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HI GH SI LI CON- CONTENT THI N FI LM THERMOSETS 5BACKGROUND OF
THE | NVENTI ON This invention relates generally to
hi gh silicon-content resin conposition that can be used
to formthin filmthernosets, useful in formng | ow k
dielectric constant materials and as well as hard mask
materials with anti-reflective 10properties for the

phot ol i t hography i ndustry. As the di nmensions of

m croel ectroni c devices becone smaller, the inportance of
fully expl 0|t| ng the physi cal roert| es of the material s
used in rSIHANACONA &N ) M THERME

parti cul arly true of the dielectric materi aI S that are
used to insulate nmetal |ines, vias and el ectronic
conponents 15 BAGKGROUND O THEDAENTION t he
contributions to capacitance that these nmaterials nake.
Silicon dioxide has been enployed within the industry as

a digligpvehfolRiigtes genballlytd hlngh&@Gtamenmbsmmompmlﬁm

nearly three decades, but beco s su gcﬁ r&{the
that A ke Boea t N lm Berp Y LSadn FBNas 1o k deialitn:
coﬁrﬁ}ag\t grgﬁérlalg‘aﬁﬁ%l well ﬁ@ﬂ??ﬂsﬁ\asﬁ 'rﬂétéﬁé@%vn!haéfﬂl randetivenr oads

m crol1thograp abrication with low dielectric
propmmamnhesmmntmramemuam pattern transfer hard

iy TSl of lpRE il BRI matier the

Addi conventi ona sem conduct or
inmpeftahas bifullp@xpiditingy tie phlysicat propettidsi aifihe mefterals used i thalr

marasise Prapwen fs AsRefihlo bR PrBEHERY e e B FE

mbftrald ®hfarduddd 1B ihE Al metdl 1ieés, viditasdelceBohic dompdnents
uneven exposure of the photoreS|st conventionally one or

fromraneanatherhecause of the eendribglipnsdosapasifancs thakthese he
m%t%%a?g két Sihﬁoﬁlﬁ ?ﬁiett%js Qéerf‘?MP cﬁ/@d vtn?ur‘i e inBashgas @f an

ron coating, Inter refl ected and
duerectrtbanatemptmuhe mesifaxturerof cleviceaiseneariyriiregydegades, but

ff t t hat di i, t f
B el e e b RA o sl i i
cofftthriti(k Q5 1). Réchtig Hdweviey, diloxangdhave hizelednidade intvaged
areas = can cause undesirable line width variation for

micralithperapiifabrication gt Igwedielestricapastantinsulatingjayrrs and
pét’mﬁs%? h% rﬂem@[tﬂ—étg}lhﬁ)it antireflective properties.

Additionally, in current conventional semiconductor manufacturing, in

order to prevent light reflection from being transmitted through the photo-resist,
reflected off the substrate and back into the photoresist, where it can interfere
with incoming light and so resuilt in the uneven exposure of the photoresist,
conventionally one or more antireflective layers may be deposited before the
photoresist is deposited or spun on. In the absence of an antireflection coating,
interference of reflected and incident exposure radiation can cause standing
wave effects that distort the uniformity of the radiation through the thickness of

the photoresist layer. Variations in reflectivity throughout the entire imaged areas
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The present invention relates to a conposition
conprising: (a) a polyner conprising at | east one
repeating unit of formula ((A)R Si0O(3_,)/2) and at | east
one repeating unit of fornula ((A) kR2Si 0(3-k)/2), where
each Rl individually is the sane or dlfferent chrormphore

i ch_abs tiLni ach R2
50 catrS panem e ARE IR Vel Pl RIRS Wl A s o
haye simildt\imeasidnar al kyl ; each A is an unreacted
functional group of a nononer which forns either of the
above repeating units; Jj and k are each integers that

fall within the reueeIARY JF #Ag INVENTION., the ratio of
Rl to R2 being from about 1:99 to about 60:40; (b) a

hal i de source; and (c) a solvent. The pol yner can al so

COW&hé?@b@ﬁ’&e&hleﬂ S%Iafé\%,'nté rag(t, ngé%grl] I{F%’érg résm (ﬁl) a polymer

connhrrsmgmilktgst sokgepealirg writ moamla RA)iRu&iOw)@nendatdeast one

SPB BT AT A oL e Shoil e

oi' dlffaarm dhromnpg@reonhnah abbsﬂbsait anascﬂmblwau&lengtlaretaiobllﬁ isf

n re of _a trate,, the inyenti 0 i tion,
AU A S8 2 By oBRa i e Sielg it Tkl eikyD agh &
id BR uHRRIcRid Rictibfalighy@nbf ammmwﬁ.cwmm difher ﬁeﬂbqabd‘v@r
form ng an |%Irr§gge on a substrate and f orm ng

rgmatmfwét j 3rd k gi paghinieaqip that é@'bwﬂlmem? [@sqﬁém (=Y
<LF< TR AR N ?@Tﬁlﬁné’f@ﬁneéﬂodt ﬁw:‘d A8but BbAR B) PhAlide

COfT'pOSI tion conpri sing O ynmer conprising at | east

sonece; apd 4¢)i ngolvant Bfe wvmr aare alapi RNMGIrpeFyaddibenal apit of
TR QIR RBILARG, Ykl kR U oI Sl rom

thmmﬁp mldammudnmmmstegemmyhlmthe fimis \Qas/(w engl $f2 vatich

IS |n elec ed fro h .
th REig70 e b o112 e Tt Eupil 1A RIEdET 650l i image on 2
SUBERACIRAWENES bihaiifdle oF mmmafct@ermracgwstrata mﬁe frﬂéﬁﬁve
ei ther of the above repeatlng units; and are

GoRtRagHios. aRd A Rhateregist AfeIER BrovigRsk Fe"f@er p@\mﬁi e th? uge of

t%%ﬁw%ﬁﬂ\hﬁc&hp&itléﬁ uﬁ%ehﬁéﬁ'ﬁdfﬁ%rﬁh@%n &gk 69 a%QlB§frate and
a halide source; and a sol vent.

fpbﬂoymmg amantmeﬁectweripyerm aﬁulmtr:ﬁtm onal unit of for mul a

(Rf),",(Rg)2Si 0(4w 02, where 1:11 and Rg are each

i ndi vi dual | y selected fromRl and 112; and w and z are

each i nt egeDETAILEDDESERIPTION OF TMEANVENBON with 5 the

proviso that (4 - w- z) does not equal 0. A nethod for

form ng an image on a substrate as well as an article of

manufmetgregestiindertiohsblatd<to 4 b@npﬁsiﬁm wmpﬁemgo@)ta |§7cﬂymer
and a_photoresist are al so Br ovi de

ORI 605 R EPB A G HOAPHOTP U IR (SiGrmpL ahd ot East Sne
%&tﬂﬂﬁ@ﬁ f%}mﬁﬁg(A)&ﬁQﬁ% %Q(ﬁh&)e/ &doh N@In@m&@ﬂyb@the same

epare nown to those skilled inthe art,

dr@ffqgamhremdpylorq/wh@hﬁhsmbﬁoai@é\ym'nwa\eﬂ%ngtbn%a@r Rz is
DAUERGH) LISl IR UGN E Sy oocn
lalahyjnr@cwqb furikkBibaloyroop wf 2, maronkSi Which yornes eithierof the aboe

