WET- ETCHABLE ANTI REFLECTI VE COATI NGS CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] None BACKGROUND [0002] Wth the continuing demand for
smal | er fweatoreesizzes in the sem conductor industry, 19®2cmmuse@viocaBo

| it hography has enmerged very recently as the technol ogy to produce devices
wi th sub- 100 nm features. The use of such a shorter wavel ength of Iight
requires the bottomantireflective coating (BARC) to reduce the reflection
on substrate and danpen the photoresist swing cure by absorbing |ight that

has passed though th antireflective
coatings consi st of %Eﬁo%f%lgl%ﬁ“ %Wﬁ%ﬁﬁ‘y@@?@&%. als. Typically,
the inorganic ARC, which exhibits good etch resistance, is CVD based and is
subject to all the integration di sadvantage of extrene topography; on the
ot her hand t he or g&R@SKRERFREYGRITO BEE @QABHL@AE@D&)M process and
have ex {[{f fill and planarization properties, but suffer from poor etch
sel ecti |ty 0 organic photoresists. As a result, a material that offers

t he §onbi ned advant ages of or ganiBAGRGROON@ani ¢ ARC i s highly desired.

[ 0003] this regards, we have rece di scovered that certain
phenyl - IE@WJ E@%%éan%@%%%wéafﬁésm@iﬁ rheAtwe 81255 i 8% sMICeptUCiTindustVect i ve
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proggss phab?emas%gfauefﬁy%ssﬁﬂfgqlgﬂammhgwpmedah&kghttﬁé BBOtSfesisBYer. As a
result, the patterns on thﬁgﬁhm oresi st l'ayer may be destroyed or becones

not trafshuncbiay penitahls and cayecdatipey conpishginwtie prganigapd anosganiabased damage
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i ncreasafd ﬁ@%bjeaﬂld allrtﬂélﬁﬁégrﬁﬁiﬁmma@laiﬂt@g’k dffextreme topography; on the other hand,
the organic ARC materials are applied by spin-on process and have excellent fill and

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

[0003] In this regards, we have recently discovered that certain phenyl-hydride based
silsesquoxane resins exhibit excellent antireflective coating properties for 193 nm light.

20  Although Bottom Anti Reflective Coatings (BARC) materials can effectively reduce the
reflection of activating radiation, removal of BARC materials without damaging the
overlying photoresist and/or the underlying substrate has been very challenging. The typical
process to remove BARC is by a plasma etch process. Plasma etch often cause thinning of a
photoresist layer. As a result, the patterns on the photoresist layer may be destroyed or

25  becomes not transferable to the substrate layer. Plasma etch may also cause damage to the
substrate thereby affecting the performance of the final device. What is more, the additional
etch step for removing the BARC material increases cost and process complication in
photolithographic practice.

[0004] One solution to this problem is to use a wet-developable BARCs. After the

30  photoresist layer is exposed through a patterned mask, the exposed areas become wet-

developable and are subsequently removed with an aqueous developer to reveal the desired
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phot ol i t hographi c practice. [0004] One solution to this problemis to use a
wet - devel opabl e BARCs. After the photoresist |ayer is exposed through a

pat t er nedworasio/o683ze exposed areas becone wet devel opabl e PamAIS2008/061130
subsequent|ly renoved with an aqueous devel oper to reveal the desiredtrench
and/ or hole patterns. The underlyi ng wet-devel opabl e BARC coating are

si mul taneously renoved during this devel oping step, thus elimnating the
addi ti onal plasma etching step Organi c wet-devel opabl e ARC material s have
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for photo i t hogr aph ced fr car box ctional silsesqui gxane

resi ns. HFHEUE gtffd%?}/rf)ﬁ?fg?f?‘?fﬂé{? yﬁﬁ%@g@gﬁplgﬁ%{%ﬁ&@gﬁaﬁgng@ IFRSEQR YT NI 8Bi n- on
film anqﬂ%rl@olfeeg%lﬁ} aMhctdi, OF 9RRISmRR! YRS B HEhe SSthEENFA. de@el@ﬁaﬁﬂ@nene but
are wet - et chabl™® when curéd at 2500C or below. In addition the A

pr oducedrdansnB ARE roatehax hibs the nespuired deji-Etsk sayistakanea Bééi@\ﬁarsﬂ,hkmqeemm | ent

dry-etch re5| st gnce. BRI EF SUMVARY [0006] This invention pertains to
wet - et cRAYTB "3RY'FT ef | ecti ve coatings produced from silsesqui oxane resins

conpo i see003] Thhanvehtios pefeiit CweterHabR antitedlecOhR éoaﬁn%m HorQ(3_x)/2 (OR) X
Yn (MeSIQ(3.%)72 (CR) 'x Yo (RS O3 )12 (OR) x )p (RIS Q3 0/ 2(CR) x )a

photolithography produced from carboxy functional silsesquioxane resins. The carboxy
functional silsesquioxane resins form excellent spin-on film and are resistant to organic
solvents such as PGMEA, 2-heptonene, but are wet-etchable when cured at 250°C or below.
In addition the ARCs produced from the carboxyl function silsesquioxane resins show

15  excellent dry-etch resistance.

BRIEF SUMMARY
[0006] This invention pertains to wet-etchable antireflective coatings produced from

silsesquioxane resins comprised of the units
20 (Ph(CH2)Si03.x)2(OR")x)m

(HSiO03.x)2(OR")x)n

(MeSiO3.x)12(0R")x)o

(RSi03.x)/2(OR")x)p

(R'Si0(3.52(0R)y)q

25 where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid

group or a carboxylic acid forming group with the proviso that there is a sufficient amount of
. . . 1.
carboxylic acid groups to make the resin wet-etchable after cure; and R is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
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where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atomor a
hydr ocarbon group having from1l to 4 carbon atons; Ris selected froma
car boxyl iwoaeiodheg3oup or a carboxylic acid form ng groupCritskoowle11ps ovi so
that there is a sufficient anount of carboxylic acid groups to nake the
resin wet-etchable after cure; and Ris selected from substituted phenyl
groups, ester groups, polyether groups; nercapto groups,

sul f ur- cont ai ni ngorgani ¢ functional groups, hydroxyl producing group, aryl

sul phoni gga%iscthel ctg)rngff‘]gr Upsaﬂy%rogglcﬁrb uecgl_ﬁ)gr %(r% l?\élesufi{hgglc egtebg E%%ﬂgl groups,
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has a value of 0 to 0.95; has a value of 0.05 to O. has a value of 0
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and can be readily renoved using al kali ne_devel opers such as TMAH and/ or
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tra dl t | Oﬁﬁ)g X%@WOR%E{ Ig\is%c Gsfl{eQ:legd] fil s%lljé %etl J‘égﬁ)\ﬁ?a@d can

ry patterning proc ss using a resist
antir ef beedadile rmasteidnginlgaayleﬂine dead&lerfFsughne TMA;HQms/oa st&l\@perp atdhessriivogide

process_using. a.resist er the antireflective coating described
her ei n. WﬁrL@@&ﬁWT?%ﬁ\I 1?%%%9‘}1&@ 49 sesqui oxane resins useful in
forghng the antireflective coating are conprised of the units

(Ph(CH2)rSi O(3.x)/2 (OR) x)m (HSIO(3 x)/2 (OR) x)n (MeSiQ(3 _x)/2(CR)
x)o (RSi (3 _x)/2(OR ) BRIEp DESCRIBRIXON QRTHE DRAWINGS

[0007] Figure 1 shows a traditional dry patterning process using a resist layer and an
antireflective coating layer.
[0008] Figure 2 shows a wet patterning process using a resist layer and the antireflective

15  coating described herein.

DETAILED DESCRPTION
[0009] The silsesquioxane resins useful in forming the antireflective coating are comprised

of the units

20 (Ph(CH2)rSi03.x)2(OR)x)m
(HSiO(3-x)2(OR)x)n
(MeSiO3-x)2(0R")x)o
(RSi03-x)/2(0OR")x)p

(R'Si0(3.02(0R)y)q

25 where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid

group or a carboxylic acid forming group with the proviso that there is a sufficient amount of
L . 1.
carboxylic acid groups to make the resin wet-etchable after cure; and R is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
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where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atomor a
hydr ocarbon group having from1l to 4 carbon atons; Ris selected froma
car boxyl iwoaeiodheg3oup or a carboxylic acid form ng groupCritskoowle11ps ovi so
that there is a sufficient anount of carboxylic acid groups to nake the
resin wet-etchable after cure; and Ris selected from substituted phenyl
groups, ester groups, polyether groups; nercapto groups,

sul fur-cont ai ni ngorgani ¢ functional groups, hydroxyl producing group, aryl

sul phoni ter qr and.reactivye.or curahl.e ni c functional groups;
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r oy 02BN IR 08 0004 PN i TS SRR
car boxyli5acD@59Mypigaldy qhacarhoxyt ) co @db thilfearanvelg Ogp@up wi th a provi so

that there is.a sufficient anpunt of carboxyljc acid, groups to ke the
esi n vido1g] apinge fie}t{]ycw@?g?nt%@nabéé%eéa%?n g1RuP RAYN&ci'a Y 5amMePat or s
andier RRELO-RGhE BEORLHIGES by BY n’{@ﬁylf’étﬁﬂgpﬂogyl', iso'—p?o;?@?%ﬂ& phfjRt the cured

coating 1s renoved wi th al kal i ne devel opers ahd/ or etching sol utions.
Exanpl e$0WMfl] dmtheorsyh Rois achdogylougssd aroep tthesarbokylidwsidjtommirey grbop witha - 2 2 R

O OH wher [ | ected f | Kyl roups havi -10 b t :
23 Exabiee bt P By TR PO P OO EAPE e R GuBe S TeHE Yoneral
for nul aetcRaifte QbRude i MOBFRNER dfSth&flaf6di8 SehdrHd) BInkYdr PRBtoHcRVBSeR@YkNg 1 - 10

carbon atoms, and Ris a protecting group. Protecpinq gro%Ps are organic or
silyl gBoup-ctchabledt sawantidethe seiedicoatingnidivmaysd wigh alkaline developers and/or

15  etching solutions. Examples of carboxylic acid groups are those of the general formula -

