COATING COMPOSITIONS FIELD OF THE INVENTION 5The present invention relates to aqueous
developable coating compositions useful as coating layers in multilayer systems and new compounds for
use therein. BACKGROUND 10In several industries (for example, the varnish, printing ink, paint, and
lithography markets), multilayer systems are used in connection with a variety of substrates. In some
instances, these systems contain acid-gmapignesreMrEoSIraNgsresin compositions contain at least
one component capable of acid-catalyzed polycondensation. These materials are familiar to those skilled
in the 15 art; they are produced industrially in large quantities with modifications to their material
properties agpRMMOQFate P INVERAt OWNber 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, \gnyl ethers THBYbRSIEHS iIpsiaite TeRaBl todasiyeons Eﬁﬁi@bp@iﬂb@r@wif@smngﬁgm@ﬁ’sfesm&
urethane resins, and mixtures thereof. Examples of mixtures include, but are not limited to,

melamine/(MYEHTA@YIROALEALAYRE A LGN RSB IREIRENA ASH PRI TE IRTsUSmerein.

ether/(meth)acrylic resins, vinyl ether/substituted styrene resins, and the like. 250ne example where
multilayer systems are ﬁ'}iﬁ is the microlithography or photolithography industry. Photoresist
composition é@@@a&? crolithography processes for making miniaturized electronic components such
as in the fabrication of computer chips 30and integrated circuits. Generally, in these processes, a thin

waderssact for malnGoH B8 ATSU BB 4 oF EUBA LI A8 e ARGl e Gy sovent
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chemical
curable resin compositions contain at least one component capable of acid-
catalyzed polycondensation. These materials are familiar to those skilled in the
15 art; they are produced industrially in large quantities with modifications to their
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 light, ultraviolet (UV) light, electron
beam and X-ray radiant energy are radiation types commonly used today in microlithographic processes.
After this image-wise exposure, the coated substrate is treated with a developer solution to dissolve and
remove either the radiation-exposed or the unexposed areas of the photoresist. 10 There are two

types of pho{paesistzaFesiHuEenH SORIGat AP Kio0 RN T RE bRy Al ML RS YR aMOKKING
photoresist compositions are exposed image-wise to radiation, the areas of the photoresist composition

exposed to tRERIBIFANRIMGOLE DR PRYAETSLERMOSRHIER AP thrcpatRa AN the 15

photoresist coadighfeMaIB iRBYEBN NSRS tuFHEE afspldtiubstiis. il erikeeubpiaerpesed
positive-working photoresist with a developer causes removal of the exposed areas of the photoresist

coating and {MEgSHSFo PR SHER 0 RLRJOM thoeIRHRIAR- RPN\ RIHITES AeSReT & tion of the

underlying stiapRIRMIGACE QRVE@PdIBE RIReRIBSiIE eaueditiuiias JesbriteghinatRRgsEYe-working
20photoresist the developer removes the portions that are not exposed, The trend towards the

miniaturizatiéH Or Lk IRETIREL PEATRCERH &S R TRARMD TR WeHBP HANI IR PRES SATINRYsensitive to
lower and loyssdvesignBihsiefsrciegeip O hrdsededbe Aerofsonhiatiealfdeneiteyetsy giems to

overcome 25difficulties assocjated with such miniaturization. In these multilevel or multilayer

systems, for @Bl RHAREAIR dSoY RIRH M SHARYSRRFEFOUNRNIRRISSE NS SR SRTOYREBRISS a simpler
approach to gigvaishtibe-expblsitatressiifoeeutaeksaifeptoshotdigizistom highly reflective

3OSubstéates. A developable bottom antireflective coating is applied on the substrate and then a layer of
photor(1—> ist is applied on top of the antireflective coating. The photoresist is exposed imagewise and

developed. The devgiepadecbeliontygay efie ghvstaeaiktg deralsesiRye opriyatvélnwib&isgmendqueous
alkaline develogifs&soluﬁfn aT mat used to typic%liﬁgdevelg the fhotoresist. Additionally, barrier coatings
or top antirefEGHIE L @g'o efS5 '}3‘?6\9@{ CBQR %?%3 e%%%@&r?ﬁ rflftil&fBPEGtems.
Often times, ithedewistatonadiagdn tie saaiines ihdushies:cdist hadrag aditiempsiaisegstabipee room
temperature. The baking temperatures can,vary, depending upo :Fbet e of coating applied and its
desirodt use AAGHR DEROTA SULE iR g SR o LI B D AR AHEP S BaRAB with a low
decomm®sitiphdesrgstsasoatingremuinuaiatilate snisohulsie tbaltop tesudatietuEhiss peeefia@t SUMMARY
OF THE INVENTION - . . .

an exposed positive-working photoresist with a developer causes removal of the

exposed areas of the photoresist coating and the formation of a positive image in

the coating, thereby uncovering 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



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))p(l) where W is FAG or Q, where FAG is a
photoacid generator and Q is a quencher; each L is a direct bond or a linking group; each G is
independenthnGidrasie:iS lexdie@HinfagdnRE HiH Aendipda. 1 T efrsvebpapleombinaiion, where
W is FAG; Gis G2; and pis 2 to 6 or where W is FAG; G is G1; and p is 2 to 6 or where W is Q; G is G2;
and p is 2 toBHefiprivencRalng is Alsandevrlonable switie dithRmENRGHERYE RERLNfhere p is
from 2 to 6 agewelbpmy/BelutheTaistaanideteteltizlicang Se/ebhthearneterszpaunsidicxanple (G1-L)1
W (L 30 G2)p2 where pl and p2 are each greater than or equal to 1 and pl + p2 equal 2 to 12. 5The
present inve ﬁHr‘PFei%ﬁ@E%sa?fo%@ﬁ%%cﬂﬁﬁt&ﬂ%@géb@ ARIRSTSIAN LEISEHYE SABBRARN which is
capablesof bgiagairy alsue th il aa g useusnékali 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))p(l) where W is FAG or Q, where FAG is a photoacid
generator and Q is @fgsIefighes; GasoknifRibestUzediotiteibkithgsomaiueansGdfeindkeanstently G1 or

G2; G1 .
temperatures above room temperature. The baking temperatures can vary,

depending upon the type of coating applied and its desired use. In some
10 instances, having a coating which contains a thermal acid generator with a low
decomposition temperature, which in turn relates to a low baking temperature, is

beneficial.

SUMMARY 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)), (1)

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=CHjy; 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; G is G1; and p is 2 to 6 or

where Wis Q; Gis G2; and pis 2 to 6 or where Wis Q; G is 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),+—W—(L—
30



15is OH; G2 is OCH=CH2; p is 1 to 12. Preferred are combination, where W is FAG; G is G2; and p is 2
to 6 or where W is FAG; G is G1; and p is 2 to 6 or where W is Q; G is G2; and p is 2 to 6 or where W is
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)p1 W (L 20 G2)p2 where pl
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 cSHAPBARETE AN ANL P2 BRI HIERIRE BIange sMAbIR i8S MPSUREsEMARE the formula
W(L(G))p 3xogMere W is FAG or Q, where FAG 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=CH2; pis 1 to
12.5 The present invention also relates to a positive bottom photoimageable antireflective coating

composgion which Tsreapsialeepit bainerfirielapriatithanAgueatisalitdeayesmetoandyuaisk is coated
below a positive photoresist, wherein the antireflective coating composition consists of (a) either (al) ) a

mixture 10 oP2HTEHEFHYR CORRLAABPRRHRNWDCh P £R50R R & RGoARYEPREIML AN
FAG-(--L--ObgpedsAGiKali-QevErégd?)d) aufieh 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))p (1)

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
15 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; G is G1; and p is 2 to 6 or
where Wis Q; Gis G2; and p is 2 to 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

20 —G2),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))

30



(a2) at least one compound of formula (5) (HO-L)1-PAG-(-L-OCH=CH2)p2(5) and 20(b) a solvent, where
FAG 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 pl + p2 equal 2 to 12, wherein at least one FAG contains a
chromophore moiety. The composition can further comprise a compound selected from
Q-(-L-OCH=CH2)p (HO-L)0-Q-(-L-OCH=CH2)0 and mixtures thereof, where Q is a quencher, each L is a

direct bond or a Imkmg pis an mte er 1to 12; p3 and p4 are each greater than or equal to 1 and
p3 + p4 equ¥fEtE Y8 1§ tft’r{gro"tt% UGS t"éﬁ &R BM%H‘EEHQQ%{M%%&@%%H%%F The

invention alsgagiates 19 direRiponadsalapiadd groupeaHen A Grddpiddridy B & G2:Q8H CH2)p
(HO-L)lIPAG- -L-OCH=CH2 2 HO- L)pr (-L-OCH=CH2)p2
H; G2 is OCH=CHy; pis 1to 12.
5
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

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

(2)

PAG—(—L—OH), (1)
PAG—(—L—OCH==CH,), 2)
or

15

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

(HO—L),-PAG—(—L—OCH=CH,),, (5)

and

20 (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



10 where FAG is a photoacid generator, Q is a quencher, where each L is a direct bond or a linking
group; pis 1to 12; pl1 and p2 are each greater than or equal to 1 and p1 + p2 equal 2 to 12, with the
proviso that bis{442- (vinyloxy)ethoxy]benzene}-3,5-dimethy1-442-(vinyloxy)ethoxy]benzene sulfonium
tosylate, bis{442-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-methoxybenzene
153u|foniumtrgjne£eﬂj_{hﬁ@é inyloxy)ethoxy]benzene}-3,5-dimethy1-4- (3)
methoxybenz eéulf u fluoro-1-butanesulfonate,tris{442-
(vinyloxy)ethoxy]benzene}sulfonium10-camphorsulfonate,andtris{442-
(vinyloxy)ethoxy]benzene}sulfonium cyclohexane sulfamate are excluded. The invention also relates
to a coated su@sr.t@le_wh%ﬁ@géﬂf an inventive coating composition is coated on top @#pr underneath
of another coating layer or, in some ifsbances 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 thﬁ_&gﬂ_rf Ie(_:&vg f@\tﬂg&ﬁﬁg@n‘;@; of the present invention on a substrate; b)daking the

antireflective*coatingP¢) providing a f a top photoresist layer over the antireflective coating; d)

developing ap, image iEI0g RRRAUGRAL AN JeuRlaRsT &l APion A ReAtngHING SUBRIALE Prior to and
after development and, f) dry etching the antireflective coating. The invention also relates to a process for

forming an ima@,@baﬁﬁaﬁgm@egsa)1fé@ﬁiag@@mim @rmeaféttgmqiabf@mgéam@hmirbﬂaé@hv_e_coating
Compos't'ongpt% PEFEALINE I OTEQRRPUIRY 8 B QAKIN 4R RYIEBIESHYE SaRkAGFRIGVIding a

coating of a otoresist layer over the antireflective coating; d) imagewise exposing the photoresist
and antPefleggleréd@fing layers to actinic radiation of same wavelength; e) post-exposure baking the
photoresist

The invention also relates to a compound selected from the group

PAG—(—L—OCH==CH,),

Q—(—L—OCH==CH,),
(HO—L),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)ethoxy]benzene}sulfonium  10-camphorsulfonate, and  tris{4-[2-

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



20and 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 25The
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 30W(L(G))p(l) where W is FAG or Q, where FAG is a
photoacid generator and Q is a quencher; each L is a direct bond or a linking group; each G is

independently G1 oft§2inyenithHals? felgieserD; (PRia% Yo SERIRc D di@YE il those

where p is frpiveatiod asatpl asomsssitiene is adsabddronf ep atddr2padhecssamed sastaernd; for
example (G1L)p1W(LG2)p2 where pl and p2 are each greater than or equal to 1 and pl + p2 equal 2 to

12.  The SREEIY [RYERAoNI RS D SIRSHR/8 EMMESRIIBYRAY G eING SRBROS EBA R
compos#ion yétigbdR eRpapidRIAg 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(l) 15 where W is FAG or Q, where FAG is a
photoacid generatoT g ehidistid f @S ReEteaad b isrécdisedob dOan @ AR KNadH Gep Biasings is
independently 61 or G2; G1 is OH; G2 is OC{I=CH2§§)€S 1to 12. Some e?wtéodiments include those
where p is froh STYWR RENAG AHER ARFEeles R ARIBISP MR B PIHB RIS S compound: for
example (GikyphYidh SR vHerse kA gtacaakireflective coating, ¢) 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, 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)), (1



greater than or equal to 1 and pl + 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
where W is FAG or Q, where FAG is a photoacid generator and Q is a quencher; each L is a direct bond

or a linking axpiePe 4808 PAS BHepeRferiPRE & & 3hobitddekeriidPahtr@HR aidsehtmde. 5The

present invention also relates to a positive bottom photoimageable antireflective coating composition

which is cap8BRdf [fethERIINGPILANRHIAKIRY HEBUR: fReh Ve BjsrendemiviGd esdecd Fdiow a

positive phoigresistarhereig treoMyirgfisctive t2atBerhersnsoini sosistield i erHate) mixture of
at least one compound of formula eﬁl ) and at least one compound of formula 1 52) FAG-(--L--OH)p

FAG-(-L-OCISSEMp 10185956k A RSt étidt PHbtRURL (8) and G2 on the same
(HO-L) IsPAGotrlsSUnd=fdr BR2MIe (G1—L)pi—W—(L—G2),2 Where p1 and p2 are each

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 Q)
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=CHjy; p is 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)p1—W—(L—G2),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))



and (b) a solvent, 20 where FAG 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 FAG contains a chromophore moiety. The composition can further comprise a compound
selected from Q-(-L-OCH=CH2)p (HO-L)o-Q-(-L-OCH=CH2)0 and mixtures thereof, where Q is a
quencher, egghekd ¥ idiFRAENh Olvh dRKIPACIRUR phdicttiatgerehitor e @38 d Riareteach greater
than or equal to 1 and p3 + p4 equal 2 to 12, Further, the composition can also comprise a thermal acid
5generator. ©3¢thk R AITEAN FePiR KRS StRPSBIG e dHSRERLEHOF EREG4:-6EH-CcH2)p
Q-(-L-OCH 3}y, G- B HL-PisHeH2)p2 (HO-L)pfQ-(-L-OCH=CH2)p2 10 where FAG is a
photoacid generator, Q is a quencher, where each L is a direct bond or a linking group; pis 1 to 12; p1
and p2 are each greater than or equal to 1 and pl + p2 equal 2 to 12, with the proviso that bis{442-
(vinyloxsg)ethoxy]bengengledéntlimesnyibri4istyiryligead e axylbsitizenpsttdian piotsinyii€able
bis{442-(vinyloxy)ethoxy]benzene}-3,5-dimethyl-4-methoxybenzene ,
15sulfoniumAEIBRIMA LAAHYB SHRRBRVBRYYRIGE 18 SfRie - Reing 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

10 (2)
PAG—(—L—0H), (1)
PAG—(—L—0OCH==CH,), ()
or

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

(HO—L)PAG—(—L—OCH=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



methoxybenzenesulfoniumperfluoro-1-butanesulfonate,tris{442-
(vinyloxy)ethoxy]benzene}sulfonium10-camphorsulfonate,andtris{442-
(vinyloxy)ethoxy]benzene}sulfonium cyclohexane sulfamate are excluded. The invention also relates
to a coated substrate where a layer of an inventive coating composition is coated on top of or underneath
of another co?éisn_g_jﬁlay(i ()Q_A%some instances a layer of an inventive coating composition '§35 between

two other laye he'mv n 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 10coating of a top photoresist layer over the antireflective coating; d)
developing ang ' @Hﬂi@gu(ﬁ)alkaline developer; e) optionally heating the substegte prior to and
after development and, f) dry etching% e antireflective coating. The invention also relates to a process for
forming an image comprising: 15a) forming a coating of the bottom photoimageable antireflective coating

composition gf the presegnt ipnventio gélf_l% trate; b) baking the antireflective coating, c)gyoviding a
coating of a @'pg;)hg B?e%?st {]ayel,?r o§e(?[tlhe an '?éﬂective coating; d) imagewise exposing thxe@’photoresist

and antireflegtiue Goijad Mo RRURC P QAP S WaN € SR RIRBRIRNBPSARIGAYINY the

photoresist 20and antireflective coating layers on the substrate; and, f) developing the photoresist and
antireflectivedé@aBing isy@idWiasein! dgubdurafidind sirieaeh greater than or equal to 1 and

p3 + p4 equal 2 to 12. Further, the composition can also comprise a thermal acid

5 generator.

