COATI NG COVPOSI TI ONS FI ELD OF THE | NVENTI ON 5The present invention rel ates
t o agueous devel opabl e coating conpositions useful as coating |layers in

mul ti | ayewoyawesmeand new conpounds for use therein. BACKEROND7AHI n
several industries (for exanple, the varnish, printing ink, paint, and

|'i thography markets), multilayer systens are used in connection with a
variety of substrates. In sone instances, these systens contain
acid-curable resins. Acid-curable resin conpositions contain at |east one
conponent capabl e of aci d- caCOAIING @QOMROBITEOBISt | on. These materials are
famliar to those skilled in the 15 art; they are produced industrially in
| arge quantities with nodifications to their nmaterial properties as

appropri aFEUPOFTHE MVENTIer of applications. In sone instances, the
materials cross-link to formcoating |ayers. Acid-curable resin

conpositions can contain, for exanple, alkyd resins, nelamne resins, urea
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resins, 20 p resins, vin S, vinyl ester

st yr ene/ susafti asxaating fayeenio mdtilayar, sypteims anctieew eempeun(@f@x use thegsinns,
uret hane resins, and m xtures thereof. Exanples of m xtures include, but
are not limted to, nelam ne/(neth)acrylic resins, nelam ne/polyester
resins, nBA@KGROBNEKyd resins, vinyl ether/(neth)acrylic resins, vinyl
et her/substituted styrene resins, and the like. 25 One exanpl e where

mul tilayer systems are used is the mcrolithography or photolithography

| ndusjgy. Photpr esjethl fITRASS L "Exainble RS viafhiSh, Cpahtirid) R8K, GRdint, Rirecesses

for making mniaturized e ectronlc conponents such as in the fabrication of
conmput er kthpgeapbp rawdtets)x @\gﬂl!ﬁwedsysstemauars .usedrie canngctionnwith eserighoefesses, a
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substrate eri aI as si ers use I ntegrat ed
circuits. ch’ablecoem:ed:omﬂnsitromsecorﬁamhmIéaakemhet ooraparp@ﬁac@aim' afadoidnt i n
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| magetaV sgrtetiRySateeproautad irtfusfially Thfarge tuintifss WitPOmdtRiceftiLfo theihem cal
material properties as appropriate for a great number of applications. In some
instances, the materials cross-link to form coating layers. Acid-curable resin
compositions can contain, for example, alkyd resins, melamine resins, urea
resins, guanamine resins, phenolic resins, polyester resins, (meth)acrylic resins,
20 polyvinyl resins, vinyl ethers, vinyl esters, styrene/substituted styrene resins,
polyimide resins, epoxide resins, urethane resins, and mixtures thereof.
Examples of mixtures include, but are not limited to, melamine/(meth)acrylic
resins, melamine/polyester resins, melamine/alkyd resins, vinyl
ether/(meth)acrylic resins, vinyl ether/substituted styrene resins, and the like.
25 One example where multilayer systems are used is the microlithography or
photolithography industry.

Photoresist compositions are used in microlithography processes for making
miniaturized electronic components such as in the fabrication of computer chips
30 and integrated circuits. Generally, in these processes, a thin coating of a film of a

photoresist composition is first applied to a substrate material, such as silicon



5 transformation in the exposed areas of the coated surface. Visible |ight,
ultraviolet (UV) light, electron beam and X-ray radi ant energy are

radi at i orwOyepsss@emonl y used today in mcrolithographi ecpnpoegsess:t After
this i nage-w se exposure, the coated substrate is treated with a devel oper
solution to dissolve and renove either the radiation-exposed or the
unexposed areas of the photoresist. 10 There are two types of
phot or esi st conpositions, negative-working and positive-working. Wen

poz! tive- mré;is mgecplfmtm]?leiagsmteﬁmmpsiirc_tu'iten$h@beatedmmetﬂatbriag?mbaleeﬁi 0] _
radi ation, the areas t he t or esi st conpositiaon _exposed. to t
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of ‘the 15505t efteShakelPand Boat8aBURaEE bittHe! QiDstraRSE! AeX: Subjecedab ah
solution. Thus, treatnment of an exposed positive-working photoresist with a

devel oper imeagsswiser expnsare de rafiatienpdbedragiation efposHe gadsas asrkemiesht i ng
and the f | on. of. | £ ' ' | o > ring a
Gosi r o5 pafighflioRindn SxbooetFaredRRP the'chaleq SaRALS YiabRAIER take " | "o
phot or esi iVrlighpoalectrambears arebXgay eaiantrerergye ged radiatioortypesyc@muoimdt or esi st

t he devel oper .renoves.th ortions that are nqt. exposed. The trend
towar ds  t HESdroRex: i MicIPRAPOTaPHIS dtpEcREte AP dus IEBYSTUSE POORBER S ¢ he
use of newoRBAOPSFILS iStrédtall withea 86Vsibpdr\seILtion t6 WRsoRE Gndadrbve@itRbengt hs
of radiation, and also to the use of sophisticated nultilevel systens to

over cone HBdpdiefienrexpesedardlr HaeRese ereas i thewhptatesist zat i on. In these

mul tihgvel or nmultilayer systems, for exanple, the use of highly absorbing
antireflective coatings in photolithography is a sinpler approach to

di mi ni sh the prodgreeare twattypass of tphotaresibtackmpesitiens, | regatife-woghing farein hi ghl y

reflective 30 substrates. A devel opabl e ttomantireflective coating is
Lol ot oS ubG Fhien "SGR IERIN pRSIHATR: bAGIARS! bieS ekBRidd™d ' P
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evel oped. Ine evel opa ottomantir | ectlve coatin IS al so
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to typscabhyoftRie coirgYeninPFatRelyShsoldbldd 5Q6tPh sBlutiSRMHUBT r&fRHehP8s Or top

antireflective coatings or imersiion protection coatings 5 are also used in
mul ti | ayeBnsxppseds positive-wotking: phetiorasist withea fdevalopar causesuestviahof the

coati ngs g%ﬁ ri e e e ?Rﬁ e. The
baki ng teke er abudrrgis 8@#%@%&%8%%8%%@95'%@{?‘3@”@&@&&{%?’ g]‘(5:']82 | nig aﬁ)l I ed
and its dés ceatings e¢helebysommvering a desired portion of the underlying substrate

surface on which the photoresist composition was deposited. In a negative-working

20 photoresist the developer removes the portions that are not exposed.

The trend towards the miniaturization of semiconductor devices has led both
to the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation, and also to the use of sophisticated multilevel systems to overcome

25 difficulties associated with such miniaturization.

In these multilevel or multilayer systems, for example, the use of highly
absorbing antireflective coatings in photolithography is a simpler approach to
diminish the problems that result from back reflection of light from highly reflective

30 substrates. A developable bottom antireflective coating is applied on the substrate

and then a layer of photoresist is applied on top of the antireflective coating. The



10 instances, having a coating which contains a thermal acid generator with
a | ow deconposition tenperature, which in turn relates to a | ow baki ng

t enper at we,2oiomsbmeef i ci al . SUVMARY OF THE | NVENTI ON  pCT/IBIe9/poresient
invention relates to an antireflective coating conposition conprising a

pol ymer having a dye or chronophore noiety and crosslinking functionality,
an optional crosslinking conponent, and one or nore photoactive conpounds
having the formula W(L-(Q)p(l) where Wis PAGor Q where PAGis a

phot oaci dpaetoessitols Axgosed SmagéwieBChRd ; de@atdpdd. | Thé dévetspabkonsbtiom a

| i nki ng group; each gil_gs i_ndepgndently 01 or 02; 01 25 is OH 02 is
ocH=cH2:  gnlireflective  eoating, 4§ eals@ qdeelonakiai with i tie, samer @apepys palkaling i s &:
and p i s gel@ofing'sotiRh%s\hl o i8Iy e e@%bjﬁé hiotdresRt.S Agbitighge Wi s
& i 5 ofeaofingsolightsithatudeilo dhicly ey X e potoresiyt ARIGRRIY 6 ™ some
enbodi nenbarrietctaatings loo dep enéirefleptives chatings2or immessiongirptegiomniceatingsere is a
m xturg of 0O nd Q2 on the sane conpound; for exanple (GL-L)pl-W/(L-

) p2 \%\/ne%e %lfgéﬁﬁ b@wtg§3@58KSt8P§ater than or equal to 1 and pl + p2 equal
2 to 12. The present invention relates to a positive bottom photoi mageabl e
5 antireflecti coating conposition which is capable of bei ng devel oped

wi th an aqueouNeniEes. des frBpitons yseRin the Coaliaas Susbiosate Paked Ao
phot or esi sdmpdfaRires jove Ak i&hbefdinge Ctt bARINGOERTFErAIPSS CARPYAr§esS a

pol ymer and one or nore conpounds having the foriula 10 W (L- }ﬂ?))p ) where
Wis PAG dependingaipponPiE itypea op ieoating i appljedeand dis degired usea Huspdleer; each
Lis di n L ki : - 1S X; G
s o0 o REincAR Hafha h bodthy\ihith 8Biaide s nGirk QS ERARERCH with B 1ol (1" ¢
15 RAG GdesorGgositiord temperafuré,owisicbiin WrarrelaWs ® &AWy béking t&hpesatarepis s 2 to
6 or wherg W?'SIQ Gis &; and pis 2to 6 or where Wis Q Gis Gl; and p
is 2 to 62t enbodi nents include those where pis from2 to 6 as well as
when there is a mxture of  and & on the sane conpound; for exanple

(G- LY MiMARY OF THE INVENTION
15
The present invention relates to an antireflective coating composition
comprising a polymer having a dye or chromophore moiety and crosslinking
functionality, an optional crosslinking component, and one or more photoactive
compounds having the formula
20

W—(L—(G)), (D)

where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;
each L is a direct bond or a linking group; each G is independently G1 or G2; G1
25 is OH; G2 is OCH=CHy; p is 1 to 12. Preferred are combination, where W is
PAG; G is G2; and p is 2 to 6 or where W is PAG; Gis G1;and pis2to 6 or
where Wis Q; Gis G2; and pis 2to 6 or where Wis Q; Gis G1; and pis 2 to 6.

Some embodiments include those where p is from 2 to 6 as well as when there is

a mixture of G1 and G2 on the same compound; for example (G1—L),—W—(L—



&) p2 where pl and p2 are each greater than or equal to 1 and pl + p2 equal
2 20to 12. The invention also relates to a first coating conposition
used in cwoj2unedsse Wi th at | east one other coating conmpogiiB2eogvoowasr ei n t he
first coating conmposition conprises a polyner and one or nore photoactive
conpounds 25 having the formula W(L-(GQ)p where Wis PAG or Q where PAG
Is a photoacid generator and Qis a quencher; each L is a direct bond or a
| i nki ng group; each Gis independently GL or &; GL is OH & is OCH=CH2; p
is 1 to 1G2)h Wherepdsand p2raveeacrmgreait@'dhaalomtemattm bhapdgt 2 équal @m

phot oi rragg\l\ﬂ e antireflective coating conposition which is capable of being
devel oped h an aqueous al kali devel oper and which is coated bel ow a
positive photoresist, wherein the antireflective coating conposition
consists of (a elther (al) a mxture of at |east one conpound of formula

(1) and at - | eathte opfesepimioNadoBs relafesuion a maesjtiveadiottom ayfgteimagephle (
OC' | CH2) pi@reﬁ%ct%%g fonPf (Ecﬁqgl?ﬁpagle%f b&hGWedefoped with an

HO L) 1- P and a solvent
aqueous alkali developer and which is coated below a positive photoresist,

wherein the antireflective coating composition comprises a polymer and one or

more compounds having the formula
10 W=L=(G)) )

where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;
each L is a direct bond or a linking group; each G is independently G1 or G2; G1
is OH; G2 is OCH=CHy; p is 1 to 12. Preferred are combination, where W is
15 PAG; Gis G2; and p is 2 to 6 or where W is PAG; G is G1; and p is 2 to 6 or
where Wis Q; Gis G2; andpis 2to 6 or where Wis Q; Gis G1; and p is 2 to 6.

Some embodiments include those where p is from 2 to 6 as well as when there is

a mixture of G1 and G2 on the same compound; for example (G1—L)p—W—(L—

G2)p2 where p1 and p2 are each greater than or equal to 1 and p1 + p2 equal 2
20 to12.

The invention also relates to a first coating composition used in
conjunction with at least one other coating composition wherein the first coating
composition comprises a polymer and one or more photoactive compounds

25 having the formula

W=(L=(G))p



20 where PAG is a photoacid generator,
group; p is an integer

1 and pl wopBiagss 2 to 12, wherein at | east one PAG ceoraBm®9/a07451
chronmophore noiety. The conposition can further conprise a conpound

selected from WO 2010/ 055406 PCT/I1B2009/007451 Q (---L-OH)p (3)
Q (-L-OCH=CH2) p (6) (HOL)p3-Q (-L-OCH =-CH2) p4 and m xtures thereof,

where Qis a quencher, each L is a direct bond or a |inking

10

15

20

where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;
each L is a direct bond or a linking group; each G is independently G1 or G2; G1
is OH; G2 is OCH=CH; pis 1 to 12. ’

The present invention also relates to a positive bottom photoimageable
antireflective coating composition which is capable of being developed with an
aqueous alkali developer and which is coated below a positive photoresist,
wherein the antireflective coating composition consists of (a) either (a1) a mixture

of at least one compound of formula (1) and at least one compound of formula

)

PAG—(—L—OH), )
PAG—(—L—OCH==CH,), @)
or

(a2) at least one compound of formula (5)

(HO—L),PAG—(—L—OCH=CH,) (5)

and

(b) a solvent,

where PAG is a photoacid generator, each L is a direct bond or a linking group; p
is an integer 1 to 12; p1 and p2 are each greater than or equal to 1 and p1 + p2
equal 2 to 12, wherein at least one PAG contains a chromophore moiety. The

composition can further comprise a compound selected from

(4)

each L is a direct bond or a linking
1 to 12; pl and p2 are each greater than or equal

to



group; pis an integer 1 to 12; p3 and p4 are each greater than or equal to
1 and p3 + p4 equal 2 to 12. Further, the conposition can also conprise a

t hermal awodofy/gssver at or . The invention al so rel atesnBmosvocasmpound
selected fromthe group PAG ( L-OCH=CH2)p Q (-L-OCH=CH2)p (HO-L)1-PAG ( L
OCH=CH2) p2 (HO- L) pi - Q (-L-OCH=CH2) p2 10 where PAG is a photoacid generator,
Qis a quencher, where each L is a direct bond or a linking group; pis 1
to 12; pl and p2 are each greater than or equal to 1 and pl + p2 equal 2 to
12, with t e__r_\Li_Qﬁ_Qt hat bis{412- (3)

(vinyl oxy)&th x3‘] benhZenel - 3, 5- di net hyl - 4- (2- (vi nyl oxy) et hoxyl benzene

sul foni um t osyl at e,

bi s{412- (vi nyl oxy) et hoxy] benzene} - 3, 5- di net hyl - 4- net hoxybenzene

15sul f oni ugie_r_i f_Ii;(%:llgg{ 2)-(vi nyl oxy) et hoxyl benzene} - 3, 5- di et {ay1- 4-

met hoxyben nésull'fo funperf#eoro- 1- but anesul fonate, tri s{412- (vi

nyl oxy) et hoxy] benze nel sul f oni unl0- cam phor sul f onat e, andt ri s{442-

(vi nyl oxy) et hoxyl benzene} sul f oni um cycl ohexane sul famate are excluded.

The i nven(ilOmla}sQ TErdreOGH~&Hhat ed substrate where a | ayer of®an
inventive coating conposition is coated on top of or underneath of another
coat i ng | agémisiures thesepfewherst Qe augnriagie cagh Lds g divestbond o adinking

conposi ti i S t. t her, : ' [ I rel ates
to a pr ocgg)sdpf Bﬁsggr'm ﬁg’ g\rggﬂg’a %aé‘g%‘?ﬁieﬁé’?‘ %{fa%?]némngfega%égg?ﬁnaaﬂof t he
antirefl ep8i+vet equdli2ntg 1t nputher] the compdsiiopraasaalso comernisé arthenmal agsigbst r at e;
b) baké nggéﬂéara?or}ti reflective coating, c) providing a

The invention also relates to a compound selected from the group

PAG—(—L—0OCH==CH,),

Q—(—L—OCH==CH,),

(HO—L), 7 PAG—(—L—OCH=CH,) ,

(HO—L),7Q—(—L—OCH=CH,),,

10 where PAG is a photoacid generator, Q is a quencher, where each L is a direct
bond or a linking group; p is 1 to 12; p1 and p2 are each greater than or equal to
1 and p1 + p2 equal 2 to 12, with the proviso that bis{4-[2-
(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-[2-(vinyloxy)ethoxy]benzene sulfonium
tosylate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-methoxybenzene
15  sulfonium triflate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-
methoxybenzene sulfonium perfluoro-1-butanesulfonate, tris{4-[2-
(vinyloxy)ethoxylbenzene}sulfonium  10-camphorsulfonate, and  tris{4-[2-

(vinyloxy)ethoxy]benzene}sulfonium cyclohexane sulfamate are excluded.



10 coating of a top photoresist |layer over the antireflective coating; d)
devel opi ng an i mage usi ng an aqueous al kal i ne devel oper; e) optionally
heati ng twe 28wnss40at e prior to and after devel opment anecTtiiB20dyyore@sichi ng
the antireflective coating. The invention also relates to a process for
formng an image conprising: 15 a) formng a coating of the bottom
phot oi mageabl e antirefl ective coating conposition of the present invention
on a substrate; b) baking the antireflective coating, c¢) providing a
coating of a top photoresist |ayer over the antireflective coating; d)

i magewi se exposi ng the photoresist and antlreflectlve coating layers to

actinic radi at I "&Yerg'gﬁea'ﬁﬁ\f@f"é%ttﬂ a @Paf%’s?u Fe VReTeaR; Ik gL an
phot or esi ﬁi/eﬁﬁ/é"&ga% 'doﬁido%ﬁ@hvr% 6 un& |18 €5t 0P inkiBfeRtt T A thend. f)

devel opi ng the photoresist and antireflective coating |ayers with an
agqueous acqz@tlngiey@mrum some DISTANGEER [YSCR aTireRntiye ToRing\EENFPSINPR BThe

pr esené gx 68({ 8{;{9?"1% 3?%%0 an antireflective coating conposition

conprisin a dye or chronophore noiety and crosslinking
functionality, an optional crosslinking conponent, and one or nore

hot oactive ¢ ounds. ha t he formul a L-(G I where Wis PAG
PO oher o palhe tvantoblsadelatasdne Bogess Ry e miad ShiBent coMbrstigh Lo & o

di rect boggfopmhiry 4 bokH fahOR efaélivezdating RAAPRBABALI Yhépreden2; Gl is OH,
02 is OCH:;(j:H "@IS rﬁﬂo (;rmse 0|rr|e%ts|ncudeth§§ev\herep|sfrom

2 to 6 asinwemtioren Wﬁstfﬁt@r b) baking heanfireflestive £oalirg. &) PEVIdIAG asane 5

conpoypd; c&ﬂn e&%@h%@%ﬁ%e&%?%ye%&%ﬂé@%H@rﬂ@&f\fé cfb]at@ﬁdd)%v%f tﬁr_fﬁﬁ greater

t han or equa equa rese nventi on
relates t mnaagqoasmg amaqluebﬂs)alkamm dev&igmbé)eomrunaﬂyehbemg tr@ substratey

Gove oper PO A ERERRp s andul BnfthrBHEe phlele@lieoHEr or n i e

antireflective coating conposition conprises a polynmer and one or nore
conpounds havi ng the formula W(L-(Q)p 15 where Wis PAG or 0, where RAG
i s a photoaci dToRiweatien a§ﬁde'et€fsst°a? Eﬁ?éﬁ%"n@rr forgipg ap Imagg ceMPEisingond or a

o1 19 JIPMEIERE Dodtiichor (e SBRGRG O iraboRbietrolect®e KAt %6 ae vel |
as when t hempositiomohihet presemtfinEntion ®ni syystrates tgmmg the antirefiective
coating, c) providing a coating of a top photoresist layer over the antireflective
coating; d) imagewise exposing the photoresist and antireflective coating layers
to actinic radiation of same wavelength; e) post-exposure baking the photoresist
20 and antireflective coating layers on the substrate; and, f) developing the

photoresist and antireflective coating layers with an aqueous alkaline solution.
DETAILED DESCRIPTION OF THE INVENTION

25 The present invention relates to an antireflective coating composition
comprising a polymer having a dye or chromophore moiety and crosslinking

functionality, an optional crosslinking component, and one or more photoactive

compounds having the formula

30 W—(L=(G)) D



20 conpound; for exanple (01-L)pl-W(L-&)p2 where pl and p2 are each
greater than or equal to 1 and pl + p2 equal 2 to 12. The invention
al so rel ave0tossuobi r st coati ng conposition used i n conjpgmaBeogroomsih at

| east one ot her coating conposition wherein the first coating 25
conposition conprises a polynmer and one or nore photoactive conpounds
having the formula W(L-(GQ)p where Wis PAGor Q where PAGis a

phot oaci d generator and Qis a quencher; each L is a direct bond or a

| i nki ng gwhieps WeBOPAG ar Qi whikrp (AR id & phbtbacid getieritbr aad QHs DGuercch@CH=CH2; p

is 1 to 12. 5The present inventjon also relates to a positive hqt

bhot of nagB31 L IALITRer pend PLa B0 it srsndt B broamndamty SU8HER BI0r bei ng
devel opedig\DHI GRNsTURLEH,ap k2 ito 42V HME enibodindéihts indisde rabe vHeee v a
positive photoresist, wherein the antireflective coating conposition

consi sts #f froE) 2dptthas well as avhenxithere ia mixtureeft Gdrand e §8Meor mul a
(1) and at |east one conpound of formula 10(2) PAG (-L-OH)p(1l) PAG, (L
OCH=CHR) peompesnd;sior example | (GHst LeneVedhpdimer Wer%rmuﬁad(r% are each
(HO L)/ 31- PAG (- L- OCH=CH2) p2(5) and (b) a solvent,

greater than or equal to 1 and p1 + p2 equal 2 to 12. ’

The present invention relates to a positive bottom photoimageable
antireflective coating composition which is capable of being developed with an

10 aqueous alkali developer and which is coated below a positive photoresist,
wherein the antireflective coating composition comprises a polymer and one or

more compounds having the formula

W=(L=(G))p 0

15
where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;
each L is a direct bond or a linking group; each G is independently G1 or G2; G1
is OH; G2 is OCH=CHy; pis 1 to 12. Some embodiments include those where p

is from 2 to 6 as well as when there is a mixture of G1 and G2 on the same

20 compound; for example (G1—L),1—W—(L—G2)p,2 where p1 and p2 are each

greater than or equal to 1 and p1 + p2 equal 2 to 12.

The invention also relates to a first coating composition used in
conjunction with at least one other coating composition wherein the first coating
25 composition comprises a polymer and one or more photoactive compounds

having the formula

W=(L=(G))p



20 where PAG is a photoacid generator, each L is a direct bond or a |inking
group; pis an integer 1 to 12; pl and p2 are each greater than or equal to
1 and pl wopBiagss 2 to 12, wherein at | east one PAG ceoraBm®9/a07451
chronmophore noiety. The conposition can further conprise a conpound
selected from Q (-L-OCH=CH2)p (HOL)0o-Q (-L-OCH=CH2) 0 and m xtures
thereof, where Qis a quencher, each L is a direct bond or a linking group;
p is an integer 1 to 12; p3 and p4 are each greater than or equal to 1 and

P3 + p4 egnale W isPAG. or@rwmaeé PAGR &pRBIGALI guhef&tdr ahd Q BURUérhes t her mal

acid 5 generator. The invention also relates to a conpound selected
fromthe ga@mblm@r@Cmemlsn@gg(ot{e eepl&@wﬁdependentlyG or G2; G1

(HO-L) pl- ‘Péﬁ’é’zlrs%% |s(1"{9 pf Q (-L-OCH=CH2)p2 10 where PAGis a
phot oaci d genérat or quenc er, where each L is a direct bond or a

|l inking group; pis 1 to 12; pl and p2 are each greater than or equal to 1
and pl.+ p2 eq 2 to,12, t he sothtb%

(Vi 1By et oty sEsendfventieh s FrBleRiteod iflyeokdidtn g mansanle

sul f oni umahesieetive, coating composition which is capable of being developed with an

bi s{412- (vi nyl oxy) et hoxyl benzene} - 3, 5- di net hyl- 4- net hox benzene .
15sul f oni BAYYUS azk@"bqi%\(eéppﬁm )'%t%’elésﬂv P@F%r?e}poe e phRIpISHit.4-

met hoxybeppanas Hié‘ %ﬁréﬂ%?% 'cHQﬁr?g éothéﬁf@%‘éﬁé?&@fcﬁ A diftlef fr) a mixture

(vi nyl oxy) et benze f oniumlLO- canphor sul fonat e,andtris(44
of at Ieast one compound of formula (1) and at least one compound of formula

10 (@)
PAG—(—L—0H), )
PAG—(—L—OCH==CH,), @)
or

15 (a2) at least one compound of formula (5)

(HO—L),-PAG—(—L—0OCH=CH,) , (5)

and
(b) a solvent,

20 where PAG is a photoacid generator, each L is a direct bond or a linking group; p
is an integer 1 to 12; p1 and p2 are each greater than or equal to 1 and p1 + p2
equal 2 to 12, wherein at least one PAG contains a chromophore moiety. The

composition can further comprise a compound selected from



(vi nyl oxy) et hoxy] benzene} sul f oni um cycl ohexane sul famate are excl uded.

The invention also relates to a coated substrate where a | ayer of an

i nvent i vewoaatoosgtoeonposition is coated on top of or uneernBzbvoeisianot her
coating layer or, in sone instances a |ayer of an inventive coating
conposition is 5 between two other layers. The invention also relates to a
process for formng an image conprising: a) formng a coating of the
antireflective coating conposition of the present invention on a substrate;
b) baki ng bp gilgb | ective coating, c) providing a 10coating o&3a top
phot oresi s Iéy w the antireflective coating; d) devel opi ng an i mage
usi ng an aqueous al kali ne devel oper; e) optionally heating the substrate
prior to and after devel opnment and, f) dry etching the antireflective
coating. The inven relates a process for formng an ge
conpr|5|nng k%fmhndéaﬁgoatlng of the bottomphotmmageable¢4I7a
antlreflectlve coatlng conposition of the present invention on a substrate;
b) baking the antireflective coating, c¢) providing a coating of top

phot or esi §HOFal)gs Qovert-hOCH=QtB)lect i ve coating; d) inmagew se €Xposing

t he photoresist and antireflective coating |ayers to actinic radiation of
sane wavehed miktures) theosaf: wheresQrie albguenabet, ieacip hos @rdiesios boa@ osadinking

oot or esi S1obRg TaANMBeeEd 1o Ve Baae i 3, eRh R e ol IEL o e

sol ution. p3 + p4 ediffborief €. SFlﬁrmeshmteQmmpbsg@n&faatmo amipﬁsé aftieersndl acmnenc her,
whi ch |ncI udes ciluenchers and phot odeconposabl e quenchers. 25 The PAGs whi ch
are usef uleR¥BE N i ncl ude, for exanple, (i) onium (not including anmoni um
salts of the formula (P1 a), (Plb), (Plc) (P1d), (Pie), (Pit),

The invention also relates to a compound selected from the group

PAG—(—L—OCH==CH,),

Q—(—L—OCH==CH,),

(HO—L), PAG—(—L—0OCH=CH,),,

(HO—L),;Q—(—L—0CH=CH,),,

10 where PAG is a photoacid generator, Q is a quencher, where each L is a direct
bond or a linking group; p is 1 to 12; p1 and p2 are each greater than or equal to
1 and p1 + p2 equal 2 to 12, with the proviso that bis{4-[2-
(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-[2-(vinyloxy)ethoxy]benzene sulfonium
tosylate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-methoxybenzene
15  sulfonium triflate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-
methoxybenzene sulfonium perfluoro-1-butanesulfonate, tris{4-[2-
(vinyloxy)ethoxy]benzene}sulfonium  10-camphorsulfonate, and  tris{4-[2-

(vinyloxy)ethoxy]benzene}sulfonium cyclohexane sulfamate are excluded.

10



(i1) diazonethane derivatives of the fornmula (P2), 30(iii) glyoxine
derivatives of the formula (P3), (iv) bissulfone derivatives of the fornula
(P4), (wvouldmrioe acid esters of N hydroxyi m de conpoegaaBmioivest or nul a
(P5), (vi) 13-ketosulfonic acid derivatives, (vii) disulfone derivatives,
(viii) nitrobenzyl sul fonate derivatives, 5(ix) sulfonate derivatives, (Xx)
benzyl oxysul f onyl benzene derivatives of the fornmula (P6) These acid
generators are described in detail. (i) Oniumsalts of fornmula (Pl a) or
(P1 b): Rlob Ar-SRioAr Ric,c A-A- 10(Pla)(P1lb)

The invention also relates to a coated substrate where a layer of an
inventive coating composition is coated on top of or undermneath of another
coating layer or, in some instances a layer of an inventive coating composition is

5 between two other layers.

The invention also relates to a process for forming an image comprising:
a) forming a coating of the antireflective coating composition of the present
invention on a substrate; b) baking the antireflective coating, c) providing a
10  coating of a top photoresist layer over the antireflective coating; d) developing an
image using an aqueous alkaline developer; e) optionally heating the substrate

prior to and after development and, f) dry etching the antireflective coating.

The invention also relates to a process for forming an image comprising:
15 a) forming a coating of the bottom photoimageable antireflective coating
composition of the present invention on a substrate; b) baking the antireflective
coating, ¢) providing a coating of a top photoresist layer over the antireflective
coating; d) imagewise exposing the photoresist and antireflective coating layers
to actinic radiation of same wavelength; e) post-exposure baking the photoresist
20 and antireflective coating layers on the substrate; and, f) developing the

photoresist and antireflective coating layers with an aqueous alkaline solution.

PAG refers to photoacid generator and Q refers to quencher, which
includes quenchers and photodecomposable quenchers.

25
The PAGs which are useful herein include, for example,
(i) onium (not including ammonium) salts of the formula (P1a), (P1b),
(P1c) (P1d), (P1e), (P1f),
(ii) diazomethane derivatives of the formula (P2),
30 (iii) glyoxime derivatives of the formula (P3),

(iv) bissulfone derivatives of the formula (P4),

11



wherein Ar is an unsubstituted or substituted aryl group of 6 to 20 carbon
atons; Ruth and Ri o independently represent unsubstituted or substituted
strai ght ,wbnramafzegeor cyclic al kyl, al kenyl, aryl group®cofiBfhod/e728 car bon
atons, aral kyl or 15 aryl oxoal kyl groups of 7 to 12 carbon atons, the
straight, branched or cyclic alkyl or al kenyl groups optionally containing
one or nore 0 atons. Also, Rub and Ri o, taken together, may forma ring.
Rut h and Flioc each are al kyl ene groups of 1 to 6 carbon atonms when they

forma ring. Kvpsaforadaeid-esirglonNchydtO&imy dogtnpdimdsasmeneforgiufd @5t and
are illustrated _bel ow. 20Exenplary and non-limting al kyl groups include

met hyl , ethyl, VBrBopo}PSUW%?QJQ)?’Ie"V?ﬂVSﬁtyI sec-butyl, tert-butyl, pentyl,
hexyl, heptyl, %&%%%for@’%rﬁ@ﬁ{% cyclohexyl, cycloheptyl,

cyclopropylnet ohexyl cycl ohexyl net hyl , norbornyl, and

adamant yl . Exe(w'pl[) am;ob&ndylauifoﬂalterdemwayvaﬂi kenyl groups include vinyl, allyl,

propenyl , bute he en nd cycl ohexenyl . Exenplary and non-limting

ary gr oups hapht hy and ant hryl; al koxyphenyl groups
- (%r?(i:'lf p‘%’é’?@ﬁa hthyl, and anthryl: al koxyphenyl

such as p- rret@pbyﬁWsulfmymdz@nwbﬁwives@fmmé foomyEh@e)l , et hoxyphenyl,
p-tertbut ogé/phen , and mtert but oxéph%‘g| al kyl phenyl groups such as 2-
nyI

met hy| phehi$se acidgengratereAre degcrihed et hyl phenyl ,

4-tert- bU&)Vd)HmﬁwénséffohH&l&' phgyyf (p1Bpd di met hyl phenyl ; al kyl napht hyl
groups such as net hyl napht yI and ethylnaphthyl alkoxynaphthyl groups such

as net hoxynapht hyl and ethoxynaphthyl dlalkylnaphthyl groups such as

di met hyl napht h and 5 diethylnaphthyl; and di al koxynapht hyl groups such as
di met hoxynapht HyPt and di et hoxynapht hyl . Exenplary and non-linmting aral kyl
groups include penzyl, phenylethyl, and phenethyl. Exenplary and

non-limtipg ar oxqglkyl group are£2 arM% 2- oxoet hyl groups such as
2- phenyl - 2- oxo€t hyl ,” ®¢(1- napht oxoet™yl, and

2- (2- napht hyl ) - 24bxoethyl Non- Ilnltln@‘exanples of anion represented by A-
10i ncl ude fluorQ Ikylsulfonate i ons, such as triflate,

1,1, 11Qri f | uor §dfhanesul fonate, athd %onafluorobutanesulfonate
aryl sul fonate ions such as tosylate benzenesul f onat e,

4-fl uorobenzenesul fonate, and 1, 2, 3,4, 5- pentafl uorobenzenesul f onat e,

al kyl sul f whexein Ao'wsarsunﬂsubaﬁtu’@d;yr substitiied BoA graupofitotea?@ carbrn B8UR$3C- and

(RF1S02) 2 ' om t he group
consi sti ng%ﬁnﬁ{%ﬂﬂ %@%n&%@dg%ﬁﬁjg@?ugg@ﬁ%ggbgﬁkﬁﬁsgtfa é'ft(m“ nat ed
aryl radi b@lnshecmdr owlcmytyallker(yl aWIegnoups:m‘rﬂ)tmm canbonfatam;e, aratkyRbrl gr oups
are || ked further, the y S co tain from
150 11 oaniooafl Supna) 758 1etpigAtoms; tiacsledonts brapgBed Br Saleriat
oxygen, tgy énﬁénwtbrduﬁsrwmaw cORUMIRY Y ofMbFIO diBisi Ats@r RyRtantm .,
20skel etal chai'n, further when Rf1 contains a cyclic structure, such
st ruct ur etakgs twether may form a ring. Rygp and Ryoc €ach are alkylene groups of 1106
carbon atoms when they form a ring. A" is an anion.
Riop and Ryoc may be the same or different and are illustrated below.
20 Exemplary and non-limiting alkyl groups include methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclopropylmethyl, 4-methylcyclohexyl, cyclohexylmethyl, norbornyi,
and adamantyl. Exemplary and non-limiting alkenyl groups include vinyl, allyl,
propenyl, butenyl, hexenyl, and cyclohexenyl. Exemplary and non-limiting aryl
25 groups include phenyl, naphthyl, and anthryl; alkoxyphenyl groups such as p-
methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl, ethoxyphenyl, p-tert-

butoxyphenyl, and m-tert-butoxyphenyl; alkylphenyl groups such as 2-

12



or 6 ring nenbers, optionally, 1 or 2 of which are heteroatons, and

Rg- O Rf 2- S03- , where Rf2 is selected fromthe group consisting of |inear
or branchwo 20{0fB5406Where j is an integer from4 to 10 amdT@B2004/807451

cycl operfluoroal kyl radical which is optionally perfluoroG .| oalkyl
substituted, Rg is selected fromthe 25group consisting of Cl-C20 I|inear,
branched, nonocycl oal kyl or polycycloal kyl, Cl- C20 |inear, branched,
nonocycl oal kenyl or pol ycycl oal kenyl, aryl, and aral kyl, the al kyl,

al kenyl, aicthfipherif B- ﬁerHyIMé?ND%—rh@tHWH@h?Ubﬁylﬁhén?ﬂA téhltﬁhylph'érwﬂ,A-
optionall gucont ai ni na one or nore catenary heteroatons, parti al

f 1 uori nat Bdtylhenyk an @mﬂ@v@aenﬂxawnéghw GIeoERS aHEHAS mtfzylnamtnﬂe

( Gras02) o( 0 SR S ilinaab R dpelie i o EOSDARYEID S )
( CAF3S02) ettoxgeauhitiay: dialkyDapSD®) goups Sogh Rs diahgnapabyiaodi 2N- |
Laps TNt MR L T A —
C F2 o/  diethoxynaphthyl. Exemplary and non-limiting aralkyl groups include benzyl,
phenylethyl, and phenethyl. Exemplary and non-limiting aryloxoalkyl groups are
2-aryl-2-oxoethyl groups such as 2-phenyl-2-oxoethyl, 2-(1-naphthyl)-2-oxoethyl,
and 2-(2-naphthyl)-2-oxoethyl. Non-limiting examples of anion represented by A~
10  include fluoroalkylsulfonate ions such as triflate, 1,1,1-trifluoroethanesulfonate,
and nonafluorobutanesulfonate, arylsulfonate ions such as tosylate,
benzenesulfonate, 4-fluorobenzenesulfonate, and 1,2,3,4,5-
pentafluorobenzenesulfonate, alkylsulfonate ions such as mesylate and
butanesulfonate, (Rf1S0,);C™ and (Rf1S0,)oN", wherein each Rf1 is
15 independently selected from the group consisting of highly fluorinated or
perfluorinated alkyl or fluorinated aryl radicals and may be cyclic, when a
combination of any two Rf1 groups are linked to form a bridge, further, the Rf1
alkyl chains contain from 1-20 carbon atoms and may be straight, branched, or
cyclic, such that oxygen, trivalent nitrogen or hexavalent sulfur may interrupt the
20 skeletal chain, further when Rf1 contains a cyclic structure, such structure has 5
or 6 ring members, optionally, 1 or 2 of which are heteroatoms, and
Rg—O—Rf2—S03", where Rf2 is selected from the group consisting of linear or
branched (CF,); where j is an integer from 4 to 10 and C+-Cs, cycloperfluoroalkyl
radical which is optionally perfluoroC;.scalkyl substituted, Rg is selected from the
25 group consisting of C1-Cy linear, branched, monocycloalkyl or polycycloalkyl, C1-
Cy linear, branched, monocycloalkenyl or polycycloalkenyl, aryl, and aralkyl, the
alkyl, alkenyl, aralkyl and aryl groups being unsubstituted, substituted, optionally
containing one or more catenary heteroatoms, partially fluorinated or
perfluorinated. Examples of such anions Xi2 include (CoFsSO;)N",
30 (C4FS02)2N7, (CgF17S02)sC, (CF3S0,)3C , (CF3S02)aN", (CF3S02)2(CsF9SO,)CT,
(C2F5S0,)3C7, (CaF9S02)3C™, (CF3S0,)2(CaFsS0,)C, (C4F9SO,)(CaFsS0,).CT,

13



F2C--C F2 N C2F4S0261p S02C 3 o/ N C2F4S02Q( S02CF3)2 F2Cr C F2 5
CF3CHFQ( CF2) 4S03- , CF3CH20( CF2) 4S03- , CH3CH20( CF2) 403-

CH3CH2CHAR OGhR)s8d6, CH30( CF2) 4503 , C2HSQ( CF2) 4S03- , €4ifaB100972)74503-
C6H5CH20( CF2) 4S03- , C2H50CF2CH( CF3) S03 , CH2=CHCH20( OF2) 403-
CH3OCF2CF( CF3) 503- , C4H9OCF2CF(CF3) S03- , C8H170(CF2)2S03 , and
CAHI90( CF2) 2S03 10 712aRI2b ArSR13S Ar A (Pie) 15 Herein, Ar is as defined
above, Rl12a and R12b i ndependently stand for the sane as R ob. R13

r tepf eseni @Clssgli?é)(fﬂ‘tﬁtﬁoz D AIC AHENOSF SO51LNC, (ﬁﬁsﬁi\mmsogm 80,CFs),p 10 carbon
atons optiopa cont ai n n nor. _ .0

escr | bod EBRIECFISBIS A SO (GrbgPetp Do s G e308y RoCEre

met hyl ene, et hyl ene, propyl ene, butyl ene, pentylene, hexyl ene, heptylene,

octyl ene, 20nonyl ene, 1, 4-cycl ohexyl ene, 1, 2-cyclohexyl ene,
1, 3-cycl opepjl egg, 1,4- cyclooc%x&gne?oand 1, 4- cycl ohexanedi net hyl ene.
2

/[ N\ }
FoC N SO,CFs
F,C—S0, Pl g 5,
F/2G_CF2 F.C—CF,
0] N—CQF4SOZN SOZCFg O/ N—CzF4SOZC_(SOQCF3)2
F,C—CF, Fo—dF,

5 CF3CHFO(CF2)4S05™, CF3CH,0O(CF2)4S0O5™, CH3CH20(CF2)4SO3‘ .
CH3CH2CH2O(CF3)4S03™ , CH30(CF»,)sS0O5™ , CoHsO(CF2)4S037,
C4HyO(CF»)4S03™, CsHsCH20O(CF2)4S0O3™ , CoHsOCF,CF(CF3)SO3™,
CH>=CHCH,0(CF2)4S0O3™ , CH3OCF,CF(CF3)SO3™, C4HgOCF,CF(CF3)SO3,
CgH170(CF2)2S03™, and C4HsO(CF2).S0;5™ .

