| METHOD FOR FORMING ANTI-REFLECTIVE COATING
DESCRIPTION [0001] With the continuing demand for smaller feature
sizes in the semiconductor industry, 193 mm optical lithography has
emerged very recently as the technology to produce devices with sub-100
nm. The use of such shorter wavelength of light requires the bottom
antireflective coating (BARC) to reduce the reflection on the substrate and
dampen the photoresist swing cure by absorbing light that has been
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coatings (ARC) consist of both organic and inorganic materials. Typically,
the inorganic ARC, which exhibit good etch resistant, is CVD based and
is subject to all of the integratigydingPpriage of extreme topography.
The organic ARC materials are applied by spin-on process and have
excellent fill and planarization properties, but suffer from poor etch
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[000oaflibgs disclosure pertains to silsesquioxane resins that exhibit entireflective coating
properties for 193 nm light. These antireflective coatings can be stripped at the rsmoval;tagév 7
and the silsesquioxane resins are stable upon siorage. In addition, the presence of a hydride
group in the silsesquioxane resin is essential for the desired cure properties and strip-ability
as a 193nm ARC material.

[6003] 1In a first aspect, there is provided a method of fofming an antireflective coating
on an electronic device comprising

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

{i)a silsesguioxane resin having the formula

(PBSiO3.x)/2(OH)x)m HS10(3.5)/2(OH):)n(MeSiOg3-x)2(0H)x)p
where Ph is a phenyl group, Me is a methyl group, x hasavalue of 0, 1 or 2; mhas a
vaiue of 0.05 10 0.95, n has a value of 0.05 to 0.95, p has a value 0 0.0510 0.95, andm+n
+pz1£mﬁ
(ii) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device.



on the electronic device. la [0003a] In a second aspect, there is provided
a method of forming an entireflective coating on an electronic device
comprising (A) applying to an electronic device an ARC composition
comprising (i)a silsesquioxane resin having the formula (Ph
SiO(3-x)t2(OH)X)rn. HSIO(3_x)t2(OH)x)n(MCSi O(3-x)/Z(OH)x)p where Ph
is a phenyl group, Me is a methyl group, x has a value of 0, 1 or 2; m has
a value of 0.05 to 0.95, n has a vall@ of 0.05 to 0.95, p has a value of 0.05
to 0.95, andm-+n +p=l;and (ii) a solvent; ($) removing the solvent and
curing the silsesquioxane resin to form an antireflective coating on the
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coatEQANING, [9903Rk & third aspRgisthere is provided a method of forming

an antireflective coating on‘an electronic device comprising (A) applying
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sesquioxanc resin to form an antireflective coating on the electronic
and Hb\?iéeﬁ'(@j’férh% a resist image over the antireflective coating; and (1))
etcliing agbetrern in the anti-reflective film. Ib [0003c] In a fourth aspect,
(B) toRievis PiRyigadanmathoskolf aimiflgaanaotimeloetireto form an antircflective

coating on the electronic device; and

(C) forming 2 resist image over the antireflective coating.

[0003b] In a third 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 cormprising
(i)2 silscsguioxane resin having the formule

PhSiO.xy2(0H)0m H510¢3 ,xm(OH)x}n(hdeSiO(g.xyg(OH)x)?

where Ph is a phenyl group, Me is a methyl group, x has a value of 0, L or 2; m
has 2 value of 0.05 to 0.95, n has a value of 0.05 t0 0.95, p has 2 valus of 0.05 10 0.95,
andm-+n +p=1; |

{ii) a solvent; _
{(B) removing the solvent and curing the silsesquioxanc resin to forre 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.



coating on an electronic device comprising (A) applying to an electronic
device an ARC composition comprising (i)a silsesquioxane resin having
the formula (PhS.iO(3-x)P2(OH)x)m
HSIO(3-x)2(OH3x)n(MesiO(g.x)a(OH)z)p where Ph is a phenyl group, Me
is a methyl 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, p has a value of 0.05 to 0.95, andm+n
+p=1,; (ii) a solvent; and (B) removing,he solvent and curing the
silsesquioxane resin to form an antireflective coating on the electronic
device; (C) forming a resist image over the antireflective coating; (D)
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(D) etching a pattem in the anti-reflective film: and
(E) removing the resist image and the anti-reflective f Im.