The invention also relates to a compound selected from the group

PAG—(—L—OCH==CH,),

Q—(—L—OCH==CH,),
(HO—L),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)ethoxy]benzene}sulfonium  10-camphorsulfonate, and  tris{4-[2-

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

10



FAG 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 (P1 a), (Fib), (P1 c) (FI d), (Pie), (P1f), (ii) diazomethane
derivatives of the formula (P2), 30(iii) glyoxime derivatives of the formula (P3), (iv) bissulfone derivatives
of the formula (P4), (v) sulfonic acid esters of N-hydroxyimide compounds of the formula (P5), (vi)
p-ketosulfonic acid derivatives, (vii) disulfone derivatives, (viii) nitrobenzylsulfonate derivatives, 5(ix)

sulfonate derivativeS 8 BEHHASABRIRIRIER 2 EN A dEARRR LbRIFRIF MR (P6 | ISEs8TaBR generators
are describegh iz gipiail cobiusbassHidarnyladiéa) en (®dp)of or underneath of another

coating layer or, in some instances a layer of an inventive coating composition is

5 Dbetween 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, 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.

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 atoms; Ruth and Ri O,
independently represent unsubstituted or substituted straight, branched or cyclic alkyl, alkenyl, aryl
groups of 6 to 20 carbon atoms, aralkyl or 15 aryloxoalkyl groups of 7 to 12 carbon atoms, the straight,
branched or cyclic alkyl or alkenyl groups optionally containing one or more 0 atoms. Also, Riot) and Rio,,

taken together, mayfpsmfanioGJRididnsl &tiN-RpghRymAl lebmpoRIE OF 1He BralherBems when

they form a ring. A-Is an anion. Ruth and Rio, may be the same or different and are illustrated below.
20Exemplary and ridh-Briigies WignigResRENRIV &Sethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,
tert-butyl, pentyl, hegxi}, disoidne@kigagierentyl, cyclohexyl, cycloheptyl, cyclopropylmethyl,
4-methylcyclohexyl, cyclohexylmethyl, norbornyl, and adamantyl. Exemplary and non-limiting alkenyl
groups include vinﬁYﬁﬁﬁ',t%ﬁWElﬂiﬂgﬁ% fereaiYeSnd cyclohexenyl. Exemplary and non-limiting aryl

25groupss include phigpyliftariyeastidagryl; alkoxyphenyl groups such as p- methoxyphenyl,
m-methoxyphenyl, 0-methox phenﬁl, ethoxyphenyl, p-tertbutoxyphenyl, and m-tert-butoxyphenyl;

alkylphenyl groups SUAPRZBONREOARATF NG VBHERS CUUASIPATHHRATIO b thylpheny !,
4-tert-butylpiTerRe 4chi bdpleasdraatediastipd andelkylnaphthyl groups such as methylnaphthyl and
ethylnaphthyl; alkoxynaphthyl groups such as methoxynaphthyl and ethoxynaphthyl; dialkylnaphthyl
groups such@s??ﬂﬂ‘léﬂ'ﬁgﬂﬁ tﬁifr%la é%h@hﬂﬁg% yl: and dialkoxynaphthyl groups such as
dimethoxynaphthyl and 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-gxoethyl, 2-0 -naphthyly2-oxoethyl, and 2-(2-naphthyly2-oxoethyl. Non-limiting
examples of anion represented by A

Ar S+ R1Oc A |+ R100
A A
10 (P1a) (P1b)

wherein Ar is an unsubstituted or substituted aryl group of 6 to 20 carbon atoms;
R10b and Rqoc independently represent unsubstituted or substituted straight,
branched or cyclic alkyl, alkenyl, aryl groups of 6 to 20 carbon atoms, aralkyl or

15  aryloxoalkyl groups of 7 to 12 carbon atoms, the straight, branched or cyclic alkyl
or alkenyl groups optionally containing one or more O atoms. Also, R1gp and R1q,
taken together, may form a ring. R1o, and Ryoc €ach are alkylene groups of 1 to 6
carbon atoms when they form a ring. A”is an anion.

R1op and Rqoc 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, norbornyl,
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



10include 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, (Rf1S02)3C and (Rf1S02)2N , wherein each Rf1 is 15independently

selected frormERygseLRA0BSHRENY PHAEBNIY AluesthgisHaTypestiapnaisd allsk-opiltmsinedsd atyl radicals
and may be cyclic, when a combination of any two Rfl %Eoups are linked to form a bridgta, further, the Rf1

alkyl chains BHRMARRSRYM A9 FERASBH RRGMY AEMRAP BE K AigHE SR HRBRIMSHRYRIRP I that oxygen,
trivalent nitregRNARRSRYMIEM W@&ﬁ@hiﬁ&ﬂ@#@hﬁ&&@ﬁ'@é&ﬁ%m?mml\ﬁh@n 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-sEaee kY hdlatedpaphiml @ yrsusearssaipelrvinaanthd@nthed (CcF2)j where jis an
integer Gom didehihapatA-ahd allensiaoreaikyrmagisal vehick igieinor|maithiaratd_walkyl

substituted, Rg is selected from the 25group consisting of C1-C20 linear, branched, monocycloalkyl or

polycycloalk§IEEPX¥RPIHEY: E¥enuNasy aRhoIBaIkes A G kY GIRSIREIAC BSNZhd aralkyl, the
alkyl, alkehnybreéﬁwa@ngam: l@ﬂ’fﬁehéﬂw9@%&%9!%1'%%%%%“%&%@;@?&@@?@ gedsm@i@iggolnedor more
catenary heteroatoms, parti uorinated or perfluorinated. Examples of suc ions Xi2 include
(C2r5502) 20T OMRRN SRPURE GHIEP 53RN S SO (EF8BRR -2 0x0ethy
(CF3S02)2(GARGSE2 fapH by h550xpethy (PHTOHDRIBE exXABRe HRERIINHRR2Cented by A~

(C4F0$02)(C2F5S02)2C-, (CF3502)(C4F5S02)N RCE3)2NC2F4S02]2N (CF3)2NC2F4S02C
(sozc%%)z,'@,'é%sgﬁ?&gf&w é@?&gﬁ@éﬁﬁ %@cﬁédz@@%?%@ﬁggﬁgé%%m,
FIC-S02 F2GnidXondiidr&sd@4Hes ulfonate, 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 (Rf1S0O,).N , wherein each Rf1 is
15 independently selected from the group consisting of highly fluorinated or
perfluorinated alky! 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—S0; , where Rf2 is selected from the group consisting of linear or
branched (CF2); where j is an integer from 4 to 10 and C4-C+2 cycloperfluoroalkyl
radical which is optionally perfluoroC+.1palkyl substituted, Rg is selected from the
25 group consisting of C4-Cyg linear, branched, monocycloalkyl or polycycloalkyl, C-
Cayo 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 (C2Fs5SO2)2N",
30  (C4F9S0O2)2N7, (CsF17S02)3C™, (CF3S03)3C™, (CF3S02)2N", (CF3S02)2(C4F9SO,)CT,
(CaF5S02)3C7, (C4F9S02)3C™, (CF3S02)2(CoF5S02)CT, (C4F9SO2)(C2F5S0,).C

13



F2C-CF2 /A ON-C2F4S02N-S02CF3 \ / F2C-CF2 F2C-CF2 OA N-C2F4S02C-(S02CF3)2 \ / F2C-CF2 5
CF3CHFO(CF2)4S03 , CF3CH20(CF2)4S03 , CH3CH20(CF2)4S03 , CH3CH2CH20(CF2)4S03 ,
CH30(CF2)4S03 , C2HSO(CF2)4S03 , C4AHSO(CF2)4S03 , C6H5CH20(CF2)4S03
C2H50CF2CF(CF3)S03 , CH2=CHCH20(CF2)4S03 , CH3OCF2CF(CF3)S03 , C4H50CF2CF(CF3)S03

C5F-1170(Ckeh2803) (@I SBHRNO ((ER) SRS F A LRaRER)NGFH20,C™ (SO,CF3),,
(3,5-bis(CF3)CsHs)SON"SO,CFs, CoFsSO2C(SO,CFa)s, CoFsSON"SO,CFs,

F,C— sgz F,c— Q2

cm/ N" ——SO,CF3
F\ZC—Séz F2C\SO2
F/ZC—CFz F,C—CF,
0 N——C,F4SO,N SO,CF; o/ N— C,F4S0,C (SO,CFa),
F2C—CF> F,C—CF,

5  CF3CHFO(CF2)sSOs , CF3CH,O(CF2)sSO5, CHsCH,O(CF,)4S05
CH3CH2CH»0(CF2)sS05, CH3O(CF2)sS05, CoHsO(CF2)sS0;5
C4HgO(CF2)sS05 ", CeHsCH20(CF»)4S03, C,HsOCF,CF(CF3)S0s
CH2=CHCH,O(CF2)sS05_, CHsOCF,CF(CF3)SOs , C4HsOCF,CF(CF3)SO5
CsH170(CF2),S05 ", and C4sHeO(CF»),S05 .

10

R12a R12b
Ar SRz —S—Ar
. _
(P1c)

15 Herein, Aris as defined above, Ri2; and Rqzp independently stand for the same
as Riop. Rizrepresents 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 R13 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-cyclohexanedimethylene.

14



A (PIc) 15Herein, Ar is as defined above, Rua and Rua independently stand for the same as Riot). R13
represents a straight, branched or cyclic alkylene group of 1 to 10 carbon atoms optionally containing one
or more 0 atoms. g is an anion as described above. lllustrative of the groups represented by R13 are
methylene, ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene, 20nonylene,
1,4-cyclohexylene, 1,2-cyclohexylene, 1,3-cyclopentylene, 1,4- cyclooctylene, and
1,4-cyclohexanedimethylene. R10b I+

Riob Riop
A——S8"—R,q, Ar F—Ry0e A——S8—R,q,
X2 X2 X2
Ar St Ry, Ar—l Rioc Ar— Rioc
Riob (P1e) (P1f)

(P1d)

5 Wherein Ar is as defined above, Riop and Ryoc are independently defined as
above and X?is a Q-Rsp0-SO3 , where Q is selected from ~03S, ~0,C, or ~J;
Rs00 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
10  groups selected from the group consisting of halogen, unsubstituted or
substituted alkyl, unsubstituted or substituted C4.g perfluoroalkyl, hydroxyl, cyano,

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

(R10b)b (R )
10b/c

15 (P1g)

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

independently 0 to 4; and A is an anion as described above.
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R10b S+ At S+R10c K2 At x2 i+ Rioc Ax K2 Rioc At (Pie)

10

15

20

25

(i) Diazomethane derivatives of formula (P2)

N
Ris—S0;—C——S0;,—Ry¢

(P2)

Herein, Ris and Rqg independently 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 R¢s and R, 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-methoxyphenyl, o-
methoxyphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-butoxyphenyl; and
alkylphenyl groups such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
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)
'?18 I?19

(P3)
Herein, R17, R1s, and Rygindependently represent unsubstituted or substituted

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

16



R1 Oc Ax (Pit) Rioc At S+R10c R10b  (P1d)

10

15

20

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. Also, Rygand Ryg, taken together, may form a ring. R1g and R4g each are
unsubstituted or substituted straight or branched alkylene groups of 1 to 6 carbon
atoms when they form a ring.

lllustrative examples of the alkyl, halogenated alkyl, aryl, halogenated aryl, and
aralkyl groups represented by R47, Rg, and Ryg are the same as exemplified for
R1sand R4s. Examples of the alkylene groups represented by Rigand Rqginclude
methylene, ethylene, propylene, butylene, and hexylene.

(iv) Bissulfone derivatives of formula (P4)

(P4)
Herein, R1gp is as defined above.

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

O

/N

R20 N_O_802_R21

Y

C|) (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
groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl groups. Ry1 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



5Wherein Ar is as defined above, Riot) and Riot are independently defined as above and X-2 is a
Q-R500-S03-, where Q is selected from -03S, -02C, or Ram 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 10groups selected from

the group coaRiAtinoM$Y3jABlpLNSTUP Y Wies a6 s LSHIYIgthallll groso $libieas pasuRsiduted C1_8
perfluoroalkyl, hydroxyl, cyano, sulfate, and nitro; and J is fluoride, chloride, bromide or iodide. (R10b)b

(R1ob)c 15M@1BFHIErRIson ROAIY Richendenty dierrBenBiRHriaredétalVand ¢ are

independentiyt&Lits) 4h Seficddfornedidigfodp s @5 TiRed ahmeh dibrRéazrrosibiane defilvatives of formula (P2)
N2 RI 5S02 5 Herein, R15 and R16 independently represent unsubstituted or substituted straight,

branched or%ts%ﬁé'alkyl optionally containing one or more 0 atoms, or halogenated alkyl groups of 1 to 12
carbon gtomef ghsipstippsad sesehsditltsoR, , exemplary arylene groups include 1,2-

phenylene and 1,8-naphthylene; exemplary alkylene groups include methylene,
ethylene, trimethylene, tetramethylene, phenylethylene, and norbornane-2,3-diyl;
and exemplary alkenylene groups include 1,2-vinylene, 1-phenyl-1,2-vinylene,
and 5-norbornene-2,3-diyl. Of the groups represented by Ry1, exemplary alkyl

10 groups are as exemplified for Rqgp to R1oc; €xemplary alkenyl groups include vinyl,
1-propenyl, allyl, 1-butenyl, 3-butenyl, isoprenyl, 1-pentenyl, 3-pentenyl, 4-
pentenyl, dimethylallyl, 1-hexenyl, 3-hexenyl, 5-hexenyl, 1-heptenyl, 3-heptenyl,
6-heptenyl, 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)

18



aryl or halogenated aryl groups of 6 to 20 carbon atoms, or unsubstituted or 10substituted aralkyl groups
of 7 to 12 carbon atoms. Of the groups represented by R15 and R16, 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, Htrifluoroethyl, 1,1,1- 15trichloroethyl, and nonafluorobutyl. Exemplary aryl groups
include phenyl; alkokyphenyl groups such as p-methoxyphenyl, m-methoxyphenyl, omethoxyphenyl,
ethoxyphen ,mﬁﬁlﬁoﬂ@%?@ipjand m-tert-butoxyphenyl; and alkylphenyl groups such as
2-methylphenyl, 3-ngethylphenyl, 4-methylphenyl, ethylphenyl, 4-tert-butylphenyl, 4-butylphenyl, and
dimethylphenyl. Exempl B Ohalogenated 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) R18 R19 I R17SO20N=C C=N0SO2 (P3) 25Herein, R17, R18, and R19 independently
represent u bstituted or SLf?b%tltute straight Br or, c clic alkyl qr halogenated alkyl groups of 1 to