10

Ar + Rz—S™—Ar

(P1c)

15  Herein, Ar is as defined above, Ri2; and Rz, independently stand for the same
as Riob. Riarepresents a straight, branched or cyclic alkylene group of 1 to 10
carbon atoms optionally containing one or more O atoms. A™ is an anion as
described above. lllustrative of the groups represented by Ry3; are methylene,
ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene,

20 nonylene, 1,4-cyclohexylene, 1,2-cyclohexylene, 1,3-cyclopentylene, 1,4-

cyclooctylene, and 1,4-cyclohexanedimethyiene.

14



RO Ate

AAS RO At -S Ar+ af K2 R06 x-2 Ar-1f R oc x-2

WO 2010/055406 PCT/IB2009/007451
Ry Riob
+. hmd Ar +
A——F—R g A——F—Ryq,

10

Riop (P1e) (P1f)

(P1d)

Wherein Ar is as defined above, Ry, and Ryoc are independently defined as
above and X?is a Q-Rs00-SO3”, where Q is selected from ~ 038, ~02C, or " J;
Rsoo is a group selected from linear or branched alkyl, cycloalkyl, aryl, or
combinations thereof, optionally containing a catenary heteroatom, where the
alkyl, cycloalkyl, and aryl groups are unsubstituted or substituted by one or more

groups selected from the group consisting of halogen, unsubstituted or

* substituted alkyl, unsubstituted or substituted C1.g perfluoroalkyl, hydroxyl, cyano,

15

sulfate, and nitro; and J is fluoride, chloride, bromide or iodide.

(Rioo)o Ao
10b/c

S+
_
R1 Ob

(P1g)

Wherein each Rqqp is independently defined as above or hydrogen; b and c are

independently 0 to 4; and A™ is an anion as described above.

15



Ar---ft R100 Rio, Rio, Ri o,

10

15

20

25

WO 2010/055406 PCT/IB2009/007451

(if) Diazomethane derivatives of formula (P2)

(P2)

Herein, Rys and Rygindependently represent unsubstituted or substituted straight,
branched or cyclic alkyl optionally containing one or more O atoms, or '
halogenated alkyl groups of 1 to 12 carbon atoms, unsubstituted or substituted
aryl or halogenated aryl groups of 6 to 20 carbon atoms, or unsubstituted or
substituted aralkyl groups of 7 to 12 carbon atoms.

Of the groups represented by Rys and R4s, exemplary alkyl groups include methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl,
amyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and adamantyl. Exemplary
halogenated alkyl groups include trifluoromethyl, 1,1,1-trifluoroethyl, 1,1,1-
trichloroethyl, and nonafluorobutyl. Exemplary aryl groups include phenyl;
alkoxyphenyl groups such as p-methoxyphenyl, m-methoxyphenyi, o-
methoxyphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-butoxyphenyl; and
alkylphenyl groups such as 2-methylphenyl, 3-methylphenyl, 4-methy|pheny|,
ethylphenyl, 4-tert-butylphenyl, 4-butylphenyl, and dimethylphenyl. Exemplary
halogenated aryl groups include fluorophenyl, chlorophenyl, and 1,2,3,4,5-
pentafluorophenyl. Exemplary aralkyl groups include benzyl and phenethyl.

(iii) Glyoxime derivatives of formula (P3)
Fl‘w |?19

R7—S0;—0

(P3)
Herein, Ry7, Rg, and Rgindependently represent unsubstituted or substituted

straight, branched or cyclic alkyl or halogenated alkyl groups of 1 to 12 carbon

16



5 Wherein Ar is as defined above, Riot, and R1Oc are independently defined
as above and X-2 is a 0-R330-S03- , where Qis selected from03S, - 02C, or
- J; R500wo=0n/@5mdp sel ected fromlinear or branched alrkyhp20yci7asi kyl ,
aryl, or conbinations thereof, optionally containing a catenary heteroatom
where the al kyl, cycloal kyl, and aryl groups are unsubstituted or
substituted by one or nore 10 groups selected fromthe group consisting of
hal ogen, unsubstituted or substituted al kyl, unsubstituted or substituted

fC|1_8 pgrf bwgilw,a!dgubstgbwdmgwbstitqwgmyl cﬁ‘lliai@sﬂ()b gtémainlyg%ﬂoups oa?domi \S/\h
uoride, chloride, brom de or jodide, c. 15(Pi erein
each Ri ckCﬁ@anﬁi@’[.‘)‘én‘are‘l‘ﬂslUPSWHHWCPU%T"&%%M ﬂéﬂ'j'Pﬁg?iﬁ ;toﬂgéﬁ%g N are

| ndependegidys 5@ ﬁh;eaﬁaqh@-tak&n %eﬁ@%aﬁ%rﬂf-‘é@ihgpﬁ IR each afe _
Di azonet hane derivatives of fornula (P2) N2 R15 -S02CSO2 Al6 (P2) 5 Herein,
P15 and Russubsiiéged oesubstituted straight oubranpbed allylemegrogpsmeth 1 tad earbonr ai ght ,

branchgd 8@@%@9?%@ uplgmgﬁ?'ti'id?nal |l y containing one or nore O atons, or

hal ogehat e to 12 carbon atons, unsubstituted or
subst i t ut diistrative exarhples o tret atklyl shaglbgeytaterh alkgf, abylt lal@feratedaryl anars, or
unsubstit gEa?I((jyl Cg);rroups represented by Ry7, R, and Ryg are the same as exemplified for
Risand Rys. Examples of the alkylene groups represented by Ryg and Ryginclude
methylene, ethylene, propylene, butylene, and hexylene.

10  (iv) Bissulfone derivatives of formula (P4)

(P4)
Herein, Rygp is as defined above.

(v) Sulfonic acid esters of N-hydroxyimide compounds of formula (P5)

15

RZYN_O_SOQ—RZ
O (P5)
Herein, Ry is an arylene group of 6 to 10 carbon atoms, alkylene group of 1 to 6
carbon atoms, or alkenylene group of 2 to 6 carbon atoms wherein some or all of
the hydrogen atoms may be replaced by straight or branched alkyl or alkoxy
20 groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl groups. Ry is a straight,
branched or cyclic alkyl group of 1 to 8 carbon atoms, alkenyl, alkoxyalkyl, phenyl

or naphthyl group wherein some or all of the hydrogen atoms may be replaced by

17



10 substituted aral kyl groups of 7 to 12 carbon atons. O the groups
represented by R15 and R16, exenplary al kyl groups include nethyl, ethyl,
propyl, iwopommsk4oen-butyl, sec-butyl, tert-butyl, pentycriBawybezaheptyl,
octyl, anyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and
adamantyl . Exenpl ary hal ogenat ed al kyl groups include trifluoronethyl,
1,1,1-trifluoroethyl, 1,1,1- 15 trichloroethyl, and nonafl uorobutyl.
Exenpl ary aryl groups include phenyl; al koxyphenyl groups such as

p- net ho>t<)y ahkgho alkdsslkyr@bhgsxbphle@yfl carlmmatbﬁ?sy phemyl Ig(;omlts{:(mmﬂhmalylhave ]
-tert-buto an m Tt ox an a en oups sucC

D S et s anBien thereAn Alk] i alkox] o & o d skt ftomss BT eedsed O P

4- t er - buihphIRbro-dromd @B@;@ybm&né chH&Sﬁte{WﬂthSﬂWéﬂlorl@@ﬂm&fnﬁé

20hal ogenat ed aryl groups include fluorophenyl, chlorophenyl, and
1,2,3,4, 53KH@htafluorophenyl Exenpl ary aralkyl groups |nclude benzyl and

henet t Il RL7SQ20N-C
CNp303 R 2" s oy YEREBENEHy Rl RSmBlan BRNEGiOURS T2 oo
unsubsti t phenyleme and418- haplﬂdyleheae%plarlyreﬁkr,d@rmigmupsyndlu@e aiettyllers,

hal t | k 1t 2 b t : titut

Seo o Bl vifCRiRBeCleeltutont e R T AR B SR Bl o
unsubst i tuhe@x@:rn w@&tueh?reﬂd mlaﬁwbluaéqwsmfené 1 phtAycaphamyleiens. Al so,
R18 and F119, en t oget her forma ring. R18 and R19 each are

unsubst i t 8ne&- ranfbgms@ﬁr% i @t th&. gjﬁwp%fepm%mey Bekydemplayalkd of 1 to 6
el ogedat SrPuTafY 38 Sxsfbiiel Ford oy Bty ep el Akl HoEb S Tchliae Mt e
by R17, Rifgropenyl,Rill,drkuteny, §é:meem/$ |spmenp3lrh 1-pedtenyl, 3Riehtamnyl, 4+ 6 Exarrpl es
o e 2 AR, ARGl LREohco REsdhE EE.  PEbE BBAR ot e
of fornmul 8-Hdpfényl, and 7-octenyl; and exemplary alkoxyalkyl groups include
methoxymethyl, ethoxymethyl, propoxymethyl, butoxymethyl, pentyloxymethyl,
15 hexyloxymethyl, heptyloxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl,
butoxyethyl, pentyloxyethyl, hexyloxyethyl, methoxypropyl, ethoxypropyl,
propoxypropyl, butoxypropyl, methoxybutyl, ethoxybutyl, propoxybutyl,
methoxypentyl, ethoxypentyl, methoxyhexyl, and methoxyheptyl.
Of the substituents on these groups, the alkyl groups of 1 to 4 carbon atoms
20 include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl and tert-butyl; the alkoxy
groups of 1 to 4 carbon atoms include methoxy, ethoxy, propoxy, isopropoxy, n-
butoxy, isobutoxy, and tert-butoxy; the phenyl groups which may have
substituted thereon an alkyl or alkoxy of 1 to 4 carbon atoms, nitro, or acetyl
group include phenyl, tolyl, p-tert-butoxyphenyl, p-acetylphenyl and p-nitrophenyl;

25 the hetero-aromatic groups of 3 to 5 carbon atoms include pyridyl and furyl.

(x) benzyloxysulfonylbenzene derivatives of the formula (P6)
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00 Il R106 S-CH2-S-Ri ob O (P4) Herein, RiOb is as defined above. (v)

Sul fonic acid esters of N hydroxyi m de conpounds of fornula (P5) 15 0O(p5)
Her ei n, RO 08/m@mMo0ar yl ene group of 6 to 10 carbon at onspcahBylogoesgr oup of
1 to 6 carbon atons, or al kenylene group of 2 to 6 carbon atons wherein
sone or all of the hydrogen atonms nmay be replaced by straight or branched
al kyl or al koxy 20 groups of 1 to 4 carbon atons, nitro, acetyl, or phenyl
groups. R21 is a straight, branched or cyclic alkyl group of 1 to 8 carbon
atons, al kenyl g al koxyal kyl, phenyl or naphthyl group wherein sonme or al

of the hydrogen atons nmay be replaced by al kyl or al koxy groups of 1 to 4
car bon at&hsg‘ﬁheﬁ&%ﬁgrBups (whi ch may have substituted thereon an al kyl or
al koxy of 1 toég carbon atons, nitro, or acetyl group), hetero-aronatic
groups of 3 to carbon atons, or chlorine or fluorine atons. 5 O the

gr oups represented“ﬁv R20, exenpl ary aryl ene groups include 1,2- phenyl ene
and 1, 8-napht hyl ene; exenpl ary al kyl ene groups i nclude nethyl ene, ethyl ene,
trimethyl ene, tetranethyl ene, phenylethyl ene, and norbornane-2, 3-diyl;, and
exenpl ar y WhéceimyR ginand) Reyy imelependerdly stard farilyé eame ab-fagny!l - 1, 2- vi nyl ene,
and 5-norbornene-2,3-diyl. O the groups represented by R21, exenplary

al kyl 10 groups are as exenplified for RumtO Riot; exenplary al kenyl

groupss i nAludgtative ahd nor-iMitigeampléd bi/the abidJPémutor intllag:enyl , isoprenyl,
1- pentenyl, 3-pentenyl, 4- pentenyl, dinmethylallyl, 1-hexenyl, 3-hexenyl,
5- hexenyl , - hepteysalts S:Blﬂhéﬁt@ﬂﬁn,yl'Gd%ﬁéméﬁi}/‘{‘qfoﬂ}%haﬂe&lékf@?ﬁ’ﬁ; (PgH- exenpl ary

But Xyt by | . DR R Byt iy,
met hoxyet hyl , diphenylietdbgium ptapengsadfonate, kpitarkyet hyl , pent yl oxyet hyl
e oTERR e RARR e GRO BB R o7
met hoxyhexyl , fifidoroaidihaydselibnate, (p-tert-butoxyphenyl)diphenylsulfonium
trifluoromethanesulfonate, bis(p-tert-butoxyphenyl)phenylsulfonium
trifluoromethanesulfonate, tris(p-tert-butoxyphenyl)sulfonium
trifluoromethanesulfonate, triphenylsulfonium p-toluenesulfonate, (p-tert-
butoxyphenyl)diphenylsulfonium p-toluenesulfonate, bis(p-tert-
15 butoxyphenyl)phenylsulfonium p-toluenesulfonate, tris(p-tert-
' butoxyphenyl)sulfonium p-toluenesulfonate, triphenylsulfonium
nonafluorobutanesulfonate, triphenylsulfonium butanesulfonate,
trimethylsulfonium trifluoromethanesulfonate, trimethylsulfonium p-
toluenesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium
20 trifluoromethanesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium p-
toluenesulfonate, dimethylphenylsulfonium trifluoromethanesulfonate,
dimethylphenylsulfonium p-toluenesulfonate, dicyclohexylphenylsulfonium
trifluoromethanesulfonate, dicyclohexylphenylsulfonium p-toluenesulfonate,
trinaphthylsulfonium trifluoromethanesulfonate, cyclohexylmethyl(2-
25 oxocyclohexyl)sulfonium trifluoromethanesuifonate, (2-norbornyl)methyl(2-
oxocyclohexyl)sulfonium trifluoromethanesulfonate, ethylenebis[methyl(2-
oxocyclopentyl)sulfonium trifluoromethanesulfonate], 1,2'-

naphthylcarbonylmethyltetrahydrothiophenium triflate, bis [4-
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O the substituents on these groups, the alkyl groups of 1 to 4 carbon
atons 20i ncl ude nethyl, ethyl, propyl, isopropyl, n-butyl, isobutyl and

t ert - but Wo 20temssdokoxy groups of 1 to 4 carbon atons i necwdB2eowbivexy,

et hoxy, propoxy, isopropoxy, nbutoxy, isobutoxy, and tert-butoxy; the
phenyl groups which may have substituted thereon an al kyl or alkoxy of 1 to
4 carbon atons, nitro, or acetyl group include phenyl, tolyl,

p-tert-but oxyphenyl, p-acetyl phenyl and p-nitrophenyl; 25 the

het er o- ar omat | gcelyiexshedlyl] pheAylSulaiure Pedluordbltasdsigienate] bidyh- and fury!.
(x) benzyl oxysul fonyl benzene derivatives of the fornula (P6) 0 R10h

S- OCH2- R10j  ( Fanetyieeyrhenylafeny! sifteniirg 4rddependent |y stand for the sane as
R1Ob. 5111 ust r@irhﬁﬁr@@%dﬁﬁﬁg@hﬁr%}&&n | o%éﬁ? b%f[2?r?§tngﬁ'cjgnﬁﬁlﬂﬁf at or

i nclude: oniumsalts suc eny niumtri ronmet hanesul f onat e,
( p- t er t but oxy pisetylbxyrhetnpkyriwoyi] phenylsdlfaniuro perfiuote utanesaifenate, bis

di phenyl i odoni - t.al uenesul fonate.. (Q- )3 henyl ) phenyl i odoni u
p-t ol uenesul foﬁg'g'FEq'tI?gﬁmyé)ﬂ 'Péﬂﬁ"ﬁ%ﬁlgﬁ'ﬁﬁ uﬁ@é et hgm)egul fgnat e, "
( p- t er t - but oxymbgiaxyphérpiiphshy sLferimmrpdiludrobotanestifnats Wis prat e,

bi s(p-t ed- but oxyphenyl ) phenyl sul foni um tri or t | f t
DT SCoetor b bR BRI SRR P R REe Do RaRery P ey

tri phenyl sul f ogjiféRlumn betiprsasthhABANIRnate? blsgd;4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0>°]-nonylmethoxyphenyl]phenyl sulfonium 4-(1,1,1,2-

10 tetrafluoroethoxy)perfluoro-butanesuifonate, bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0*°Jnonyl-methoxyphenyl]phenyl sulfonium
bis(trifluoromethy-isulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-oxatricyclo-
[4.2.1.0%°]-nonylmethoxyphenyl]phenyl sulfonium
bis(perfluoroethylsulfonyl)-imide, bis [4,4-bis(trifluoromethyl)-3-

15 oxatricyclo[4.2.1.0%°]-nonylmethoxyphenyllphenyl sulfonium
(perfluoromethyl-sulfonyl) (perfluorobutylsulfonyl)imide, bis [4,4-
bis(trifluoromethyl)-3-oxatricyclo[4.2.1.0*°]-nonylmethoxyphenyl]phenyl
sulfonium bis(perfluoropropyl-sulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0%°Jnonylmethoxy-phenyl]phenyl sulfonium

20 bis(perfluorobutylsulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-oxatricyclo-
[4.2.1.0%°]-nonylmethoxyphenyl]phenyl sulfonium tris(trifluoromethyl-
sulfonyl) methide, bis [4-acetyloxyphenyl] phenylsulfonium
perfluoromethanesulfonate, bis [4-acetyloxyphenyl] phenyisulfonium
bis(trifluoromethyisulfonyl)imide, bis {4-acetyloxyphenyl] phenylisulfonium

25 bis(perfluoroethylsulfonyl)imide, bis [4-acetyloxyphenyl] phenylsulfonium
(perfluoromethylsulfonyl) (perfluorobutylsulfonyl)imide, bis [4-
acetyloxyphenyl] phenylsulfonium bis(perfluoropropylsulfonyl)imide, bis [4-
acetyloxyphenyl] phenylsulfonium tris(trifluoromethylsulfonyl)methide, bis
[4-acetyloxyphenyl] phenyisulfonium 4-propoxypefluorobutanesulfonate,

30 bis [4-acetyloxyphenyl] phenylsulfonium bis(perfluorobutylsulfonyl)imide,
bis [2-methyladamantylacetyl-oxymethoxyphenyl] phenylsulfonium4-
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but oxyphenyQdi phenyl sul f oni um p-tol uenesul fonate, bis(p-tert-

15but oxyphenyl ) phenyl sul f oni um p-t ol uenesul fonate, tris(p-tert-

but oxyphewmgl2pswisémei um p-t ol uenesul fonate, tri phenyl sul fPomiBr09/007451

nonaf | uor obut anesul fonate, triphenyl sul foni um but anesul f onat e,
trinmethylsulfoniumtrifluoronmethanesul fonate, trinethyl sulfonium p-

t ol uenesul fonat e, cycl ohexyl net hyl (2- oxocycl ohexyl ) sul foni um

20t ri f 1 uor omet hanesul f onat e, cycl ohexyl et hyl ( 2- oxocycl ohexyl ) sul f oni um p-

t ol uenesul f onages, 19BNV RIBETOAY Er bymahéishhyﬁﬁtena&fr@nesul fonate,

di met hyl phenyl sulf oni um p-t ol uenesul nat e, dicycl ohexyl phenyl sul f oni um
trifluoronet hanwwladmmmwadetyyoxwheﬂwkmwﬂ 9bemyiaultqnu|unt ol uenesul f onat e,

tri napht hyl sul uI fonate, cycl ohexyl met hyl (2-
250xocycl ohexyi’g@kﬂ#@gﬁéthé‘!‘%ﬁlfgﬁgor hanesul fona%/e (2- %o?ﬁorxyl() met hyl ( 2-
oxocyc: ohexyl l)mdtﬁymdamﬁtylhb?wmmﬂimaypheﬂnfl]]Ephﬁémlsuﬁbllﬁ;ahenebi s[ met hyl (2-
oxocyc| opent oniumtrif]uoro ul fonate], .1,2'-

napht hyl car bgniﬂsﬁﬂ LIWPF@WMG’PW' n&%n% %melf}y'ﬁaé‘}%meﬂe%tyl%y'

acet yl oxypheny [etidx§pHeWl] })ﬁehyiaur&ruﬁqqﬁg(ga%amwlémwlmuae i fo-

acet yl oxyphenyl | phenyl sul'fonium4-(1
tetrafl uor oet hm@}*) antylanetyleesnethexyrhenyl pbenylsulfonium

[ 2- et hyl adama SR BBRRIYoHuRERBAYAithibe biL -

per fl uoro-buta esu onak
5[4, 4-bis(trif hmmmmm—a}:ewlaXymetyuokppherﬂyl]lpm\y&pﬁonmm

b1 (L A8 1 oy onBmAHuSoRteReBpRTiides b WRE S Agp R R BNE 1 ] pheny!
sul foni um perfbwmaﬁak Fﬁ@ﬁ gmforhurﬁ 4[}4roﬁoby¢é(ﬂbbtd‘dmmbﬁmb) 3-

oxatricyclo[4.2 - nony oxyphen enyl sulfonium4-(1,1,1, 2-
10t et r af | uor oebﬁd%wqiavlﬁﬂar@aatyﬂﬁﬁ%ﬂwmﬁ vehermllsohenvlsulfomum

[4,4-bis(trifl :
oxatricycl o[ 4. g&?ﬂg@c&]@ﬁlﬁh Su”o%kmetngr?ymsgﬁenyl sul f oni um
bi s(trifluor onmdﬂwlackanmammpehylogkgmemcg(yphenyl] phenylsulfonium

yi. sulPoni um bPEIRRTITRBBLAGRLLES yy & FiuirbmaRRi-Selatieyagery! 1 phen

[4 4-bi s(trifl pne.aréemphyinithoxyphenyllphenyl sulfonium 4-propoxy-

15oxatricyel of 4et2 uolrot?uztarﬂ sul?o Itge 612?4 %Bgroxyptlé)nyﬁpt\{enﬁsul o%?uer m
bis(perfluoroethylsulfonyl)imide, bis [4-hydroxyphenyl]phenylsulfonium
bis(trifluoromethylsuifonyl)imide, bis [4-hydroxyphenyl]phenylsulfonium

20 (perfluoromethylsulfonyl) (perfluorobutyl-sulfonyl)imide, bis [4-
hydroxyphenyl]-phenylsulfonium bis(perfluoropropyl-sulfonyl)imide, bis [4-
hydroxyphenyl]-phenylsulfonium bis(perfluorobutyl-sulfonyl)imide, bis [4-
hydroxyphenyl}-phenylsulfonium tris(trifluoromethyl-sulfonyl)methide, bis
[4-hydroxyphenyl}-phenylsulfonium 4-(1,1,1,2-

25 tetrafluoroethoxy)perfluorobutanesulfonate, bis [4-hydroxyphenyl]-
phenylsulfonium 4-propoxypefluorobutanesulfonate, bis [4-
hydroxyphenyi]phenylsulfonium perfluorobutanesulfonate, bis [4-
hydroxyphenyl]-phenyisulfonium perfluoromethane-sulfonate, bis [4-
pentafluorobenzene-sulfonyloxyphenyl] phenylsulfonium

30 bis(perfluoroethylsulfonyl)imide, bis [4-pentafluorobenzene-

sulfonyloxyphenyl] phenylsulfonium bis(trifluoromethyl-sulfonyl)imide, bis
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(perfluoronethyl-sul fonyl) (perfluorobutylsulfonyl)imde, bis [4,4-

bi s(trifluoronethyl)-3-oxatricyclo[4.2.1.02.5]-nonyl net hoxyphenyl ] phenyl
sul f oni umwbi2s{opssdob uor opr opyl - sul fonyl )i m de, bis PCT/IB2009/007451
[4,4-bis(trifluoronethyl)-3-

oxatricyclo[4.2.1.021nonyl net hoxy- phenyl | phenyl sul f oni um

20bi s(perfl uorobutyl sul fonyflimde, bis
[4,4-bis(trifluoronethyl)-3-oxatricyclo-

[4.2.1.02' 5] - nfhpéemaflbanobehemelJubioayipkyshdniyt] pihenylsulfonium

tris(trifluoronethyl sul f.onyl t hide . Dbi 4-acetylo enyl

phenyl sul f oni uFR%@?’PU@FWA%’N)HQ@%T'EJBE%R@'JM'@"?EWX%%@f@i@%ﬁ%’ﬁ&ﬂﬁ"

phenyl sul f oni u&ﬁi@@sﬁiféﬁwygﬁ@ﬁﬁwmyimhw de, bis [4-acetyl oxyphenyl ]
phenyl sul f oni um 25bi s( perfl uoroet hyl sul fonypi m de, bis [4-acetyl oxyphenyl ]
phenyl sul f oni ukis(Rssfuorgprapvisuligmdlimidsn Pis)[4¢ per f | uor obut yl sul f onyl )i mi de,

bis [45. acet y! QeBESbLeAERUSHIEABHU PhASHSIHRRF BRARAS8bbagH ) i m de.

bis [4- acetyl bxypheny
tris(trifl uor osafdnyl)sideobig [4-pentafiderobbnzerjesuiforylydxyripemdny | |

henyl sul f oni um 4- fl but f onat e.. .30bj 4- acetyl henyl
Phenyl sl f oni uRMEPE SRR GG ElARaS P Risiag;igs bl & acetyl xyphenyl]
[ 2- met hyl adanapémbﬂa@bbbnmtmmymwmy]] pleapisuBohitmN-(1#1,2-
(1,1,1, 2-tetrafl ugroet hoxy) perfl uorobut ape-sul fonate, bis [2-
met hyl adamant yFeé'@QPWQMP%WWFﬁﬂ%S“B%?i Rigil#oni um

per | ¥or oot hapesuhi deBbRzerisaibrr oRgs A dERYIsUlGRaky-oxy met hoxypheny! ]

phenyl sul f oni um 5bi s(trifluoronmet’hyl sul fonyl)imde, bis

[ 2- met hy| adanaptopoxyrefitosa-putamestitonate tiis [A-peniaBugrobenzene: um

b i ey ) ’ _

ot ot adamant s PG BO¥N MeiisuBbd i berfluorobutanesulfonate, bis [4-

(pteL f: ugrome: hrbnmﬂhér?bphaer¥$enédwmwh h:anyI] plmdariybsulll lohiumil gerflubramétBane-

bt o oo f oy SRR i VAR i Ba onis v BEREe Rl D henyler -

oxymeaQoxyphenysh&nmhﬁ#bfmmmrﬁeﬂfymﬂ?wﬂmid&ww@r@sul fonate, bis
p

[ 2- met hyl adamant yl'acet yl oxy- net hox¥fphenyl enyl sul foni um
tris(trifl uor ofttiHyeromethyisanyapesiiigayloky)sphienyl] phenylsulfonium

met hyl adamant yb%ﬁﬁﬁ%ﬁl’%ﬁ@%{[ﬁ&é@@ﬁﬁ&%b&@ ey S SikrdRF ! Methyl)benzene-

15bi s(perfl uorobutylsu
[ 4, 4- bi s(trifl sofayiy)phenyl pheanylsdioniwn (perfluoromethylsulfonyl)

(perfluorobutylsulfonyl)imide, bis [4-(3,5-

20 di(trifluoromethyl)benzenesulfonyl-oxy)phenyl] phenylsulfonium
bis(perfluoropropyisulfonyl)imide, bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)phenyl] phenylsulfonium
bis(perfluorobutyl-sulfonyl)imide, bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)phenyl] phenylsulfonium

25 tris(trifluoromethylsulfonyl)methide, bis [4-(3,5-di(trifluoro-
methyl)benzenesulfonyloxy)phenyl] phenyisulfonium 4-(1,1,1,2-
tetrafluoroethoxy) perfluorobutanesulfonate, bis [4-(3,5-di(trifluoromethyl)-
benzenesulfonyloxy)phenyl} phenylsulfonium 4-
propoxypefluorobutanesulfonate, bis [4-(3,5-di(trifluoromethyl)-

30 benzenesulfonyloxy)phenyl] phenylsulfonium perfluorobutanesulfonate,

bis [4-(3,5-di(trifluoromethyl)benzenesulfonyl-oxy)phenyl] phenylsulfonium
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[4.2.1.021nonyl met hoxyphenyl | phenyl sul f oni um

4- propoxypef | uor obut ane-sul fonate, bis [4-hydroxyphenyl] phenyl sul f oni um

bi s( per f Iworosidsydosul f onyl )i m de, bis [4-hydroxyphenyl ] poengiewbdiasni um

bi s(trifluoronethylsulfonyl)imde, bis [4-hydroxyphenyl]phenyl sul fonium
20( perfl uoronet hyl sul fonyl) (perfluorobutyl-sulfonyl)imde, bis [4-

hydr oxyphenyl ] - phenyl sul f oni um bi s(perfl uoropropyl -sul fonyl)imde, bis [4-
hydr oxyphenyl kphenyl sul f oni um bi s(perfl uorobutyl -sul fonyl)inide, bis [4-

hydr oxyphenyl ] &*ﬂ@ﬂbﬁnﬁé&hﬁﬁé‘-‘sklﬁ@ﬁdté 9&& 54 friflUQfdhﬁ’&h{ﬂ)éblf&H)lcﬁ@W%‘]h' de, bis
[ 4- hydroxyphenyl] phenyl sul f oni um 4

25t et raf | uor oepheﬁws)tﬂf@ﬂfufmbrsﬁkﬁmu@f@s&jhﬂtﬁh’éf@@)ﬂ)lml@ [bis 4y dr oxyphenyg-
h | sul f

by axypheny! | ERRAERTKAR NS HHE B BRI SARfm Yititipromethy-

hyd{ o?yphen%q plhimiwl)mln?épbl'stﬂmrﬁmofdmelhmsaﬂmmwmmyﬂlesqumdm
ent af L uor obenzenge- su oni, um

SObi s(Perfl uor EB%H%’%W@QH‘%(@’LFQ&H&W&W'GBTQiﬁé‘hzene-

sul fonyl oxyphefrmbbrdhli@nyllsawérfwwywﬁéqu bhéh%b&lﬂfr%fﬁ@’%(beﬁmbfdiﬂdwli m de, bis

[ 4- pent af | uor obenzene- sul | oxyphe enyl sul fonl um

(per ] or oot rvlvlontla pm%ftnﬁw@m%w sulignylonyPheRyIEEnenyisifonium

[ 4- pent af | uoro I

bi s(perfl uor opng'g i sui *ony %[ 'W§m§?¥’sd' Ef{‘ﬁﬁlﬁb?&“\étﬂﬂbHﬁ%nyloxy)phenyl]

5pent af | uor obephengdsudohamy lrm(tylﬂhmwmqthypﬁdfwwt)memm this pA-iflwerdmetbylebut yI -

pheny dul foni RPN ORBIRIRRERR AR | R e aticElbad)

pent af | uor obenperfifofsbutaiasuiyb ety I[4-trmm©mfhétuyl&om¢m>@r)|ﬁﬁem]1 2-
tetrafl uoroet hox er f| uor obut anesul f onat e, #
10pent af | uor obeh%g@%!@m%ﬂﬁrnfeRWP@ﬂerbBW@ﬁﬁUEBP t§nbigri#-Atifluoromethyl-

pr opoxypef | uor gy Ihi«'\é/lﬁig eﬁw hén IQuIﬁ)nl m erfluorobutane sulfonate, bis [4-
[ 4- pent af | uor obenzénesul f ony ? Y r‘))heny sul foni um [

per f | uor obut angélupm@thwsumrwlqwgpmﬂ@heuwswmﬁr@nesu| f onyl oxyphenyl ]
E.hg[]i gl ;OSI l(J udéﬁ%hlgaﬁ%lﬁ‘)%ﬂgehzen tﬁ?’()ﬂh?w' d n'eurW/ ﬁ"pi‘?, ¥|enyl sul f oni um
bi s(perfluor oeBMthfmmﬂddrotmtdne 14- dls[luer(a’ie 5b|s (4-t- butylphenyl iodonium)
g: gt '[ Ir T :‘ Fgg?onhﬁ‘gﬁg%z fgﬁf#'l) fpgr'?%l@%%%%apquelpéél %ﬁﬁmeyer%f %&M@Pﬁwl) benzene-
sul f onyl oxy) phrewhiunPhf ué@uhﬁm.m;{etamidrbp&@baﬁ@hhodrsukw@t@yé Sulfonate,
(perfluorobutyl sul fonyl)imde, bis [4-(3
bis (4-t-butylphenyl lodonlum) trlphenyl sulfonium perfluorobutane-1-

20 carboxylate-4-sulfonate, bis (4-t-butylphenyl iodonium) triphenyl sulfonium
perfluoromethane disulfonate, bis (4-t-butylphenyl iodonium) triphenyl
sulfonium methane disulfonate, bis (4-t-butylphenyl iodonium) triphenyl
sulfonium perfluoroethane disulfonate, bis (4-t-butylphenyl iodonium)
triphenyl sulfonium ethane disulfonate, bis (triphenyl sulfonium)

25 perfluorobutane-1,4-disulfonate, bis (triphenyl sulfonium)
perfluoropropane-1,3-disulfonate, bis (benzoyltetramethylenesulfonium)
perfluoropropane-1,3-disulfonate, bis (benzoyltetramethylenesulfonium)
perfluorobutane-1,4-disulfonate, bis (tris(4-t-butyl phenyl) sulfonium)
perfluorobutane-1,4-disulfonate, bis (tris(4-t-butyl phenyl) sulfonium)

30 perfluorobutane-1,4-disulfonate, bis (tris(4-t-butyl phenyl) sulfonium)

perfluoropropane-1,3-disulfonate, bis (tris(4-t-butyl phenyl) sulfonium)
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20di (trifluoronmet hyQoenzenesul f onyl - oxy) phenyl ] phenyl sul f oni um

bi s(perfl uoropropyl sul fonyl)imde, bis [4-(3,5-

di (trifl vwwoanaidsyObenzenesul f onyl oxy) phenyl ] phenyl sul f @airaB2009/007451
bi s(perfluorobutyl-sul fonyl)imde, bis [443,5-

di (trifluoronethyl)benzenesul fonyl oxy) phenyl] phenyl sul f oni um
25tris(trifluoronethyl sul fonyl)nethide, bis [4-(3,5-di(trifluoro-
met hyCbenzenesul f onyl oxy) phenyl ] phenyl sul fonium4-(1,1, 1, 2-

t et raf | uor oet hpeiluopsprbparms- mj&memtmaité djim(43t-bbﬁytphenyl diphenyl sulfonium)

L o O LA R "

30benzenesul f oy H%Yéﬂ?ﬁﬁéwé]l g)&]]g,gqydm it tHﬁhélWl ElisHigRyt anesul fonate, bis
[4-(3,5-di(trifluoromethyl)benzenesul fony phenyl ] phenyl sul f oni um

per f | uor onet hanﬁéﬁqunjﬁa@f@-1iﬂaﬂ)c{xdﬂﬂtt@ﬁWfQﬂ@i@ez)MfmeﬂM‘rﬁH lfeRiprbheny! |
phenyl gul 1 oni ”B‘eﬂuﬁﬁcﬁﬁ{t%é‘?rﬁ%r ){}}’Ate%Jn%ﬂéqe) g de, bis [4-
0xYy) phen

trifluoromethylsu phenyl sul'f oni um
bis(trifluor orrﬂbénzbymdztfamgm)denesldforimm) perfluoropropane-1-carboxylate-3-

4-trifl thyl sul f ph | f
(per f| uor ot YT d75 oV ARt GE v Py erierebutgne 4.
trifluoromethy bstﬂo&gatd a&k&h&aybub (m@(mvbﬁtyl plegrynsulfonium)

bi s(perfl uoropropE/I sul fonyl) imde

[4-trifluoromeP mﬁr@m%iﬁam@w@? Snbiepata, bisdiisidnt-butyl phenyl)
gt LA st g b e
tris(trifluor ommeynylssulfbowm))mﬂumqpropane 1[¢larboxylatafﬁ smm;& bis (4-t-
per 1 uor sbut anBuusnfABRENT lBRMHT s brdhdoreurfob s FEpRC.
phenyl sul f oni usisAprmaEsHee ictvnilm) methane! disuiahate, blsS(tnphenyI
Sul  onat o, bi < SHUGTY FRlEANs BHYMAR-5h 1-RYIeRY TRy Sul f oni uim
15per fguor onet baRrdHrhehahs diddifente; bisRpreRPEstfoniuff PerliBromettaneny |
disulfonate, bis (benzoyltetramethylenesulfonium) perfluoromethane
disulfonate, bis (benzoyl-tetramethylenesulfonium) methane disulfonate,
bis (tris(4-t-butyl phenyl) sulfonium) perfluoromethane disulfonate, bis
(tris(4-t-butyl phenyl) sulfonium) methane disulfonate, bis (4-t-butylphenyl
20 diphenylsulfonium) perfluoromethane disulfonate, bis (4-t-butylphenyl
diphenylsulfonium) methane disulfonate, bis (4-octyloxyphenyl) iodonium
perfluorobutane-1,4-disulfonate, bis (4-octyloxyphenyl) iodonium ethane
disulfonate, bis (4-octyloxyphenyl) iodonium perfluoroethane disulfonate,
bis (4-octyloxyphenyl) iodonium perfluoropropane-1,3-disulfonate, bis (4-
25 octyloxyphenyl) iodonium perfluoropropane-1-carboxylate-s-sdlfonate, bis
(4-octyloxyphenyl) iodonium perfluorobutane-1-carboxylate-4-sulfonate,
bis (4-octyloxyphenyl) iodonium methane disulfonate, bis (4-
octyloxyphenyl) iodonium perfluoromethane disulfonate, bis (4-
octyloxyphenyl) phenyl sulfonium perfluorobutane-1,4-disulfonate, bis (4-
30 octyloxyphenyl) phenyl sulfonium ethane disulfonate, bis (4-
)

octyloxyphenyl) phenyl sulfonium perfluoroethane disulfonate, bis (4-
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sul f oni um perfl uorobut ane-1, 4-di sul fonate, bis (4-t-butyl phenyl i odonium
tri phenyl sul fonium perfl uoropropane-1, 3-di sul fonate, bis (4-t-butyl phenyl
i odoni umwornpesos sul f oni um per f | uor opr opane- 1- car boxylatiB2089/8074$10nat e,
bis (4-t-butyl phenyl iodonium triphenyl sulfonium perfl uorobutane-1-
20car boxyl at e- 4-sul fonate, bis (4-t-butyl phenyl iodonium triphenyl

sul foni um perfl uoronet hane di sul fonate, bis (4-1-butylphenyl iodonium

tri phenyl sul fonium nethane disul fonate, bis (4-t-butyl phenyl i odonium

triphenyl sul f@aiywxypﬁeriyl)qm@gt Sulfopiuth patffuoragrepame-3, I-disutdndty, s epy |
i odoni unm) triphen

