SI LSESQUI OXANE RESI NS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None
BACKGROUND OF THE | NVENTI ON [0002] Wth the continuing demand for smaller
feature sweesoymnitzme sem conductor industry, 193nm opti ealr/useeckosvaphy has
energed very recently as the technol ogy to produce devices with sub-100nm
features. The use of such a shorter wavel ength of |ight requires the bottom
antireflective coating (BARC) to reduce the reflection on substrate and
danpen the photoresist swing cure by absorbing |ight that has passed though

t he photoresist. CD””EVCial'§u%§§hgﬁfbﬁxﬁﬂﬁﬁ#ﬁ&keCtiVe coatings consi st of
y

bot h organi c and i norgani c base erial’s. pical ly, the inorganic ARC
whi ch exhibits good etch resistant, is CVD based and is subject to all the
i ntegration disadvanégge of extrene topography; on the other hand, the

organi ¢ ARC mat eri &t BOXSREFHRENGELNO KELA gD pPSLdSATIANShave excel | ent

fill a ﬁoﬂg%@ﬁki?ation properties, but suffer from poor etch selectivity to
organi ¢ photoresists. As a result, a material that offers the conbi ned
advant ages of organi ¢ anBAGKGROMIND ARCTHE INVENTIONSsi red. In this regards,

we hav t|y discovered th phenyl - hydri.de based sil sesqui gxane resins
exhi bi t e - I t. This
: _Plﬂé‘f?ﬁ i e %%lflrlulpgfirﬂ@eﬁ b S%Q%G T B f sse%fron_%csﬂrrﬁnﬁ?ﬁw

I nvent | I@Snﬁecfpttieélrlﬁlﬁé gi‘alﬁlyrr]lﬁ‘é"eﬁie}g%ﬁ%w YA ARhEfLR o1 6RNbProted abyideoxy |

noi ety, made via the co-hydrolysis of the correspondifig chl orosil anes or
al koxy swithasibs ] 00nhefehtpdrsoxdipe usopletugh afshoiter vedvierngthi of lighoteguiresdhbpottamor gani ¢

01010 OB R U b B chpgpon o vele
si [19eS hoReie sWasl dige Bpamoe@igghlgmhatmé Paséd fhioh g ARGhbRsesexCel | ent PGVEA
and TMAH resi stance when cured at 250 C or bel ow. BRIEF SUWARY OF THE
| NVENTICnmercially available antireflective coatings consist of both organic and inorganic based
materials. Typically, the inorganic ARC, which exhibits good etch resistant, is CVD based
and is subject to all the integration disadvantage of extreme topography; on the other hand,
the organic ARC materials are applied by spin-on process and have excellent fill and
15  planarization properties, but suffer from poor etch selectivity to organic photoresists. As a
result, a material that offers the combined advantages of organic and inorganic ARC is highly
desired.
In this regards, we have recently discovered that phenyl-hydride based silsesquioxane
resins exhibit excellent anti-reflective coating properties for 193nm light. This invention
20  pertains to a new silsesquioxane material containing hydroxyl moiety, made via the
co-hydrolysis of the corresponding chlorosilanes or alkoxysilanes. The hydroxyl moiety of
the silane is protected by an organic group or a silyl group, which cleaves under the acidic
conditions to yield the corresponding hydroxyl group. The new hydroxyl functional

silsesquioxane resins form excellent spin-on film and has excellent PGMEA and TMAH

25  resistance when cured at 250 ° C or below.
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[ 0003] This invention pertains to silsesquioxane resins useful in
antireflective coatings wherein the sil sesquioxane resin is conprised of
t he unit sWORh@OHR21Si (3 _x)/2 (OR")Xx)m (MeSi (3 _x)/2 PORUSE()09/032906
(RSIQ(3 x)/2(OR")x)p (RISIA3_x)/2(OR")c)q where Ph is a phenyl group, M
is a nethyl group; R' is hydrogen atomor a hydrocarbon group having from1
to 4 carbon atons; R is selected froma hydroxyl producing group; and Ris
sel ected from substituted phenyl groups, ester groups, polyether groups;
mer capt o groups, aryl sul phonic ester groups, and reactive or curable
organi ¢ functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a
value of 0, 1 or 2; wheBRIBFISUMKMAREOMTHENAYENTV@NeE of 0 to 0.95; n has
a value of 0.05 to 0.95; o has a value of 0 to 0,95; p has a value of 0.05
to 0. 5;[080}Lhiginygntipn Rertaims @ sitsessjuignpge pesinsisafupinangireflegtiye COAHBRs t hese
resins : 9 ' L =04t | .f.hey can be cured w thout an
xé‘ﬁe‘%elHﬂ?e%isé‘sqt%[b%'aﬁéﬁegﬁ‘EE h%@g@%‘a df%ﬁsﬁ]m Y y

additive at tenperatures above w t m nute. The cured filns

exhisbi tpg l|n GR i.e. PGVEA) and TMAH resistance. The cured filns
can be (vvei@-}?[?i p 3é’§%si fr?té‘)n((iom‘rer cial wet-renoval chem cals, such as NE-89

and CCTH@ﬂDFinabﬂﬂTﬁgF anti-reflective coating |layer has a water contact
angl e é ran@éo@ om’5% - 90 and a surface energy range from (typically 25-45
dynes/cg)g%;Ii DETA&#%R DESCRPTI ON OF THE | NVENTI ON [ 0004] The sil sesqui oxane
resins QAB-9Aa( rn%mg the antireflective coating are conprised of the
units (Ph(CH2 )rSIQ(3 _x )/2 (OR")x)ym (MeSiq3 _x )/2 (OR'")c)o (RS 3_x

) 1 2( OR'RRYP3-x)/2(OR)x)p

(R'Si0;xy2(0R™)x)q

10 where Ph is a phenyl group, Me is a methyl group; R” is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a hydroxyl producing
group; and R1 is selected from substituted phenyl groups, ester groups, polyether groups;
mercapto groups, aryl sulphonic ester groups, and reactive or curable organic functional
groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m

15  has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0 to 0.95; p has a value
of 0.05t0 0.5;qhasavalueof 0 to 0.5;and m+n+ o0 +p +q= 1. When these resins are
used in antireflective coatings, they can be cured without any additive at temperatures above
200°C within 1 minute. The cured films exhibit excellent solvent (i.e. PGMEA) and TMAH

resistance. The cured films can be wet-stripped using commercial wet-removal chemicals,

20  such as NE-89 and CCT-1. Finally the anti-reflective coating layer has a water contact angle

range from 50° — 90° and a surface energy range from (typically 25-45 dynes/cmz).

25



(RISi(3_ x)/2(OR")c)q where Ph is a phenyl group, Me is a nethyl group; R
i s hydrogen atom or a hydrocarbon group having from1l to 4 carbon atons; R
i s sel ectwo 2bovarmi1hydr oxyl produci ng group; and R is seCgaisea9fnsioms
substituted phenyl groups, ester groups, polyether groups; nercapto groups,
aryl sul phonic ester groups, carboxylic acid containing groups, and
reactive or curable organic functional groups; and r has a value of 0, 1,
2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin mhas a val ue
of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95;
p has a value of 0.05 to 0.5; q has a value of 0 to 0.5; and m+ n + 0o + p
+ g~ 1 (where m n, DETAIHAD DESURPTIONOFITACE INWENTIONpi cal |y m has a
value of 0 to 0.25, alternatively >0.0 to 0.15. Typically n has a val ue of
0. 15 t d00HYoThesisercqgrape rsping .ui@ﬁ/li & forming hmanihefisetive pepding ajasanerrsedo. 25 t o
0.80, altger ively 0.25 to 0.75. Typically p has a value of 0.025 to 0. 35,
alternatively 0.05 to 0.15. Typically q has a value of 0 to 0. 3,

al t &r ngpj, $6 i3 0005] R" is independently a hydrogen atom or
hydrocgfb§%&%?5u5£ﬁg@?ngk%Lto 4 carbon atons. R' may be exenplified by H,

met hyl , @t Ryl , yl, iso-propyl and butyl. [0006] In the resin Ris a
hydrofo%brédﬂ@B%gaékoup. The hydroxyl producing group is protected by an