12 carbon a § UhSupstfliteaar's Sgﬁ{ﬂﬁg L ?Jg}g ated'a§P grdtips of 6 to 20 carbon atoms, or

unsubstituted or substituted aralkyl groups of 7 to 12 carbon atoms. Also, Rig and Rig, taken together,
may forg & g, Rig and 1A SRR A5 RPRIL e R Wba Suied st Qranched alkylene groups
e onium salts such as diphenyliodonium trifluoromethanesulfonate, (p-tert-
butoxyphenyl)phenyliodonium trifluoromethanesulfonate,
diphenyliodonium p-toluenesulfonate, (p-tert-
butoxyphenyl)phenyliodonium p-toluenesulfonate, triphenylsulfonium

10 trifluoromethanesulfonate, (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 trifluoromethanesulfonate, (2-norbornyl)methyl(2-
oxocyclohexyl)sulfonium trifluoromethanesulfonate, ethylenebis[methyl(2-
oxocyclopentyl)sulfonium trifluoromethanesulfonate], 1,2'-

naphthylcarbonylmethyltetrahydrothiophenium ftriflate, bis [4-
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5 atoms when they form a ring. Illustrative examples of the alkyl, halogenated alkyl, aryl, halogenated
aryl, and aralkyl groups represented by R17, Rig, and Rig are the same as exemplified for R15 and R16.
Examples of the alkylene groups represented by Rig and Rig include methylene, ethylene, propylene,
butylene, and hexylene. 10(iv) Bissulfone derivatives of formula (P4) 00 IlIl RIOb S-CH2-S-Ri ob Il 00

(P4) Herein, Riot, inastgishyphahayshenRilietinasiscenteinabiimyslimsyimideiaqmpounds of formula

(P5) 15 0 R20N-0-S02-R21 0(p5)
acetyloxyphenyllphenyl sulfonium 4-(1,1,1,2-

tetrafluoroethoxy)perfluorobutanesulfonate, bis [2-methyladamantyl-
acetyloxymethoxyphenyl] phenylsulfonium perfluoro-butanesulfonate, bis
5 [4,4-bis(trifluoromethyl)-3-oxatricyclo[4.2.1.0*°Jnonyl-
methoxyphenyl]phenyl sulfonium perfluorobutanesulfonate, bis [4,4-
bis(trifluoromethyl)-3-oxatricyclo[4.2.1.0%°]-nonylmethoxyphenyl]phenyl
sulfonium perfluoromethanesulfonate, bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1 .02’5]-nonylmethoxyphenyl]phenyl sulfonium 4-(1,1,1,2-

10 tetrafluoroethoxy)perfluoro-butanesulfonate, bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0%°Jnonyl-methoxyphenyl]pheny! sulfonium
bis(trifluoromethy-Isulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-oxatricyclo-
[4.2.1 .02’5]-nonylmethoxyphenyl]phenyl sulfonium
bis(perfluoroethylsulfonyl)-imide, bis [4,4-bis(trifluoromethyl)-3-

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

20 bis(perfluorobutylsulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-oxatricyclo-
[4.2.1.0%°]-nonylmethoxyphenyl]pheny! sulfonium tris(trifluoromethyl-
sulfonyl) methide, bis [4-acetyloxyphenyl] phenylsulfonium
perfluoromethanesulfonate, bis [4-acetyloxyphenyl] phenylsulfonium
bis(trifluoromethylsulfonyl)imide, bis [4-acetyloxyphenyl] phenylsulfonium

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] phenylsulfonium 4-propoxypefluorobutanesulfonate,

30 bis [4-acetyloxyphenyl] phenylsulfonium bis(perfluorobutylsulfonyl)imide,

bis [2-methyladamantylacetyl-oxymethoxyphenyl] phenylsulfonium4-
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Herein, R20 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 20groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl groups. R21
is a straight, branched or cyclic alkyl group of 1 to 8 carbon atoms, alkenyl, alkoxyalkyl, phenyl or

naphthyl group wherein somereifiabidhRyHearbRIBMANBaLFBHaRIasaAbY alkyl or alkoxy groups of
1 to 4 carbon atoms, phenyl groups (which may have substituted thereon an alkyl or alkoxy of 1 to 4

carbon atoms, nitrd"GRBRAT IR I FrRd X BRRG YR BE ¥ bPRaBSERHEoms, or chlorine or

fluorine atoms. 5Ofgbg0ERYRREIRBFRSRINGEERY, BROjeXemplary arylene groups include 1,2- phenylene
and 1,8-naphthylene; exemplary all%lgne groups include methylene, ethylene, trimethylene,

tetramethylene, ph&riBYRHATE2 BN RS EPHARE D OX R E W PEREM BBy lene groups include
1,2-vinygene, 1-phepighifadirpfestey Rgidnppikmiec bes 228raéthyidamerrypesepesgented by R21
exemplary alkyl 10groups are as exemplified for Ruth tO R10c; exemplary alkenyl groups include vinyl,
1-propenyl, ally!, 1-%&%}/3%%.%1&*1@8%@1‘{{9,”1@5%Hté?ﬂﬁ,@ﬁé?ﬁ&?wﬁLﬁ%%wmgﬁ EdiiSddiylallyl,
1-hexenyl, 3-hexeniefnprxritvbrtyieiiemd grienteryprehppisiohyaadidrastenyl; and exemplary

alkoxyalkyl groups include methoxymethyl, ethoxymethyl, propoxymethyl, butoxymethyl, pentyloxymethyl,
15hexyloxymethy!, iRSSHBRIMEY SHETRAL AL AN SANBR BRI Eroxyethyl, pentyloxyethyi

hexyloxyethyl, methaxsiyRRinRihRareRIbXyrap R ANenNtpKeERRasyifanRiRoxybutyl, ethoxybutyl,
these dfbups, the AIRFELEL QD ES 5 LABEN R ol AUEL AR LU ZB708y1 isopropy, n-bLyL
isobutyl and tert-bugily thetiadsgphgraupsteinl uitara e B aps Xy plileoradiinexs seifenstearopoxy,
Ry T T T Y e
p-acetylphenyl andtggtitifipbmikthyl-sulfonyl)methide, bis [2-
methyladamantylacetyloxymethoxyphenyl] phenylsulfonium

15 bis(perfluorobutylsulfonyl)imide, bis [4,4-bis(trifluoromethyl)-3-oxatricyclo-
[4.2.1.0*°Inonylmethoxyphenyl]pheny! sulfonium 4-propoxy-
pefluorobutane-sulfonate, bis [4-hydroxyphenyl]phenylsulfonium
bis(perfluoroethylsulfonyl)imide, bis [4-hydroxyphenyl]phenylsulfonium
bis(trifluoromethylsulfonyl)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-
hydroxyphenyl]phenylsulfonium perfluorobutanesulfonate, bis [4-
hydroxyphenyl]-phenylsulfonium 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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25the hetero-aromatic groups of 3 to 5 carbon atoms include pyridyl and fury!. (x)
benzyloxysulfonylbenzene derivatives of the formula (P6) 0 R10h W-00E12-R10i O (P6) Wherein Rioh
and R10j independently stand for the same as Riob. 5lllustrative and non-limiting examples of the acid
generator include: onium salts such as diphenyliodonium trifluoromethanesulfonate,

(p-tertbutoxyphenypp]wm&ngﬂm@hggh@@mgﬂmﬁf@ﬁw%fggﬁpfgmmqgmum p-toluenesulfonate,

(p-tert- butoxyphenyl)phenyliodonium p-toluenesulfonate, triphenylsulfonium 10trifluoromethanesulfonate,

(p-tert-butoxyphenyB&fiiHaomBEHRHRHRHUGBHILaTaREE IRHiqaY!imide, bis [4-pentafluoro-

bis(p-tert-butoxypheeyehesuissHpokypRERYReReiis0gsHIfanate, tris(p-tert-butoxyphenyl)sulfonium
trifluoromethanesulfonate, triphenylsulfonium p-toluenesulfonate, (p-tert- butoxyphenyl)diphenylsulfonium

p-toluenesulfonate, SRS TR PR RN SHIRININBHERy RISISRium p-toluenesulfonate, tris(p-tert-

5 pentafluorobenzenesulfonyloxyphenyl] phenylsulfonium bis(perfluorobutyl-
sulfonyl)imide, bis [4-pentafluorobenzenesulfonyl-oxyphenyl]
phenylsulfonium tris(trifluoromethylsulfonyl)methide, bis [4-
pentafluorobenzene-sulfonyloxyphenyl] phenylsulfonium 4-(1,1,1,2-
tetrafluoroethoxy) perfluorobutanesulfonate, bis [4-

10 pentafluorobenzenesulfonyl-oxyphenyl] phenylsulfonium 4-
propoxypefluoro-butanesulfonate, bis [4-pentafluorobenzene-
sulfonyloxyphenyl] phenylsulfonium perfluorobutanesulfonate, bis [4-
pentafluorobenzenesulfonyloxyphenyl] phenylsulfonium perfluoromethane-
sulfonate, bis [4-(3,5-di(trifluoromethyl)-benzenesulfonyloxy)phenyl]

15 phenylsulfonium bis(perfluoroethylsulfonyl)imide, bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)-phenyl] phenylsulfonium
bis(trifluoromethylsulfonyl)imide, bis [4-(3,5-di(trifluoro-methyl)benzene-
sulfonyloxy)phenyl] phenylsulfonium (perfluoromethylsulfonyl)
(perfluorobutylsulfonyl)imide, bis [4-(3,5-

20 di(trifluoromethyl)benzenesulfonyl-oxy)phenyl] phenylsulfonium
bis(perfluoropropylsulfonyl)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] phenylsulfonium 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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butoxyphenyl)sulfonium p-toluenesulfonate, triphenylsulfonium nonafluorobutanesulfonate,
triphenylsulfonium butanesulfonate, trimethylsulfonium trifluoromethanesulfonate, trimethylsulfonium p-
toluenesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium 20trifluoromethanesulfonate,
cyclohexylmethyl(2-oxocyclohexyl)sulfonium p- toluenesulfonate, dimethylphenylsulfonium

trifluoromethanesulfeiatRrdimanbmebsmydsdteniis[p-tairneseipnaiairsisyelanprepagnylsulfonium

trifluoromethanesulfonate, dicyc_lohexyl&?enylsuIfonium p-toluenesulfonate, trinaphthylsulfonium

trifluoromethanesulROSRYSEOBER R RATIULrostybrUBRRYY IRdfR R Fifluoromethanesulfonate,
(2-norbornyl)methyit#r@xervsienexyiosyieaiphdnipneisiareaulionstgathyienesisjnethyl (2-

oxocyclopentyl)sulfonjum tri_flu_orom_ethane_suIfonate]F,Wl,Z- naphthylcarbongllmethyltetrah,ydrothiophenium

triflate, bis [4- acetFHQHANMIASHIRAHREAMAR R B PraonRsIIE PR SUERRRy phenyllpheny!
sulfoniug 4-(1,1,1, Zpéefigdhepreetymofoailperhutropatifsuréaybimide, bis [4-
[2-methyladamantylacetyloxymethoxyphenyl] phenylsulfonium perfluoro-butanesulfonate, bis
5[4,4-bis(trifluorom&HHYGTSTBRUMISHIBRY XY E@H%Hﬁhﬁ%@ﬁHJF?HHgﬁ)}ﬂ'ﬁﬁ%?ﬁff‘%%ﬁ%f'
E_erﬂl{]fl)fObUtaniSlll|f§mﬂiﬂypiﬁﬂli%é4;gii [cjl-tgiﬂuororlnethr)]/IsuIf%nylo?(y%pher;yl] Ir]zhe_nylsulfonium
is(trifluoromethyl)-3-oxatricyclo[4.2.1.02'5]-nonylmethoxyphenyl]phenyl! sulfoniym
perﬁ‘luoromethan&@l‘ﬁmgfé, 8@%4’,3’-' RAXBFB})@&hQW-gR”ﬁUg'J‘?metﬁ/WSU'fonleXY)pheny|]
oxatricyclo[4.2.1.0lengrydmsihmtasarsiliphemedtayliunonydnisthidel-bis [4-trifluoromethyl-

oxaicibiofd 2.1 0SSR PGB BUIHE RS IHALNFY UL A e RUGTHAERAY R Mony imide, bis
[4,4-bis(trif|uoromeﬁwhﬁomm@#&@tgZtﬁbmnyﬂn@tbmmfmaxymh@w“m
L5onatriyclofd 2 1O R G PERESH AT HGITE I B iRy
(perfluorobutylsulfosytiomidiexyishiémA] phenylsulfonium perfluorobutane sulfonate, bis [4-
pis(perforopropy MBI B LY O BT gLgerm = o™
oxatricyslo[4.2.1.025=}rmybnestieyesatoptinh iyl @uttdiyip RS (pedtionopuiytsstignyl)imide, bis
[4’4_bis(triﬂuorometshLYIPo_%i_t?%a})rie%ﬁlgfobutane-1 ,4-disulfonate, bis (4-t-butylphenyl iodonium)

triphenyl sulfonium perfluoropropane-1,3-disulfonate, bis (4-t-butylphenyl

iodonium) triphenyl sulfonium perfluoropropane-1-carboxylate-3-sulfonate,

bis (4-t-butylphenyl iodonium) triphenyl 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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[4.2.1.02'5]-nonylmethoxyphenyl]phenyl sulfonium tris(trifluoromethylsulfonyl) methide, bis
[4-acetyloxyphenyl] phenylsulfonium perfluoromethanesulfonate, bis [4-acetyloxyphenyl] phenylsulfonium
bis(trifluoromethylsulfonyl)imide, bis [4-acetyloxyphenyl] phenylsulfonium
25bis(perfluoroethylsulfonyl)imide, bis [4-acetyloxyphenyl] phenylsulfonium (perfluoromethylsulfonyl)

(perfluorobutylsulfopyhittfspraipdfie 2cetdmaneenal BI5gBMBIgHER ispREArenroRYlsHifonyimide,
bis [4- acetyloxyphenyl] phenylsulfonium gﬁ}triﬂuoromethylsulfon lYmethide, bis [4-acetyloxyphenyl]

phenylsulfonium 4-BRIPBERIPRARSHutaA SRR Pl bR RDRRY sHRRS T Y RUHASIHBAiIum
bis(perfluorobutylsgmudibiste phise2-BefiRyidciaama tysagaphenyinsatiamivptienyl] phenylsulfonium4-

(1,1,1,2-tetrafluoroethoxy)perfluorobutane-sulfonate bisHIZ- methyladamantylacetyl-oxymethoxyphenyl]

phenylsulfonium pe‘?ﬁﬁ%ﬂBFﬂBfﬁ’&?@&]ﬁb‘fﬂ@?ﬂ?fﬁim ORRIS R UARRENSLSHIRA bheny ]

phenylsglfonium Shig(Hifloryemeatieyisldippyhinite 4bis F3raashpigdamantylacetyloxy- methoxy-phenyl]
phenylsulfonium bis(perfluoroethylsulfonyl)imide, bis [2- methyladamant){l-acetyloxymethoxyphenyI]

phenylsulfonium (pEPRIGRMEYAMEIROR)FHERFIRRIILIAIORIARANS,  praaoxylate-3-

methyladamantyl-aggtdasysneisqsehrsyndlrhesyisidfeiumalpig(perluerobeaysulfonyl)imide, bis
[2-methy|adamantyl-a%et |- oxymethoxyphenyl] &gﬁecylsulfonium 4- rg@%gmeﬂuorobutanesulfonate, bis

