises from about 10% to about 99.9 wt% solvent based on the total weight of
the ARC composition, alternatively 80 to0 95 wt %.

[0619] The ARC composition can further comprise a cure catalyst. Suitable cure catalysts

include inorganic acids, photo acid generators and thermal acid generators. Cure catalysts
may be exemplified by, but not limited to sulfuric acid (FHySC4), (4-ethylthiophenyl) methyl

phenyl sulfonium trifiate and 2-Naphthyl diphenylsulfonium triflate. Typically a cure
catalyst is present in an amount of up to 1000 ppm, alternatively 500 ppm, based on the total
weight of the ARC compaosition.



10

15

20

25

30

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 20 and a plurality of other _
W0 2006/063320 . - . . . ) i TS 20057035235
layers comprising various conductive, semiconductive, or insulatifg

materials. [0018] Useful solvents (ii) include, but are not limited to,
1-methoxy-2-propanol, propylene glycol monomethyl ethyl acetate and

clohexanone, amang others. The AR mposition _typically. compri
00 e T R G A o RRR it MR P RN e
incl@k,the AR Gotimpesitio syinttentiativdly-80rtn95pey %0 d0ad.9JoPheoAlRE, screen-
._Com ition.c i cSU r :
wri R S B I, PR T RN ting
invojen spéintpies ardesiemsisvisapirdbalciplifddbyns eddBaivaéd to

comliHtis AGRLHRSQs d-gihvithionhenyionsthyl_phenyl sulfonium triflate
mz{nd 2-Naphthyl_diphenylsﬁfonium triflate. Typically a cure 3Q catalyst is

[003 3o sEPR 1 RPAIR SRR B G hECOIS PR P e ARSI S I EBbip SFRHES B8 on

reﬂéﬂ?&?@é%%@%@%%@@cﬁﬁ&i@ﬁ@w C(Sl'ﬁ;ﬁig QM%%@}OfdQ@ﬁ%BQheaﬁng tl}le coated
PCT/U 5/035235 5 [0020] Specific methads for application of.the

SUbSREE 165 ORI CPRRE RS TS SR STl SRl

the spiftccelatingnidipciratiag bspaytebatBffov-HSatifag Osttedéd-mpinntasg and
others. refer eth r application,] | IRg- |

ek PR Sty e e e 03O Ry o g 02

mingidingtiiendRGi B icrausitontoustd durfagéhottiing stapinkperempitcthe

coa%%iesfr&%@&évmm%%%ﬁaé@@m QVRE:ANAAD e SHSESAIRNRAET §SMA i allowed

cured to form the anti- reflective coating on the electronic device. Curing
to sefEPAISt BéfiBrises heating the coated substrate to a sufficient
[ooiempesaiiediona sutigiapt seratinromieaddedeting shasefan pactithe with
coated electronic device can be heated at 80C to 450C for 0.1 to 60
OX g O GET R SHERSARREI: <1 B R Ao inert atmosphere.

IncAlietpativels 2000 te2biclod) mita:2 noitintesd. tAnjtovgth eddofrpeatiByg “inert”
A SRR SR IS Pl Ao o
oxyaiowBek 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.

[0023] Once cured, the electronic device comprising the anti-reflective coating can be used
in further substrate processing steps, such as photolithography. When used in
photolithography, a resist image is formed over the anti-reflective coating. The process for
forming the resist image comprises {a) forming a film of a resist composition on top of the
anti-reflective coating; (b) imagewise exposing the resist film to radiation to produce an
exposed film; and (c) developing the exposed 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 uliraviolet radiation having a wavelength of 157 nm or 193 nm. Once an image

has been produced in the resist film, then a pattern is etched in the anti-reflective coating.