[0003d] In a fifth aspect, there is provided an ARC composition comprising

(i) a silsegquioxane resin baving the formula

(PrSi0E.xy2(CHhom ES103.x)/2(0H):0n{MieSiOGxy{ OH )y
where Ph is apnenyl group, Me is a methyl group, x has a value of 0, 1 or 2:m
. hasa va.]u'* of 0.05 to 0.93, n has a value of Q.05 10 0.95, p has a vajus of 0.05 to 0.95,
andm+n+p=~1;and

- (ii) 2 solvent,

- whe

rein 6 to 38 mol% of the units in the silsesquioxane resin contain Si-OH
- groups.
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of 0.10 to 0.70. [00051 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
wsilsesgaioxane resin should contain Si-OH groups. Higher apoQurdsagio34677

these units 10 can result in instabilityZin the resin and the formation of

gels. Typically 6 to 38 mole % of the units in the silsesquioxane resin

contain Si-OH groups. 100061 The silsesquioxane resin has a weight
[0efAragbandienniamwaighsigvi useibidrdnyeingf Be orrafbsibeocarng have the

1000 P SRLE A RNl A D SISl abAoa Byt bR ot
el 05 S N0k 00 LOMESOTE 10
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silsesquioxane resins maybe produced by methods known in the art. For
of 0.38 %ﬁﬁ}ple, the silsesquioxane resins may be produced by the hydrolysis
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amount of 40 to 98 weight percent based on the total weight of solvent
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Useful organic solvents maybe exemplified by, but not limited to, saturated
aIipﬂﬁéﬁi@?&)(}mm.mﬁﬁﬁ@we}ohemu@%%ﬂa)ﬂelmﬂmsooctane;
cycloaliphatics such as WO 2006/065316 PCT/US2005/034677 3
cyciBpittamle GHIQyelo AR AR e e CEW R BEN I B )oluene,

whet RIS ERIISNSPh, 5 and Me and 0.05 <a+d +¢ < 0.50,010 <b+d + ¢ < 0.70,
010<c+d+e50.70,0.06 <d+e<04,andat+b+ct+td+te=l,

[0008] 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
mixtre of a pheny! trialkoxysilane, hydrogen trialkoxysilane and methy! trialkoxysilane.
Alternatively they may be produced by the hydrolysis and condensation of a phenyl
trichlorosilane, hyvdrogen trichlorosilane and methy! trichlorosilane.

[60609] The silsesquioxane resin is typically produced in the presence of a solvent. Any
suitable organic or silicone solvent that does not contain a functional group which may
participate in the reaction may be used in producing the silsesquioxane resin. The solvent is
generally used in an amount of 40 to 98 weight percent based on the total weight of solvent
and silane reactants, alternatively 70 to 90 weight percent. The reaction may be carried out as
a dual phase or single-phase system.

[0010] Useful organic solvents may be exemplified by, but not limited to, saturated

aliphatics such as n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as
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ethers such as tetrahydrofuran, dioxane, ethylene glycol dietheyl ether,
ethylene glycol dimethyl ether; ketones such as methylisobutyl ketone
(MIBK) and cyclohexanone; halogen substituted alkanes such as
winichieroetiane; halogenated aromatics such as bromobenzeoe/esmos/034677
chlorobenzene; esters such as isobutyl isobutyrate and propyl propronate.
Useful silicone solvents may be exemplified by, but not limited to cyclic
siloxanes such as octamethylcyclotetrasiloxane, and
cwhhecaﬂmtﬁgdcycdb;henmilmmssmm solvemt, iolyeis xysedt, (maitylene
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in the range of 5 C to 150 C, with ambient temperature suggested. [0012]
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removing the solvent. THe method of solvent removal is not critical and
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[0014] In the process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure.
Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid
(chlorosilane routes) and solvents. Methods for removing volatiles are known in the art and
include, for example, distillation.

[6015] Following the reaction to produce the silsesquioxane resin a number of optional
steps may be carried out to obtain the siisesquioxane resin in the desired form. For example,
the silsesquioxane resin may be recovered in solid form by removing the solvent. The
method of solvent removal is not critical and numerous methods are well known in the art
(e.g. distiilati:am under heat and/or vacuum). Once the silsesquioxane resin is recovered in a
solid form, the resin can be optionally re-dissolved in the same or another solvent for a

particular use. Alternatively, if a different solvent, other than the solvent used in the
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solid form, the resin can be optionally re-dissolved in the same or another

solvent for a particular use. Alternatively, if a different solvent, other than

the solvent used in the WO 2006/065316 PCT/US2005/034677 4
weaotiarssisadesired for the final product, a solvent exchangertay fxecone 77

by adding a secondary solvent and reimoving 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
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composition is then applied to an electronic device , the solvent is
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solAtirgTinetive ;Rating [9RAFLs Tyrinaliyithe electronic device is a
semiconductor device, such as silicgn-based_ deyices and gallium
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solvent based on the total weight of the ARC composition, alternatively 80
matgrig; it 9. [0019] The ARC composition can further comprise a cure
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[0019] 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 (H350,), (4-ethylthiopheny!) methyl

phenyl sulfonium triflate and 2-Naphthyl diphenyisulfonium 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 composition.