organic r.éinIG%% up that cleaves under acidic conditions to yield the
corresﬁﬁﬁﬂ? G- %yo group. Exanpl es of hydroxyl producing groups are
those of the 2 3 2 general formula -R OR where R is any organic bridging
group BRS#HIag268 Velpn the silicon atomand the OR3 group and R3 is the
protecting group. R2 may be further exenplified byhydrocarbon groups havi ng
1-10 qﬁf&mn;g@@myﬁggr any other organic bridging groups known 3 in the
art. Protecting groups, R, are any organic group known in the art that can
be 10l eaved unhitee Phed dplengbgdiop.i Mass ¢ methgt gnouheR’¢ orhydsygendiongoihy dr oxyl (- OH)

group. h%/%p(%aﬁ)fontgrrlgup having from 1 to 4 carbon atoms; R is selected from a hydroxyl producing

group; and R1 is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, aryl sulphonic ester groups, carboxylic acid containing groups, and reactive
or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1
15  or 2; wherein in the resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a
value of 0.05 to 0.95; p has a value of 0.05 to 0.5; q has a value of 0 to 0.5;and m+n+o+p
+q = 1 (where m, n, o, p and q are mole fractions). Typically m has a value of 0 to 0.25,
alternatively >0.0 to 0.15. Typically n has a value of 0.15 to 0.40, alternatively 0.10 to 0.3.
Typically o has a value of 0.25 to 0.80, alternatively 0.25 to 0.75. Typically p has a value of
20 0.025 to 0.35, alternatively 0.05 to 0.15. Typically q has a value of 0 to 0.3, alternatively >0
to 0.15.
[0005] R” is independently a hydrogen atom or hydrocarbon group having 1 to 4 carbon
atoms. R” may be exemplified by H, methyl, ethyl, propyl, iso-propyl and butyl.
[0006] In the resin R is a hydroxyl producing group. The hydroxyl producing group is
25  protected by an organic or silyl group that cleaves under acidic conditions to yield the

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

general formula —RZOR3 where R2 is any organic bridging group bridging between the silicon

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



protecting groups are described in "Protective G oups in Oganic Synthesis"
by Green and Wits, 3rd Edtion, WIley, New York, 1999. p 17-292. Protecting
groups newohkeosenrerzpl i fi ed by t-butyl, nethoxy nethyl, tecrhysdecopyroaanyl ,
benzyl oxynet hyl, cinnanyl, triphenylnethyl, trimethylsilyl,

t-butyl dinmethylsilyl, carbonyl group (as an carboxylic anhydride), and
others. R may be further exenplified by, but not limted to, t-butyl,
trimethylsilyl, and tetrhydropyranyl. R may be exenplified by, but not

| e L0 O TR Bt 160 S 0) 28R S e S Br SRR, Mg B,
i's sel qgtyed, r%e%H%ftgﬂgE% ed ?%eagg %‘i&“%%%%ﬁr? B i RO YR Shat RS N@El@ﬂedqr oups;

mer capt 0 groups phon and reactive or curab

or gani %nﬁ%dl@ @@Am@&f&%@ %mﬁlﬁg %Bfrééﬁ)ﬁ&iing 'ii?l 0 eﬁ{ OHR %rcﬁl%nf‘,@rh@ ofthe! eas t one

HO, MO , [or other su ster groups may be any
or gani qorstuttgtg gruemst are dCﬁtCabﬂi mg* Paote¢te@s(ﬁroop@mé31tgemcfStynthtBtsl@ hby Graen aBdanpl es

pol yot nip o bRty B GLRAE | B e o PRI b Pa iR R seR B | Fnkea

through, WUGANMAIHORY eyl ASER Beabylbkyrhétd laﬁrh trfpleh PWieRs),
structuryg cﬂz )a eg% %Ki %ﬁw er}(,al nyﬂz; —%Cl y {?ﬂerph_ﬁ te([)}@6 c =2

to 200:; tripgthy ilpl, tp lmeﬁwl%lty @ﬂrb@nglagfp@p @ﬁ@nﬁgr@&zlltﬁ aphydidda)yand ahetppl es of
pol yet hey groups useful herein are - (OCH2CH2 )c-QOwve, -(CH2

) 3- (OcHR amey P teﬁheéwe#mqltﬁﬁé byabl(t@eﬁqud }oziiemsyl drmethydslyl. pad ( oorp o
)c-OC(O) Me., Mercapt ou s ha e general rmula HS(CH2 )e- where e has
a val udcEyd{opyianyls aya ég‘f’é?’b’r%%)t hIHJé?Cg Yoto ethyl, and nercapto

rret yl U e rou a form 802 Ph-(CH2 )r -
e R(‘flr_s'g)é (rsw(y g(g%f%% g*ﬁ §]£% Qﬁ%/(gc%fr?]@d%)do ﬁj 311?@ tic group and r

has a val ue of 0 or 4, Sulphonlc ester roups may be exenplified

by, but(¢dy3i pﬁ%ﬂzgéizemcﬁkﬁéé%\[zﬁlﬁr%éhzswa%f) 2CHOSO 2- Ph- (CH2 )t -

Reactive or curable organic functional groups may be exenplified by, butnot
li mi t ed0O®/]R kienglectgd tnopssubstitiited tphenyl \eroups desedr Igydups epdyeheyreoenps; such as
gl yci doxypr opyl

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

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

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

-(CH3)2-C(0)-OMe. Polyether groups are an organic substituent having hydrocarbon units
linked through oxygen atom, represented, but not limited, by the following structure:
L(CH),[O(CH,),].OR", wherein a= 2 to 12:b = 2 to 6; ¢ = 2 t0 200; R is H, alkyl, or other
20  organic groups such as acetyl. Examples of polyether groups useful herein are
-(CHp)3-(OCH»>CH»).-OMe, -(CH»)3-(OCH»>CH>).-OH and -(CH»)3-(OCH>CH7)7-OAc
and -(CH»)3-(OCH7CH»).-OC(O)Me. Mercapto groups have the general formula HS(CH)e-
where e has a value of 1- 18, such as mercapto propyl, mercapto ethyl, and mercapto methyl.
Aryl sulphonic ester groups have the formula RSO-SOZ-Ph-(CHZ)r- where R5 is a hydrogen
25  atom, an aliphatic group or an aromatic group and r has a value of 0, 1, 2, 3, or 4. Sulphonic

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

SO,-Ph-(CHj)r-. Reactive or curable organic functional groups may be exemplified by, but
4



group and epoxycycl ohexane group, acrylate groups such as nethacryoxypropyl
groups, acryl oxypropyl, and others. [0008] The typical nmethod for producing
t he sil sesquoexamneiresin i nvol ves the hydrol ysis and comdensatiooszoé t he
appropriate halo or al koxy silanes. One exanple is the hydrolysis and
condensation of a m xture of phenyltrichlorsilane, trichlorosilane,

hydr oxyl produci ng group containing silane, nmethyl trichlorosilane and
optionally other organofunctional trichlorosilanes. By this nethod it is

possi bl e t.hat resi | - and/or ~OR' wW.ll remain in.the.silsesqui oxane
o n 40t WAt Epitero BRI Yo ] oML ok S BB Wl Ry SSPRIN o7
amount @buplid ok ficylchhie $adeSRSH) aOyRIE go@fd $uch A htiicRGxyfBpylofroups, exceed
40 nmol e% then gellation and instability of the resin may occur. Typically
the si |2SB4QUIPERIReNAOfcHS-contains 6 to 38 nol e% of units containing - OR'

00 000 LOMINALBYEI Yo h & for RACRSTRL GG AARROALIMEL | EHE nL iRl 1! Ve

[ 0009] e sl qui oxane resin s a wei ght average nolecu (Mw)
i n She coadgwatidn &0be hgpr2fiht©bilo ak hikorpatilanes. yOnaetdneple dnhehpdrobOB and

100,000, alternatjvely in_.the range of 700 to 30,0000 as_ determ ned by gel

per meatt AR B RPAR ! Bﬁwﬁfwﬂarséﬁnedé&lféﬁ?rpa ngrd5OTY) SEERE Z%hdar ds.