R2C(O)OH where R2 is selected from alkylene groups having 1 -10 carbon atoms.
Examples of carboxylic acid forming groups are those of the general formula —R2C(O)OR3

where R2 is selected from alkylene groups having 1 -10 carbon atoms, and R3 is a protecting

group. Protecting groups are organic or silyl groups that cleave under acidic conditions to

20  yield the corresponding carboxylic acid group. Protecting groups may be exemplified, but
not limited, by t-butyl, trimethylsilyl, anhydride groups, methylthiomethyl ester,
benzyloxymethyl ester, diphenylmethyl ester, p-methoxybenzyl ester, and others. Many of
the protecting groups are described in “Protective groups in organic synthesis” by Greene and

Wauts, 3 Edition, page369-453.
25  [0012] R1 is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, sulfur-containing organic functional groups, hydroxyl producing group,
aryl sulphonic ester groups, and reactive or curable organic functional groups. Substituted
phenyl groups contain at least one HO-, MeO-, Me-, Et- Cl- and/or other substituents. Ester

groups may be any organic substituent containing at least one ester functionality. Examples

30  of ester groups useful herein are -(CH»),-O-C(O)Me and -(CH»)>-C(0O)-OMe. Polyether
4



yield the correspondi ng carboxylic acid group. Protecting groups may be
exenplified, but not limted, by t-butyl, trinethylsilyl, anhydride groups,
met hyl t hiwoebtwlesasgt er, benzyl oxynet hyl ester, di phenyl mefrhigskoessEaB)

p- met hoxybenzyl ester, and others. Many of the protecting groups are
described in "Protective groups in organic synthesis" by Geene and Wits,
3rd Edition, page369-453. [0012] R is selected fromsubstituted phenyl
groups, ester groups, polyether groups nmercapt o groups, sulfur-containing

organi ¢ fu Elfeoarr]l%r%glrlg yLH)%tltue ﬁdﬁaw rgh rooccéi CI n 1t9519¥é3d’ thd) S%lée%sa? ni,c ester

groups, 4> FEdct or cura unctiona rou PTut ed

phenyl gé@&ﬁ@ﬁtedﬁéﬁt@bﬂlir&tted,%@&he ﬂﬂllewlﬂfg stni&’ﬁﬂz., Me- Et - -G - and/or other

substituents. Ester grqups nmay be any organic substit ue t cont ai ni ng at

| east oKE€Hexi@CHURIcOROMahdrtipn.a £ aspl;és= Gfto 6st 12 tgROOPR  wdbfalldyl,lveodien ar e
-(GR2M-0 O M and -(CH2 )2-C(O-Ove. Polyethergroups are an organic

substit @@g’ﬁh&%&hﬁg EMEpRG I BORethiel I%u%d et hbhiOMeN(CPLY)geOCR,0N,).-OMe,

represented, but not Ilnlted by t ol l owi ng structure:

ﬁCHg%ﬁgﬁ&ﬁigg?bﬁgﬁ%T?gggfﬁﬁgr @3%E§9%%$£§Pg?\p5ﬁyethe? argugg 3ggfuﬁ4 i
)5 (oD >§$%ﬁ2c§a%§'ﬁ%@§@%§ﬁ%‘méﬁé %W‘;“%%?%ﬁé%aﬁ“ﬁéms nave

the generhalre ci sa Va{ilueH%ICl_l% gqch as mé:?c tO(PrO}:R %rﬁ%tge%}'&(a z«llnd mfrg O}ﬁcgl%%ﬁlg/? er

mer capt opropyl, ‘mer cap toath I'c e

groups !Aqylesuﬁf{aﬁlc eg{emﬁlllo"ﬁpghge‘?ﬁﬁg ffr&ufacﬁ@o)slbzhm Eﬁﬁg}ﬁ 'W?iel% g s gb g%g om an

al i phatic” group omatic group and r “has a Val ue of 0, or 4.

Aryl sul [ nets | to
) SR BSOS TR IS BAATEN L0 Pl A TP L,

or gai C shlveiGe bﬁ&aéroﬁfs%ﬁﬁbdl?&n{pﬁﬁ@d BTt fnbﬂ@nhad {04 5@5 Ph é@HE}%doﬂ o al kenyl
a y

groups such as V|nyI epoxy groups such as glyci doxypropyl group

e RIS AR T A1

groups, ers e typic or producing

the car l@%{ ﬁﬁeaoay gmlot ﬁhht%@%l b!l'k%ﬁ NEodrR %hal zierﬁ)yl\éﬁé ahpee Mg&ypﬁl Scgnd
condensatlon of t'he appropriate hal o or al koxy sil anes. e
as glycidoxypropyl group and epoxycyclohexane group, acrylate groups such as
methacryoxypropyl groups, acryloxypropyl, and others.

15 [0013] The typical method for producing the carboxy functional silsesquioxane resin
involves the hydrolysis and condensation of the appropriate halo or alkoxy silanes. One
example is the hydrolysis and condensation of a mixture of phenyltrichlorsilane,
trichlorosilane, a silane having a carboxylic acid group and/or carboxylic acid forming group,
methyltrichlorosilane and optionally other organofunctional trichlorosilanes. By this method

20  itis possible that residual -OH and/or -OR’ will remain in the silsesquioxane resin as a result
of incomplete hydrolysis or condensation. If the total amount of units in the silsesquioxane
resin containing —OR’ groups, exceed 40 mole% then gellation and instability of the resin
may occur. Typically the silsesquioxane resin contains 6 to 38 mole% of units containing
—OR’ groups, alternatively less than 5 mole%, alternatively less than 1 mole%.

25 [0014] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of
500 to 200,000 alternatively in the range of 500 to 100,000, alternatively in the range of 700
to 30,0000 as determined by gel permeation chromatography employing RI detection and

polystyrene standards.



exanple is the hydrolysis and condensation of a m xture of
phenyltrichlorsilane, trichlorosilane, a silane having a carboxylic acid
group andworowemkistyl i c acid form ng group, nethyltrichlporaseéoaneliand
optionally other organofunctional trichlorosilanes. By this nethod it is
possi ble that residual -OH and/or -OR wll remain in the sil sesqui oxane
resin as a result of inconplete hydrolysis or condensation. If the total
anount of units in the silsesquioxane resin containing -OR groups, exceed
40 nol e% t hen gellation and instability of the resin may occur pically
the sil MHgliAoRahed fRIrppRBERIIASAG TEHN SEMAHICs J5asHNg Miafes, %&ﬁiﬁRﬁii@ angR
groups, alternatively less thap 5 nole% alternatively less than 1 nol e%
[ 0014] Theomsillly MsTjXizoRshE s @s RnShasinanwegayi schveat,agferal ie e biydiolymeblght  ( M)
in the range of 500 to 200,000 alternatively in the range of 500 to

100, 000 graaiptipdepahdentlly ¥eletted fent @n e, OH3T00-, b aBBx PMIpa®Ricbesthemed by gel
pernmeati on chromat ography enploying R detection and pol ystyrene

st andar dsdijoB@aB} ghoupet Hdet silanesprefphhérnm can de lepemapléfiaddsi, butcanpinisdso,r eact i ng
water, HSi X 3 , RS1X3, and optionally MeSi X3, PhSi X3, ors R §i X3 in an

or gahi c Esa(Qigig, HSHhler BnGHpSHaS ik anidydalille, MieSuUPMaigeyedilién®l $i@ehadt ed
fromd, Br CH3CO2- n al koxy group -OR , or other hydrol yzabl e groups.
The sil msacm)s@,f) Whiie Re| in acaetired aB¥ @ Md ﬁep&ﬁerbs/a nfetiyl @edupl EndepeeritOan

HS (CEt) 3, HS|C1 3, PhCH 2CH2 Sid 3, and PhSid 3 , MSi (QOw) 3 :
MeSi I  8thyl mﬁp@hd Bhae;nledansla(pﬂwy@r@@ where R is as defined above,

represe roup, Et resents and Ph r presents a
phenyl E@J&ES %@yl%s.m GiesyHigdt ﬂém&lpc?&?%&%ﬁ% %ﬂg&%&' g SRR Rt may
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sil sesqui oxane resih, may be exenplified by, but not |imted to, (MO

3Si 1QCHt® )2-C00 Bu (MeO) 3Si-(CH 2)d-(OCH 2CH2 )e- COOtBu (MeO) 3Si-(CH 2
)2-COO-SiMe 3 (MO 3Si-(CH 2 %d (OCH 2CH2 )e-COO- Si Me 3 andwherein Me is a
met hyl gr oup (MB@)3S-(&Hp)bud@ Byroup, g has a value of 2 or 3 and h has a

val ue . t
(Me0)3Si-(CH,)g-(OCH2CH»).-COO Bu
(MeO)3Si-(CH»)2-COO-SiMej
(Me0)3Si-(CH,)g-(OCH2CH»).-COO-SiMe3

15
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of 1 to 10. [0017] The anmount of water in the reaction is typically in the
range of 0.5 to 2 noles water per nole of X groups in the silane reactants,
al t er nat iwel291006833r0 1.5 nol es per nole of X groups in Phe/Us200/061130
reactants. [0018] The time to formthe silsesquioxane resin is dependent
upon a nunber of factors such as the tenperature, the type and anmount of
silane reactants, and the anount of catalyst, if present. It is preferred
to carry out the reaction for a tinme sufficient for essentially all of the
X groups to undergo hydrolysis reagtions. Typically the reaction tine is
frommnutes to hours, alternativefy 10 mnutes to 1 hour. The reaction to
produce the silsesqui oxane resin _gan be carried out at any tenperature so
i ignifi t gellation or cause curing of the

re at which the reaction is carried out
up to the reflux tenperature of the
reaction nixtureiﬁa»mﬁgally the rea@ction is carried out by heating under
reflux for 10 minutes to 1 hour. [0019] The reaction step conprises both
hydrol yzi ng and condensing the silane conponents. To facilitate the
conpletion of the reaction a catal yst nay be used. The catal yst can be a
base or an acid such as a nlneral acid. Useful mneral acids include, but
are not whepdi B it @ mdtGH grétp, BBk a tHNGR or@d o HaS¥aluaBPD @r Blah@hhas & ypiueal | y
HC . The benefit of HO or other volatile acids is that a volatile acid can
be easi byltemved fromthe conposition by stripping after the reaction is
conpl et &} anount of catal yst may depend.on its nature.. The anpunt of
cat a?ysf lﬁ @5@@&% ovasey w%fo%cﬂfnm BEPiFAL I i TEHE o b a0 IPERVAHT t he

react i oRemhXfeWre Jogg?ﬁ]thgﬁ%'é%dcl/amé hterfhd @10 6%@@5%&1& Bhn@EbLP]" not
soluble’in water %r paringly solublé in water. l'ight of this, the

reactlogﬂnwsuamﬁmédknuunmnsan organi c solvent The organlc solvent

i sprese ufficient to dissolve ., the silane re

o oot Thos aR R TR A0 T sl E kst TS et B S i SR Rpen

al t er nai wRltym é}attu@e A Yh&aPsRELRBS tille r@ictintiVBhDite aBfouhNEr daRdgskiiPN

m xture. Usefu (ganlc solvents may be exenplified by, but not" limted to,

sat U9 at eeesenti phapraderresolrans ont hentaghen fhaximesutficisepoanwsentiaily allsddes ane;