[2-methyladamantyFBRY R e IgRRiEnMSHERAREMLAD 6 Bthyl-sulfonyl)methide, bis
[2- methyladamantylaerivlopraieihexyaia byt yphengluliembm, Hdigredluembupredjonyl)imide, bis

s R Ao e SR /B0 Brony
bis(perfluoroethylswifphghinigeidsim ) pefotepesydnbengatbmnjate Bssuifviasametsysyifonyl)imide,
PIs 14 hydroxy e RSy iphnyT <Boniom) peruoroutand2s Caboxy Bted- Suliohate < 2's 14-
bis (4-t-butylphenyl iodonium) methane disulfonate, bis (triphenyl
sulfonium) methane disulfonate, bis (4-t-butylphenyl iodonium)

15 perfluoromethane disulfonate, bis (triphenyl sulfonium) perfluoromethane
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-3-sulfonate, 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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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-
25tetrafluoroethoxy)perfluorobutanesulfonate, bis [4-hydroxyphenyl]- phenylsulfonium

4-propoxypefluorobyignesiinaai pietii Budtmivahperilpbeprissdieaiun-pesiiHenastanealfonate, bis

[4- hydroxyphenyl]- phenylsulfonlum perfluoromethane-sulfonate, bis [4-

pentafluorobenzen@MIRBHAB ?WH@?R@%@HU@?}HHPI|Hﬁ5f§’615%?5é9ﬁ98r3e?ﬁ§mm6ﬂgﬂ)§n|de bis
[4- pentaﬂuorobenzgnﬁoﬁu{@w@@lﬂfwﬂm&wpﬁﬁawémmmrwmﬁbybﬁu{mmdilmIde bis

[4-pentafluorobenzene-sulfonyloxyphenyl] phenylsulfonium

(perfluoromethylsufGSNy&RidrsHIIRRRGHOS nﬁ&@"@@/‘?ﬁ‘%@ﬂ AN RN RRRIBR o heny]
phenylsglfonium bigfigarbiaensRYsSaMAXIHHEn DI dAchpesiaBnaiaPpaARsDATemdasyphenyl]

phenylsulfonium blsg(perfluorobutyl sulfonylimide, bis [4- pentafluorobenzenesuIfonyl oxyphenyl]

phenylsulfonium tri§¢ ﬁﬁ‘[ﬂﬂ%ﬁe%l%ﬁéﬁﬁﬁﬂ@ﬂﬂﬂogﬁrﬁe’b%?ﬂgﬂﬂéﬁmﬁfgﬁé( Lulfonyloxyphenyl]
phenylsulfonium 4- ﬂ\é@@utﬁmmrﬁﬁm%wwﬂgh@mmdmmﬁméa&s Ipfs{44-pentafluoro-

(4 pentafiuorobens BRBEARGTSNLLS RAYA AL RN RAIPBUA TR A FSUIGRALE: B (2

pentafluorobenzenwﬂ@n&@m@%nbgnu@@fgnmmﬂlw pHafeesulfgnate, bis

E:S(?AZ (tnc]jc:l(Jt(:;‘?urgP &rﬁl) benﬁ%&ﬁ é%ﬂfllox%%ph(ﬁ-ni{/@ 1%)_hen Iuglff??% um bls@erfluoroethylsulfonyl)lmlde,

biS(trifluoromethylsglfﬁampmgishbw[ﬂpdaeﬁﬁdm@mmmmmh@pz@pen@mfew@mnb@éwdis

ggglrgrllilﬂlg?gﬁrenth(s&i% ‘gg}?ﬁg gsﬁgg’%)%éﬁerﬂ rObUt S ol )m%%%ﬂg\‘?f Uﬁﬁ)-pylsulfonyl)imide, bis

[443,5- di(trifluoromwm@pmmwlioaammbwgthﬂmlmg|[m$ ipis(perfluorobutyl-sulfonyl)imide,

bis [443,5- pentafluorobenzenesulfonyloxy-phenyl] phenylsulfonium] perfluorobutane-

15 1-carboxylate-4-sulfonate, bis [bis [4-
pentafluorobenzenesulfonyloxyphenyl] phenylsulfonium] methane
disulfonate, bis [bis [4-pentafluorobenzenesulfonyloxyphenyl]
phenylsulfonium] perfluoromethane disulfonate, bis [bis [4-(3,5-
di(trifluoromethyl)benzenesulfonyloxy)-phenyl] phenylsulfonium]

20 perfluorobutane-1,4-disulfonate, bis [bis [4-(3,5-di(trifluoromethyl)-
benzenesulfonyloxy)phenyl] phenylsulfonium] ethane disulfonate, 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] phenylsulfonium]
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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di(trifluoromethyObenzenesulfonyloxy)phenyl] phenylsulfonium 25tris(trifluoromethylsulfonyl)methide, bis
[4-(3,5-di(trifluoro- methyObenzenesulfonyloxy)phenyl] phenylsulfonium 4-(1,1,1,2- tetrafluoroethoxy)
perfluorobutanesulfonate, bis [4-(3,5-di(trifluoromethyl) benzenesulfonyloxy)phenyl] phenylsulfonium 4-
propoxypefluorobutanesulfonate, bis [4-(3,5-di(trifluoromethyly 30benzenesulfonyloxy)phenyl]

phenylsulfonium p%ﬂmw@ﬁﬁnaaéﬁmﬁl)ep&iﬂdér&miﬂiégtmﬁsféyabeiﬂm@w|f0ny|-OXy)phenyll
phenylsulfonium perfluoromethane-sulfonate, bis !4-trifl_uorome(gg)flsu!fonﬁ oxy)phenyl] phenylsulfonium

bis(perfluoro-ethyl-SHIfSRIMTAIEEIaNE ESHiR it {(iaERYISY BRI HA

bis(trifluoromethylsdiqnd)iatisienibislénF bl reaiaemietienyimonihneyEme ryésHiagium
5(perfluoromethylsulfonyl)(perfluorobutylsulfonyl)imide, bis [4- triﬂuoromethylsulfonyloxy)E)hhsenyl]
hﬂ%"p WA RN

phenylsulfonium biSisHl RIsyiREReAVIiaHAtRe B ensHliBRIFRMSIRANG
phenylsgifonium big{pedluasabutyhsbifpradlishfsn biseMrioioeteanetiydsimbemun i asuH-

phenylsulfonium tris(trifluoromethylsulfonyl)methide, bis [4-trifluoromethyl- 10sulfonyloxy)phenyl]

phenylsulfonium 4-PHY1PASEX AR A IR ABHRIAKS B4k Dbty IPhenyl diphenyl-
[4-trifluoromethylsugarytssnp permiiopbethdaeli@sivra iy opexyrebueypngape sulfonate, bis

[4-trifluoromethylsulfonyloxy)phenyl] phenylsulfonium perfluorobutane sulfonate, bis [4-
trifluoromethylsulfoﬂiﬁgyfy’)gggmﬂ'Ha{grﬁ}g%ﬁﬁrﬂl%w%ﬁé‘?ﬂr?b?gm% anesulfonate, bis (4-t-butylphenyl

iodoniym) triphenylmgtmmmgﬁtymmywnﬁﬁeﬂqd@ﬁm@tq,milgr@r.t.smfbﬂmhﬂqul iodonium) triphenyl
srcltopan EUB S AT AR e AR T o
perfluorobutane-1- gRpadtasxaterdhsl fshaigishisddidrnsithen disotfoniate) bigfresypsulfonium
perfluoromethane disulfonate, bis (4-t-butylphenyl iodonium) tripheny| sylfonium methane disulfonate, bis
(4-t-butylphenyl iod%ﬂ%B’?%ﬁ% yéﬁﬁ%‘%ﬁw H@Fﬁ%&?ﬁé&g Eﬁwgﬁ%ﬂtﬂﬂm -t-butylphenyl iodonium)
triphenyl sulfonium séhunsrckisbinealizudier{&iehsiybsslifRnium)
methyladamantylacetyloxymethoxyphenyl] phenylsulfonium] perfluoro-

15 propane-1,3-disulfonate, bis [bis [2-
methyladamantylacetyloxymethoxyphenyl] phenylsulfonium]
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-methyladamantylacetyloxy-methoxyphenyl]
phenylsulfonium] perfluoromethane disulfonate, bis [bis [4,4-
bis(trifluoromethyl)-3-oxatricyclo[4.2.1.0%°]-nonylmethoxyphenyl]phenyl
sulfonium] perfluorobutane-1,4-disulfonate, bis [bis [4,4-

25 bis(trifluoromethyl)-3-oxatricyclo-[4.2.1 .02’5]-nonylmethoxy—phenyl]phenyl
sulfonium]ethane disulfonate, bis [bis [4,4-bis(trifluoromethyl)-3-
oxatricyclo[4.2.1.0%°]-nonylmethoxyphenyl]pheny! 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%°]-nonylmethoxyphenyl]pheny! sulfonium]-
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25perfluorobutane-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) 30perfluorobutane-1,4-disulfonate,

bis (tris(4-t-butyl pk\@éﬁlhék&iﬂ@iymepq%rﬂyﬂi@pfmer@shﬁo@iétéf%l@tﬁ)ib{&,(Jlriﬁ@(tﬁhuafbphenyl) sulfonium)
perfluoropropane-1,3-disulfonate, bis (14-t-butf/ nyl diphenyl sulfonium)
perfluorobutane-l,mg?)f%ﬁa‘?é?éﬁ@(ﬁ-?lﬂcgy pHedyiefpysienrehrMiPhenyl
perfluoropropane-1g3iehpilionsées b dibpbaindsoimuini reslyorepseanss Jriaaaxylate-3-sulfonate,
bis (triphenyl sulfonium) Sperfluorobutane-1-carboxylate-4-sylfonate, bi

. bis
(benzoyltetramethyﬁ%ﬁ@@ﬂﬁemmﬁ}%}fﬁﬁ?@&wﬁ%M%a?@%f%ﬁ?é‘@%ﬁ&ﬁé{@,%w llphenyl
(benzoydtetramethyigiesilfieiiHeih aselgiiaisfans -dns B KaE 45 e atsoie (Hysa-L-butyl phenyl)

sulfonium) perfluoropropane-1-carboxylate-3-sulfonate, bis (tris(4-t-butyl phenyl) 10sulfonium)
perfluorobutane-1- MO dHd natROBETENREKARREMIP EJM@H'&%HHH? m)
perfluoropropane-lpesfloerglasttaaelgisatRnite(4-tbutylphenyl diphenyl sulfonium)
perfluorobutane-1-carboxylate-4-sulfonate, bis (4-t-butylphenyl iodonjum) methane disulfonate, bis
(ripheny! sufortun FROE AR ARHALY GRUct A e R IRV ISR AT S aBhane disulfonate,
bis (tripheny! sulforsisy-Bsitfrsoumeians stisviomaies biss(rgramdigtaypdwienstrinmim)
perfluorgmethane disulfon tﬁ, bi nzcﬁ/ -tetramethylenesulfonium) methane disulfonate, bis
(tris(4-t-butyl phenjﬂ%ﬁ%ﬁ W oY @mgtagﬂﬁfonate, bis (tris(4-t-butyl phenyl) sulfonium)
methane disulfonatbispis topdntyiphieny) 3ddiheetsitorism-patiisotongtinagonisitianate, bis

A-t-butylphenyl diphenylsulfoni t disulf , bis (4-octyloxyphenyl) iodopi
berfivorobutane. 1 P BU B AR SRR e AR S B
(4-octyloxyphenyl) isiganivropyéstliforgeitiaaerdistiprateistisograsyisonsplydaidysraettiame,

e

perfluorgbutane-1-tashiexgaistisoonaiaz driscihansy biypberam oy aeibarstitisigfonate, bis (4-
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 e 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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octyloxyphenyl) iodonium perfluoromethane disulfonate, bis (4- octyloxyphenyl) phenyl sulfonium
perfluorobutane-1,4-disulfonate, bis (4- 30octyloxyphenyl) phenyl sulfonium ethane disulfonate, bis (4-
octyloxyphenyl) phenyl sulfonium perfluoroethane disulfonate, bis (4- octyloxyphenyl) phenyl sulfonium
perfluoropropane-1,3-disulfonate, bis (4- octyloxyphenyl) phenyl sulfonium

perﬂuoropropane-1(&@@@*%@@%;&w&pammwgf@@@%m@@rw)fmﬁambw@@w flugrobutane-1-

carboxylate-4-sulfonate, bis ﬁ4-octyloxy_phen l) phenyl sulfonium methane 5disulfonate, bis
(4-octyloxyphenyl) HHBR{MEE Wlﬁﬂ’?p@ﬁf&éﬁ%’iﬁQHB’@%Uﬁ@ﬁﬁﬁé‘,'iﬂ@%ﬁ@'d'methylglyox'me’
[4-pentafluorobenzenesyifongiexyurdanlorbrnutaylnpssin & estdopph aaeanpheisulfengigabis [bis
[4-pentafluorobenzene-sulfonyloxyphenyl] phenylsulfonium] ethane disulfonate, bis [bis
[4-pentafluorobenzEBEHRIANBRBReny] phenyl-sulfonium] 10perfluoroethane disulfonate, bis [bis
[4-pentagluorobenzepssutidifrenusryaiany Sudteay BldfripHin) rerforpfpreseans - 1, 3-disulfonate, bis [bis
[4-pentafluorobenzenesuylfonylox phen%/I] phenﬁlsulfonium] perfluoropropane-1-carboxylate-3-sulfonate,

bis [bis [4- pentafluBrBEHOEAREIUISABRDY Neh&HSTRGHOR P RYHEHBBGtane-

151-carboxylate-4-gidisthgisu fis | Mad th-pr)) Bikuespyriarigsaiéandiexyphenyl] phenylsulfonium] methane
disulfonate, bis [bis [4- entafluorci})enzenesulfonrﬂo%phen I] phenylsulfonium] perfluoromethane

disulfonate, bis [bisT#FRIARUISHISRRRBI B e 85%&?95%%9?]‘%&9@9|fonium]
20perfluorobutane-gigbeiszéaeatgiobidtisHdnes, S-di(trifluoromethyl)- benzenesulfonyloxy)phenyl]
phenylsulfonium] ethane disulfonate, pis [bis [4-(3,5-dj(triflyoromethypbenzenesulfonyloxy)phenyl]
Bhonyoniunt] pETE LA AR AEHBEN S B aR ey oy carbonyt-2-(p

di(trifluoromethy ObginzenesulfonylprolnhenyhozerRdprdioysar @pperfigoropropane-1,3-disulfonate, bis
[bis [4-(3,5-di(trifluorg-meth I% benlz{gnesulfqnyloxy)phenyl] phenylsulfonium] perfluoropropane-1-
carboxylate-3-sulfo V@,Wﬁg{t i %QalﬂﬁrifluoromethyObenzenesuIfonyloxyyphenyl] phenylsulfonium]

perfluorobutanes1-chshifsylateefivvatifasatedpi B dhe@yddisulfone and dicyclohexyl

disulfone;

15 e 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(trifluoromethanesulfonyloxy)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,
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30di(trifluoromethyObenzenesulfonyloxy)phenyl] phenylsulfonium] methane disulfonate, bis
(4-t-butylphenyl iodonium) ethane disulfonate, bis (4-t- butylphenyl iodonium) perfluoroethane disulfonate,
bis (triphenyl sulfonium) ethane disulfonate, bis (triphenyl sulfonium) perfluoroethane disulfonate, bis
(benzoyltetramethylene-sulfonium) perfluoroethane disulfonate, bis (benzoyltetramethylenesulfonium)

ethane disulfonate, Npig {tg{AiRitidehaiath swdianterdtee Nug@eana distidenate, bis (tris(4-t- butyl

phenyl) sulfonium) ethane disulfonate, bis (4-t-butylphenyl diphenylsulfonium) perfluoroethane
disulfonate, bis (4-E50RIBREENAIEN DR aRYRARTId: Jsthro asidfonate, N-
methyladamantylaggfiosybeiaemielRemdlidiessdianisei UnhirsilyrRiekiwane-1,4-disulfonate, bis [bis

[2-methyladamantylacetyl- oxymethoxyphenyl] phenylsulfonium] ethane disulfonate, bis [bis [2-

methyl-adamantylaRERAGRGHERERB NN PRERLDRIMIdR BefaBrsLiRpiNifonate, bis [bis [2-
methylaglamantylaqgpgi@ypethanyide B hpoesyistdfans N-posforiehihdiengee-1,3-disulfonate, bis [bis

[2- methyladamantylacetyloxymethoxyphenyl] phenylsulfonium]
perfluoropropane-1"AR6NEHBENEHEARAE H 'm&%mg%%a%T@M?moﬂfphenyl]
ggenylsullfznium] p?vm@sqmgpml i irﬁmhbwiytﬁtﬁqés?mls?m@,rh:iﬁjb?@ngphtl?anmideb_ b

methyladamantylacetyloxymethoxyphen enylsulfonium] methane disulfonate, bis [bis
[2-methyladamanty%&?fb@é—‘”ﬂ-ﬂﬁ&ﬁcﬁﬂMﬁ%ﬁéﬁ?ﬁ&%ﬂﬁﬂ%}%&ﬂﬁ&ﬁmﬂé disulfonate, bis [bis
[4,4- bis(trifluoromeihaiidresurcyatel MR2Hy @R BAVIMehe xSy tb oy Blieium]

fl butane-1,4-djsulfonate, bis [bis [4,4-
ggrbig(?{ﬁlulcj)r?)rr]r?eth ﬁ%@?}a aBI-g[ﬁ. Iﬁ'[.‘@ﬁeS]@lﬁ‘gnlyFrtﬁ%qﬁgﬁﬁﬁmwﬂﬂ%ﬂ?ﬁ%&ﬁonium]ethane disulfonate,

bis [bis [4,4-bis(trifldasarpexyyiide p-toluenesulfonate.