[0010]c%ﬂ%hﬁ%?hﬁ%;ﬂﬁﬁ@ﬂﬁdﬁ&bgﬂ&%Qﬁﬂbg@nﬁnzbh§§%ﬂ§h9%ﬁ&%nﬁfs'n conpri ses
HSI X 3 Si X3, PhSi X3, RS1X3

reacting water, HS , Me , and optionally R Si X3 in an

or gani drigidbrositanes whgtleis Xaditlsodzit by bk Abds IresidyrabuPHi andépeABENtillyemaingu t ed

f ad,. Br, CH3ICOR-, . | k . - OR' . oth hydr ol bl .
The si 1'45BL TN FsIER A EAT HneTaAse ARGy Sareripor ety o F°
HSi 10CEtamctint ofH3iifslin ehe, silR¥gH 02 idre Sth Con3inin ANOR PRRIubh, eXceedMBShbIMEhe |

MSICd 3, RSIA 3, RSi( ) 3, RSd 3 and Si(Owe) 3 where Ris as

def i neckedpidnreandvastalipiveefahe rsia mex eseur.ghigallyethe pilygpaEeiing resin eaityins gr oup
and Ph represents %n??e@%hm,ﬂﬁﬁP*rL%%?%$xﬁﬁﬂ%%ﬁ%&tﬂ&9§%%h9%,%&%ﬁﬂﬁ%w(RS'X 3
&ln?%e[) p atron’ o e

) that may be use epar
less than 1 mole%.

[0009] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of

15 500 to 200,000 alternatively in the range of 500 to 100,000, alternatively in the range of 700
to 30,0000 as determined by gel permeation chromatography employing RI detection and
polystyrene standards.

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

HSiX3, MeSiX3, PhSiX3, RSiX3, and optionally RISiX3 in an organic solvent, where X is a

20  hydrolyzable group independently selected from CI, Br, CH3CO»-, an alkoxy group —OR”, or
other hydrolyzable groups. The silanes useful herein can be exemplified by, but not limited

to, HSi(OEt)3, HSiCl3, PhCH,CH,SiCls , and PhSiCl3, MeSi(OMe)3, MeSiCls, RSiCls,

RSi(OMe)3, RISiC13 and Rlsi(OMe)3 where R1 is as defined above, Me represents a methyl
group, Et represents an ethyl group and Ph represents a phenyl group.
25  [0011] Hydroxyl producing silanes (RSiX3) that may be used in the preparation of the
silsesquioxane resin, may be exemplified by, but not limited to,
(X)3Si-(CH,)¢-CO'Bu
(X)3Si-(CH2)s-CO-SiMej3
(X)?,Si-(CHz)f-(OCH2CH2)d-COtBu



si | sesqui oxane resin, may be exenplified by, but not limted to, (X)3Si-(CH
2)PCOBu (X)3Si-(CH 2 )f-COSiMe 3 (X)3Si-(CH 2)P(OCCH 2CH2 ) 1 -CO
Bu( X) 3Si -waHR)IAIO2H2CH2 ) Ci - CO- Si Me3 Wherein Me is a nePhylusgeoomopmooBu i s a
t-butyl group, X is a chloride or alkoxy group (i.e. OR'), f has a val ue of
2 or 3 and d has a value of 1 to 10. [0012] The anount 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, alternatively 0.5 to 1.5 noles per nole of
X groups in the silane reactants., [0013] The tinme to formthe

si | sesqui oxdfe3 Y& ©@CHasdimetiO-apdms a nunber of factors such as the
tenperature, the type and anmpbunt of silane reactants, and the anount of
catalyst, if present. It is preferred to carry out the reaction for a tine

suf ficient ;Qr ntially ally of X groups to undergo hydrolysis
reactions. ypisq:ally t he reactipg@ is frommnutes to hours,
alternativel ¥ 10~-op#¥nutes to 1 Xoux, The reaction to produce the

si | sesqui oxane rgsi n can be carri Qd out at any tenperature so long as it
does not cause significant gellation or cause curing of the silsesqui oxane
resin. The tenperature at which the reaction is carried out is typically in
theSrange of 25C up to the reflux tenperature of the reaction m xture.
Typically the reaction is can edOout by heating under reflux for 10

mnutes to 1 hou)(sSi[\le/ZP]\;Pﬁe act™~on step conprises both hydrolyzi ng and
condensi ng the silane conponentg. Tg facilitate the conpletion of the

reaction a catal yst may be used~\JIhe catal yst can be a base or an acid such
as a mneral acid. Useful mneral acids include, but are not limted to,
HCl, HF, HBr, HNO3, and H2SO4, anong others, typically HO. The benefit of
HCl or ot her

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

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

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

[0013] The time to form the silsesquioxane resin is dependent upon a number of factors such
as the temperature, the type and amount of silane reactants, and the amount of catalyst, if

15  present. Itis preferred to carry out the reaction for a time sufficient for essentially all of the
X groups to undergo hydrolysis reactions. Typically the reaction time is from minutes to
hours, alternatively 10 minutes to 1 hour. The reaction to produce the silsesquioxane resin
can be carried out at any temperature so long as it does not cause significant gellation or
cause curing of the silsesquioxane resin. The temperature at which the reaction is carried out

20  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.

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

25  HF, HBr, 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
6



volatile acids is that a volatile acid can be easily renoved fromthe
conposition by stripping after the reaction is conpleted. The anount of
cat al yst wayodepernd on its nature. Theanount of catal ystPCiraisegogiosmbéy 0. 05
w%to 1 wt% based on the total weight of the reaction m xture. [0015]
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 present in any anount

sufficient di ssql.ve th inka I eac S.; Typically.the .grganic sol vent
B T L e L T
based anixtdie total weight of the reaction m xture. Useful organic solvents
may be exenplified by, but not limted to, saturated aliphatics such as

n- pent dABLSTHasogrmly. HerBpreaisactanth arciedbeicioaselubleye Masriop RRArINGYy solittle B
cycl Op%taf)qnfﬁ%m SHfisOREX MG on ?src%ﬁgécﬂ iﬁﬁ?&égﬁcg&géﬁn%het&%aﬂ ’lve>1(1¥1sene’
ydr o eg

nesi tyl ene; ethers such as tetra uran, diIoxane, ethyle yCco
di eheydresehhiarany atriophenuéfigentaodisshlnetheilagt teectantk eTopiedlysthe orgagaic

met hyl i spbutyl ketaone (M BK) and cycl ohexanone;_ hal ogen su i tyted al kanes
such as® VFPE‘% IPBE‘rSS%ttf?P&ﬁé;to E§IW€ at Bntag&ﬁ%t}Vég’ 7%@ﬁ%g%trb&%%%%%‘? &hdhand
?2' or OQSQ,F%B%M SShEFScBYE MiareP” PR¥ED a%c%@%n@%%t&)éhlpﬁﬁg&ﬁy,%?B@tt e

), Isobutyl isobutyrate and propyl propronate. Useful silicone
sol ventlsnitaltobetentedplipliaties suph, as mcgentrot, haxpng, acheptineyagidiisoosiadnexanes such as

oct anet hy] cycl at et r asi | oxane, and.decamet hyl cycl opent.asi,| oxane, . A single
ol ventoo et ot < P g TRV STy B e o BT OBL B R | e
Pr aoes sylidk, fdkiyihel ffers Ish&ﬁ@qaﬂrﬂlgamufaﬁ;o‘diexa@t taylehd Byt SanEth O etter,
conplete, volatiles may be renoved fromthe silsesqui oxane resin sol ution

under restplenscelprod duuethyl eieshkeyesicasichess metbylirgbutal kosbiet (MIBlorasduct s, excess
water, Cafalyshne RMALQ¢ hl'l[{%[i}u(%ecfiaﬁk%eﬁ %@éhoz{s%&{lﬁ%%ﬁla{& Y Ribnd ?&ja %Rllarlgsnt S
or &orati''es are known i n the art and ude: e

Met hods renovi ng I'nc r
exanpl euclilisbrohlodtizene @id Stlsioppizege; Loy suck dus@gyRhe ghdslemondiktifyl el | ow ng

conpl Etz;cgtgteo(]i’th\/rI]E?A)r, ?s%%h{y? ?SO%)II}[?/I'B.(%E? gr?c{ gr?)i)ylrﬁgprto)gatgp %Jlsgf?ﬂaéi{igor{eesgﬁf\égg ‘may

15  be exemplified by, but not limited to cyclic siloxanes such as octamethylcyclotetrasiloxane,
and decamethylcyclopentasiloxane. A single solvent may be used or a mixture of solvents
may be used.

[0016] In the process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure.

20 Such volatiles include alcohol by-products, excess water, catalyst, 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.