X groups to undergo hydrolysis reactions. Typically the reaction time is from minutes to

hours, alternatively 10 minutes to 1 hour. The reaction to produce the silsesquioxane resin
can be carried out at any temperature so long as it does not cause significant gellation or
cause curing of the silsesquioxane resin. The temperature at which the reaction is carried out

15  1is typically in the range of 25 °C up to the reflux temperature of the reaction mixture.
Typically the reaction is carried out by heating under reflux for 10 minutes to 1 hour.
[0019] The reaction step comprises both hydrolyzing and condensing the silane components.
To facilitate the completion of the reaction a catalyst may be used. The catalyst can be a base
or an acid such as a mineral acid. Useful mineral acids include, but are not limited to, HCI,

20  HF, HBr, HNO3s, and H,SO4, among others, typically HCl. The benefit of HCI or other
volatile acids is that a volatile acid can be easily removed from the composition by stripping
after the reaction is completed. The amount of catalyst may depend on its nature. The
amount of catalyst is typically 0.05 wt% to 1 wt% based on the total weight of the reaction
mixture.

25  [0020] Generally, the silane reactants are either not soluble in water or sparingly soluble in

water. In light of this, the reaction is carried out in an organic solvent. The organic solvent is



cycl oal i phatics such as cycl opentane and cycl ohexane; aromatics such as
benzene, toluene, xylene, nesitylene; ethers such as tetrahydrofuran,

di oxane, wOlylogwessgl ycol di et heyl ether, ethyl ene gl ycolpCuiusedtapbiige her
ket ones such as nethylisobutyl ketone (M BK) and cycl ohexanone; hal ogen
substituted al kanes such as trichl oroet hane; hal ogenated aromatics such as
br omobenzene and chl or obenzene; esters such as propyl ene gl ycol nononethyl
et her acetate (PGVEA), isobutyl isobutyrate and propyl propronate. Useful
Sl licon re%grllt\{ gltlsarggt?ntlgg{fec)f %[crpol ifs Io(?de tRX Sillzgllétrez{]c?z}ntsl. I'f?fpticeaﬁjlyttﬁe gl%grlulcc

si | oxan&s stch“as¥oet ane hy cyc otet T asi oxane, and

decanet kyllvends predit &idhl DxA9EwekhSpdrehng, Selnadnélymayo be wigeshsed omthaitxtalr e of
solvents may be used. [0Q021] In the process for making the sil sesqui oxane

resin, afeiEK of He rpacken ks dowwpil erganic ol venty 1Bay Pragrepwplifiefbyelrtmpbm t he
st | sesaylpxans shftipdih agih%&s%cﬂ Qgﬁ@eﬁtﬁﬂé{ Gelaf! S phfe. aﬁg ?s%o%t?h@.t les
hol by- pr t t, hy

i ncl ude al coho oducts, excess watér, cataly rochloric acid
( chl dr osydladighaticwuels s ayeitbpeotave nhdcycMiteR s afonnatice puhi a3 hevanat toluese,ar e

known in the art and include, for_ exanple, distillation or stripping under
" educed BBSSTUYRIBEIEF BEhis g CohBrE b e uel Ao ehta: al yst
may be Qﬁ&kﬁﬁgh&ghﬁ%ﬁBﬁ@@ﬂwﬂ@&QﬂQ§m&ﬁ%shﬁﬂ%ﬁh@&n&ﬁ&mﬁﬁk@hﬁﬁbaﬁ&e wel I know

in the arf an h i icl ude neutralization, stripping or water washi ng or
conbi natydekexharee bilogarhaibstatneekdypdtanamsuch g aidhlebsthanep hab gerhedshenbtidsi f e of

t he sil sesqui,oxane resin .especi all ,m%en in solution thus its r val is
suggest St o623 bergCiitp SREShmaero FUEE i Hrghucist sl mgrowislhl Flane
resiig@ anedtae (PGMEW)Y, R¥Buth oSt PlaRIMdSréRl Ipkdproite. t DSl JiIKRBEYIQXRE Thaly€ST N
the reaction may be carried out for an extended period of tine wth heating
f r om 40 boexaprlifeeditiye butafat linited ipeyddicsiexaies sush as ocipgsthyleystndstrasgoxmnep” ) .
The bodyj] 2 ried qut. ? € t 4o & actio or as
part of %#(Iﬂgecfagen:egm@nlo rét(égiofﬁ%f'ca ﬁlrf/g,%l ﬁg@rﬂ%@aﬁ l;negusé gbg ﬁlsIth%f:rér}i Ség%gtﬁt for a
peri od @faytber®ed.n the range of 10 minutes to 6 hours, alternatively 20
mnutes to 3 hours. [0024] Follow ng the reaction to praqoduce the
si | sesql®®lahethedspsssalonginbine B sibistqawpene s aitpie BERctan 1 OEPHie to
obt a§n 1 Bk hSSSAYL RS AR EEThd il sBs duilkale s B 1R Tnd 5 d &%ATPLsGure t NE

Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid

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

include, for example, distillation or stripping under reduced pressure.

[0022] Following completion of the reaction the catalyst may be optionally removed.

20  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 silsesquioxane resin especially when in solution thus its removal is suggested.
[0023] To increase the molecular weight of the silsesquioxane resin and/or to improve the
storage stability of the silsesquioxane resin the reaction may be carried out for an extended

25  period of time with heating from 40 °C up to the reflux temperature of the solvent (“bodying
step”). The bodying step may be carried out subsequent to the reaction step or as part of the
reaction step. Typically, the bodying step is carried out for a period of time in the range of 10
minutes to 6 hours, alternatively 20 minutes to 3 hours.

[0024] Following the reaction to produce the silsesquioxane resin a number of optional steps

30  may be carried out to obtain the silsesquioxane resin in the desired form. For example, the

silsesquioxane resin may be recovered in solid form by removing the solvent. The method of

8



si | sesqui oxane resin may be recovered in solid formby renoving the

sol vent. The nethod of sol vent renoval is not critical and nunerous nethods
are wel | woawv/dess3rhe art (e.g. distillation under heat pamaiseso9wanaurm) .
Once the silsesquioxane resin is recovered in a solid form the resin can
be optionally re-dissolved in the sane or another solvent for a particul ar
use. Alternatively, if a different solvent, other than the solvent used in
the reaction, is desired for the final product, a solvent exchange nay be

done by gnt Q.nggﬁ?cl%qd ?ﬁIﬁXal &glg \rlle&teroan% Ileq[r%\élren\gelﬁ pl?own nstﬁl ?18' Vgnt . t hrough

dIStI||a |on or exa i |ona e resin concen rat n in solvent

can be ad;nusﬁ(ﬁﬂulbw h&itand/b0vEaim). oonwﬂaesmeg@mlbx@fe reddlisngcadetdtih analid
anounts of sol vent. %0025 Anot her net hod for producing the sil sesqui oxane

resin copkithsessigean ?ﬁ@%@@%@ﬁ%@ﬁ%@%sw the& &ﬁera f%mpa&lc i d
form ng ,qr Oﬁ@tgﬁagﬂkélg glf?é}&ﬁ%fvefm@leﬁth%g%ééoﬁ\%n?héea%r? RS jxesin. The

typi cal afting the correspon nononer onto t e startlng
si | sesqdegedrer thedinal prodiny, 4 m\fdmyelx@mngq’may b@ﬂortﬁ‘bﬁaddargtmseyomtamy shlmemg

olefin onto a Si-H contajnin sesqui. oxane resjn t he sence of a
transi t PEHTGRAVAE g ?tﬁgitVem[ 6)216# d@&ﬂﬁ%%?@ﬁ?@i)jrﬁ n%é]déﬁl%’fail gs tisetul herein
i ncl Udec%&ﬁﬂbt“r‘od‘iﬁ's@%htec%ntb@%HJR‘éféth's’r'r&név1ﬁg 3odo6Ping sBRRBG: d”%’&@dfﬁ car boxy
cont ai ni ng group, -COOR where is as described above. The 3 carboxy

cont ai naddjtigndamonaty obeolesenpl i fi ed by carboxylic acid (R=H), a

car boxyl ride or carbox ic.ester. Wien the carbo ntalnlng
oroup T 10T NEHley R B FRPaN e SRy osanil et ePEat S gt ef Blonp  wai ch
may 1be ebeaypsdiHpdabokIR d’cﬁﬁzﬁfdl/&rhcf&@ﬂhfnlg%@@uﬁ @nydifh6 nidhenePbhiteanentdhdg
carboxylic acid. [002 Car boxy contai ning ol efins useful herein include,

but ar e shigsquipxanegebin. o ThagpipegHmettipd Son gjaiGaprheaaifsspandRecapndgyecrBito BeMve3, Si

Buhe (gtartq:é s}liéesquﬁxalge res1% id f))y §1'e hyd%)sg'_fa&grﬁofza ):aQBoxy co%u%n%ﬁm% m=0

to 8;
Si-H containing silsesquioxane resin in the presence of a transition metal catalyst.