. hane d henyl sul f
25per f | uor obut aﬁw@vaﬁwﬁhﬁe&nwﬁélé Orrllﬁlfglpgt%h%}qsgn%mqag )‘% eyt su oni um
per f 1 uor opr opaggitdnats, i t-beRKxGpheHyd dHReYEHonRlrm %@ﬁﬁi&)‘étﬁﬂ&%lhf oni um

per f 1 uor opr opane- 1, 3-'di sul fonate, bi's (benzoyltetranmethylenesul f oni um
per f | uor obut anearbosylatesdisttierate, b|b|(4,~oetyiqxs/phemylbnln6;nyl pu tum naethfeei um

per fl ugr obut an S Ifonl um

30perf$uor obut ghsé'fﬁn%édﬁé ??%M%Xﬁh%?}é)t é*%ygfﬂ'?%%r% eny lH]sul foni um

per; : uor opr opad&uﬁor&tdl lsus:[l]tnsm&pentahuero?bnzesr(e@{nfebﬁbw ppdmyh%l ) sul fIOPI urm "
erfluoropropane i sul fon bi s n e sul foniu

Berfl uoroBut gn@ F Rgor BF@"FJJ‘E dbﬁﬁ‘ﬁ?%ﬁ'i% ﬁ&?lylt’ﬁclﬁp ij%l U9 oni um

perf 1 uoropr Opabénien%' QJIﬁMlyfoQ é?lyl]tijh‘énfllbﬂlf&hﬁﬂh}’ bthankfdiitoRhte, bis [bis

per fl uor opr opane- 1- car boxyl ate- 3-sul fonate, bis ﬁtl‘l phenyl sul f oni um

Sper f | uor obut af?epqméﬂlld%@??%ﬁﬂ@sﬂ”@w@’Wﬁﬁ?@){'l phenyl-sulfonium
(benzeyl t et LanB%EMb?db‘?ﬁ éc G8k ate? L nﬁu”@roﬁ?ﬁférﬁoxyl at e- 3-
is ene

sul f onat e, enzoyl tetrane perfluorobut ane- 1-

car boxyl at e- 4- sulldrtylmctyphemyllspf(anylsu(fdmmt}tpteyﬂquwnpar)e—sLB flisnifendte, bis

perfl uor opropane- 1- car.box sul f onat e utyl phenyl)
osul font am " p0F (A5 0RTNARBe TS e PRBhatul phohisioniynd

(4-t-but yl phenpbrfdibrdpropane tcheitxylate-3-sulfonate, bis [bis [4-

per fl uor opr opane- 1- car boxyl at e- 3- sul f onat ¢, bi s (4-tbutyl henyl

hen
sul foni um) per PEUIGHEBPRPEAZeNEsEHPMAXN-BReNYA. F’shﬂ”b’l%'ﬁ?@“"ﬁﬁﬁwrg '“B%ﬂ 7| phenyl
i odonkgnm) met hang [%W U?’ﬁlﬁmaﬂ! Bis[ Brsl @benyl sul fonium nmethane
t en

di sul fonate, bis 4 oni um 15perfl uoronet hane di sul f onat e,

bis (triphenyl psuﬂaﬂumqbepzmsulfq@yl@twhhaw&ptlersxlwltﬂmam] mpthane

ooyt oL RSt OB RO ARROTRIE 0 =, 205 L,
phenyl ) sul fonpher)qunﬂfddnum}pnrﬂmdsmnmtlwhmldilémft&tate bis fbig {4-(F%4-t - but yl
phenyl) sul foni sz%luoromeatn&l)t%nszgl\és? qfa onyloxy)- Shé I]tphl%zlrjwpéul?omu%I

20 perfluorobutane-1,4-disulfonate, bis [bis [4-(3,5- dl(trlfluoromethyl)
benzenesulfonyloxy)phenyl] phenyisulfonium] ethane dlsulfonate bis [bIS
[4-(3,5-di(trifluoromethyl)benzenesulfonyloxy)phenyl] phenylsulfonium]
perfluoroethane disulfonate, bis [bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)phenyl] phenylsulfonium]

25 perfluoropropane-1,3-disulfonate, bis [bis [4-(3,5-di(trifluoro-methyl)-
benzenesulfonyloxy)phenyl] phenylsulfonium] perfluoropropane-1-
carboxylate-3-sulfonate, bis [bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)-phenyl] phenylisulfonium]
perfluorobutane-1-carboxylate-4-sulfonate, bis [bis [4-(3,5-

30 di(trifluoromethyl)benzenesulfonyloxy)phenyl] phenylsulfonium] methane
disulfonate, bis (4-t-butylphenyl iodonium) ethane disulfonate, bis (4-t-
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20di phenyl sul foni um) perfl uoronet hane di sul fonate, bis (4-t-butyl phenyl

di phenyl sul foni um) net hane di sul fonate, bis (4-octyl oxyphenyl) iodonium
per f | uor ovotarmsi4od- di sul fonate, bis (4-octyl oxyphenyl) pcodBriogroorasihane

di sul fonate, bis (4-octyl oxyphenyl) iodonium perfl uoroethane disul fonate,
bi s (4-octyl oxyphenyl) iodoni um perfl uoropropane-1, 3-di sul fonate, bis (4-
250ct yl oxyphenyl ) i odoni um perfl uor opr opane-1-car boxyl at e- 3-sul fonate, bis
(4- octyl oxyphenyl ) iodoni um perfl uorobutane-1-carboxyl at e-4-sul fonate, bis

(4-octyl OXyIOheBMIy)pHeﬂgpiBHHﬁhﬁ‘ﬁb@ﬁﬂ@r&%ﬁé’rﬁé aRkafiéhatd] tsis (fiphesyly| oxyphenyl )
i odoni um per fl uoronet hane di sul fonate, bis (4- octyl oxyphenyl) phenyl
sul f oni um per f Bulianiwn) gihaneg diswfiosates bisdirphepylsylfeniugnRariuereethiaggy | ) phenyl

sul fonium eth | f | = I | f oni

per 1 uor oet hangodli2Ftp B3 thenachliéydiemiiehl AR anREHEng | O T

per f | uor opr opadsulforiatd kisl(bemmytetrarnethyenesaiforiumy ethangidisulfieeatd, bisul f oni um
erfl upropropane- 1-carb I -3- sulf t ' 4-oct yl h I

Sl fonpun per 1 RISaaita Aers) subapiyy pRasrasiiadndeufonaie BYRAEMA) Pheny

(4- octyl oxyphepyiy) pié@ysulrlundrethand@isiroreatodis M-i-aug/@phe | giphenyl- _

(4- octyl oxyphenyl) phenyl sulfonium perfl uoronet hane disulfonate, bis [bis

[ 4- ]PF nt af Ibu ?r oBdIHEY Qﬁﬁ?ﬁmegwlwgﬂigqat% thish (A-S Bty BREDW
er f | uor obut ang - ; ; is [his [2-
F4- pent af | uor oglﬁ’ﬁ‘z*ﬁ%'gi-’w'?@ﬂsﬂ%??g@#yP?t%pﬁ'esn[?ISs[ﬁI foni un] et hane
di sul fonat e, bmethyladarhantytacetylaxymethaxypberdLphenylsdionitmhy | |
phenyl,zsul foni y erfl uero di 0 | |
[ 4- perwaf | uor oBngﬁlﬁ'éﬁog’-qtérﬁﬁ'? tﬁ‘ﬁ@%@%}%ﬁ% r??/ﬂbgsp%%hﬁ@(ﬂﬁﬁﬂfcétw
{2 pent af | Uor obenzoncai f ol otoneny ] bacnr st on und - 0w
per f | uor opr opaﬁ@jtlﬁ@éiﬁﬁlﬁ@ﬂ%‘f%é\égﬂﬂ?%Bk nyQiP epﬂfgﬁc[rﬁam]
pent af | uor obengeprdridiRaME SsuiratRaWid [ gyl sul foni un] perfl uorobut ane-
151- car boxyl at e-4-sul fonate, bis [bis [4-

pent af | uor obenmstedadaragtytacshieapethesyehemdlphasyisuiprivallRefluPs Ul f onat e,

per 1 d5r ormet haRSHaNScl Pararonagy bt ey P sy | pnenvisulfontum

di (trifl uor oneniethyladarnantykackfytoxyhety)xyphemyl] phepiytsufosiundloni unj
perfluoropropane-1-carboxylate-3-sulfonate, bis [bis [2-methyl-
adamantylacetyloxymethoxyphenyl] phenylsulfonium] perfluorobutane-1-
carboxylate-4-sulfonate, bis [bis [2-

20 methyladamantylacetyloxymethoxyphenyl] phenylsulfonium] methane
disulfonate, bis [bis [2—methyIadamantylacetyloxy-methoxyphényl]
phenylsulfonium] perfluoromethane disulfonate, bis [bis [4,4-
bis(trifluoromethyl)-3-oxatricyclo[4.2.1 .0>®]-nonylmethoxyphenyljphenyl
sulfonium] perfluorobutane-1,4-disulfonate, bis [bis {4,4-

25 bis(trifluoromethyl)-3-oxatricyclo-[4.2.1.0%°]-nonylmethoxy-phenyl]phenyl
sulfonium]ethane disulfonate, bis [bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0*°}-nonylmethoxyphenyl]phenyl sulfonium]-
perfluoroethane disulfonate, bis [bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0?°]-nonylmethoxy-phenyl]phenyl

30 sulfonium]perfluoropropane-1,3-disulfonate, bis [bis [4,4-bis(trifluoro-
methyl)-3-oxatricyclo[4.2.1 .0?®]-nonylmethoxyphenyljphenyl sulfonium]-
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20per f |l uor obut ane- 1, 4-di sul fonate, bis [bis [4-(3,5-di(trifluoronethyl)-
benzenesul f onyl oxy) phenyl ] phenyl sul foni un] ethane di sul fonate, bis [bis

[ 4- (3, 5- dwbtwiddsemsonet hyl ) benzenesul f onyl oxy) phenyl ] plremgBzwd/Hemsuni

per fl uoroet hane di sul fonate, bis [bis [4-(3,5-
di (trifluoronethyl)benzenesul fonyl oxy) phenyl | phenyl sul foni unj

25per fl uoropropane-1, 3-disulfonate, bis [bis [4-(3,5-di(trifluoro-nethyl)-

benzenesul f onyl oxy) phenyl | phenyl sul f oni um{ perfl uor opropane- 1-

car boxyl at e- 3- §éhm@ﬂﬁ@pari@-$-cbhio$( lafe- G:’sdﬁonate bis [bis [4,4-bis(trifluoro-

di (trifluoronethyl)benzenesul fony phen phen | 'sul f oni um
per f | uor obut an@leih%)a:?‘ﬁ’éﬁﬁ'ﬂpﬁ‘f'@[‘h? é@%%mn %‘P&’Wﬁ nyllphenyt 5.

30di (trifl rm th
i sul fonat o, b oI CITERARRRERLESE L2 E%W%{SHQ%“‘%.@E LA

but yl phenyl i obls(tﬂﬂm)romemyl)bﬁroaahrlhwle-[dQs‘uO% dmangmetihaxyphenylpinenyl

Gi'sul Tonar e, beatyBuABhRRS fonodgrbdnd BEs (Fh SB Brobb B

di sul fonate, bbﬁatﬁbﬁﬂd{ﬁ)ﬂ 1.0t Y aoayinydtaorgpiiehgipheny! silforiendi sul f onat e,

5(tris(4-t-but phe %. sul fom um) perfluoroethane disulfonate, bis
(tris(4-t- but é? 'Hﬁ@ﬂ%‘?t ang, fisyenate: et hane di sul fonate, bis

(4-t-butyl IOh-enHiaer'nBﬁ%\é'o%ﬂn%%s%ﬂch%‘srtf)uéwéhQ@ﬁéhi‘!IT@nfi)(ﬁéﬁJrﬁélﬁéﬁe bi s
(4-t-butyl phenE/) di phenyl sul foni un) et hane di sul fon bi s tL\ s [2-
2]

met hyl adamant ybistetojuenesuombdiazentehane this(yyleresulfonyidipzomethane,
10perfl¢zluorobut3 cyzl,lh gY'EMH"S’ﬂ ml% If]ar{eb' s [ 2-nmet hyl adamant yl acet yl -

oxynet hoxypheny ne disul fonate, bis [bis [2-

bi s

met hyl - adamant ;ais&xyetopbnbyjsmﬁbhﬂ)draﬁmmh}an@,hns(ywmnwéulmnyﬁﬂlazenfelhmreoet hane

phenyl Sutf oni uRRORRRYS ey hasgpsiie: bttty B aly o

met hyl adamant y bagebddpQryirBhy Méf]\e mlﬁbgﬁdﬂyi@iﬁbﬁmdlazomethane

perfl uor opr opane-1-car box%)ylate 3-sul fonat e

[ 2- met hy| adanehis{tedbetylsdiopybdinsampiiens Plsﬂheﬁv|syljpmdm'wethane
per Tl ygr obut angda LA IBMOHyAbRZ8mRtdri) Blstse?hrmylsiSnyidiazomethane,

bis(tert-amylsulfonyl)diazomethane, 1-cyclohexylsulfonyl-1-(tert-
butylsulfonyl)diazomethane, 1-cyclohexylsulfonyl-1-(tert-
amylsulfonyl)diazomethane, and 1-tert-amylsulfonyl-1-(tert-
butylsulfonyl)diazomethane;

20 « glyoxime derivatives such as bis-O-(p-toluenesulfonyl)-a-dimethylglyoxime,
bis-O-(p-toluenesulfonyl)-a-diphenylglyoxime, bis-O-(p-toluenesulfonyl)-a-
dicyclohexylglyoxime, bis-O-(p-toluenesulfonyl)-2,3-pentanedioneglyoxime,
bis-O-(p-toluenesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bis-O-(n-
butanesulfonyl)-a-dimethylglyoxime, bis-O-(n-butanesulfonyl)-a-

25 diphenylglyoxime, bis-O-(n-butanesulfonyl)-a-dicyclohexylglyoxime, bis-O-
(n-butanesulfonyl)-2,3-pentanedioneglyoxime, bis-O-(n-butanesulfonyl)-2-
methyl-3,4-pentanedioneglyoxime, bis-O-(methanesulfonyl)-a-
dimethylglyoxime, bis-O-(trifluoromethanesulfonyl)-a-dimethylglyoxime,
bis-O-(1,1,1-trifluoroethanesulfonyl)-a-dimethylglyoxime, bis-O-(tert-

30 butanesulfonyl)-a-dimethylglyoxime, bis-O-(perfluorooctanesulfonyl)-a-

dimethylglyoxime, bis-O-(cyclohexanesulfonyl)-a-dimethylglyoxime, bis-O-
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20met hyl adamant yl acet yl oxymet hoxyphenyl ] phenyl sul f oni unj net hane

di sul fonate, bis [bis [2-nethyl adamantyl acetyl oxy- nmet hoxyphenyl ]

phenyl sulwonrimissqper f | uor omet hane di sul fonate, bis [bispC4/182009/007451

bi s(trifluoronethyl)-3-oxatricyclo[4.2.1.021-nonyl net hoxyphenyl ] phenyl

sul foni um perfluorobutane-1, 4-disulfonate, bis [bis [4,4-

25bi s(trifluoromethyl)-3-oxatricyclo-[4.2.1.02"5]-nonyl net hoxy- phenyl i pheny
| sul fonium et hane di sul fonate, bis [bis [4,4-bis(trifluoronethyl)-3-

oxatricycl o[ 4. RS Ui foRALY-alehn my}qv;hﬁdmbl BEmy(b-flabidbenizemesufonyipar oet hane
di sul f onat e, blébs??q[zgl S U14 91 b::agéirlf uororre?ih IXd) SRAORYI)

oxatricycl o[ 4. QInEtUﬂQWﬁ&'mﬂ Bis pgemmqw@ﬁwﬁonyl)-a dimethylglyoxime,
30sul f | N ]
SO 1 T PRl ABEERA Ao il e k) Bl Ol EabndroPiahcd ! vore

Ferfl uoropropadlmethyiglrybmmd ate-3-sul fonate, bis [bis

4.4 s(trifl th xat 21 | et h h i ph I
sul fon$ur‘r1 perf ‘ﬁgje Lﬁ%{i@?\i %Pb(ﬁ%ﬁ'ﬁ?%ﬂﬁh)gwl nép'gﬁgg [ggp[inﬁ-' Preny
bis(trifluor Onﬁl’bﬁwbbro?néth?lbmm‘byﬂh@thbﬂe Zalém@ﬂMsanWIﬁ’@tHim?a(phenyl | phenyl

5sul f oni un] net hane di sul fonate, and bis [bis [4,4-bis(trifluoromethyl)-3-
oxat ri cycl o 4. pisethgisuipnylpeihane: H@RW@H&PT Fethanesul f oni uni

per f | uor onet ha;ag.r?gf,@l azorar@metr@naze.@% Hﬂ’ur@\éiﬁffbﬂ WRmheSHAY 2

bi s(benzenesul ane t ol uenesu fonyl)dlazonethane
bi s(xyl enesul fbinbel)lhrmsutﬁmwaﬁ@angl)bl s(cycl ohexyl sul f onyl ) di azonet hane,

b1 o(i 1Bbut yirsu b ROt R AR E e B S T e
bi s( n- propyl suid’lmwbmd)mammﬂdm@md blseprapyivapipynyd-2Hdenyl ) di azonet hane,

bi s(tert-butyl s | fon di azonet hane, bi s(n-anyl sul fonyl)di azonet hane,
15bi s(i soanyl stﬂ ﬁ é"@i’é‘?ﬁﬁ"ﬁane bi s(sec-anyl sul fonyl ) di azonet hane,

« disulfone derivatives such as diphenyl disulfone and dicyclohexyl
disulfone;

15 « nitrobenzyl sulfonate derivatives such as 2,6-dinitrobenzyl p-
toluenesulfonate and 2,4-dinitrobenzyl p-toluenesulfonate;

« sulfonic acid ester derivatives such as 1,2,3-
tris(methanesulfonyloxy)benzene, 1,2,3-
tris(triftuoromethanesulfonyloxy)benzene, and 1,2,3-tris(p-

20 toluenesulfonyloxy)benzene; and

« sulfonic acid esters of N-hydroxyimides such as N-hydroxysuccinimide
methanesulfonate, N-hydroxysuccinimide trifluoromethanesulfonate, N-
hydroxysuccinimide ethanesulfonate, N-hydroxysuccinimide 1-
propanesulfonate, N-hydroxysuccinimide 2-propanesulfonate, N-

25 hydroxysuccinimide 1-pentanesulfonate, N-hydroxysuccinimide 1-
octanesulfonate, N-hydroxysuccinimide p-toluenesulfonate, N-
hydroxysuccinimide p-methoxybenzenesulfonate, N-hydroxysuccinimide
2-chloroethanesulfonate, N-hydroxysuccinimide benzenesulfonate, N-
hydroxysuccinimide 2,4,6-trimethylbenzenesulfonate, N-

30 hydroxysuccinimide 1-naphthalenesulfonate, N-hydroxysuccinimide 2-

naphthalenesulfonate, N-hydroxy-2-phenylsuccinimide methanesulfonate,

28



bi s(tert-anyl sul fonyl ) di azonet hane,

1- cycl ohexyl sul fonyl1-1-(tertbutyl sul fonyl)di azonet hane,

1- cycl ohewyplsiwlidsemgl- 1- (t ert anyl sul f onypdi azonet hane, amrdT/1B2009/007451
1-tert-amyl sul fonyl-1-(tertbutyl sul fonyl)di azonet hane; 20 gl yoxi me
derivatives such as bis-0-(p-toluenesul fonyl)-a-dinethyl gl yoxi ne,

bi s- 0- (p-t ol uenesul fonyl) - a- di phenyl gl yoxi ne,

bi s- 0- (p-t ol uenesul fonyl) - adi cycl ohexyl gl yoxi ne,

bi s- 0- ( p- t ol ueNesukrdxymydleithiGe pesthamestifomstg) Mdwidnexymaleimide

bi s-0- (p-tol uenesul f 1)-2- hyl - 3,.4- pent anedi onegl yoxi_nme,. bis-0-(n-
but anesul fony1?51308?%’@'%@Pﬁ%‘?'%@@ﬂ?'ﬁ'ﬂﬂ ‘?HPFS@%}%’%S& 9.“L‘J)‘t9al-\l'

25di pheny! gl yokydrexy uﬁriﬂﬁdennﬁkﬁ#@ﬁ%ﬁ&ém%yard%ygwfdrﬁhi@éy| gl yoxi me, bis-0-
(n-but anesul fonyl) -2, 3- pent anedi onegl yoxi ne, bi s- 0- ( n- but anesul f ony1) - 2-

net hy1- 3, 4- penb@ivafiesuiéenajedi-hydraxypbihalimideapbanesdifopale. i net hyl gl yoxi ne,

bis-0-£trifluo ; Y-l y J -

bi 5-0-71, 1, 1t PTYP AT Laithibe e peResiERa NSy BRtnalimide | o o (v -
30but anesul f ontrifiuemmithandsulfghsiex Naeydroxyphthdlipedé poluenesulforatd, Nony 1) - a-
di et hyl gl yoxi bi s-0-(cyclohexanesul.fo -a-di net hyl gl.yoxi me, bis-0-
(benzenesul f Ong;‘iacjrg)éyrmp%‘g{ Iépgﬁ mge}%e’sulfonélg,lRl-hydroxynapP{thgll|¥1|ci(e

bi s- 0- ( p- f | uor pbeseReBEReHte N-hydrRXyBhdrpbeenex2 Brlicarboxyimide

bi s-0-(p-tert-butyl benzenesul f onyl) - a- di net hyl gl yoxi me, . |

bi s- 0- ( xyl enesMetangsylienaie. RitworysRReIRer “%¢d§,3'd'cafb°XY'm'de

bi s- 0y canphor A @SH I h R ox R @eti vatives such as
bi sna‘[‘)éut hyl sul ?’gkéﬁnweétthgﬁ%mgbg%r ?W%?%‘ﬁ% ;‘;Iﬁﬁ é@%ﬁ?% hane,

bi snet hyl sul f odigarpexiimide pdpkienasultanaterny| met hane,

bi spropyl sul fonyl et hane, bi si sopropyl sul f onyl net hane,

bi s- p-t ol uenesul f onyl met hane, and bi sbenzenesul f onyl net hane;

f 3- ket osul, avtiich includesl guenetiary and photobases, include compounds such as

2- cycl ohexyl carbony1- 2- ( pt ol uenesul f onyl ) pr opane and

2-1 sopropyl car bonftden2- ( pt ol uenesul fonyl ) propane; di sul fone derivatives such
as di phenyl disul fone and di cycl ohexyl disulfone; nitrobenzyl sulfonate
derivatives such as 2, 6-dinitrobenzyl ptoluenesul fonate and

2, 4- di ni t Myggmzyt-Ng=totRugpesul fonate; sul fonic acid ester derivatives such
as 1, 2, 3- tris(neihanesulfonyloxy)benzene, 1,2, 3-

tris(trifluoronethan@sul f onyl oxy) benzene, and

1,2, 3-tris(ptol ueRggul fonyl oxy) benzene; and

15 Hwere Raoa, Raob, Raoc, and Raoq stand for the same as Rigp and Rigc as well as

hydrogen atoms and D~ is a basic anion having a pKg value of -3 to +7;

F‘1 0b

Ar S—/Ryoc
D~
Where Ar, Rion, Rioe, and D™ are as defined above (examples include
20 tetramethylammonium trifluoromethanesulfonate, tetramethylammonium
nonafluorobutanesulfonate, tetra-n-butylammonium nonafluorobutanesulfonate,
tetraphenylammonium nonafluorobutanesulfonate, tetramethylammonium p-

toluenesulfonate, (p-methoxybenzyl)dimethylphenylammonium
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sulfonic acid esters of N-hydroxyimdes such as N hydroxysuccini m de
nmet hanesul fonate, N hydroxysuccinimde trifluoronethanesul fonate,
Nhydr oxyswocbhniossae et hanesul f onate, N-hydroxysucci ni m ¢#eTAB2009/007451
propanesul fonate, N hydroxysuccini m de 2-propanesul f onat e,

Nhydr oxysucci ni m de 1-pentanesul fonate, N hydroxysuccinim de 1-

oct anesul fonate, N hydroxysuccini m de p-tol uenesul fonate,

Nhydr oxysucci ni m de p-net hoxybenzenesul fonate, N hydroxysuccini m de
2-chl or oetrhmbmﬂithanwsﬁonétehydr oxysucci njprindthdxgbereaydirlmhéthplatranonium

Nhydr oxysu CI ni m

N- hydr oxy- 2- phenyl succi ni m de met hanesul fonate, N hydroxymal ei m de
met hanesul fonat e, N-hydroxynal ei m de et hanesul fonate,

nmet hanesul fo
N- hydr oxypht bl Vi de.
benzenesul f phate,
N- hydr oxy
met hanesul'f

de net hanesul fonate, Nhydroxyglutari m de
glutarim benzenesul f onat e,

nesul fonat®, N 5hydroxypht hal i m de

y ypht hal i m de trifluoronet hanesul f onat e,
At Ral i mi c& p-t ol uefRBwlis f onat e, Nhydr oxynapht hal i ni de

At e, Hydr oxynapht hal i m de benzenesul f onat e,

N- hydr oxy- 5- nor bonene- 2, 3- di car boxyi mi de net hanesul f onat e,

N- hydr oxy- 5- nor bor nene- 2, 3-di car boxyi m de 10tri f| uor onet hanesul f onat e,
N- hydr oxy- 5- nor bor nene- 2, 3- di carboxyi m de p-tol uenesul f onat e.
i ncl udes quenchers aad phot obases, include conpounds such as R40b R40a

R40c

10

15

20

Il +
C—_CHQ_S R50R60 D

(Rioo0ia
Whwer R, represents (CH.)is, where i4 is 0 or 1, O or S; Rsp and Rgp stand the
same as for Ryop, Or Rsp and Reo together with the S atom to which they are
attached form a 5-, 6-, or 7-membered ring which can be unsubstituted or
substituted; Rgo, Rgo, and Rgo each individually represent Cy.4 alkyl, Ci.4 alkoxy,

or halide; i1 and i2 are each 1 to 4; and i3 is 1 to 5. D™ is as defined above.

For D above, in some instances, it can represent a hydroxyl group or OR'
(wherein R' represents a C1 -C4 alkyl), OCOR 102, OCOO™, or OSOO™.

Other examples include compounds such as primary, secondary and
tertiary aliphatic amines, mixed amines, aromatic amines, heterocyclic amines,
nitrogen-containing compounds with a carboxy group, nitrogen containing
compounds with a sulfonyl group, nitrogen-containing compounds with a hydoxy
group, nitrogen-containing compounds with a hydroxyphenyl group, alcoholic
nitrogen-containing compounds, amide derivatives, imide derivatives and

nitrogen-containing compound having one or more oxygen atoms.

Non-limiting examples of the foregoing Q include:

30

Q which

g 6-1ri nmet hyl benzenesul f onat e, Nhydr oxysucci ni m de
1- napht haFr lveramethanesy fOﬂlﬁ"ﬁydroxysucm ni m de 2- napht hal enesul fonat e,

and



DRACd 15 Hwere R40,a, R40b, R40, and R404 stand for the sanme as RUN] and
Rioc as well as hydrogen atons and D is a basic anion having a pKB val ue of
-3 to +7;wBh0iwoss40vhere Ar, Riot,, R oc, and 11/ are aspdefiBrogoehsyve
(exanpl es include 20 tetramet hyl ammoni um trifl uoronet hanesul f onat e,

t et ramet hyl ammoni um nonaf | uor obut anesul f onat e, tetra-n-butyl ammoni um

nonaf | uor obut anesul fonat e, tetraphenyl anmoni um nonaf | uor obut anesul f onat e,

t et ramet hyl ammoni um pt ol uenesul f onat e,

(p- met hoxybenzyl ) di met hyl phenyl anmoni um

trifluoronéfﬁan sukf onat e, ( p- net hoxybenzyptri net hy ni um
trifluoronethahesul fonate;, — ///
N
K @—s* O CH;
O
o,
o
T
HSC—ITI+—CH3
CH,

J e e
geSNcallchen
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0 G CH2SR50R60 o) 13 5 Whwer Ra represents (CH2);4, where 14 is O or 1, O
or S; 1350 and F160 stand the sane as for flab, O R50 and R60 together
wi t h t he Woavmmss@mewhi ch they are attached forma 5-, 6PCTAB20069/0EMREr €d
ring which can be unsubstituted or substituted; AgO Ago, and R100 each

i ndividually represent Cl-4 al kyl, Cl-4 al koxy, or halide; il and 12 are
each 1 to 4, and i3 is 1to 5 D is as defined above. 10 For D
above, in sone instances, it can represent a hydroxyl group or OR (wherein
R represents a O - ﬁl kyl), OCORi pa, OCOCT , or 0S00- O her exanples

i ncl ude conpounds s% as primixy, $econdary and 15 tertiary aliphatic

am nes, m xed anmHyEs;N&CHp@tic ap -F het erocyclic am nes,
nitrogen-containing c ounds w carboxy group, nitrogen containing
conpounds with a sul fén§l group, nitrogen-containing conpounds with a
hydoxy group, nitrogen-containing conpounds with a hydroxyphenyl group,

al coholic nitrogen-containing conpounds, am de derivatives, imde
derivatives and 20 niggogen-containi ng conpound having one or nore oxygen
atonms. Non-limting exanples of the foregoing C) include:

H3C- 1?1+- CH3 Hj —r?|+— Hy Cl |

CH,

H4C

For formula (I) where —(L—(G)), is attached to W, where W is PAG or Q, —

(L—(G))p can be attached to the cationic portion, the anionic portion, or both the

5 cationic and anionic portions of PAG or Q. In the instance where PAG or Q are

nonionic, PAG or Q can contain —(L—(G)), anywhere on the molecule of PAG or

Q. Whether PAG or Q are ionic or non-ionic, the placement of —(L—(G)), thereon

should be such that the activity of the molecule is not affected. Those skilled in
the art will know how and appreciate how this is accomplished.

10

L represents a direct bond or a linking group. Examples of a linking group

include substituted or unsubstituted alkyl groups optionally containing one or
more O atoms, substituted or unsubstituted cycloalkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heteroaryl groups,

15  substituted or unsubstituted alkyl groups having inside a linking group (e.g., ether,

ester, amido), and substituted or unsubstituted aryl groups having inside a linking
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CH3 -0\ OF CH3 H3C-N+-CH3CA CH3 For formula (1) where
-(L-(Q)p is attached to W where Wis PAGor Q - can be attached to the
cat i oni ¢ wonvicmas4bhe ani onic portion, or both the 5 catrcenBmosna4sini oni c
portions of PAGor Q In the instance where PAG or Q are nonionic, PAG or Q
can contain -(L--(GQ)p anywhere on the nol ecul e of PAG or

group, where two or more hydrogen atoms are removed from the alkyl, cycloalkyl,

aryl, and heteroaryl groups to form divalent, trivalent, tetravalent, etc linking

groups.
5 Thus, examples of the compounds of W—(L—(G)), include, but are not
limited to
o L
:; _ SCR
S—CF,

O/\/ O\: __/O\/\O

T* ~048—(CF;)~SOq v
SO ___/O\/\O

o
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Q Whether PAGor Qare ionic or non-ionic, the placenent of -(L-(Q)p

t hereon shoul d be such that the activity of the nolecule is not affected.
Those skiwbedio/isstope art wi Il know how and appreci at e heeThB2m9/HE7451
acconplished. 10 L represents a direct bond or a |linking group. Exanples of
a linking group include substituted or unsubstituted al kyl groups
optionally containing one or nore O atons, substituted or unsubstituted
cycl oal kyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted heterogyyl groups, 15substituted or unsubstituted al kyl

groups havi ngQ'nside a Frki ng group . ker, ester, amdo), and
substi t ut unsubstituted aryl g S haV|ng ‘inside a linking group,
where two re hydrogen atons noved fromthe alkyl, cycloal kyl,
aryl, and roaryl groups to fo al ent Ent, tetravalent etc

| i nki ng grodps. 5Thus, exanples o conpo ﬁl(L (9)p |nclude, but
are not Ilmlted CFQ)OCS'C%]%I% 2CF2CRF2CF2S0- 2

I+
/\/O\_

O o /\/O\ _
@ HN SO; @ 2 %SOE
. o
I
O\\\\\
o °N\
/\/O\:
o S
/\/O
h
O/\/O
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OH OH rn 03SCF2CF2CF2CF3 OH 9/ \rm X-S+03S0 F2C F20 F20 F3 010
03scF2cF2CFECF3

WO 2010/055406 PCT/IB2009/007451
OH
@—9 " 0,SCF,CFCF,CF,S0, s‘—@ @-s* " O,SCF,CF,CF,CFy @—Sﬁ T 0,5CF,
OH OH OH - OH
OH OH OH

HOCH2~@—S* " 048CF,CF,CF,CF,S0, S‘—-@—CHZOH HOCH2—<C:>>—S+ " 04SCF,CF.CF,CFy

OH OH OH
OH OH
o) O
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\\S//—CF \\S_CFz
\
048 CF ofs CF
Yo
OH HO
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OH Exanples of W(L-(GQ)p herein include, but are not limted to, bis(4-
vi nyl oxyet hyl oxyphenyl ) phenyl sulf on iuntrifl ate, bi s(4-

vi nyl oxyewbybmospdeenyl ) phenyl sul f oni utmonaf | at e, bi s(4- PCT/1B2009/007451

vi nyl oxyet hyl oxyphenyl ) phenyl sul f oni umlO- canphor sul f onat e, bi s(4- 5

vi nyl oxyet hyl oxyphenyl ) phenyl sul f oni um cycl ohexane sul famate, bis(4-

vi nyl oxyet hyl oxyphenyl ) phenyl sul foniumtris (trifluoronethanesul fonyl)
nmet hi de, bis (bis(4-vinyloxyethyl oxyphenyl)phenyl sul fonium 1, 4-

perfl uorobut anedi sul fgggt e, tris(4-vinyloxyethyl oxyphenyl)sul foni um
nonafl ate, bis (trisf4-vinyl oxyethyl oxyphenyl)sulfonium

1, 4- perfl uorobut anedji sul fonate, tris(4-

10vi nyl oxyet hyl oxyphenyl ) sul f 'gﬂg/1{2,2, ~3- hexaf | uor opr opane-1, 3-
di pitrobeggz ~4- viNyt-Oxyefthtbxy benzene sul f onat e,

di sul f oni mesle, 2,
nyoxyet hoxybeqzene sul fonate, tetranethyl anmoni um
{)@pp iUy @ gochol ate, tetramethyl amoni um
eth xyg?h beh zeneanmi ne, 3a ,7a

tri phenyl sul f oni um
deoxychol ate, tetr
cholate, N, N-divin

, 12a-trivinyl oxyet hyl oxy-5I 3-
HO
HO
/ \ /\/OH
HO / \ OH 0] N
__/

QN<0H (%TP\/\OH __

O)—ecras~)

N N
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15 chol anic acid tetranet hyl ammoni um salt, 3a-vinyl oxyet hyl oxy-513-chol ani c
acid tetramethyl ammon ium salt, bis(4-hydroxyphenyl)phenyl sulfonium 4-

vi nyoxyetwoxytnzeee sul fonate, 30, 12a-di vi nyl oxyet hyl orgThfog/boksini c aci d
t et ramet hyl anmoni um sal t,
N-trifluoronethyl sul fonyl oxy-3, 6-di vi nyl oxyet hoxy-1, 8- napht hal i m de,

p- ni trobenzyl-9, 10-di vi nyl oxyet hoxy ant hracene-2-sul fonate, 20

bi s(4-vi nyl oxyet hyl oxyphenyl )i odoni unil0- canphor sul f onat e, bi s(4- vi

nyl oxyet hyl oxyphenyl )i odoni um cycljphexane sul famate, bis(4-
vinyIoxyethyloxyphenyl)iodoniun14-v nyIoxyethyloxy-lO-canphorsquonate,

bi s(4- vi nyl oxyet hyl oxyphenyl )i um 4-vi nyl oxyet hyl oxy- cycl ohexane
sul famat e, bi s(4- V|nyloxyethylo yphenybyr’ﬁonlun1lr|s
i de,

(trlfluoroneggg\psulfonyl)ﬁae bi

25(bi s(4-vi nyl ox¥et hyl oxyphgnyl )i odomni n) 1, 4 perfluorobutanedlsulfonate

bi s(4- vi nyl oxyet plodonlo 3, 3- hexgf | uoropropane-1
,3- disu [fon imde, & onyethy 0Y pheny?}r/ﬁnﬁr m, 1,1, 2-

tet raf | uor oet hoxyoct af | uor mié_p tr| s(4-

vi nyl oxyet hyl oxyphenyl ) sul f 11

tetrafluoroethoxyoctafluorobutanesulfonate bi s(4-
vinyIoxye;ﬁx\oxyphenyl)phenylsulfonlunﬂ 1,1, 2-

tetrafl uoroetRoxyoct af | uor obut anesul f onat e, andbi s( 4-

vi nyl oxyet hyl o henyl )i odoniunt, 1,1, 2- tetrafluoroethoxyoctaf! uorobutanesu
| fonate. 5Also diS9¢losed is a coatedfeubstrate conprising a substrate
havi ng thereon; a |ay of the antirefle ve coating conp05|t|onlyf t he

pr esent invention; an ayer of a photore —s\__znff |t|05\db6¥¢/the
osition.

antireflective coatin

=0 OI ©
\Wb\//\ui:jﬁ/\\/o\J/\o/jy [—j;:jh/\\/
)
) \
/J’I

QNHO Ol

- [

p
—
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10Al so disclosed is a process for formng an inmage conprising: a) formng a
coating of the antireflective coating conposition of the present invention
on a subswoabwyosblebaki ng the antireflective coating, cPCpPAB0YDITESIA
coating of a top photoresist |ayer over the antireflective coating; d)

devel opi ng an i mage usi ng an aqueous al kal i ne devel oper; e) optionally
heating the substrate prior to and after 15 devel opnent and, f) dry etching
the antireflective coating. Al so disclosed is a process for formng
an i mage eefiprpsing a) formng a coating of the botto oi mageabl e
antirefl ective goating conposition of the present invye&ntion on a substrate;
b) baking the antireflective coating, c) providin a coating of a top
photoresist |ayer o¥&r the antireflective coating; d) inagew se exposing

t he photoresist and an efl ective coating layers to actinic radiation of
sane wavel ength; e) post-\exposure baking thé photoresist and antireflective

coating |layers on the sub yte; and, f),devel opi ng the photoresist and
@ wi- (CHH D4 u@o s al kaline solution. 25

antireflective coating |§

It is also possible to foxmp positive goi¥om phot oi nageabl e antireflective
coating conposition which is capable of being devel oped with an aqueous

al kal i devel oper and which is coated bel ow a positive photoresistZ wherein
the antireflective coating conposition consists (a) either (ab) a

m xture of at I[SHast 30 one conpound of formula (1l)o.and at | east{ one

conpound of jéigﬁuwﬁ PAG (-L-OH)p(1) FVK}(-L-CEigg}KZ) cxﬁ a2) at | east
d

one conpound or()la (5 5 (HOL)1-PAG ( L OCH= (5)
SN ~

S o)
S /
OH

°\ OH

/\

OF @

OH
0
: : : s o— CHQ@NOQ
0

S

0
]

41



(b) a solvent, where RAGis a photoacid generator, each L is a direct bond
or alinking group; p 10 is an integer 1 to 12; pl and p2 are each greater
t han or ewoabiwmsdbeand pl + p2 equal 2 to 12, wherein atrcirapsi/oiesiPAG
contains a chronophore noiety. The chronophore noieties are |ike those that
are di scl osed herein which are useful in PAGs. This conposition can further
conprise a conpound selected from (3) Q (L OHp (4) L OCH=CH2)p Q(
(6) (HOL)p-Q (L OCH=CH2) p4