Bhreie CRf b ARLK R 3R SRESEE g TPOMIG Degangh 8 Sk £Tane O

|nventi on can be found 15 in United States Patent Nos.
5, 290, 354; 5, 320,868; and 6, 770, 726. These
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reactions can formsmall oligoners, conplex resins and
net wor ks. Exanpl es of R1, chronophores, include,
but are not limted to, unsubstituted and substituted
fl uorene, vinyl enephenyl ene, anthracene, perylene,
phenyl, benzyl, chal cone, phthalin des, panoic acid,

acridi ne, azo_conpounds, 20dj benzofuraa ar& derjv t", es
< kifet.dBe ratigplgpniordseing fianh abeie! 98 & akoid 6G:40 y@ﬁi@
scwé&rhﬁﬁ} (ﬁ { huehant.nfre ﬁélynﬁé?tcléh%corhﬁﬂg@ﬁﬁ 2@andhal unit of
t hi oxant hones, heter ocyclic aromatic rings containin

forrtin (B Olcia hero i SRY Garhre ench SuBvidusly saipctodirem

RF G0 S e Wl piE ey wARLEREIIRR O 3 23 with

thgrpwwso tHat R - ma-nz)hme%ﬁmisaqbat 0t Atradthod feummmgmm dnage ona

bl e s bstituents .incl n.t he. .context
sitipfi a5 Rl aR AT ulidule Sh sPRfle B PiFRe
cdih n, anah PifotBreBist afe B%bcm‘éﬂdéﬂ om (e.g., fluorine,
chlorine, broni ne, i odi ne), hydroxy, alkox nmer capt o,

al kyThgepelypmes of memrsser.mmv%g@n copiAipS r&.Rﬁaﬁ'BQym'tﬁnd t he

(AR S VAR ISt W e gsonn

tolthese slayed mahleyirt Mrcﬂxaasplem bvdmgvnc copdengainnyeactions of

BB e o Rt AR, PR R

(ABIDRYY, here R, dw\obeaﬁu ?ﬂqbgwﬂpgﬂst(agyl?x%)u:mxy group,

i SObut OXy. group, se ro 0X
RERERKPIKirEro »BYYZ8A e SRerriaN: VIR HRPE Bl P
FORIRsHInfoRM3tion ¥n préghrg ﬁ&fﬁﬂ@i@/of%@ ':bPese@ii‘ thv@hibR¥4A delenyd

group such as benzoy ona@grou 5Exanpl es of the polyners

inj ldmemﬁtam Datent Nos- 2P8354i 5@89:%%%%@77@62&6 ']Siﬁényl
IIB %caﬁfﬂr%{&ﬂ&lﬂffw y{:&rhp%ﬁsrgéi 2530 Netwdks30
yl5 "pol'y(phe

pr op nyl si sequ|oxane) 90: 10
p h e nl;‘zkamplnee;df Ri pctproh\ppborese ihclude, but are not limited to,

@%{%ﬁ%@%ﬁa gﬁb%ﬁﬁ%ﬁgﬁ%g% r{yﬁﬁa@)ﬁen 3N6; anthracene, perylene,
Iﬁ’éﬂ (ﬂﬁiﬁw bhaﬁ@ﬁ@mfﬁhélﬁﬁlﬂﬁﬁlme)amd acridine, azo compounds,

phenyl - n- hexyl si | sequi oxane)
dlgsnwfpf?éhﬁnyHSHXQHM%thQ'@@&Jh@PB%?S nsehihalensh pengenhenoxy
c@%@i@?k@fﬁgeﬁuﬂaﬁ{ %r‘i&o '&hﬂ%né@@é\ﬁ%ﬁ%ﬁ&ﬁﬁ%' hidMthones,

sesqul oxane)
elleconyiclicl Sramatieyings| cordajoingxheterpai@ns selected from oxygen,

SRR BTN AT 0T A B PL Bipr.
nor eThe pigl, |al1@nyh icysloatkyll andakalkylRraqpOof B} 04 ber z) / 2,
UBeRbSHiad OSUEaIE. SWIARS SHERMSHIA T3iude. MasE i A SIS
c&htbi'& & thi.a,qmbér{rthd& nbtﬂam:sr tﬁé péo;?ernéé Bf thegyrensy istehtRa gl 4

does not equal .
halogen atom (e.g., fluorine, chlonne bromme iodine), hydroxy, alkoxy,

mercapto, alkylmercapto, nitro, nitroso, cyano, sulfoxy, and the like. Examples of
alkyl include methyl, butyl, isoamyl, and the like, alkenyl such as vinyl, allyl, and
the like, cycloalkyl such as cyclohexyl, cyclopentyl, adamantyl, and the like,

alkoxy such as, for example, methoxy group, ethoxy group, hydroxyethoxy group,
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Anot her conponent of the conposition is a halide source.
The hal i de source can be just about any material which
provi des a halide anion to react with 20 the pol yner.
Dependi ng upon the application of the conposition of the
present invention, it may be nore advantageous to use
certain halide sources over other halide sources.

- PTERGRY, BEWIPe PYHIOXYROPOXY) HERD: PM‘%’S@QV&“PpﬁSPW@X& FEER: ﬁSFy

lﬁaﬁﬁﬁiddﬂérﬁi {Butofy groupaahﬂhfl %Q&hﬁs@e'ﬁ!?le r | sHERREYI Gfoup

such™as tetranet hylFamoni um chl ori de aet hyl amoni um
arMcwnvlonfounsaw&xvmh g IPAeROXY graup: and @eylexw:arbonyl group

t E¥! brom de, a MC, -6 al kyl C8_20
Sa‘ﬁkéy anmoni L’I“’:ﬁ%aﬁy'lmde such as trinmethyllauryl amoni um
chl dexaheplasdf the myllnyefﬂ iaclugle polgphemglimethylditsesquitix@he

o O G555t o0 penytropys

p(ﬂ*?ﬁthL\ﬁ’lWIﬁWe%hmwgbhque@\?D'VIH se&m bhzed t etraCl. 4

| anmoni um hal i ( a tetraCl. alﬁll amoni um

vi/aslaysmaoxane@enwls&sm@n% pa!vﬂgheawhﬁﬁpu sigesqHoxane),
péiﬁe%euv' RISk PR e ARSI, 2
paly(@heayldidnzogisieesquibxank), Imtpmnwpkmemy silsesquioxane),

| i phat i L ' . . o
ouleBfftnyFaitus ReghaoRAs, POV ER s hsfuoxane), (902
pmiyl-aswméthgheilséﬁmmhe) cﬂwmheuwnﬁthﬁsuoiene)u 0%
AR DN Isan B VTEL A i s el Bh BODEETS 531 A8 comtain
orkebYinord f&ﬁé&)ﬁh@fﬂﬁ%‘ bﬂfﬁrﬁm@(ﬂ,ﬁ,@a%)r@iﬁw 55 VoRdre G EHRINR Lae

chloride, tetrabut um chl
eaféﬂzlglividuaﬂmsngﬂc (im afiel Bz a9y éesq@eﬂeabovgsam and z are
o AR PRS2 B g 4w