[0017] Following completion of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst are well know in the art and would include neutralization,

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

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



Met hods for renoving the catal yst are well know in the art and woul d

i nclude neutralization, stripping or water washing or conbi nati ons thereof.
The cat alwyetoomapi1rzeégat i vely i npact the shelf |ife of theCTiuss@sgsivoxane
resin especially when in solution thus its renoval is suggested. [0018] To
i ncrease the nol ecul ar wei ght of the sil sesqui oxane resin and/or to inprove
the storage stability of the silsesqui oxane resin the reaction may be
carried out for an extended period of tine with heating from40 OC up to

the ref] z'ilc)ﬁo}l%{TBg:lj’?tflélraglgé hetb ?y]?lg E’eﬁ M i gth fng% E&?(Pd 3ft1 1% Fgg%lq ngestep

may be carrle uen e reactiron s

thereaclt(nﬁmusetsemhBﬁlefmbﬁqiryferibmﬁz@ﬁﬂxyutmosst}emrs s carri ed out for a period
of time in the range of 10 mnutes to 6 hours, nore referablé 20 m nut es
to 3 hdlp¥] lfocﬂew}g the reasHPTh E Efﬁéuqeéb%ﬁlisé?ﬂuﬂ@‘aﬁ? sticenyRkergf opal pERaNe

resin g, nbel:i9f o kb bgﬁ?‘lhthé eS| Q%S%E thE e Ol b Oﬁe Sl ]ini)eéqw oxane

si | sesquioxane resin In orm exanpl e,

resin nsilyesheioxacoesinehyi e IsojWecbdhnrsaMdJﬁormdjmmoglrﬁghbe silamnenThe echodeithod of
sol vent {em)val is not cri |cal and nurrﬁ (gg nmet hods ar%ﬁ d known in the
art (e.%§. vegl MoV plp PR ifirakindHemer g dne o ﬁ&’ﬁilkn@‘{eénf é5®1& esqui oxane
resin 'cﬁstflﬁﬁ@%( ﬁﬁé‘éﬂ hest a%d/%?'vhéimﬁﬁr Onct B sﬁl@és'qﬁlockéﬁb @%n%ﬁéc@%%d % a solid

re-di ssolved in the sane or another solvent for a particular use.

Al t er ndpinr.ghg yesinfcaa bdiopfien@hytresipisolynd in deheme pharmthdisobehtfent pasiedlai n t he

reaction desired.fo the f naI uct. a .solve change nmay be done
2 Gy TR i Ll R Rt e Tt he Pt S in RO RANR, Fo
di i | | ®kir@Nfor mrﬁ@ngmh@t aéadeﬂtleﬁaeahq%ym aly e dogS by a&‘(ﬁﬁl @@édoam@@olventsol vent
can be adjusted by renoving sonme of the solvent or ad q addi ti onal

g

anmount singdfregeying He, fn‘ﬁbﬁ@?@pt thipughi mvéhtlpmrforaQ:@mpé@rAédlﬁgn by, g resin

rasi n- conrireBef BN Rg: ARt PR T St TR o 5

X))/ 2( %’di)tﬁ))l@l amounts of solvent.
[0020] This invention also pertains to an antireflective coating (ARC) composition
15  comprising

(1) silsesquioxane resin comprised of the units

(Ph(CH2)rSiO(3x)12(OR™)x)m
(HSi03-x)2(OR”)x)n
(MeSiO3-x)2(0R”)x)o

20 (RSiO(3-x)2(0R™)x)p

(R'Si0;xy2(0R™)x)q
where Ph is a phenyl group, Me is a methyl group; R” is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an a hydroxyl
producing group; and R1 is selected from substituted phenyl groups, ester groups, polyether

25  groups; mercapto groups, and reactive or curable organic functional groups; and r has a value
of 0,1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.95; n
has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a value of 0.05 to 0.5; q has a
valueof 0 to 0.5;and m+n+o0+p+q=1.; and

(i1) a solvent.



(RISi(3_ x)/2(OR")c)q where Ph is a phenyl group, Me is a nethyl group; R

i s hydrogen atom or a hydrocarbon group having from1l to 4 carbon atons; R
i s sel ectwo 2bo9ormieem a hydroxyl produci ng group; and R i $CTalSe@msIne om
substituted phenyl groups, ester groups, polyether groups; nercapto groups,
and reactive or curable organic functional groups; and r has a value of O,
1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin mhas a
value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to

0. 95; f Q.. I +n +
o + p 1O0F CelfBEeR ) EpUE i fsS AR G Sl oy prBDIAE. "o

ar e notglydohioadmehyl éthyHcBQW(PZ}MEQpa@zﬁhmamuquh&B@e ahy egdlomsxansmt hyl et hyl
acetate (PGVEA), gamra-butyrol actone, and cycl ohexanone, anong others. The

ARC corAvesgietatisis-t Yhs QRO spranomsion seucaysiomaioei ran gpee le%tﬂab@gt P Qmade
sol vent, ﬁ%g@ﬁ h% tgﬂkgégﬂﬁbfgtﬂé A¥c E&ﬁn%o%ﬁﬁnc 91@8&1&1&% toadst\g{ ,%at Ively 80

to 95wt conposition rnse free ra

i ni 6i at[OOZZJ]/r‘ﬂ“hehAR@mob@ogemerratyedmphmf afbé ;admal pinmntmahhmh cal by/generatat her

addi tives wtalefree adi c itiatqrs.in roxi des such as

benzoyl! Eﬁ@?ﬁ%%@ OtEIF}BfHHﬁ Ypt o F ALESbi ‘élnt"%%ﬁ "rag}ﬂaf nitagerg }i}%ﬁ}% and

Ot her S eirc)&l@dlé%%héﬁ/astﬁ'é%z&'?l%%rdx?d@ Qﬁhmgﬂbérb%%razb&sﬂ()&ﬁgr% ithife (AIBRYAMNL Of up
d)ppm alternatively 10 t ppm based on the total weight of the

ARC corqbbfms t Toricallfhbe deheadicd dnitlatm@s prayntiineh athepntnftupriotl 000 ppmed t o,

Gencr at bty dya b TLpBR: 8T PoLE O8T belT Home ARoeTEPSHE I PO ed by

M Xiong ddagrehehy intGudel beaRlUhR%aRE phe®latid S0l hemial-adiicheapiht@ phbis-tRe free
radical initiator or other additive. Typically the free radical initiator

or ot hemdgkrimal-baseigeneraiged to the coating composition just prior to its use
L0 P eBIPAERNRCGH Ly LOREH R LIMENDL O S0:cRE b NS Lo 2

met hod "Of  Tormn nt 1P er ve coa
silsesquioxane resin, solvent, and optlonally the free radical initiator or other additive.

Typically the free radical initiator or other additive is added to the coating composition just
15  prior to its use to prevent premature curing.
[0024] This invention also pertains to a method of forming an antireflective coating on an
electronic device comprising
(A) applying to an electronic device an ARC composition comprising

(1) silsesquioxane resin comprised of the units
20 (Ph(CH2);Si03x)12(0OR”)x)m
(HSiO03.x)2(OR™)x)n
(MeSiO(3.x)2(OR”)x)o
(RS103.x)/2(0OR)x)p
(R'SiOg3.x2(0R™)x)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 hydroxyl producing
1
group; and R is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, and reactive or curable organic functional groups; and r has a value of 0, 1,

2,3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.95; n has a
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el ectroni c device conprising (A applying to an electronic device an ARC
conposition conprising (i) silsesquioxane resin conprised of the units
(Ph(CH2 )WEi20§93L1x)2hA2 (OR")x )m (MeSi (3 _x)/2 (OR')c)o PCT/US2009/032906
(RISi(3 x)/2(OR")c)q where Ph is a phenyl group, Me is a nethyl group; R
is hydrogen atom or a hydrocarbon group having from1 to 4 carbon atons; R
is selected froma hydroxyl producing group; and Ris selected from
substituted phenyl groups, ester groups, polyether groups; nercapto groups,

and. " eaGHcYs (s G4 AL G OLIBLE UG hRAL na LUR: oPHlEls o 35, Ryvelats. of O

1, 2, 3, or X has’a value 0 : erern I'n mhas a

val ue Qﬁoqomqggngﬁi+a,m@$6angueﬂgh 0.05 to 0.95; o has a value of 0.05 to
0.95; p has a value of 0.05 to 0.5; g has a value of 0 to 0.5; and m+ n +

o+ p + ql.; dndagelvgntaandol vent, and (B) renoving the solvent and curing

t he silsesqui,oxane.resin tao forman gntirefl|ective coating on.t :

el 'ectronic dB) ir%“é‘?“‘f%)@%ff“?%tea“&rﬁlfl?% CUPTIBE SNt NG %%%p“gasr% %nlt%%?eicgv%ppl i ed
to an ng@%;@ﬂm@eugubﬁﬁ(k@maroduce a coated substrate. The solvent is
removed and the sil sesqui oxane resin is cured to produce the antireflective
coat i nd08# 1t He afiedlerdys coagpg FBpositiaris praiasi te an |e[;>0trﬁ1@c Speise toRPeugevi ce i s
a sem evi : 4l : : i ces - i