Examples of W—(L—(G)), herein include, but are not limited to, bis(4-

vinyloxyethyloxyphenyl)phenylisulfonium triflate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium nonaflate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium 10-camphorsulfonate, bis(4-
5  vinyloxyethyloxyphenyl)phenyisulfonium cyclohexane  sulfamate, bis(4-

vinyloxyethyloxyphenyl)phenylsulfonium tris (trifluoromethanesulfonyl) methide,
bis (bis(4-vinyloxyethyloxyphenyl)phenylsulfonium) 1,4-
perfluorobutanedisulfonate, tris(4-vinyloxyethyloxyphenyl)sulfonium nonaflate, bis
(tris(4-vinyloxyethyloxyphenyl)sulfonium) 1,4-perfluorobutanedisulfonate, tris(4-
10  vinyloxyethyloxyphenyl)sulfonium 1.1,2,2,3,3-hexafluoropropane-1,3-
disulfonimide, 2,6-dinitrobenzyl-4-vinyloxyethoxy benzene sulfonate,
triphenylsulfonium 4-vinyoxyethoxybenzene sulfonate, tetramethylammonium
deoxycholate, tetramethylammonium lithocholate, tetramethylammonium cholate,
N,N-divinyloxyethoxyethylbenzeneamine, 3a,7a,12a-trivinyloxyethyloxy-58-
15 cholanic acid tetramethylammonium salt, 3a-vinyloxyethyloxy-58-cholanic acid
tetramethylammonium  salt,  bis(4-hydroxyphenyl)phenyl  sulfonium  4-
vinyoxyethoxybenzene sulfonate, 3a,12a-divinyloxyethyloxy-5B-cholanic acid
tetramethylammonium salt, N-trifluoromethylisulfonyloxy-3,6-divinyloxyethoxy-1,8-
naphthalimide, p-nitrobenzyl-9,10-divinyloxyethoxy = anthracene-2-sulfonate,
20 bis(4-vinyloxyethyloxyphenyl)iodonium 10-camphorsulfonate, bis(4-
vinyloxyethyloxyphenyl)iodonium cyclohexane sulfamate, bis(4-
vinyloxyethyloxyphenyl)iodonium 4-vinyloxyethyloxy-10-camphorsulfonate, bis(4-
vinyloxyethyloxyphenyl)iodonium  4-vinyloxyethyloxy-cyclohexane sulfamate,
bis(4-vinyloxyethyloxyphenyl)iodonium tris (trifluoromethanesulfonyl) methide, bis

25  (bis(4-vinyloxyethyloxyphenyl)iodonium) 1,4-perfluorobutanedisulfonate, bis(4-

vinyloxyethyloxyphenyl)iodonium 1.1,2,2,3,3-hexafluoropropane-1,3-
disulfonimide, bis(4-vinyloxyethyloxyphenyl)iodonium 1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate, tris(4-
vinyloxyethyloxyphenyl)sulfonium 1,1,1,2-
30 tetrafluoroethoxyoctafluorobutanesulfonate, bis(4-
vinyloxyethyloxyphenyi)phenylsulfonium 1,1,1,2-
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15 and m xtures thereof, where Qis a quencher, each L is a direct bond or
a linking group; pis an integer 1 to 12; p3 and p4 are each greater than
or equal wo 2010a3840p3 + p4 equal 2 to 12. Wth this typeprof/iBooposissi on,
there would be no need for any polyner resin and can be processed in the
same manner as the positive bottomantireflective coating conposition

di scussed herein. 20 Regarding the positive bottom phot oi mageabl e
antireflective coating conpositions, a polyner useful in positive bottom
phot oi nﬁgﬁﬂl@'ﬂﬁo@élhdﬁbbﬁﬂhbl’b@uféﬂakulma@WDOSl tionsahfcl ude a pobiser
selected fromthe group of (i) a polynmer conprising at |east one recurring
uni t wi t hviasoxgethyioxyphenybiodlapiunti i) a pol ymer 25 conprising at:1lest one
recurring éﬁ%lﬂ oWemq]xSchl%ﬁ SrobafainkEufa and at least one recurring unit
with an a sorbrng c ormp ore or %III a polymer conprising at |east one
recurring unit with a hydroxyl and/or a carboxyl group and at Ieast one
recurring unit W th ap ahlsorbing chro h S5Me poly e in
positive bottoﬁWBthBP’r?ﬁaeﬁbPecgﬁtﬁa r‘%@'@? v%org%réﬁlngﬁga %‘ﬁﬁggf glgi s (i) a
pol ymer Wfﬂe@dﬂorﬁQﬁlﬁfleﬁﬁﬁth@tanltlQa’il%btl\ﬂfl@oamgtcdmﬁd%ltm ofchd predunt im@htion,. One
function of the ynmer is to provide a _good coatin uality and another is

to enabl ea"t‘q’neaaﬁt’ﬁrr &f| acphoteresiait F?@p?%t'%aaﬁé’eséh%b?'ﬁﬂr?ﬁﬁqt' Bnfe8Psure to
devel opmregdmpd&igodci d | abile groups in the polymer provide the necessary 10
solubility cﬁange. The polyner without the acid labile group is soluble in
an aqueous al kal i ne sol ution, but when protected vvith an acid |l abile group

beco i nsol u : ] ljty are
acryIn?(?: aci d, rRr!,§ hécr@glgy'gécpqécg\%’ﬁﬁy @fr@;%rﬁ)‘rﬁége;‘éé ﬁé ae)flfger'R |dn I
mononer s codtingy ofithe ahtidsfledtivé coa,nag cbevpafsituumo@trﬂa pnespmno{/emnmh aruaf onam des
(e.qg., 5 trifluoronmet hanesuyl Iamnoth met hacryl ate and 2-su If
onyl ani n6u trage; @%@km%éﬁﬁ‘w ‘F‘iﬂ"&ge‘}?) %VPH&@HO%‘?/{}P o that nakes
the pol ynFﬁotebé@étuaﬁ?ldwe# me@ﬁ.r&%cus@aoatﬂgedwsmaﬁhblaﬁ .fﬁag@tusﬂ@ént ies can
be protected with acid | abil roups such as al , cycl oal'k substituted

cycl oal kyﬂqum@cqlbalmﬁaed@ilelop@ycq thlpa@Itydw@tmgéhtzwbstatewortﬂ wgd alden y| |
subst llg ut 8&/ tar?d "’rg&%/ e"itl:ﬂ?%é gt c?nget EQR@ et hyl or nethoxy ethoxy
oxy oXy e

et hyl , " ace xy al such” as ace et hyl , tetrahydrofuranyl,
nenthyl, tetrahydropyranyl and nevalonlc Iactone Exanples acid labile
groups include tox carbo

tricyclo(5. 3. ZAWOC&% '32a Rtﬁcﬁﬁ 9. fQHHWQrﬁW\m Q%B%Pﬁ?jpg ﬂé?rHHPﬂﬁ

adanmant yl @da/tﬁ@@mheebbuém m.ﬁdgeableréntaéerdwbydoatlhgtdoahwtmmaﬂm 3- 25
oxocycl ohexyl , 3-hydroxy- 1- adamant 2- et hy| - 2-

bet a- ( ganREESEDYINYPRIQMHAT |a)sub§tﬁaten§¥aa'8n9 ¢he QBWGHEC“VS&P@"%Q erRroMgGers are
o o P g R e e L e P ©
whi ch i n exgosing denpbotsiresist and dntiellectivencaatingl layers| toadingmradiation ghe
protect edsmgo\%\r/aength; e) post-exposure baking the photoresist and antireflective
coating layers on the substrate; and, f) developing the photoresist and
antireflective coating layers with an aqueous alkaline solution.
25
It is also possible to form a positive bottom photoimageable antireflective
coating composition which is capable of being developed with an aqueous alkali
developer and which is coated below a positive photoresist, wherein the
antireflective coating composition consists of (a) either (a1) a mixture of at least

30 one compound of formula (1) and at least one compound of formula (2)
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30 may be pol ynerized to give honopol yners or with other unprotected
nononers as required. Alternatively, an al kali sol ubl e honopol yner or

copol ynerworyidnss4oseact ed with a conpound, or conpoundspcahBmioo/pi7as de t he
acid labile group. Wien this polymer is used to formthe antireflective
coating conposition, a dye as well as a photoacid generator will typically
be present in the conposition. This dye nmay be nononeric, polyneric or

m xtures of both. Exanples of absorbing 5 groups that may be contained in
an additi \pgy orpimHconmpound are substituted and unsubstituted(phenyl,
substituted and unsubsfituted anthracyl, substituted and unsubstituted
phenant hry subs it nsubstltuted napht hyl , substituted, and
unsubstitL#%% é@?@ eﬁeﬁgs cont ai ni ng heteroatons such as ygen

ni trogen, sulfur or conbi nations thereof, such as pyrrolidinyl, pyranyl,
10 piperi@fnyl, acridinyl, quinolinyl. Absorbing polyneric dyes that may be
used are polyners of the absorbing noieties |isted above, where the polyner
backbone nmay be pol yesters, pol nldes pol ysul f ones and pol ycar bonat es.
Sone dyesGﬁ?éﬁ&ﬁﬁbpvﬂﬁﬁ@P@ﬂmﬁ9H&E Wene and nethyl methacryl ate and azo
pol ynmegi ¢ and nononeric dyes. Exanples of dyes are nononers or polyners of
the list of 15 chronophores nenti oned bel ow. Anot her pol ynmer useful

i n positi \eObet), prABhefoHFra@CHH=ECHY)) ref | ective coating conposi(E)ons is
(ii) a polyner conprising at |least one unit with an acid |abile group and
at least ané unit with an absorbing chronophore. A skilled 20 artisan wll
appreciat? whi ch chronophores are useful at the exposure wavel ength of

i nt erest tﬁ%h Y& of an absorbi ng chronophore are hydrocarbon aromatic
noi et es %@r@ﬁhanewmdtsa@w gaauaﬁom%@ﬁ L§s aWirebt $6mp@ﬁnvaﬁ%xb%up geparate
or fused rings, where there are 3 to atons in each rin | es of
monon#®@s @mlr&mﬂbtmtﬁ d?ﬂr@mﬁi)pﬂcﬂf(é@aph&feaiahﬂ@@ PRguakiq @(ﬂ'dvﬂ h P2he 25

noNomer s iy 0 ai ni ng
subst ¢ ut S0 78, BRI oS 1P R ol AGHRRARE oL esinobRBRENRIERy O

ant hracyl phmnhmhotemmnbt@schra mkeMsathBEatepﬂlmies&dqmgfbm whlbbtare usefdl snnd
unsubsti t ut ht h ubstl ed and unsubstit ut rocyclic rings
Cont &t ni nf e oHiRcOTBosTER S5 IR RHER AUGERP ORI EIBEY nbi nat i one
t her eof Eﬁn gﬁ%rrolldinyl, pyranyl, piperidinyl, acrldlnyl
qU|noI|nyI Cf pnophores are described in U S. Pat. &f4 085,

and in U S Pat. No. 5,652,297, US. Pat. No. 5,763,135, U s, Pat No.
5,981, 145, (—$—PalOCHe—=GHYZ7, 506, U.S. Pat. No. 5,939, 236, and4). s. Pat .
No. 5,935,760, which may al so be used, and are incorporated herein by

reference. I th CRLYERNS |ncI ude, for exanple, styrengg)
hydroxystx’renem?’%lgsat_ xyLstg)rene, Pﬁ/l benzoate, vinyl 4-ten-

15 and mixtures thereof, where Q is a quencher, each L is a direct bond or a linking
group; p is an integer 1 to 12; p3 and p4 are each greater than or equal to 1 and
p3 + p4 equal 2 to 12. With this type of composition, there would be no need for
any polymer resin and can be processed in the same manner as the positive
bottom antireflective coating composition discussed herein.

20

Regarding the positive bottom photoimageable antireflective coating
compositions, a polymer useful in positive bottom photoimageable antireflective
coating compositions include a polymer selected from the group of (i) a polymer
comprising at least one recurring unit with an acid labile group; (ii) a polymer

25 comprising at least one recurring unit with an acid labile group and at least one
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5 butyl benzoate, ethylene glycol phenyl ether acrylate, phenoxypropyl
acrylate, 2- (4-benzoyl-3-hydroxyphenoxy)ethyl acrylate,

2- hydr oxyw®-2phwessiypr opyl acryl ate, phenyl methacryl at e pclyaBayd007451
met hacryl ate, 9-anthracenyl net hyl nethacrylate, 9- vinyl anthracene,
2-vi nyl napht hal ene, N-vinyl phthalimde, N (3-hydroxy)phenyl

nmet hacryl am de, N- ( 3- hydr oxy- 4- hydr oxycar bonyl phenyl azo)phenyl 10
met hacryl am de, N- ( 3- hydr oxyl - 4- et hoxycar bonyl phenyl azo) phenyl

met hacr yl sssusind\ubid, wWithtliannalisortsing riohroraophaorepbe (i) anpdiwner dempribihg at

t ' h I - 4- hyd { , 3-(4-eth b | ph I - -
et oacet BRI SR FroaNHAHE WA MO0 NPT SRIRHYA 1298 AR RSBy et hyl
met hacr yl ad@ufieg HRDWHAh QREHRBIHT Shrom{ophald. of 3- (4- 15

sul f ophenyl ) azoacet oacet oxy et hyl nethacryl ate and equi val ent structures.
Any chronphore that absorbs at the appropriate exposure wavel ength nay be

used afone o eSOl 0ALLAR il o BRORIAAREERS Py @pbotiy T be

synt hesi zed by "pol'y I z1'ng oners an acl e group with
nmononer s tdrapositiorisais fi) anpayrmer Which cohmpoiseg lab teast Ah¢ anit atithvarl gcidtdtsleal kal i

20 sol ubl e pol yoer .may. be reacted wi th conpounds that provide the acid

| abi | e grg[ﬁg‘paﬁi&‘ﬂ%'ﬁﬁog ﬁ‘ﬁa’?glwr"&(/i'ﬁéotﬂr}gv'ﬁﬁs%r%o QC%}{wgn%ﬂﬁy @.n%The nol e
% of the agbtfel APlo! Ehdbld thd dntirfedtive Toalihy YoTBhak@Ns6labidEy fréraBxpot@red5, and
the nole % of the absorbing chronophore unit in the final polynmer can range

from 5 t otdevelppmenhelha paid| igbile greirsuin the Relymaidovigetthe RRAESERYNg

h " : , . it |
]‘30: Ogﬂj‘%ﬁcg%wyéﬁ%%r@%n@fyﬂ@ﬂbm&t' he@4didalbik golg % 36lubld @Piane group
be CH2 =CHXadweguSG)| kaling( soidtioh) baHRhSMKrAtecteg(wijroamkacid labile group becomes

(=t HoofbiL MABedns G hedb b HPTA Boveipe e aepfe 4%, o
and vi nyl ngaeird aciki nViayl naldehol ( Gydtddystirenes, vinyl monomers containing
1,1',2,2',3,3'-hexafluoro-2-propanol and sulfonamides (e.g., 2-
15 trifluoromethanesulfonylaminoethyl methacrylate and 2-sulfonylamino-2,2-
difluoroethylmethacrylate), although any group that makes the polymer alkali
soluble may be used. The hydrophilic functionalities can be protected with acid
labile groups such as alkyl, cycloalkyl, substituted cycloalkyl, oxocyclohexyl,
cyclic lactone, benzyl, silyl, alkyl silyl, substituted benzyl, alkoxy alkyl such as
20 ethoxy ethyl or methoxy ethoxy ethyl, acetoxyalkoxy alkyl such as acetoxy ethoxy
ethyl, tetrahydrofuranyl, menthyl, tetrahydropyranyl and mevalonic lactone.
Examples acid labile groups include, but are not limited to, t-butoxycarbonyl,
tricyclo(5.3.2.0)decanyl, 2-methyl-2-adamantyl, isobornyl, norbornyl,
adamantyloxyethoxy ethyl, menthyl, tertiary butyl, tetrahydropyrany, 3-
25 oxocyclohexyl, 3-hydroxy-1-adamantyl, 2-methyl-2-adamantyl, beta-(gamma-
butyrolactonyl), and mevalonic lactone. Some of the monomers are vinyl
compounds with the above mentioned labile groups. The acid labile group that
can be cleaved with an acid may be attached to the polymer, which in the
presence of an acid gives an alkali soluble polymer. The protected monomers
30 may be polymerized to give homopolymers or with other unprotected monomers

as required. Alternatively, an alkali soluble homopolymer or copolymer may be
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30 -0C(0)0-R-Ar, -C(CF3)20-R-Ar, -C(CF3)20(CO O R Ar, C(CF3)2(000R- Ar),
where X is Hor alkyl, Ar is substituted and unsubstituted phenyl such as
phenyl orwbenmyiss4osubstituted and unsubstitut ed ant hr acPCTABLINY/E7451

ant hracyl met hyl , substituted and unsubstituted phenanthryl, substituted and
unsubsti tuted naphthyl, substituted and unsubstituted heterocyclic aromatic
rings containing heteroatons such as oxygen, nitrogen, sulfur, or

conbi nati ons thereof, 5 such as pyrrolidinyl, pyranyl, piperidinyl,

acri di nyl regpted lithny lcongsoilin®, o8 cahipylnds, ywhiohl prglide thbsddid uatstie gnoapoal kyl ,
oxocycl ohexyl, cyclic |actone, ?enz |, substituted benzyl, al koxy, al kyl,
such as eV¥iBtythis Rolymsr isuped g %Tﬂhg’iﬁ/a’é‘ﬂ’ﬁ ctivgcqating jtiony Rydye
tetrahydr gk ekl a pﬁaaheaal genfe?étblaﬁmqyﬂealfy%ytwes@ﬁt’ﬁ\' tﬁ@'c%n{y%ﬁt@ﬂe Thigcanpl es
of R include, for exanple, but oxycar bonyl tricyclo . 10 decanyl,

2- net hyl - dye deasahe anonmeb@rmlymen@robmmres aﬂbﬁﬁhtﬁum% mﬁpseltlmg

ment hy |, d
addi ti %n %’g&{pﬁgﬁ%t #y)é °E‘ﬁ%§%%ﬁ%’ggé@ﬁ‘pﬁ %b%gfpe gr Ol}%) an ﬂ[ehseu bg tsu(t)erdbl ng
chr onphor end tursupsiituteel pheyyl c eabstitutedt dret unsulzstisutedi arghracyl nebistituted t s,

such 15 units rovi de, ot her desi able roperties, A skille rtisan
will appr &8¢ atUé‘SH%?tBHteﬁonBW g BWHH 'E‘i?t é"nééthtHHtelgse'f' sht ¥\ t he

exposur e Wast@Bad tahdoiindubsffugsd heﬁmw.@ﬁn@sf coMairify heteiBNOMR' suchcag/de
-CR1112- CR3R4-, where Rl to Ras are |nde{)endentl , (C1-C10) al kyl,

(Gi-Cl0) aKasy nitragene Sulflr,i efecoralipaionsatheyecly puch askryryeliding,coyuaBYli nyl
SCRCF , , 2 Z H
oC2 o PRI Scri, il 2 Aspoy BB e R nn FRGR i © |
and Rit cpolymees lobtm@ratnsarba:}g: mmetgzsoltqmett abbvea,swbeﬂwmel pelymey hiagkipene or

11id d kvl . (Cl-C10
DY Koy antieis 5 pdVestRsn pofiided SRSHHoNes Anfiinslycaroartes Sihe AV 1% bup.

are gi venchssligmers oﬁh raRYst nemiet@rdj hfétﬁmﬁaha@.@(ara)a?ﬂkhz&baﬁ)&ré(ﬁde)OH 25
(CH2) 00H (where n= Cl-C4) al kyl, COOX and SCBX wh?re Xis

armoni um nmnremeﬂan%ﬁ UrRmrien el dupsr dShmonemersar RRIVH tﬂv%t"St:ah be
used 49 feﬁ,?,ﬁ(gﬁ,.opég MeRfioRéfpaohy! i ¢ acid, nethacrylic aci d vi nyl al cohol,

mal ei ¢ anhydr mal el ¢ aci d, mal eini de, N- et hyl rralelmde
N- hydr oxynet hyl acryl anmi de and N-vi nyl pyrrolidinone. Qher nononmers may be

t hyl 30 th t. t d
gdr gxypr og§I 'ﬁé{)%g I;gﬁgnl Y’%{Tgr@ M g}ﬁlkjﬁl s“°2'ﬁ’t g’ﬁ’?‘%‘gé%% aArPﬁ%rq\ée\?%soﬁgs
rraydal SO beatlngecbmpcmldﬂnsas (iiydrpn{ymérycmpnswg ray lleast coreoLinit (witkt A aid/| i
acid capp

th d Il ahil . | f 'd | ahi |
ot hour | FAAIE S9TPWA art at deass, o PR G pasyDind ghOmarbars. BoSelishon
atorrséow bh.sah knmﬂsa ppesials nmhog;ﬁfbmémiraé Sar udettial =t tﬁél@sqidgwesl Lyl

and 13-trinethyls Iy1 substituted al kyls. Representative 5 exanples of

aci d | abi wavglebathsofdnterests Examples, oftas abseshing |chreragplagrayare hydrocarbon
Yoy e BRe mioigndey ChaRdyKlie. SURLR0 FHYetied VAN hork 1278 Yolit

2-al kyl-2-"nor er exa groups are
tetrahydr eéparattyd)r fu’sedi rrialyy cwbenerthasd areshitos10 atmmjlmeaamsmglﬁxammlesi of
met hoxycar bon

Tl Do et nats | Wit afsosbig cshromeRperescihat s5an g Raleptizads it the o

CH2- Cp§ Si (ridridhiers)combdinin@ettel 46id labile groups are vinyl compounds containing
substituted and unsubstituted phenyl, substituted and unsubstituted anthracyl,
substituted and unsubstituted phenanthryl, substituted and unsubstituted
naphthyl, substituted and unsubstituted heterocyclic rings containing
heteroatoms such as oxygen, nitrogen, sulfur, or combinations thereof, such as

30 pyrrolidinyl, pyranyl, piperidinyl, acridinyl, quinolinyl. Other chromophores are
described in U.S. Pat. No. 6,114,085, and in U.S. Pat. No. 5,652,297, U.S. Pat.
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Exanpl es of nononers containing acid | abile groups that can be used in the
pol ymers include nethacrylate ester of nethyl adamant ane, nethacryl ate ester
of meval onoeolsass@ee, 3- hydroxy-1-adamantyl nethacryl at ectnBtdososnsiat e 15
ester of beta-hydroxy-ganmma-butyrol actone, t-butyl norbornyl carboxyl ate,
t-butyl nethyl adamantyl nethacrylate, nethyl adamantyl acrylate, t-butyl
acrylate and t-butyl nethacryl ate; t-butoxy carbonyl oxy vinyl benzene,
benzyl oxy carbonyl oxy vinyl benzene; ethoxy ethyl oxy vinyl benzene;
trinmethyl Ny. Iaﬂsmtmrug Pat.myd. HBBMAKUS, angl. Pat. Nas @ 187806\ S. IBa@sNby 1 et hyl
o e oohonseadand U B n2° 5155, 785 WHch ol 5B 58 (3o 3nd B

triphenyl mwra%dm@mﬁyw URfef8hce- BRAMDRES BF REN AlPbonrs "Bk, RBENant h
rene, 2- napht hal eneet hanol , 2- napht hyl -bet a- d- gal act opyranosi de hydri de,

hydr oxyst pxamgle, ﬂyeeaehyﬁ@&ystmsey peeloxysiwiengl viry! benmaieymvle4-tmnet hyl

mal el m&gfﬁ)uWI@éﬂzoF éeﬂ%h%ne nél&@cyl ph%nlglfa thep %Eﬂl&%néﬂgﬁ&yﬁg@y Iagﬂ/?a P4 col

phenyl eracrylra propyl” acrylat’e oni’c actone

est ﬁr ofI anoy&&lﬂdr@eyr?hdnm%mmypmmfxm bpdlblxmltghabgyprﬁbglradlrylate
met hacryl ate, ben t hacr a met net hacryl ate, 9-
UF ny 1 an hPRERHT OGRSt h AR R, STy ethachiad, §:
N- (3- hydr eifldmisraréne30 20wk Mhéﬂ@hedQ\l-vmylphthallmlde N-(3-hydroxy)phenyl

, N (3- hydroxg 4- hydroxycar onyI phenyl azo)
met hacry| &t ecrMapedeyy dr oxy! - 4- é\lﬁ%ivyémxmﬁww%ﬁémarwwﬁwzo Jehehber yl ani

de, N-4g. 4niliRhdd@REGEY! am nophenyi Wil 548 Hethoxycarbonylphenylazo)phenyl
methacrylamide, N-(2,4-dinitrophenylaminophenyl) maleimide, 3-(4-
acetoaminophenyl)azo-4-hydroxystyrene,  3-(4-ethoxycarbonyiphenyh)azo- -
acetoacetoxy ethyl methacrylate, 3-(4-hydroxyphenyl)azo-acetoacetoxy ethyl
methacrylate, tetrahydroammonium sulfate salt of 3-(4-

15 sulfophenyl)azoacetoacetoxy ethyl methacrylate and equivalent structures. Any
chromphore that absorbs at the appropriate exposure wavelength may be used
alone or in combination with other chromophores. Thus a polymer may be
synthesized by polymerizing monomers that contain an acid labile group with
monomers that contain an absorbing chromophore. Alternatively, the alkali

20 soluble polymer may be reacted with compounds that provide the acid labile
group and compounds that provide the absorbing chromophore. The mole % of

the acid labile unit in the final polymer can range from 5 to 95, and the mole % of

the absorbing chromophore unit in the final polymer can range from 5 to 95. Also

the acid labile group is attached to the absorbing chromphore or that the

25 chromophore is attached to the acid labile group, for example the monomers may
be CH,=CHX-Ar—(CO),0O—R (n=0-1), CHy=CHX—Ar—OC(0O)O—R,
(CH)=CHX—Ar—C(CF3).0-R, CHy=CHX—Ar—C(CF3).O(CO)O—-R,
CHy=CHX~-Ar—C(CF3)>(COOR), CHy=CHX—C(0)O—Ar—0OC(O)—R,
CH,=CHX—CON(X)—Ar—0O—R, and vinyl compounds containing —(CO)O—R—Ar,

30 —OC(O)O—-R—Ar, —C(CF3).0—R—Ar, —C(CF3).0(CO)O—R—Ar, C(CF3)2(COOR-

Ar), where X is H or alkyl, Ar is substituted and unsubstituted phenyl such as
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acet oam nophenyl ) azo- 4- hydr oxyst yr ene, 3- (4- et hoxycar bonyl phenyl ) azo-

acet oacet oxy ethyl nethacryl ate, 3-(4-hydroxyphenyl)azo-acetoacet oxy et hyl
met hacr ylwoepioatss@bydr oanmoni unsul f at esal t of 3-(4- 5 PCT/TB2009/007451

sul f ophenyl ) azoacet oacet oxy ethyl nethacrylate. A skilled artisan wll
appreci ate whi ch chronophores are useful at the exposure wavel ength of

I nterest. The polyner containing the acid |labile unit nay al so

cont ai n ot her nonabsorbi ng nononmeric units as descri bed above. Exanples of
t he pol ynpheriyd ommtlaemz'ylhg suitestinded |zmlal | engnbﬂhimtédclamibraogpolsyder sasof

2 hvar oy sy, "SusiRe e, JTRYBREeR WEnBOe ubStittled Gind

bet a- hydr gysbaatied REpithgl, sabsied tandWinsubsRiy néftbrcf@bhwésdneét@, riigsbut yl
met hyl adamantyl nethacrylate, nethyl adamantyl acryl ate, butyl acryl ate

and t - but GentAEINgReteraaterns sughias LYY, MitFgaeny sylfy, ﬁypomb'n?élﬁe%m@re@enzy|
b b t hyl
e B e
u , i
aci dy met '¥ aC| Yk al coh yI ei c |hxdl’l e t¥|y thvl d
pyrroli dlﬁ@??é §”ﬁ¥ & %yr?éﬁ%y?uﬁ%a?%n’ﬁ? @M ?’Wee °§ e v Yet

anot her patetory dﬂﬁﬁd‘yubtﬁynrtetrbﬁydioﬁjrénwenmtﬁwmmmfyﬁrdimﬁ}lﬂ fevalonic
antirefl ect i ve coating CO;H/)OSI tions is (iji) gol ymer that czﬁn}g es at

| east one aﬁ}gqe e incicies der Eé‘?'BBB?yIt tlj#t athyh triqygle uni t
Wi th g rﬁ\e@m@iﬁ @mﬁ%to%@ﬂmﬁ&b@ﬁ'\ﬁbﬁtﬂ’érﬁhﬁglcﬁ@éfﬁw@ﬂ{ﬁ are

descrl bed 25 rel nabove. For the r conmprising at |éast one unit wth
a hydr oxymeattwyl,dertiarybutyb fgtrahydmpyranyl, s-oxoayeioliexyl i ne sol ubility, and a
crosslinking site, one function of the polyner is to provide a good coating
quality and another is to enable the 30 antireflective coating to change
sol ubi i ty durinr@ddnhtm tortg ot poma&mg thﬁlacibydbnn(gfow and o gpsorhingups i n
t he poly Pnr?‘ et\one of the co ?
ro ore, the polymer may con m o her nonabsorbing monomeric units, such
15 units may provide other desirable properties. A skilled artisan will appreciate
which nonabsorbing monomeric units can be useful at the exposure wavelength
of interest. Examples of the third monomer include —CR1R>—CR3R4s—, where R;
to R4 are independently H, (C1-Cyo) alkyl, (C4+-C10) alkoxy, nitro, halide, cyano,
~ alkylaryl, alkenyl, dicyanovinyl, SO,CF3;, COOZ, SO3Z, COZ, OZ, NZ,, SZ, SO.Z,
20 NHCOZ, SOQNZQ, where Z is H, or (C1-C1o) aIkyI, hydroxy (C1-C1o) alkyl, (C1-C1o)
alkylOCOCH,COCHS3;, or R, and R, combine to form a cyclic group such as
anhydride, pyridine, or pyrollidone, or Ry to R3 are independently H, (C1-C10) alkyl,
(C+1-C10) alkoxy and R4 is a hydrophilic group. Examples of the hydrophilic group,
are given here but are not limited to these: O(CH,).OH, O(CH2)20(CH2)OH,
25 (CHy),OH (where n=0-4), COO(C+-C4) alkyl, COOX and SO3X (where X is H,
ammonium, alkyl ammonium). Other hydrophilic vinyl monomers that can be
used to form the polymer are acrylic acid, methacrylic acid, vinyl alcohol, maleic
anhydride, maleic acid, maleimide, N-methyl maleimide, N-hydroxymethyl
acrylamide and N-vinyl pyrrolidinone. Other monomers may be methyl
30 methacrylate, butyl methacrylate, hydroxyethyl methacrylate and hydroxypropyl

methacrylate. Monomeric units containing acid labile groups may also be used,
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necessary for the solubility change. Exanples of nononers which provide
such a unit upon polynerization are without |limtations, substituted or
unsubst i twoedimispos nononers contai ni ng a hydroxyl and ectaBzdogsylssigr oup,
such as acrylic acid, nmethacrylic acid, vinyl alcohol, hydroxystyrenes,
hydr oxyet hyl net hacrylate, 5 hydroxypropyl nethacrylate,

N- (hydr oxynet hyl ) acryl am de, 4-hydroxyphenyl oxy net hacryl ate,

4- hydr oxyphenyl oxy acryl ate, 5-hydroxynaphthyl oxy nethacryl ate,

5- hydr OXYWé@MVdeYsﬁWeYlbat’myl Alcoldl, (rRemiaraiccand @hpped withladld Pabile3’ -
hexaf | uor o- 2- propanol , al t hough_ any nononer that nmakes the po| yner al kali
sol ubl e aW@UBPeEé?@BI% Qg '?h‘i‘?)lgiﬂ!ﬂ%s VY’rﬁ‘?Ubé"UéB‘a" ﬁ'ﬁ*esﬁ‘éﬂp y

contain f‘/ter?:l% anﬁ,w Ofo SPEABH a‘ﬂ&hﬁ)swﬁﬂ% fHd3t Be *Byﬁlid??gén AR5 dndl DOXy|

groups. s containing t 1, 3, 3, 3- hexat I'uor o- 2- pr opanol
group ar eketalsy etilmﬂﬂeyiSlM sndud- tnm@hyls)ylt eulQSWutadd atkylsi. r%b@ﬂantalt\/@d

equi val en |y es] p

ronome? o PRITPIESBL ACR AoriBoydrBles due TNy ol ebREbL " T

C(r)]nt ai nhaalkylbyddjﬂin)dygfd:ﬁﬁlbjmmhmt o efityl A cykliohbsyl, fﬂ-hlk?lﬁma?hl!ﬂatntw,przte@lkWE Whi ch
chr onophor e ul a e exposu vel en of interest.

Al ternatlW'F’Wnyfhégtgﬁkaﬁ?‘a’%leﬁblqz ﬁ@l‘{/rﬂé}g@%w Sb@’?eé%tféyc&?ff‘f:?rl%.rrpounds
that provieg@nydep 2«& yOXYkuBdtit@@abox¢!  GnhsupstAiEdC O MRAHBRcarbsHyl Pr gL de the
absor bi ng chrorm In the final polyner the nole % of the unlt or units

cont ai ni n@laﬂwbl'ﬂ?quxylgprscar gyl GHoufte8HCHahge GMEHLS(Clg)s)2,
f bl 310 f bly 20 to 80 dth le %of th
pre e{)@ *H H_Cbg%ﬁé)'q%)a)g aﬁﬁ)fh%l ef erably 0 an e nmole %o e

absorbing ¢ e final polyner can range fromb5 to 95,

Examples of monomers containing acid labile groups that can be used in
the polymers include methacrylate ester of methyladamantane, methacrylate
ester of mevalonic lactone, 3-hydroxy-1-adamantyl methacrylate, methacrylate

15  ester of beta-hydroxy-gamma-butyrolactone, t-butyl norbornyl carboxylate, t-butyl
methyl adamantyl methacrylate, methyl adamantyl acrylate, t-butyl acrylate and t-
butyl methacrylate; t-butoxy carbonyl oxy vinyl benzene, benzyl oxy carbonyl oxy
vinyl benzene; ethoxy ethyl oxy vinyl benzene; trimethyl silyl ether of vinyl phenol,
and 2-tris(trimethylsilyl)silyl ethyl ester of methyl methacrylate.

20
The monomers containing an absorbing chromophore include
triphenylphenol, 2-hydroxyfluorene, 9-anthracenemethanol, 2-
methylphenanthrene, 2-naphthalene ethanol, 2-naphthyl-beta-d-

galactopyranoside hydride, hydroxystyrene, styrene, acetoxystyrene, benzyl
25 methacrylate, N-methyl maleimide, vinyl benzoate, vinyl 4-tert-butylbenzoate,
ethylene glycol phenyl ether acrylate, phenoxypropyl acrylate, benzyl mevalonic
lactone ester of maleic acid, 2-hydroxy-3-phenoxypropyl acrylate, phenyl
methacrylate, benzyl methacrylate, 9-anthracenylmethyl methacrylate, 9-
vinylanthracene, 2-vinylnaphthalene, N-vinylphthalimide, N-(3-hydroxy)phenyl
30 methacrylamide, N-(3-hydroxy-4-hydroxycarbonylphenylazo)phenyl
methacrylamide, N-(3-hydroxyl-4-ethoxycarbonylphenylazo)phenyl
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pr ef er abl
of this i

or car box

y 10 to 90 nore preferably 20 to 80. It is also within the scope
nvention that the hydroxyl or carboxyl group is attached to the
absor bi ngvohnmmBpiver e or that the chronpphore is attachedrtuB2ddver7hydr oxyl

yl group, that is, both groups are present in the sane unit.

As an

exanple the 5 chronmophoric groups described previously may have pendant
and/ or carboxyl groups or that the chronophoric groups and the

hydr oxyl
hydr oxyl

group and/ or carbonyl group are attached to the sanme group.

In

addi tion heethdgyldmide, ﬁontrgi(zuggmtrbptﬁwiamﬁwbhanm or mlfméjnxdé, gr a@44-and 10
contalnln the absor I Ng cnronopnhor e (0] ner ontain
greleaminpRnesyl)azachydioxystyeapenr ovi de3 @tﬁﬁpgﬁwwr@wﬁaﬁn i es,
QEetWQb&Bx;?r&hgﬁﬁﬁémQ&‘}ldwr & (4Dﬁ\}}u?ﬁﬁypr|%¥ﬁﬁ§i@§c&5aééi8xi Oétﬁgm ng

the unit
ot her non
exanpl es
pol ymer s
&mesPu
cont en
het er oat o

10

15

I nc ud al so

biatkagsdateat ent t ydr@ammmurznooso:.swatm ancSaHOOSOQfL46743 (4he

S o Slirdleb A holiaER MRIRRLARSHIAY. ASKRBG MR dboredafent enary

er 0 om suc
which chromophores are useful at the exposure wavelength of interest.

The polymer containing the acid labile unit may also contain other
nonabsorbing monomeric units as described above. Examples of the polymer
containing the acid labile group include copolymers of 2-methyl-2-adamantyl
methacrylate, mevalonic lactone methacrylate, 3-hydroxy-1-adamantyl
methacrylate, methacrylate ester of beta-hydroxy-gamma-butyrolactone, t-butyl
norbornyl carboxylate, t-butyl methyl adamantyl methacrylate, methyl adamantyl
acrylate, t-butyl acrylate and t-butyl methacrylate; t-butoxy carbonyl oxy vinyl
benzene, benzyl oxy carbonyl oxy vinyl benzene; ethoxy ethyl oxy vinyl benzene;
trimethyl silyl ether of vinyl phenol, and 2-tris(trimethylsilyl)silyl ethyl ester of
methyl methacrylate, with methyl methacrylate, butyl methacrylate, acrylic acid,
methacrylic acid, vinyl alcohol, maleic anhydride, N-vinyl pyrrolidinone,

‘ maleimide, N-methyl maleimide, and the like..

20

25

30

Yet another polymer useful for the positive bottom photoimageable
antireflective coating compositions is (iii) a polymer that comprises at least one
unit with hydroxyl and/or carboxyl group and at least one unit with an absorbing
chromophore. Examples of an absorbing chromophore are described

hereinabove.