daBsyuattezjuab 0 yor Somoni um d| hal i de sal ts such as conpounds

fper AfathdCediRpshéi ot Mkt addioni<a Pofddbouteh 2 v e

sGLRES ean BEGIS, abtRl any mdiddial afhicH pmvidetsch Bancfeaarhan t@ kBB with
aryl, heteroaryl, cycloalkyl of from3 to 6 carbon atons,

theyRolsnet dpeRRNg BPOR tharaaiication ebiePraRGAHioN @ the present
GO Rh &y Be:rﬁ&%eaﬁfvan Sus RPuswiadhainaRide %BB 8! REF Biher

ni t rogen, hetero omnltrogen I'n an 1balicyclic,
halidessapitase yickaroples df bakdersournes incluster aliphatie qiatesnany

ol Sl o e ARG BB BE N SRR AL, ey
tetrinfetiyadniania® ohioriden tataetlaramonjurh ehioride| ky | of from1
oSG Gy Lot AR KA o Lo Znkid, 33462 D"
alkylCg.o0 alkylammonium halide such as trimethyllaurylammonium chloride and
trimethyllaurylammonium bromide, a diC1.¢ alkyldiCg.po alkylammonium halide
such as dimethyldilaurylammonium chloride and dimethyldilaurylammonium
bromide), especially a tetraC+.4 alkylammonium halide (e.g., a tetraC,.»
alkylammonium halide), a triC4.4 alkylC1o.1¢ alkylammonium halide (e.g., a triC1»

alkylCo.14 alkylammonium halide), a diC1.4 alkyldiC1¢.1¢ alkylammonium halide
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10. Exanpl es of these conmpounds i ncl ude
RCH3) 3NF( CH2) 6W CH3) 3] (Cr ) 2,

20[ (C3H7) 211( CH2) 6N(C3H7) 3] (C1 ) 2,

RCl - 13) 3N( O2H4) 6N+( CH3) 3] (B( ) 2,

[ (C6H5) 3N( CH2) 5N(CH3) 3] (CE ) 2,

RCel - - 15) 3N+(.C2HA CH3) 3l.i Cr, )2, d the Ijke, etc.

i ARG ARG e e L ey | | <

amindnidth fSh”QNEéJ-QJ %'en%ﬂkﬂ.@ lalkyHainiindliR tHafiélb U OF RAtApiat ®F these
known as C31). Yet another exanple is

Sﬁ(l'@tiﬂdldd% tetrabstyigmmaniynahiaside, benntlimetylammaninm chismdeer
RIS BT EhiB s HE bR Ao B dHortag & Trant um
cechjfhétﬁyhrﬂkrji\oUmsqmgl]ridle,mhzmynﬁm;tﬂmimmilimmfm_rlcmi ,

l. S [. € S or r .I,S (0]
telBhttyleeRoniytn ShiSkde) SendRiGethviainmoRiung tibtits.4s e A he
cdrgspohding fludridds Drofidd Jahdfddidbsere 1: 11 is zero to three

substituents, each of which are independently al kyl,
al keQther examples ¢f syiiable halide spurcss aiedigiatengry; agimaniyg

O R R R e A Compounds
havi ng the formul ae [(R)aN*(Z)mN*(R)s)(X" )2
wherein each R' is individually alkyl of from 1 to 20 carbon atoms, heteroalkyl of
from 1 to 20 carbon atoms, aryl, heteroaryl, cycloalkyl of from 3 to 6 carbon
atoms, cycloheteroalkyl of from- 3 to 6 carbon atoms, or combinations thereof; N
is the quadricoordinate element nitrogen, or the heteroatom nitrogen in an
alicyclic, heteroalicyclic or heteroaromatic structure X is an anion; Z is a bridging
member selected from the group consisting of alkyl of from 1 to 20 carbon atoms,
alkenyl of from 2 to 20 carbon atoms, aryl, heteroalkyl of from 1 to 20 carbon
atoms, heteroalkenyl of from 2 to 20 carbon atoms and heteroaryl; and mis 1 to
10. Examples of these compounds include [(CHz)sN*(CHa)sN*(CH3)s)(Cl™ )2,
[(C3H7)sN*(CHz)eN*(C3H7)al(CI™ )2, [(CHa)sN*(C2Ha)sN*(CHs)s](Br™ )2,
[(CeHs)aN*(CH2)6N(CHa)3](CI™ )2, [(CeHs)sN*(C2Ha)aN*(CHa)s](CI™ )2, and the like,
etc. Another example of a diquaternary ammonium halide salt is N,N'-difluoro-
2,2"-bipyridinium (bistetrafluoroborate) (known as MEC-31). Yet another example
is tetrakis(dimethylamino)ethene (TDAE)/CF3 complex.

Other examples of halide sources include tetraalkylammonium
dihalotriai'yl(or trialkyl or mixtures of aryl and alkyl)disilicate which have the
general formula

[aryl]q[alklyl}Si[F]s
whereqis1or2,ris1or2,andsis 2or 3.

One example is a compound having the formula
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CH )2-SiF2 NNR2)4  and CH | SiF2 NR2)4 CH3

@ )s—SiFy +N(R2)4

R;
where R; is zero to three substituents, each of which are independently alkyl,
alkenyl, aryl alkanoyl, alkoxy, or nitro; and R: is an alkyl group, an example being
tetrabutylammonium difluorotriphenylsilicate.

Other examples are compounds having the formulae

ik
@)Z—SF{ N(R,),
R1

CH,
L=+
?IFz N(R,)4
CH,

and

-

where R; and R; are defined above.
These types of salts are more fully described in United States Patent Nos.
6,414,173 and 6,203,721, both of which are incorporated herein by reference.
Additional diquaternary ammonium halide salts are also diquaternary
ammonium salts of DABCO (1,4-diazabicyclo[2.2.2]octane), shown by the

formula

< E;NL(CHE);Ni E} o

where nis 1 to 10 and X is a halide. These salts are more fully described in

United States Patent No. 4,559,213, which is incorporated herein by reference.
Other halide sources include alkali metal salts (e.g., LiCl, NaCl, KCl, KBr,

etc), alkaline earth metal salts (e.g., CaCl,, MgCl,, etc), pyridinium salts such as

benzyl-3-hydroxypyridinium chloride, imidazolidine salts such as 1,3-didecyi-2-
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10 where R and 112 are defined above. These types
of salts are nore fully described in United States Patent
Nos. 6,414,173 and 6, 203, 721, both of which are

i ncorporated herein by reference. Addi ti onal

di quat ernary anmoni um halide salts are also di quater nary

ammoni_um sal ts of DABCO 1,4-dj azapi cyclo[ 2. 2. 210oct an
STOMIREORHEN GPIGHdR IBTAZOlrL T, SUCE a8 4.9, (PR AV Nelrazafium

chigfidélandthe gike Sétct sy éll bﬁ\émfaﬁdé 'dbbhéeg fxdliddRElogBnAtRY RGanic
States Patent No. 4, 213, which is incorporated herein

crupp@mdatbnt:ean @lease h@lvd%hy an aliminatipn ceaetionainder ihegkrt al
| t I h
o2 frood g 606 bl
wﬂh aernpbmn ejetnéatts;nth @syphosphomisyantorhowoy,i ahel arsenic, such as