Known etching materials may be used to remove the anti-reflective coating. Additional steps
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to stand on hot plates. [0022] To protect the silsesquioxane resin of the

coated composition from reactions with 15 oxygen or carbon during

curing the curing step can be performed under an inert atmosPhere._ Inert_
Wé’tﬁ%s’%%"é%%s useful herein include, but are not limited to nit?ggé??éoﬁa/ 135235

argon. By "inert" it is meant that the ®nvironment contain less than 50

ppm and preferably less than 10 ppm of oxygen. The pressure at which

the curing and removal steps are carried qut is not critical, The curi
or SIS (B AT A T P e RO S e o0 S Bauce
a dedCedtmosphe regpressuhdsemag. work also. [0023] Once cured, the
ecipnigdeviensonpisinndie antielraiva cealing.can ke Lagd
[002 th%&;%esu str%%ae%]lg o%oé?ﬂs%?rsllg (s)?egs,_ségg%g pthotoﬁl:ho ?aphy. When Eged
prodircepatblithtgtaphpeacresistihiagansing pabiover tispeer iR E1G. 1, the

oating. The progess for forming the resist im rise formin

oo A B TS Il e D AT OB o (B e
sixse'a@ﬂeﬁéa&@?eﬁw@ﬁﬁmﬁ esiskdilentetadiptiondopraduce Riiemaesed

film; anc@({: develo%lng the exposed film to produce.an image, The
(adsepptioRs| 0L GAHRGE QA el HEMEERA I8 atR ey useful with
{BU%}SP$‘I‘§@%EI@$&IE§E{§1&%§I@§@{&HMQ@M&@36 '@mmwpﬁfwmemhlsﬂmms of the
. __having a wayelength of nm to i ternatively ultraviolet .. .
veE A T 4 ARG P LS RGP FOceR O kg goed n
the dyampiee whiddintledvirethesaasistiiliqydh dncapattbhy ibeteheaddnitHenction well
. .anti-reflective coati i 1al
A S B e
its praCive) SR008703 5RES ob il éribeing thaiédistighhdiemiemamiifigclosue,
appraBiEEHECHVE £ ORHNGIBAY RGRRPIRYRI R AIRUSSo BHSHOR A B dRBlosed

_desired arch.ltectur%éOOZM The ARC coating comf%gsm_ovns can be cured
and giiooherpemiveat shada fes ey throt et e thaseli E}édr%a%iéabsy
inveslilaping solutions. Further, as seen in FIG. 1, the 5 k and n values can

be adjusted by adjusting the amount of (PhSiO(3_x)/2(OH)X) units in the

silsesquioxane resin. Typically, the anti-reflective coatings produced

herein have a k (adsorption) @QEBEXRIVEYES -1.0 and a "n" (refractive
FIGIQ%Eé)IVg%Blféa@OJﬁS%p between n @193and mole % Ph in the silsesquioxane resin and

the relationship between k @193 and mole % Ph in the silsequioxane resin.

EXAMPLES
Example |
| h . H
Resin Synthesis:: TP 0351 065 ’

[0026] A solution of 120 grams of PGMEA, 18.5 grams (0.0875 moles) of
phenyltrichlorosilane, and 22.01 grams (0.1625 moles) of trichlorosilane were transferred to
the 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 after the addition of the wet PGMEA
was complete. The ratio of water fo silicon was 2.2:1. The resin solution was concentrated to
approximately 10 wit% by rotary evaporator at 40°C. Approximately 40 grams of ethanol was

added to the resin solution. The flask was returned to the rotary evaporator and the solution
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100251 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 10 the examples whi W

WO 2006/063 ) : : : 5/035235
F)epreﬁéneantgechnlques discovered by I7he inventor to functlongv(ggflﬁ?#g ﬁéﬂim'%
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 Jight of the present disclosure, .appreciate that man .
was Sl e et el e RRl e AT AL SRR SIBIARS £P00P wien
additikead P&V, résekolitiouv akelietridrommsitrelspinnisrn Soapelidtmd stored

ina%e&ﬂogb%%}\%wGS _FIG 1 ;hows the_relationship bet_vveen_n @193
and mole % Ph in the silsesquioxane resin and the relationship between k