Q, which includes quenchers and photobases, include compounds such as

I:‘)40b

+

R4Oa N R400

o
Ra0d

15 Hwere Ra4oa, Raop, Raoe, and Raoq stand for the same as Rig, and Ryoc as well as

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

R1Ob

Ar s* Rioc
D~
Where Ar, Rip, 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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oxatricyclo[4.2.1.02'5]-nonylmethoxyphenyl]phenyl sulfoniump perfluoroethane disulfonate, bis [bis
[4,4-bis(trifluoromethyl)-3- oxatricyclo[4.2.1.02'5]-nonylmethoxy-phenyl]phenyl
30sulfonium]perfluoropropane-1,3-disulfonate, bis [bis [4,4-bis(trifluoro-
methyly3-oxatricyclo[4.2.1.02'5]-nonylmethoxyphenyl]phenyl sulfoniump
perfluoroprognpylofrRndaiarsnsidonate, bis [bis  (p-methoxybenzyl)trimethylammonium
[4,4-bis(trifluoromethyl)-3- oxatncyclo[4 2.1.02'5]-nonylmethoxyphenyl]phenyl
sulfonlum]péFffmmﬁSHHm9l’ate 4-sulfonate, bis [bis [4,4-
bis(trifluoromethyl)-3-oxatricyclo-[4.2.1.02'5]-nonylmethoxyphenyl]phenyl 5sulfonium]methane disulfonate,
and bis [bis [4,4- bls(trlfluoﬁgmethyl) -3- oxatrlcyclo[4 2 1.02'5]- nonylmethoxyphenyl]phenyl sulfonlum]

bis(p-toluenesulf azome e, bis(xylenesulfgpnyl)diazomethane,
10bis(cyclohexylsaifgnyl)didzometirane, bis(cyclopentylsulfonyl)diazomethane,

bis(n-butylsulfo néthane, bis(igeb }ylsulfonyl)dlazomethane bis(sec-butylsulfonyl)diazomethane,
bis(n-propylsiRiamyl)diazomethane, bis(is6Brépylsulfonyl)diazomethane,
bis(tert-butylsulfonyl)diazomethane, bis(n-amylsulfonyl)diazomethane,
15bis(isoamylsulfonyl)diazomethane, bis(sec-amylsulfonyl)diazomethane,
bis(tert-amylsulfonyl)diazomethane, 1-cyclohexylsulfonyl-1-(tertbutylsulfonyl)diazomethane,
1-cyclohexylsulfonyl-1 -(tertamylsulfonyl)diazomethane, and

1-tert- amylsulfonyl 1-(tertbbtylsulfonyl)diazomethane; 20 glyoxime derivatives such as

) Lmeﬂj)qglyogme F\bIS -0-(p-tejuenesulfonyl)-a-diphenylglyoxime,

1)- adlcyclohexylglyoxmg bis-0-(p-toluenesulfony1)-2,3-pentanedioneglyoxime,
y1)-2-methy1-3,4- pentanedloneegOX|me,
bis-0-(nbutanesulfonyl)-a-dimethylglyoxime, bis-0-(n-butanesulfonyl)-a- 25diphenylglyoxime,
bis-0-(n-butanes iB)-a-dicyclohexylglyoxime, bis-0- (n-butanesulfonyl)-2,3-pentanedioneglyoxime,

bis-0- (nSbUtW%fPﬁgll)é%'resents (CH2)is, where i4 is 0 or 1, O or S; Rsp and Rgo stand the

same as for Rqpp, or R5p and Rgp together with the S atom to which they are

attached form a 5-, 6-, or 7-membered ring which can be unsubstituted or
substituted; Rsgp, Roo, and Rigo each individually represent C4.4 alkyl, C1.4 alkoxy,
or halide; i1 and i2 are each 1to 4; and i3 is 1to 5. D is as defined above.
10
For D above, in some instances, it can represent a hydroxyl group or OR'
(wherein R' represents a C1 -C4 alkyl), OCOR1g,, OCOO , or OSOO .

Other examples include compounds such as primary, secondary and

15 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

20 nitrogen-containing compound having one or more oxygen atoms.

Non-limiting examples of the foregoing Q include:
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methy1-3,4-pentanedioneglyoxime, bis-0-(methanesulfonyl)-adimethylglyoxime,
bis-0-(trifluoromethanesulfonyl)-a-dimethylglyoxime,
bis-0-(1,1,1-trifluoroethanesulfonyl)-a-dimethylglyoxime, bis-0-(tert-
30butanesulfonyl)-a-dimethylglyoxime, bis-0-(perfluorooctanesulfonyl)-a- dimethylglyoxime,
bis-0-(cyclohexanesulfonyl)-a-dimethylglyoxime, bis-0- 5 10 15 2

NGO

N J
N
N
K @s O—|(])—CH3

o)
Y
o
T
+
H3C—N"CHj

e
“oms PO

N
N NN g N @[ P

/ f N

U Qe
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25 30 (benzenesulfonyl)-a-dimethylglyoxime, bis-0-(p-fluorobenzenesulfonyl)-adimethylglyoxime,
bis-0-(p-tert-butylbenzenesulfonyl)-a-dimethylglyoxime, bis-0-(xylenesulfony1)-a-dimethylglyoxime, and
bis-0-(camphorsulfonyl)-adimethylglyoxime; bissulfone derivatives such as bisnaphthylsulfonylmethane,
bistrifluoromethylsulfonylmethane, bismethylsulfonylmethane, bisethylsulfonylmethane,
bispropylsulfonylmethane, bigisopropylsulfonylmethane, bis-p-toluenesulfonylmethane, and
bisbenzenesulfonylmethane;8-Retosulfonio acid terivatives such as
2-cyclohexylcarbonyl5(pteenesiylfonyl)pr d 2-isopropylcarbony1-2-(ptoluenesulfonyl)propane;
disulfone derivatives such as/di henyl disufpne and dicyclohexyl disulfone; nitrobenzyl sulfonate
derivatives such as 2,6-dinitrobeénzyl ptoluenesulfonate and 2,4-dinitrobenzyl p-toluenesulfonate; sulfonic
acid ester derivatives such as 1,2,3- tris(methanesulfonyloxy)benzene, 1,2,3-
tris(trifluoromethanesulfonyloxy)benzene, and 1,2,3-tris(ptoluenesulfonyloxy)benzene; and sulfonic acid
esters of N-hydroxyimides su®H-as N-hydroxysuccinimide methanesulfonate, N-hydroxysuccinimide
trifluoromethanesulfonﬁt Npyd succin@iﬂde ethanesulfonate, N-hydroxysuccinimide 1-
propanesulfonate, N-hydroxysuccininide 2-propanesulfonate, Nhydroxysuccinimide 1-pentanesulfonate,
N-hydroxysuccinimide 1- oct@itksulfonate, N-hydroxysuccinimide p-toluenesulfonate,
Nhydroxysuccinimide p-methoxybenzenesulfonate, N-hydroxysuccinimide 2-chloroethanesulfonate,
N-hydroxysuccinimide benzerﬁssy 4,6-trimethylbenzenesulfonate,
Nhydroxysuccinimide 1-naphthalé ¢ 2- naphthalenesulfonate,
N-hydroxy-2-phenylsuccinimide ide methanesulfonate,
N-hydroxymaleimide e =X ide methanesulfonate,

Nhydroxyglutarimide enesulfonate, N-hydroxyphthalimide
N-hy thalimide

methanesulfo |I“I

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

—(L—(G)), can be attached to the cationic portion, the anionic portion, or both
5 the 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))p 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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trifluoromethanesulfonate, N-hydroxyphthalimide p-toluenesulfonate, Nhydroxynaphthalimide
methanesulfonate, N-hydroxynaphthalimide benzenesulfonate,
N-hydroxy-5-norbornene-2,3-dicarboxyimide methanesulfonate,
N-hydroxy-5-norbornene-2,3-dicarboxyimide 10trifluoromethanesulfonate, and
N-hydroxy-5-norbornene-2,3- dicarboxyimide p-toluenesulfonate. Q, which includes quenchers and
photobases, include compounds such as R40b R40a R400 DR40d 15Hwere R40a, R40b, R40,
and RA40d stafRHRr SO L RIBISINFAgE M IRRIP A ¢ JRRYEr IO AR RISV sy H98IKMnion having

a pKB value gt 3dadief8lo8Byl 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 0
N
s—CF,
|+ N\ /CFZ |+ _C(SOZCF3)3
S—CF
V7 2
O 0
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R100 D- Where Ar, R10b, Riot, and D- are as defined above (examples include 20
tetramethylammoniumtrifluoromethanesulfonate,tetramethylammonium nonafluorobutanesulfonate,
tetra-n-butylammonium nonafluorobutanesulfonate, tetraphenylammonium nonafluorobutanesulfonate,
tetramethylammonium p- toluenesulfonate,(p-methoxybenzyl)dimethylphenylammonium
trifluoromethanesulfonate, (pdnethoxybenzyl)trimethylammonium trifluoromethanesulfonate;
C-CH2-SR50R60 mﬁ%)us/ S O/\/O\_

SO,

AO—~~O)
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5 Whwer Ra represents (CH2),4, where i4 is 0 or 1, 0 or S; Rgo and Rgo stand the same as for R101D,
Or Rgo and Rgo 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 R100 each individually represent Ci4 alkyl, Ci4
alkoxy, or halide; ii and i2 are each 1 to 4; and i3 is 1 to 5. D- is as defined above. 10 For D above, in
some instances it cgn represent a hydroxyshgroup or OR' (vdherein R’ represents a C1 -@4 alkyl),

tertiary allphatlc a atic amines,

compounds wi h a aining
nitrogen-co s S . o.;
hydroxyphenyt-group, alcoholic nltrogen Cco ta' g COMT

OH OH OH

HOCH2 + OgSCFzCFzCcmFst3 S+@CH20H HOCHQ@ O3SCF20F20F20F3

OH OH
OH
0
O\\/(/) O\\//
S—CF SR
HOCH, -« Yr, @s* - %r,
N/ N
0=SCF, 0=SCF,
e 0
OH HO
0 CF,
N
OH @ o
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CH3-0 H3C-N+-CH3 CH30 F | H3C-N+-CH3CI CH3 For formula (I) where(L(G))p is attached to W, where
W is FAG or Q, (L(G))p can be attached to the cationic portion, the anionic portion, or both 5 the cationic
and anionic portions of FAG or Q. In the instance where FAG or Q are nonionic, FAG or Q can contain
(L(G))p anywhere on the molecule of FAG or Q. Whether FAG or Q are ionic or non-ionic, the placement
of (L (G))p 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)hstubstituted or unsubstituted alkyl groups o |%nally containing one or
more 0 atoms, substituted or unsubstituted cycloalkyl groups, substituted or ugg;bstituted aryl groups,

substituted or urEgbstituted hete yl groups, 15substituted orunsubstituted ‘alkyl groups having inside a
linking group (e.g.,é@er, est?r, ammdo), and substituted or unsmﬁs{tu\ted aryups having inside a

linking O—CH;, S*  T0,SCF,CF,CF,CF, o
S 03SCF,CF,CF,CFy

_ I
@ 0
s @
o)
o)
o. o o \\s// CF,
oY _
N
N°
|
/—/O
/ﬁO
K
I
(0]
(6]
Ik
SQO
O~
\O
—°
/*O
O
0 OH (‘3H3
OH Z CHy O HCN“CH,
o HaC—N"-CH, CH,
CHj
HO
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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. Thus, examples of the compounds of
W(L(G))p include, but are not limited to HO

OH HO on
HO.
oH P CH3 1 J/ \LNJ/

HyC—N*CHy N
CHjy H
[/
HO H )/o

OH

OH /
—O0
7
< g ¢
J J s
o le] (COJ);
@;? ~0,SCF,CF,CF,CF,S0; g@ @s* " 03SCF,CF,CF,CFy
o o} o}
N and AR B c)/J
7 ° o\ /
g < -
(o] 0 ‘
I I :
o) o} o )/
AN
3 o~ N b,
\\o@s* T 048CF,CF,CF,CF,S0;5 s*—@oj RN
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\

rTh\ C.)/NHO----\ C/Nz.z0H /HO /\OH ON

f

J
-8
CHy e

J
M0 P @

‘/
J/O
o
S
o

— Hz—@s* T 0,SCF,CF,CF,CF,SO0; *—@ o
o) o) 0o
O . —0
7/ ° N 7
-
d .
o)
0 f
f 0 0 ’ cHy
0 CH, o HaC—N"-CH,
o HiC—N"-CH, CH,
CH,
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HONV-Z/\OH/HO OH/O_N/ \oH N >\----OH N 1)\.----0\ CDA\ N\o/
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f
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OH Examples of W(L(G))p herein include, but are not limited to, bis(4-
vinyloxyethyloxyphenyl)phenylsulfoniumtriflate,bis(4-
vinyloxyethyloxyphenyl)phenylsulfoniumnonaflate,bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium10-camphorsulfonate,bis(4- 5
vinyloxyethyloxypheqyl)phenylsulfonium cyclohexane sulfamate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium tris (trifluoromethanesulfonyl) me %de, bis
(bis(4-vinyloxyethyloxyphenyl)phenylsulfonium) 1,4- perfluorobutanedisulfonate,
tris(4-vinyloxyethyloxyphe sulfonlum nonaflate, bis (tris(4-vinyloxyethyloxyphenyl)sulfonium)
1,4-perfluorobutanedisulfonate;
10vinyloxyethyloxyphenyl)sulfoniu
2,6-dinitrobenzy1-4-vinyloxyetho
sulfonate, tetramethylammonium mmonium lithocholate,
tetramethylammonium cholate, N,N-dil{nyloxyethoxyethytbénzeneamine,
30,70,12a-trivinyloxyethyloxy-58- 15cholanic acid tetramethylammonium salt,
3a-vinyloxyethyloxy-58-cholanic acid tetramethylammonium salt, bis(4- hydroxyphenyl)phehyl sulfonium 4-
vinyoxyethoxybenzesg sulfonate, 30,12a-divinyloxyethyloxy-58- cholatuc acid tetramelt;{\a%momum salt,
N-trifluoromethylsulfonyl@xy 6 -divinyloxyethoxy-1,8- naphthalimide, p=Ritrobenzy1-9,10-divinyloxyethoxy
g@j bis(

pane-1,3- disulfonimide,
nylsulfonium 4-vinyoxyethoxybenzene

anthracene-2-sulf

20 S 4 -vinyloxyethyloxyphenyl)iodonium10-ca rsulfo/; ,

vmyloxyethyl )iodénium cyclohexane sulfamate, bis(4- vmyloxyethy@f;/ﬁ nyl)iodonium
4- vmyloxyeth xy 10- camggcw@;;te bis(4- vinyloxyethyloxyphenyl)iodoniu
4- vmyloxyet -cyclohexane sulfamate, bis(4-vinyloxyethyloxyphenyl)iodonium tris
(trlfluoromethanes nyl) methide, bis \
\MD\ [
© \ OH