[0026] Carboxy containing olefins useful herein include organic molecules that contain a

15  double bond and a carboxy containing group, —COOR3 where R3 is as described above. The

carboxy containing group may be exemplified by carboxylic acid (R3 = H), a carboxylic

anhydride or a carboxylic ester. When the carboxy containing group is a carboxylic ester
group, it has a protected organic group, which may be cleaved under the reaction conditions
to yield the corresponding carboxylic acid.

20 [0027] Carboxy containing olefins useful herein include, but are not limited to,
CHy=CH-(CHz),-COOR’
where R3 can be tBu, SiMes, SitBuMez, or CPhz; and g=0to §;
CH2=CH-(CH2)y-COO-CH3-OMe
where m =0 to §;
25 CHQ:CH—(CHz)g—(OCHQCHz)h—COOR3

where R can be tBu, SiMes, SitBuMez, or CPh3; g =0 to 8 and h has a value of 1 to 10; or

§§=/4%;g/0\11}



CH2=CH (CH 2 )g-(OCH 2CH2 )h-COOR 3 where R can be Bu, Si Me3, Si BuMe2 , or
CPI13; g =0to 8 and h has a value of 1 to 10; or[0028] SiH containing

si | sesquiwRanw/mes7ns useful in the production of the sPCIaSQUOOKEBE resins
herein are conprised of the units (Ph(CH2)rSiq(3 x)/2 (OR) Xx)m
(HSIQ(3.x)/2 (OR) x)n (MeSIQ3 x)/2 (OR) x)o (RISIQ(3 x)/2(OR) x)q
where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atomor a
hydr ocarbon group having from1l to 4 carbon atonms; and Ris selected from
substituted phenyl groups, esger groups, polyether groups; nercapto groups,

sul fur-containing organi c fugctional groups, hydraoxyl producing group, aryl
sul phoni c ester groups, fand r Ctg¥3\8L§Q%B§ I rgeni ¢ functional groups;
and r has a val ue of 0] 3, 43 as’sca vatge of 0, 1 or 2; wherein

in the resin mhas a value of0Q to 0.90; n" has a &alue of 0.10 to 1; o has
a value of 0 to 0.95; q has a value of 0 to 0.5; and m+ n" + o + q | .

[ 0029] TO(IZS} ki Yomhinas @sdduiéRa®d reQindasdf@ iR (HDprodhdtRh RRkHVElsdsqBioRand 0 0. 15.
Typically n" has a value of 0.165 to 0.95, alternatively 0.22§ to 0.95.

Typi cal Irgping Hegesn arevegmpeised oftheBnity 0. 80, alternatively 0.25 to 0. 75.

Typi cal | has a value of 0 to 0.15, alternatively O to 0.1. [0030] The
carboxy(%%: I Pg-xoréIR Pand Si - H cont ai ni ng sil sesqui oxane resin are
reacted in the presence of a transition netal catalyst. Useful transition
met ab catl&lQskp (WY )De sel ected froma variety of hydrosilylation catalysts
known to pronot the reaction of vinyl-functiuonal radicals with
siIicon(M@BﬂQ@xﬂyﬂﬂoggﬂ atoms. Suitable transition metal catalyst may

i ncl ude pl atinum and rhodi um cont ai ni ng conpounds and conpl exes. Pl ati num
catalyst@g§ﬁy§)8§)@gaginun1acety|acetonate or chloroplatinic acid are
representati&éxo t heéde compouns and suitable for use. A typical transition

met al  cafmdleyt isiaShen fhr&E R Metsiatm @kl r§1§)§'m’3é<h rogen atom or a hydrocarbon
divinyltetraneth??digi xggne diIute%q%T dinethgfv%nylsionyyendblocked

pol ydi metduyleivingxeoe 1 [t®@3dlbol At naTanR * &f sebertdddxym cottitited prgnol @bups,t o Si - H
contai ning silsesquioxane resin is
10 ester groups, polyether groups; mercapto groups, sulfur-containing organic functional groups,

hydroxyl producing group, aryl sulphonic ester groups, and reactive or curable organic
functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in
the resin m has a value of 0 to 0.90; n” has a value of 0.10 to 1; o has a value of 0 to 0.95; q
has a value of 0 to 0.5;and m+n” +o+q= 1.

15 [0029] Typically m has a value of 0.05 to 0.25, alternatively 0.05 to 0.15. Typically n” has a
value of 0.165 to 0.95, alternatively 0.225 to 0.95. Typically o has a value of 0.25 to 0.80,
alternatively 0.25 to 0.75. Typically q has a value of 0 to 0.15, alternatively 0 to 0.1.

[0030] The carboxy containing olefin and Si-H containing silsesquioxane resin are reacted in
the presence of a transition metal catalyst. Useful transition metal catalysts may be selected

20  from a variety of hydrosilylation catalysts known to promot the reaction of vinyl-functiuonal
radicals with silicon-bonded hydrogen atoms. Suitable transition metal catalyst may include
platinum and rhodium-containing compounds and complexes. Platinum catalysts such as
platinum acetylacetonate or chloroplatinic acid are representative of these compouns and
suitable for use. A typical transition metal catalyst is a chloroplatic acid complex of

25  divinyltetramethyldisilxoane diluted in dimethylvinylsiloxy endblocked
polydimethylsiloxane.

10



typically such that the final resin contains 5 to 99 nole %of (HS Q3
xy2(OR) x) and 1 to 50 nole %of (RSO3 x)/2(OR) x), alternatively 15
to 80 nolwOoRW06§3IB O(3 _x)/2(OR ) x) and 1.5 to 35 nol @CHUSR000RGI16K 3
X)/2(OR) x), alternatively 20 to 75 nole % of (HSSQ(3 _ ¢)/2(OR) x) and
2.5to 25 mole %of (RS Q3 x)/2(OR) x) . The anount of transition netal
catal yst used is typically present in an anount to provide 2 ppm
alternatively 5 to 200 ppmof transition rretal (i.e. Pt) based on the total

wei ghf[ Eesqg)i%e %81 1%' or}l oxy I)rlltgmﬁ] olé"m Eil ntgfn? s?fs S\gﬁl?O%gl e(l)ﬁ:elfluf [0032]

The sil I'oXxane r esi n 'S I ca rom

el o Dl Pl e fagfﬁeagi%ﬁ nslsumggqgolg%omgﬁ% g{zégggﬁ?wp lo 50

propyl e yco nmonomnet aceta

T8% Co- 9816 ARSI den @éeda%%n%yfﬁi@% B SE SR IR0 o

alternatively 80 to 95 wt % [( The antireflective coating conpositions
are forfed % fﬁ‘i’ﬁ?lo/ﬁgf tForLther @Re)x idlteaagialn 2@ e’ Y Bslen’e of SHYEYB- and
optionally any other additive. [0034] The antireflective coating is forned
on ah ekggORGN) andi@viteds myola et (RSHOGonR(PB Ry The)anzqupt 9f apsitwnanetal

el ectroni c device an ARC conposition conprising (i) silsesqui oxane resin
conpr i sé&dabypt ushe ifpically PigsaDit) MSHEPEL tx ProF{deR PPk, ke gy ey 3. (R PO PPOR ) x) n

(MB.SI A %f—ﬁr 2tﬁocg?mgtaf( % t?%as%i?’oﬂx[%égoﬁag? %%i‘lt CQI#)X}/ §01%1 53] )Jéeﬁf{n nd) SlXI)Iq wher e

Ph is a phe tom'or a
hydrocal’cbmamgfgcnﬂl@edqawxa@from 1to 4 car bon at ons; R is selected froma

carboxylic acid group or a carboxylic acid formng ngr with the proviso
that t h&§®2] Ihg sdsppayiexmsresiprisdnRicyty FRIBSLPM A Hﬁ%fub%olYe@tWe t he

resig V"%c’lﬁe?%%k@n&flﬁﬁﬁedqw ﬁmeﬁ{b@ya—b&p%lﬁﬁtﬁﬁeﬁé‘ ARol monomethyl ethyl
acetate, gamma-butyrolactone, and cyclohexanone, among others. The ARC composition
typically comprises from 10% to 99.9 wt% solvent based on the total weight of the ARC
composition, alternatively 80 to 95 wt %.
[0033] The antireflective coating compositions are formed by mixing together the

15  silsesquioxane resin, solvent and optionally any other additive.
[0034] The antireflective coating is formed on an electronic device by a method comprising
(A) applying to an electronic device an ARC composition comprising

(i) silsesquioxane resin comprised of the units
(Ph(CH2)Si0(3x)2(OR)x)m
20 (HSi03.x)2(OR")x)n
(MeSiO(3.x)12(0R")x)o
(RSi03.x)12(OR")x)p
(R'Si0(3.52(0R)y)q

where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
25  hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid

group or a carboxylic acid forming group with the proviso that there is a sufficient amount of
L . 1.
carboxylic acid groups to make the resin wet-etchable after cure; and R is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing

11



substituted phenyl groups, ester groups, polyether groups; nercapto groups,
sul fur-contai ni ngorgani ¢ functional groups, hydroxyl producing group, aryl
sul phoni cwe0®v068330ups, and reactive or curabl e organi c PCuS2é9Nal13@r oups;
and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein
inthe resin mhas a value of 0 to 0.90; n has a value of 0.05 to 0.99; o
has a value of 0 to 0.95; p has a value of 0.01 to 0.5; g has a value of 0O
to 0.5, and m+n+o0o+p+ql ; and (ii) a solvent and (B) renoving the

sol V.e nt ag%ccfll'jmctno%a{ %I%nﬁ ¢ hl&%\“ Ié)ol')o((?lbl I%lﬁ)’f q S p ??ﬁ%%s %In %I'OU, laﬁgt ive

coatlng rreflec gatt ng

conposi fdafivd Sr ARP4Ul¢ etahie famctBdhSICIroGit @ncﬁlewascaevau& crfr(pd;mes ar ¢:0ah8h
substrate. The solvent is renoved and the sil sesquioxane resin is cured to

pr oduce Vele ohft} predverarsipen tsdesimg bt abiecel ta GRYn ks adue qfeeBe
Typi cal k¥t Bgaﬂ SALEL 8P f 66Y. ;fﬁas SvafuS§H. &P@CM gfﬁofls%%&eof 03 gﬁ? m +
e e or use

si li con-bas devi ces and gallium arseni de- base evices I nten

in the meanofact yeel;ahda sem conductor conponent. Typically, the device
conprises at |east one seniconductive layer and a plurality of other layers
conpri si ng vari 6t WALElve, seni conductive, or insulating materials.