@193 and mole % Ph in the silsequioxane resin. 20 EXAMPLES Exam le

Exaﬁ]é}gigsin Synthesis:: TPh0.35TH0.65 [0026) A solution of 120 grams of
A, 18.; grams (0.0875 moles) of 25 phenyltrichlorosilane, and
ResidBfitigrams (lb;jﬁiggmles) of trichlorosilane were transferred to the

reactor under nitrogen. A sqlution_of 20Q grams of EA and 10 grams
1002 555 500810 obt aﬁ%ég E@%ﬁéﬁ?@%@ﬁﬁﬁ'%ﬁ%ﬁi\gﬁ%ﬁ%ﬁ anes over
phe@mfiﬁﬂmﬁmé}?ﬂiﬁw r%a_f_[:ﬂc(n. M@Smﬂh\geﬁ toi dibokysStind g att2@€fdord to
another hour.after the addition wet :
e DI 05 o O P gt o ang TURES (355 moieo
of wal-appsaxitadtelhd Solviderby! toicirprevidisraryEsa 40ChoNp Proiin ik 4@ ion

was%i?%%é’ifoeé‘&%]%hw&% A0ged 1o the tesinRluliensEhp dlask yasrelmelEA
to the rotary evaporator and the solution WO 2006/065320

wasROTE62 05/ o3Bxg5v G issHiapR ¥ Brice: ndRe d4h sPBRIATaTER copcRbpted to

approRESRLI0n e Hilgae, OvARovie wilr@ddiipral RaMEA. dthasaluionol was

was filtered through a 0.20 micron PTFE fjlter and stored in a 250 %
addedripthe regin solution. The solution was striped once more 1o approximately 20 wi%.
The solution was diluted to 10 wt% with additional PGMEA. The solution was filtered

through 2 0.20 micron PTFE filter and stored in 2 250 ml. HDPE botile.

Example 3
Resin Synthesis: TPh0_1 5 THg‘gs

A solution of 120 grams of PGMEA, 7.93 grams (0.0375 moles) of phenylirichlorosilane, and
28.8 grams (0.2125 moles) of trichlorosilane were transferred to the reactor under nitrogen.

A solution of 200 grams of‘PGMEA and 10 grams (0.535 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 after the addition of the wet PGMEA was complete. The
ratio of water to silicon was 2.2:1. The resin solution was concentrated to approximately 10
wi% by rotary evaporator at 40°C. Approximately 40 grams of ethanol was added to the resin
solution. The solution was striped once more to approximately 20 wt%. The solution was
diluted to 10 wi% with additional PGMEA. The solution was filtered through a 0.20 micron
PTEE filter and stored in a 250 mL HDPE bottle. |
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5 Example 2 Resin Synthesis: TPh0.25 THO0.75 10027] A solution of 120
grams of PGMEA, 13.2 grams (0.0625 moles) of phenyltrichlorosilane,

‘ AE ams (0.1875 moles) of trichlorosilane were transferr Igﬁfﬂ'ﬁ;}gzsi
W@erg%c(é)%ﬁﬂ#éer nitrogen. A solution of 200 grams of PGMEA and 10 g?ains )

(0.555 moles) 10 of water was added to the solution of trichlorosilanes
over a one-hour period. The reaction was allowed to body, stirring at 20C

Comfor %ri]‘gtlg)e{r hogegrlafter the addition of the wet PGMEA was complete. The

ilicon was 2.2:1. The resin solution was concentrated to

Resiﬁm@m}gagagteﬁ?@l_%wféfq}% rotary evaporator at 40C. Approximately 40
grams of ethanol was added to the resin solution. The solution was

A soduiipa @ bideerrereold SPFsXiHaiaaiprs (098 7Prpirs)dinhemy lirchimgedgne, and