@b BhOG T Grde PR tyirasiitilitaneide uch as

tefraph@nyiphddptioniurh @hlofige! andniehiiker i de, and the like, etc.
Yet other halide sources include hal ogenat ed organic

np@mmalv%fsoer&ﬁsmlm@aitﬁialsj@u%ya%a fhiorerdreiiioromethyl-
11&;‘3@@% gtéega&@a#g&% ah emragg llﬁk%ﬁan%?é) (traienaink' SYesnab oM

aced
1-fluoro-4-hydroxy-1,4-diazoniabicyclo [2.2.2] octane bis(tetrafluoroborate)

(tradename Accufluor), N,N'-difluoro-2,2'-bipyridinium bis(tetrafluoroborate), the
'N-F' reagents (e.g., RoN-F), the '[N-F]" reagents (e.g., RsN*-F), 2,2-difluoro-1,3-
dimethylimidazolidine, diethylaminosulfur trifluoride, R,R,N-CF2-R¢, where R; is
hydrogen or alkyl and Ry, and R are each selected from alkyl or aryl (tradename
Fluorinox), perfluorobutanesulfonyl fluoride, and the like, etc.

The halide source is generally present in the composition from about 1 to
about 20 percent based on the total resin solids of the composition. Applicants
have found that best results of the present invention are achieved when the
inventive compositions are allowed to stand for about twenty-four hours before
being used to coat substrates, etc.

Another component in the inventive composition is a solvent. Suitable
solvents for such photoresists may include for example ketones such as acetone,
methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, isophorone, methyl
isoamyl ketone, 2-heptanone 4-hydroxy, and 4-methyl 2-pentanone; C; to Cyo
aliphatic alcohols such as methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec-butanol, phenol, and the like; aromatic group containing-aicohols such as
benzyl alcohol; cyclic carbonates such as ethylene carbonate and propylene
carbonate; aliphatic or aromatic hydrocarbons (for example, hexane, toluene,
xylene, etc and the like); cyclic ethers, such as dioxane and tetrahydrofuran;
ethylene glycol; propylene glycol; hexylene glycol; ether alcohols, for example, 1-

butoxyethoxy-2-propanol, 3-methyl-3-methoxybutanol, ethylene glycol n-butyl
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5with a Goup VA el ement such as phosphorus, antinony,

and arsenic, such as tetrabutyl phosphoni um chl ori de,

t et ramet hyl phosphoni um chl ori de, tetraphenyl phosphoni um

chloride, and the Iike. O her halide sources

include materials such as

1-fl uoro-4-chl orone i azoni a cl o oct ane
ethes &thyieng plysPumsny, %%emtaﬁsﬂaaﬂvcgﬁme Pﬂ‘ﬁl&f‘?‘he ethylene -
gl Qél ThbBYRylétHaY Cgtﬁ%&négf’ycél Bropy élhb?)diétﬁyl[eﬁe%ly%bl A&kyl dther,

tetrafl uoroborat e) (tradenanme Accuf L
dlﬁ engi glyend meenpethyl isthsry digthylena glvgqltreom@me hyt elber.at e)

Sl B TRy, oo b A0 s
gI;thItdlIyyl atherpprdplylenetglyddl ismbiutid ethieaRbidp@ieRe idycol vmmomdhyl

o S FORR g o S BioncS RindB A, o
pmﬁyfehutylyﬁwt@rapwleftmry brddyléh"d §lgcol Phenyingthéd, bﬁopﬁén‘e glycol-t-

hal1de source is generally present in the conposition

bytylsthab SiRroryiege glysot syl %Pb&lﬁrosulgee ahreol menpbutyl ethes n
dipREneRlydol ndrethf e, diRBbIEAS Ghycorenopteby e,
triethylénevglpcolathyl @ﬂpﬁ;rstrtetfwlsn@glyoall methybiether, éuethuleherglmﬂb ot
- |
o Fh¥, oiforBHE BRI Riefinf Enlk. fbrdfitng SvESH:aumhower ve
ethglmesglyooo alhybtmmuemgs s]yélm ab ubéth}(leelkosal\téadenatesanmh
ot Ists ncl uae 1 or e ones SUC as
R CERiEN 2o, BraRpenE oY, ARETRGSIBn Syt e PpmYIene
ngM@I'rﬁW@ﬂ%f%cetdi@fﬁ}@b%ﬁe glwwmhwe&n@%et&et Bidylene glycol
hept anone 4- hydr ox and 4-nethyl 2-pentanone; Cto Qo

pmy@lthqrw&et@eamd;mpy'my@ bubtlwaﬁbaceteleh arayiene glycol

alRyRiRRERPlgnate RidhalBlopy e YT metf REmBfinatd HifiRYiene
glbe"r"ZQﬂr‘]Wa'hengblonaE& |P|gfrll%)d?;? QWGDHFOPSﬂethW opidmales ramd
PRpY e st BlnPspetr S aR! PEEhEkvethyRiAl Gl S3Blents

thah Haté Bolh dthdi any Aldroxg nistéties Suth asifhethoxydifarsdl dethoxy
t et rahydr of uran; 30et hyl ene gl ycol r opyl ene gl

bytarol. st ngan@lt Aad egp%rmpganqloggt ¥hy| acetate,
WL&?{%ne gfﬁbg? ?eétg%at% 9Ih buﬁl ﬁ%ﬁféetn%t I ygg g erw ate;
ettwh%mydwmremen@ﬂey owithyh@nloyrdsoxy efmetbyl propiwaw etigyl e ol
OB MUY Slpi ey ik, REAR. el by e
batyEhydroenacethte; mhethylﬂaﬂatdndthwldmte [.irapiyhmbmn@, tgltyldad:tate,
m@@%—%oxy; Sl%rplonaltee tertlp{yl %n (ﬂo}éy proprllgr?a?g ' Or%yl 3- grro’xy
propionate, butyl 3-hydroxy propionate, methyl 2-hydroxy 3-methyl butanoic acid,
methyl methoxy acetate, ethyl methoxy acetate, propyl methoxy acetate, butyl
methoxy acetate, methyl ethoxy acetate, ethyl ethoxy acetate, propyl ethoxy
acetate, butyl ethoxy acetate, methyl propoxy acetate, ethyl propoxy acetate,
propyl propoxy acetate, butyl propoxy acetate, methyl butoxy acetate, ethyl
butoxy acetate, propyl butoxy acetate, butyl butoxy acetate, methyl 2-methoxy
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5 glycol ethyl ether, propylene glycol isobutyl ether,
propyl ene gl ycol nononethyl ether, propylene glyco
nonobut yl et her, propylene glycol nonoethyl ether,
propyl ene gl ycol n-propyl ether, propylene glycol phenyl
et her, propylene gl ycol -t butyl ether, dipropylene glyco
et hyl et her opyl ene choI nnnobut | ether,
prapnpnawy 2:437 2@9@%/ REARIORE ﬁwroevk%metmw Riepioaate, buim 8r