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

composition to the surface of the spinning electronic device,



10

15

20

25

30

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
welattrdai@evice, at about 2000 RPM, and adding the ARC RSGHIf538MoR44G7
the surface of the spinning electronic device. WO 2006/065316
PCT/US2005/034677 5 [0021] The solvent is removed and the
silsesquioxane resin is cured to form the anti- reflective coating on the

(00214 corbificdusmt s reme ssivaf sl reriniane aebip knowerincferstthesmti

reflagiteatingnplodtid gl pplicationhy TMORR@nIQRR2hEIHING SEREIANYT methods
omprises heating the coated electronic device to a sufficient 5

Sucﬁa#‘&?%gfg rﬁ%ﬁ?ﬁ’éﬁ%ﬁﬁ%ﬁ?&ﬁ%ﬁ*%%ad to curing. For example, the

[0022hteChelec rarin]devioptas belinathd abBAGitetAhRCHtands otoBdicient
minutes..alternatively 150C tq 275C for of 0.5.to 5 minutes, alternatjvely .
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hot plates. 10 [0023] To protect the silsesquioxane resin from reactions
mayhihussd gering tha eongriang Fer mmpie bervnatelaicctatie dsaitommaade placed
in aUfHEARE AHEGELALEIRSPRRE RO BSERRIMASRRATRS USRI g siRdRCIude, but

are nat limited to nitrogen and argon. By "inert" it is meant that the )
[09%HirdRPIORCE R ARIRBLEIRENT SO PoReRAEPEHERS ARy 9888 ahcHh e fvdng
curipy gRtuing spiesskbe fnfdriabdhadeuEnthan dieeashvak SIRRS AR GRHIR useful
her g R R Bl o R L5 e b

pressurea t'ﬁoug subor sup%lrt
envi08RddrOrmeatu ied, tHae Blanironicidevieatdyiepsiting b emntof eflaetiveThe
i [ er pr. sing steps,.such .
P e b S A e AT I, TR curimg st
is typiepkbyl coveed ioatan ALnsabvie prasng aithenghcubsy fupaeforeaphgribpressures
maf%ﬁi?k ynage comprises (a) forming a film of a resist composition on top of
the anti-reflective coating; _(wagewise_ exposing the resist film to

1002 Hiatidtrts Brou e knresisisaden rempsting) theoalbpAgctie expiscephibg used
in fieriprogiice-Anproagsing bR ivallachvaobaringmen Wieeleslionic device
pho?orl?ﬂl?c?gr}zii%ﬂggrzljy réjs?&f%ggg ri1sr osfzir%%ﬁoorp ro ei:tia%?i?rte efct?{rg 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 fo produce an
exposed film; and (c) developing the exposed film to produce an image. The anti-refiective
coatings on the electronic device are particularly useful with resist compositions that are
imagewise exposed to uliraviolet radiation having a wavelength of 157 nm to 365 nm,
alternatively ultraviolet radiation having a wavelength of 157 nm or 193 nm. Once an image
has been produced in the resist film, then a pattern is etched in the anti-reflective coating.
Known etching materials may be used to remove the anti-reflective coating. Additional steps
or removing the resist film and remaining anti-reflective coating may be employed to produce
a device having the desired architecture.

[0025] The following examples are included to demonstraie preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the technigues disclosed in

the examples which follow represent techniques discovered by the inventor to function well
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imagewise exposed to ultraviolet radiation having a wavelength of 157 ran
to 365 nm, 25 alternatively ultraviolet radiation having a wavelength of 157
nm or 193 nm. Once an image has been produced in the resist film, then
W3 padtasiscetched in the anti-reflective coating. Known etcimopyosatetiedss 77
may be used to remove the anti-refleétive coating. Additional steps or
removing the resist film and remaining anti-reflective coating may be
employed to produce a device having the desired architecture. 30 [0025]
in thEpedoimwifitheiammpies and heludedtodsitonsitaropstifelrpitferred modes for
its pRADROSMERIS, Of 16/ YSRHOR dlSheuid be aPREacEiad Dy ase A Hdhin

the art that the techniques disclosed in the examples which follow
appiRsiFteshiat ReEhihREs theedvared bif the Tacsftopabedieant wikthgo disclosed
and SR0SMAERIRKE G T R0QAN3M B R ip A8 PrRGHARHNS IRYeRtiQne Aind
. thus can be considered to constitute preferred modes for its practice.
mveRgfever, those of skill in the art should, in light of the present disclosure,
appreciate that many changes @R ABIPIEE in the specific embodiments
R which are disclosed and still obtain a like or similar result without
ettt fiom the spirit and scope of the 5 invention. EXAMPLES Resin
Exaﬁggq@sﬁ%q%b%&ﬁﬁpé@%%TH 0.30T Me 0.45 A solution of 120 grams
of PGMEA, 13.2 grams (0.0625 moles) of phenyltrichlorosilane, 10 10.16
A sqjréions (0100 Fraroied) IS Ao Silgnass16.932§ (@it afiplaiag)righlorosilane,
10. 1@)@@6&%@9%ﬂ%@ﬁoﬂ%ﬁﬁ%@ﬁ%@% té’th AT ?%%Hﬁgfﬁfﬂé ichlorosilane