[0037] Speci { Bfreﬁ}’ok ﬁe &y IRBHh 'c&l‘?l#ofﬁg sﬁ!r%s%lﬂgxmes‘h?[Uof?)%tah%ufe?le&lf‘@e

el ectronic d vice in ut are , Spl n-coat
dip-coatbngg<mphyebcmmmmgewédOMFcoatlng, screenprinting and others The

preferr od for application is spin c atin pically, coa
i nvol ve 9095? e ﬁatlrfﬂ%“&eéeﬂtﬂ%rﬁo@ﬁﬂ’émoéés a é%%@e F%trozn%@%ﬁmpr%émgadd. ng

the | ARC 6QBPAHsEh@N THhE s&lb&qt%élfefnﬁ%d Qhd Eﬂéesﬂ%hﬁﬁ'akélﬁa BLfH ER] © ﬁ@&dc@%e
[ 0038] The solvent is renpved and the silsesquioxane resin is cured to form

t he antan@&ﬂenbwveam@aMImgpbnuomeceW@Qtron|c device. Curing generally
CoDr ! ST TR PG sERR R e DU SR bR e heBeal Lol
t aken plageessih@ipaliidt akfifdS bhsee AicOXARAdERR Nsd B tBS FARGMaduld/ofiansol ubl e in
the solvent fromwhich it was aPplled Curing may take place for exanple by
semiconductor component. Typically, the device comprises at least one semiconductive layer
15  and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.
[0037] 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
20  involves spinning the electronic device, at 1,000 to 2,000 RPM, and adding the ARC
composition to the surface of the spinning electronic device.
[0038] The solvent is removed and the silsesquioxane resin is cured to form the antireflective
coating on the electronic device. Curing generally comprises heating the coating to a
sufficient temperature for a sufficient duration to lead to curing. Curing occurs when
25  sufficient crosslinking has taken place such that the silsesquioxane resin is essentially
insoluble in the solvent from which it was applied. Curing may take place for example by
heating the coated electronic device at 80 °C to 450 °C for 0.1 to 60 minutes, alternatively
150 °C to 275 °C for of 0.5 to 5 minutes, alternatively 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
30  electronic device may be placed in a quartz tube furnace, convection oven or allowed to stand

on hot plates.
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heating the coated el ectronic device at 80 0OCto 450 OC for 0.1 to 60

m nutes, alternatively 150 0OC to 275 OC for of 0.5 to 5 m nutes,

al t er nat iwel2910268330C to 250 OC for 0.5 to 2 m nutes. AnyCraishad/oofidheat i ng
may be used during the curing step. For exanple, the coated el ectronic
device may be placed in a quartz tube furnace, convection oven or allowed
to stand on hot plates.[0039] To protect the silsesquioxane resin of the
coated conposition fromreactions with oxygen or carbon during curing, the

curing ﬁé(%@; G el SRR ARIRL AL h 8 he ALIRIRAR L Grop) REEEoALIRE LT €s
useful herer n inetude, “butlare not 11 mted 1o nll%rogen andsargon. y
“inert" okygdnSore@doh duhag clife, ERVJukap IRplcat b8 paifdrnedsmdéhann& apsvphdd,
alternatively less than 10 ppm of ox%/gen. The pressure at which the curing
and r embRes! atEospheresruseiuh herpiadneyde. by ﬁéﬂl%kmitﬁ&ﬂ nitrgged Gy e pners

typi cal Ly i i t
b ol it BRGRHBH Pl ln PSR BESBYRE: ALIRHAR, IR0 ARy
coat b ng ofibteenc lhe piessuragaowhioh ¢hd quriphahdrasdo sl stepsire rarriedloveistnet critivas e

solventg, include, but are not |inted to esters and ethers_such at propyl ene
gl ycol mef AYINSIARIS t&@&%lg}t ‘ém(lgc%}ﬁﬂ} AOIPRA KRGS SRR O Eib%‘ibcﬂ’ié‘&léer( EPP). By

i nsol ublgndbhdiic prealfesthat wiieiot he antireflective coating is exposed to
the solvent, there is little or no loss in the thickness of the the coating

after eX(EOlidgpicolly themintireflectivEyquiating hifertches is dslubte infphotdigsck wegmgof t he
coating i s less, than 10% o he coati t hi ckness ternativel | ess t han
D085 of stRenEoTbe st its pituds! By 85y ned W R dae e sitanfatieRt s &
net NOd eRRBI msihDeth@)ack@icPEMBARMA &BSLyeghyIMBosiORItE PON B, insIShIE atie; (D)

formng a resist coating over the antireflective coating (C) exposing the
resi st msapiibptavhanrthe pefjredesyier épatig is Rrepased fosthe splgenthiickeris fiftkefqraetlpssan

coati nOyRRLEN U 0L B R T Bl PR Fgryaph sosaui oxane
thickness of the coating is less than 10% of the coating thickness, alternatively less than 7.5%
of the coating thickness.
15  [0041] This invention also pertains to a method comprising
(a) forming a antireflective coating on a substrate;
(b) forming a resist coating over the antireflective coating
(c) exposing the resist to radiation;
(d) developing the resist and the antireflective coating;
20  wherein the antireflective coating is produced from silsesquioxane resin comprised of the

units

(Ph(CH2)rSi0(3x)12(OR")x)m
(HSi03x)2(OR")x)n
(MeSiO3-x)2(OR")x)o

25 (RSiO3x)2(0R")x)p

(R'Si0;x)2(0R)x)q
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a hydrocarbon

group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid group or a

carboxylic acid forming group with the proviso that there is a sufficient amount of carboxylic
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(HSTQ(3 x )/2(OR) x )n (MeSiQ3 x )/I2(OR) x )o (RSIQ3 x )2 (OR) x)p
(R1Si Co- Xy2(OR x ) 1 where Ph is a phenyl group, Me is a nethyl group; R

i s hydrog®o 2atoosis7 a hydrocarbon group having from 1 tecd/usasoboniias ons; R
is selected froma carboxylic acid group or a carboxylic acid form ng group
with the proviso that there is a sufficient amount of carboxylicacid groups
to make the resin wet devel opable after cure; and Ris selected from
substituted phenyl groups, ester groups, polyether groups; nercapto groups,
sul fur-contai ni ng organi ¢ functional groups, hydroxyl producing group, aryl
sul phonipeldgEews tyMakipshe raHa “feéé%weilqp@bgraft@w&m @ddy gianelectedi e dwatitusdoups:
and r has a value of 0, 1 or 4, x has a value of 0, 1 or 2; wherein

H 2 1
in the PBEIY,SHAYRESSE HUAR p&lyegmg SIWPHINCIAANQ SAPHafB-EINHNHE HFNC 99: o
has a valdegoRdl odR, Pyl rJ@fﬁ@in@ Yl %y@gulgh&ﬁc Eﬁel%rgdpsgar{}ﬁ%a&iv\é%lrye of O
d ? gl [gOOX’.?j

to 0.5, and m+ n'+ 0 + p ] "The antirefl’ective coating is
f or med asrableswgiaetinatonad grodps;emidsthasoatluagt O.sl, 2héorfdoxiesa gelee of fel or

tireflective .coating. Thi i st | be f i K
Fosi St perbrel 8 U e RBt vHRE pE D B0 wiar e s OF B 1o 2b3te RIS v e
appl i ed of @ B5SPhMENaISOMUS.H PR 6.5 FhdEBNIBEe & W0l (BS; dh@ nPLdUsLNg, Hher

antireflective coating herein. The resist coating my be baked to renove
any sol V¥HR2] The petidflegiverontieg is denned agslestribed abaiei dgrestshevabakintyen ypi cal |y

occurs heating the coating to a.tenperature of 90 0C to 13Q 0OC for

cever al THHGCEs" fe aBfreRlgt  egPatih i BBRa YA PBPe RS BRI APEF™ < 1 or med
it is tRemkt awRIRAGNHINERH R fin. Brpicaldy theXreliddmatBriRN§ard applid 18k 4 he |1 ke.
Typically ultraviolet radiation having a wavel ength of 157 nmto 365 nmis

usedO al severitsplpgioy iup meavsreinetlartg greducins thasitheflestingvedtmgdereinf Thamsinm or

193 nmis_used. Suitable radiati urces i.ncl ner.cur rcuryj/xenon,
and xensee iy AR dhy S ER R PR TRl R T D
nm or aaAhf typicillfRichrasghedtii@Ihesdatindito h igissiatnavE|oorgt i 138dCabi avetas

used, e.g., 365 nm it is suggested to add a sensitizer to the photoresist
conposi NBgeY @ WPaReeMafsor pti on of the radiation. Full exposure of the

[0043] After the resist layer is formed it is then exposed to radiation, i.e., UV, X-ray, e-beam,
15 EUV, or the like. Typically ultraviolet radiation having a wavelength of 157 nm to 365 nm is
used alternatively ultraviolet radiation having a wavelength of 157 nm or 193 nm is used.
Suitable radiation sources include mercury, mercury/xenon, and xenon lamps. The preferred
radiation source is a KrF excimer laser (248 nm) or a ArF excimer laser (193 nm). At longer
wavelength radiation is used, e.g., 365 nm, it is suggested to add a sensitizer to the

20  photoresist composition to enhance absorption of the radiation. Full exposure of the

2
photoresist composition is typically achieved with less than 100 mJ/ecm  of radiation,

2
alternatively with less than 50 mJ/cm  of radiation. Typically the resist layer is exposed

through a mask forming a pattern on the coating.
[0044] Upon exposure to radiation, the radiation is absorbed by the acid generator in the