BB AE o .t Niara, 69 oo, prooy

2- bthm)(ypr@plmate tbut]d r%@hbnymogioyatﬂ nmthyl;&-banompropuonate, ethyl

2 bRl sl drioil e QabintooRhefk, bubl PRSI e metty

3—ﬁtdtb6| " l@ppdmﬁétéeethym-meﬁhowpﬂ}imbm giop;'DB-methoxy;]pr?plogate

a et her acetates such. as ne t et her

el RO ERIAE BETILA Uy PHmaRatE Rl & SspiPeate.
per)pQPéth&y;ﬂ'bBMaﬁst |P)‘i«‘]iyl @Céhéiﬁ)roﬁﬁﬁaﬂ Athye gl ycol

yl et her acetate; propylene glycol

prapqu@omen@ieoptrwhamep@wprpm@qieowpvlrﬁrpgogmproplonate butyl

W&ﬁ?@ %n%g%%%?f §bgr 5‘89%6 é{lﬁﬂl 3-butoxypropionate,

propy @bmbhwrppmmatm a@ind, buyl ds-mtopWrep-ngtg; mylsobutync acid

{ th t : t h t.hyl t
e<J8Y Lok SaTiR, TRADE BOY o REPON IS BT UA G Roaty SEb et
etByl rﬁ@hbﬁwyomywlmewmsema@usbbhwaﬂe efrwt GethoNyisupatpate,
and et hoxy propanol ; esters such, as thyl acetate, ethyl

mgtwt Breethpryisghutwale, sty Baw&tfmwpba%@tst methyl B-

BRI S BRSO ISRLE mB b b ate

ethyl mmpmmmsnbuwgateplsoplrowbﬁ-éﬁonmwlsdbm«ete/ butyeBat e,

sPREParadot e el (o obitsoPUB LB BB Bl S EBblbrate. s
oD mseamoc oot o
ORI OIS 5 S0P Y B OBl S EtS. AN BURHGD | Pt hoxy
hﬂﬁ&tﬁédbu hie/ landRItREPQoIGRS 8lich ad tisic SRBRO¥N @aﬁtnaéﬁ

oxy acetate, nethyl ethoxy acetate, ethy
re&; & katene phes glerivativgxsuchcas dineetoparalcohel MMI ether;
a ggt%héta?ch&hEﬁvat%%%ﬁﬁs%%E&to? didteiBie Q|E8H&Xbétcﬁﬁm%‘s%§h as
propyl propoxy ace utyl” propoxy acetate, nethyl
butytotacjorse; @nadraideaddriyhtive Bm*yasxdmnethylacptaupge obut oxy

b Il b h
dETToRERE oL A el RBKTeR TEah s BRI Sty
eriliateed 3ttty bntidr satubiliey, okients Séleotedtifom aRiohvls and ether

2- et hoxyprgpi onate, ethyl 2-ethoxypropionate, propyl
a'@'&'ﬁé@ﬁﬁ%‘fﬂ"%ate butyl 2- ethoxyprop| onate, nethyl

2- DUL XY cB ﬁenﬁfvﬁ%f- c% S0 RRh8 8hfposkichRY
2- but oxypr opi on but oxypr opi onat net hy
p&ogei helxighicap |hmeaeel toaredyrte therdielrottigconstant af tilm tmmeyllby

A SPRRSAR: oo herdit Bl SHRloRs PR adlFporé:

géneratrixyernppueds fer, e)@rv]ﬁplé Streirimak\erdien radiitien- Im[élofbaﬁlc
pr opox ro nat e, (0):¢ ro I onat e, r
Palymep ﬁg&iﬁﬂg 88 f’S?%H‘BOS'B‘gﬂ %] ngaﬁg SH%%ﬁleﬁ‘Et hyl

3- but oxypr opi onate, ethyl 3- butoxyproplonate 10 propyl
3- but oxypr opi onat e, and butyl 3-butoxypropionate;

oxyi sobutyric acid esters, for exanple,

met hyl - 2- hydr oxyi sobutyrate, nethyl a-nethoxyi sobutyrate,
et hyl net hoxyi sobutyrate, nmedhyl a-ethoxyi sobutyrate,

et hyl a-ethoxyi sobutyrate, nethyl f3-methoxyisobutyrate,
et hyl P-nethoxyi sobutyrate, nethyl O0- ethoxyisobutyrate,
ethyl p- ethoxylsobutyrate nmet hyl
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15 et hyl P-isopropoxyi sobutyrate, isopropyl
p-i sopropoxyi sobutyrate, butyl 13- isopropoxyisobutyrate,
nmet hyl P-but oxyi sobutyrate, ethyl P-butoxyisobutyrate,
butyl p-butoxyi sobutyrate, nethyl a-hydroxyi sobutyrate,
et hyl ahydroxyi sobutyrate, isopropyl
a- hydr oxyi sobutyrate, and butyl a- hydroxyi sobutyrate;
volgiiizationsto feanaeanppsie H\eagb\di%wopdémrfgr, fosmingySi#Rfeporons
: ' i ' h as
ot AR 1p8rs o WElH A Bod P S e T o
der i Nt ¢onspasitidn afsthe peesent invenition can e cilaterthon the aghsiraie

. b I X i de. [ ' .
s B e WS inGl: RIS IER e Sl o8 ibint
spfctating or bbu%fgﬁ@ Thetfillanickeess dfanedntirefledtive cdatiag esrbes
stabil | t% and/ or_ sol ubi | b-bé sql ventB ﬁfg:aeq%{jed f_rorr]
from @bryt Q04 kin & Akeutsbuny. ThRGeating eam peheatedion a hot platg or
cAREERIPOVETPHPRRE e Rh&Wn FRALIRG nANSdS fodekitvetRijesidubPn

I's a porogen, which can be used to reduce the di'electric

salvand aad indicefgrpsslinkingdtidesireds and inalubizing thepati-rafiestivens
. hy A h _ N .

ooty RHE\ Bt MlerRhe BEhodian B re o BUGRAG 2icfthi "0
phodoliesist.on- | abi | e organi c 30 pol yner capabl e of

dec osition to smal | ecul es and subsequent . .

vo alTers st R bPSS S PhoresisEiRsinsRe By SathraveHing 27 ns
pdsttivel Workingo Wieh rfé?b%ydoﬂﬂhé} pHORIr&iét dotnpouniing @reexpebéd

known to thgose skilled in the art. The conposition

imagerwise b eadiafion, theataasPf damresistcomnagition expessdiathet e
raH?dtiEﬂ e8GRl IQ§@§olgﬁielto‘ﬁ‘&¥%I6 risBRRBN{Eid. hedo QIir?litiﬁ?nart '

such as di ppI ng, spincoatirg or spraying. The )
reabiiakoesss)oihilentheantexposéd argasvaf the photogesisirapating remain

refitiyaly il Bb0ch A S8ibio, Afs, PEm R, ol oy SRPosiiy egH .- O
workirig m_gisg_mth@?eﬁemgamg\aee@gemoﬁ :od g;dl napbxnﬁ]emmab rofl thee
PSSR s it B P S08 pBaBia A Phgins ety
urlddReAnd b-dedfirb8 portich SIaRk iuRdeMiAg ShBstiABIRRHAES DhSkhich the

There are two types of photoresist conpositions,
phaleresisy comperiting wasdigresitedve- wor ki ng.  Wien

neg : St

e i e R GBS WeR Phbloppe it are
expaspddmage wiss fooselibtioo, tHoseraadasof e pghotaresist esmpssitiab| e

t I . sql uti . g. - Li nki 5,. ti
ot5RsaR LY i AR R ot Yol BiedodhS arusher spdup . &
reafdhgsmehtriiclion Btélrsy @hile #dseldreas AobedbsadTemidin Miatively