For the polymer comprising at least one unit with a hydroxyl and/or a
carboxyl group to provide alkaline solubility, and a crosslinking site, one function
of the polymer is to provide a good coating quality and another is to enable the
antirefiective coating to change solubility during the imaging process. The

hydroxyl or carboxyl groups in the polymer provide one of the components
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5 nitrogen, oxygen, or sulfur, bonded between carbon atons. Preferred

het eroatons are nitrogen or oxygen. These heteroatons nmay interrupt the
chai n of wo 2alo/kati c or cycloaliphatic hydrocarbon. \WheaTpBiopsesrasihavi ng
t he hydroxyl and/or carboxyl group are used, an 10 optional crosslinking
agent can be added thereto. One exanple includes vinyl ether term nated
crosshnki ng agents that can be represented by the general structure (7):
R1- (OCH=CF12)n(7) 15 wherein Rl is selected from (Cl1-C30) linear, branched

or cycli Cnééé’éélagl foi i6é isbiibRity Bianges Exakriplad 60moRbmiefd whithy providie §1¢h8t i tuted
or unsubstitute Craw) alicyclic hydrocarbon; and n?2. It is believed that

the terni ﬁd!"'\/l‘ﬂ?’l‘ P@Nﬁ'é?"zef'@rlhp?f? é’%\%’t Wimitations sHpstited osrunsybsiBuied gr oup
of the po i f h
o P PO on s AP ) ey ot B s, e
adi pat e tiedtiatrylicn sk yvibyit plcpheuchydiaxystyrbnss( 4 hydioxyethyl lmeﬁacyylate

i h bi 4 |

ey oCa ui PR SieyPrRaY eV erEE T e SRARReRTRRE LB,

met hKIt)h ltﬁ{ r aiezwehydnl)ﬁ)(pﬁegwtomll bowiatép?ﬂwPrwnhﬂmymky méthgtnylate,

i so al ate; bl s(4-vinyl ox me - enyl ene

bi S(F:)ar banatwd chWE%E“‘W'ﬁ%Y oérﬂggl )V"‘é)’ Sdi CQPt?L'nE}Qe 51%3@; 3,3-

bi scar bampggsfiapslotgrbSarkuy ! ﬁﬁ'ﬁ&l ghy %Mhé}ﬁbﬁttﬁﬁr makeé thEChaRRSAREImENt anol

di vinyl ether, various vinyl et’her nononers avail abl e under”the tradenane

Vect oner , seluble angd prefgrably avateeinsaluple, maydg/ysed. yiihetpalymar may contain a
o fgﬁ}]@yggﬁy{i&gﬁw)ﬁwmgﬂ B SonBiithd A8 OB Cél ot FOR: iy
30benzoat mdnoajets ( v¢omdammg) bthey| 11, 5,038 BeHextbiudriosd-propanol  group are

ol 111 rnsedenked By ARl Ie (o BudBe € ont adini s bt 11

hexanedi yl bi scar bamat e, b| s[[4-

[ (vi nyl oxy) met hyl ] cycl ohexyl ] met hyl ]t er epht hal at e, bi s[[ 4-

kvi nyl oxy) methyl | cycl ohexyl ] met hyl ]i sopht hal at e, bi s[ 4- (vi nyl oxy) but yl ]
(et hyl eneEﬁ"- eng) biscarbamate, bis[4-(vinyloxy)butyl]
(4-net hyl - ne) biscarbamate, and pol yners bearing pendant

vi nyl oxy 0 O her_|vi.pyl ethefF term nated crosslinking agems are
descri bedg{:"n TéFsYarrg%k ICP al Z\[rgnds i toc Phot obi 0, /\7: 45
(2001); S , et Chem er., 6:18 4 (19949 or H o‘ t, et
al., ACS S Ser. 706: %78 (1998)| which rra aI so be ed and
i ncor por at ed[herei n byt ef er erf€e [ b CF3 cF——CF
CFs1—CF,  CF;|—CF, OH o
OH OH

(1 &) (3 @) (5) (6)
15

Thus a polymer may be synthesized by polymerizing monomers that
contain a hydroxyl or carboxyl group with monomers that contain an absorbing
chromophore. A skilled artisan will appreciate which chromophores are useful at
the exposure wavelength of interest. Alternatively, the alkali soluble polymer may

20 be reacted with compounds that provide the hydroxyl or carboxyl group and
compounds that provide the absorbing chromophore. In the final polymer the
mole % of the unit or units containing the hydroxyl or carboxyl group can range
from 5 to 95, preferably 10 to 90, and more preferably 20 to 80 and the mole % of

the absorbing chromophore unit in the final polymer can range from 5 to 95,
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When used, the vinyl ether term nated crosslinking agent is added to the
antireflective coating in a proportion which provides 0.20-2.00 nol

equi val enwe 20fo/os5499] et her crosslinking function per reacriiBmogo@y on t he
polymer, further 0.50- 1.50 reactive equival ents per reactive group. 15

The inventive conposition and inventive conpounds can al so be used in
traditional antireflective coating conpositions. Traditional antireflective
coating conpositions typically contain polyners, a dye or chronophore

conmponent pydiefably 10 3090 Moks prefarabhe2@as 8oott ik s vlithiiethe scopeosisthisnki ng
conponent mhlch can 20 be optional when using the inventive cgg&gunds and

an aci d s#lyepton that e d"'yg&wb@raﬁ@rbayﬂ grouph i R8pRRe teothsod

di scussed Ry or@o?stﬁ%f étthﬁ’?édjf@thé)% dx§l BPLattoxyk ed to,
nel ami nes,” gua nlnes oxy a epoxy and epOxy am ne'resins,
bl ocked i gmmrtmteug, betfd gmupsngte pms@nbms theusdmenanit.i Ae .anTexampleoths

antire Iec ive atl 0 C ° fer
and tnén_ SoerEBRG diPufe T3 et BloiiRL s, HERE prBOdnfllSR dhdial ey ana
devel oped carB@leag‘rbupgbk mtlthe chearhoptibricigrops endahe thydroxgl geoupherd/et ched,
with the resist pattern beln transferred to the substrate. The

conposi t i 6AL0HY! é?'ﬁ%p preatiache éh?FBWerﬁﬁ“?-urt her conprise an acid or 30 a
thermal acid generator. Crosslinking can take place between a pol yner
containing a héSroxyl and/ or car boxyl grou and a crosslinking agent in the
presence of helit addiiordethe upibicontdining dag hydioxyl ard/oragrbgxyl gregp anser mal
act d_96nehal BhR cBhtaftfihg' Shé'aBsdibff ERGRRAROR Ahe. ad;ﬁp&r RES! ddHEdiRGrhgact i on
and are desi raploe For 'y nat ances ere curln Imes are prefe

Ther mal aoiahogestierurits) sudh bmtsamaytﬂnmndeDmanpiealrzhtﬂamrmrgem@mwmm akci ds or

thermal acid.5 gepe e used, exenplified without limtations, by
2,4, 4, 6- M@%ﬁﬁﬂ%éﬂﬁ @@@%ﬁﬁ%ﬂé?g e, benzoin tosylate, squaric acid,
2-nitrobenzyl tosylate, chloroacetic acid, toluenesul fonic acid,

met hanesul foni ¢ acid, nonafl ate acid, trlfllc acid, other alkyl esters of
organi ¢ sul f onF¥amplegof thafaregeing priymerainalyden & X@mple, However, it has
been found that for certain conponents some 10 acids and acids produced by
t hermal aeid undercutting
and can pr pl ace. Acids
wi th noder 8te aci e ssoci ation 15
const ant) gr8ate an 1.0 are off st when used i nyl

term nated cxosslilnki ng agent aﬁéfbr t e vinyl termnated PAG or Q (for
exanpl e, foemul ae ¥2) and (4) herein). cids with a p of less than 5.0
and greater than 1.0 are also of further interest. T | ting acetal

| i nkages are easily cleavable in the presence of phot nerated acids.
Exanpl es, without limtations, of acids or 20 acids defived fromthermal
acid d8nerators with noderate acidity are maleic acid {BKa of 1.83),

chl oroacetic aci a of_1.4), dichloroacetijc acid (pKa of 1.48), oxalic

acid (pKa of 1. aci ta of 4.3)
gylcolic acid (p , fumari f 4 id (pKa
of 2.8), cyanoacet % a (pKa of 25 Aci ds re gkgcked by
bases to forn1- t- -- i d gener

900 " ”
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preferred. Acids, such as those descri bed above, may be bl ocked with bases
such as am nes. Typical bases are triethyl amne, tripropyl am ne,

tri met hylwearbrass4osi but yl ami ne, tripentyl am ne, trido@etgBoamieresiet c.
Additionally, diary! or 30 trialkyl sulfoniumsalts wi th anions of weak
acids, such as carboxylic acid or aryl carboxylic acid may be used. Acids
whi ch are bl ocked by bases may be fornmed by conbining the acid with a base,
where the acid: base ratio ranges fromabout 1:1 to about 1:3. Further

exanpl es of acids with the desired pKa and their salts can be found by one
of ordina ail t ture, such as
in CRC Han i i hed ress Inc. and

i ncor porat e i mbodi%rent s may so be

desirabl e tha t onge the agid iS\generated it
does not remafth pe Ig and t er ef or 8'does not
facilitate the rev mwed fomthe film It is

bel i eved that, onc¢ crosslin |ng takes p e the acid is deconposed or
vol atilized by hea® and 10 tthe deconposition products are baked out of the
film or the aci y sublrﬁa fromthe coating. Thus none or very little of
the free acid remains in the filmafter curing, and the reverse reaction

. the acetal |inkage does not take place.
h can generate an acid and then be renoved
esist are preferred in sone cases. 15 Wak
iffspmay al so be functional, as they may not
ition of the acetal |inkage. The am nes used are

Thermal achd gep
prior to coatyig
aci ds that ©€mi

d (volatized) fromthe antireflective

yer during thermal curing of that |ayer. 20

Q her exanpl &s a nono functionalized anmoni um salts of dicarboxylic
acid has the general forrmula 1-1A+OH \Q(H) where Y is selected froma

di rect bond anmdHa connecting group; and A is an unsubstituted or
substituted am ne conpound. The connecting group Y can be sel ected
from Cl- S H




example, 0, S, SO S, -C(=0)--, -C(=0)0-, -0-C(=0)-0-, OC(=0)-, C3-C8
unsubstituted or substituted cycloal kyl ene, C2-C8 unsubstituted 5 or

subst i t utwo 2aioksmobene, and C6- C12 unsubstituted or subgcirtiBegoEmyl ene.
Furthernore, it can be Cl-C3 unsubstituted or substituted al kyl ene chain

optionally containing one or nore hetero atons, even still, Cl1-C8
unsubstituted or substituted al kyl ene chain optionally containing one or
nore O atons, and yet even still Cl-CB unsubstituted or substituted

al kyl ene chain (for exanple, 10unsubstituted or substituted nethyl ene;
unsubstituted or substituted ethyl ene; or unsubstituted or substituted

propyl ene), C15€3 alfesUpted Shetea Fatblishask Priant APPACRYINSNEORHURED3baNgy en
Cl - C3 al kyp 1‘4@‘?‘11,nth§‘tgﬁérﬁﬁ5fﬁg?t@h%{ﬂe bégb&?m&ouﬁa%% b r&fbkenckidiginam ne

conpound can be sel'ected suc izes at a tenperature at which
conposi t i Yhsatdmach hetaroatom"t feéers daEouimteroél heteradtam( $chaae fornRxampExanpl es

of the.am ne conpound include.,a c u elected frompthe gr nsi sting
of and RIYOIEB; { VSN 9% S@B”m@‘f’@&é’gg%es%’?eﬁz&?%‘z, afgﬂﬁ' ﬁgpe@ are

i ndi vi duahéterserbms iz nittsgenorisagen. Thessuistbidatéras nody mitdasaptithe etaml kyl ,
unsubstituted or substituted cycloal kyl, unsubstituted or substituted
nonocycl i ef ¥ aliphajiek (cyglogliRhatic AydragadgRst i t ut ed or substituted aral kyl :
and R25 is selected from C3-C7 unsubstituted or substituted

When polymers having the hydroxyl and/or carboxyl group are used, an
10 optional crosslinking agent can be added thereto. One example includes vinyl
ether terminated crosslinking agents that can be represented by the general

structure (7):

R'—(OCH=CH>), (7)
15
wherein R’ is selected from (C4-Cs) linear, branched or cyclic alkyl, substituted
or unsubstituted (Ce-Cao) aryl, or substituted or unsubstituted (C7-Cso) alicyclic
hydrocarbon; and n22. It is believed that the terminal vinyl ether group reacts
with the hydroxyl or carboxyl group of the polymer to give an acid labile acetal
20 linkage. Examples of such vinyl ether terminated crosslinking agents include
bis(4-vinyloxy butyl) adipate; bis(4-vinyloxy butyl) succinate; bis(4-vinyloxy butyl)
isophathalate; bis(4-vinyloxymethyl cyclohexylmethyl) glutarate; tris(4-vinyloxy
butyl) trimellitate; bis(4-vinyloxy methyl cyclohexyl methyl) terephthalate; bis(4-
vinyloxy methyl cyclohexyl methyl) isophthalate; bis(4-vinyloxy butyl) (4-methyl-
25 1,3-phenylene) biscarbamate; bis(4-vinyloxy butyl) (methylene di-4,1-phenylene)
biscarbamate; and triethyleneglycol divinylether, 1,4-cyclohexanedimentanol
divinyl ether, various vinyl ether monomers available under the tradename
Vectomer, such as, for example, 4-(vinyloxy)butyl benzoate, bis[4-(vinyloxy)butyl]
adipate, Dbis[4-(vinyloxy)butyl] succinate, 4-(vinyloxymethyl)cyclohexylmethyl
30 benzoate, bis[4-(vinyloxy)butyl] isophthalate, bis[4-
(vinyloxymethyl)cyclohexylmethyl] glutarate, tris[4-(vinyloxy)butyl] trimellitate, 4-
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25 al kyl ene or R28 together with the atons to which it is bound forns a
C6- C12 unsubstituted or substituted nonocyclic or polycyclic aryl. Further
exanpl es woebudssasmoni a, unsubstituted and substitut edpcriiB2deybemsnes,
unsubstituted and substituted dial kyl am nes, and unsubstituted and
substituted nonoal kyl am nes, unsubstituted and substituted

tricycloal kyl am nes, unsubstituted and substituted dicycl oal kyl am nes, and
unsubstituted and substituted nonocycl oal kyl am nes, unsubstituted and

substi t ut CQtﬂakdtbdltﬁé[hél(l/ﬁhmo&?ﬁautymS’ddiahedlubi%dam&eSLtb§[[4-t ut ed

di cycl oal kyl rmnoaI)L | am nes, unsubstituted and substituted
nonoaryl di(anwymmeﬁaélcmﬁawgmqt hdlbd and suBstephtiiadaledi ar yl nond¥8l&1 ani nes,

i ary1 an (eSO R H ATt ANALY ORIl oo bt S pORBHAT |t od

un; ubsti t ﬂg@ldjylaneklilgubyhenweeel) btscartainka}tbﬁrlusﬁéévinylmﬂ)bEM]t #emethyhd,3-
ronoarl KTeMel SGRBRNGE; af 2 gBlinerS nariy hEbEMIARAPH Brhe PR ar nes,

unsubst i t vihpdetasdtermirdted Eroxdlinking ageyits‘ramaéé@rib@m in€E, Yamaoks,t éttait,ed and

substi tuted nonoaryl nonoal kKI am nes, _unsubst ed and, s t| t ted
monoar al | K§ANRSHBATHaPeliame BNotghH €145 (4094):a d s €1 @l Mater.,
monocycl oghigih Wl Bb’Ha@?cHE&t end. un@sbgﬁmﬁ used 7@@%844@@9) Whi®dmay
nmonoar yl nonocycl oal’kyl ami nes and t ke, etc. Further exanples include

tri met hyl alap e usednmd@neanwparatﬁ@hecalmrbvmgﬂemrmgyl am ne,

di methyl butyl am ne, nethyl di et hyl am ne, nethyl di propyl am ne,

met hyldi but yl am ne, nethyl et hyl propyl am ne, nethyl et hyl but yl am ne,
met hyl pr opyI bU\lw\bam'sed th%O\tmyleéthgﬂ mmniratec clogstinking pgeanisredded to the

et hyl di but |eth | am n di et

et hyl prop tHﬁ ?ﬁt'é{ﬁcﬁét'nq 6‘%1'%% w@ich&rﬁygﬁwg%ﬁﬁw%equwalents of
propy! di byl élﬁbtn@rosélfrikmgt whammger RICKiOE ighbUTE on Bhe PblyeeEfurthieP & 51 ne,
cycl ohexyl am ne, and t | i ke, etc. 25The acid or acid derived fromthe

t hermal atd@ rg@ﬁyﬁaqyrvai@t%p@f @aﬁb‘f%lg'f%ﬁﬁ’oved fromthe antireflective

coati (deconposes) at a tenperature rangi ng fromabout 115C to about
220C, turther from 120C to about 200C. As used herein, alkyl nmeans
met hyl , ethyl, Tnmr opghtivencpmposition angrioygyitive dompdungs Cankalsy be useduiny| |

e o O P s e TR, Tl BB SO

cycl oal k%&np@ﬂhm@&yﬁh&ﬁﬂp&ﬁﬁmh de&ﬁéd%yla dyedricheorhottore Bompainkanwhiehi ncl ude
allyl, vinyl and the like. The ary i nc] yde nonocyclic or polycyclic
rings suc'lﬁ' gyne FB?%'R%B%’%%WI PO'%Hsht%ﬂOSéW?J‘"ﬂgwEomPRée"tTN'é'CérCéPky|

g[ﬁ“t 2 IB%(BSE fpf%fﬁénn@élﬁ’d thel invBntivePE5HAPSUINds? BRI AN solitce® - TheBERET Nyl )

source and dye or chromophore component are discussed herein. Crosslinking
components include, but are not limited to, melamines, guanamines, hydroxy
alkyl amides, epoxy and epoxy amine resins, blocked isocyanates, and divinyl
monomers, and the like. Traditional antireflective coating compositions, when
25 used, are coated on a wafer and then overcoated with a photoresist, and then the
coated is exposed and developed. The antireflective coating in the exposed area

is then etched, with the resist pattern being transferred to the substrate.
The compositions of the present invention may further comprise an acid or

30 a thermal acid generator. Crosslinking can take place between a polymer

containing a hydroxyl and/or carboxyl group and a crosslinking agent in the
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5 cycl oal kyl ene, and aryl ene nean the sanme as above for al kyl, cycloal kyl,
and aryl except that an additional hydrogen atom has been renoved fromthe
al kyl, cywbealdwosksoer aryl (for exanple, ethylene, propylremaB2wyociafexyl ene,
phenyl ene, etc). The term heteroarylene refers to a aryl ene having one or
nore carbon atons replaced wwth a heteroatom (for exanple, S, 0, or N). 10
The solvent for the antireflective coating is chosen such that it can

di ssolve all the solid conponents of the antireflective coating, and al so
can be reprisefcd ot iHaat,! ievdialk Ctypically $eadtibattirh&S nidspé tlomg Trdnangcids not
soluble in the coating solvent "of the photoresist. Furthernore, to retain
t he i nt egBPR§ralrsgieadlds Afe ysed) o ascaleratm the, grosshiekipe) ipastionandpare
antirefl eghis [ ; [ Miheh ;

ubst ant | PP 38 ififencEs WRcte Sfiod SR YrEs oo HRRIAE Mhclhal acid

requi r emegesenatars ditterater thei adidi upon haatgrgr Anydgnoivnt heidanri thefrinak atidg
coating layer with the photoresist |ayer. Typically.ptaopyl ene gl ycol
nonone?hypgg‘?rﬁ 'S adBPht @€an'tFs hf?(erln ﬁlfe%ﬁ e“éB8u€h£'¥'B$técfrg¥r§éf s%f‘\}e%ts for
the top phaiabiémbeyclohtXabiieatné esbaizobui toajihte, Sehuand satidl 2mirobenzyl
antireflective coating conposition are _cyclohexanone, cycl opentanone,

ani sol e, tosylate.shiereacelingeid, toluenpaulignic ggide metpanasy Oﬂ'ﬁrﬂ.‘y’l‘@t’}%’l‘ﬁf@ﬁher,
butyl acebghe riflg"add P uiner CAkfAT 8tBrs BF Mrhaie! AR BRESIRIE, of BHdRY!
cel l osol ve acetate, nethyl 3-methoxypropionate, ethyl pyruvate,

2- met hoxy menyibned ecidse Howvener, lilohascbesn fasnddhat foutcedaln/compenents someopy| ene

gl ycol » 25_nmnanet t Y. . A ather or
ot i@ PR A as BhefleeRa Melinabhflocere e ShioRABFION oy )
and good caateautoamdiescttiiy and gam prgvent thesdesiredgshotsialdgingopetess gom Typi cal
antireflective coating conpositions nmay conprise up to about 15 30 percent
by wei ght ¥NGP8°&ol i ds, preferably | ess than 8 percent, based on the total
wei ght of the coating conposition. The solids nay conprise fromO0.01 to 25
wei ght percent of the photoaci ddgenerat or, 50 to 99 weight percent of

pol yner, 1 to Acidgayihmogerade aciday, itchavithrad KR (HROngfdbe reiddigsesiatiopnal 1y 0

to 25 i f | rs i aer at : n the
total 5ol Bl iBhieP inad o GEhe A ipldtBh oA LA RE & iy, BRRRACAN 201
t he phot oaxisdlinjémg agenr ahd/oretheSving rtgesinatedn? AGooit QO(forlexamplboiormd@ewei ght

/0. Preferabl crossli.nki ng a t ran fr ahQout 5 t.o about 40

wei ght pe@eﬂ{d, E%“’&‘BS‘J‘%’B%M'& i%%%o°f§§5§§$ﬂh?wéﬁe%??‘e’rﬂ@% iial ye
conponent glsaréf fiitAg0Int&tesi. Theh@saliehy @dktal tihkdbed drfecsasily cleavedid i thand
filtered to renove inpurities. The antirefl ective coat i,ng@corrposi tion can

opt i onal | PressAcaict RIRtPaRAAAed, agdseExaiBRieeithont ligitalipns, af paids 197
mat €T b S acill UehOBP ABATHRnRA! A gBALIAIGTS Wi mbBefdté abiafly AR niiie obf L T Cat ed

by techni ques such as passing t| gh an 1on exchange colum, filtration,
and ext r atpKaof g8} eskloraageticrprigvipkianel tidhl dichlordacetie agich (ke of OrdBer

conponent e t i.ref {] Lk { pr esent
applicati §ﬁma(§$é§ggtog %@ngﬁigﬂﬂ%gcﬁe% !Prf\r;%éé?or% R? hé a%onja |Knaggpé'.]‘.’g. | ower
al cohol s, gﬂ)tel&:hasidr(ba(ae)fl338)eIfdnmgri%geidt(pKaadfmsﬁpmnaﬂbniggi@d @'ﬁﬁ‘m pfgpam ng
agents, etc. These additiv nmay be present at up to wei ght percent
level . Ot ﬁ@"%ﬁy?@?'gip%aaﬁa@g é/tﬁovol aks, pol yhydroxystyrene,

pol yngi hyl met hacryl ate and pol yaryl ates, nmay be added to the conposition,
providing the performance is 20 not negatively inpacted. Preferably the
amount of t hi sAgidsywhieh jase lblgakeddobases teefagm aghemalrcid geapraten a@s of t he

iti f I ' of |y bel
20 ei gnt PEIeRBAABHE: S g uidsd Gebitiodt abloud il HpiBkEg R Boci Y, 0! O
limt difbush @s aBirids. nDypicadl rdses eatea fristhyd naimire) - tviptaptyl lamnipbotrodetbginposabl e

bases ar earﬁ?r?é’)qrigtﬂgll érln}{'\ee? trip%ﬁ?nglmelﬁe,otf'idgggéy\/(e)llm?l:[lel Ie C. li\%%ﬂﬁ%nally, diaryl or
30 trialkyl sulfonium salts with anions of weak acids, such as carboxylic acid or aryl

carboxylic acid may be used. Acids which are blocked by bases may be formed
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25 include ammoni um hydroxi de, tetrabutyl anmoni um hydr oxi de,

tri et hanol am ne, diethanol am ne, trioctylam ne, n-octylam ne, and

t ri met hylwol2bmnissuvs hydr oxi de. Exanpl es of non-vol atil e poutiBzieg/empsisabl e
bases include triphenyl sul foni um hydroxi de, bis(t-butyl phenyl)iodoni um
cyclamate and tris(tertbutyl phenyGsul foni um cycl anate. Anot her conponent of
the antireflective coating 30conposition is a volatile amne, which is
beneficial in enhancing the stability of the conposition during storage and

use. Suit ppleembiHing tHecadidiwigsa dase! WRGR thehicidibasy/ fatid R@gks Mdnpabolt equal
to or less than the solvent used in the antireflective coating_ conposition.

Exanpl es & tpoakaut 163 drHrhes examplaseoh acids Mithdhe slesired ipka 3md Heiresalts

di butyl a . t

Subot 1t ot CoT e U b B of FRBRRYY ST e, BB (RYICHITAG o PAVAIRER )
t he novel lltecatpmslsucbrasr amg‘aﬁ Hamaibablo wf (Dhelmstlsy a!m@uPthslcs pubdisbeditklyy from

ndex ) CHC FRESuhel pile oo ot BY sClere BRI bl atBebhari ity &

val ues camalyeaksallﬁelloms&dblusmag the mbim@lsaaat@é ,su&hcﬂhaaa)nb@ theeadid ®.
Wool | am WASE VU- 302 ™ El | |§sorret er. The '%Sact val ues of the optinmum

ranges foBeReTaled ihdaps NGk RINMBRETERNERY BxBEGHRENGAN) BRERIArQAP B t he
type of a%km&atth@r}evéfrﬁe'@aéﬁoh TRkt id YmBRd lﬂ%npwé i eﬁl i %G&J&fhdf is 0.1
to 0.75, for 248 nmthe preferred range for k is 0. 0.8, and for 365
nm t he preneg cewgshinkingtakes fplage helaaid l&)d@conmf@edmrc\ml@d@edfbyt hrat and

antirefl e | n n

phot o‘rﬁgem g-{ a%r ms'tgﬁ‘ yb%ﬁ’aétfsl &St?%é?k%ﬁetg(g th? fﬁrﬁéﬁgme})‘;ag 'Z] &l%:/hg "r(!]gatl ng i s
| ess thanfrbhetheaioa&nngﬂ(usa\mieemg«téwdmleeombewnee/aoud reacaing én thedfiir) aftemd nore
pr ef er abl ss than th vaI of é e en h of osu [2 tinmes

et st vEuiayah the faielot readlion LalEIngdne Hrcompoctina of 456 BRstal fofads: Moot i ve

coating agges Abt Mke@ééé”'ﬁ%rbﬂaﬂ RcRNgENAra s W carl RRneRité Mmadidldhd
t hi ckness 20 of the antireflective coatl ng is determned by the exposure

wavel engt Renrke remeveddpiiaidp ceating of Hie RiiPiestst aEq Pratetedin AYMET@SES- t he
phot O'i s Weaka?tﬁ&é RhACRerfi ﬁf th%f gﬁ{ h@eai‘s&“ﬂ@ f&.?cg.gﬁgﬂ @EEW@WQS and

Optl ca char acteristics o nce ottom ective
coati ng ngsiatlydum(&mMeddd:gonmqsdmr ef thedackiaklinmyent Tbeeqmlnesh:sedpanerrum film

t hi ckness, i s ete ned by, avoi ding, the 25 optica ght
absor bt ohvPraet vElalle 8fes 2 th et Pkt BrsvaRl sid e EhelliShiinitine |

t hi cknessanfind eaﬁ Behaembved i(vVolatizadl) efoin rtRd, arftiesfledfie roongpdsition t:dntnigness of
| ess than 80 nmis preferred and for 365 nma filmthickness of |ess than

110 nmis %Péﬂ@ﬂ%@e’@éwmgrﬂ ithIR¥REt i ve coating conposition is coated on
the syppstrate using techniques well known to those skilled in the art, such

as di ppi ng, spin coating or
Other examples include a mono functionalized ammonium salts of

dicarboxylic acid has the general formula

HA* O OH
(1)
I

25
where Y is selected from a direct bond and a connecting group; and A is an

unsubstituted or substituted amine compound.
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spraying. Various substrates known in the art may be used, such as those
that are planar, have topography or have hol es. Exanpl es of sem conduct or
subst r at esoanm/Gsast al | i ne and pol ycrystal line silicon, perThBmogvodissxi de,
silicon (oxy)nitride, alum num alumnumsilicon alloys, and tungsten. In
certain cases 5 there can be a buildup of photoresist filmat the edges of
the substrate, referred to as edge bead. This edge bead can be renoved
using a solvent or mxture of solvents using techniques well known to those

of ordinary skiThé chéd‘iﬁ?i}fréup Yheneaddladed $rohhep-Cawinedbstititedpref erred
range of tenperature is fromabout 40C tq about 240C for about 30-120

seconds ofubstiged @lifeneghainoptianaliy containing gne oF More Heiase atameiar abl y from
about 100C to abqut 200 or 45-90 secands. The, fj t hi ckness of the

ant i refle@f‘?'@@ﬂ%g}aﬁ’ %*%ﬁgé’ﬁfp —m_éﬁGg})gfe'ﬁmeq(ﬁbg%ﬁt 300 nm The optinum
filmthickness is determned, as is well known in the art, to be where good

| i t hogr apl@CG(=@)6C4Ck ansatsstitibd ar vaktitwedegclahlkylenbeCe Cyainstisstituted waves
are observed in the photoresist. The cured antireflective coating is al so

15 i nssl ulgt sutsdtitdtBd alkehp@fe and 08-Ca) kindubReinfey ef sabsiituie@brfiémn. The
phot oresi st can then be coated on to&tof the antireflective coating.

Posi tive PHBhBFRAPsH san RRiloCavrsubsietehausyhstifited alkyleae ANRHY i ne sol uti ons,
are usef U('())Pfi&{all. f&%nf?firﬁﬁ?%e'oPWﬁﬂE?w%fbro%’i&ﬁé,d&%nté?ﬁ, n@g%gﬁbé{ﬁlgﬁga'@ngunds In

the 20 photoresist an he antireflective coating absorb at t
exposur e wdbstitetad @tkylenedctain optienallyegitaining ooe os nfase Q Alenshandiyeti st .

Posi ti ve-wor ki f ot oresi.st, gonposi.tions . are e i -W se to

odi ot 1 on OB SRECRERLRS G5 Riel Y SRR BB R B BEBREEY T6 ¢ b

r adi atiQ on uhsaissieted besssstiltee mathjlbee;dmsabstitatedss substiatedeethylene; or

rearrangenent reaction oc_cura) whi | e tgoig areas.not 25 exposed renmain
3]

rel ati vel YNsyRstifyied er pypstitded aronvigns) {Ungbstitylgd or spbsitWer; of an

exposed P@fidldné&naRl, b Blek B AiRyISrie ¥hdih shibstitdRyalifPRfdréaH aRa/oremoval - of
t he exposed areas of the coating and the formation of a positive inmage in

t he phot oB#dl.st coating. Photoresist resolution is defined as the small est
feature

15 The amine compound can be selected such that it volatizes at a
temperature at which compositions which contain the compound of formula (II)
are baked. Examples of the amine compound include a compound selected from

the group consisting of

Rao Roo
\N/ Ros

where each of Rag, R22, R24, and Ryg are individually selected from hydrogen,

Ros
20

unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted monocyclic or polycyclic aryl, and unsubstituted or
substituted aralkyl; and Rqs is selected from C3-C; unsubstituted or substituted
25 alkylene or Ryg together with the atoms to which it is bound forms a Cg-Cs2
unsubstituted or substituted monocyclic or polycyclic aryl. Further examples

include ammonia, unsubstituted and substituted trialkylamines, unsubstituted and
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whi ch the resist conposition can transfer fromthe photomask to the
substrate 30 with a high degree of imge edge acuity after exposure and
devel opmew0.20iom5s@Ay manuf act uri ng applications today, PESiIIB200y/@Easiuti on on
the order of less than one micron are necessary. In addition, it is al nost
al ways desirable that the devel oped photoresist wall profiles be near
vertical relative to the substrate. Such demarcations between devel oped and
undevel oped areas of the resist coating translate into accurate pattern

transfer gfipdtitfied@fdikyiaMBRs O PuihdiDsHURSd A7d Substitdied mbrsaiKRemibgen nmor e
critical as the drive toward mniaturization reduces the critical

di nensi ondngbstitidediapd substituted tricyolpglityianaings: unfybsilotest ard substiddad, i si ng
DA . o ; . d

hel T EnouehiBaRlenfies BpanachAfueq BALBsIBRERBhARMAIG EATRE Nds are

condensi ngnsubstihlteld bpd substitutedenanocytroalkyldialkylambesi uoswitipiethand, in the

presence of acid catal yst uch as oxal ic.acid. Phat ti,ve conpounds
are ge erﬁlﬂtﬁjﬂlgﬁﬁgfwgﬁ’agv}/mmy?@mﬁﬁﬂ?Wbﬁ%&fﬁﬂq@%{ﬂ%ﬁ@@ﬁﬂounds with
napht hoquirdmeanidiaikyiamined, dasabstitited and ubstittiedediarykhencatkgarminesf y of these
types of resists typically ranges from about 15 300 nmto. 440 nm

Phot or esi YpsysdiBites gﬁﬁ splstijuted fdafyiamings unsdbstidiedrandg sybstitufed ch t he
phot or esi a{?ng%m%', hh@ ﬂngl%tihgé@ah& eusétﬁmehhﬁommﬁﬁﬁﬁés,msgwi@east rate

with a hig egree of inmage edge acuity after exposure and devel opment. In
many 20 nandsabstivteddrianaikylamines nnsubstidytedpnet substiiuied diasalkylamineson t he

order,of lLess n.. QN 1,CI Q0. . i i i i s al nost

0 v 16 8 Spb USRS A S BN flen SR AR it iEbasilhedidnd B 2 T

ve(rjt i C?I s?mmme m?ddﬁﬁkﬂdhwra@hiﬁes,mbbﬁﬁnmﬂwtdl sutstibgeseen devel oped and
undevel oped areas of .the resist coati trapslate into accurate pattern
transferpe'@rﬁ"k@"ﬁ’ﬁgﬂ'kb’ lée%Hf\éu?%{'éUtgg%ggb“&B?% d lI'hi S becgmes e\F/)en nmor e

critical apnbBRIHbhYAKYIaNRES Thilvatititéd ahd SlbstRgieaes the criti cal
di mensi ons on the devices. Photoresists sensitive to short wavel engths,

bet ween afwncatbylimaneatkylasynes, 3psubsitetgd andsaibsbituletd. Exanpl es of such
oy o loBffadlfbro i ML PR 00r <L o e
No. 5, 069nMoantiRordeytkiallieamiBBs 288 hd Bke, etc. Further examples include
trimethylamine, dimethylethylamine, dimethylpropylamine, dimethylbutylamine,
methyldiethylamine, methyldipropylamine, methyldibutylamine,
methylethylpropylamine, methylethylbutylamine, methylpropylbutylamine,
20 triethylamine, ethyldipropylamine, ethyldibutylamine, diethylpropylamine,
diethylbutylamine, ethylpropylbutylamine, tripropylamine, dipropbeUtylamine,
propyldibutylamine, tributylamine, pyrrolidine, piperidine, piperazine, cyclohexyl

amine, and the like, etc.

25 The acid or acid derived from the thermal acid generator is preferably
removed from the antireflective coating (decomposes) at a temperature ranging
from about 115°C to about 220°C, further from 120°C to about 200°C.

As used herein, alkyl means methyl, ethyl, propyl (n-propyl, i-propyl), butyl

30 (n-butyl, i-butyl, sec-butyl, t-butyl), pentyl (and its isomers), hexyl (and its

isomers), heptyl (and its isomers), octyl (and its isomers), and the like. The
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Photoresi sts for 248 nmnormal Iy conprise pol yhydroxystyrene or substituted
pol yhydr oxystyrene derivatives, a photoactive conpound, and optionally a
sol ubi | i twoi2otvdssdoer . Particularly preferred for 193 nmpemdBi6yoemasiexposur e
are photoresists conprising non-aronmatic polyners, a photoacid generator,

5 optionally a solubility inhibitor, and solvent. Photoresists sensitive at
193 nmthat are known in the prior art are described in the foll ow ng
docunents and incorporated herein, WO 97/33198, U S. Pat. No. 5,585, 219,
Proc. SPI Eyclmalkgzis iBdade (cll9ﬁﬂ¢xyl3&ia$ltt(yl%9ﬂ)the39®9 Th20fkenylg Hchude2 @) .

Particul ar| erred 93 nm an 157 nm exposur.e ar.e hotore5|sts
Compr i o ndHLROGHEAE 2o 2 G MEUck THHORYELS O BOMRRUE GMOS SHER 8al 1y a
sol ubi |'i t Yor rexaRIpldr phdA|, SRAPHIRYI- aRBOotRY e\ndeswhéeaﬁdmw V§rotfps 1 fkiiga t hat
are known in the prior art are described in the | ow n% references and

i ncor por aBanyigetvh (i-gr Henzydpiphenylethy! (@@99her2@bm|) andaths 200Akyleaet hough
hgt
o PB! CfRbaiorSRESAI M1 8 e oD P Pelodhlan ary

positive s
phot or esi saixcem mIaErancaddmdnainhydrpgem atbm bas ehtbmnreme\fécbdltanvethe(mkylng and

baked to su tial enove the otoresis e phot or esi st and
Dhe.ant |« SVRBRRTQ iyl (loF FXamele cathyiays, Erompeng naiPhesylkles PReplstRy t o
actini c ragd)atrhenerrhrh@efodpyens aeferfaata Iéiﬁ@mdvh@ 8hé (bryeides a:‘aﬂsbreo
during exposure step reacts to de-crosslin mer of the

ant i refIeé‘iqm%rQﬂ!)%ﬁeidriﬁ'ﬂbérh?E%’P@'ioﬁh(fah%lxqmg $e@d@?NXg t he exposed region of
the appireflective coating alkali soluble in the devel opi ng solution. The
tenperature for the postexposure bake step can range from 40C to 200C for
30- 200 secondsTbe solvenit forathe entireflectivel eoating:as iahgselyssuol thateltecatbl y from

avor d 1 he dseRe A0t 2ok RERB8H s of 45 ABMeRBHA Ehicer bl 3R L core
acet al acirembwedd Hering e pake sttpps®tiet tthemesulting coating is not soluble in the
coating solvent of the photoresist. Furthermore, to retain the integrity of the
15 antireflective coating, the polymer of the antireflective coating, as well as the
photoacid generator, is substantially insoluble in the solvent of the top photoresist.
Such requirements prevent, or minimize, intermixing of the antireflecting coating
layer with the photoresist layer. Typically propylene glycol monomethyl ether
acetate and ethyl lactate are the preferred solvents for the top photoresist.
20 Examples of suitable solvents for the antireflective coating composition are
cyclohexanone, cyclopentanone, anisole, 2-heptanone, ethyl lactate, propylene
glycol monomethyl ether, butyl acetate, gamma butyroacetate, ethyl cellosolve
acetate, methyl cellosolve acetate, methyl 3-methoxypropionate, ethyl pyruvate,
2-methoxybutyl acetate, 2-methoxyethyl ether, but ethyl lactate, propylene glycol
25 monomethyl ether acetate, propylene glycol monomethyl ether or mixtures
thereof are preterred. Solvents with a lower degree of toxicity and good coating

and solubility properties are generally preferred.
Typical antireflective coating compositions may comprise up to about 15

30 percent by weight of the solids, preferably less than 8 percent, based on the total

weight of the coating composition. The solids may comprise from 0.01 to 25
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proceeds at roomtenperature. The polyner in the exposed regions of the
antireflective coating is now soluble in an aqueous al kali ne solution. The
bi | evel swyeterwvisssobhen devel oped with an aqueous al kal i reTdBM®)/OFas1 t O
renove the 30 photoresist and the antireflective coating. The devel oper is
preferably an aqueous al kaline solution conprising, for exanple,
tetranet hyl ammoni um hydroxi de. The devel oper nmay further conprise
additives, such as surfactants, polyners, isopropanol, ethanol, etc. The

process otveigmtpeﬂ@naadthermﬁﬁm:@ Beheratst 50 t6 98tweight @é‘tdemrﬁflpfoﬂi,frh@(ltﬂ ve
coatings is well known to those skilled in the art and is optimzed for the

speci fic P W?'gbh@?m@él%tthﬁrﬂoﬁmkmf agent; 3rd optienRallyng t@o%,wﬁag hton used.
The | MagegoRichPyfhe AR oriheflaldiid gbfeBidRCBasatlon td B BRad eshtbhest by the

manuf act uri ng process o nt egr ate circuits, for exanple net eposi tion
and et chi thg. antiretiedtiviet ¢dating rcopyiséion. beefeeammhe pf@tqacnd ggeeratorsieveh or

proces the 1Q trila C X ' iIIlmis
Por nect onfaassdudr 8uh, Pi0 ERpls o8 WG % PheBLaE Mo oRSRR sl ¢
film andramgeBdtom ebo@tts fd étﬁbutSlOfWélgdeémehhmc&étpréfefébi’y:tl00@35iWeTghtAn
organic filmis formed on a substrate as a |ower re5|st fllmB%lers pi N

coati ng nBeesat Ehe sowdcamppnents @re fiseRlvest imrdPe ngRlveHe or ?n‘?ed Wi th

heat or agpifemt! eéndipﬁ’l'térS&t 'td)nreWO\iiaO' |Pn|:ﬁ9ﬁtebn9 ﬁ’ﬁéh%t@f@ctl@ EOHtin
organic filmis formed the antireflection fil for exanpl e that |ch|s

di scl osedcemspesition gan gptionalyrovstiinsurfactants, base muenehesy aag SIMar similare

ant i1 ehLhad i GOTRGRLIL AR 1O S RIREARNEad S0k fORbd BY Lo

an organi ¢ sol Vén aporate rrr e out 1 n or
pronot e ctezhaiquekisughr asxqtasemgt ihrgughy @nt ionh exdTereédﬂanml, diftrdtionmaindom

interm xing wi.th an ove hotor I st, fil O After the antireflection
filmis fﬁﬁmm"tqﬁ%"eﬁ%{c’d{@é&@? he; qua F ofithe ?r)&{ ereon as an upper resist
film Spin coating nethod can be used for form ng the photoresist filmas

with formng the antireflection film After photoresist filmconposition is
appl i ed by spi Rtheseomrenestsnbay decaddes ko Biacantireflactivar sararpsilian ofateer t hat ,

a patigrn @s%ﬁyﬁbgﬁéﬁ%n A %BP?SdenréﬂgeQﬂg R&fé‘\%@ GatHeNgodtingPle.gnd 25

devel opme evel oper are carrile taln a resis pa tern. In
ot her i nstosveredcohadiss dyeseauiface teaahmmggenhspasheslon prempters;t antibearsithgon a

At ot el BE" hSE RS hal e SRR R PR SRS ALY, o
is first Other polymers, such as, novolaks, polyhydroxystyrene polymethylmethacrylate
and polyarylates, may be added to the composition, providing the performance is
20 not negatively impacted. Preferably the amount of this polymer is kept below 50
weight % of the total solids of the composition, more preferably 35 weight %, and
even more preferably below 20 weight %. Non-volatile bases may also be added
to the composition to limit diffusion. Both non-volatile bases and non-volatile
photodecomposable bases are known additives. Examples of non-volatile bases
25 include ammonium hydroxide, tetrabutylammonium hydroxide, triethanolamine,
diethanol amine, trioctylamine, n-octylamine, and trimethylsulfonium hydroxide.
Examples of non-volatile photodecomposable bases include triphenylsulfonium
hydroxide, bis(t-butylphenyl)iodonium cyclamate and tris(tert-
butylphenyl)sulfonium cyclamate. Another component of the antireflective coating
30 composition is a volatile amine, which is beneficial in enhancing the stability of

the composition during storage and use. Suitable volatile amines are those
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30 coated on a substrate and then the inventive coating conposition is
coated over the first coating. Another coating conposition can be coated
over the wowverwiss@e coating conposition if needed. The ecatBrig/o@mROSitions
can be applied using various nmethods known in the art such as spin coating,
spray coating, curtain coating, etc. The conpositions can be cured by
heating at tenperatures from about 40C to about 250C. The coati ng

conposi tions used with the inventive 5 coating conposition can be based on

aci d cur aghRhr AaVd £ BEARTY PoRitSedRiNttbOBEdetd@ven the solvéiitoubed ihnieance is
where an antireflective coating conmposition is fornmed fromjust PAG (

L- OH) p( 1) aptixeflective| cogting-ccemppsition.or Examplas ptavelatige amyRgD uingluse forrrul a
(5) (HO- 14Qfft el - %’a‘tﬁéﬁ 2. 5&3?%‘6“&'%’() 2 il Wﬁﬁ‘ﬁne mWﬂ85ﬁ¥|Bﬁﬁ1é5 a

phot oaci d generat of, eac IS a 't nki ng gro p 20 is an
i nt eger 1ntoooemylapnna,mltm,aubstﬁateu aynilms;aandﬂi@rhl@r etegqual to 1 and pl + p2
equal to 12. In this instance, the PAG would al so act as a
chronmophore. As such, the PAG would contain a noiety which functions as a

chronophor e, ahse)atbsd"rgn% p&paméwﬂ' @() bﬁﬂheatdvehc@hpcbéiﬁord@lgeedrommbbmngt h, for
exanpl e, 248 nm ose inthe art wl/l appremate

what typeodftorﬁ?iolét ?@s%ﬁﬁ%‘@lbb’ fF%[HlaQPqu)ﬂétto AROUD A 2PdNeARRd USIBGr exanpl e, a
phenyl  MOp@byonibiry. THRSRfECHe ih8Sx (Hflof MY BhtHeREVEI doatiAg &P4aBoat 248 nm

optimized. The n and k values can be calculated using an ellipsometer, such as
10 the J. A. Woollam WVASE VU-302 TM Ellipsometer. The exact values of the
optimum ranges for k and n are dependent on the exposure wavelength used
and the type of application. Typically for 193 nm the preferred range for k is 0.1
to 0.75, for 248 nm the preferred range for k is 0.15 to 0.8, and for 365 nm the
preferred range is from 0.1 to 0.8. The thickness of the antireflective coating is
15 less than the thickness of the top photoresist. Preferably the film thickness of the
antireflective coating is less than the value of (wavelength of exposure/refractive
index), and more preferably it is less than the value of (wavelength of exposure/2
times refractive index), where the refractive index is that of the antireflective
coating and can be measured with an ellipsometer. The optimum film thickness
20 of the antireflective coating is determined by the exposure wavelength, refractive
indices of the antireflective coating and of the photoresist, absorptioh
characteristics of the top and bottom coatings, and optical characteristics of the
substrate. Since the bottom antireflective coating must be removed by exposure
and development steps, the optimum film thickness is determined by avoiding the
25 optical nodes where no light absorption is present in the antireflective coating.
For 193 nm a film thickness of less than 55 nm is preferred, for 248 nm a film
thickness of less than 80 nm is preferred and for 365 nm a film thickness of less

than 110 nm is preferred.