25  resist composition to generate free acid. When the resist composition is a positive resist,
upon heating, the free acid causes cleavage of acid dissociable groups of the resist. When the
resist composition is a negative resist, the free acid causes the crosslinking agents to react
with resist, thereby forming insoluble areas of exposed resist. After the resist layer has been

exposed to radiation, the resist composition is typically undergoes a post-exposure bake by
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2 photoresist conposition is typically achieved with | ess than 100 mJ/ cm of
radiation, 2 alternatively with I ess than 50 mJ/cm of radiation. Typically
t he resi swol2ayan833g exposed t hrough a mask form ng a paPCemUs2@9/061180
coating. [0044] Upon exposure to radiation, the radiation is absorbed by
the acid generator in the resist conposition to generate free acid. Wen
the resist conposition is a positive resist, upon heating, the free acid
causes cl eavage of acid dissociable groups of the resist. Wen the resi st

conposi tign i n tive resi r [ ses C I nking
Courre bl at AR fERBL o LOR: IR BCLABARAN S RE LT TP (1K 0

resi st. sudrt peridde tin@s ingticdlig)3orsebiasls e e mitxpg aenhovdl add & Y®secohdre r esi st
conposition is typically undergoes a post-exposure bake byheatin? to a

t enper al¥Ms] iThe ekosed Frgbst atd guireftscise ognging @re Moy #tthaeiuitabls doeiersr 950 0C
for a s I i i.C : gl )

2l t e nat e LR Sy an I Bkl hERERRER L Pe AL e Ri-ctchable

ant i 5 ef ltlegtmasebacieatovad)atathe saragrome dhanitlichexposadi rbd itlie radewet oherebpelimimtipper

solution to pr.oduce an i e. Because the tireflectiye atings are
wet - et ¢ & tf?fea;ﬁeﬁﬁrﬂtetf‘ééﬂ: ﬁb(?eramﬁf’e ﬁ*ﬁeangae?!%cwwat%t gwlf?i’?eeieas 8t resi st

isr em}é@lﬁﬁoﬁsﬁ?ﬁi@?ﬁ’y &redTh Bﬁlhgﬁ&ug B@se%ﬁﬁofl%reﬁra%ﬁrﬁ{ ahRo&d GRe $418R0t O renove
the antireflective coating. Suitable devel oper solutions typically contain

an aqueoeuthobametabiohsitand optipradyanabganiasol egqpueOuos slolseinstbt attival baiabledat net al

ions, and optionally an organi c sol vent, killed in e art will be
Lore ¢ o0 def s SR TRl i On S SRR e Eptmaltos iyt
deveb Qp@ierﬁﬂiﬁ&ﬂ WBNSutTRY liRBtel%S Bidlahici aBeh1ib ¥uchldstsoflidin ﬂ?dﬂ)ii@@!_pﬂ)&sﬁﬁﬂ@ni c

al kalis such as sodi um hydroxi de, potassi um hydroxi de, sodi um carbonat e,

sodi um Sydiogisleesodiwa ruhpmise. asdivmcalierta nedinauevaslieniereid quepes aramgniam nes
such as R%‘E&%ﬂ{‘% %u?ﬂdats g;@ﬁa%%}éé a0 Bprop 3&@%@2& ornﬁig%yﬂasﬁinéé’gu'}h% diethyl am ne

and di - iary am nes am ne and
met hy| didestyAraitie agd dah-dabolaaihd) estisyemins dthed thigtsldeinebadi ne and
tri et hanol am ne, quaternary ammonium salts such as tetranethyl anmoni um

hydr oxi Gty EemybHys atabRRmMIdyEFbY Hecaitr hmslantee anhdictpePiringm nes such
as pyrr ﬁhﬁeﬁlggr RhRShiut Hfs ch)ﬁsz(E@tHdethyﬁ%Hfoh% hydroxide, tetraethylammonium

hydroxide and choline, and cyclic amines such as pyrrole and piperidine. Typically, solutions
of quaternary ammonium salt such as tetramethylammonium hydroxide (TMAH) or choline
are used. Suitable fluorided based stripping solutions include but are not limited to NE-89
and CCT-1. After the exposed film has been developed, the remaining resist film (“pattern”)
20  1is typically washed with water to remove any residual developer solution.
[0046] The pattern produced in the resist and antireflective coating layers may then be
transferred to the material of the underlying substrate. In coated or bilayer photoresists, this
will involve transferring the pattern through the coating that may be present and through the
underlayer onto the base layer. In single layer photoresists the transfer will be made directly
25  to the substrate. Typically, the pattern is transferred by etching with reactive ions such as
oxygen, plasma, and/or oxygen/sulfurdioxide plasma. Suitable plasma tools include, but are
not limited to, electron cyclotron resonance (ECR), helicon, inductively coupled plasma,
(ICP) and transmission-coupled plasma (TCP) system. Etching techniques are well known in
the art and one skilled in the art will be familiar with the various commercially available

30  etching equipments.

15



of quaternary amoni um salt such as tetranethyl ammoni um hydr oxi de (TMAH) or
choline are used. Suitable fluorided based stripping solutions include but
are not |Wwo208h68337NE- 89 and CCT-1. After the exposed fiPCEiUSa@9l0eER0

devel oped, the remaining resist film("pattern") is typically washed with
water to renove any residual devel oper solution. [0046] The pattern
produced in the resist and antireflective coating |ayers may then be
transferred to the material of the underlying substrate. In coated or
bilayer I r s grrin hr.ough
the soal i) ARG b N Fertotibe UL RE B sk F kMg

| ayer. baesiphgke td meﬁcdwdﬁvwee&wﬁig&hé h@slﬂed arcsitestumst | | be made directly to
the substrate. Typically, the pattern is transferred by etching with

react i v&0Q4ghdhe aeweﬂectww@etﬁlg GomRosEions Athe ﬂn\@sag}@%ﬁ%leﬂ ysgf &7 gRitlEe pl asma.

Sui t abl [ r ycl otron
Cesonan e@e@%ﬂa{eﬁ% ]ﬁ%érréﬁh&qg:a g?{:i{/ %Slalf}g%f(}g c]ﬂ?e% qﬁi)lés(%or LFJ td (93!153

transm $subunon cerpiloed (gd. MSééEﬁl?bensh/estoe rsrhalEmctnemg 1$cen1'tum|) Gueasharfer wel | known

in the art and one skilled j rt w be famliar wi.th the yarious
commer cCHACYORFRCTUAE stce%Sdmgﬁbﬁ 3;51&% %@@ﬁnws&aﬁa cirgHhfevites psudh

renmovi ng,d-8gef &3 inddkifd thReaastufL TR IRiRG @Nnkd 4,€f | ective coating may be

enpl oyed to produce a device having the desired architecture. [0048] The
ant i r ef [@E9] \F@ua:@aishcn@ tho rtnpdmonalcms patterning proveeniniolvingzan dpéraflsedive o creat e
patterned nat . al %Pﬁ’? ctures su?h as ne es for

cont act §°BP i é%s Proﬁ? RS TS RS goyine Oagrnfégggﬁl.rgﬁ??tgﬁ&ﬂg@n%ohgeha| | ow

tremgh in&odk %dt ?)ls eiﬂo@é&b‘&? APExpotpacieliol asd MUK, Y6leSvedsyCa pAiS expBtile be used
in the desi i ntegrat circuit devices. Such processes for making

t hese f &ak @@)arTée k%mtvlﬂyphlsﬂh@ daveloppdpyng a FolgtiereofialkHblueet dieclemagtit i onal
dry patternin ing an, an 0 rocess

i nvol Veté[% ghtn%ﬂ@c!tlv% %gtlﬂsg[ \g?llleétrlelglov%iv Zsr 1]igt ngcgﬁ}/ Hoc?slsgs chgg g%g{lklﬁ 8 The

resi st e@pdse Iﬂg: susstmc@om@isubs:rm 1mhelemn@edwcﬂodep4t:a®r@da@lseﬁaﬁdh asfsﬁbsltﬁtWEd by a
post exposure bake (PEB). The resist layer is then devel oped using a
solutloﬁmaﬁnﬁpkgmﬂnﬁﬁﬁﬂ devel opnent). The antireflective coating is then
re ed Vi hel

ubdt r af WO Bl PR HCRs BlEinc i eclif EXBARBELABeL ) o
subst r atherein. This process involves formmg a resist coating over the antireflective coating. The

resist coating is exposed using an exposure device, followed by a post exposure bake (PEB).
The resist coating and antireflective coating are then simultaneously wet-developed using a
base solution. The substrate is then subjected to typical processes such as substrate etch

20  and/or ion implant.

EXAMPLES
[0051] The following examples are included to demonstrate embodiments of the invention.
It should be appreciated by those of skill in the art that the techniques disclosed in the

25  examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without departing from the spirit and scope of
the invention. All percentages are in wt. %. Structures given in Examples 1-6 are theoretical

30 structures based on the reactants.
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etch and/or ion inplant. [0050] Figure 2, show a wet patterning process
using the antireflective coating described herein. This process invol ves
form ng awoesimesiseati ng over the antirefl ective coati n@CTise00086i13¢
coating is exposed using an exposure device, followed by a post exposure
bake (PEB). The resist coating and antireflective coating are then

si mul t aneousl y wet - devel oped using a base solution. The substrate is then
subj ected to typical processes such as substrate etch and/or ion inplant.
EXAMPLES [ 0051] The foll ow ng exanples are included to denonstrate

enbodi ments of the invention. It should be appreciated by those of skill in
the art that the techniques disclosed in the exanples which foll ow
represent techniques discovered by the inventor to function well in the
pract i cExamplenle i nvention. However, those of skill in the art should, in
|'i ght of (tthe pr@Esen (Mksclo%use) appreci ate that many changes can be nade
in the pedimi &Bodi meeEs " whi d7are di scl osed and still obtain a like or

im t t hout f t

M A B 1
are e r u

e emalinel shosor ashss g sans amia b L (00)

g of pr @bwyétﬁéhlgrqsé@me Welt3ﬁynolétlﬁér40£c@trafet}9y1@n@mmﬂan3®0 8@6 gobf and 36.65 g
3-(t t drid
phgn;:fr?g ofgﬁl%gﬁgf%bm§§ ?ﬁg%g%xﬁ%u% zPSC}Q%S rlc (gwgg}%ane (0. 846

mol ), artbodusbbstigredf To biflakit Qas)pllal:e'ﬁlH)S()(g A PG MEBlA) andTihlel ¢ deibgized @AREIEeUr €
was set at 25 0C. The solution was vigorously stirred. To a flask was

pl aé@d ms@rf‘gofoBGM@mdawﬂswaﬁwgor&éﬁlaﬁrl%@%iuwta@rthe T fisxelliebindfCMENEA and
wat er V't}%OFSGHﬁ%AY/w%{& tS1GHod! gé ladd%h'to LH%‘%eMﬁfndQﬂ rﬁgr%éﬁe&ek 7 HoE@MrAse Next,
t he P wat er sol ution was adde e reactor nitrogen over 1
hour whitheerediants eact dpdrousie serrad. gdten tisl gongtl¢tioned . addiftiver the hextweninltkd | on of
addi ti O?eac%o? %va?vg(atsllljerdeth}eg titn?ees with DI water (2 x 571 g). The solution was then stripped
after adding 120 g of Ethanol (EtOH) to give a clear PGMEA solution. The solution is diluted
15  to 10 Wt.% by adding more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC

(vs. polystyrene): Mw =11300, Mw/Mn=2.70.