Thus, treatnment of an_exposed negative-working resj st

ingpluRleodag druplepersaldtion. Thwsy ipathient b aR GxPesebBE-cas
WO PO Tt the RTLIoRE, B8 S ATYY 08 BpoBed Eifis f°
theaoatiog aofl thé ereatidn of gi pogitvebmageatie thuphietoresist ophling. Adain,

a 28sREPHSHiSR of the RRSRitd QMRS PO G-

Negative working photoresist and positive working photoresist

compositions and their use are well known to those skilled in the art.
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On the other hand, when positive-working photoresist
conpositions are exposed i mage-w se to radi ati on, those
areas of the photoresist conposition exposed to the
radi ati on becone nore soluble to the devel oper solution
(e.g. a rearrangenent reaction occurs) while those areas

t i, at i vel ' I . .
dove P arose PEFRUeaR flen@rlccr iR stalifo hubiate with a
cpaAgidsition-of woe bresgnpinventicrsarsd heatiry thieesubdstrateapea hotplatesor
| of th f th ' d .th
R L R S T
féasifficient 16§ SFAinPId refibvelthé BeatinylesIlentngnd brosalitk ine
uncover ed. hot or esi st and

Ne [ Ki
pobener, {aa gyffician extest 8p &a% 2'54! \slgef@}%algxr& Fg'HQ'edﬂ dhe reating,se
BlRiosra mﬁfeésfs@ of PP 8qa&bUd kaling ddVRidper- An edge beéd

process of t _I nstant 1 nventi on conpri ses C(_)atl ng a
remioyer may be applieddo cieasithe edges of e substrate using pracesseawell

heati. : t-A r
BRb At AR THERCRIEreeR i Rsfeethfur ol RS 70°C 16688
250nP eif et peratise is beloart0°Cahegn msoffidientdossmofrsehm@néot he
.cogti.ng solvent, and crosslink the 5pol r. to.a

S ERATTOUT o nE G Fraphake Bioen g 8 st s aceve
J50ec crtpdigmephidyibdidomie chepllGaly @sitatle OA filmh ofla Photsrusist

al kal i ne devel oper. An ed?e bead renpver nmay be appl, ed
cogRasiion is feraepted on top of et -aflecti ¢RAtHE anadaked g |

&ﬁgemﬁia Iy tod the pHiforl8iat $610eritaNEE PhblbréiEME irhys-Aidd om
about 70C to about 250C. If the tenperature is bel ow 70C

exnened apdideveiopad in 88 aqueoupevatepasito TeMPKs ifie ireatedresist.
> | . .

ARt heh8 Stsh s BYpbRiE) Mg ife piEsShror o
delveiposdnit andraftes leikposuke f Therprafceas phooatingsarnst imagimmsi ti on
is.then, coat on t of t nti-reflective ' nd
sty St ApSe lie Mo ailbe &bt (e
speeifiehgicofrisist used i TRgpattdrsed suipstextd candhetebe dopeidhed ima
aqueous devel oper to rerere the treated gﬁ]si st,ﬁ%‘S tAn fil

ablereleh RBMBRG e teBPvedhe appsRaPRBPGs ehihe Any-getive fim,
WEPERSenRiniAG photceyist 44eng Hs AetcAfhagk exposure. The
process of coating and inmagi ng photoresists is well known

to those skilled in the art and is optinmzed for the
speci-#i.C ; ; ;
thon DS igvdRTPlurhEEbalidEite uid e il LaRBSRIGHIThE Io e
ih ltiee prauess dsplastiined alodve dred fon formieg e antitadflectivercoatngwen A

t he, remai ni ng photoresi st acting as an etch nask.
substrate.

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or
values which must be utilized exclusively in order to practice the present

invention.
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The invention further provides the use of the conposition
of the invention in the process as descri bed above and
for formng an antireflective coating on a substrate. 25
The follow ng specific exanples will provide detail ed
illustrations of the methods of producing and utili zing
conpositions of the present invention. These exanples are
not intended, however, to limt or restrict the scope of
the EpyARpi©nN in any way and should not be construed as
providing conditions, paraneters or 30 val ues whi ch nust
be utilized exclusively in order to practice the present

: Lsi .
0. 1O ey RIS sSsqaARI IO o Blbnfnmuh g A bfaREd

from Geliesn A)hoﬁmﬁn\mﬁ nghw%a’ogblt% of poly(phenyl- methylsnlsesquioxane)

o R gE e P e S B, Vi

amioRHE!GF t@ﬁaﬁlﬁglaﬁhﬂbmhﬁfmmaénfm pIvigight Jort6 MOAweightt bdded
to 10 weig Yo based on the solid content of the

op éﬂ%@lwémntemf Rye gelyéenanyl- m(%mésl Seﬁﬂwexmﬁ)ewe(%aaﬂ(?dq%t s
ﬁqu&&s tﬁ@lsg)zdt% @Mdrpgne&e Ofhel Q) lﬁ'té ferd ﬁumcﬁt@étham 40

and Al quo of eac tion were
hoiren Aliquotsbf @achisolutionrwersi ther placedfasy different silican waers and

S0 BabBEZb B 5 P OER888 of b B R eBeg s

haaa@) The coated waTerk nese thesheatad at $aoﬁ%ognsmmm?gi:?ysmas
eSS e ST e BlBerR ST 1A ot

mfaf&rs%réﬁme?ﬁm inpflopyIEnd lyBdlthibaREMEe | viver BRaRIS ﬁ)r% a

VASE. As the anmount of tetrabutyl ammoni um chl ori de was

Semdéatmﬁldhe fimtbickpeshvammeasurnona; YNBEopAst therasmauy of

t { I
SERY P BB i o ol ALt
tHeré matsudoypetediimuoss ht 0 wailght %Imététrahuylammmmsm dhixyigle and

e B Ah Y S ye 1P ME R ST By maerio oI s fim

tramaidsah&s@, rahged Goheato 3l5em. Morrisville, PA] and 130g of
ethyl lactate were 25 conbined by stirring in a bottle.

After letting the fornmul ati on stand for one day, an
;f.ng,upé of the fornulation was spin coated onto a silicon

r and the wafer was heated to 200C. The fil m was
tested for solubility by subnmerging part of the wafer in
PGVEAen grams of phly(ghidnyl-pecpylsiisesquioxamne) [£0:30 phedyliprgpyins.

aggi!afﬂlé E’Ec’)&}eé%seﬁf‘ iﬁcgg .grisl.vallier,] Q’A% %cr)\dall%g%q %%ﬁ %&gtea\ngret he
combined by stirring in a bottle. After letting the formulation stand for one day, an
aliquot of the formulation was spin coated onto a silicon wafer and the wafer was
heated to 200°C. The film was tested for solubility by submerging part of the
wafer in PGMEA. All of the film was removed in the soaked regions. This test

was repeated using 250 and 300°C bakes and the results were the same.