2 soni doipShiirgeC e 0N THEN 1o R ah 2k (TREFRIAGH B8 B0MHIT) blokRe tre

sem conatigiflectivospadngnh thetgitioalc deyicehe devi ce conprises at | east one

conductpE! Bl o drstBic ieE s abarRg ks B <och BOBVOSBREN i ¢
metpodsicl REs ARPLAIGRA 2ARNRE-thile ARCCS ARBRSE FhiaRe tPmk ReunBERREE 8Pk ¢ devi ce
semiconductor component. Typically, the device comprises at least one semiconductive layer
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.
[0027] Specific methods for application of the ARC composition to the electronic device

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

[0028] The solvent is removed and the silsesquioxane resin is cured to form the anti-

20  reflective coating on the electronic device. Curing generally comprises heating the coating to
a sufficient temperature for a sufficient duration to lead to curing. Curing occurs when
sufficient crosslinking has taken place such that the silsesquioxane resin is essentially
insoluble in the solvent from which it was applied. Curing may take place for example by
heating the coated electronic device at 80 °C to 450 °C for 0.1 to 60 minutes, alternatively

25 150 °Cto 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
electronic device may be placed in a quartz tube furnace, convection oven or allowed to stand
on hot plates. Alternatively, the anti-reflective coating can be cured under ultraviolet
irradiation in the presence of photoactive additives, such as photo-acid generator (PAG) or

30  photobase generators.
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include, but are not Iimted to, spin-coating, dip-coating, spay-coating,

fl ow coating, screenprinting and others. The preferred nethod for

appl i cat iwo 20e9/gpi2m coati ng. Typically, coating invol ve®CsaiSponongohe

el ectroni c device, at about 2000 RPM and addi ng the ARC conposition to the
surface of the spinning electronic device. [0028] The solvent is renoved
and the silsesquioxane resinis cured to formthe antireflective coating on
the el ectronic device. Curi ng generally conprises heating the coating to a

suf fi CI [V\ﬁiﬂtleogfﬁ C% e gllse(g asnléfrgslng I ﬁﬁ'le cgélt & Eor%nosu?on t?grﬁ %:aﬁ:tl%ll’il% Wﬂg Curing

occurs ent I nKi'ng ace suc

Si | sesquiyexanecafitesi during c&ﬁﬁgmh¢ airimg sité]ﬁ@hlﬂ@|perfbﬂnéd’l@1cféﬁhrvﬁﬂtt akhodphefel ch it

was applied. Curing may take place for exanple by heating the coated

el ect r JAFIE RSP PRBCTYEseRY hoein mchdo, otaregiot himited o Brogemardagon| Byr st vel y

150 0C 10 g A Oty EETLAYh 0 Al SLIBLRAAIY 200G 9aP50 0C
0.5 to 2 mnutes. ny nethod of heat’ e use ur|ngt ecurlng

st e|5 ) I%ouygﬁxafmm @essulveat odadhetie eluecg armfnemodelvstape anagartied pltaced dritical. quart z

t ube fglgnace convect | OHyoven or allowed to stand 1&ln?fuhot | at es.

Al t er a8 seRds WRIPALY E4TIEC PP AEBAPPHE RIGHUHR? fet'Pell t r avi ol et

i rradi akhgthheAc bﬁgsﬁéseﬁ%ﬂ%ﬂpglscphot oactive additives, such as photo-acid
generator (PAG) "or photobase generators.[0029] To protect the

si | sesd00¥U&rte aoegigs podduche fnoaatﬂledil@@qnpomnbircﬂgna‘ tlypimlﬂphmgi adhiéckmss lef oxygen
ot moephdPa e 2P [%%ﬁaaeﬂ%ggﬁ%ﬁﬁﬁﬁ‘i@e el BIRE wPES ik e 4 tea to
" L0000y B0 AL 08 Vo801 tnd § oL TRARy P2 g gavigdnment - cont ai n

| ess than preferab 8ds oxygen. The pressure at

whi ch t h@?alﬁ%ﬁc@g:u%dt e%’f@?:‘ﬁ%hm%fe@f& c@ﬂlgnﬁﬁ% Eﬂeeaqtl%ﬂedtﬁfe 8Lt dah'b%%lsed %&he

curing st is typically carried out nospheri ¢ pressure although sub
or supeurthtrobpiaes procpsiag swpesuniys plandithbgophy. 0VB&] uskldén pbablithgsraphpduced

fromthe silsesquioxane resins typically have_a thickness of 1000 A to 5000
A al tearrﬁélﬁ‘il%?’élgﬁlslfg%e O sy %BC%H’&FP?%ET}V Prp§fas ?qrsfﬂrén19§ 5ty have a

image comprises (a) forming a film of a resist composition on top of the anti-reflective

15  coating; (b) imagewise exposing the resist film to radiation to produce an exposed film; and
(c) developing the exposed film to produce an image. The anti-reflective coatings on the
electronic device are particularly useful with resist compositions that are imagewise exposed
to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively ultraviolet
radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced in the

20  resist film, then a pattern is etched in the anti-reflective coating. Known etching materials
may be used to remove the anti-reflective coating. Additional steps or removing the resist
film and remaining anti-reflective coating may be employed to produce a device having the

desired architecture.

25
EXAMPLES
[0032] The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well
30  in the practice of the invention, and thus can be considered to constitute preferred modes for

its practice. However, those of skill in the art should, in light of the present disclosure,
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2 water contact angle of 50 to 90 and a surface energy of 25 to 45 dynes/cm
[ 0031] Once cured, the electronic device conprising the anti-reflective

coating cao2b@/used in further substrate processing stepsT/Gsa@l/0a2906

phot ol i t hography. Wen used i n photolithography, a resist image is forned

over the anti-reflective coating. The process for formng the resist inmage

conprises (a) formng a filmof a resist conposition on top of the

anti-reflective coating; (b) imgew se exposing the resist filmto

radi ation to duce an _exp fid nd. (: yvel opi ng .the expos film
o odbeene HAEHER BRaBRARYE ik 1RIPRLE) AR IR N B BRREY sevi co

are pardndetllabtayn aked ot simfilbhres@s witho@@RPashg Fronstht Bpikit aidsdopBilgEiiese exposed
to ultraviolet radiation having a wavel ength of 157 nmto 365 nm

al t er ndfvepsry. Al pergontagestare Bvalh vHerahaYis stwsreand e s dte podvdisperdly 193

nm Onggyan i mege has been produced in the resist film then a pattern is
etched inthe anti-reflective coating. Known etching materials may be used
t o Send0@33]h&hafitm eoainigentwafersooatprogsseAddi ot Kah 8hissIEBjEsspit caagaroVhawgsinhe

resist filmand remaining.antj-reflectjive coatj be enpl oyed to
pr oducécé\@mo R Sk Terbdrush i o mlfrgeffﬁ@%@ﬁm@g%ﬁ%@fo%
fol | ow gag, xRl ﬁﬁ%lgrsgie'fﬂﬁﬂ iH&?ﬂolisﬂe@Wf&%fsﬁ%l? wRF&} 8{ &&%l@ﬂ@&%&lﬁﬁécﬁ of the

invention. It shou e appreciated by those of skill in the art that the
t echni JUER wifers|(sEedpded =t H¥Oapanpicebrathinsheddot SOV, tiepreg@mcondcimesgues

di scovered by .the i ntor to function well inh.t ctice of ,the
oot R iR R et e D e Rl ot DD A el ¥ or 1t
praot i Gepid HRWEMEProcéRREERAP) s¥dnl With B nithgeRkhs Sli0e! The filfh thicthdss obfrhdtBe

present discl osure, appreciate that many changes can be nmade in the specific
embodi redrxsandtli wiueawerediesempsdgsiagad Js i Wooblgmealhipsgmetarelhsy thigkpess aplueesul t
wi t hout t] omt Soi 1t c in Lon, I
o hout SR LG L RO RS S G LDIEM 0
pol ydi sfeesimired bynfke@xuring the film thickness change before and after PGMEA rinse. The wet
removal rate was assessed with two commercial wet stripping solutions NE89 and CCI.
15  Contact angle measurements were conducted using water and methylene iodide as liquids and

the critical surface tension of wetting was calculated based on the Zisman approach.