ution of 200 grams of PGMEA and 10" grams (0.555 moles) of water
wergiganstiaed to IfasianBRASE BIEREIbSHaftetionatL oharrnt Pt FEYE Arand 10

eraf@6IOR Wakdlawrekianodydstitgme: abRB ofr JPERAGBARNININS EREIBne-hour
solution was then washed with 100 mL DI water and the water was

perige LRgderoAigp s AIRRRA4D Redy Sdng L HAnGI RS TEE (bihEHRsTRtution
wasSbénlieashElevaalWinmvas siEtppast thappraximatidyarRvRerpd salidando

the :Jl#lute to 10 Ft% ith PGMEA.. The,solution was filtered through a.
grargs 1 ol W sl o e st aqon o Lo s SRS SHIRP i ERRiegtmately
20 vif87 6iAplit=nd 9in liHDBG 2510 wit%e with PGMEA. The solution was filtered through
a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 1876 A,
n=1.797, k=0.5625.

Example2; T 035 T 035 T 0.10

A solution of 120 grams of PGMEA,, 29.09 grams (0.1375 moles) of phenyltrichlorosilane,
11.85 grams (0.0875 moles) of trichlorosilane, 3.74 g (0.025 moles) of methyltrichlorosilane
were added 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 one hour. The resin sollution, was then
washed with 100 mL DI water and the water was discarded. Approximately 40 grams of
ethanol was added to the resin solution. The solution was stripped to approximately 20 wt%
of solid and then diluted to 10 wt% with PGMEA. The solution was filtered through a 0.20
micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 2147

A, n=1.887, k=0.769.
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20 Example 2: TPh0.55 TH0.35 TMe0.10 A solution of 120 grams of
PGMEA, 29.09 grams (0.1375 moles) of phenyltrichlorosilane, 11.85
grams (0.0875 moles) of trichlorosilane, 3.74 g (0.025 moles) of
wikeths/dteishéorosilane were added to a reactor under nitrogePCRISoEOB67T
of 200 grams of PGMEA and 10 grarfis (0.555 moles) of water was added
to the solution of trichlorosilanes over a one-hour period. 25 The reaction
was allowed to body, stirring at 20 C for one hour. The resin solution was

Exaﬁmpwﬂ%_%gﬁﬁi%}wwﬁpl water and the water was discarded.

Approximately 40 grams of ethanol was added to the resin solution. The
A sosiatiod 1RAgsmis pé & @VEphr 3tfharats 1O WS megleslief Bhenihiividnrsidens.
11.83 Q2% WH@%%@@'@?%MQ&W@Q@?@.lgr%)%@rg&hmﬁmmsﬂane

PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 2147 30 A,
wererpdfleship, aceacisamdronings e A3 eb el ROStrysrasold AME 4 gad i) grgms

(0.5%@%%@Bﬂfﬁt\?@%@h%@l&fﬁwm?ﬁ%mﬁ& hg%% an@zllht@q?ﬁiod,

Ul moles) ot p nytrlc,qr05| ne, . rams (4. males) o

T {RORIGROSTSAL S99 PP T BRSO i P o S 8o S s then

wasHedaneactor b dMrwiteo gad i selsiionoiRof dramsppfREMER ahdriths of
rams 5 (0.555 moles) of. water was d to the solution of . o

e} SR G B i GRG0 %

of sdi'i_att;quﬁmng'latez@o COfovt BneithoReMEA.rddin sdmtmmﬁlt_md thraupled 0.20
micrw&wﬁgmgﬁ%w@%@mda%wm siafardpdi ARproXmaely.40¢ 12,

grams of ethanol was added to the resin solution. The solution was
k=0.88%ped to approximately 20 wt% of solid and then diluted to 10 wt% with

PGMEA. The solution was filtered through a 0.20 10 micron PTFE filter

and stored in a}%go m{WHDPE bottle. Thickness = 2318 A, n=1.612,
Exainp(z@97. toxarfipless: T phsd0 THO.30 TMeO 60 A solution of 120 grams of

PGMEA, % 29 gram m % %of gie%té_il%lo osilane, .15 10.16.
A S A GL P ER o SRR A7 S RS Benrosilane,
10. 16 ethykriciTT asilaseofvdchinaniies o 42 & (Gactonalex) ef nitthybriciforosilane
werd 000 200 RIS ALEGNER AN 1015189 JeORR D RIeR: AR 10
was agged to the solution of trichiorosilanes over a one-nour
grams (0.555 moles) of water was added to the solution of trichlorosilanes over a one-hour
period. The reaction was allowed 1o body, stirring at 20 ° C for one hour. The resin solution
was then washed with 100 mL DI water and the water was discarded. Approximately 40
grams of ethanol was added to the resin solution. The solution was stripped to approximately
20 wit% of solid and then diluted to 10 wt% with PGMEA. The solution was filtered through
a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 1992 A,

1n=1.680, k=0.208.