24.2%3%}&3{!1&? 1\@@?&@1}!&?%&&@%}&@&@%@@ wasfitterad tHeredeldunder

) 0 micron. PTEE filter and stored in a 250 mL HD ottle. Example 3
i P HOGEES 114 BB Aol BAPER s GFERISoF PR

addol 93 18EaRGHE OB R meles) pbphenyisichlarasiane]. afite 28Bigramsallowed to
(0.2125 mqles) of trichjorgsilane, were transferred to ths r.under

bodyy §ijgg & %§(?u]§)5ﬁ%%t% a%ﬁ% roﬁj&@%]% naor? Owgeh%ms BB raTaase

The eftivadé watastasidieditoviis €. ZdluTibaresitristiiios leasen mestratoht Appeximately

eriod. The reacti W g r
10 g O 8 O Sl e A B, A U B D W e
resitceititon \Whs Ritiomves €Eiped ONMIORORRHS epREEHTAIIY 18 Fpprokhnaabiion

was BT RN KOtar % BN ARAFAIRRRE OIE AABRIOXIRAISI Y0 it  eiaianal20

~ was added to the resin solution. The solution was striped once more to
micggRakirmakenrodsinsst ine’sBimtoR s batited to 10 wt% with additional
PGMEA. The solution was filtered through a 0.20 micron PTFE filter and

stored in_a 250 mL HDPE bottle. 30 WO 2006/065320
QW%M%ZSS 8 Comparative Example 1
Resin Synthesis: T‘Pholzg TM°0_75
A solution of 120 grams of PGMEA, '13.2 grams (0.0625 moles) of phenyltrichlorosilane, and
28.0 grams (0.1875 moles) of methylirichlorosilane were transferred to the 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 after the addition of the wet PGMEA was complete.
The ratio of water to sificon was 2.2:1. The resin solution concentrated to approximately 10
Wwi% by rotary evaporator at 40°C. Approximately 40 grams of ethanol was added to the resin
solution. The rotary evaporator and the solution was striped once more to approximately 20
wit%, The solution was diluted to 10 wi% with additional PGMEA. The solition was filtered
through a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle.

Comparative Example 3

, . o
Resin Synthesis: TP 0.15 TMEg,gs

A solution of 120 grams of PGMEA, 7.93 grams (0.0375 moles) of phenyltrichlorosilane, and
31.77 grams (0.2125 moles) of methylirichlorosilane were transferred to the reactor under

nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of water was
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Resin Synthesis: TPh0.35 TMe0.65 A solution of 120 grams of PGMEA,
18.5 grains (0.0875 moles) of phenyltrichlorosilane, and 24.29 grams

oles) of methyltrichlorosilane were transferred to g&er
(19 gﬁnl%rogen A solution of 200 %ams of PGMEA and 1 rg?r%g] 60%%
moles) of water was added to the solution of trichlorosilanes over a
one- hour period. The reaction was allowed to body, stirring at 20C for

nothe ur af ad jtion of the Weg PGMEA Swl dt
addq%a& o) ?W é?]%g |cor? Wag ioveﬁ'ﬁe ree&?iuégﬁﬁlo%avf/%% %ﬁ%ntrate ENEER

bod;appmxglaaf@ﬁ@ 0 s byhrotaiee thp additer i O wApPrOYiRa ey mnplete-
The gago 5 QLeinangkwas,added todhe 10 1eSip Rl AN LG S AN WASximately

stripe once more to approximately 20 wt%. The solution was diluted to
10 W%Wmmwmﬂaav@mEAW%mwﬁwg@mmwM#&@eﬁdo e

resu{%'&m{&? LS IH’E%%%&%&%&%@%@}%&% nbﬁé&%né‘@lm@rt@tlve
Example 2 15 Resin Synthesis: T Ph 0.25 MO 0,75 A solution o JL'%

appiGRARRESY HONHEA ThS Solion e HEsedriol sy or SRBRAHERR - The

solufibd a8 AeramarRdi8y 6. melesaFrethilike tler eslehm: war reEnEfPRdottle,
to the reactor under nitrogen. A solution of 200 grams of PGMEA and 10
grams (0.555 moles) of water was added to the solution of
Exatfigllerosilanes over a one-hour period. The reaction was allowed to 20
prOdY;, stirring at 20C for another hour after the addition of the wet PGMEA
T ok cﬁbﬁnplete The ratio of water to silicon was 2.2:1. The resin solution