Example 1

(PhSiO¢-x)2(0OR)x)0.10(HS1OG-xy2(OR™)x)0.20(MeSiOxy2(OR)x)o.63 (RSIO(3x)/2(OR)x )o.07

20
[0034] In areactor at 20 °C were loaded with PGMEA (430g) and DI-water (20 g). The
water is quickly dispersed in PGMEA by stirring into a homogenous solution. To a separate
feeding flask was then added propylene glycol methyl ether acetate (PGMEA, 240 g),
phenyltrichlorosilane (10.6 g, 0.05 mole), methyltrichlorosilane (47.1g, 0.315 mol),

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

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

12



[0033] The filmcoating on wafers was processed on a Karl Suss CT62 spin
coater. The resin PQVEA solution was first filtered through a 0.2 mcron
TEFLON fiwoOepos%ndi2ihen spin coated onto standard si ngl ePsirds26000829%61Cch
polished | ow resistively wafers or doubl e sided polished FTIR wafers (spin
speed = 2000 rpm acceleration speed = 5000, tine = 20 seconds unl ess
otherwi se indicated). Filns were cured at a tenperature (200-250 0C) for 60
seconds usi ng a rapi d thermal processing (RTP) oven with a nitrogen gas

purge. E'J%on i %04 fo SRPRE % e‘é&@ﬁ% ?ﬁ@ﬁ/@?x A0, YR atea W rugggdeé Srim ned

usi ng a am el'l'i psone ness Vattes recorded Wwere the

aver ageTeflontilrRe GRAdME IR PLS/sty E&NEMwesz%toanBBIaﬂ.t)&r cure was determ ned by
measuring the filmthickness change before and after PQVEA rinse. The wet
renoval rate was assessed with two comrerci aI vvet stripping solutions NE89

and Cd 00 nl% ﬁﬁ‘é cgg'tﬂ1 g@fggﬁﬁa‘cﬁgggﬁésc%&?a%% dedted RY ARLRS @é\%‘ues

nmet hyl ecrltlca urface tension tting
cal éul aatseldsclmeedbm tHnlm hii sk =apProoaciilm H:b@alaﬁhecule PHSI °Q Bord) thiy( :QR' f)‘x) o

07 [ 003} PN Fsserb R B e A {05y NERP D1 v Zr

(20 g). The water is qwckly dlspersed in PGVEA by stirring into a
honogenous solution. To a separate feeding flask was then added propyl ene
gl ycol Erenipl 2et her acetate (PGVEA, 240 g), phenyltrichlorosilane (10.6 g,
0.05 nole), nethyltrichlorosi I ane (47 1g, 0.315 nmol), trichlorosilane (13.6

0. 035 DTy DR Fb LIRSy RSP RO 8L LRSI SROR" g 7 &

reggtor under nitrogen over 1 hr 10 mn using a peristaltic punp. After the
conpl etion of addition, the mxture in the reactor was washed tw ce by
addi ng [0P36jakcea repeior at 302°Cload@Dwigh PGMiRA soidudl-watenwss added psomilppedyal t er

Thesor uptoH 1 afta TR Ao e oRy RudhorGoTok T Pkerl R hen 111 ¢ rat ed
t hr oughn@thﬁtr&hméﬁ%b on {4 lotems. meFGridabslime (196lgy 8tMheleehnd My1= 29100, PDI
=408 trimethoxysilyl propyloxy) tetrahydropyran (20.8 g, 0.075 mol). After the completion of
15  addition, the mixture in the reactor was washed twice by adding DI water twice. The solution
was then stripped using rotor-vap to give a clear PGMEA solution. The solution is diluted to

10 Wt.% by adding more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC
data (vs. polystyrene): Mw= 42000, PDI =7.93.

20 [0037] A film coating was produced as described above and measured for various properties
as described above. Film thickness = 2237 A. Film loss after cure at 215 °C for 1 min.: 12 A
for PGMEA loss, and 8 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89.

Example 3

25 (PhSiOg.x)2(OR”)x)0.06(HS1O0G-xy2(OR™)x)0.20(ViSiO3-x2(OR™)x)0.64(RS10(-x2(OR™)x)o.10

[0038] To a reactor at 20 °C loaded with PGMEA and DI-water was added propylene glycol
methyl ether acetate (PGMEA), phenyltrichlorosilane (6.35 g), vinyltrichlorosilane (51.68 g),
trichlorosilane (13.6 g), and 2-(1-trimethoxysilyl propyloxy) tetrahydropyran (13.9 g). After

30  the completion of addition, the mixture in the reactor was washed twice by adding DI water
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[0035] A filmcoating was produced as descri bed above and neasured for
various properties as described above. Fil mthickness = 2269 A Film|loss
after curwoapozb120C for 1 mn.: 19 A for PGQVEA | oss, amdTAISA00008290¢VAH

| oss. Wet renoval rate in 1 min.: 100% by NE-89. Example 2 (PhSi O
(3-x)/2(OR")x) oio (HSIQ(3-x)/2(OR")x)o 20 (MeSiO(3 x)/2(OR")x)0 55
(RSIQ(3.x )/2 (OR')c)o 15 [0036] To a reactor at 20 OC | oaded wi th PGQVEA
and DI -wat er was added propyl ene gl ycol nethyl ether acetate (PGVEA, 400
g), phenyltrjchlorosil 1.0. . 0. 05 l.e) . methylinhiehl ilane (41.
Yy O IR s WA ARG R find it TR e VR B oy 1y
propy! asukiohed didhyditooywak by 8ddngmots PGMEhid théh Figtkatédheraehpl B2 non of
addition, the mxture in the reactor was washed tw ce by adding DI water
twi ce. TrAEndBletGRIndasvs Relysyteneppdua=dd 88y Fto¥.vap to give a clear
PGVEA sol ution. The solution is diluted to 10 W. % by addi ng nore PGVEA and
then filtrated through a 0.2 nm T Teflon filter. GPC data (vs. polystyrene):
Mn= 542000391 RPOYilm Cofthg 0B dducdd fak Henccibad atnyewad nenodert fod vasowgsopdartiesd above

and neasured. for. variQus properti s_.descri bed above. Filmthjckness =
2237 A MSERIGHbED A0 i ekt 1 {g@lrﬁ o5t afrede $o71g ﬂoﬁorﬁcm@xk%r}dgs, and
8 A forg /MARITE O%5ks, M8 A SSOMAIATE REE Wt denfBval rate P0%mRY: NEoB8y NExgyPl € 3
(PhSi O (3-x)/2(OR")x)0o 06(HSI Q(3-x)/2(OR")x)o 20(Vi SIQ 3 x)/2(OR")x)o0
64(RSIi (3 x)/2(OR')x)o 10 [0038] To a reactor at 20 OC | oaded w t h PGVEA

and DI -wat er. s added propyl ene glycol nethyl ether acetate (PGVEA),
phenyl tMsi | ane (6.35 g), vinyltrichlorosilane (51.68 @),

tri ?)hl orosilane (13.6 cand 2-(l-trinethoxysijl ylﬁropyl oxy)%

t etiPahyHPEBYPan - .)@0-18 SiOEPR PHe OERi v GR Do &3P 18AR bhe mi xture in
the reactor was washed tw ce by adding DI watertw ce. The solution was then
stripped using rotor- vap to give a clear PGQVEA solution. The solution is