Example 3: TPho.ioTHo.éoTMeoso

A solution of 120 grams of PGMEA, 5.29 grams (0.025 moles) of phenylirichlorosilane,
20.32 grams (0.15 moles) of trichlorosilane, 11.21 g (0.075 moles) of methyltrichlorosilane
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 one hour. The resin solution
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period. The reaction was allowed to body, stirring at 20 C for one hour.

The resin solution was then washed with 100 mL DI water and the water

was discarded. Approximately 40 20 grams of ethanol was added to the

Wi gineditiion. The solution was stripped to approximately 26CuiS%2ofzesie77

and then diluted to 10 wt% with PGMEA. The solution was filtered through

a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness

=1992 A, n=1.680, k=0.208. 25 Example 5: TPh0.10TH0.60TMe0.30 A
was dagtirpltd pdfly iAo DI @ME ADS the wrin w0 UsGudedes)miroximately 40
grarSrittiRbiQrasiane: @%@%ﬁ%&@é%@é@ﬁ)ﬁ&%?&%ﬁ%@%@’% &liately

(0.075 moles) of methyltrichlorosilane 30 were transferred 10 a reactor
20 Wikwet valid gan thenditeshior 000 Grais MFHBMERaselatrg i diliorsd §rough
a 0.70@lesaPTHE MivasaAd sieek 0 thersolioR 0P HIBhIQEO SN Qe Bl A,
.0 -R%Q r. period. The reaction-was allowed to body, stirring at 20 Cfor
n_l‘gﬁﬁ’ “Ltér.l%e resin solution WO 2006/065316 PCT/US2005/034677 8
was then washed with 100 mL DI water and the water was discarded.
Approximately 40 grams of ethanol was added to the resin solution. The
Exasetionas, stihped Y5 approximately 20 wt% of solid and then diluted to
10 wt% with PGMEA. The solution was filtered through a 0.20 micron

A sditkiohs biter @RELSEEHEMERSE Mo HRPE bottie o RIdNaRs sithdderbsiRne,
23.@:1.630 k:O.lg%ég?mple 6: 1 h0.10THO.70TMe0.20 10 A solution of

FBG5 s P Bl AL Bl siaRG o (7R M esnateshek pHerireblgrasilane
wer2 Batefgredso (9 itdGonales) birtriehlorosianien 624700 Haah 6THESYOA and 10

m ltrichlorosilane were transferred to a reactor,ynder, nitrogen. A
e B B e S S o A i hour
Peﬁvvhﬁédde@t@nheas@mmmm MMSMS%\?@ fone hour. ﬁhcimf_éiﬁl' fdution
was &ﬁ@?@%ﬂgm&%@%@@9%&%&1&9&%%;%égm%@fﬁ%gé}‘Sﬁ%W 40

solution 15 was then washed with 100 mL DI water an ater was

 grangf S sdaue Ay addsdieheansigrahiion o fierrol vies audstinped dorengirpximately

20 vAOUBI¥ 1 ENR S AUt QMiAS STPREA i ArRIMEmateh: «fExwissalidantrough
then diluted to 19 wt% with PGMEA. The solution was filtered througg
2 0.20 micron PTFE fiiter and stored in a 250 mL HDPE bottle. Thickness = 2938 A,

n=1.610, k=0.202.

Ph M
Example 7: T 0.10TH0.35T %0.55

A solution of 120 grams of PGMEA, 5.29 grams (0.025 moles) of phenyltrichlorosilane,
11.85 grams (0.088 moles) of trichlorosilane, 20.55 g (0.138 moles) of methyltrichlorosilane
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 one hour. The resin solution
was then washed with 100 mI, DI water and the water was discarded. Approximately 40
grams of ethanol was added to the resin solution. The solution was stripped to approximately
20 wi% of solid and then diluted to 10 wi% with PGMEA. The solution was filtered through
a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 2008 A,
1=1.610, k=0.202.
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a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness
= 2938 A, n=1.610, k=0.202. 20 H Example 7: TPh0.101 0.35TMe0.55 A
solution of 120 grams of PGMEA, 5.29 grams (0.025 moles) of
wphmpy/ieisméorosilane, 11.85 grains (0.088 moles) of trichloresitare)@ns677

g (0.138 moles) ofinethyltrichlorosilarfe 25 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

Exg@wlgourlj ?@f@tﬁ%};@e‘%g_@on was allowed to body, stirring at 20 C for
one hour. The resin solution was then washed with 100 mL DI water and

A sdhﬁimeﬂ mmmmpm@mﬂgmozg iab1sspbenenataoadsiets,

the re ution..T tion.was, styppe roximajely 30 20
13, 2 Cfg (?% E{eR ) S.EB%‘%? \%g% @Gtﬁ}l%%%‘fﬁg gélui/ion was

metmtbneﬂlohwdvg‘@ \aeﬁa’mtmﬂfmd P EREfite nane: sioregkin A 230tioh. diDREgrams

B Ny -

ovelspRIohBF RRBOGrabils BRFIGMERS, %lcz@egrfarhgc(ﬂ. SEBingoied) OF for one hour.