=
N _ O
@S Oss@of

OH
J }
7 7
?—O—CH2@NOZ
eoeeL
o)
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25(bis(4-vinyloxyethyloxyphenyl)iodonium) 1,4-perfluorobutanedisulfonate, bis(4-
vinyloxyethyloxyphenyl)iodonium1.1,2,2,3,3-hexafluoropropane-1,3-
disulfonimide,bis(4-vinyloxyethyloxyphenyl)iodonium1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate,tris(4- vinyloxyethyloxyphenyl)sulfonium1,1,1,2-

30tetrafiuoroethoxyegtafiuRiohsitane sfonais bisdaHinMerIen SRR R RRRUIP YOI 1. 1.2-

tetrafluoroethoxyoctafluorobutanesulfonate,andbis(4- vinyloxyethyloxyphenyl)iodonium1,1,1,2-
tetrafluoroethngoxygiovionmaaeslrbaams Wisiitisclosed is a cotitéateubstrate comprid#t§-a substrate

Photoresist ca D e Composiui BTo cisclosed (Vs Rrocess for
forming an imayoxpeipyishR g Tehphe Wiy the antiPedRemiotsidfrrptompositibis@f-the present
inventiog on,;ﬁ% gé%@{ﬁ{'g;mm%ﬁ ié‘?ﬁlﬁ;ﬂiM%CQatE%Ic?ﬁ_&QH@ing @&Pﬂﬂ%@e‘,_’f a tggg)ﬂotor‘esis‘[
layer over the antiréflective coating; d) developing an image using an aqueous alkaline developer; e)
optionally hednmpxretyisstiiaasbipticanits afieniusy dvis opfikiaramethamsseitonyd) theeihigieflective
coating. g (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-5p3-

15 cholanic acid tetramethylammonium salt, 3a-vinyloxyethyloxy-5p-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,

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-
vinyloxyethyloxyphenyl)phenylsulfonium 1,1,1,2-
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Also disclosed is a process for forming an image comprising a) forming a coating of the bottom
photoimageable antireflective coating composition of the present invention on a substrate; b) baking the
antireflective coating, c) providing 20 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; t@}@ﬂgbw%egﬁfiugrﬁ@MQmﬁb@@d antireflectivegating layers onghg4gubstrate;
and, f) developing th% ﬁwotore&st and antireflective coating layers with an aqueous alkaline solution. 25

Itis also posEibYRY RSP RYBRRRYIRARINBhotoimageable antireflective coating compbsitlefr which is

capable of bifafieselerrkydbi-iaairpHsakabsigeeloper and which is coated below a positive
photoresist, wherein the antireflective coating composition consists of (a) either (al) a mixture of at least

30 one compound of formula (1) and at least one compound of formula (2) PAG-(-L-OH)p(1)

PAG-(-l50CH=CHARE) @iktrber] Iaash onerempausstratéorcoudiBig a substrate having
(HO-L)1-PAG-(-L-OCH=CH2)p2(5) and (b) a solvent where FAG |s a photoacid generator, each L is a

direct bond SReffiRRnG PHRILTHNG A0tiFPRelY £98tng mraﬂasg)t?areféaerpg?é&f&'wa%%qum tol

and pl + p2 &ewab2 keyé?, viheieishatdrasistnednsesiaokrinmhavereieoriiefleeipiy. Toatomophore
moieties are like those that are disclosed herein which are useful in PAGs. This composition can further
comprise a R Lelected from

10 Also disclosed is 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 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

15 development and, f) dry etching the antireflective coating.

Also disclosed is a process for forming an image comprising a) forming a
coating of the bottom photoimageable antireflective coating composition of the
present invention on a substrate; b) baking the antireflective coating, c) providing

20 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 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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Q-(L OH)p(3) Q-( L OCHH2)p(4) (HO-L)p3-Q-( L OCH=CH2)p4(6) 15and mixtures thereof, where Q is a
guencher, 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 gﬁgusgs(e;i@ex@'p'.)zo Regarding the positive bottom photoimageable antirﬂ}ective coating
compositions, a polymer usefuPin positive bottom photoimageable antireflective coating compositions

include a polgn riele_ct(ﬂﬁgjr!ﬂ p of (i) a polymer comprising at least one recurring unit with an
acid labile gr l’fr??(ii)(a doly co% sing at least one recurring unit with an acid labilel }oup and at

least one recPrring unit with an absorbing chromophore or (iii) a polymer comprising at least one
recurring unitwith a hydroxyl and/or a carboxyl group and at least one recurring unit with an absorbing
chromophore. 50ne polymer useful in positive bottom photoimageable antireflective coating compositions
is (i) a polymerwhich comprises at least one unit with, an acid labile group. One function of the polymer is
to provide a a()&(tqua ﬁ:oea%é]%gogﬁacfﬁw Rod %‘r’:&‘ﬂ@f riTs“{I(‘Ja nable the antireflective coating to change solubility
from exposure to development. The acid labile groups in the polymer provide the necessary 10 solubility

change. Them_ rwi %ﬁ e_ci_dggﬂlf is soluble in an aqueous alkaline solutign, but when
protected wi I:EWIE e gr u;\'be ?%%gﬁnﬁle. Examples of monomers that impa@%lkali solubility
are acrylic a ilqd methacrylic acid, vinyl alcohol, hydroxystyrenes, vinyl monomers containing

1,1',2,2',3,3'-hexafluoro-2-propanol and sulfonamides (e.g., 2- 15 trifluoromethanesulfonylaminoethyl
methacrylatd@ral Sobgfdnylamino-2,2- difluoroethylmethacrylate), although any group that makes the

polymer alkai ) ilic functionaljfies t ' id_labile
groups sucrﬁ@%ﬁ%ﬁ‘gﬁ)g&ﬁgg%lﬁﬁ@ﬁ%@a‘?ﬁﬁw C)Exf)gcig?c o%&fﬁ?ﬁﬁ%ﬁﬁ@é&%, silyl, alkyl
silyl, sdbstitugedrbintegenalkixyl ikl saruth p2 ateetlhackygrtaties thast o goeihiony ey, ptetopdalkoxy alkyl
such as aceoxy f t?%yféhﬂmt&féﬁﬁ‘ qugé{é?@H ”#?Ai&‘%oﬁ H@'%VQVBHV sl ﬁ@% Yl ”‘Ggﬁ‘ tone.
Examples ac@}(a(Zl e groups inclu e,yabu are no?limi ed to,%t- u oxycar%onél, ric;r/ﬁfo@%’.z. )gecanyl,
2-methyl-2-achoraoyhdsp bavigtica@tsling thdsenthat fygydiseiegediydrene mhightargaugdiutyn
tetrahydrop 3 o) - -1- tyl, 2- - ,

beta—(éamni/a utffo]ﬁﬁ%r%ﬁ%%%nr@gg%r% aﬁ%ﬁ'ﬁ@%@%@fﬁ%@ﬂ%%@é&%@%% compounds with
the above megyi e_dﬂab@_groups. The acid labile group that can be cleaved with an aciq®)ay be

attached to the polymer, which in the presence of an acid gives an alkali soluble polymer. The protected

MONOMETS  q—(—L—0CH—CH,), (4)

(HO—L),5Q—(—L—0OCH=CH,) , (6)

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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30 may be polymerized to give homopolymers or with other unprotected monomers as required.
Alternatively, an alkali soluble homopolymer or copolymer may be reacted with a compound, or
compounds, which provide the acid labile group. When this polymer is used to form the antireflective
coating composition, a dye as well as a photoacid generator will typically be present in the compaosition.

This dye mayeRarfieNQRRIiwitAOMMEHS b MEKEResAbPRBIcEsATIDIas pbRREErbYINpriFiagPatthat may be
contained in an additive absorbing compound are substituted and unsubstituted phenyl, substituted and

unsubstitutelPARHAARYIESHBIRAHEH YHH HEYHERIRNFRNARAFP S ERReaNch At RSShSfttited

naphthyl, subsétiitRd At Wity BatEpSsHhiaE Hivelepitge containing heteroatoms such as oxygen,
nitrogen, sulfur, or combinations thereof, such as pyrrolidinyl, pyranyl, 10 piperidinyl, acridinyl, quinolinyl.
Absorbing polymeric dyes that may be used are polymers of the absorbing moieties listed above, where

the polysner backbapgdpilypecp@l¥esiels, fudiivei desiope iyRotinraabl @ elisrhesaie soaame dyes are

copolymers of hydroxystyrene and methyl methacrylate and azo polymeric and monomeric dyes.

Examples ofSRROSEIRD i Me?LONIBRIMEICHIGANRESEP £ (§RhR5shERds B AIb ARG HRRIR.

Anlother pOl&gP@ﬁ_pl.SejHIbirfmiEB«ﬁ @pmﬁﬁ mwﬁgr;ag_?t@bk@r@m@;@cg?@opwamgw@ﬁ@ti@rmb@ is g?) a
pO ymer com rISIng at east one unit wit ] an acla labile grou nd at lea tO_r!e nit with an absor Ing
ehromophor NRIEET 1 G6RRLE 6 RAS IS AVe, SRRHNG O DBRGR SAHOVE TP P E3 R ure

wavelength & iatareripmsanpiRRohéid Aa5NELHNS GHEOMOoPIROI AR &Y fiesadeotharpeedissalgieties and
heterocyclic ar tic moieties with from one to four separate or fused rings, where there are 3 to 10
atoms 1§ cact? HRIE RS of Ao RANEIE I Reh 1B P AR LI AF SR YRy rABrized with
the 25 monepesdeorikiling tistarid, | dieviion psaeeidaywithrapaatidIaisiiaroug Sdeingsd and
unsubstituted phenyl, substituted and unsubstituted anthracyl, substituted and unsubstituted phenanthryl,
Substiuted ARG EABHP S A gIOL SRS P HAG AR S MR G AT cofiinmg
heteroatomsnseitiaas/liygeid, nitiegealshiol;, oyaesspitatanssiheiagf, smioasssdpyostidinyg pyranyl,
piperidinyl, acrjdinyl, guinoliny], Other chromophores are described in U.S$. Pat. Np. 6,114,085, and in
'S, Pat ot 0 203 PR RO sPIoPES 55, U &bar NELICBRTIRS 5. Badino. 6,487 506, U.S.
Pat. Na55,93%|2360methdresBHbnyiznbidSetid0, winithavayaidso kmdse-sudar@ansioparated herein by
reference. E les of the monomers include, for example, styrene, hydroxystyrene, acetoxystyrene,
Viny! beost RGP LRe BT e U0 aH R QIR Bty EAREY ALK ey A Rlopy
acrylate, 2- (dohgrayiydhy drexsip oKy irtphidicrilmictichhitiesxysdr e pextgotepy hatrdaid, phenyl
methacrylate, benzyl methacrylate, 9-gnthracenylmethyl methacrylate, 9- vinylanthracene
omvinynapn R SR SRS ARK: ALYy RURS Rt aC SR, Dxaey S ex,
N-(3-hydroxyytlydeakycarwmyhyhesijyhzapylesiyl, substituted benzyl, alkoxy alkyl such as
10methacrylamide,N-(3-hydroxyl-4-ethoxycarhonylphenyla henyl
et an L LR PSS SR RO AT ARk 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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acetoaminophenyl)azo-4-hydroxystyrene,3-(4-ethoxycarbonylphenyl)azo-- acetoacetoxy ethyl
methacrylate, 3-(4-hydroxyphenyl)azo-acetoacetoxy ethyl
methacrylate,tetrahydroammoniumsulfatesaltof3-(4- 15 sulfophenyl)azoacetoacetoxy ethyl methacrylate
and equivalent structures. Any chromphore that absorbs at the appropriate exposure wavelength may be

used alone qeHtEAMMRIETIHPSIAG! SrreBiApbarkss, TWHRIR pRivKR! hayerisyBieireddy
polymerizing monomers that contain an acid labile group with monomers that contain an absorbing

chromophord" R&RAVFIRNYMRE SkHRed Qofopm Irefigcive reqating GAMRARIYeinds 8t provide
the acid labilgsgieitagns siesemssia dieisrarse idetircals e ipee s mopRose it eie %hes 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 pBXMEIAYaRTIRGEHBARTIE 1YY MREE PleARIHIESIE ROl S XREARS ¥ #RSAB¥BHIng

chrompBore giotsd thatdashssnsihaieds aitashatiinieabsttatlearpiurarasasopisitiemonomers
may be CH2=CHX-Ar-(CO)nO-R (n=0-1), CHZ:CHX-Ar-OC(O)é)-R, ,
(CH)=CHX- &né(é@%ﬂgé’gw@gﬂ@q)@ A§5@&§§§%@@)@[ﬁy stituted anthracyl, substituted
CH2=C Hﬁ-@r@@ﬁﬁé&&éﬂ%ﬁéhC%%%Mclﬂoﬁ)éos%wﬁé%d?é )%16&=Gh§£érﬁc¢:PM§é§6Acﬁ1§b(;N*ﬁﬂd vinyl
compounds containing, - -R-Ar, 30 - -R-Ar, - F -R-Ar, - F -R-Ar,
C(CFs)z(coiﬁﬁ%tJ&&‘}?Q/r%é}g %@%Q%F‘é‘lﬁéi,héFééowﬁkﬁtﬂ mlﬁigﬁ&ﬁﬁi@d’gﬁ%ﬁ% A% phenyl or

bﬁnzyl, SUbf@W@QWﬂéﬁwﬁmsﬁtﬂ?ﬂ. @ntgaﬁwirﬁmlsmst)a@}afﬁa)gmgﬂyg @byh@iwmﬂ,apykynwbstituted_
p ena ry, Su St tut ana unsu S,tltute n t , SUDS Ituted and unsubstitute eterocyclic aromatic
AN e Bt T M g Ve P s A LT

pyrrolidinyl, pyigmarpipeicéndoesrsiity npinieinystaadab s alkyheyclorkyblghistibieroeyaoalkyl,
oxocyclohexyl, cyclic lactone, benzyl, substituted benzyl, alkoxy alkyl, such as gthoxy ethyl or methoxy
ethoxy ethyl R PEIERLS B PR BRIYSHTAGS 201 HRSA R OR0Fn S OB VG € R ctone.
Exzmplels ofo%pbq}ﬁrc@rdsf@f W9sﬁww?ﬁ?méwgrllwetq&@fﬁ)l éﬁdahmé)dogrm@ﬂaylaacadamantol,
O eome 6 A RUEIETRY S1 )T SRS A S S AR B Vst of

15 chromophores mentioned below.