di | ut ed0040]1 10 Meagiobyt Addi legderowsh POWHAA aandl P heatef Was pddeddremenegiye@l 0. 2 mm
Teflon nflfi:til;[deerthergca&at%?f’él\)f]%\!&)', [?—?ol—Xl%%%ﬁc%?bec)nﬁte%n%1:}})888511]tﬁ%leth:og’(ygl?dne
(12.80 g), methyltrichlorosilane (37.37 g), trichlorosilane (20.32 g), and 2-(1-trimethoxysilyl
15  propyloxy) tetrahydropyran (13.9 g). After the completion of addition, the mixture in the
reactor was washed twice by adding DI water twice. The solution was then stripped using
rotor-vap to give a clear PGMEA solution. The solution is diluted to 10 Wt.% by adding
more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC data (vs. polystyrene):
Mw= 14600, PDI =3.98.
20
[0041] A film coating was produced as described above and measured for various properties
as described above. Film thickness = 2098 A. Film loss after cure at 215 °C for 1 min.: 88 A
for PGMEA loss, and 102 A for TMAH loss. Wet removal rate in 1 min.: 100% by NE-89.
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[0039] Afilmcoating was produced as descri bed above and neasured for
various properties as described above. Fil mthickness = 1913 A Filmloss
after curwoapo2zb120C for 1 mn.: 22 A for PGQGVEA | oss, amdT8S200008290¢/AH

| oss. Wet renoval rate in 1 mn.: 100% by NE-89. Exanple 4

(HOPhSI (3-x)/2(OR")x) o 10(HSI Q(3-x)/2(OR")x) 030(MSi O(3-x)/2(COR")x)
050(RSIi (3-x)/2(OR")x) o io [0040] To a reactor at 20 OC | oaded wi th PGQVEA
and DI -wat er was added propyl ene glycol nmethyl ether acetate (PGVEA),

[ 3-(0-ngt rr-bonat e- phenyl ) propyl Jtri net hoxysil ane (12.80 g),

met hyl trﬁllagﬁ':h%?jolsc? H%‘ﬁgls?S?. 37 g), trichlorosilane (20.32 g), and

2- (| -t ri. mekhaxysibkatke redio phkexythe ke qlipmepydian doliprBeddf thAuhied t he
conpletion of addition, the mxture in the reactor was washed tw ce by

addi ng DI waPR(CHWSiO3_hh€ORD) Y i on was then stripped using rotor-vap to
give a clear PGVEA solution. The solution is diluted to 10 W. % by addi ng
nore PGVEA a(pglival)/\ggq/ %@M);{ ted through a 0.2 mm Teflon filter. GPC data (vs.
pol ystyrene): = % 00, PDI =3.98. [0041] A filmcoating was produced as

deseri bed a .and +red for various properties as descri bed above.
Fi | §1 t hi cknggas/e%é@gdm%?ﬁl mloss after cure at 215 OC for 1 min.: 88 A

for PGVEA Iogg, and qjcg)%,afor TMAH | oss. Wet renoval rate in 1 mn.: 100%
by NE- 89. ThafouhBer2(O% Dalered is: 1. A sil sesqui oxane resin wherein the

si | sesqui oxane resin is conprised of the units (Ph(CH2 )rSiQ(3.x)/2 (OR")x
ym (MeSi O 3 Ru§iOn-0afPB oxlg (RLSI O(3_x)/2(OR')c)q where Ph is a phenyl

group, Me is a nethy roup;, .R" i drogen. atoam or a hydrocarbon group
havi ng Wl}%ﬁﬁh}%wh@%&%m F%@eﬁzyrifogaﬂgds draegirh (it BEPBPBHuci ng
group; ABh it £6haCheLaltRAMSHET {stklcedd PRENY hy@oQURtod RS LE0GH; MBS

pol yet helr groups; nercapto
10 R is selected from substituted phenyl groups, ester groups, polyether groups; mercapto

groups, aryl sulphonic ester groups, carboxylic acid containing groups, and reactive or

curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or

2; wherein in the resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value

of 0 to 0.95; p has a value of 0.05 to 0.5; q has a valueof 0 to 0.5;and m+n+o+p+q= 1.
15

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

0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to 0.35 and q has a value of 0 to 0.3.

3. The resin as claimed in claim 1 wherein m has a value of >0 to 0.15, n has a value of 0.10
20  to 0.3, o has a value of 0.25 to 0.75, p has a value of 0.05 to 0.15 and q has a value of >0 to
0.15.

4. The resin as claimed in claim 1 wherein the hydroxyl producing group, R, has the formula
—RZOR3 where R2 is any organic bridging group and R3 is a protecting group.
25

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

(CH2)3—COtBu, -(CH3)2-CO-SiMe3, -(CH2)2-(OCHZCHZ)d-COtBu, or
-(CH2)3-(OCH2CH»)4-CO-SiMes.
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groups, aryl sul phonic ester groups, carboxylic acid containing groups, and
reactive or curable organic functional groups; and r has a value of 0, 1,

2, 3, or wWo2modas2a value of 0, 1 or 2; wherein in the Pesius2miaoa val ue
of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0 to 0.95; p
has a value of 0.05 to 0.5; q has a value of 0 to 0.5, and m+ n + o + p +
gl 2. The resin as clainmed in claim1l wherein mhas a value of 0 to 0. 25,
n has a value of 0.15 to 0.40, o has a value of 0.25 to 0.80, p has a val ue
of 0. 025 to 0.35 and q has a value of;0 to 0.3. 3. The resin as clained in
cl ai m 2-wHrgsin a?rflﬁﬁéedam\ﬁé%lﬁ’el whers R oisgnpdkenil $a4P-a val ue of 0.10 to 0. 3,
0 has a value of 0.25 to 0.75, p has a value of 0.05 to 0.15 and q has a
value of >0 to 0.15. 4. The resin as clained in claim1 wherein the

hydr oxyl {0dUGia061aghQLR cldtm DN@fekbithé R Atdns B 3R mBleqR oMigfienBids any
organic bridging group and Ris a protecting group. 5. The resin as ¢lained

|n cl ai+OR’ gihepei n t he hydroxyl producing group has the fornula - (CH2)S-CO
(CH2 )2-CO-SiMe 3, -(CHa)2-(OCH2CH2 ) 1-CO Bu, or -(CH2)3-(0OCH2CH2
)d éO-SI Me3 .6. The resin as claimed in claim1l wherein Ris an al kenyl

group. g. THEh@sﬂﬁ Q5 tRir& &l difEdwhéreR! Bé Rsin Hﬂ’é%h%é‘ragélﬁlole%ﬁlaﬂ w‘é%fh
38 nole % of units having -OR' groups. 8. The resin as clained in cIa|n11

wher ei rPft/RB t¢ 88PP0.has an average nol ecul ar weight (M) of 700 to 30,000. 9.
An antireflective coating conposition conprising (i) silsesquioxane resin
conprised of the units (Ph(CH2 )rSSQ(3 x )/2 (OR")Xx )m(HSIQ(3 x )/2
(OR") X 9. An( MeiiflacBve 2oatihg coibositkon €omprising

10 (1) silsesquioxane resin comprised of the units
(Ph(CH2)rSi03-x)2(0OR”)x)m
(HSi0(3-x)2(OR”)x)n
(MeSiO3-x)2(0OR™)x)o
(RSi03x)2(OR™)x)p

15 (R'Si0(3.42(0R”)y)q

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

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

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

20  functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in
the resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to
0.95; p has a value of 0.05 to 0.5; q has a value of 0 to 0.5;and m+n+o+p+q=1.;and