ThePBERYBHERIRTRRIARG whshed Wram Rl B3 melenl by e aslai@arded.
16. 8 0.1125 moles ) of 5 methyltrichlorosilane were transferred to a

Apﬂfé’é hAR TS $EF RIS NYED AdgF D0 Apsin etpiiom ERvastivtionyragns
sﬁipﬁ%éﬁaﬁh ﬁ@éﬁﬁf%ﬁl@r‘ﬁm@g&iﬁﬂaﬁﬁi Eﬂ&ﬁﬂg@ﬁﬂé&‘t@g@'@@@@ﬁﬂ@@ﬁo Ié?&;.e'l‘he

a one e reaction wa ed to body, stirring at or
sols R e L PSP i PO S e O AT LD BR ot
Thldhﬁewatelm\mé,dlscaﬁm&—@kpﬁﬁommately 40 grams of ethanol was added

to the resin saolution. The solution was 10 stripped to approximately 20

t% of SO|Id and then diluted to 10 wt% with PGMEA. The solution was
' angies 0.20 micron PTFE filter and stored in a 250 mL HDPE

F}ll@@gﬁmgmﬁhr@ﬁﬁra&e%ebﬁl 1.630, k=0.198.
The film coating on wafers was processed on a Karl Suss CT62 spin coater. Solutions of resin

in PGMEA were 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 = 5000, time = 20 seconds). Films were

“cured at a temperature (200-250°C) for 90 seconds as indicated in the tables using a rapid

thermal processing (RTP) oven with a nitrogen gas purge. The film thickness, refractive
index and k value were determined using a J. A. Woollam ellipsometer. The thickness values
recorded were the average of nine measurements. PGMEA resistance of the film after cure
was determined by measuring the film thickness change before and after PGMEA hold ( one
minute) and rinse (ﬁ‘ﬂl‘h}i Ay tetramethylammonium hydroxide (TMAH) resistance after cure
was determined by measuring the film thickness change before and after TMAH hold ( one

. , 2 . N
minute) and rinse (ATh” A). Contact angle measurements using water and methylene iodide

as liquids were used to calculate the critical surface tension of wetiing using the Zisman
approach, All of the cured films made from the above resins were completely stripped with

two commercial wet stripping solution NE89 and CC1.
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Application Examples 15 Film Coating and Characterization The film
coating on wafers was processed on a Karl Suss CT62 spin coater.
Solutions of resin in PGMEA were first filtered through a 0.2 micron PTFE
wiiltmoandien spin coated onto standard single side four inelapolstea®s4c77
low resistivity wafers or double sided polished FTIR wafers (spin speed =
2000 rpm; acceleration speed = 5000, time = 20 seconds). Films were 20
cured at a temperature (200-250C) for 90 seconds as indicated in the

TABABdsshisingle rapidls theivitd prdcasstandRTR) Hvesi sidtlcafoitiat Ebre@Sesins
rge..Lhe film thickness, refractiye index andk valye were determined
(ALl PR e ale ke B PRI AR ER i L™ orded were
the average of nine measurements. PGMEA resistance of the film after
TABLES: WR% SRle miNGH Ry Reasiing dneJim @3@5@%&8@%&%@%@% a
after PGMEA hold { one 25 minute) and rinse (ATh1 A);
scalqap A ibeprRTRASE ThErRabs e (Mt rRds seaicaclidY eadethg aerformance

are VSISt By Freashy Dgrhie dilthickne 58.ConRaeRRMEE A0 @ S ntact angle
TMAH hold ( one mmuteéand rinse (ATh2 A). Contact an

le

of 84reand A SPREESSHRY Watef aRtiametnyiene aéﬂ%aﬁ&éfg%qﬁ@?é%g@aw had
a wet@culaier theleriical shifacafersins@f wettisg using the Zisman

approach, All of the cured films made from the above resins were

completely stripped with 30 two commercial wet stripping solution NE89
TARIE TEiwWie 206/4653101P € TiSR00H0B4GEK. 10 TABLE 1 shows the

results PGMEA resistance and TMAH resistance for 4 different resins

(App 1-4). Example App4 corresponds to the resin from Example 1.
Tably ABABpRssiews kamies prodess for making the resin is reproducible.

e R 1S a 5 scafle QQEQ%SEJ MgJeTT ExampiecZpp 4. As
can be seen the MW and the perforspance arg yer S€ .‘gg%ample App 5
afterbake-pi-226-L--for-§@-seconds-Rac-a-w ter-ee 6 et-angieef 84.3 and
a“SRfac 2 Eneryion2a’. Example App 5 dfter Bake at 250 C for|60
seconds had a water contact angle of 86 ari@sssurface griérgy of 32.6. 10
TABLE-3-shows-theresig:of Exampie-4-usec-asa-hardmask—Fable 1:
A%B?:Zcz\t oh Ekmﬁpl@éﬂi -4 05 amp%g esin gg&% Temp Th ATh ATh
‘ 2017 | . 25
PR H 1! 5
App?v T "025T 0207 30'55 225 1037 | 239
1038 13.
250 1012 |77
| 1023 5
P H Me
Appd | T 55T 030T 045 225 1876 |27
11851 29
250 1861 |4
| 1860 5