Example 3

12
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30 Exanple 3 Fi ve grans of

pol y( phenyl - propyl si | sesqui oxane) [70: 30 phenyl : propyl ;
avai l able from CGelest, Inc., Mrrisville, PA], 95g of
ethyl lactate and 0.25 g of tetrabutyl ammoni um

di fl uorotriphenylsilicate were conbined with mxing in a
S5suitable bottle. After letting the fornulation stand for
one day, an aliquot of the formnulation was spin coated

The TP AAnS o U en g A IRISRIRoRS) [RRAT Ity

The Ti was t ubner g part
avdilablesirem GelesiGviea Mairisville] RA], r95mé eémdlla;z!afsr@u? ) 8559 @led

el e BhiE HRBER iy iceue REfe boBRE it 21, 0°
suttabéc burde. Ater etingdhe fdrmufation stand Gorre ddy a*mlmetiof the
GRS B B T
156701 $ivé filnP waBAdsted %}%dlﬁbllﬁ? 'Bgtéiibﬁ@?mb% d)fétthvaffépW AZ

El ectronic Materials) and et rabut yl ammoni um
PEMRA Abfilgeindhe spakedared mam -nWhen highker teamesatyirs yvere

uédd t%fbegk%ttpwgms Nfe i gka fHe! aKEHHEad Rerdhst difdted When
al'l quot of the fornu I On was spln coate nto a silicon
theatafer wad noh baked, éhe films ishearnplétaly retbo@d. The fi |l m was
tested for solubility by submerging 20 part of the wafer
in PGQWEA. Al filmin the soaked area renmai ned. Wen
Eiaambﬁmtenperatures were used to bake the filns, the
films in the soaked areas were not affected. V\hen t he

waf er was not baked, the filmis conpletely renoved.

Exanpig graris of polggph-@fgl Ffop%iéllgééﬁtﬁoﬁneﬁmb %hénVﬁirSpyI

pl aced i'nto suit 'és and four diffe
ayajlablg eindaelesk inc. Mdwisyilea BA].NP0gefHArTdhiaret fa\@llebledrq%

T GVE

AR Mg BN oS TN B B i B
combiriedodith miding ih alsoitabdé bbittes Alftet letingtheTBAGLIation standrfops

of 5% . . . -
one day, an aliquot of the formulation was spin coated onto a silicon wafer and
the wafer was heated to 250°C. The film was tested for solubility by submerging
part of the wafer in PGMEA. Al film in the soaked area remained. When higher
temperatures were used to bake the films, the films in the soaked areas were not

affected. When the wafer was not baked, the film is completely removed.
Example 5

Two ml aliquots of Example 1 were placed into suitable bottles and four
different formulations were made by adding varying amounts of a 5% solution of
tetrabutylammonium chloride (TBAC) in PGME with stirring: (a) 0 drop of 5%
solution of TBAC [control]; (b) 1 drop of 5% solution of TBAC; (c) 5 drops of 5%
solution of TBAC; and (d) 15 drops of 5% solution of TBAC. After letting the

formulations stand for one day, aliquots of each formulation were spin coated

13



30 solution of TBAC, and (d) 15 drops of 5% solution of
TBAC. After letting the fornmulations stand for one day,
al i quots of each fornulation were spin coated onto a
silicon wafer and the wafer was heated to 250C. The film
formed by each aliquot of fornulation was tested for

B N -
alﬁhbt QﬁfﬁﬁhufdtlbﬁﬁvdmeﬂQSr salubifity BsLUbRER)irtgp&d of th@ WafeB in

silicon-content resin_conposition conpri ?
PGHEA Furantder e fommidaiion Wit noaLIAG e cgetron g ol s
012) 5and at | east one repeating
,ef,{y, o?‘ o%ﬂ"%’?(‘% Si0(3_k),2), where each IRl
|nd|V|duaIIy Is the sane or different chronophore which
absorbs at any actinic wavel ength; each R2 is
i ndividually sel ected from hydrogen, al kyl, al kenyl, and
cycl oal kyl; each A is an unreacted functional group of a
nonomer which forns either of the above repeating units;
j and k are each integers that fall within the 10range 0
j 1 and O k 1, the ratio of RL to R2 being from1:99 to
60:40; (b) a halide source which can react with the
pol ynmer and is selected froma fluoride and hal ogenat ed
organi ¢ conpound that can rel ease halide under heat; and
(c) a solvent. 15 2. The conposition of claim1, wherein
the ratio of RL to R2 is from10:90 to 30:70. 3.The
conposition of claim1, wherein R2 is al kyl or al kenyl.

14



20 4. The conposition of claim1, wherein Rl is sel ected
fromunsubstituted and substituted fluorene,

vi nyl enephenyl ene, ant hracene, peryl ene, phenyl,

chal cone, phthalim des, panoic acid, acridine, azo
coprimgids, di benzofuran, and any derivatives thereof,

t hi ophenes, napht hoi c aci d, anthracene, naphthal ene,
25benzene, chal cone, phthali m des, panoic acid, acridine,

azp CONPRYALaicoR-BbNERN@Sin diiRRRRN dohippismat hr enes,
ant hrones, benzophenones, thi oxanthones eterocry%%:ict): )
' @2

ar @rawolymercgapeising At inashonr fepeating Hait ebfiorpylad(®)
0 JladU Sl Eur ' j S

5 e TP akledht ohB3Gbatidy upHiof (LORRRISOLRLI. MISE AR KD, o1
ofindividuailylis thinsame fondifieesnt chramraniiess whishrabgeips atgnyiaetinic

C it l.ai t t

c ekt FR € ol SE Bl i B BIEE, WYL AR, e

Rf cyaloalkiph eacke Adaah unnetictedtiuatiionas giasiptaf @ rerometiwbinkl farms

and, w y4 ' [ 1.5 Qi J. 0] me

oSl BBl SRR BT o o Bt o) o
10 7 rah§8 0P 9 Shhiio00k & 1, GhtdTo’of RIS RS inBirlgtforh @l dork® expAn;ce

Is a quaternary ammoni um halide salt or "a di quaternary

a [ ' t b i |

ey AT BoqrF W can Bact Wi G BRRTIS B P pastRr ol 2

f | fuwridd @ndihaiogenaiedrasganic spmonunchingt cayr fejease halide under heat;

t et Jpet hyl ammoni um fl uoride, benzyltributylamoni um

fluoride, cetyltrinmethylamoni um fluoride,

mefchglsbiveoict yl anmoni um f I uori de, tetrabutyl ammoni um

15 fluoride, benzyltrinethylammonium fluoride. 159. The
conposition of claim1, wherein the halide source is

2. The composition of claim 1, wherein the ratio of R to Rz is from 10:90 to
30:70.
3. The composition of claim 1, wherein R; is alkyl or alkenyl.
20 .
4. The composition of claim 1, wherein Ry is selected from unsubstituted and

substituted fluorene, vinylenephenylene, anthracene, perylene, phenyl, chalcone,
phthalimides, pamoic acid, acridine, azo compounds, dibenzofuran, and any
derivatives thereof, thiophenes, naphthoic acid, anthracene, naphthalene,

25 benzene, chalcone, phthalimides, pamoic acid, acridine, azo compounds,
chrysenes, pyrenes, fluoranthrenes, anthrones, benzophenones, thioxanthones,
héterocyclic aromatic rings containing heteroatoms selected from oxygen,

nitrogen, sulfur, and combinations thereof, as well as derivatives of the foregoing.