To %ﬁgsﬁ?&%@%ts g@@ go %r}é)gl\%c{? 9&@%&%@&@@@%@01% )
ms of ét

rOX|mate anol’'was added to the resin solution. T

phewtmbévapméﬂ%ah ghe Xomaieh Wisblempbmoiicelherd 18 éwé%ﬁﬁ?éféﬁfm

wasaSoViiPh, Thersoldtion was el uige dpndR withontibk-additionad Rt BAkTPEMEA
solution was filtered 25 throu h a 0.20 micron PTFE filter.and stored in a
(555G, HBHE B e L COMPATATE BAERS FREG Ty B s dgons

watdr/PERPAMSQILERA afa&.&g aatre;a af ReMiAr 593 ghamafe: 0376 iheled)idbn the
rea‘% e Igﬁh%g :ag%llan %y 3r%ezge%lfoﬁﬁé2§aﬁgﬁ%%§%rmfﬁ oatgcril ugne @
rot:8e Immmﬁoiﬁﬁa@mmmtaﬂ\nm&mmbt geam gt(@)}gssym@tggym waseef HCL as
vapaPihd a small a mount of PGMEA. Next, ethanol (50 g) was added to the solution and
the ﬂésk contents rotary evaporated to remove the ethapol, residual water, hydrochloric acid,
and PGMEA. The solution was then dihuted to 10% wt by the addition of PGMEA (Yield:
357 ).

Example 5 ‘

Resin: TPhg;;TH 0.3

To a flask were added propylene glycol methyl ether acetate (PGMEA, 140 g,
phenyltrichlorosilane (71.0 g, 0.34 mole), trichlorosilane (19.7 g, 0.15 mole). The solution
was cooled to 20°C under a nitrogen atmosphere while stirring. In a separate flask were
added PGMEA (350 g) and water {15.90 g, 0.89 mole); The water/PGMEA solution was
added to the reactor over 90 minutes. After the addition the reaction flask was allowed to
warm to 20°C and stirred for two hours to body the formed resin. The solution in the flask

was concentrated using a rotary evaporator to approximately 21% by weight resin at 40°C by

)
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WO 2006/065320 PCT/US2005/035235 9 added to the solution of
trichlorosilanes over a one-hour period. The reaction was allowed to

g at 20C for another hour after the addition of t
Wa%%céaﬁ%é%te The ratio of water to f@lcon was 2.2:1. Thehrlgsw/?}sso?(g%?%
was concentrated to approximately wt% by rotary evaporator at 40C.
Approximately 40 grams of ethanol was added to the 5 resin solution. The

rem(g%taf gg&gﬁﬁ&&b& #ute ﬂwmﬁe%@‘%ﬁm m%&f%m%qgs%

tion Was 0 10 wt% wi itionalPGMEA
addgbﬂ@ﬁmw&a@cmt@?é@iqﬂ@ﬁmat@mmmﬁawﬁ@w@m@a%tbﬁé@mﬁ 2egjdual

watéplh ﬁ&f&t‘é{@m %@Wiﬁffﬁpﬁ‘ﬂé soflifoll- whsUenl @ddlask wesrigtdedcent
opylene col methyl ether acetate (PGMEA, 120 g),
fes“bhléF%ﬂtﬁghTﬁ}%ﬁg’ 5. 841¢jdb*58 Role), trichlorosilane (27.09 g, 0.20

mole). The solution was cooled to 20 C under a nitrogen atmosphere
Whl|e stlrrln To a searate flask, PGMEA (350 g) and water (12.96 g,
e 28U mixed; the well mixed homogenous 15
water/PGMEA solution was then added to the reactor over 90 minutes.
The%ﬁherctimngdnimfﬂmwne actiansfidsio wisd bwelTo gy doattud horasn

on was.c ntrated usin rot
PO S R A AR R Ao IR Rl (i alelys

ontcsmm@dmgh@ oIt o ERh m@mhedﬁawotm@)ws@% dedaebineides]ngdished
rTIRNGLANE daskpontentsorpiaky: avangtalsd s&%&@m%@ﬁ%mﬁ@&é@ﬁ@}@ﬂm

water, hy rochlorlc acid, 20 and PGMEA. The solution was then diluted to

werg QUieel Bl D ek O PEMEAYIR st &) ipshicaish s RisA.or 4 using a
rapid RO aT Brbledsdia gl | askiverd Q%ﬁi@@g@ﬁ%' QlyEolTRehidi@tig refractive