C(A) (A) (A) Appl TO.10 T 0.25T €0.65 250 1916 0 1916 10 App2 T

0.10T 0.30T e€0.60 250 1992 1 2017 25 App3 T 0.25T 0.20T e0.55 225

1037 239 1038 13 250 1012 77 1023 5 App4 T 0.253 0.30T €0.45 225

wiB#6621855861 29 250 1861 4 1860 5 15 WO 2006/065316 PCT/HIS2005/034677

PCT/US2005/034677 11 Table 2. Application Examples 4 and 5 Example

MW vs. Mw/MO Bake T Th ATh ATh- PS vs PS C (A) (A) (A) App 4-1

5560 3.3 225 1876 27 App 4-2 225 1851 29 App 4-3 250 1861 4 App 4-4
Tabl2%0 18afitatdpBtathféd @ 3nd 225 2003 240 App 5-2 225 2000 21 App

L’)")E

10643

O A ni-ted

A-DE0 107

YDm—Tak

sin

)%(né?m Jle 8 ExhE ample BaII'(ea"FaI'JFA &I 2 Na“%@’coﬁtac@@&rface Energy

PS vs PS A) (4)

App4-1 | 5560 3.3 225 1876 27

App 4-2 225 1851 29

App 4-3 250 1861 4

App 4-4 250 1860 5

App 5-1 | 5710 3.2 225 2003 240

App 5-2 225 2000 21

App 5-3 250 1961 18

App 5-4 250 1974 23

Table 3: Application of resin Example 6.

Example { Bake T Th | ATn' | ATh® | Water contact | Surface Energy
e A A A | Angle )

App 6-1 {250 1992 I 93 29.9

App6-1 | 250 2017 25




-0C A A AAngle() App.6-1-250 1992 1 93 29.95ApP6-1 250 2017 2512~ * .,

~ CLAIMS 1. 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(3-x)/2(OH)x)m HSIQ(3-x)2(OH)7,)n(1V1eSiO(3_x)2(OH?X)p
where Ph is a phenyl group, Me- is a methyl group, x has a value of 0, 1
or2: 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, and m + T) +p - i;and (ii) a solvent; and (B)
CLAENBVINg the solvent and curing the silsesquioxane resin to form an
antireflective coating on the electronic-device 2. The method as claimed
1. {h weined fhisemng B divdceive coting onen s hasanicligyiost Gupnsing
(AD irDlaimizchers devios o HOviEe tan0ARIC ot sittithed mpttimed in claim
1 qugrgm}&@qaﬂsgwigm{@g@tﬁ%mgy heating at a temperature in
the rang;gP EJBOC t&éﬁc 4?% method as claimed in claim 1 wherein
the silse OB e AR I A0 Broti D e SO s Pdelss. A
wheneltto efpfioenyihgrampaMisdfecieshgd aigpOR RikalealiRit BleViee2; m has a
val6OBIUISNED (OS2RAMYNGVAGN SFBBPRGIBYIGE AW ARGSY R IRY5, and m +

5 “Eg:orgplri_sing. ()a silsesquioxane resin having the formula
(BrSIOE%)2(OH)x)m. HSIO(3-X)/2(0OH)X)N(MeSiO(3-x)2(OH)X)p where
Ph i@“é%) ¢PEr&RD, Me is a methyl group, x has a value of 0, 1 or 2; m
(B)rasaviag o6 85 tert 95rin h deaivsdsgof-(05rteif . Abfprhas antbkfeofive

coalipdn OBl ARdRdde¢id;and (i) a solvent;

2. The method as claimed in claim 1 wherein m has a value of 0.05 to .50, n has a value
of 0,10 to 0.70 and p has a value of 0.10 1o 0.70.

3. The method as claimed in claim 1 wherein the silsesquioxane resin is cured by heating
at a temperature in the range of 150°C to 275°C.