30 5. The composition of claim 1, which further comprises a porogen.
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[aryl]g[alklyl]rSi[F], where qis 1 or 2, r is 1 or 2,
and s is 2 or 3. 10. The conposition of claim1, wherein
the halide is a fluoroborate. 2011. The conposition of
claim7, wherein the halide source is : where R1

i sgzer Wﬁé)cddiﬁcﬁﬂloﬁtﬂi%tdlmtﬂe %&relﬁméf‘pdﬁméhﬂmheﬁécﬁnpnses a unit
i ndetpendentl al kyl, 25al k ﬁu al kano
8 Bnd

] 91 AR UREES Bl -wRUhEEs zama%lnéwu@umelspted
I the halid .
B A ﬁ,nﬁwaﬁdza%be;?%gﬁﬁ?ebéﬁsev'ﬁaﬁiﬁlgﬂé FIEEE
| jds of th it thod of f
e s pravigt R LR AR PR ) oot ng ¢ he Subst rat e
5w th the conposition of claim1; b) heating the coating

of step a); ¢) formng. a coatln froma photqresi st
solut i oFhesPreResitianaf |°%(!f" H}e hqi'f’eﬁ@'alfqeﬁﬁ aiqy@aternary

PR RBRING hakdedditdt 4 aqﬁﬁew&mmdnmrﬁ fEREs#P! vent from
the coating; e) 5 inmge-w se exposing the photoresist

coating; f) devel oping an i nage using an aqueous al kaline

deyel opgle %&a\}, rdnoc%idum Uﬁ@ééﬂﬂqémldﬁ%ﬁh,‘e%% prior to

and after prren ry etching the conposition
10 of tefrabptyl@mmonium fmadﬁehqmmltrmetbvlammqwm\ﬁh@mﬁ n for the

¢ o LlanttobuluiluchiGe, ez ity chhmplh iy fforides {1 B, {5+ 20
C ocqiy)ltrlmetbylammon)um Raoiide, ahdthyltrioctytdrmaium flgtideThe
e8P pafinShilhn o B PRt} B SHIRATLLAGe | N @) R

15 9. The composition of claim 1, wherein the halide source is
[aryl]q[alklyl]Si[F]s where g is 1 or 2, ris 1 or 2, and s is 2 or 3.

10.  The composition of claim 1, wherein the halide is a fluoroborate.

20 11. The composition of claim 7, wherein the halide source is

Bj

where R is zero to three substituents, each of which are independently alkyl,

25 alkenyl, aryl alkanoyl, alkoxy, or nitro; and R is an alkyl group.

12.  The composition of claim 1, wherein the halide source is present in an

amount of from 1 to 20 percent based on the total resin solids of the composition.
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fromunsubstituted and substituted fl uorene,

vi nyl enephenyl ene, ant hracene, perylene, phenyl,
chal cone, phthali m de, panvic acid, acridine, azo
conpounds, di benzofuran, and any derivatives thereof,

t hﬂ@ph%ﬁ%thdmhéMh%aﬁ%dge antafyuagme ,coﬁmbhbab)emtmg the
benzene, chal cone thalim anoi ¢ 20acri di ne,

acHRSUAISOUREEE CHIRPSLRBS! CBW énhlsheqtmeé?%ﬁ?ﬂrﬂ@r&@tep a); ¢)
anfo%ﬁ!@ea%oak?lﬁﬁ 2QRIS BRBEFesidtRbRIBA LARE §oatfh@td¥ rsféfb\/&' Hfheating

aromati'c ringS containing heteroatons sel ected

oxthgarmotaiesistngating tusuybstantiahresve seimens fiamthe ceating; £3
o magRSwEE ehidkin f, flodratis! G 7 devciokita A magS (186ip 2h,

a pareoye @lkalige Taeslopsrhgidopsionslvaingatirg) thetsebetrate fogior tdmd after

b A iy PRRUROGY BBlnegston 5 EEHE). R Ro

are each 30i ndi vidually selected fromRlL and R2; and w

each er, thinthe limts. 0. z),.

o T e Pa0RYsT ERAR 1B he R igh B8 crsibastiotif 8 the iR
rre{omglwﬁomlwtgotﬂaf.ﬁo Xherein for the conposition in a),
the halide source is a quaternary ammoni um halide salt or
a di quaternary ammonium halide salt. 5 20. The nethod of
cl #6.m Ifthe MmBRodion clafh 18heh&@iPRSs tHd conpdsitioh, in e eR1iglallgeor
sour ce is a quaternary ammoni um halide salt. 21. The
mefl@W!of clai m 20, wherein the quat ernary ammoni um
halide salt is 10a tetraC .ioamonium halide. 22. The

nmet hod of claim 21, wherein the %aternary anmoni um
hal8-de & methediat clain 18y Whakehion tRectAraRqsian in a), Ri is selected

from unsubstituted and substituted fluorene, vinylenephenylene, anthracene,

perylene, phenyl, chalcone, phthalimide, pamoic acid, acridine, azo compounds,
dibenzofuran, and any derivatives thereof, thiophenes, naphthoic acid,
~anthracene, naphthalene, benzene, chalcone, phthalimides, pamoic acid,
acridine, azo compounds, chrysenes, pyrenes, fluoranthrenes, anthrones,
benzophenones, thioxanthones, heterocyclic aromatic rings containing
heteroatoms selected from oxygen, nitrogen, sulfur, and combinations thereof, as

well as derivatives of the foregoing.

17.  The method of claim 13, wherein the composition in a) further comprises a

‘porogen.

18.  The method of claim 13, wherein for the composition in a), the polymer
further cdmprises a unit of formula (R)«(Rg):SiOw-w-z12, Where Rs and Ry are each
individually selected from Ry and Ry; and w and z are each integers within the

limits 0 = (w or z) £ 2 with the proviso that (4-w-z) does not equal 0.
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15 23. The net hod of claim 13, wherein the halide source
is a diquaternary amoni um halide salt. 24. The

nmet hod of claim 13, wherein for the conposition in a),
the halide source is present in an amount of from1l to 20
vvei ght percent based on the tot al 20resin solids of the

OSI i on . ticle nuf act re .CO 19: a

> s Matnof i ol acw FeBireiar TRssargs ton 16 g the Ralds
Subcﬁjré@ts&a quidternan} ArhAionReh hHIRICCHIN S dihGdteRRiNgmittiurd halide
claim1l1; and a Iayer of a photoresi st conposition over

th?fantl reflective conposition. 25

20. The method of claim 13, wherein for the composition in a), the halide

source is a quaternary ammonium halide salt.

21.  The method of claim 20, wherein the quaternary ammonium halide salt is

a tetraC+.1pammonium halide.

22. The method of claim 21, wherein the quaternary ammonium halide salt is

tetrabutylammonium chloride.

23. The method of claim 13, wherein the halide source is a diquaternary

ammonium halide salt.

24.  The method of claim 13, wherein for the composition in a), the halide
source is present in an amount of from 1 to 20 weight percent based on the total

resin solids of the composition.
25.  An article of manufacture comprising: a substrate; an antireflective

composition on the substrate, the antireflective composition being that of claim 1;

and a layer of a photoresist composition over the antireflective composition.
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