(ii) a solvent.
25  10. The antireflective coating composition as claimed in claim 9 wherein m has a value of 0

to 0.25, n has a value of 0.15 to 0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to
0.35 and q has a value of 0 to 0.3.
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(RSIQ(3_x )/2(OR")x )p (RLSIi OCo-Xy2(OROx ) 1 where Ph is a phenyl group, M
is a nmethyl group; R' is hydrogen atomor a hydrocarbon group having from1l
to 4 carbwo 20090118121R i s sel ected from an a hydroxyl pro@a®iusgoogioseps and R
is selected fromsubstituted phenyl groups, ester groups, polyether groups;
mer capt o groups, aryl sul phonic ester groups, and reactive or curable
organi ¢ 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 mhas a value of 0 to 0.95; n has

a val ue ,of0. .95 .0 h .val ue of 0.05 t0,0.,95; has val of
0. 05 ta o W affytelbeipyfe Sp@ QR MEAehnhlo hngrn RGBT,
a sol van.1510 hadhealaadf 0.0 keoB| vy BaLoddlidgf @OFIROGTS, poinsaSyableadTOEAS don cl ai m 9
wherein mhas a value of 0 to 0.25, n has a value of 0.15 to 0.40, o has a
val ue d¥1pag by pvades of (e B-val ue of 0.025 to 0.35 and g has a val ue of
O to 0.3.11. The antireflective coating conposition as clainmed in claim9
wherein mhas a value of >0 to 0.15, n has a value of 0.10 to 0.3, o has a
val de of2. Ch2antieflectit, coptihgsompasitianeasalaitedn ¢loind9 Whesidthg hydsoxgl val ue of
>0 to 0.15. 12. The antirefl ecti vey coating conposition as claimeds n claim
9 wher giroducire grpdp basythe forgiuda R b dwukdra® gs ayporgasc bhdgihggmuipand R GRawher e
R is any organic bridging group and Ris a protecting group. 13. The
ant i r efArelgetingegrewt i ng conposition as clained in claim12 wherein the
hydr oxyl producing group has the formula -(CH2)S-CO Bu, -(CH2*-CO-SiMe 3 ,
-(CH)2 -(OCH 2CH2 ) 1-CO BU, or -(CH2)3-(OCCH2CH2 )d-CO Si Me3 . 14. The
aInL [ re}‘ﬂ%qﬁemﬁtimtﬁwo@aﬂgw@hpdsamna@ ctdimiedadclhiin ¢ aihereth tB@keioryR i s an
al kenyl group.

10 producing group has the formula —(CH2)3—COtBu, -(CHp)>-CO-SiMes,

—(CH2)2—(OCHQCHQ)d—COtBu, or -(CH2)3-(OCH»CH»)g-CO-SiMe3.

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

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

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

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

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

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

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

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

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

30  additionally comprises a free radical initiator.

17



15. The antireflective coating conposition as clainmed in claim9 wherein
the resin contains 6 to 38 nole % of units having -OR' groups. 16. The
antirefl ex0i20@®/100R2Mi Nng conposition as claimed in clai mCrRSe@9M319h€ resin
has an average nol ecul ar weight (My) of 700 to 30,000. 17. The
antireflective coating conposition as clainmed in claim9 wherein the
solvent is selected froml -nethoxy-2-propanol, propylene glycol nononethyl
et hyl acetate (PGVEA), ganma- butyrol actone, and cycl ohexanone 18. The
antireflective coating conposition as clainmed in claim9 wherein the
conposition conprises 80 to 95 w % sol vent based on the total weight of
the COMYOA triettdd of Forming a BittireREJtiE cbMh gCmadn -t RS ideicompaisingl ai med in
claim9 wherein the conposition additionally conprises a free radical
i ni tiator.20A) APPBNEAE B ElICEBPHE AgVishampfti-Fedlertda GopEng 6PN By cogiprising
el ectronic devﬁ?%ﬂ&%ﬂ@%k%&ﬂgmﬁé%m@ﬁ&h%ﬁ@&:&ﬁma” el ectroni c device an

ti

anti-reflective coating conposi n conprising (i) silsesquioxane resin

ised of th ' CH i (3 /2 (CR' MeSi O( 3 /2
f%?ﬁ;izf g ((F)QSi q?fﬁ“ﬁ?‘%%)%’éb§3x-§>é<%’%?§?& 3:§)32(0(?')cgé)\Tm(ere IPﬁxi s_)a(l |)oheny|

group, Me is a gr oe-~R' 1S hydrogen atom or a hydrocarbon group
having from1l tgﬁﬁﬁ%ggﬁﬂﬁ&§$3§é; R is selected froma hydroxyl producing

group; and Ris s cted fromsubstituted phenyl groups, ester groups,
pol yet her groupsﬁﬁhg?é@p®@«§£babs aryl sul phonic ester groups, and
reactive or curable organic functional groups; and r has a value of 0, 1,
2, 3, or 4; x hadR&iQalwe(@R)Qp 1 or 2; wherein in the resin mhas a val ue
of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95;
p has a val ue of(Bf@ﬁxiQQQMBDXH has a value of 0 to 0.5, and m+ n + 0o + p
+ l.; and
qu where Ph is a phenyl group, Me is a methyl group; R” is hydrogen atom or a

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

mercapto groups, aryl sulphonic ester groups, and reactive or curable organic functional
groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m
15  has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
value of 0.05 to 0.5; qhasavalueof 0 to 0.5;and m+n+o0+p+q=1.;and
(i1) a solvent, and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective
coating on the electronic device.
20
21. The method as claimed in claim 20 wherein m has a value of 0 to 0.25, n has a value of
0.15 to 0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to 0.35 and q has a value of
0to 0.3.

25  22. The method as claimed in claim 20 wherein m has a value of >0 to 0.15, n has a value of
0.10 to 0.3, o has a value of 0.25 to 0.75, p has a value of 0.05 to 0.15 and q has a value of >0
to 0.15.
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(i1) a solvent, and (B) renmoving the solvent and curing the sil sesqui oxane
resin to forman antireflective coating on the electronic device. 21. The
met hod aswol2admadi2in cl ai m 20 wherein m has a val ue of ®CTWSR02H32906 has a
value of 0.15 to 0.40, o has a value of 0.25 to 0.80, p has a val ue of
0.025 to 0.35 and q has a value of 0 to 0.3. 22. The nmethod as clained in
claim20 wherein mhas a value of >0 to 0.15, n has a value of 0.10 to 0.3,
o has a value of 0.25 to 0.75, p has a value of 0.05 to 0.15 and q has a

val ue 3. >lqlet etﬁ)oci]' gs c%glmeghl? cla rﬁ%d h%?ﬁ‘ég gl% h”%%’o ypproﬁugﬁg &ﬁou\ﬁ@% Nt he

hydr oxyl™ produci n I°s any

or gani P od as

cl ai e Oﬁ%ﬁlg%ﬁRZ%ﬁgﬁerel nﬁ?ﬁggaﬁlcﬁ; %ﬂﬁ%%%ﬁﬁgm&fpﬁaw}_ﬂx‘%%hg formul a
-(CH2)S-CO Bu, -(CH2 )2-CO Si Me3 , -(CH2)2-(OCH2CH2 )d-CQx Bu, or

-(CH2) 3-(OCH2CH2 )d-CO- Si M3 . 25. The nethod as clainmed in clain120

wher ei 4R The regthed kerlgimedno ulpim 28 whifhen thethydbxaspiodading draup hak giem 20

wherein the resin contains 6 to 38 nmole % of units having - OR' groups. 27.

The Snetthgaulas((dHazfél B (€Halork O iMear ¢CH HOGHA T Hp) ir& O gh, @ver age

nol ecul ar weight (Md) of 700 to 30,000. 28. The method as clained in claim
20 wher-éC'H,) 5 HOCEHICHNG-COsSMdect ed from | - net hoxy-2- propanol, propyl ene

gl ycol nononet hyl ethyl acetate (PGVEA), ganmma-butyrol actone, and

cycl ohexanone 29. The nethod as clained in claim20 wherein the conposition

conprises 80 to 95 wt % sol vent based onthe total weight of the
conposidd drire method as claimed in claim 20 wherein R is an alkenyl group.

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

having —OR” groups.

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

15
28. The method as claimed in claim 20 wherein the solvent is selected from 1-methoxy-2-
propanol, propylene glycol monomethyl ethyl acetate (PGMEA), gamma-butyrolactone, and

cyclohexanone

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

solvent based on the total weight of the composition.

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

25
31. The method as claimed in claim 20 wherein the antireflective coating composition is

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

32. The method as claimed in claim 31 wherein the antireflective coating composition is
30  applied by spin-coating.
19



30. The nethod as clained in claim20 wherein the conposition additionally
conprises a free radical initiator. 31. The nethod as clained in claim 20
wherei n twe 2aswitnefil ecti ve coating conposition is appli edThg2epioszeeat i ng,
di p-coating, spray-coating, flowcoating, or screen printing. 32. The
method as clained in claim3 1 wherein the antireflective coating
conposition is applied by spin-coating.33. The nethod as clained in claim
20 wherein renoving the solvent and curing conprises heating the coated
substrate to 800C to 4500C for 0.1 to 60 m nutes. 34. The nethod as cl ai ned
in claim20 wherein the curing takes place in an inert atnosphere.

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

heating the coated substrate to 80°C to 450°C for 0.1 to 60 minutes.

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

atmosphere.

10
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