Another polymer useful in positive bottom photoimageable antireflective
coating compositions is (ii) a polymer comprising at least one unit with an acid
labile group and at least one unit with an absorbing chromophore. A skilled

20 artisan will appreciate which chromophores are useful at the exposure
wavelength of interest. Examples of an absorbing chromophore are hydrocarbon
aromatic moieties and heterocyclic aromatic moieties with from one to four
separate or fused rings, where there are 3 to 10 atoms in each ring. Examples of
monomers with absorbing chromophores that can be polymerized with the

25 monomers containing the acid 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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In addition to the unit containing the acid labile group and the absorbing chromphore, the polymer may
contain other 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 -CRi R2-CR3R4-, where R1 to R4 are

independentiyd 5(Z83CHEY, alky, fiat- QD) skoxy45tro) Balmig, ayvene, rEikykds|. @lkerpAtdigyanovinyl,
SO2CF3, CO0OZ, S03Z, COZ, OZ, NZ, SZ, SO27, 20 NHCOZ, SO2NZ2, where Z is H, or (Ci-Cio) alkyl,
hydroxy (Ci-@i%?’%i@@’((ﬁ’-@idf Qkﬁ@&dﬂﬂﬂﬁ%q@%r‘ﬂ?%ml IRhiRE 456 a9/ @tegroup such

as anhydriden gyfsingear Pilifope, iR 3Exanmsieseofetly hdrdhiasaliidiude:Cigy alkoxy and
R4 is a hydrophilic group. Examples of the hydrophilic group, are given here but are not limited to these:
0(CH2)20H, DYEPRRORIRIBH YA RHDYRBRE AR XA EO WR¥ RAF 8RS, (OB ARESO3X
(Where ¥ is iJug@erdaie, aily)iersngniesn bHamardiyaroptiimien\inaaoepirtpihaicigmxfee psed to form
the polymer are acrylic acid, methacrylic acid, vinyl alcohol, maleic anhydride, maleic acid, maleimide,
N-methyl maf&iRfiBEON-Hy BRI RONR I RCEHA IR A R e RBRB O RERHLASHBIE may be
methyl 30mqih@ﬁwlm@trlm&mat@tlh%@lfwﬂtenbw@wﬁwymb dﬁﬁéﬁ&ﬁrﬁéﬁ;\Wdf@W@ﬂMénethlaclrylitel-
Monomeric units containing acid labile groups may also be used, such as hydroxystyrene, vinyl alcohol,
(methyacry i SR AL BER i S EAE A Re £ D B LT B N By OB Ration, are
seconrtljlaryI a}ﬁmtgg&xWa@H{uﬁb, I(ulp to 2% carbw@my@k | bwymmmkmwﬂmalgﬁm@@gwlgﬂ]d ketals,
trimethylsilyl, and 13-trimethylsilyl substitute s. Representative 5 examples of acid labile groups
are teri@utym@n%}ﬁﬁ@mé&omyl, 1- alkylcﬁ@%’g%qf%—zﬂ(@ﬁ@‘t‘?&gﬂ%ﬁr&%gﬁgﬂﬂ? Sam-ﬂ-adamantyl,
2-alkyl-2- norhetmatrdaneidexamplris(ofadiniteabpRaripups eopietighydrofiiamymiesahydregyranyl,
substituted or unsubstituted methoxycarbonyl, p-

wialkyisiylal RGIORRE R A IeReA TS DR 45 Y 6RO HAREIAER)2) and the lke.
Examples ofanetoaistisxgorsaipingrasishialistgrosne thatesy pecnserh o theatohssrisyinetite
methacrylate ester of methyladamantane, methacrylate ester of mevalonic Jactone,

3-hydroxy-1-'§8 SR %ethaciﬂ”hé}?@écfﬁw&grﬂS estesrut&@g‘gta-hycﬁ%&y-gan%a—but?r’&fﬁctone,
t-butyl r®rbosoifophidao iriea tdtobdetethye tiameastha cpgtitacayldie quietiighadarosnix sicAtgte, t-butyl
acrylate and t-butyl methacrylate; t-butoxy carbonyl oxy vinyl benzene, benzyl oxy carponyl oxy vinyl
penzene. ot BRG] FhABERIE A HiomBaR) P S AP ORISR B HTSby sy Osity 1
ethyl ester olvethydmietheamtiitatizd TWithmothemerisroatdphningsanTahgordinghramaonhprédaclude
triphenylphenaol, -h%dr%i: fluorene,9-anthracenemetha

2= o .
methylphenahthrERaZ: ﬁ%\%@&éﬁﬁﬁoﬂ?ﬂ%&ﬁf@l&%’Ea‘-’é?—“ta'” 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 CH2=CHX-Ar—(C0O),0—R (n=0-1), CH,=CHX—Ar—0OC(0O)O—R,
(CH)=CHX—Ar—C(CF3),0—R, CH2=CHX—Ar—C(CF3),0(CO)O—R,
CH2=CHX—Ar—C(CF3),(COOR), CH,=CHX—C(O)O—Ar—OC(0O)-R,
CH,=CHX—CON(X)-Ar—O—R, and vinyl compounds containing —(CO)O—R—Ar,
30 —0OC(O)O—R—Ar, —C(CF3),0—R—Ar, —C(CF3),0(CO)O—R—Ar, C(CF3)(COOR-

Ar), where X is H or alkyl, Ar is substituted and unsubstituted phenyl such as
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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-

vinylanthracgpgengtvinstnapbiiglenesdbyinyteathatintide uNs(hsidiey)raethacyl  such  as
30methacrylamide,N-(3-hydroxy-4-hydroxycarbonylphenylazo)phenyl ,
methacrylanﬂBH‘,f\?-%'-’ﬁ%%fkyl%‘-‘éﬁqé&%r%ﬁylHH§H9§;{§(H$BHeme”a“thry" substituted and

methacrylamide J¥<@dtsiniepphieylsonseiemdiaalaioisstigndd heterocyclic aromatic rings
acetoaminophenyl)azo-4-hydroxystyrene,3-(4-eth oxyca rbon yl ph en yl )azo- acetoacetoxy ethyl

methacrylat&o\?-t@!-rﬂ'g}arB?WH@W&Ee@S&@@fB?{?’e’BHt{/Pge”’ sulfur, or combinations thereof,
methaceylatesigialgdinaromaniumeyaigsapieridinbrubienariv) axmcrigacaiaxyrety| angihacrylate. A

skilled artisan will appreciate which chromophores are useful at the exposure wavelength of interest.

/ p
The polymerc¥5iRalithg tiERRLHISGIe XHIALY s @XBWYEIRRGKEE N lSorRFORenoRR™ linits as

gescrirk:eldzaks{j@mtiﬁnaﬁmmgﬁz;ﬂIﬁmwﬂymﬁﬁym@clraﬁa&&ngtm@h@@ﬂ?lﬂbﬂg ghf@éui@i@cbtﬁgﬁ;@mﬂwpers of
-met Yi- -a amanty methacr te. mevalonic lactone metha ry ate, - roxy-l-a amant |
ethacrylat @GRS TN o EDY b AR AT S oSN OB Wb BRHA iBoxy late,

t-butyl methyhaeamEyhmplbacsylaeintiaty/| aslaseniglacivsittyaiianyyirieyarss-Bimd)
ety 08 virGPERRY bt AR PSRRI e T AREDA AREIREAN T S cster of
methyl methagsyitaig, withanebay) metinakyaspy iyl rBetihacpdrirergrylic acid, methacrylic acid, vinyl
alcohol, maleic anhydride, N-vinyl pyrrolidinone, maleimide, N-methyl maleimide, and the like.. 20
In addition to the unit containing the acid labile group and the absorbing
chromphore, the polymer may contain other 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 —CR4R,—CR3R4s—, where R
to R4 are independently H, (C1-Cqo) alkyl, (C4-C1o) alkoxy, nitro, halide, cyano,
alkylaryl, alkenyl, dicyanovinyl, SO,CF3, COOZ, SO3Z, COZ, OZ, NZ,, SZ, SO,Z,

20 NHCOZ, SO;NZ,, where Z is H, or (C4-C1g) alkyl, hydroxy (C4-C1o) alkyl, (C4-C1o)
alkylOCOCH,COCHs3;, or R, and R4 combine to form a cyclic group such as
anhydride, pyridine, or pyrollidone, or Ry to R3 are independently H, (C41-C1¢) alkyl,
(C4-C10) alkoxy and Ry is a hydrophilic group. Examples of the hydrophilic group,
are given here but are not limited to these: O(CH2),OH, O(CH3)20(CH2)OH,

25 (CH2),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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Yet another polymer useful for the positive bottom photoimageable antireflective coating compositions is
(iif) 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 25hereinabove.
For the polymer comprising at least one unit with a hydroxyl and/or a carboxyl group to provide alkaline

solubility, angt aIeras HikiBLySiterePRe (imptianehdhe PRMEERIEO AVt PP astiserRlia dabirlity and
another is to enable the 30antireflective coating to change solubility during the imaging process. The

hydroxy! or B8/ GrRPEIeSH FAFhaProbieyBhe WA L IMEBHRRALsATBEESaRIRYY tRE Lolubility
change. Exai@pigs HIRYRNQIRELS RHishrBERViste e watyi it IR0 oaly Pererigemraduiiewdgitations,

substituted or unsubstjtuted vinyl monomers containing a hydroxyl and or carboxyl group, such as acrylic

acid, methadi§HRScid MATTARBho ARk rSBAIndsI Iy SHRFEIHIR theAliadfy 1 aREPESRING Sropy !
methaceylateXdriitresoxymediid) acpigmideodpay depxy pleenplayy, methasswtgie, sobermiyphenyloxy
acrylate, 5-hydroxynaphthy|o>év methacrylate, 5-hydroxb/naphth loxy acrylate, vinyl monomers containing

1,1,2,2,3,3- AEYIBYRRES Wroganly S¥ARG By F¥ &V bh g THEKES BRI Ardi¥atible and
preferably watgbitsglubletnesy arsetes hefoAGKRE! ImsleCcOogalipe 1amyX e g yaesmmeiunits
containing h{groxyl and/or c rboxnggro_ups. Vinyl monomers contajnin

thel,1,1,3,3 S FRAVEHRRY 3N oparibPG IS dre t%rpres‘éf?ﬁ@B%&%ﬁﬂctu?@?@?’iﬁ%ﬁgﬂaltheirﬁéubstituted
equivalents. tridKYRI(PHANDP) 1groups  (e.g.  CH,—CH,Si(CH3z)s,  CH(—CH,Si(CHs)s),

10 CH,—CH(Si(CHs)s)2) and the like.

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

49



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 aheghérgIshvieeophong-(» 4bgihinppRlNSHiRe pheleytp of theateihagenits cantaining the
hydroxyl or carboxyl group can range from 5 to 95, preferably 10 to 90, and more preferably 20 to 80 and

the mole % GCRIOARNRBIRYhAFASHRY QB8 final polyEt Bl PSRRI RDRIEaZ e ferably 10
to 90 more pagtRetER)0 SBylt imalbreyiikifethe SaoRedRbiiISHEMONHEB- Bttt BiskpXtRyicarboxyl

group is attached to the absorbii}% chromophore aqr that the chromophore is attached to the hydroxyl or

carboxy! groliStHREWaksth grolfiLeAAFRELRCAIYAR samStHaeAs an 8%4mple e 5 chrsiophoric
groups gescshfshpisyPiasiyavaroaarRe RARNL Mddraxrly RNE/OK SRIMGAYA GBI VN Hprétragdromophoric

groups and the hydroxyl group and/or carbonyl group are attached to the same group. In addition to the
unit containiM'iFié HYSBRANLIER PEHRSAN GFJBﬁ SXRORY IRV €S ARE 1R Shsorbing chromophore,

the polymer may contain other monomeric units, such units may provide other desirable properties,

examples of which are described hererinabove. Examples of the foregoing polymers inc ude, for example,
OH P ‘?’he it cﬁ) eiabile unit r%ay ga soy contain other P

polymer containing the aci
nonabsorbing monomeric units as described above. Examples of the polymer
10 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
15 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

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

25 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

30 antireflective 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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See also United States Published Patent Applications 20030129531 and 20050214674, the contents of
which are hereby incorporated by reference herein. "A catenary heteroatom" refers to an internal
heteroatom such as for example 5 nitrogen, oxygen, or sulfur, bonded between carbon atoms. Preferred
heteroatoms are nitrogen or oxygen. These heteroatoms may interrupt the chain of an aliphatic or

cycloaliphatifdpelesay fon (v haslupmliynena gy inexde hiedrexyhaneraerashrer gfevriareudted, an 10

optional crosslinking agent can be added thereto. One example includes vinyl ether terminated
crosslinking géMisYRIN cRAIYEFEFALH RS b‘g\/'¥He%ﬁm&a%ma@ﬁ&%&%%h@%%ﬂw wherein
al is selectedifionmrénbfdty aaadinmans ed Rxgy eitdadkdambsiitgieor sinsv Bstietgfd @rd;40) aryl, or

substituted or unsubstijtuted (Craw) alicyclic hydrocarbon; and ri2. It is believed that the terminal vinyl

ether group BEIESHE Y drdRN of oy Y ABESYSHYFRNSSH REFIYEE%h Reihasdattetal 20

linkage 5= xanylrsxOb RSN \iirRIbgIdesMNFIadirsReRielipyRapRInIAs Lt bisckyBhaaoRytyl) adipate;
bis(4-vinyloxy butyl) succinate; bis(4-vinyloxy butyl) isophathalate; bis(4-vinyloxymethyl cyclohexylmethyl)
glutarate; triS{EAATHIR DU IAIREYRARN WM -SFYIBLS matMgre waRpMph etRsHASate; bis(4-
vinyloxy metbyhyayieiehexphingtbyl) isaphikagte; ig4-vinstomdraty cshtariing- 251L328:8ylene)

biscarbamate; bis 4-viné< butyl) (methylene di-4,1-phenylene) biscarbamate; and triethyleneglycol

lo e )
divinylether, EXai{Hq5e: 'B?%%‘ﬂ‘ﬁ% tAH0e mﬂ@(h@?f?{)gﬁb%fsm%%l nbtorRePensairlsR under the
tbra?fr(la_mel \éemémnﬁénwpfee@raf?s(mtlapIaséh?]w:@ylm-wméylh@@dﬁz?a&pbiyfﬁe(wmwmlbww@dipate,
IS[4-(VIQYIOXY, ut succinate, 4-(vinyloxymethy cyclonex et .
I S R R E e S R e
tris[4-(vinyloxyohatyidts medigataindng(Virtyioxy Ybutyl, sieBaiexaikldrivydmpyabatlyl] group  are

h ibi i
exanediy b'rsecﬁarrebsaerﬂ?etg ’bti/lssl'[ructures (1) to (6) and their substituted equivalents.