Example 2

(Ph) (H) (Me) (PSA)
T 70.05T “0s50T  ‘0425T 0.075

20 [0053] In a reactor was loaded with 672.5 g of propylene glycol methyl ether acetate
(PGMEA), 11.42 g of 3-(triethoxysilyl)propyl succinic anhydride ( 0.038 mol), 15.87 g of
phenyltrichlorosilane (0.075 mol), 95.29 g of methyltrichlorosilane (0.638 mol), and 101.59 g
of trichlorosilane (0.750 mol). The jacket temperature was set at 25 °C. The solution was
vigorously stirred. To a flask was placed 1080 g of PGMEA and 59.4 g deionized water. The

25  mixture of PGMEA and water was vigorously stirred until all the water dissolved in PGMEA.
Next, the PGMEA/water solution was added to the reactor under nitrogen over 1 hour while
the reactants were vigorously stirred. After the completion of addition, the mixture in the
reactor was washed three times with DI water (2 x 500 g). The solution was then stripped

after adding EtOH (120 g) to give a clear PGMEA solution. The solution is diluted to 10
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reactor was washed three times with DI water (2 x 571 g). The solution was
then stripped after adding 120 g of Ethanol (EtOH) to give a clear PGVEA
sol uti on.woOhe1mwBisri on is diluted to 10 W. % by addi ng moraSP@vEsiiand t hen
filtrated through a 0.2 mm Teflon filter. GPC (vs. polystyrene): Mv =11300,
MM Mn=2.70. Exanmple 2 (Ph) (H) (Me) ~(PSA) T 0.05T 0.50T 0.425 T 0.075
[0053] In a reactor was | oaded with 672.5 g of propyl ene glycol nethyl

et her acetate (PGVEA), 11.42 g of 3- (tri et hoxysilyl)propyl succi ni c

anhydri 0. , I , 95.29
g of met ty(fgtb iacﬁﬁlgglg%%lpgé\gE%@ gé f?ﬁt@% tﬁrgu ?%QF”I C Ior f%ane
(0. 750 molyptyrehla® NackaB0o,evipaviatsipe. was set at 25 OC. The sol uti on was
vigorously stirred. To a flask was placed 1080 g of PGVEA and 59.4 ¢

dei oni zed water. The m xture of PGVEA and water was vigorously stirred
until all the water dissolved in PGVEA. Next, the PGVEA/ water sol ution was
added te ﬁ@fegeactor under nitrogen over 1 hour while the reactants were
vigorousty stirred. After the conpletion of addition, the mxture in the
react or was vvashed three tlrres vvlth DI water (2 x 500 g). The solution was
then5strp g T’;lf %ﬂf ;9) to give a clear PGVEA solution. The
solution is utedtol %bya |ng nore PGVEA and then filtrated

t hr ough [@053] ZoraMlakkicbinfrd l’iﬁlﬁrosﬂ@@uém‘he @ ydh )922(0@)37 10Ve, 844300 in 200

Mv Mn=5.99. Eanple 3 JPhEt'rﬁ/((J% CHMVECOOx Bu) 0.07T 0.70T 2

[0054] T¥-&f tPl“&&Tc veas Rddedistge g § Qégeﬂﬁb%iﬁémtﬂgwh%qmawﬁé@l ga@ 2&0 g,

0.7 nol 298,
t-butyl hd ﬁ acr yelmbtyq Izlgtgﬁ%@&alyygg ﬁf}})ﬁg ‘?os%/{tlgfv%\gggéil a tf%?%um I‘(l:a)gtlél yst.
The m xraulroem/\mmpsﬁawre ealftand@ Hrs, novelhidlds wietehewvd:caaitmoa’c te ynem thended adsinr €.
Aft 18 hrs, the volatiles were re 400 yield the tit]Jed resin
s W0 scau¥Ses olTRhe Feat \ﬁa%}%someé%wlﬁ étwéﬁwto%@waoaen hegoiPRt i on
and t he w3 Qlitdt@ through a 0.2 mm Teflon filter. GPC (vs. polystyrene): Mw =4890,
Mw/Mn=2.44;

Example 4

(PhED)

(H)O [(CH ) COOBu)]

15 0071 074T 23 0.19

[0055] To a flask containing hydrosilsesquoxane resin (Mn =2200, 26.5 g, 0.5 mol) in 200
mL of toluene, were added styrene (3.65 g, 0.035 mol) and t-butyl butenoate (17.0 g, 0.115
mol), followed by a platinum catalyst. The mixture was stirred and refluxed overnight. The
volatiles were then removed at 40°C to yield a viscous oil. The oil was dissolved in PGMEA

20  to give 10 wt.% solution and the solution was filtrated through a 0.2 mm Teflon filter. GPC
(vs. polystyrene): Mw =5730, Mw/Mn=2.21;

Example 5

£(PHED [(CH ) COOtBu]

(H)
070" 23 0.23

0.07T
25  [0056] To a flask containing hydrosilsesquoxane resin (Mn =11,800, 20 g, 0.38 mol) in 100
mL of toluene, were added styrene (3.65 g, 0.035 mol) and t-butyl butenoate (14.22 g, 0.095

mol), followed by a platinum catalyst. The rotary vapor at 40°C to yield viscous oil. The oil
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was filtrated through a 0.2 mm Teflon filter. GPC (vs. polystyrene): Mwv
=4890, Mw~ Mh=2. 44; Exanple 4 JPhEt) JH) J(CH ) COOBu)] 0.07 0.74 2 3 0.19
[ 0055] Towe 2bi0zeB33¢ont ai ni ng hydr osi | sesquoxane resin ( MOTAR200/0603805 ¢,
0.5 nmol) in 200 nL of toluene, were added styrene (3.65 g, 0.035 nol) and
t-butyl butenoate (17.0 g, 0.115 nol), followed by a platinumcatal yst. The
m xture was stirred and refl uxed overnight. The volatiles were then renoved
at 400C to yield a vi scous oil. The oil was di ssol ved in PGVEA to give 10

fiter. EpeRtyRfy v BRI AR RS TINh Bl BRMBLERE) 1y
[(CH) m&ﬂeﬂ'ﬁn(ﬁl&?TGECZGsTpBlyStyﬂanZﬁ MQGQG]?)O@QWV/M@&WSCOHI ai ni ng

hydr osi | sesquoxane resin (Mn = 11,800, 20 g, 0.38 nol) in 100 nlL of

tol uene, were added styrene (3.65 g, 0.035 nol) and t-butyl butenoate
(14.22 g, 0.095 nol), followed by a platinumcatal yst. The rotary vapor at
400C to yield viscous oil. The oilwas dissolved in PGVEA to give 10 wt. %
sol ufi ofxamgdletthe sol ution was filtrated through a 0.2 mm Teflon filter. GPC
(vs. polystyrene) My =15, 300, Mw Mh=2.78. Exanple 6 Ph) H JMe) ((CH)
coax Bu) T 1 T@D? q«ﬂ\ée)g &«6}1534%1?]‘ go a flask containing T(Ph) O (HO
3T(Me)0 6 reS|n % 9 0 nmL of toluene, were added t-butyl

but enoa tﬁ)sg? ?j’ (3019.%1%1 r{%i‘eph §@ IJIB%_"E@I%? Aol @b LNYAR Gl AYIBh-mITBE M xture

was stl I uxe atilés were then rembved usi ng
rotary vapar, wbreétﬂda{:t bmy}/bl&ércbavm(3t% & 01028 mdihgoll @sedhbyapladhsachtabdt.i n
PGVEA t giv.e 10 wt. % sol ytion ndth S%Lutlo Wasfhltratedthroughaoz
mm Tef | B ml{ipéerwasc_ﬁ;s@efi\;ag_ re uxe overnight. The volatiles were then removed using

10 rotary vapor at 40 °C to yield white solid. The resin was dissolved in PGMEA to give 10
wt.% solution and the solution was filtrated through a 0.2 mm Teflon filter. GPC (vs.
polystyrene): Mw =12,450, Mw/Mn=2.95.

15 Example 7

[0058] 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 TEFLON filter and then spin coated
onto standard single side four inch polished low resistively wafers or double sided polished
FTIR wafers (spin speed = 2000 rpm; acceleration speed = 5000, time = 20 seconds unless
20  otherwise indicated). Films were cured at a temperature of 250 °C on a hot plate. PGMEA
and TMAH loss after cure was determined by measuring the film thickness change before

and after PGMEA or TMAH rinse. Results are given in Table 1
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pol ystyrene):
waf ers was processed on a Karl

Mv =12, 450, Mwm Mnh=2.95. Exanple 7 [0058] The film coating on

Suss CT62 spin coater. The resin PGVEA

sol uti on wexofomsi37filtered through a 0.2 m cron TEFLONPCITIusesosand3e hen
spin coated onto standard single side four inch polished |ow resistively
waf ers or doubl e sided polished FTIR wafers (spin speed

accel erati on speed = 5000,
Films were cured at a tenperature of 250 OC on a hot plate.

| oss after cure was geterm ned by nmeasuring the filmthickness change

before and after
Wet - devel opabl e resits

after

in1min (A in lning(
22223344 66

HPB Th, AP

PGVEA-

Loss TMEH Lo$3 Exafip
) (H) (M) "(PSA) 1 T dq T -2q
.00 1 26X4.2 2202 (Ph) (H (Me) (PSA) T 0.05T 0.50T 0.425 T

time =

r TMAH ri nse.