. .acetate (PGMEA, 140 g), phenyltrichlor SI| ole

i A OG AR TRLTGORS EHB THe S o st oot
recc&@&r@gm}&tmmmem&eaﬁnmgﬁma?gmmtesﬁlmirmefm cure was
determined by measuring the film thickness change before and after PGMEA rinse. The wet

removal rate was assessed with two commercial wet stripping solution NE89 and CC1.
Contact angle measurements using water and methylene iodide as liguids were used to

calculate the critical surface tension of wetting using the Zisman approach. Results are given
in Tables 1 — 4. '



added PGMEA (350 g) and water (15.90 g, 0.89 mole); The water/PGMEA
solution was added to the reactor over 90 minutes. After the addition the
reaction flask was allowed to 30 warm to 20C and stirred for two hours '[Q _
85 §06{He 6rmed resin. The solution.| {4 the flask was concent‘t:af%azus‘llrﬁ%3 P>
rotary evaporator to approximately 21% by weight resin at 40C by WO
2006/065320 PCT/US2005/035235 10 removing most of HCI as vapor

and a small a mount of PGMEA. Next, ethanol (80 g) was added to the
solution and the flask contents rotary evaporated to remove the ethanol,
residual water, hydrochloric acid, and PGMEA. The solution was then
diluted to 10-weight percent resin by the addition of PGMEA (Yield: 450

g)- 5 Film Coating and Characterization The film coating on wafers was

processeg-enr-akan-Suss-EFp2-spir-coater. The resin-RPGMEA-selutign
was first filkered t roJ{gh a 0.20 mjcron PTFE filter and then spih cdated
10 onto st@%daatd ingje side fpur jnch polished low re |§ilvu—y wiafers or
double S|d§d th hed FTIR wafers (spin speed = 200 pmﬁaccel ration
speed = '>800§|m =120 secands). Films were cured 68a thper ure
(200-250 @) fof 90 seconds as indicated in Tables 3 0 usﬁ‘ug a rsggid
thermal processin ﬁ?‘) overmwia g nitrogen gas purge. Fhe fimen |
thickness,ﬂr\e ractive index and k value were determinpd usingla JjA.
Woollam i@ligsometer| The thickn =N values 15 recor ed were the
average (JEQ' rements; FGMEA resistance a (ére as| |oo
determine& stfifgithefitmrthtekness change be%re, and-after
PGMEA rifgsg. The wet removal rate was assessed witg two commercial
wet stripp@g 8' NE89 and AC, 1. Contact angle n§e51§51remer1ts
[ jottiglel 35 i id K¥0 | callcltatethecy
using watéy ) yteng-io j@eg;s iquids were use cgllcigatecthec
critical suraee-tension-ef-wetting-tistag the Zisman appreach—Resttisgare
given 20jin Tableg 1-14. WO 2006/066320 PCT/US2005/035235 11 >,
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Table 3: TT™® Resins

Example | Bake | Coating | Thickness Lossafter |Loss | Loss

Temp | Thickness ! after PGMEA after | after CCI
1 oC (A) PGMEA (&) | (%) NE&9

1 200 2183 2103 3.66 100% | 100%
225 2227 2170 2.51 100% | 100%
250 2132 2113 0.89 100% | 100%

2 200 2337 2334 0.13 100% | 100%
225 2351 2350 6.00 100% | 100%
250 2354 2348 0.00 100% | 100%

3 200 2338 2336 0.00 100% | 100%
225 2358 2354 0.00 100% | 100%
250 2375 2370 0.00 100% | 100%
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12 Table 3: THTPh Resins Example Bake Coating Thickness Loss after