30 The antireflective coating composition is coated on the substrate using

techniques well known to those skilled in the art, such as dipping, spin coating or
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The inventive conposition can also be used in a descunm ng process. A
substrate, for exanple, Si02 or SiON or a substrate coated with a

convent i omel2osntss4oef | ective coating is coated with a thipoT(iB200®00va31 coati ng
the inventive conposition containing PAG Then, a photoresist is then
coated over then thin 5 layer of inventive conposition. The coated wafer is
t hen exposed and devel oped. By using the inventive conposition in this
manner , redeposition of the organic material within the devel oper ('blob

deposi t oBprayiitfi \Ririolis @ubsigates kmednbi thaset ARptRNUSED, asichrasmhiose thabst rat e
can be mnimzed. Additionally, the inventive PAG conpounds can al so be

used in c@Fﬁ/elPl@F@J’naﬂ‘a\@ntth‘PQ!ﬁP@btPﬂ/é‘%’ﬁaﬂ'ﬁofﬁj 16%aIBRigs s Pt | gamRiceRdydfuce
footing. gﬁs&ra\w&%%wa&g.des i PB@H@/S&A?I"% fs%xsantémaeﬁl dfwrde r&r‘.&&pt ive

coati ng, e I nventive guenche nmpounds can’ be used to reduce
under cut t ioxy)niFide, fammmunngalwpemnﬂsmcwx alipysesangi tungpteov iineedainacases
illustrati,ons of

the. pr Boehlerpree SRuidtE eLPifofks BaRE 5 8 B3R b it SRRAEO TRRRA 1T, T

or restri ¢ asheigetepd. Thistduye w&ambelr@nwwdmmgaandobvbnubdmmmdoef
construed as providing conditions, g{ara ters val ues whi

h
utilized SWPDS yaing techrigues, welh knpwat o oﬁﬁé)frﬂr@'é‘éﬁ‘t s'f'%\}'éﬁ'(ﬁ:‘? &rqrtu sll‘fl? Each of

the docungpitng %ftﬁéﬁ RtrdP T?ﬁ'é_‘l)@’r@féi‘fe% Harﬁ@@rd?QéﬁbSﬂ\tLh%ﬁ@'fH&nbﬁbé&fm@ﬁﬁ inits
entirety, for "all purposes | ow ng speC|f|c exanples will provide

det ai | ed Rbpus24QCi fongbotﬂt 3hé20nsenonds on agaldlateqy egbtyalant ineafing unit,
corrpo%t | ftﬂ)ﬁ' cHrei%ep%brlyp I ﬁfgbognﬁf}f]’@s%ﬁabg i’{ Wﬁm 8 Corfift T'h@tfﬂH\ded 25

hovvever restric cope Of e rtnvention 1 n any way
shoul d noithlbknesemmeladnreﬂemlve\oodtmg ramgtad;l froraraboup20 anetoeatmubrsoo)aimes wh| ch

must be utilized excl usjv II‘JO r.to ractic the ent .invention.
Except \/\hé#"@ RJtrayn ff‘@aﬁ%‘ﬁﬁ” g‘ﬂ’ sI‘ 1% el Kpw &A™ é?)eﬁ?xarrpl el
Preparati Q/hedd goba (ifhdbrapiae b&wéé I@'ﬁ@@ﬂt&ﬁérﬁ %ﬁé@dﬂ?%‘férétrﬂ) éﬂdaﬁﬁ\lF)

Bi s(4 hydr oxyphenyl )phenyl suI foniumtriflate (2. 00739 nol es;

Dai ni ppon Waas fie dbspagdsn thaphoteresiskethe fursy wreﬁ'eqna? &oafiRg ds RA abl e
cont ahger ;1o s Gp gﬂ%ﬁ;tﬁ%ﬁﬂ{r@?&%ﬁhé’@e(}%ﬁ r*gf% Slutioh Zﬁ‘\egP 8%7&%6{@' e). To

this mxture was a wat er rmed y sol ution.
Thi s sol uthembewsated on top of the antireflective coating.

Positive photoresists, which are developed with aqueous alkaline solutions,

are useful for the present invention, provided the photoactive compounds in the

20 photoresist and the antireflective coating absorb at the same exposure
wavelength used for the imaging process for the photoresist. Positive-working
photoresist compositions are exposed image-wise to radiation, those areas of the
photoresist composition exposed to the radiation become more soluble to the
developer solution (e.g. a rearrangement reaction occurs) while those areas not

25 exposed remain relatively insoluble to the developer solution. Thus, treatment of
an exposed positive-working photoresist with the developer causes removal of

the exposed areas of the coating and the formation of a positive image in the
photoresist coating. Photoresist resolution is defined as the smallest feature
which the resist composition can transfer from the photomask to the substrate

30 with a high degree of image edge acuity after exposure and development. In

many manufacturing applications today, resist resolution on the order of less than
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5 stirred overnight at roomtenperature in a stoppered flask. The forned
oil was separated fromthe aqueous |ayer by decanting this |ayer away. The
resi dual wol2owasswashed with 2 nL of distilled water. TirCcs/IBE®Y/00r@sMaAS

di ssolved in 4 nL acetone and another 2.6 g of potassium nonaflate and 100
m. of water. This m xture was then extracted with 100 nL of nethyl ene
chloride after stirring 10 overnight. The nethyl ene chloride | ayer was
washed with water several tines and stripped of solvents. Dissolving in a
m ni num OBnérahI@ydrelaee Glcessdlg. trhaddi@ish dueisvmmost ebivays desichble ttihatpiiet ane and

then dri ed under h vacuumto give 2.68 g of white solid l%él %I d)
whi ch was BYR @p%ﬂ/ph&omﬁgﬁygﬁﬂ mNRfiles pe r]ggéﬁglﬁlgalzrelatwe to the substrate. Suc

Prepar at i gaRf ac?ilﬁh.’s HetwbyA %fé!IB hh%@(lb Ripebioatel ok the resist coating

per fl uor obut anedi sul fonat e BHP SFBDS) BiI s hydr oxyphenyl ) phenyl sul f oni um
triflate {rangatg, into GOSAGtepalpmtiensfes obithednask TBage opfo Hiesdemirate a

cons: <t ngBrosrlss: St nfhfe LAkl A e Bl Foart DlPRufadton B obeS e 0114
mol e; 3M critfeat Hip@ensiarisudn the devdcesbt ai ned upon stirring. To this soI ution

was added 100 nL of nethylene chloride. After overnight stirring, crystals
formed in the solution. The crystals were filtered and washed subsequently

with distilledpygtigé-adiivy fe8iRB @&ﬂb’rlsﬂ‘% NIk Mé&lﬁksaﬁ@t qlingse-er e

then 25 exchanged a second tinme wth another aliquot of dipotassiuml1,4-
perf| uor ostaatzmemmp@nad% afs phetactive ccampaundsTare welk inowa jim the 1artg of

whi te hgv&@g%x.hg'ﬁé ty@b@@ BRRuBM B %ﬁéh&hgffmﬁamag@a &mtﬁgga@oseen by

19F N erw se er urirtres ds see Exanpl e
3 - Prepanare anumisubsm(uﬂed/phgmﬂsyet khd pxgq@meayd)f) pheagjd satdlystj such rasf | at e
( BVOPSTF) round ask fitted with a ‘ﬁondenser

. L A 3-
an addi t i S¥2liurfi-, %0?5%05'&“1 §8m988"3%n6f Felsiay t?}a%"eds&éﬁ JFRHYEr oxi de

(8.649, Opilth 3@&1 phbha(célcbmébgmg)hﬁwhhphmanhmuhéoaamet acitls adrethelr6g,
0. 036 nol) were added to a round bottom fl ask under N2.

The m xt uFieﬂmtyeﬁeah%éeﬂat'y%efctheéﬁ typasool ressats Ryricyt 1apoes fiom abadr (239,
0. 216480l Joua ﬁ’dﬁﬁﬂ nilf Opwi se to the mxture via the addition funnel. The
terrperature was then increased to 80C and the reaction was held at that
tenperature for 5 hours The reaction mxture was then all owed to cool down

bet ol s nor” PhOpEesiqty FeElion 15 dbfinhf 268 (A8 Binkhe iGis? SHhigh 8
vva; used phowaéd*sd ttdfmamiéit&rn cnﬂltgagsier fBorni thesphfot‘cb“mb_ ask 1o tr@ywbswate wmh Iaect ed

an concentrate to ness | S -

vi nyl oxyetgh eaqrﬁﬁequﬁaweﬁW% GPP'ghrg'ﬁﬁ'i ?ﬁqsqfa@é‘ﬂﬁé@'%ﬁ'&?%d In fpany

Struchyr e npRRfLAHAd ﬁmlcuﬁbmoaby %tér%gusNM%ollﬂt@nEé?ﬂfﬁé' &dér of IB&@Wnat ion of
bi s(4-vi nyl oxyet hyl"oxyphenyl ) phenyl sul foni um nonaf | ate ( BVOPSNF
one micron are necessary. In addition, it is almost always desirable that the

developed photoresist wall profiles be near vertical relative to the substrate.
Such demarcations between developed and undeveloped areas of the resist
coating translate into accurate pattern transfer of the mask image onto the
25 substrate. This becomes even more critical as the drive toward miniaturization

reduces the critical dimensions on the devices.

Photoresists sensitive to short wavelengths, between about 180 nm and

about 300 nm can also be used. Examples of such photoresists are given in the

30 following patents and incorporated herein by reference, U.S. Pat. No. 4,491,628,
U.S. Pat. No. 5,350,660, U.S. Pat. No. 5,069,997, EP 794458 and GB 2320718.
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Bi s(4-vi nyl oxyet hyl oxyphenyOQphenyl sul foniumtriflate (11.7g, 0.02 nol) in
120 mM of nethylene chloride, nanofluoro 1-butanesulfonic acid potassium
salt (6. A80,2000/63240601 ) and 340 ml DI water were added teca/ngfddoorksr ound
bottom 20 flask fitted with nmechanical stirrer and nitrogen source. The
reaction mxture was stirred overnight at roomtenperature. Thereafter, the
reaction mxture was washed with CH2C 2 3 tinmes. The CH2A 2 | ayer was

col l ected and concentrated to afford the product, as a yell ow sh gel,

13. 23g ( 9Otorddists Sor 2d8umra marmatiyn¢ompsk twslyhgdmbdyﬁycbrm%r I‘duﬁstitat'ecExarrpl e

- | hyl h h
1, a-porf1 BOWbRSORRNERe! AR ep rortideava, SR EBa oL 11 asi

fitted wi 'E;BIuBnthEﬁ\lhﬂﬂbﬁaPaﬁbelEaﬂzrpr@lédfeﬂl fof A@8MM0ANd-@57 nm exposure are
bi s(4-vinyl oxyet hyI oxyphenyl ) phenyl sul foniumtrif late (11, 789 30 0.02

nol ), nanBPPigFRSiStd - COMPLISHIA f BeR-araBalic pBe &%f%m%appomc'%g ®B® ol ) and
340ml S yg ﬂ&{auy%qﬁ@ﬁgqnm%r LR S0IVeRt. PHotoHeSisiSeritive’ R0 9B/fhthaht  at

room tenperature after e reaction m xture was washed with CH2Cl 2
3 tinmes. 3t kDEBG in Ithg epriatagricard algsedbechdn ciwc ollowing: dacementsrand he

roduct, as _a ve|l i sh 0 ' d
Product, HRahdgie. B afdef (X, JBS spIsIe Fole SRR bA™

bi s( hydr 03gp®¢1998)s867®X1989), 3999 (20009, 4845 mm)sieaaﬂcmm preferredlifot ed with
a nmechanical stirrer, nitrogen source, g}[‘ld addi ti on funn

bi s( 4- hydi 82y Bie Apd: 8¢ PEL ‘W@é\j’e @ra seholgresists V%“Ef'%%%lmarqw%‘o mL of
gl aci @b apiyhfersiCh Iﬁﬁ'@aél@ ewexétagg%amb@,dateoms r{H'blﬁtﬂ hf8 dBidnt.

Hydr ogen er oxi de 30% ( 43 nol €s) was a slomy with 10
stirring. h@rawstse@mtwe abyl Bdg@rﬁhqi@reﬂnawnwaﬁh@@ﬁ@r adrare eémllgedgtoppi ng

at tines 1.S g\%ﬁg 0 a, hea avoid
t he terrpe#%@ﬂgwglgcﬁg?dkﬁge n'&ﬁlrpo Q@Hrﬁér h I on %?Ehyglsoge%g [SeI’OXI de was
conpl et e, 484% (Z(EH()taltm)ug’n>anyrpdﬂogrresista$érysltwedt693trmn neEynbe eseontep ef over
time (aboyt The re on .m xture was stirred overni ght and then

100 nL of ntH?@%&'P’F&H"W&S P"\D&ée'ﬁdded precipitating a white crystalline
materiygl . The material was dried at 40C under vacuum g| Vi ng 104 g of

bi s( hydroxyphenyl )sul foxide (97% yield) (pure by 1H NWR
Preparation of INResitive syt 9>fsrenqtewr81§msnt@§9 IC8?E9d2‘UAtqponrthﬁ@HRedr ound

bottonmed LhfshelRe SSHNGRGR BakdY B SRSHIARIAR reblé 188 photoresist solvent.
The photoresist and the antireflective coating bilevel layers are then imagewise
exposed to actinic radiation. In a subsequent heating step the acid generated

20 during exposure step reacts to de-crosslink the polymer of the antireflective
coating composition and thus rendering the exposed region of the antireflective
coating alkali soluble in the developing solution. The temperature for the
postexposure bake step can range from 40°C to 200°C for 30-200 seconds on a

hot plate or equivalent heating system, preferably from 80°C to 160°C for 40-90

25 seconds. In some instances, it is possible to avoid the postexposure bake, since
for certain chemistries, such as some acetal acid labile linkages, deprotection
proceeds at room temperature. The polyrﬁer in the exposed regions of the
antireflective coating is now soluble in an aqueous alkaline solution. The bilevel
system is then developed with an aqueous alkaline developer to remove the

30 photoresist and the antireflective coating. The developer is preferably an

aqueous alkaline solution comprising, for example, tetramethyl ammonium
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addition funnel, thernmoneter, and reflux colum equi pped with a nitrogen
inlet. A solution of bis(hydroxyphenyl)sulfoxide (35.1 g, 0.165 nol es),
phenol ( Mo02410/354065 nol es) di ssol ved in nethyl ene chl oprcaaBiid®0omis) was
placed in the flask and stirred under nitrogen. In a separate flask, a
solution of 82.5 nL of nesic 25 acid and P205 was prepared by m xi ng these
materials at 100C with stirring for 1 hour. The nesic acid/ P205 m xture was
added to the stirred mxture in the round bottomflask via the addition

f unnel ovaydwxjoer: iThe déveltiparimay étsrtmmdmmpﬂiser additivesT reaich esc slirdarctantst ur e was

1000 nt. oPOBITREP FHTORITE sty HRE IRE Pisteth coldPebng oo R o '

stri ppi ng phetdresiét ddainge e érﬁ@eﬂﬁctﬁ@rcbatlﬁgtﬂlst well kHbknab théee skilled in
tris(hydr oxyphenyl sul foni, ugz mesylate in addifion to sone nesic acid and

resi dual RA @ ald iy opfi foruie sRRSEIE Dot A PRRIOTeiEcanth @etrafiggie
causi ng t%sam'iﬁbabrr?a&.bﬁm . %eoghagﬁﬁhg.we!)fsvﬁén%éﬁ 617 DeVproBedsbdl0 M of

water. The residue was re ssolve water, allowed to form an
oi | and whsthat asrreguirédhdly tthemnawufactgmg priocess af mtegyateﬂdmzcmz doof

11 R ERSHPE e BBRl AalBEAIE T< fyr oxyphenyl ) sul foni um I nilate

( THPSTF) In a suitably si zed container fitted with a mechani cal
stirrer and nlhhogen our ce, | uti on of 26.65 g of
tri s(hydr oxyph&h@ Qyft @fﬁrLﬁﬁSFﬁg'gy or;exafprle, a trilayer ‘system, or process, the

10 trilayer process is wear, for example, an organic film is formed on a substrate, an
antireflection film is formed on the organic film, and a photoresist film is formed
on the antireflection film. An organic film is formed on a substrate as a lower
resist film by spin coating method, etc. The organic film may or may not then
crosslinked with heat or acid after application by spin coating method etc. On the

15  organic film is formed the antireflection film, for example that which is disclosed
herein, as an intermediate resist film. After applying the antireflection film
composition to the organic film by spin-coating etc., an organic solvent is
evaporated, and baking is carried out in order to promote crosslinking reaction to
prevent the antireflection film from intermixing with an overlying photoresist film.

20 After the antireflection film is formed, the photoresist film is formed thereon as an
upper resist film. Spin coating method can be used for forming the photoresist
film as with forming the antireflection film. After photoresist film composition is
applied by spin-coating method etc., pre-baking is carried out. After that, a
pattern circuit area is exposed, and post exposure baking (PEB) and

25 development with a developer are carried out to obtain a resist pattern.

In other instances, the inventive coating composition is first coated on a
substrate and then a second coating composition is coated there over and the
layered system is cured by heating. Additionally, a coating composition is first

30 coated on a substrate and then the inventive coating composition is coated over

the first coating. Another coating composition can be coated over the inventive
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10 suspended in ethyl acetate (100 nL) was prepared and to which was added
200 nL of water followed by 11.28 g of sodiumtriflate. This m xture was
stirred owermiogss4oeand t he aqueous | ayer separated frompChaBmogesvssr | ayer.
The organic | ayer was exchanged with another 11.28 g of sodiumtriflate to
gi ve conpl ete exchange. The organic | ayer was washed with 3X 20 nL H20 and
then the 15 solvent renoved, triturated with pentane and subjected to a
final drying to give 27.85 g of tris(hydroxyphenyl) sulfoniumtriflate. The

st ruct ur ecy@ing edthposieh isidtded H Hitlcd@ing\Bdtnpbeitiond €ar? be dppfiparirngon of
tris(4-vinyl oxyethyl oprhenyI )sulfoniumtriflate, 20 A three necked round

bot t omed Vareus methedsukppnsy inithe, ag sHEEK3HSPH CQating: sprayagartind wuflghhel and
a condens ipe ] i i i

i o(a ny Sk g ombodtion oG bbb b EilD Aefiperatures M, 1) o)
di ssol vedabout540°%@_tooaibouty250E0 Was coatipgcethpaaitions disddtwith e nvestive To thi s
m xturge was_.added NaCH (5.6 0.14 nol es) d the reactio i heat ed
5 under | oA B GmBReTiaftEar Pe Bafed on R Bl e e RGN e ca o
t hi s sol uabeve.was added dropwi se, using the addition funnel,

2-chl oroet hyl vinyl ether (30 g, 0.28 noles) while heating the reaction

m xture to 80C. The m xture was stirred at 80C for 5 hours. After the

reaction vas cARBgt st isihei8ldrilaiRbiigdve Naialing BMpRINGR i& 4iod i oh

was filtered. The filtrate was diluted wth 30 of water and treated
with 200 fromojuskther to formthree |ayers. The aqueous |ayer was discarded
and t two remai ning organic |layers were washed with 3x40 nL water. The
stripped organic layer was triturated several tinmes with ether to renove
bi s(4- vi nHagxyqthyl-gyphenyl) sul fide inpurity to give 6.63 g of (4
tris(4-vinyl oxyet hyl oxyphenyl ) sul f oni um nonafl ate. The structure vas
confirmed pggog-1H andHESECNVR. 5 Exanpl e 10 - Preparation of 2)
tris(4-vinyloxyethyl oxyphenyl2 Psul f oni um nonaf | ate ( TVOPSNF) In a
suitable gpntainer fitted with a nmechanical stirrer and nitrogen source, a
solution of tris(4-vinyloxyethyloxyphenypsul foniumtriflate from Exanple 9
(3.32 10 g, 0.0049 noles) dissolved in 9 g of ethyl acetate was prepared.
To this s t i nafl ate (3.34 g 0.0098 nol es)
suspended?éléri %8&§E@§?%\§aqﬁ’gyﬁgtﬁgﬁ?@§mn@ture stirred overnight at room
tenpet@ture. The m xture was extracted by adding 10 nL ethyl acetate and 10
nm. water and after. renoving the water |ayer washing the organic J yer with
20 nlL of \ﬂ’apeTL)oﬁﬁﬁQ'm(ﬁ@L'Bi%qHﬁq&)mt assium nonafl ate fol | owed 5Sy 2X 10
m. of distilled water. The ethyl acetate was then renoved and the residue
redi ssol v88di n net hyl ene chloride to renove excess potassi um nonaf | ate.
3.71 g of (tf)‘éL@olPér'\t,SM' vi nyl oxyet hyl oxyphenyGsul f oni um nonaf | ate was
recovered. 'The structure was confirned using 1H and 19F NVR 20 Exanple 11
- Pr epar amhere BAGhisa photpacid-genartater gach i ayditeshhond ar adinking)grou -p

e 1871 oeart MR U €2 ot Vrials caR) asegren Yo RERRE Y Ul p PHIE

pl ace of bgadl4 to 12.

In this instance, the PAG would also act as a chromophore. As such, the

PAG would contain a moiety which functions as a chromophore, absorbing

25 exposure radiation at the desired wavelength, for example, 248 nm, 193 nm, and
the like. Those in the art will appreciate what type of moieties absorb radiation

at those wavelengths. For example, a phenyl moiety will absorb at 193 nm;

anthracene will absorb at 248 nm.
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25 vi nyl oxyet hyl oxyphenyl )sul foniumtriflate wth three additi onal

exchanges of potassium 1, 4-perfl uorobutanedi sul fonate being used (4.33 grs
twi ce; 5.0 20grmssde6rd tine) by dissolving the residue i rcaaBtoomeo7asid addi ng
t he potassium 1, 4- perfl uorobutanedi sul fonate dissolved in water. The fi nal
addi ti on of potassium 1, 4-perfluorobutanesul fonate sol uti on was done by
heated with stirring at 40C 30 for 1 hour. The acetone was then renoved on
a roto-evaporator and the water |ayer renoved by decantation. The oily

resi due was di Frelimeshtive cdhpdksitioh calilsty bei8ed i ardedeumhiihg prstiést0 A empve
any residual potassiumsalt and the solvent was stripped away. This residue

was redi sSHPsteaie; for fxamile Sikk girBIONHPE atstpstipiencagied withha senvenfional
ol l q _ ) Lubion _ . o Comewi th
et ane. t SMIRELARTCURAY ik LTS Bt X 36 ARS HSROPICIrAR |
st r uct ur e coagpositioh icomaining i PAG 1 H teemd alstiotdieRist i thepl @oat@d over then thin

nexat | Ror GG RLITESTE (R ior vT RS Eparmuiphisich Sibosed arkd deviopea
10Tr i s(4- Bynyding Yies wemye itlohOiRi thd inanhbatredépeuida aMmines ofydric 00 g,

0.00298 noles) was transferred into a flask and dissolved in 5 nL of
acet one. IMatgfig]within the deyelopge « hlobyderasitiana randiorfagting | gagisedikyebase om TC1)

was di SSO'c%SﬁQn?iﬁ'atés Torf fth€istbbirateCcatPbé 'miditHiz .de;gddiﬁoﬁ;{l]l?, HLIRBAGIRS! uti on
of triflate salt. Enough acetone (35 nL) was added to this mxture to get a
cl ear one P& ptaepowsisutcaonalsthber gaed i ion canvanliopalhvantigeflectye coating ght i n

a stopper I t t r ed. und C mL of
et hy e ComPaRTas (R At bl Aoy EF o, Bd EX EBvEnal | s

w th 10 mantMreftictivée |doatingather invéhtivd Ondquenehby dcampaunds ¢ary e wexsl &3 ri pped
of sol ventwa}dnd dr\r,Jged gverni ght under high vacuumto give 2.40 g (99%vyi el d)
of an oi | "$FHEEHNREELCYNASL 20 by 1H and 19F NVR Exanpl e 13- Preparation of

t et ramet hyl anmoni um deoxychol ate (TMADOC) I n a suitable container fitted
with a nmechanical stirrer and nitrogen source, 25 a solution of deoxycholic

acid (5 g, 0.07he falpwiey spegificeexamplenwillrrrevide Hetgiadiliugtatiens ahika at e
(2.30 g ). Al i . (o) LS :

br epar 2. YRS (FRUESHo ArEE IR odtmpobiftinsrt b TbaediVEEh YR8« et s
was renpvedaiplesrare not dityndeyl, howebegito limitwirestripptheescops .ob theginvestioryi el d) ,
tetramet hYA %r%@y”éﬂad 8}%’6‘%8 hncc))lt teedon\g't}bgg a\glap')sroei'élrn% cl:)a/nd]ﬂf(i)nlg',vgarameters or

values which must be utilized exclusively in order to practice the present

The

invention.

20

Each of the documents referred to above are incorporated hérein by

reference in its entirety, for all purposes. 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,

25 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. Except where

noted, reagents were obtained from Sigma-Aldrich.

30 Example 1
Preparation of bis(4-hydroxyphenyl)phenylsulfonium nonaflate (BHPPSNF)
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30 Exanple 14 - Preparation of tetranethylamoniumlithocholate. (TMALC)

In a suitable container fitted with a nmechanical stirrer, a solution of

| i t hocholwo 28mi/35406 g, 0.023277 nol es) and tetranet hyl argwnBrow/ydsioxi de
pent ahydrate (2.406 g, 0.023277 noles) dissolved in 40 nL of distilled

wat er was prepared. The solution was stirred and a white powder was forned.
The water 5 was renoved by freeze drying to obtain a white powder (5.59 g,
94% yi el d), tetramethyl amoni um lithocholate, which was pure by 1H NWR

Exanpl e 1p; 4Jﬁyemmﬁémpﬁén;ﬂﬁnfoﬁimﬁ Mt YN E0O73Y enolés; MA&Ghippana

sui tabl e cont ainer fitt a mechani ca st rrer, a solution of cholic
10 aci d ( Bharmacepdioalsl Wﬁ§| @§§ola¢@ ip &0 micepﬁwaéﬁ'irﬂh AusHItablR senigéner to

pent ahydr ghe(gad gﬁd%:] ﬂotg%ﬁﬁ%&ﬁélﬂﬁg a‘?éé ;tfbgsbr}nmﬁ@ rT‘=ro% dinBlire! ed

wat er was prepare e SO I 'on was s |rr e po er was fornmed.
The materwaasaddedﬂ@dnbwffvva&enzwmmyfonmedoa obuelyrsomtlmm tTdhip soldtion (&s53 g,

g;loa/on%: il d%t’ rrecﬁ)g%gfgb? %LFPO(S[P %ﬁqr)n?;% uore ?l:[\ a stoppered%sk purl‘?\e%rmed B"YR as15

(4- hydr oxygharateidhes ayled s aget By HBsaNIngathid lay€r) avwdy. 4Dh& (&Sl TRA)
In a suitable container fitted with a nechanical stirrer, addltlon funnel

and ni t r oWap washedewity 2nipk ofxgiptilasowsias: hHus yesidde M’SSG'@S? vad i AL and
tert- 20 Qudisha%nyl | dind 98 0P 6F PotasSTih notafigedArks 90 #AL lof vifier. Tikis The

m xture was stirre roomtenperature for 20 mnutes, and then
heat ed tomiXi@re a@' thenobxtmcmerbwvr daotmiLl of meibyensahioridep pftel ﬁtllit@gT HE was

added,to the r an_nj ure 0 ti

addi t 15naP gy T malAetenipie IRBE WS Wb Ll e el B hl
room terfpfﬁn%tsgl‘ yﬁrﬁedgbﬂ gbledntsi tDlS%BI&/&@Irt %Omﬁhmﬁfh of nﬁtﬁyleaeld:htdnrele theded to a
m xture of : ut ate and 700 ept m cau a

preci pi t afeSiqys vas pre ?filé’éh@ef‘&‘}r@ ard then 4 51"‘{; d%mvé?}]%g‘b ﬂﬁe

hept ane, é'dstéfbﬁxﬁhu?&é’élm (6a%iy.5iamrwﬂ Rfs BUre‘IQPH And 'YARMAN oven (95%
yield). This Taterial was found to have an 1'4", of 19236 and a M of 8920

by gel perneation (GPC) chromat ography. 30
15 Example 2

Preparation of bis(bis(4-hydroxyphenyl)phenylsulfonium) 1,4-
perfluorobutanedisulfonate (BHPPSFBDS)

Bis(4-hydroxyphenyl)phenylsulfonium triflate (2.5 g, 0.00570 mole) was dissolved

" in 25 mL of acetone in a suitable container to which was added while stirring a

20 solution consisting of di-potassium 1,4-perfluorobutanedisulfonate (4.07 g,

0.0114 mole; 3M). A clear solution was obtained upon stirring. To this solution

was added 100 mL of methylene chloride. After overnight stirring, crystals

formed in the solution. The crystals were filtered and washed subsequently with

distiled water and methylene chloride. The crystals obtained were then

25 exchanged a second time with another aliquot of dipotassium 1,4-

perfluorobutanesulfonate as described above. This resulted in 2.17 g of white

solid (40% yield) which was pure material free of triflate as seen by '°F NMR and

otherwise pure of other impurities as seen by '"H NMR.

30 Example 3 - Preparation of bis(4-vinyloxyethyloxyphenyl)phenylsulfonium triflate
(BVOPSTF)
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Exanpl e 17 - Preparation of poly

(4- hydr oxyphenoxynet hacryl at e-co-tertbutyl acryl at e-co- et hyl cycl opent yl acryl
ate) 60/ 2802010RGROVATTBA/ ECPA) In a suitabl e cont acmaB2009/bi7est with a
mechani cal stirrer and nitrogen source, 4-hydroxyphenoxynethacryl ate 64.73g
(363.3 nmmol ), tert-butylacrylate 15.52g 5 (121.1 nmol) and

et hyl cycl opentyl acryl ate 20.37g (121.1 mml) were dissolved in 270g THE.
The m xture was stirred under N2 at roomtenperature with for 20 m nutes,

g(r)ld EI' EEn heat gﬁ %ﬂe&l@f&;\ur&i Bottémotiask mbmwm;\w]mr hl eonfendég 4ril haidtionnol ) i nd
s added to the reaction m xture e reaction, m xt stirre
for addi }tﬂﬁi@ﬁﬁ‘ nitregan soyrcey god %Wﬁﬁf%hgﬁglunﬁi 'UQ[?"(QFB (316#9{'09)21 s 10

then addefho}o pidie.niy@RSybRENypKEAYISulRRfLIh NANE A 00D A6 iriéh ari POl ed doun

to roomterrperatur e reaction m xture was |Iute wi t h additi onal

300 m THE0 phergrpiadsieddoiaropad botipmifiaskamder Nol The aixtureepae biepladdted i n

This nht oot Rt hads, Bicioso R M Slar tas8) ol B WAS Mk g 6 )
per neat i ome(rﬁiﬁ)relﬁ:a the additiogfumpbly . The tempeEatangpwas théh incre2idedds @0rBGed t he

reparation,of fornul ations which were used, f t est di f.feren |nvent|ve
B oundsah e FeasBHB A MRS Al SGRREAFe 5F Joaaiiee TParepHaBAP et hese

sol uti onswhs tﬁén faﬂb\}veaaotwoﬁaéwﬁttat@@npiémwmﬁﬁeI NTHétehfiey, I ¢bddtionexanpl e
itsel f: Each formul ati on sanpl e g% was prepared at a 1.2 weight A

| evel of Wéftdle wasnpeHess mt@s;ﬁﬂﬂylfqﬂeﬁﬁtgdpve regni@yesneauaewy eher @od| i nkabl e
|nven ve f her
Eeampl S 18V o8 PPIRRRH s IS 10 Wilin RE DG Slaliel 3 AR/ TR Bind LR Bt ot o
60/ 40) ( P¢oHeRdTBANd orcoBeentydted 1740  dryness. 12.9g (61 5%) of bls(4-

4- hydr oxy. enox t hacr o terth acr - ent | acryl
ey 60r SRBBRR R tienThah e PN httead oBlsdl Th RS eer o'
tri et hyl agaritemediding '™ an@$*H NKIR.ng agent tris(4- vinyl oxybut yl)

1,2, 4-cycl ohexanetr| carboxyl ate (CHTA-BVE), a thermal acid 30 generator

(TAG) triethylamoni um nal onate (TEAM (which is nore fully described in
et ci 12 by YRR pd 0} > PIEPEAGH) N By vN YRR ER preRpRIREaCC,
sol vent . mﬂa&}(B\éOBS&Fd on a W% baS| s of the polymer used. The freshly
i1 tered usi ngoBYERRyioRye@storifiohgiys,Boatin LR (F1 28 0VARENIET o o
to 35 dest20 Insidoft rlmetrmienmclalb'nﬂ@, Mndﬂobrwhaddtmunbnmhamerm)tamdnfswt testing
pr ocedur o(6 610, -0 254 hgne FEGeL o i geres added Ip PoldE A G8dna patem™ " ™
ot heryp sefiadk fitthy \ﬁlﬂ?ﬁiéchﬁni%épéfWe? ahl fttdgenlddburce. The reaction mixture was
stired overnight at room temperature. Thereafter, the reaction mixture was
washed with CH,Cl, 3 times. The CH,Cl, layer was collected and concentrated to
afford the product, as a yellowish gel, 13.23g (90%). The structure was confirmed
using 'H and "°F NMR.
25
Example 5 - Preparation of bis (bis(4-vinyloxyethyloxyphenyl)phenylsulfonium)
1,4-Perfluorobutanedisulfonate (BVOPSFBDS)
To a 1000ml round bottom flask fitted with a mechanical stirrer and
nitrogen source, bis(4-vinyloxyethyloxyphenyl)phenylsulfonium triflate (11.7g,
30 0.02 mol), nanofluoro 1-butanesulfonic acid potassium salt (6.76g, 0.02 mol) and

340ml DI water were added. The reaction mixture was stirred overnight at room
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Each formul ati on sanple (30 g) was prepared at a 1.2 weight %I evel of
total conponents apart from solvent and containing a crosslinkable

i nvent i vewphotoodsemenposabl e base or quencher were al so Pornmeioad/edi4yd t h
polymers fromeither Exanple 16 (poly

(4- hydr oxyphenoxynet hacryl ate-co-tert-butylacrylate) 15 60/40)

(P(PQW TBA)) or Exanple 17

(4- hydr oxyphenoxymet hacryl ate-co-tertbutyl acryl ate-co-et hyl cycl opentyl acryl
ate) 60/ 2wraﬁéra{uré’(ﬂ@méfT&AﬂﬁGBébﬁorﬁhmu@owgéiwamcewnh I@‘Mé@zss €Ginfegd in the

specific exa l e, triethylamne ( a crosslinking age
tris(4-vin M‘W?f ‘ﬂ!a?CQ“Q?M QMQQWFW@@ISQ’%F@ l(’rQﬂ‘FNBVE)a a ther nal

acid gene @Iid%lﬁlgg ﬁgsbqg%wmr 9§'€6ﬁhrﬁhe PA Waﬁ 24 vy | ene

gl ycol orret as t vent I's added on a wmt %
basi s of t he poI ymer used and the rml ar ratlo of the crosslinking base with

the P empl oved..i identifi The freshl xed solutions were left on
the rotle ?#?ea‘ls'?é l%o '§(h¥H?XtyH %"SF%PF‘%%@% using PTFE-filters with
0.2 ium pore dirﬁﬁeétﬁfablﬁ%lz@daﬁ@hlambﬁi ﬂ?(mﬁTBAhe&M(md'a?Sﬁﬁ’Eﬁ nitrogenThe 1.2
wei ght % solution, in consi sted of the fol Iow(?ﬁ n%)onen s as weight %

of total EBWSEndM gd%t'mFumﬁhrb'%iﬂm)férﬂxvpbamé)@%f@e $h#S8E0Ies) Was npl e
16, 15. 60%sabivedTtMGYRL &t é{édfhpécérﬁpacﬂ and thd Eaﬁ%rcho"zﬁ% & 154@ng%<3 bi s

(triphenylsulfoniu 1, 4- perfl uorobut anedi sul fonate (3M. anple 19
P( PQVATI Bike biathe Hhgregss peroxndeﬂw/ 152.940i gub8Imeleslvas adiad Btgvﬂydmh\su st ed

col venf: - SutBlyooTR BRGRER & Rndirbroidds’ whS'pe S SR shBES &350, of
T Tt st Lo oyl ot
The ;1)er2 r@mra{% re sPeerding; gb%vE%ggéb%t#&“@/ﬁ/@y&#g ents as

wei ght % @ém mtéllthéqaa@ﬁtﬁﬂhﬁxtgﬁéﬁgfaduaw caelbuqatrooﬁﬂteﬁiﬁérafuré mepqhwer of
10 Exanple 16, 15.48% of CHTA-B 11% of TEA, 8.45% TEAM 6. 48% of the

PAG of Ex&BsIUt 11hour)a Thpdeaation mixiue was stined pMerEpl anektheny! QR minef o,
sol uth§n yiilfédvat? WS LG L bré&ifitdtlg LWhRS cRRIRMER:Terial. The material
was dried at 40°C under vacuum, giving 104 g of bis(hydroxyphenyl)sulfoxide

(97% vyield) (pure by 'H NMR).