0.075 2028 6.1 2028 5.2 708 p(PhEt) )

2000 rpm

20 seconds unl ess ot herw se indicated).

PGVEA and TMAH

Results are given in Table 1Table 1.
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T 0.07T 0.70T 2 3 0.23 11778877 88..6655 104 1790 10.5 1773 (Ph) (H) (M)
((CH) coxBu) TO.1t 0.2 TO0O.6t 2 3 0.1 22667788 55..5566 1 1 2699 9.43
2678That wbi2etv/desisirai med is: 1. A nethod of form ng an &oTiuseddmctiBye
coating on an electronic device conprising (A applying to an electronic
device an antireflective coating conposition conprising (i) silsesqui oxane
resin conprised of the units (Ph(CH2 )rSSQ(3 x )/2 (OR) x )m(HSI 3 _x
)/I2(OR) x )n (MeSIQ3 x )/2(OR) x )o (RSO3 x )/2(OR) x )p where Ph

is a ph XJwﬂ&RTQk&%@iks a nethyl group; R is hydrogen atomor a
hydr ocarbon group having from1l to 4 carbon atons; Ris selected froma

carboxylic acid group or a carboxylic acid formng group wth the proviso
that there is a sufficient anount of carboxylic acid groups to nake the
resin wet AdBGEERARTEIRG Reintieflective ARptRE 0f WElectipRlg deViSACSMBEtPE ut ed phenyl

groups, ester d ; : 4 S tal ni ng
o gani c anot oD e R o B S F s L T
groups, and rea) silesqrioxcme ad¥lirecongded of fhenmitsonal groups; and r has a
value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin
m has a val ue of OPR(EHSWRPER AWl ue of 0.05 to 0.99; o has a val ue of
0 to 0.95; p has a value of 0.01 to 0.5; q has a value of 0 to 0.5; and m +
n+o+p+gql;@EBDEki)OR$Y,vent, and (B) renmoving the sol vent and
curing the silsesquioxane resin to forman antireflective coating on the

el ectronic device(M@Sﬁng&ggﬁ@gggprising
(RSi03-x)/2(0OR")x)p
10 (R'Si0;x)2(0R)x)q
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a

hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid

group or a carboxylic acid forming group with the proviso that there is a sufficient amount of
L . 1.
carboxylic acid groups to make the resin wet developable after cure; and R is selected from

15  substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
organic functional groups, hydroxyl producing group, aryl sulphonic ester groups, and
reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a
value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.90; n has a value of 0.05 to
0.99; o has a value of 0 to 0.95; p has a value of 0.01 to 0.5; q has a value of 0 to 0.5; and m +

20 n+o+p+q=1l;and

(i1) a solvent, and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective

coating on the electronic device.

25 2 A method comprising
(a) forming a antireflective coating on a substrate;
(b) forming a resist coating over the antireflective coating
(c) exposing the resist to radiation;

(d) developing the resist and the antireflective coating;
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(a) formng a antireflective coating on a substrate; (b) formng a resist
coating over the antireflective coating (c) exposing the resist to

radi at i orvwo(2d)o/cde3sel opi ng the resist and the antirefl ecPCrasca@ansng) wher ei n
the antireflective coating is produced from sil sesqui oxane resin conprised
of the units (Ph(CH2 )rSiq3.x)/2 (OR) x )m(HS Q3 x)/2 (OR) x )n
(MeSi3.x)/2 (OR) x)o (RSO3 x)/2 (OR) x)p (RISIO3_ x)/2(CR) x)q
where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atomor a

hydr ocar hon.. up..having fromil to. 4 rhon, atons; R IS sel roma
R e e S (A A
that thengsis a sufficient anount of carboxylic acid groups to nake the

resin wet devel opable after cure; and Ris selected fromsubstituted phenyl

groups, ester grodRECHaSYeEhes(@R’OURS; nercapto groups, sulfur-containing
organi ¢ functional groups, hydroxyl producing group, aryl sul phonic ester

groups, and reactngﬂggxﬁg(ﬂphgnorganic functional groups; and r has a
value of 0, 1, 2, 3, of 4, x has a value of 0, 1 or 2; wherein in the resin
m has a val ue of :9..90; ;hgs a value of 0.05 to 0.99; o has a val ue of
0 to§0.95; p has vgfﬁé*B?ﬁgig?Oto 0.5; g has a value of 0 to 0.5; and m+
n+o+p+ql. §% %pe nmethod.as clainmed in claiml or 2 wherein the
antireflective co § 438 %@Eon is applied by spin-coating. 4. The
method as claimed ip claiml or 2 wherein the solvent is renoved and the

si | sesqui oxane resRPiPsxefPEd)xy heating at 800C to 4500C for 0.1 to 60

m nutes. 5. The nethaod as clajned jn claim,i rein the solvent (ii) is
sel ect ed'"Frd 1%'61%%&9% 6&&%@ %59%’34 éhgg%P%to%&%&%dfiWPrbgP hy|
acet at e o GRANIRMBYTH 21828 n afIME; RYiSARGXARBAE: carboxylic acid group or a

10 carboxylic acid forming group with the proviso that there is a sufficient amount of carboxylic
acid groups to make the resin wet developable after cure; and R1 is selected from substituted
phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing organic
functional groups, hydroxyl producing group, aryl sulphonic ester groups, and reactive or
curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or

15  2; wherein in the resin m has a value of 0 to 0.90; n has a value of 0.05 to 0.99; o has a value

of 0 to 0.95; p has a value of 0.01 to 0.5; q has a valueof 0 to 0.5;and m+n+o+p+q= 1.

3. The method as claimed in claim 1 or 2 wherein the antireflective coating composition is
applied by spin-coating.
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4. The method as claimed in claim 1 or 2 wherein the solvent is removed and the

silsesquioxane resin is cured by heating at 80°C to 450°C for 0.1 to 60 minutes.

5. The method as claimed in claim 1 wherein the solvent (ii) is selected from 1-methoxy-2-
25  propanol, propylene glycol monomethyl ethyl acetate, gamma-butyrolactone, and

cyclohexanone.

6. The method as claimed in claim 1 wherein the solvent is present at 10 to 9.9 wt% based on

the total weight of the antireflective coating composition.
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6. The nethod as clainmed in claim1 wherein the solvent is present at 10 to
9.9 wt % based on the total weight of the antireflective coating

conposi t iw0.2610/0687net hod as claimed in claim1 or 2 wheCceius2a00®61130

si | sesqui oxane resin is conprised of the units (PhSiQ(3 _x )/2 (OR) x )m,
(HSiO(3.x )2 (OR) x)n, (MSIQ3 .x)/2 (OR) x)o, and (RSIQ(3 _x)/2
(OR) x )p where Ph is a phenyl group, Me is a nethyl group; R is hydrogen
atom or a hydrocarbon group having from1l to 4 carbon atonms; R is selected
froma carboxylic acid group or a carboxylic acid form ng group with the
proviso that there is a sufficient anount of carboxylic acid groups to nake
t he resi7n Tetmedigaded sapablee irdflhien 1 OHD &vheXein @R stlsssglidRa rebin idcdmprsedwher ei n
in the resin mhas a value of 0.05 to 0.15; n has a value of 0.15 to 0. 80;
0 has athealnis (BfiSiQRp,MOROXER; (HSiDas,)a(Om)ig, MleDORGELH MORO5L5andand m + n +
o+ p 1l 8. The rrethod as claimed 1n claiml or 2 wherein the

si | sesquRoXR g%/i( %;corrprlsed of the units (Ph(CH2 )2SiQ(3 x )/2 (OR)
x )m (HS )/2() ) x )n, and (RSIQ(3 x )/2 (OR) x )p where Ph is a
phenyl gr oupwhBre Pisishyghengaioas, e Bra ethyldtoGRRIaNh glogm Nemiong from 1 to 4
carbon atonms; R is selected froma carboxylic acid group or a carboxylic
aci d fomﬁirﬁgara%a@umh@wngﬁ@nbm/fl syybpmatonish Brig sglected gomsy qrbosyliapdidint  of

car boxyly}, &p%?'aq:aﬂnf&gl@é ﬁ@f&ﬁﬁﬁ—‘% %ﬂ&tﬁ% G e ﬁ%fm@%l‘{eﬁ'tﬁé}é‘ 'a?suff’@&gﬁt Oa@‘rl{u%t %fx has

a value ereln e resi has a va
has a vahmexyic @idlgrotips ©.184ke the tvam wetvdahelepafle &t hret @ has 25aluat0m or n + p

1. 2 2 .Therret d.as | ai ned cl ai @
where R* ¥heigjngat aj %rﬁeﬁ@ r%dai? I#av.hﬁgamh'uiefﬁégﬁ%ﬁfggt%hcésgz 10.

;he tQQﬂe%ﬁo%C?&)U%Q B\Eas%@élﬁ%éf@f) ﬁtovw?%han&'na A xure of -R (O OH

323 -R ere Ris se ected from al kyl erte groups having 1 -10
carbon atoms, and Ris a protecting group.

8. The method as claimed in claim 1 or 2 wherein the silsesquioxane resin is comprised of
the units (Ph(CH2)25103x)/2(0R")x)m. (HS10(3-x)/2(OR")x)p, and (RSi0(3.x)/2(OR")x)p

where Ph is a phenyl group; R’ is hydrogen atom or a hydrocarbon group having from
15 1 to 4 carbon atoms; R is selected from a carboxylic acid group or a carboxylic acid forming
group with the proviso that there is a sufficient amount of carboxylic acid groups to make the
resin wet developable after cure; x has a value of 0, 1 or 2; wherein in the resin m has a value
of 0.05 to 0.15; n has a value of 0.15 to 0.80; p has a value of 0.015 to 0.25; and
m+n+p=1.
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9. The method as claimed in claim 1 or 2 wherein R is —R2C(O)OH where R2 is selected

from alkylene groups having 1 -10 carbon atoms.

10. The method as claimed in claim 1 or 2 wherein R is a mixture of —R2C(O)OH and

25 —R2C(O)OR3 where R2 is selected from alkylene groups having 1 -10 carbon atoms, and R3

is a protecting group.
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