W@o@gﬁﬂﬁgggmremp Thickness after PGMEA after after CCl C %ATJ

PERER™

(A) (%) NE89 1 200 2183 2103 3.66'800% 100% 225 2227 2170 2.51
100% 100% 250 2132 2113 0.89 100% 100% 2 200 2337 2334 0.13

100%,J00% 225 2351 2350 0.00 100% 100% 250 2354 2348 0.00 100%
Table@ood 3 200 Resss 288@mB0 0% 100% 225 2358 2354 0.00 100%

EN 2275 2270 0 .00
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EERl5d 3551035 4 5521 BE T ot AL ETPfrg(gsgiﬁgé(%égﬁé%ﬁgﬁ%%oss
Examplée Bake CoafihirHikisknedet oss aftdr ROsEiter NG Tempfier CCI
Thicknesgéfter PCSIz/KI.:)A 'NE89 ?Eﬁ’h%c(ﬁ) (%)

1C 200 1548 30 100 N/A N/A

225 1481 35 100 N/A N/A
250 1402 40 100 N/A N/A
300 1477 584 61.5 686 707
350 1384 1377 0.51 1387 1397
2C 200 1473 34 100 N/A N/A
225 1445 35 100 N/A N/A
250 1346 39 100 N/A N/A
300 1487 647 56.5 670 658
350 1378 1375 0.22 1373 1379
3C 200 1569 55 100 N/A N/A
225 1545 37 100 N/A N/A
250 1500 |52 100 NA [N
300 1748 1711 2.00 1706 1733
350 1676 1678 -0.12 1666 1682




C (A) PGMEA (A) (%) 1C 200 1548 30 100 N/A N/A 225 1481 35 100 N/A
N/A 250 1402 40 100 N/A N/A 300;3477 584 61.5 686 707 350 1384
1377 0.51 1387 1397 2C 200 1473 34 100 N/A N/A 225 1445 35 100 N/A
N/A 250 1346 39 100 N/A N/A 300 1487 647 56.5 670 658 350 1378
1375 0.22 1373 1379 3C 200 1569 55 100 N/A N/A 225 1545 37 100 N/A
N/A 250 1509 52 100 N/A N/A 80041748 1711 2.00 1706 1733 350 1676
1678 -0.12 1666 1682 14 CLAIMS WHAT IS CLAIMED IS: I.. A method
of forming an antireflective coating on an electronic device comprising (A)
Wilsapplymgito:an efectronic deV|ce an ARC composition comprising (i)a.
sHscsqwoxane resinha'j, z ~ the "3raiat/(} (PhSIO(.12(OflV) . .
A TIEOENTEE)E) HliEre BR A PREM AGr6up K Had & Al i or o™ tor
(A} apiilihag @ value @f Qt5ite09%m n%shas,@;—zvakuxez@ﬁ 0dbtesg:95andin+n -1
a solvent: and . (B) removing the solvent and curing the

and (ii
fl’é&éﬁé&%’éﬁ%ih% BT S ariti éi‘ sctive coating,

{(PRSi0G0/ 2O by HSIO(E (O .
where Ph is a phenvl group, x has & value of G, 1 or 2: m has a value of 0.05 10 .95, n
hasavalue of 00510 095 and m+n~ | ;and
(i1} a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device,

7. The method as claimed in claim 1 wherein m has a value of 0.10 to §.5¢ and » has a value
af 0.10 to (.50,
3. The method as claimed in claim T wherein in the silsesquioxane resin 6 1o 38 mol % of the

units contain 51-0H groups.

4. The method as claimed in claim 1 wherein the ARC composition containg 80 to 95 wit% of

sokvent, based on the weight of the ARC composition.



on the electronic device. 2. The method as claimed in claim 1 wherein m
has a value of 0.10 to 0.50 and n haga value of 010 to 0.50. 3. The
method as claimed in.. claim. | ,w herein in the silsesquioxane resin 6 to
39 mot % of the units contain Si-01-1 groups. 4. The method as claimed
in claim 1 wherein the ARC composition contains 90 to 95 wt% of solvent
based on the weight of the ARC composition. 15 5. The method as

. .h,daj{{‘eéj,if‘ claim 1 wherein the ARC co T sition of is applied by. spin- .