 Example 7 - Preparation of tris(hydroxyphenyl)sulfonidm mesylate
20 A four neck round bottomed flask was equipped with a mechanical stirrer,
addition funnel, thermometer, and reflux column equipped with a nitfogen inlet. A
solution of bis(hydroxyphenyl)sulfoxide (35.1 g, 0.165 moles), phenol (15.51,
0.165 moles) dissolved in methylene chloride (100 mL) was placed in the flask
and stirred under nitrogen. In a separate flask, a solution of 82.5 mL of mesic
25 acid and P,Os was prepared by mixing these materials at 100°C with stirring for 1
hour. The mesic acid/P>0s mixture was added to the stirred mixture in the round
bottom flask via the addition funnel over a period of 15 minutes under nitrogen.
The reaction mixture was then left to stir overnight. The reaction mixture was
then extracted with 1000 mL of ether to remove excess mesic acid. The water
30 layer after stripping most of the water (60 g) contained the bulk of the

tris(hydroxyphenyisulfonium) mesylate in addition to some mesic acid and
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15 as weight % of total conponents other than solvent: 56.62% of the

pol yner of Exanple 16, 18.45% of CHTA-BVE. 6.09% of TEA, 10.35% TEAM 8.49%
of the PAgoabiomssqupl e 1. Exanpl e 22 P(PQVW TBA) 20% BHPP&HEBAOT /441 2

wei ght % solution in PGVE consisted of the follow ng conmponents as wei ght %
of total conponents other than solvent: 53.10% of the polymer of Exanple
16, 18.83% of CHTA-BVE. 6.09% of TEA, 11.23% TEAM 10.62% of the PAG of
Exanmple 1. 25 Exanple 23 P(PQW TBA) 4% BHPPSFBDS The 1.2 weight %
sol ution igsidtfdVimaternsac § of watertwes dddddiu the stoppeahwates lageryeiwglig eof tot al
components ot her than solvent: 66.05% of thewgolg?ger of Exanpl e 1|61, 17. 74%
of CHTA- BRECPIBHop & AERIl- 7The ltway exiragied with &t OaBloPt Malerp| dN8. 30
Exanpl e 2 AvRS Fetfissolved RHEPS RSt water, alldWéd fo forMFaw Bl afiSpAskeldon i n
PGVE consi sted of the follow ng”conponents as weight % of total conponents
ot her t hafersoiingt ime wish X390 anl waterdolyigld27& 9 ekéneglmeir%{ph_egymuﬁ@mtﬂm

CHTA- BVE. 6. 439 TEA 659 . 41% 0f PAG of Exanple 2. 5
Exanp:%e/ 2?%?%%@%‘8&%%@5@%& u%?h@ EHle .2 weight cro solution in
PGVE consi sted of the follow ng conponents as wei ght % of total conponents
ot her thap sol vent: 52.44% of the pol yner of Exanple 16, % of

GHT A BVE EXIRRIA bt Prabiratos) SUspusRos e 5o g TSRS anpl e 2.
Exanpl e 26 P(PRVVsliRadly SaddVedteaiher fitted with€a echapicantiftes ahdlhitiyehn PGVE

consisted of the follow ng conponents as wei ght % of total conponents ot her
t han sol vepHrces@ sohdion eh@6/5 gnef tgs(hydroxyphenylsulfonium mesylate was

10 suspended in ethyl acetate (100 mL) was prepared and to which was added 200

mL of water followed by 11.28 g of sodium triflate. This mixture was stirred
overnight, and the aqueous layer separated from the organic layer. The organic
layer was exchanged with another 11.28 g of sodium triflate to give complete
exchange. The organic layer was washed with 3X 20 mL H,O and then the

15 solvent removed, triturated with pentane and subjected to a final drying to give
27.85 g of tris(hydroxyphenyl) sulfonium triflate. The structure was confirmed
using 'H and '°F NMR.

Example 9 - Preparation of tris(4-vinyloxyethyloxyphenyl)sulfonium triflate.

20 A three necked round bottomed flask was equipped with a mechanical
stirrer, addition funnel and a condenser equipped with a nitrogen inlet. A solution
of tris(4-hydroxyphenyl)sulfonium triflate from Example 8 (10 g, 0.0217 moles)
dissolved in 51 mL of dry DMSO was prepared and added to the flask. To this
mixture was added NaOH (5.65 g 0.14 moles) and the reaction mixture heated

25 under nitrogen at 60°C for ~ 1 hour until all the NaOH was dissolved. To this
solution was added dropwise, using the addition funnel, 2-chloroethylvinyl ether
(30 g, 0.28 moles) while heating the reaction mixture to 80°C. The mixture was
stirred at 80°C for 5 hours. After the reaction was complete, a white solid formed
(NaCl from AgNOs test), which was filtered. The filtrate was diluted with 200 mL

30 of water and treated with 200 mL of ether to form three layers. The aqueous

layer was discarded and the two remaining organic layers were washed with
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15 Exanple 16, 17.06% of CHTA-BVE. 5.63% of TEA, 6.61% TEAM 1.39% of the
PAG of Exanple 4. Exanple 27 P(PCl MAf TBA) 6% BVOPSNF The 1.2 weight %

sol ut i on wo 2PEMEsmensi sted of the foll ow ng conponents POTaB2002b@ht1 % of
total conponents other than solvent: 68.92% of the polymer of Exanple 16,
15. 68% of CHTA-BVE. 5.18% of TEA, 6.08% TEAM 4. 14% of the PAG of Exanple
4. Exanple 28 P(PQW TBA) 10% BVOPSNF 25The 1.2 wei ght % solution in PGQVE
consi sted of the foll owi ng conponents as wei ght % of total conponents ot her

than sol vggig néi8 wadde ofrhtehgnggédrwgamé @@rmé@ tARratdd. sty tirkkH AvifBVE.
% of the PAG of Exanple 4. 30 Exanple 29

4. 73% of TEA, 5.55% TEA
P( PQ\AATTB%WECM)’GWB\HBI;@NF"Y'OxyethY@W@hfnﬁ suyp%tm%rgmtetg% 6.63 Qe

han sof vt HVETA TR P RGRIPARERD, ARABIY T SRt S o CORTRELE '
6. 14% of TEing 'M.aBBVSFINMR. 2. 60% of t he PAG of Exanple 4. 5 Exanple 30

P( P TBA/ ECPA) 4% TVOPSNF The 1.2 weight % solution in PGQVE
consisted of the foll owi ng conponents as weight “)/0 of total conponents

ot her thapxa@plkent:- S9eddidtion of s @olityBxycthylGxpiehgl)sffoniim HBratibte
CHTA-BVE. 5.26% of TEA, 6.84% TEAM 2.77% of the 10 PAG of Exanple 10.

Exanpl e 3@@5&\}&) TBA/ ECPA) 4% BVOPSFBDS The 1.2 weight %solution in
PQVE consi st edinof samé gbh@mere girted Wﬁﬁrﬁame%héﬁc&\ﬁétﬂmr athdHitrbgéribosregponent s

ot her than sol vent: Yo of t he mer of

a solution of tns(4-V|nonxyethonxyphenyl)sulfomum triflate from Example 9 (3.32

10 g, 0.0049 moles) dissolved in 9 g of ethyl acetate was prepared. To this solution
was added potassium nonaflate (3.34 g 0.0098 moles) suspended in 20 mL of
water and the mixture stirred overnight at room temperature. The mixture was
extracted by adding 10 mL ethyl acetate and 10 mL water and after removing the
water layer washing the organic layer with 20 mL of water containing 3.34 g

15 potassium nonaflate followed by 2X 10 mL of distilied water. The ethyl acetate
was then removed and the residue redissolved in methylene chloride to remove
excess potassium nonaflate. 3.7 g of pure tris(4-
vinyloxyethyloxyphenyl)sulfonium -nonaflate was recovered. The structure was

- confirmed using 'H and "°F NMR.

20
Example 11 - Preparation of bis (tris(4-vinyloxyethyloxyphenyl)sulfonium) 1,4-
perfluorobutanedisulfonate. (TVOPSFBDS)

The procedure of Example 5 was followed using tris(4-

vinyloxyethyloxyphenyl)sulfonium triflate in place of bis(4-

25 vinyloxyethyloxyphenyl)sulfonium triflate with three additional exchanges of
potassium 1,4-perfluorobutanedisulfonate being used (4.33 grs twice; 5.57 grs
third time) by dissolving the residue in acetone and adding the potassium 1,4-
perfluorobutanedisulfonate dissolved in water. The final addition of potassium
1,4-perfluorobutanesulfonate solution was done by heated with stirring at 40°C

30 for 1 hour. The acetone was then removed on a roto-evaporator and the water

layer removed by decantation. The oily residue was dissolved in 10 mL of
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15 Exanple 17, 16.69% of CHTA-BVE. 5.51% of TEA, 6.76% TEAM 2.73% of the
PAG of Exanple 5. Exanple 32 P(PQWW TBA/ ECPA) 4% TVOPSFBDS The 1.2 weight %
sol ut i on wo 2P@EEsmensi sted of the foll owi ng conponents 2OTaB200b@ht1 % of
total conponents other than solvent: 65.18% of the polymer of Exanple 17,
17.96% of CHTA-BVE. 6.56% of TEA, 7.69% TEAM 2.61% of the PAG of Exanple
11. Exanple 33 P(PQW TBA/ ECPA) 1. 75% TPSFPDS no crosslinking base 25 The
1.2 weight % solution in PGVE consisted of the foll ow ng conponents as
We' ght % afetiydérml cHioHaN Mokt totrbove hag réﬂﬂuﬁmaﬁ&rﬁsw ahdtihe pol yner of
rrpl e 17, 17.54% of CHTA-BVE. 5.79% of TEA, 8% TEAM 1.20% bi s
(tri phenyPuertovas stiPRediaway 1 ThisTEsIgHE NS "§9|SP8W8 & 2eRIORS ARP| e 34
P(PQWY TB@‘&@%&MR@%@%‘%@@%W (QUAE by HefiBoliioR i Fiefyigqurpl @ 13(1: 10
nol ar rat .2 weight %solution in PGVE consisted
of the focmlomﬁmgn@prﬁmt@mpe vl mtmtm@lw attert anyingoh® @rems of puteer t han

'Sl'gAve 798)%#6@%/;8(?% ﬁ'g@‘gﬂg%@pg{%ﬁé suI oni ur%iTZ 954_(%% %WVE > 1%l

1, 4- perfl uor obut anedi sul fonate, 0.06% crosslinking base 5 from Exanple 13.
Exarrpl e ﬁ% %é_lP BA/ ECPA) 1.75% TPSFPDS and crosslinking base from Exanple
13(1:30 K 4 0 Base: PAG The 1.2 weight % solution in PGVE consi sted

of the fop} r&tﬂmconp%ment StrisQ-ARyloRyethyloXgpHenyé@oni@Ponentip oi3h@r t han
sol vent : 68%6%0f the p Sg/rre?‘o yw ? 9;9{ Yg 53% of CHTA-BVE. 5. 79% of

TEA, 6. 79hgReHARIOPIORAyRY; ha wlfquﬁHWT%FfQMFBm
Goner D) Eval ual 1o EVYEIRENGon AR INGHARE IR orP DriET B aprs.e 1: 19

cross- | i nkABRes I?Mﬁes)t was rtm‘nsfeemdemBABGl&s}(samJTdisselwed s &dmLCofeag¢aton@nmer ci al

ic B El ect d d
oere b HBVE ke oA aoplopanrt S S HolRle | olriaf LBy ot o
sol uti onsdisgsied @ 8dmvidf Ritilled ew:ﬁéit ah@\ualdad @b thérackttone solution oft fyifl&teG:

bi s-tri sphenyl phenyl sul foni um 1, 4- perf| uor obut anedi sul f onat e Whl ch does not
contain cPdbsIEng ga‘?ﬁﬁ?'& (&3 mh)v\)daﬁlafqd@ﬂetﬁ’t thigiKieIre, fo jget a clear one
(trippeny M:SF% Iridt] SRRt WEA Stdpisfted NakRS €r ence
mat er?ﬁl sbﬁ%O% s (tri p %%9 sul foni eélh4 perfl rl?grobut anedi gul faonat e

ver sus t héhe acetone was then removed under vacuum, and 50 mL of methylene chloride
was added. The organic layer was extracted four times with 10 mL of distilled
water. The final washed organic layer was stripped of solvent and dried
overnight under high vacuum to give 2.40 g (99% yield) of an oil which was pure
20 by 'Hand "*F NMR.

Example 13 - Preparation of tetramethylammonium deoxycholate (TMADOC)

In a suitable container fitted with a mechanical stirrer and nitrogen source,
25 a solution of deoxycholic acid (5 g, 0.0127 moles) and tetramethylammonium
hydroxide pentahydrate (2.3081 g, 0.0127 moles) dissolved in 40 mL of distilled
water was prepared. The solution was stirred and a white powder was formed.
The water was removed by freeze drying to obtain a white powder (5.69 g, 95%
yield), tetramethylammonium deoxycholate, which was pure by '"H NMR.
30
Example 14 - Preparation of tetramethylammonium lithocholate. (TMALC)
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25 polynmer from Exanple 16 (Exanple 18) and 15% bis (triphenyl sul foni um

1, 4- perfl uorobutanedi sul fonate versus the polyner from Exanple 16.

Al'l procewei2og/osa@edone on a Tokyo El ectron O ean Track p&@iBid9/do7ask | i nked
to a N kon S306D (NA = 0.85, Annular Illum nation, (0.82/0.55)s, Reticle:
30 Binary Mask) unless otherw se specified in discussion. Film

t hi ckness was neasured with Nanonetrics Nanospec 8000. The coated wafer

t hen exposed using Ni kon 306D Illumnation ID: 3 (0.85NA 2/3 annular) and

| ess aggr essi vih Hviedble esmamer ﬁttedj WIth@Smebmméél@ﬁrréS d sollwsof SB=100C /
60s, PEB= 110C/ 605, devel opment tine: 30s r§1ACT % The wafer. 5 is
devel oped lithiocholic agid {28: &AZ 377e’é‘°lﬁ§)/éf‘6;5%tfa ety pum-Bydraxide ng 2. 38%

tetranmet hyb,g mgﬁﬁwgahd@g%béwﬁws) d.ssonvedFﬁuotm@of afsﬁlié%ﬂﬁ&teﬁ\)%' es Wth

t he convention rimed silicon fers were coated wth AZ@ 1C5D
(conditi onsepaz%oTh@ﬁplupoawaaﬁprred@nﬂ@whtt@pQWABp wagdameghdhem@teior m a BARG

ovr the. WARBRYed B 53R anila Wigha hRe BBt R 6T B Ig " posr o
bake (PEB)et(alﬂétEillﬁﬁm)c)nmm IiftrwohibmtéIWthﬂwasrmxrabyHHd%MésS of about 210 nm

After exposure as described above, the wafers were developed in AZ@300 MF
devel oper (23C/30s). In such systens the sizing 15 dose for the 100 nm

1:1.5 andgkdmple 15 1Pt c%?érﬂl"&\soﬂ tétraﬁn@wurﬁﬁ%muﬁﬁ ch&lafe. ¢PIIAC)t he resi st
achi eves the target Si nce conventiional BARCs are irreversi bl é

crosslinked, nb asvitatip reniainenfited with a mpehanied! atiger,Rsoluten
devel %’abhﬁda(gﬁq chﬁfzb%%aigs)SI t'eﬂﬂnrfé h%dﬂ%@hybfb%dédbém rhfge

ref erence matertals I con vva ers vapor prim at 140C for
60s) wer e(2406 gd0Wi 2238 roled) aissotiedah dpabl ef distilled wﬁtemmasxmepwdl ng

conposi ti Qns ndi tions: -1500 PAB 120-180C) to f qrm.a devel opabl e
ot or et 1 SBBbEREE e ed A L i boags Wam omred. T wieP kit axci baz0p,
was coat egerigedd bjp ﬁeé@léﬁyﬁ?&@dbtéiﬁfdwhﬁ bEWHENS. S@thmﬁéldﬁ‘r (condi tions:
1400 rpm PAB (.100C/ 60s) PEB (.110C/ 60s) %’M to forma filmhaving a

e

t hi cknesst%ﬁ%ﬁﬂ?""ﬂl@"'%Cth‘%rW'@SE'b&‘%r%"e HMMB:- s were devel oped in AZ@
300 M4& devel oper (23C/ 30s). Under these conditions, in a filmof AZ@AXTM

2110P, the sizing dose for the
Example 16 - Preparation of poly (4-hydroxyphenoxymethacrylate-co-tert-

butylacrylate) 60/40 P(PQMA/TBA)
In a suitable container fitted with a mechanical stirrer, addition funnel, and
nitrogen source, 4-hydroxyphenoxymethacrylate 16.86g (94.6 mmol) and tert-
20 butylacrylate 8.09g (63.1 mmol) were dissolved in 66g THF. The mixture was
stirred under N, at room temperature for 20 minutes, and then heate'd to 70°C.
2,2'-azobisisobutyronitrile 5.05g (30.8 mmol) in 4g THF was added to the
reaction mixture. The reaction mixture was stirred for additional 5 hours at 70°C.
The reaction mixture was then cooled down to room temperature, diluted with
25 additional 70 ml THF, and then added to a mixture of 300 mi butylacetate and
700 ml heptane mixture, causing a precipitate to form. The precipitate was
filtered, added to 1000 ml heptahe, filtered again, and then dried at 40°C in a
vacuum oven (95% vyield). This material was found to have an M,, of 19236 and
a M, of 8920 by gel permeation (GPC) chromatography.
30
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100 nm1:1.5 and 120 1:1.1 target features should be -30 mJ/cn2 (See
above). Since the devel opable anti-reflective coating conpositions are
supposed wo 2bm/B81devel opabl e, part of the eval uation i ecraBzwgersi n how
wel | devel oped t he devel opable anti-reflective coating conpositions is at
30 mJ/cn2 and if any overexposure is required to fully devel op the

devel opabl e anti-reflective coating conpositions. A conparison was nade of
t he performance of AZ(r) ArF 2110P on 5 organi c BARC 1050 or devel opabl e

anti-refl ggéinpR CrAtI NBreparaRdH tdfopsl fgﬂﬂﬂbﬁi@ﬁhmé)&ynﬁéth latdr@oderyd nyl oxy
crosslinkabl e PAG from Exanpl e 4, BVOPSNF or the non-crossl|inking PAG bis
(t ri phenyPytylacaiatgrgo-ethylcyglepentyiaeaiate LeaP20 R EQNMATBAEGRMse devel opabl e

ant i - o1 oot i Vi 03k BRI it &lreeiariBh JFF brelniPéfer sadbeg ver e

conpared and ju y t ese fornulations to resol ve
ei t her 108+hydrogpbércexyoneth2dylate Bdei8gh 3638 trhmal) 1 tart-bupilacrylatea1b.52ahpl es

wer e eyval ed as described gbove. Th s S} e S or the
dovel obanl B ah ol A ScePYEyaas g o Rnd SDRFRSHET L BTHE) lstp SHesbRiad ™" 10
E 15_00hr pmln ?ilﬁ(]!,'@; I_HF%‘I‘?@llrﬁm.)re ].:klﬁasCstrfgw iusdn(;r_ rof ?t:jmarnt terspeératlre vgtHPRGA0s

tri phenyl sul foniu , 4- perfluorobutanedi sul fonate coppared to
crossl i nkIMgtepcand then hegled 1% 94! i@@%‘ﬁﬁ&?'s&?HHFW@'ﬁ" e\/%g%%a(ﬂﬂé-z .
anti - ref| Rrhdly fr SORTHIOWAQHRIREH b 8RS rdRNBH IifkeRe id ddifioR hiiTRe wade T
Exanpl e 16. en using bis 20 (triphenylsulfonium
1, 4- per f | slireshiar adeitional 6desrsat Wit h4deetboxophenral &.81H 6.4 mNAY Wisoups,  at
| evel ?9' OWeh écibaeg ORI r{eQ&io‘i’F%SJn?rBaaWdethg%éétfo%f Hn%&ﬁﬂe"\ﬁ?%%&ba%o%\m REsi tion
was not devel oped at al ", giving conpl ete scunm ng at € resist -
devel opabteonaté¢mperaturectTheereactidn nixtaenwas itherodilutad avitheadditidnal [3@0tral get

features. en sanpl es. w hi gher levels of bis ({rj. | syl fonium 1, 4-
25 por 1| uSTUn BRI S B Peianp e JrersetytelechRarptisbhemane nab o
to resol vedreasand aAbd @ L0vC liM YHEURH Dvex R9SYgeldNETHIS #hateAal was! fasRer at i ng
| ar ge anount of undercut at the devel opable anti-reflective coatlgg)

I nki ng

conposi ti ¥h haveeansMy MicRPARQ . agbia Monefr 287 BvedeluPergeatien (GR
PAG f gom Examnl.e 4 hguch | ess scumm ng of the features is observed. The
formul ati ons enpgl’o(/)e W th

Examples 18 to 32 described the preparation of formulations which were
used for testing different inventive compounds and/or compositions. The general
procedure for preparing these solutions is as follows unless stated otherwise in

20 the specific example itself:

Each formulation sample (30 g) was prepared at a 1.2 weight % level of
total components apart from solvent and containing a crosslinkable inventive
PAG compounds were also formulated with polymers from either Example 16

25 (poly (4-hydroxyphenoxymethacrylate-co-tert-butylacrylate) 60/40)
(P(PQMA/TBA)) or Example 17 (4-hydroxyphenoxymethacrylate-co-tert-
butylacrylate-co-ethylcyclopentylacrylate) 60/20/20) ( P(PQMA/TBA/ECPA)) Also,
added to the formulation were triethylamine (TEA), a crosslinking agent tris(4-
vinyloxybutyl) 1,2,4-cyclohexanetricarboxylate (CHTA-BVE), a thermal acid

30 generator (TAG) triethylammonium malonate (TEAM) (which is more fully
described in Serial No. 11/876,793, the contents of which are hereby
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i ncreasi ng PAG | evel are Exanple 26 (2% of PAG from Exanpl e 4), Exanple 27
(6% of PAG from Exanple 4), and Exanple 28 (10% of PAG from Exanpl e 4).
Even t he wowesXxoskeeel gi ve some partial clearance of theCT0B2009G7a8NCHh
features at the devel opable anti-reflective coating conposition - resist
interface. 5 Conplete clearance of the devel opable anti-reflective coating
conposition at the bottomof the trench occurred at a | evel between that of
Exanpl e 27 which has partial clearance and Exanple 28 which has conplete

cl ear anceirtorpdiatede ety A &e@éhc@ebhacbwmﬁa@y@m GAGISHHGth preah@rt t he
bottom of the trench at a dose of but showed a sma under cut .

Exanpl e 29"@%@@ the§pyﬁn&oTl@¢ 6AG issaddad ompa wige basis Oééf@]PO\Wm@f vgedst andar d
BARC, 1C5 6 th
the di- r oxy C ){eheﬂilﬁgﬁ%A‘&ér&—l%Ba%gﬂfér om Ex%fr% I%aSt ?/\Ergg'rs%dgmee\?} gls u\glt ed

at 10% lﬁ%raddjsﬁ@%%fllteradmﬁgoqumquorebmniéienpol ymer conponent from

Exanpl e 16 (Exanple 20, Exanple 21 and 22 respectively). Also formnul ations
W th G BHPPSFBDS from Exanple 2 at a | oading of 4% 15% and 20% ver sus

the sanme pol yWEkar('nEléérﬂ?i @ﬁs@%es&ébe(ﬁﬁ\ermpsf:dnbn%fwbrm@éﬁo@/ahwﬂtw&e 20Usi ng
the sane |ithographic conditions as described above, fornulations

cont ai ni ng§sehBritegingERemive crogsBirrblaphapdesampesable basesrrpEgEhetsot h of
whi ch h t th
For mil a eq N B orécfite 19 e thise SR & oG UrTARSAat" | 105

per f | uor obtheawisdiis thef spemifie, exampidritdeles not have a crosslinki ng group.

Hovveviéj, 25 these formulations do not performas well as the ones described
previ ously with the vinyl oxy PAGs (Exanpl es 26-28) as they do not open the

bot t om devel Opabétefcﬁmlﬂatroaféaeﬁme\l(socg)ahasﬂgr@ﬁré@hn aat.2nasTyRieds 1808IE0f30
mJ/ cn2 and need an overexposure at > 42 mJ/cn2 to resolve ei toher 100 nm

1.1.5 or ‘ofal semmonenis @paniciomesalvesand t sRRiaINIGL & FgsHivkablsauertive
anti -ref | gRbiokBcoARSdE BASETBI Blencher were also formulated with polymers from

either Example 16 (poly (4-hydroxyphenoxymethacrylate-co-tert-butylacrylate)
15  60/40) (P(PQMA/TBA)) or Example 17 (4-hydroxyphenoxymethacrylate-co-tert-
butylacrylate-co-ethylcyclopentylacrylate) 60/20/20) ( P(PQMA/TBA/ECPA)) Also
added, were a PAG as cited in the specific example, triethylamine (TEA), a
crosslinking agent tris(4-vinyloxybutyl) 1,2,4-cyclohexanetricarboxylate (CHTA-
BVE), a thermal acid generator (TAG) triethylammonium malonate (TEAM) and t
20 propylene glycol monomethyl ether (PGME) as the solvent. The PAG is added
on a wt% basis of the polymer used and the molar ratio of the croéslinking base
with the PAG employed is identified. The freshly mixed solutions were left on the
roller for at least 3 hours and then filtered using PTFE-filters with 0.2 um pore
diameter.
25
Example 18 P(PQMA/TBA) 10% TPSFPDS
The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 64.98% of the polymer of
Example 16, 15.60% of CHTA-BVE. 5.11% of TEA, 7.77% TEAM, 6.50% of the
30 PAG bis (triphenylsulfonium) 1,4-perfluorobutanedisulfonate (3M).
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30 O the two PAGs, BHPPSFBDS gave better performance than equival ent
formul ati ons contai ni ng BHPPSNF, giving better clearance of the devel opabl e
anti -ref lwot2owmssmat i ng at a | ower dose with | ess under egraBidodrer74FAAD
tenperature for the low solubility formulations were tested for 5 the
fornmul ati ons containing the di-hydroxyl-PAG from Exanples 1 (BHPPSNF) or 2
(BHPPSFBDS) or the di-vinyloxy RAG from Exanple 4 (PAB 130, 140, 150, 160,
170 and 180C). Using hi gher PAD tenperatures does inprove somewhat

cl ear anceEEampleemiel?(é?QMAﬂTEm Jamb%- TRBIFRDSI ve coating containing the PAG

from Exanpl e | ns usi.n f.or mul ati on cont ai ni ng
6% of 10 PAG T F‘g bySOlygon BGHE o B dabhe BlitHageofporghs” 1 10¢
i ncrement §s amgﬁtow,k@rdtoaél dohﬁ:ohaﬁtsnahér ﬂhah i-;dSIeél@th SBEBﬂP/Uro@She érhﬁse
experinments, it is seen RC PAD of

T30 5 | EXmplelihel SEA @ GHEAS\R| Ra6Tae Lot Py d AN 3Bectlibe. but
|hat L° PAEBY (+BRehASBRIAIY £ ailupbhlieBaceRaRIoscUIT N, <o L hat at

160C 15 scumm ng I's gone wt undercutting. Increasing the
tenperature further increases undercut of the resist features and decreases

t he overe u 4V rmul ati ons descri bed above

( Exanpl esé E%zﬁ@QMﬁﬁgé% Zé '@PSA&OS from Exanpl es 1 (BHPPSNF) or 2
]gBHPPSFBDg) al ‘viee sfmweh@hg% soIpticovia IRGME dorsmﬂrbb 'hmedblldﬁﬁg mnmb'gﬂleﬂtst rench
eat ures Qi ng to higher 20 te rature ut are in

decr easi n@g §‘8%9Hﬁg° pﬁgtﬁ%m%%ﬁ% atou e 3’9

cont ajqni nExér'ﬂSled’W ' fB’h@%VofF@I@TNBVE Examl &f FEATBASSATE AN PSR IR t$|edone
with bis étrl phenyl sul foni um 1, 4- perfl uor obut anedi sul f onate PAG whi ch

does not BAGsel ExampleHow nmuch | ess i nprovenent never giving a bake, or an
overexposure sufficiently high to 25 conpletely renove devel opabl e
anti-reflective coating scumm ng. Experinments were also done with

devel opabErampld 21 eP(RQMABA)0 a5 BHPBEMI at i ons contai ning the pol yner

from Exanpl e . ln the erine we co r beha or of

for mul at imc))ns i]—ﬁh%é% WG9 ﬁg"/"ﬁfg“tféﬂ 'TrHéM lelln‘g E&e Ny ﬁé@)‘?%gﬁr e

condi {5 ongs GRSt Resk RRAVE®M 'Uh@ﬁ% 6tﬂémﬂaﬁ SGﬂénlC%tGE%Idﬁghé?b B/mdrAgs from

Exanpl e 4 _(Exanpl e Wp‘%%/my PAG f of PAG
a o

£ om ExanBKampie 15, o CHFA B, BB BN ] 5T IoAM: 8 AYa et 52) t o

each ot hepaggs £&hhig Pehavi or on the standard BARG 1C5D. These
formul ations are nade With PAGs with increasing nunbers of vinyloxy
functionalities per PAG nol ecule. For instance, the PAG from Exanpl e 4 has

Example 22 P(PQMA/TBA) 20% BHPPSNF

20 The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 53.10% of the polymer of
Example 16, 18.83% of CHTA-BVE. 6.09% of TEA, 11.23% TEAM, 10.62% of
the PAG of Example 1.

25 Example 23 P(PQMA/TBA) 4% BHPPSFBDS
The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 66.05% of the polymer of
Example 16, 17.74% of CHTA-BVE 5.86% of TEA, 7.70% TEAM, 2.64% of the
PAG of Example 2.
30
Example 24 P(PQMA/TBA) 15% BHPPSFBDS
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5 two vinyloxy noieties, the PAG from Exanple 10 has three vinyl oxy

noi eties, the PAG from Exanple 5 has four vinyloxy noieties and finally the
PAG fr omiwaoplssds ( TVOPSFB) has si x vinyl oxy noi eti esppensrmpecuse. All

t hese crosslinking PAG materials show a far decreased formation of the
interlayer scumthat is seen wth the non-crosslinking PAG bis

(triphenylsul fonium 1,4- 10 perfl uorobutanedi sul fonate. Conparing the
crosslinking PAG formul ations to each other It is observed that the PAG
from Exanpl e 10han@ waight posolttienidl RGMBEcorsistied bbthesbllowingtcoatponehtst he
interlayer scu

m ng_at .the dose of 30 mi/cn? whi l PAG from Exampl e 4
For mul at 1 87 WROBs AOL o RORATRALS oibesnah oal ey o Sla AT e o, The
formul ati engmiphd 16, 19187%°6F CHIALBYRMBI48%] &f HEANOLI6SIL TEAN, B1ANOS bAURY
scunm ng but do give a devel opable anti-reflective coating layer that is

nor e di f f PAG of Exarapled- gi vi ng sone bottom scummi ng of the devel opabl e
anti-reflective coating unli ke the other fornulations containing the PAG s
with fewer crosslinking groups. Finally, overall, devel opable

anti - r ef | Exampe 29 aR{FQVIANTRAC 20% sBEHPPSFBRS y i nproved with increasing

nunber of crosg|i bl e ypnyloxy function 20 gro wel | . Perforpance of
crossl i nking bié"qu31 Welght 4 0@@./" 'fo'gé‘&hﬂ:oﬁ%ﬂséﬁ %8?&@%?’59‘?‘:‘39(9@"5}()"9"@

cross- | i ngghidightesieoft fobdh donapotets! dthel hGart 8BWBAE I52.484RE the and
several devel opable anti-reflective coati rr:ﬁ?gfe t ens_based on the pol yner

25 sys
fr om ExanfXa Wer 20.887n &f & TABVE:. (K64 T%'?‘aﬁlo-ﬁﬂ%d%%l W.40@®@elcsD this
was dq)@e YHéIBAé&@( ptm;ébi_ck filmof AZ@AXTM 2110P in the sane way as
previ ously descri beél ove. For the devel opable anti-reflective coating

sanples, this was done by again coating and baking the commercial resist
AZ@ AXTM 2110P i p.t =3y |y 30 described above. Under

t hese con%%?&lghes,ﬂsie&?@w %&WﬁlOP, with the sizing dose for the
I1:00 nhm 1a 1. 5I tah%?tz We@!huP/efs?IerAZ@Gm&Nﬁlédoﬂ\?& f@Wowiﬂi@/dbff&io‘ﬁeﬁtsaboxe) :
or the devel gpable anti-reflective coating formilatjon c ared the
for mul at | 8% MRBG: FRHIota OrERRIents StherAnam SelRNE 49 VRc JF BT et &

Examphg 1gxatipie e CPNDBYNSE EHTABYES 56384 BNFEA W0 MEAM. 1.38% of the

per f | uor obut anedi sul fonate (the non-crosslinking PAG wth no crosslinking
base PAG of Example 4.

Example 27 P(PQMA/TBA) 6% BVOPSNF
' The 1.2 weight % solution in PGME consisted of the following components
20 as weight % of total components other than solvent: 68.92% of the polymer of
Example 16, 15.68% of CHTA-BVE. 5.18% of TEA, 6.08% TEAM, 4.14% of the
PAG of Example 4.

Example 28 P(PQMA/TBA) 10% BVOPSNF

25 The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 68.54% of the polymer of
Example 16, 14.33% of CHTA-BVE. 4.73% of TEA, 5.55% TEAM, 6.85% of the
PAG of Example 4.

30 Example29 P(PQMA/TBA/ECPA) 4% BVOPSNF
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5 added to that of the fornulation of Exanple 34 which contained 1.75% bi s
(triphenyl sul fonium 1, 4-perfluorobutanedi sul fonate but al so contai ned
crossl i nkivogotwases0br om Exanpl e 13, crosslinking base (1rt@1Bmoswomsti o
Base: PAG and also to the fornulation of Exanple 35 which contained 1.75%
bis (triphenyl sul fonium 1, 4-perfluorobutanedi sul fonate and crosslinking
base from 10 Exanple 13 (1:30 nolar ratio Base: PAG. The sanple containing
no added crosslinking base from Exanple 13 when using a PAB tenperature for

the devel opabl ghantd weiht eCddiMforcinRGIE EdnsitéEoftheviBRbwingicerpdnentser | ayer
scunm ng between the resist and devel opable anti-refl ective coating and

suf fered patweight %ol igtalccompenesptsupther dhan selvente 643256 S 4he polymer o
anti-refl j én e t b5 a 5 I 95 8bhod 39
moicme. 1 Samb 12 FEBNE CATRBVE, 8940 E TEAR 1 1R TEAM B0 B0
crossl i nkPAg bbBxample. Exanpl e 13 in a 1:10 and 1: 30 Base: PAG rati o showed
no pattern collapse even at a dose of 42 ml/cnR because these fornul ations
suffered far |ess undercut underneath the interlayer scum between

devel opabEgamipld 30 P (FOVAYEBA/EERA)A8MYORSNEt than 20 was observed in the
formul ati on w t hout ad_dedocr ossl i nki n@l base from Exan*‘)l e 13 Exarrgl e 33).
Wien using a higadrR waight &ngrlvtionind® GME eonsisied ef tysdp '@v'aatcpiwp@flp i ve
coating o N SA8hbr bNE 690! ! i G0

wi t hout agcsjyd&@?toi/s |%Eél1§!é) asgﬁ% Exa%??%%?'wgﬁ?f ers }oggtﬁe‘?rﬂuﬁﬁagse
because oExamgple tTt 15194%sofCiHhArBYRah26% ol TEAR 6.8/ TEAN 254 ef the

anti-refl { Ve~coat. sanpl e whi ch contai ning crosslinking base from
Exanpﬁ 1331%10@51&!’&‘3333’3& PAG rati o (Exanple 34) showed pattern coll apse

only at 39 mJ/cnR2. This inprovenment was because the addition of the
crosslinkiing base decrea t der cut gverexposure. At this higher
devel ppabﬁégﬁ\f’?ﬁ? 3t ﬁ&é@ﬁ%@%@&%ﬁ%@@%ﬁj’%mem ure the sanple which
containing 30 ¢rO9Y WQ?@H‘% Qastor! P GBS sistéd of theXollGWIRG coffpoRbniser sUS
PAG (1: 30 Base: PAG raf’ 0) (ExanFI e 35) did not show a significant

i mpr oveneAs weighth% efolotal oempenegisnoten éham selyent: $8dEe raf fhe delysner: ofe

i nventiong t d i ° et-dop 108 738ddj tHeonal 1y,
thediSol SXaER T, B oI o CRTAIREE S 72 oF TERR B dF iy 2 73gE e

i nvent i onPAG of BsampletS.oned above, it is to be understood that the
invention is capable of use in various other conbinations, nodifications,
and environnents and is capabl e of changes or nodifications wthin the

scope of Exkamphy/snt PFQIIANTBAECRAEAW PPOPSHBD®I n, commensurate with the
above 10 teachings and/or the skill_or know edge of the relevant art. The

enbodi ment s dedbe iFeWelgst & sriwirneind?@ME cenaisted of iedeliowisacopIPangisest
”DdeszdanIW?ivPéiglﬁ’tr%Céf fatélgcc{r)ﬁﬁdeﬂiéeﬂw&'?h@ﬁ‘t@ﬁfv%nﬁ'@i Sg{o%fhﬁé%oﬁ?héﬂ 3?} in the

art to ut ze“the I nventi n such, or other, enbodi nents and with the
vari ous mbaampteai 7,0h%96%00ofl CHTAHVENE.5656 of TEAar7.68%p Tk 3.6d %opf thees of

t he i nvengy,on, cordingly, the 15description is not intended to limt the
i nventi onpfo‘gf%égq'ﬁpl%‘@i'scl osed herein. Also, it is intended that the

appended cl ai nrs be construed to include alternative enbodi nents.
Example 33 P(PQMA/TBA/ECPA) 1.75% TPSFPDS no crosslinking base
25 The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 68.68% of the polymer of
Example 17, 17.54% of CHTA-BVE. 5.79% of TEA, 6.79% TEAM, 1.20% bis

(triphenyisulfonium) 1,4-perfluorobutanedisulfonate.