4. The method as ¢laimed in claim 1 wherein the silsesquioxane resin is cured by héating
in an inert atmosphere.

5. A method of forming an antireflective coating on an electronic device comprising
(&) applying 10 an electronic device an ARC composition comprising
(1)a silsesquioxane Tesin having the formula

(PhSIO3.xy2( O )i HSIO0(3.5)2(OH) 3 n(MeSi03.x)2(0H)p
where Ph is a pheny! group, Me is a methyl group, x has a valueof 0, lor2; m
has a value of 0.05 1o 0.95, n has a value of 0.03 to 0.95, p has a value of 0.05 to 0.95,
andm+n +p=1;and
(ii) a solvent;
(B) removing the solvent and curing the silsesquioxane resin to form an antircflective
coating on the electronic device; and '



(B) removing the solvent and curing the silsesquioxane resin to form an

antircilective coating on the electronic device; and 13 (C) forming a resist

image over the antireflective coating. 6. A method of forming an

antireflective coating on an electronic device comprising (A) applying to

an electronic device an ARC comp%%ition comprising (i)a silsesquioxane

resin having the formula (PhSiO(3-x)12(OH)x)m

I0(3-x)/2(OH)x)n(MeSiO(3-x)/2(OH)x)p where Ph is a phenyl group,

(C%@H%%W%Fgﬁﬁﬁ?ﬁst \VTtiEsBeoti Yeraating- has a value of 0.05t0

0.95, n has a value of 0.05 to 0.95, p has a value of 0.05 to 0.95, andm-+n

+p=|- (i X remoying the solvent and cuying the silsesquioxane
° rﬁsﬁ‘ﬁ%ﬁgrﬁ%w#%ﬁgéﬁ%%%ﬁ% %aﬁlﬂ%ﬁéﬂé{&%?ﬁ QU HeVige Fomprising
(AoARRF SR ??%‘?858“6?/ YiRe ATif R EtRA Rt AR camPrig @tching a

pattefHiaFHprseHin Rt faving. therfetnoteof forming an antireflective

coating o : touE ic risi gL to an ronic

dovice s O Al S

the fOYRRIFE (P SIENEY) 2Xeym)Min is 2 methy] group, x has a value of 0, 1 or 2; m
hatSIBIB0f A OM)P M eSa{3: RO R)pwb o b ineLhaayldous 895,
anibra ethybgrqup, x has a value of 0, 1 or 2; in has a value of 0.05 to

0.95{9 I'éas%ﬁ,e\'@;ue of 0.05 to 0.95, p has a value of 0.05 to 0.95, andm+n
(B?E:lé’ i) a olveglt; and (B) remqving the solvent and curing the :

LR SR SRS A foTHTIRS DR UAEtaN e xBaRNIR fREeRLIiRSlective
cogingcrn g rashipriadedriimage over the antireflective coating; (D)
(Cifonintn g pattitimmtecantitheflanivedl ftmyapeafBpempving the resist
(Diergerandghe-aniiielesiiefiRive film.

7. A method of forming an antireflective coating on an electronic device COmprising
(A) applying to an electronic davice an ARC composition comprising
(i)a silsesquioxane resin having the formula

(Ph3i0(3.5/2(0M) ) HSIO(3xy2(OH)x)n(MeSiOe3.xy2(OH))p

where Ph is 2 pbenyl group, Me is a methyl group, x has a value of 0, 1 or 2; m
has a value of 0.03 t0 0.95, n has a value of 0.05 to 0.95, p has a value of 0.05 to 0.95,
andm<+n +p=];

(it} a solvent; and
(B) removing the solvent and curing the silsssquioxane resin to form an antireflective
coating on the electronic device; .
(C) forming a resjst image over the antireflective coating;
(D} etching a pattern in the anti-reflective film:; and
(E) removing the resist image and the anti-reflective film.



14 8. An ARC composition comprising (i) a si:lsesquioxane resin having
the formula (PhSIiO (s.x)/2(OH)x)m HSIO(3-7,)/2(Oll)x)n(MeSi
O(3-x)/2(OH)x)p where Ph is a phenyl group, Me is a methyl group, x has
avalue 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 D.95, andm+n+pz1;and (ii) a solvent,
wherein 6 to 38 mol% of the units in the silsesquioxane resin contain
Si-OH groups. 9. The composition as claimed in claim 8 wherein m has a
8. valia RUL:0m e &k, @hﬁ@j@néalue of 0.10 to 0.70 and p has a value of

0.1 Qiﬁ%giﬁgs&upor&g@ &%EH%%%%’E%@' %d in claim 8 wherein the

|
ARC composition contains 80 to' 95 wt ogﬁ}solvent, based on the weight
of the AREBFAPesitdRE ) m HSI03 xy/2(OH)0n(MeSiOp.xy2(0H)k )y
- where Ph is a phenyl group, Me is a methyl group, x has a valne of 0, L or 2:m
-~ has a value of 0.03 to 0.95, n has a valus of 0.05 to 0.95, p has a value of 0.05 to 0.95,
andm+n~+—p:-1 : and
(i1) & solvent,

. - wherein 6 to 38 mol% of the units in the silsesquioxane resin contain Si-OH
| groups.

9. The composition as claimed in ciaim 8 wherein m has a value of 0.05 t0 0.50, 1 has a

value of .10 t0 0.70 and p has 2 vajue of 0.10 to 0.70.

10. The composition as claimed in claim § wherzin the ARC composition contains 80 to
95 wt% of solvent, based on the weight of the ARC composition. . '