5. The JB3itiNg. 8. “THE THetnod s’ TATMEd icraiim + WHEHEI the $MBESUIvXBNE

coatingesin is cured by heating. 7. 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

6. The(RBSIQRXACRIHYHSHHS- X 2(OH ELE wbe e RimisrasphBruigroup fixating,
has a value of 0 1 or 2; m has a value of 0.05 toE1.95, n has a value of
0.05 to 0.95 and in = n and ii) a solvent; (B) removing the solvent and.

7. A nRyringdhe-silsesquioxanésesin tofonp ansanticefleativecoatingr.on the

o egtronic device: and, (C) forming.a resist image over the antireflective

(A) 20E5iRd0 16 B R TGO OF Parfhig A RN ENBSH VP ESting on an
electronicdevicaconiprisinge (A} dpplying to an electronic device an ARC
composition comprising )a Silsesquigxane resin ving the formula
(PhSIOf(S ): v.?".:" ﬁ%%f f’iiﬁi@%ﬁ%@?ﬁs‘éﬂf(ﬁ%ﬁﬁ\g}iﬂg Troup-, x has a
valie 00, orilchassavaluetol Q15 ki 95,00 thasavaleeof 0 fAAI95:6.55, n

has & xga?gslgf-i-@.re}g:@l Q,gg%ﬁd m+n=~1;and

(i1} a solvent;
(B) removing the solvent and curing the silsesguioxane resin to form an antireflective coating
- on the electronic device; and

() forming a resist image over the antireflective coaling.



(if) a solvent; (B) removing the solvent and. curing the silsesquioxane
hesiin. to form an antireflective coatiigy on the electronic device (C;
forming a resist image over the antirefective coating and (D) etching a.
pattern in the anti-reflective film. 9. A rn.ethod of forming a ii antiire'lecave
coating on an . electronic device comprising (A) applying to an electronic
device at:.. AR - composition. con prising (i.)a siisesquioxane resin having

(4 o DTMUK (THSIONS, YYBOHHY Ju 1100 ¢ YVR(OLTX), where Phis 2

8. Am é?ﬁ/% BUP' R RASA VRIlE 6F G 1 o7 O HEs A VEIIE G065 CBRBE R

(A) aphasa value0f0:05100.9% andiRc-@fnhiiand (ihasolvent; (13)
re,mov,ing the solvent and. coring the silsesquioxane resin. to form an

ahtireflective Coating” orithe eldttroHi¢ device: (C) forming a resist image

over the antireflective caating; ((B) etching a-patterniin the anti-reflective
fil%@g.E)]s'iemOVi{‘cg the resist image and the anti-reflective film;

it Phis a phenyt group, ¥ hasa value of U, 1 or 2Z; m has a value of 0.05 106895, n
s avalue of 005 w0h 95 and m+n» 1 and

{11y a solvent;
(B) removing the solvent and curing the silsesquioxane resin to form an antireflectuve coating
on the clectronic device

() forming a resist image over the antireflective coating and

{3} etching a pattern in the anti-reflective flm.

9. A method of forming an antireflective coating on an electronic device comprising
(A} applving to an electronic device an ARC composition comprising

(i)a silsesquioxane resin having the formula

{(PRSIO(S-xy2{ OH )y 1o BS1G0-vw2(OH)x .

where Ph1s a phenyl group. x has a value of 0. 1 or 2; m has a value o 0.05 108,95 n
nas a vaiue of 00510895 and m +n» 1 and

{11} a solvent;
(B} removing the solvent and curing the silsesquioxane resin to form an antireflective coaiing
or: the electronic device;
(C) forming a resist image over the antireflective coating:

FTUY g S g e Ten s PRI o LI ok SO
i?}} CLCINnE & patiorn m thne andi-rerieciive THm,

{E} removing the regist image and the anti-refiecive film,