30 Example 3¢ P(PQMA/TBA/ECPA) 1.75% TPSFPDS and crosslinking base from
Example 13 (1:10 molar ratio Base:PAG)
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C ai ns: 1. An antireflective coating conposition conprising a polyner
havi ng a dye or chronophore noiety and crosslinking functionality, an

opti onal woaesslismosng 5 conponent, and one or nore phot eaTiBWeI/cEIROUNIS
having the fornula W(L-(Q)p where Wis PAG or Q where PAGis a photoacid
generator and 0 is a quencher; each L is a direct bond or a |inking group;
each Gis independently GL or &; GLis OH & is OCH=CH2; pis 1to 12. 10
2. The conposition of claim1 which conprises one or nore photoactive

conmpounds havi e t ewkijhied golGve mLPGME)dcmsmdd oﬂmeorbudmhg dohfpopantsi ve
conpounds havi n}g the formula 15 PAG (L-(Gl))p o conpri ses one or

more phot BAYEIY %oﬂfp@ﬁio@"l‘%ﬂeﬁbs piher ﬁQﬁﬂTﬁP'XG?{A@B(‘@%@)tPB pohnn® or nore
phot oact i Eﬁa@?mﬂwanf 2 'd?QCIIIT']e A 57890 HrEACls. )lbq? TEAM,31 2§k7ebls

conposition claim1 ere t ot oactive corrpoun has t'he fornul a
( GL- 140- Witipha@)giffonium) vihéperfuoremdansiisitionatec h068at erosslinkingrbasgual to 1

?g(rjnﬁll% %%nlg)&amwﬁétsol_léz) szg or where the photoactive conpound has the
Example 35 P(PQMA/TBA/ECPA) 1.75% TPSFPDS and crosslinking base from
Example 13 (1:30 molar ratio Base:PAG)
The 1.2 weight % solution in PGME consisted of the following components
10 as weight % of total components other than solvent: 68.66% of the polymer of
Example 17, 17.53% of CHTA-BVE. 5.79% of TEA, 6.79% TEAM, 1.20% bis
(triphenylsulfonium) 1,4-perfluorobutanedisulfonate, 0.02% crosslinking base

from Example 13.
15 General Evaluation Procedure

To evaluate the performance of cross-linkable PAG, two reference BARC
systems were used. One is commercial organic BARC AZ® 1C5D from AZ®
Electronic Materials and a second one were the above developable anti-reflective

20 coating compositions solutions formulated with different levels of the low
solubility PAG: bis-trisphenylphenylsulfonium 1,4-perfluorobutanedisulfonate
which does not contain crosslinking moieties. Two different levels of bis
(triphenyisulfonium) 1,4-perfluorobutanedisulfonate were used in reference
materials: 10% bis (triphenylsulfonium) 1,4-perfluorobutanedisulfonate versus the

25 polymer from Example 16 (Example 18) and 15% bis (triphenyisulfonium) 1,4-
perfluorobutanedisulfonate versus the polymer from Example 16.

All processing was done on a Tokyo Electron Clean Track ACT 12 Track

linked to a Nikon S306D (NA = 0.85, Annular lllumination, (0.82/0.55)s, Reticle:

30 Binary Mask) unless otherwise specified in discussion.
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where pl and p2 are each greater than or equal to 1 and pl + p2 equal 2 to
12, or where the photoactive conpound has the formula (GL-L)pi-Q (L-Q)p2
where pl wodopAsssoe each greater than or equal to 1 andppinB2e@oegsial 2 to
12. 4. The conposition of claim1 which conprises and one or nore

phot oactive 5 conpounds having the formula (01-L)1- PAG (L-@&) 132 where pl
and p2 are each greater than or equal to 1 and pl + p2 equal 2 to 12, and
one or nore photoactive conpounds having the forrmula (01-L)p3-Q (L-02)p4 10

where p3 and pRiAr@ickAess WA hesasuba vath Bnameticsl Nandspec BODQ Theal 2 to
12, or which conprises and one or nore photoactive COﬂBOUHdS V|n t he

formul a (€Rated yafenthen expgsesl waBaNisen 3060, Hlumination: 1P P L or
equal to t e ehlpast onpounds
avi ng ¢ ha"fadntind 18% BgUEssRe findly eBpbs Bl Yol pﬁﬁr"é’"@;ﬁh”‘“
greater tBBF100°G(66S, IPEBﬁwi’@ bGO& Qevetapmgnt imes 3D§ (ACH'12ThEh©M4@;§QIS| tion

gener 4 or Ratey AP . o7 pTakaR e HeREoeg A SUERP. R e GR38% 2y one
of cl ai nstetrantethyl\wnermoeniantAydroside §TRAHd from oni um salts, di azonet hane

derivatives, glyoxine derivatives, bissulfone derivatives, sulfonic acid
esters of N-hydroxyinide conpounds 6- ket osul fonic acid derivatives,

di sul fone deri pgtingaeferBhéd CHRPRY! with RN a6 M ehBbhAIABARES unpHinEaNsHicdN
wafers were coated with AZ® 1C5D (conditions: 2650 rpm, post applied bake

10 (PAB) 200°C, 60s) to form a BARC layer having a thickness of 37 nm. The resist,

AZ® AX™ 2110P, was coated over the BARC layer (conditions: 1400 rpm, PAB
(100°C/60s), post exposure bake (PEB) (110°C/60s)) to form a film having a

thickness of about 210 nm. After exposure as described above, the wafers were

developed in AZ® 300 MIF developer (23°C/30s). In such systems the sizing

15  dose for the 100 nm 1:1.5 and 120 1:1.1 features is ~30 mJ/cm?. At this dose,

the resist achieves the target CD. Since conventional BARCs are irreversibly

crosslinked, no development into this layer occurs.

For the above developable anti-reflective coating compositions, including

20 the reference materials, primed silicon wafers (HDMS vapor priming at 140°C for
60s) were coated with the above developable anti-reflective coating compositions
(conditions: ~1500 rpm, PAB 120-180°C) to form a developable anti-reflective
coating layer of about 40 nm. The resist, AZ® AX™ 2110P, was coated over the
developable anti-reflective coating layer (conditions: 1400 rpm, PAB (100°C/60s),

25 PEB (110°C/60s)) to form a film having a thickness of about 210 nm. After
exposure, the wafers were developed in AZ® 300 MIF developer (23°C/30s).
Under these conditions, in a film of AZ® AX™ 2110P, the sizing dose for the

100 nm 1:1.5 and 120 1:1.1 target features should be ~30 mJ/cm?(See above).
Since the developable anti-reflective coating compositions are supposed to be

30 developable, part of the evaluation is to ascertain how well developed the

developable anti-reflective coating compositions is at 30 mJd/cm? and if any
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25 derivatives, benzyl oxysul fonyl benzene derivatives, and m xtures thereof.
7. The conposition of any one of clains 1 to 6 wherein Qis selected from
pri mary, wocondasipeand tertiary aliphatic am nes, m xedPamIRE®Y/O@EIBITAL | C
am nes, heterocyclic am nes, nitrogen-containing conpounds with a carboxy
group, nitrogen containing conpounds with a sul fonyl group,

ni trogen-contai ni ng conpounds with a hydoxy group, nitrogen-containing
conmpounds with a hydroxyphenyl group, alcoholic nitrogen-containing
conpounds pvangxgesuteris vedquireeisto fully develep ithatdevelopabliet ardigesflectivet edatingg
conpound havi ng.one or nore 5 oxygen atons, a conpound having the fornula
40b R40aREBVPORYERS R40a, R40b, Rdoc, and Rei mindependently represent

hydr ogen, unsubstituted or substituted straight, branched or cyclic alkyl,
al kenyl, the straight, branched or cyclic al kyl or al kenyl groups

optional | y confaremparieme was made of e merfosmance ofgA&BhArbf260Fo 0R0 car bon
at ons, car .. 0 I | kyl LQr [y . ca t i 0) and
Rdoc, ?akgw&e?ﬁgg {r:reéiﬁf g?’mdgvé?ﬁfé])a;olé’nam%}r%fhé%g%hﬁg 40@@%%4“@.‘?0 are

al kyl ene {prouyetedf witht eititerc thebadivinyloxy evbssiinkable RAGH tomi kxamphel £ is a

basi ¢ ani %'Q/(ﬂ?gﬁu@g oar ptlﬁg Vr?c;nqgroggliﬁk?ngt OPJAE, I%‘ls0b(trip'?‘lrenylsulfonium) 1,4-
perfluorobutanedisulfonate. For these developable anti-reflective coating
compositions, different level of PAG loading were compared and judged by the

10  ability of these formulations to resolve either 100nm trenches or 120 nm trenches
with a 1:1.5 pitch. All samples were evaluated as described above. The
processing temperature used for the developable anti-reflective coating
compositions was as follows: (FT: 40 nm ~1500 rpm, PAB 120°C/60 sec)

15 Comparison of non-crosslinkihng PAG bis (triphenylsulfonium) 1,4-

perfluorobutanedisulfonate compared to crosslinking PAGs.

This comparison was done with developable anti-reflective coating
compositions formulated with the polymer made in Example 16. When using bis
20 (triphenyisulfonium) 1,4-perfluorobutanedisulfonate, which does not have
crosslinking groups, at levels lower than 10%, the developable anti-reflective
coating composition was not developed at all, giving complete scumming at the
resist - developable anti-reflective coating composition interface of the target
features. Even samples with higher levels of bis (triphenylsulfonium) 1,4-
25 perfluorobutanedisulfonate (Example 18 and 19) (10 and 15%) were unable to
resolve these features without overexposing the features and generating large
amount of undercut at the developable anti-reflective coating composition - resist
interface.

30 In contrast, when using the crosslinking PAG from Example 4, much less

scumming of the features is observed. The formulations employed with
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15 where Ar is an unsubstituted or substituted aryl group of 6 to 20
carbon atons; Riot) and al oe i ndependently unsubstituted or substituted
strai ght ,wbranafssgeor cyclic al kyl, al kenyl, the straigeCriBzmyoivast or
cyclic al kyl or al kenyl groups optionally containing one or nore 0 atons,
aryl groups of 6 to 20 carbon atons, 20 aral kyl or aryl oxoal kyl groups of 7
to 12 carbon atonms, or Rut and R oc, taken together, may forma ring in

whi ch each of Riob and R oc are al kyl ene groups of 1 to 6 carbon atons when
t hey f or ningredsirgy PAGdelel are Bxangxd P68 R%adfdRAG from Example 4), Example 27

(6% of PAG from Example 4), and Example 28 (10% of PAG from Example 4).

Even the lowest level give some partial clearance of the 100 nm trench features

at the developable anti-reflective coating composition - resist interface.

5 Complete clearance of the developable anti-reflective coating composition at the

bottom of the trench occurred at a level between that of Example 27 which has

partial clearance and Example 28 which has complete clearance of the

developable anti-reflective coating compositions at the bottom of the trench at a

dose of 33 mJ/cm?, but showed a small undercut. Example 28 showed resist

10  profiles similar to that seen with the standard BARC, 1C5D, between the doses
of 33 and 36 mJ/cm?.

Formulations with the di-hydroxy crosslinking PAG BHPPSNF from

Example 1 were also evaluated at 10%, 15% and 20% PAG loading versus the

15 polymer component from Example 16  (Example 20, Example 21 and 22

respectively). Also formulations with PAG BHPPSFBDS from Example 2 at a

loading of 4%, 15% and 20% versus the same polymer (Examples 23, 24, 25
respectively) were evaluated.

20 Using the same lithographic conditions as described above, formulations
containing PAG from Example 1 (BHPPSNF) or Example 2 (BHPPSFBDS), both
of which have hydroxyl crosslinking groups, show better performance than those
formulated with the corresponding amount of bis (triphenylsulfonium) 1,4-
perfluorobutanedisulfonate, which does not have a crosslinking group. However,

25 these formulations do not perform as well as the ones described previously with
the vinyloxy PAGs (Examples 26-28) as they do not open the bottom
developable anti-reflective coating pattern at nominal dose 30 mJ/cm? and need
an overexposure at > 42 mJ/cm? to resolve either 100 nm 1.1.5 or 120 nm 1:1.1
trench features without showing developable anti-reflective coating scumming.

30 Of the two PAGs, BHPPSFBDS gave better performance than equivalent
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(R100) 13 where A, represents (CH2)14, where i4is O or 1, 0 or S; Roo and
1160 stand the sane as for RLObi or Roo and Roo together with the S atomto
whi ch t heyoanm/mbsdoached forma 5-, 6-, or 7-nmenbered ri rgTHB200MV067a51 be

unsubsti t ut ed

or 5substituted; Roo, Rgo, and Ri 00 each individually

represent Cl1 4 alkyl, Cl.4 alkoxy, or halide; i1l and 12 are each 1 to 4;

is1tob and Dis as defined above.

I 3

8. A positive bottom phot oi mageabl e

antireflective coating conposition which is capable of being devel oped with
an aqueousorfiuldtions dnediningr BERBPSNF, cdiving bdtet tdagandiebbthe devslopabie

phot or esi st

wherein the antirefl ective coating conposition conprises a

pol ymer aAfli-seflectye Roating s lower dose wihlessndeieili ng the formula W (L- (G
))p where Wis FAG or Q where FAGis a photoacid generator and Qis a
guencher; 15 each L is a direct bond or a linking group; each Gis

i ndependent | y QGithasPAB terapeiagureHor te oy swipbilihiforrpulations were tesded fathi ch

pr ef ergbl

0 Lo m USR8 el A oA PR ALl JosPaeeres o

pol ymer cen@BHRPIEBBS) bedss doviaylogy IRAG fgpnitixamplé B @ABRCIB0, 140) 180,gr oup;

ol ymer c 5) | | . RABAC 180,07 ouy
(11) @ POL¥EPI76 et 18844 Bling Figher PAB 1Speratinds dbes improve Sormewhat 2> ' ©

group and

10

15

20

25

30

clearance of the developable anti-reflective coating containing the PAG from
Example 4. For instance, using the Example 27 formulation containing 6% of
PAG from Example 4, we increased the PAB from 130°C to 180°C in 10°C
increments and looked at the 120 nm 1:1.1 trench features. From these
experiments, it is seen that at a dose of 27 mJ/cm? using a DBARC PAB of
120°C, a lot of developable anti-reflective coating scumming occurs, but that
increasing the temperature gradually decreases scumming so that at 160°C

scumming is gone with a slight undercutting. Increasing the temperature further

increases undercut of the resist features and decreases the overexposure margin.

Similarly, the formulations described above (Examples 20-25) containing the di-
OH PAG’s from Examples 1 (BHPPSNF) or 2 (BHPPSFBDS) also show some
improvement in scumming of 120 nm 1:1.1 trench features by going to higher
temperature, but are not as good in decreasing scumming at a given PAG
loading and temperature as those containing the divinyloxy PAG from Example 4.
The same experiments done with bis (triphenyisulfonium) 1,4-
perfluorobutanedisulfonate PAG, which does not crosslink, show much less
improvement never giving a bake, or an overexposure sufficiently high to

completely remove developable anti-reflective coating scumming.

Experiments were also done with developable anti-reflective coating
formulations containing the polymer from Example 17. In these experiments, we
compared the behavior of formulations in achieving 100 nm 1:1.5 trenches using
the exposure conditions described above. These formulations containing 4% of
PAG from Example 4 (Example 29); 4% of PAG from Example 10 (Example 30),
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at | east one recurring unit with an absorbi ng chronophore or (iii) a

pol ymer conprising at |east one recurring unit with a hydroxyl and/or a
car boxyl woaup/spdeat | east one recurring unit with an aosashiopygo7451

chr onophore where when the polynmer is (i) or (iii), the conposition
preferably further conprises a dye. 5 10. The conposition of claim8 or 9
whi ch conprises one or nore photoactive conpounds having the formul a

PAG (L-(&))p and one or nore photoactive conpounds having the fornul a

Q (L- (Gl »d PAG Grokd - Exdmplets ¢RRAmpR: SPBAET t4RQNtheSPAG frofiPExdmpld an wi th at
| east one other coating con‘gom tion wherein the first coatin corg)05| tion
conpri ses(Bxaspled2) taLachptaenard te khea jehayier paﬁaeiSE@r)daa%cBA#@ Erdhhor e

phot OaC“ﬁ‘ﬁe&@’f&ﬁﬂ?&%d&aé(ﬂe“&aﬁg%iﬁpglﬂéi’%v}iﬁnv‘fr(éréééia @umw@ﬁy\/l_viirﬁdd: Gor Q

where FAG I's a photoacl d generator I'S a quencher; eac I'S di rect
bond or afunictichalifiegrpenF AGaubleCules fFordieptandentieyPBIG rom@Exagplei 4 hass &2 i s

OCH= ; is. 1 to 12..20,12 ositive ho m phot oi. eabl e ..

ot et b VievioR gt R AR ARPTs 4 DR IRa PR RS RteseSped wi t
an aqueoupAd Kedm Eeirmplepsrhagntburhviafloky moietiesl &l dnaily plosiRAG efrom

phot oresi st, whe n_the antireflective coating conposition c?lnsi sts of (a)

ei t her (aFxamplg QSL(BVQP SEB) | hags s NI ¥pBAiRlIeS: Pebraelesulel Alafiesg: | east
one conpogidsiiking FAG dmbteliakOsh 4 tar Gbbeaded Rofmatdm SFtRECbRAYSr

scum that is seen with the non-crosslinking PAG bis (triphenylsulfonium) 1,4-
10  perfluorobutanedisulfonate. Comparing the crosslinking PAG formulations to
each other It is observed that the PAG from Example 10 and PAG from Example
5 give no formation at all of the interlayer scumming at the dose of 30 mJ/cm?
while the PAG from Example 4 formulation gives a slight formation of interlayer
scum at this dose. The formulations using the PAG from Example 11 do not give
15 interlayer scumming but do give a developable anti-reflective coating layer that is
more difficult to clear giving some bottom scumming of the developable anti-
reflective coating unlike the other formulations containing the PAG’s with fewer
crosslinking groups. Finally, overall, developable anti-reflective coating undercut
is apparently improved with increasing number of crosslinkable vinyloxy function

20 group as well.

Performance of crosslinking base of Example 13.
To evaluate the performance of cross-linkable base from Example 13, the
commercial BARC AZ® 1C5D and several developable anti-reflective coating
25 systems based on the polymer from Example 17 were compared. For the
commercial BARC sample AZ® 1C5D this was done with a 210 nm thick film of
AZ® AX™ 2110P in the same way as previously described above. For the
developable anti-reflective coating samples, this was done by again coating and
baking the commercial resist AZ® AX™ 2110P in the same way as previously
30 described above. Under these conditions, in a film of AZ® AX™ 2110P, with the
sizing dose for the 100 nm 1:1.5 target features on AZ® 1C5D should was 30
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O (a2) at |east one compound of formula (5) (HOL)1-PAG (-L-OCH=CH2)p2(5)
and 5(b) a solvent, where PAGis a photoacid generator; each L is a direct
bond or avbioloosgeogroup; p is an integer 1 to 12; pl angcpaBzngoEash
greater than or equal to 1 and pl + p2 equal 2 to 12, wherein at |east one
PAG contains a chronmophore noi ety, and which preferably further conprises a
thermal acid generator. 10 13. The conposition of claim 12 which further
conprises a conpound selected from (3) Q(--L OH)p (4)

mJ/cm? (See above). For the developable anti-reflective coating formulations we

compared the formulation described in Example 33, which contains the polymer

from Example 17, which contains 1.75% bis (triphenyisulfonium) 1,4-
perfluorobutanedisulfonate (the non-crosslinking PAG) with no crosslinking base

5 added to that of the formulation of Example 34 which contained 1.75% bis
(triphenylsulfonium)  1,4-perfluorobutanedisulfonate but also contained
crosslinking base from Example 13, crosslinking base (1:10 molar ratio
Base:PAG) and also to the formulation of Example 35 which contained 1.75% bis
(triphenylsulfonium) 1,4-perfluorobutanedisulfonate and crosslinking base from

10 Example 13 (1:30 molar ratio Base:PAG). The sample containing no added
crosslinking base from Example 13 when using a PAB temperature for the
developable anti-reflective coating of 160°C showed profound interlayer
scumming between the resist and developable anti-reflective coating and
suffered pattern collapse due to undercut of the developable anti-reflective

15 coating beneath the resist at doses higher than 39 mJd/cm?.  In contrast, the
formulations of Example 34 and 35 containing crosslinking base from Example
13in a 1:10 and 1:30 Base:PAG ratio showed no pattern collapse even at a dose

of 42 mJ/cm? because these formulations suffered far less undercut underneath

the interlayer scum between developable anti-reflective coating and resist than

20 was observed in the formulation without added crosslinking base from Example
13 (Example 33). When using a higher PAB temperature for the developable
anti-reflective coating of 170°C, the developable anti-reflective coating
formulation without added crosslinking base (Example 33) suffers pattern
collapse because of undercut doses higher than 33 mJ/cm?. The developable

25 anti-reflective coating sample which containing crosslinking base from Example
13 in a 1:10 Base:PAG ratio (Example 34) showed pattern collapse only at 39
mJd/cm?. This improvement was because the addition of the crosslinking base
decreases the undercut upon overexposure. At this higher developable anti-
reflective coating PAB curing temperature the sample which containing

30 crosslinking base from Example 13 in a lower amount versus PAG (1:30
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Q( L OCH----CH2)p (6) (HOL)-Q (L OCH=CH2) p4 and m xtures thereof,
where Qis a quencher, each L is a direct bond or a linking 15 group; p is
an i ntegewobkotomsidds p3 and p4 are each greater than or equaB2dwodr4mnd p3 +
p4 equal 2 to 12. 14. A conpound selected fromthe group PAG (-L-OCH=CH2)p
Q( L OCH=CH 2)p (HO-140-PAG (-L-OCH=CH2) p2 (HO L)O-0--( L OCH=CH2)p2 20
where PAG is a photoacid generator, Qis a quencher, where each L is a
direct bond or a linking group; pis 1 to 12; pl and p2 are each greater

E) han or e@agk:RAG Yatid)d (EXample238)dial nét sltovi2 sighificatthienprovement inhtite
's{4-[2- collapse margin.

The foregoing description of the invention illustrates and describes the
5 present invention. Additionally, the disclosure shows and describes only certain
embodiments of the invention but, as mentioned above, it is to be understood
that the invention is capable of use in various other combinations, modifications,
and environments and is capable of changes or modifications within the scope of
the inventive concept as expressed herein, commensurate with the above
10 teachings and/or the skill or knowledge of the relevant art. The embodiments
described hereinabove are further intended to explain best modes known of
practicing the invention and to enable others skilled in the art to utilize the
invention in such, or other, embodiments and with the various modifications
required by the particular applications or uses of the invention. Accordingly, the
15  description is not intended to limit the invention to the form disclosed herein.
Also, it is intended that the appended claims be construed to include alternative

embodiments.
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(vinyl oxy) et hoxy] benzene} - 3, 5- di net hyl - 442- (vi nyl oxy) et hoxyl benzene

sul foni um tosyl at e, bi s(442- (vi

nyl oxy) etwoxylomspmene) - 3, 5- di net hyl - 4- net hoxybenzene sulpConBoob/n07i51

| at e, bi s{4-[ 2- (vi nyl oxy) et hoxy] benzene} - 3, 5- di net hyl -

met hoxybenzenesul f oni unperfl uoro-1-butanesul fonate,tris{442- 5

(vi nyl oxy) et hoxy] benzenel sul f oni umL0- canphor sul fonat e, andtri s(4-[ 2-

(vi nyl oxy) et hoxy] benzene} sul f oni um cycl ohexane sul famate are excluded. 15.A
conpound €ulimet ed from bi s(4-vi nyl oxyet hyl oxyphenyl ) phenyl sul f oni um
triflate, bi s(4-vinyl oxyethyl oxyphenyl ) phenyl sul f oni ummonaf | ate, bi s(4- 10
vi nyl oxyet hyl oxyphenyl ) phenyl sul foni unlO- canphor sul f onat e, bi s(4- vi

nyl oxyet hy| oxygn hpfidflepig batitgl Sothpasiticty 66APAYIA eaguiyfrmma@mgbaw
vi nyl oxyet hyl oxyphenyl ) phenyl suI fon| umtris tr| | uor onet hanesul f onyl )

met hi de, ©F shramenhergimgietxged jesskiniine fyngtisnality, s petenatjcresslinking

T el
1 4 perfl uor obw_:ﬂne@ %ul fonate, tris(4- vinyloxyethyl oxyphenyGsul foni unt.
, 3, 3- hexaf | r opane- 1, 3-

d| suI f oni Whgfeom lun%@'otrrcfw %—"A‘&; '51 LORYEH %Bzgﬁgy,gl;#é@ﬂérﬁher

tri phenyl su VI nyoxye hoxy en ene sultonate anroni um
deoxychol eaeh Ltisa direet borichoma linking lgrdupo ebcth & B,lndepem:imtlhﬁmmﬁﬂl G

cholate, o oH; G2is OCH=CHy; pis 1 to 12.
10
2. The composition of claim 1 which comprises one or more photoactive

compounds having the formula
PAG—(L—(G2)),
and one or more photoactive compounds having the formula
15 PAG—(L—(G1)), or which comprises one or more photoactive compounds having
the formula
PAG—(L—(G2))p
and one or more photoactive compounds having the formula
Q~(L~(G1)).
20

3. The composition of claim 1 where the photoactive compound has the

formula
(G1L)p1W—(L—G2)p2

where p1 and p2 are each greater than or equal to 1 and p1 + p2 equal 2 to 12,

25 or where the photoactive compound has the formula
(G1—L)p—PAG—(L—G2)p2
where p1 and p2 are each greater than or equal to 1 and p1 + p2 equal 2 to 12,

or where the photoactive compound has the formula
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20 N, N-di vi nyl oxyet hoxyet hyl benzeneam ne,
3a, 7a, 12a-trivi nyl oxyet hyl oxy-513- chol anic acid tetranet hyl ammoni um sal t,
3a- vi nyl oxpevtwlssrwyg- 513- chol ani ¢ aci d tetranet hyl ammoni earaBiog/007451

bi s(4- hydr oxyphenyl ) phenyl sul foni um 4- vi nyoxyet hoxybenzene sul f onat e,
30, 12a- di vi nyl oxyet hyl oxy-513-chol ani ¢ aci d tetranmet hyl anmoni um sal t,
N-trifluoromethyl sul fonyl oxy-3, 6-di vi nyl oxyet hoxy-1, 8- 25

napht hal i m de, p ni t robenzyl-9, 10-di vi nyl oxyet hoxyant hr acene- 2- sul f onat e,
bis(4-vinp%?xy Q%* enyl )i odoni unl0- canphor sul f onat e, bi s(4-

vi nyl oxye YBdoni untycl ohexanesul f amat e, bi s( 4-

biolas i hé?éi%ﬁ@%i{' Sreh b e gt (04 83 ot AP R e ane.

sul famat e, 30bi s(4-vinyl oxyet hyl oxyphenyl yiodoniumtris
(trifluoromethanesul fonyl) nethide, Dbis
(bi s(4-vi flyl oxyBe H9FW§$HBr?&}ICBQ“Bdehlfﬁ)COI”QﬂSﬁé@ﬂlﬁﬂ%‘?fdﬂ‘&ﬁ%ﬁh%@@%t e,

bis(4-g \e/@ﬂl%?gjg'[l ﬁé@ﬁ?fﬁg foRadR9/ 007451

V|nyloxy enyljiodoniundl. 1, 2, 2, 3, 3- hexaf | uor opr opane- 1, 3-
di sul fon| 1_$(Kgqunﬂgy>§yet hyl oxyphenyO odoni umt, 1,1, 2- tet rafl
uor oet hoxyoct uor obut anésul f onat e, tris(4-

Vi nyl oxye
Wtigl’ eggpéf%réolgra%@gr% rfa]po rE%-qual to 1 and p1 + p2 equal 2 to 12,

tetrafl uoroe ate
and one or more photoactive compounds havmg the formula

(G1-L)ps—Q—(L—G2)p4

10  where p3 and p4 are each greater than or equal to 1 and p3 + p4 equal 2 to 12,
or which comprises and one or more photoactive compounds having the formula

(G1-L)p—PAG—(L—G1)p2

where p1 and p2 are each greater than or equal to 1 and p1 + p2 equal 2 to 12,

and one or more photoactive compounds having the formula
15 (G2-L)ps~PAG—(L—G2)p4

where p3 and p4 are each greater than or equal to 1 and p3 + p4 equal 2 to 12.

5. The composition of any one of claims 1 to 4 which further comprises a
thermal acid generator and/or a crosslinkng component.

20
6. The composition of any one of claims 1 to 5 wherein PAG is selected from
onium salts, diazomethane derivatives, glyoxime derivatives, bissulfone
derivatives, sulfonic acid esters of N-hydroxyimide compounds, B-ketosulfonic
acid derivatives, disulfone derivatives, nitrobenzylsulfonate derivatives, sulfonate

25 derivatives, benzyloxysulfonylbenzene derivatives, and mixtures thereof.

7. The composition of any one of claims 1 to 6 wherein Q is selected from
primary, secondary and tertiary aliphatic amines, mixed amines, aromatic amines,

heterocyclic amines, nitrogen-containing compounds with a carboxy group,
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bis (4- vi nyl oxyethyl oxyphenyOphenyl sulf onium1,1,1 , 2-

tetrafl uoroet hoxyoct af | uor obut anesul f onat e, and bi s(4- vi

nyl oxyet hwbasypisesyl )i odoni um 1,1, 1, 2- PCT/TB2009/007451

tetrafl uoroet hoxyoct af | uor obut anesul f onat e. 10 16. A coated substrate
conprising: a substrate having thereon; a layer of the first coating
conposition of claim1l; and a |ayer of the other coating conposition of
claim 1l coated on top of the first coating conposition |ayer, or

conpri si ngitrogef EbAfairhg cOMpbUBdS Weh adulfoayll gyeap, Mkogdiecantaiaingcoat i ng
conposition of claim11l; 15 and a |ayer of the first coating conposition of
clai m 11 69MPapndst withha hydexy grasips NiF9eB1entaining sompeEpds Wl‘th%orrpri sing: a
substrate | : : . H;}f\d [ Riiesition of claim
11; a Iayg?&&?@@ﬁ;@g ,gl%‘gl{@%:éﬂtgo eigﬁt?on o?&@ﬁgllmr%ﬂlﬁ (I)n top of said

| ayer of deftieativesdmidgyderivatives,inivegeragrentainingeompaunsthaming oneer mepit i ng
conpositigp of glaim 1l on of ' coating conposition |ayer. 20
17. A ro§&%er\‘a§?%lso? o%oghgﬁﬁﬁlagttﬁgh%ﬁuﬁ ng: a) formng a coating of the
antireflective cogting conposition of any one of clains 1 to 7 on a
substrate; b) baki g the antireflective coati ng, c¢) providing a coating of
a top photoresist|layer over the antireflective coating; d) devel oping an

| mage usi @Qof-n—anﬁO“&Fﬁ'oka' i ne
C

D
R4Od

where Raga, Raobn, Raoc, @nd Ragq independently represent hydrogen, unsubstituted
or substituted straight, branched or cyclic alkyl, alkenyl, the straight, branched or
cyclic alkyl or alkenyl groups optionally containing one or more O atoms, aryl
10 groups of 6 to 20 carbon atoms, aralkyl or aryloxoalkyl groups of 7 to 12 carbon
atoms, or Rsop and Ryoc, taken together, may form a ring in which each of Raqp
and Ry are alkylene groups of 1 to 6 carbon atoms when they form a ring, and

D~ is a basic anion having a pKg value of -3 to +7;

R1 Ob

Ar S—Ryqc
15 b~
where Ar is an unsubstituted or substituted aryl group of 6 to 20 carbon atoms;
Riop and Rioc independently unsubstituted or substituted straight, branched or
cyclic alkyl, alkenyl, the straight, branched or cyclic alkyl or alkenyl groups
optionally containing one or more O atoms, aryl groups of 6 to 20 carbon atoms,
20 aralkyl or aryloxoalkyl groups of 7 to 12 carbon atoms, or Rig, and Rige, taken
together, may form a ring in which each of Rig, and Ryoc are alkylene groups of 1

to 6 carbon atoms when they form a ring, and D™ is as defined above;
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25 devel oper; e) optionally heating the substrate prior to and after
devel opnent and, f) dry etching the antireflective coating. 18. A process
for formwgan/ssmge conprising: a) form ng a coating ofctrhB2dowbd7asn
phot oi mageabl e antirefl ective coating conposition of any one of clains 8 30
to 10 on a substrate; b) baking the antireflective coating, c) providing a
coating of a top photoresist |ayer over the antireflective coating; d)
I magewi se exposing the photoresist and antireflective coating |layers to
actinic radiatigon @ sape wavel ength; e) post-exposure baking the
phot or esi st @he~ayit i I ve coating |layers on the substrate; and, f)
devel opi ng t ot or and antirBflective coating layers with an
aqueous al ka .

' (Rgo)iz

(R100)i3

where R, represents (CH,)is, where i4 is 0 or 1, O or S; Rsp and Reo stand the
same as for Ry, Or Rsg and Rep together with the S atom to which they are
attached form a 5-, 6-, or 7-membered ring which can be unsubstituted or

5 substituted; Rgo, Rgo, and Rigo each individually represent C.4 alkyl, Cy.4 alkoxy,
or halide; i1 and i2 are each 1 to 4;i3is 1 to 5; and D™ is as defined above.

8. A positive bottom photoimageable antireflective coating composition which
is capable of being developed with an aqueous alkali developer and which is
10 coated below a positive photoresist, wherein the antireflective coating
composition comprises a polymer and one or more photoactive compounds

having the formula
W—=(L=(G))p

where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;

15 each L is a direct bond or a linking group; each G is independently G1 or G2; G1
is OH; G2 is OCH=CHpy; p is 1 to 12 and which preferably further comprises a
thermal acid generator.

9. The composition of claim 8 wherein the polymer is selected from the group
20 of (i) a polymer comprising at least one recurring unit with an acid labile group;
(i) a polymer comprising at least one recurring unit with an acid labile group and

at least one recurring unit with an absorbing chromophore or (iii) a polymer

92



10

15

20

25

WO 2010/055406 PCT/IB2009/007451

comprising at least one recurring unit with a hydroxyl and/or a carboxyl group
and at least one recurring unit with an absorbing chromophore where when the

polymer is (i) or (iii), the composition preferably further comprises a dye.

10. The composition of claim 8 or 9 which comprises one or more photoactive

compounds having the formula
PAG—(L—(G2)),
and one or more photoactive compounds having the formula

Q—(L—(G1))p.

11. A first coating composition used in conjunction with at least one other
coating composition wherein the first coating composition comprises a polymer
having crosslinking functionality, and one or more photoactive compounds having

the formula
W—(L—(G)),

where W is PAG or Q, where PAG is a photoacid generator and Q is a quencher;
each L is a direct bond or a linking group; each G is independently G1 or G2; G1
is OH; G2 is OCH=CHy; pis 1 to 12.

12. A positive bottom photoimageable antireflective coating composition which
is capable of being developed with an aqueous alkali developer and which is
coated below a positive photoresist, wherein the antireflective coating
composition consists of (a) either (a1) a mixture of at least one compound of

formula (1) and at least one compound of formula (2)

PAG—(—L—O0H), (1)
PAG—(—L—OCH=—CH,)), 2)
or
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(a2) at least one compound of formula (5)

(HO—L), -PAG—(—L—OCH=CH,),, (5)

and

(b) a solvent,

where PAG is a photoacid generator; each L is a direct bond or a linking group; p
is an integer 1 to 12; p1 and p2 are each greater than or equal to 1 and p1 + p2
equal 2 to 12, wherein at least one PAG contains a chromophore moiety, and

which preferably further comprises a thermal acid generator.

13. The composition of claim 12 which further comprises a compound
selected from

Q—(—L—0H), (3)
Q—(—L—OCH==CH,), (4)
(HO—L),5Q—(—L—OCH=CH,),, (6)

and mixtures thereof, where Q is a quencher, each L is a direct bond or a linking
group; p is an integer 1 to 12; p3 and p4 are each greater than or equal to 1 and
p3 + p4 equal 2 to 12.

14. A compound selected from the group
PAG—(—L—0CH==CH,),
Q—(—L—0CH==CH,),
(HO—L),; PAG—(—L—0OCH=CH,)
(HO—L),;7Q@—(—1—0CH=CH,) ,
where PAG is a photoacid generator, Q is a quencher, where each L is a direct

bond or a linking group; p is 1 to 12; p1 and p2 are each greater than or equal to
1 and pt + p2 equal 2 to 12, with the proviso that bis{4-[2-
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(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-[2-(vinyloxy)ethoxylbenzene sulfonium
tosylate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-methoxybenzene
sulfonium triflate, bis{4-[2-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-
methoxybenzene sulfonium perfluoro-1-butanesulfonate, tris{4-[2-
(vinyloxy)ethoxylbenzene}sulfonium  10-camphorsulfonate, and  tris{4-[2-
(vinyloxy)ethoxy]benzene}sulfonium cyclohexane sulfamate are excluded.

15. A compound selected from bis(4-vinyloxyethyloxyphenyl)phenylsulfonium
triflate, bis(4-vinyloxyethyloxyphenyl)phenylsuifonium nonaflate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium 10-camphorsulfonate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium cyclohexane sulfamate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium tris (trifluoromethanesulfonyl) methide,
bis (bis(4-vinyloxyethyloxyphenyl)phenylsulfonium) 1,4-
perfluorobutanedisulfonate, tris(4-vinyloxyethyloxyphenyl)sulfonium nonaflate, bis
(tris(4-vinyloxyethyloxyphenyl)sulfonium) 1,4-perfluorobutanedisulfonate, tris(4-
vinyloxyethyloxyphenyl)sulfonium 1.1,2,2,3,3-hexafluoropropane-1,3-
disulfonimide, 2,6-dinitrobenzyl-4-vinyloxyethoxy benzene sulfonate,
triphenylsulfonium 4-vinyoxyethoxybenzene sulfonate, tetramethylammonium
deoxycholate, tetramethylammonium lithocholate, tetramethylammonium cholate,
N,N-divinyloxyethoxyethylbenzeneamine, 3a,7a,12a-trivinyloxyethyloxy-58-
cholanic acid tetramethylammonium salt, 3a-vinyloxyethyloxy-5-cholanic acid
tetramethylammonium  salt,  bis(4-hydroxyphenyl)phenyl  sulfonium  4-
vinyoxyethoxybenzene sulfonate, 3a,12a-divinyloxyethyloxy-5B-cholanic acid
tetramethylammonium salt, N-trifluoromethylsulfonyloxy-3,6-divinyloxyethoxy-1,8-
naphthalimide,  p-nitrobenzyl-9,10-divinyloxyethoxy = anthracene-2-sulfonate,
bis(4-vinyloxyethyloxyphenyl)iodonium 10-camphorsulfonate, bis(4-
vinyloxyethyloxyphenyl)iodonium cyclohexane sulfamate, bis(4-
vinyloxyethyloxyphenyl)iodonium 4-vinyloxyethyloxy-10-camphorsulfonate, bis(4-
vinyloxyethyloxyphenyl)iodonium  4-vinyloxyethyloxy-cyclohexane sulfamate,
bis(4-vinyloxyethyloxyphenyl)iodonium tris (trifluoromethanesulfonyl) methide, bis

(bis(4-vinyloxyethyloxyphenyl)iodonium) 1,4-perfluorobutanedisulfonate, bis(4-
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vinyloxyethyloxyphenyl)iodonium 1.1,2,2,3,3-hexafluoropropane-1,3-
disulfonimide, bis(4-vinyloxyethyloxyphenyl)iodonium 1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate, tris(4-
vinyloxyethyloxyphenyl)sulfonium 1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate, bis(4-
vinyloxyethyloxyphenyl)phenyisulfonium ‘ 1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate, and bis(4-
vinyloxyethyloxyphenyl)iodonium 1,1,1,2-

tetrafluoroethoxyoctafluorobutanesuifonate.

16. A coated substrate comprising: a substrate having thereon; a layer of the
first coating composition of claim 11; and a layer of the other coating composition
of claim 11 coated on top of the first coating composition layer, or comprising: a
substrate having thereon: a layer of the other coating composition of claim 11;
and a layer of the first coating composition of claim 11 on top of the other coating
composition layer, or comprising: a substrate having thereon: a layer of the other
coating composition of claim 11; a layer of the first coating composition of claim
11 on top of said layer of other coating composition; and a layer of second other

- coating composition of claim 11 on top of the first coating composition layer.

17. A process for forming an image comprising: a) forming a coating of the
antireflective coating composition of any one of claims 1 to 7 on a substrate; b)
baking the antireflective coating, c) providing a coating of a top photoresist layer
over the antireflective coating; d) developing an image using an aqueous alkaline
developer; e) optionally heating the substrate prior to and after development and,
f) dry etching the antireflective coating.

18. A process for forming an image comprising: a) forming a coating of the
bottom photoimageable antireflective coating composition of any one of claims 8
to 10 on a substrate; b) baking the antireflective coating, c) providing a coating of

a top photoresist layer over the antireflective coating; d) imagewise exposing the
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photoresist and antireflective coating layers to actinic radiation of same
wavelength; e) post-exposure baking the photoresist and antireflective coating
layers on the substrate; and, f) developing the photoresist and antireflective

coating layers with an aqueous alkaline solution.
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