F
—C F3 — —_— SN
=0 =0 j)
CF+—CF,  CF;CF, CFngFS
| OH OH CF; CFy
CF, OH

CF;——CF CF;—
3 3 3 OH

OH OH

(1 (2) 3) (4) ) (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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[(vinyloxy)methyl]cyclohexyllmethyl]terephthalate,bis[[4-
[(vinyloxy)methyl]cyclohexyl]methyl]isophthalate,bis[4-(vinyloxy)butyl] (methylenedi-4,1-phenylene)
biscarbamate, bis[4-(vinyloxy)butyl] (4-methyl-1,3- 5 phenylene) biscarbamate, and polymers bearing
pendant vinyloxy groups. Other vinyl ether terminated crosslinking agents are described in T. Yamaoka,

et al., TrendgierBRpIYChE o RO pfAsrE) Do 3o Moom Rf alsdChfAIn Maiesedpé851AthlHI4); or H.
Schacht, et al., ACS Symp. Ser. 706:78 (1998) which may also_be used, and are incorporated herein by

reference. 18ventighehalsdberyydrpneuns: tahmale 9 QuRsIKREPSHER: 10 atitfe PREMR BB tireflective
coating in a prRERTEPROMIICH BraYides CriBradihatel RAuiNaterlg @b ViR RikrRORYPSSiRKDRYNCtion per

reactive group on the polymer, further 0.50- 1.50 reactive equivalents per reactive group. 15 The

inventive coM8idAAnE irRRRHSEURA pRih REGSENLILL e (3006 Yribidoh ARG B €oating
composgionghidasbiiPalcr gHEIRC i P8Ea P IPPSiana Jy Rpadypeartiaiit PRINFBRIE, hdyeror

chromophore compaonent which in some cases can be part of the polymer, a crosslinking component

which can ZEPBRCENGRARHER Nah & THOTMRACEIHISBHRS 2 Hh dNsh Y FEPSYL IO UPhan R source and

dye or chrongephexig| erans aes bitscHise U6 3he Bareégkai@sslinking 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
gsedl, aredcoated Oﬂrﬁe}Mdiﬁbﬁr’td tﬂh@mﬁ@m@iﬁimgth@mm?ﬁyisarflgﬁbaﬁbﬂg@pg%@@ iarﬁxpgsed and
eveloped. The antireflective coating [n the exposed area is then etched, with the resist pattern being
transfelfld (IR HSRIANARCRE ABEGHURG S YRESHLER RE MRy FAEP S AAN acid or 30
a thermal acidgeimaerionfirossliokingitamtakeoiice lbeheeea<irablgnmes sonies)iegaarpydsaxyl and/or
carboxyl gro%_aﬂg a crosslinkigs agent in the presence of heat, however, typically reaction times may
be long. The | 8§ﬁ8F$’t% %\Eib%bak’ee used to accelerate the crosslinking reaction and are
desirable for instances where short curing times are preferred. Thermal acid generators liberate the acid
upon heating. Any known acids, gr thermal .acid enerators may be used, exemplified without
limitations, by 2,4,4; a@@ﬁ%ﬁ&&%@ PoReH %‘,%%H%‘HH\%Z%E@%HB%C acid, 2-nitrobenzyl tosylate,
chloroacetic acid, toluenesulfonic ha
of organic sutfani¢’ acjds] salts of
components g

acid, me

HO O

15
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10 acids and acids produced by thermal acid generators, which have high acidity, can lead to
undercutting and can prevent the desired photoimaging process from taking place. Acids with moderate
acidity, i.e. with a pKa (-logio of the acid dissociation 15 constant) greater than 1.0 are of interest when
used with a vinyl terminated crosslinking agent and/or the vinyl terminated FAG or Q (for example,
formulae (2) and (4 herern) Acids with a pKa of less than 5. 0 and greater than 1.0 are also of further

Examples wit ids derivedfrom thermal rs with moderate
acidity are male 5 of 1@45J dichlor ic acid-(pKa of 1.48),
oxalic acid (pKa o f L. i [ : ¢ acid (pKa of 4.3), gylcolic acid (pKa of 3.8),
fumaric acid (pKa of 4. -, [ : [ id (pKa of 2.7), etc. 25 Acids
which are blocked by bas 1} [ neﬁ{tor are preferred. Acids, such as those
described above, may bg, blocked withcbases such as amines. Typical bases are triethyl amine, tripropyl

amine, trimethyl amine, tributyl amine;Aripentyl amine, tridodecyl amine etc. Additionally, diary! or
30trialkyl sulfonium salts with anions of weak acids, such as carboxylic acid or aryl carboxylic acid may be
used. Acids whr ch | bases may be formed by combining the acid with a base, where the

acid:base rati about 1:3. Further examples of acids with the desired pKa and
their salts can b skill in the art by reviewing the available literature, such as in
CRC HandbooKk)G y and Physigs, published by 5 CRC Press Inc. and incorporated herein by
reference. In some@mbodi Iso be desirable that the thermal acid be such that once the acid
is generated it doeg not rempg ently in the coating and therefore does not facilitate the reverse
reaction, but is r, ed fr A the M, It is believed that, once crosslinking takes place the acid is

heat and 10 the decomposition products are baked out of the film, or the
acid may sublime ating. Thus none or very little of the free acid remains in the film after curing,
and the reverse reaction causrng the decomposition of the acetal linkage does not take place. Thermal
acid generators wiRA can generate an acid and then be removed prior to coating of the photoresist are
preferred in some cases. 15 Weak acids that remaln in the film may also be functronal as they may not

m the
ing therfhal cur‘i)n of that [afer. 20

|carbo ylic acid fas the%\neral formu .:

O
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0> Y<o0 25 where Y is selected from a direct bond and a connecting group; and A is an unsubstituted or
substituted amine compound. The connecting group Y can be selected from C1-C8 unsubstituted or
substituted alkylene chain optionally containing one or more hetero atoms (for example, 0, S, SO, SO2,
C(=0), C(=0)0,0C(=0)0, OC(=0), C3-C8 unsubstituted or substituted cycloalkylene, C2-G8 5unsubstituted
or substituted alkenylene, and C8-C12 unsubstituted or substituted arylene. Furthermore, it can be C1-C8
unsubstituted or substituted alkylene chain optionally containirgﬂone or more hetero atoms, even still,

C1-C8 unsubstitutedst SRstHMNRARAGs CHblishariSraiRN ESRBIIGALCES2 A8 PatbAedand yet
even still C120830m14stiL e Poridsts WEA [ikyIare kbaiby(incenseraed BiurTehstitatee @i substituted

methylene; unsubstituted or substituted ethylene; or unsubstituted or substituted propylene), C1-C3

unsubstituted oSl BEEIRALNE cFRIf So L@ IBETRa! fiRjRIRateRA SUb &R Rl RH A RIroxy! and/or
alkyl. 15T he @trogersoningenh cashesigteetedhsHabdhap dtwelatizesarbarie apstRiUrePaéfahieh

compositions which contain the compound of formula (ll) are baked. Examples of the amine compound
include a co roRiQms QLR AEREeRoy oxygen. These heteroatoms may interrupt the chain

of an aliphatic or cycloaliphatic hydrocarbon.

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 (Cs-C4o) aryl, or substituted or unsubstituted (C7-Cy4o) alicyclic
hydrocarbon; and n=2. 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, bis[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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20 where each of R20, R22, R24, and R28 are individually selected from hydrogen, unsubstituted or
substituted alkyl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted monocyclic or
polycyclic aryl, and unsubstituted or substituted aralkyl; and R28 is selected from C3-G7 unsubstituted or
substituted 25alkylene or R28 together with the atoms to which it is bound forms a C6-C12 unsubstituted
or substituteg,mgaggygﬂgyprQ@b{@(@ljc @NHWHEWX?)@JW]G%%%@%i?lﬁié”lééﬁl@a#fé?eépsﬂ%{‘[ad and
substituted trialkylamipes, unsubstituted and substituted dialkylamines, and unsubstituted and substituted

monoalkylarHifB¥ | RETIRISYCRIEXBRRIREY tricycloalkyldRiRREN&RGstituted and Siéituted
dicycloalkylqwingfexd)thetsRsidetaskanehstiystituted imepiaetiaalkylamipess Losiyrskiitbes, gnd

substituted monocylcoalkyldialkylamines, unsubstituted and 5supstituted dicycloalkylmonoalkylamines,

unsu bstituteﬂ”ré‘?m3@88@960%3'WAW@amﬁ%ﬁMﬂ%SBiﬁﬁf&Y%’ Lo Qi (fsethyl-1,3-
diaryimenoajiyéiyienes) brpdvbliviae anddspbBifiEas fdanfanpesgaHnsitsiyiefaips sarpbuted

diarylamines, and unsubstituted and substituted monoarylamines, unsupstituted and substituted

triaralkylamiMiy/! (oG5 RTINS SIS RIS A#HindESTBRAT (ThdublAmakan&t@bstituted
m%nO_aralléy(Ijm?i innsmlsk@itlwie@ aN&thﬁgt.l,J_tEmgﬁQﬂoaﬂé}é ks!dimzmwéma.,lumltli(m{tg@ﬁnd
substituted diar mano mines, unsubstituted and substifuted_monoarylmanoalkylamines,
unsubstituteg:aaéélﬁﬂ) ﬁﬂ?ﬁe&r%%iﬁﬁm{r%%alﬁﬁ &Py ﬁﬁbggﬁé Q(%P%Se@ egray
15monocyclaasytis ezea kylaining snhesg ortsbstidvisd ey desoRstitated monoarylmonocycloalkylamines

and the like, etc. Further examples include trimethylamine, dimethylethylamine, dimethylpropylamine,
dimethytbutylamine, methyldiethylamine, methyldipropylamine, methyldibutylamine,

methylethylpropylaminenroetyetey Nantyl athise teneihgieo ry b sitikmig e gt hadaieine the
ethyldipropylamine, ethyldibutylamine, diethylpropylamine, dieth lamine, ethylpropylbutylamine,
tripropylamil‘?&tlﬁﬁﬁ%ﬁ&}%u%ﬂﬁ%ﬂé?;ﬂ&fﬂ@?ﬁr a‘%m’r%, MBM{§%?¥5)F%B£%$£IEH§€%HbV@%m%, iperazine,
cyclohexyl auiiyé etinertbeobistinkileg 2ambkoaciskoraesidiveiyredgrom the putymal atudtigenorar is
preferably rep%ed from the an%reflective coag?% (g%%cj%mposes) at a temperature ranging from about

115C to abolit22BEHIthEN HYRC3DETb8RG
15

The inventive composition and inventive compounds can also be used in
traditional antireflective coating compositions. Traditional antireflective coating
compositions typically contain polymers, a dye or chromophore component which
in some cases can be part of the polymer, a crosslinking component which can

20  be optional when using the inventive compounds, and an acid source. The acid
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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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 cycloalkyls include cyclohexyl, menthyl and the like. The alkenyls include ally!, vinyl and
the like. The aryl groups include monocyclic or polycyclic rings such as, for example, phenyl, naphthyl and

the like. ThegrealkpkarennseiaciwdaBhenyigprean! (readierziha¥pRe Ry 16y, rivRAsTEYB@Ad the like.

Alkylene, 5 cycloalkylene, and arylene mean the same as above for alkyl, cycloalkyl, and aryl except that

an additionaPR)EFEYYS AbrAHIS BEBNUREHOIR PREFIFIREAINE, CRRSANING: FHCHEP RBFhAE ethylene,
propylene, cyelsifgpidefne. ipRemderewsisle THeolerauNALE AMRLe BRd gieERiPar] aryIRsienan\daione or more

carbon atoms replaced with a heteroatom (for example, S, 0, or N). 10 . The solvent for the

antireflectiveP€OGRARTS JHRSEEEs A RSt BANIREBNRTaIAY LEIRNELARGISe s BafBalngfiiective

coating sandgudnercdorse ipmpvaskdugisedhe Sakesiaeso gidhe repnitiivesating is pat s@uble in the
coating solvent of the photoresist. Furthermore, to retain the integrity of the 15 antireflective coating, the

polymer of theERIRINeGH P BEXAAIE MY el RHIDhEESH APy e FALREF i2SBstnfdI9NREE ble in the

solvent of thext3papbobpBBiRicStis B ERY UbRIBABEUIERNE Ricial, misinAesiilferi dam ohbieaaateeflecting

coating layer with the photgresist layer, Typically propylene glyco| mgnomethyl ether acetate and ethyl
factate aro (A EretEIHEd oo ARt S Rt IO TNE AT SRR SoJoeoRS the

antireflectiveng@atitgice BOSitiaovaso ety Glohex anrerefaysp peittasnooestamssden Zonentarssiaeethyl
lactate, propylene glycol monomethyl ether, butyl acetate, gamma butyroacetate, ethyl cellpsolve acetate,
ety Dl E55 AHE RO S TR A SISt B bl P,
2-methoxyetbyhatrr tduirribplantatenereaylpre eyt the @ sxnrameibidieibginacetatassraioyene glycol
monomethyl ether 0||' mixtures thereof are preferred. Solvents with a lower degree of toxicity and good

coating and (i ﬁ)perties are generally preferred. Typical antireflective coating compositions
may comprise up to about 15 30percent by weight of the solids, preferably less than 8 percent, based on

ine photoacid genchats B OGBS L 61 SUAAHRE (558 G RRRAFE Phsslinking
agent a6d opipsadint) treteveinhh perCeateiodhntsidstrWiermalsacdviemneraiatybasadinatée total solids
Content O N e S AN B IR TS trinatod B B R o ISR TR Bfhulae
(2) and (4) herein). Acids with a pKa of less than 5.0 and greater than 1.0 are
also of further interest. The resulting acetal linkages are easily cleavable in the
presence of photogenerated acids. Examples, without limitations, of acids or
20 acids derived from thermal acid generators with moderate acidity are maleic acid
(pKa of 1.83), chloroacetic acid (pKa of 1.4), dichloroacetic acid (pKa of 1.48),
oxalic acid (pKa of 1.3), cinnamic acid (pKa of 4.45), tartaric acid (pKa of 4.3),
gylcolic acid (pKa of 3.8), fumaric acid (pKa of 4.45), malonic acid (pKa of 2.8),
cyanoacetic acid (pKa of 2.7), etc.
25
Acids which are blocked by bases to form a thermal acid generator are
preferred. Acids, such as those described above, may be blocked with bases
such as amines. Typical bases are triethyl amine, tripropyl amine, trimethyl
amine, tributyl amine, tripentyl amine, tridodecyl amine etc. Additionally, 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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5 ranges from about 0. 1 to about 20 weight %. Preferably the crosslinking agent ranges from about 5 to
about 40 weight percent, more preferably 10 to 35 weight percent. The solid components are dissolved in
the solvent, or mixtures of solvents, and filtered to remove impurities. The antireflective coating
composition can optionally contain surfactants, base quencher, and other similar 10 materials. The

componentsi3f BiriinedeREvVatOHiRY MByRsHhersanied iy insdwigRs rsvgfeagrbasipethrough an
ion exchange column, filtration, and extraction process, to improve the quality of the Ero,duct. Other

components aiPralattictido '%Hét%'iiteéﬁgﬁ\l)%scﬁhﬁ:ﬂgﬁimteftﬂ% desinrd RN M AR SASrder to

enhance theqgagrfeenanasdobipeeeaididoribhdpvekmicendte dBresShpUrEteWaws! e agesitapasihesion
promoters, antifoaming agents, etc, These additives may be present at UE to, 30 weight percent level.

Other polymEiRralyEs SHbAsIdRs G HyaRIRAN G- BERHRI AR R YRS RHIBRRAR WYates, may

be addegl to GRC PSSt MavidsgsbrRsIfaBTGIACEY S ofErapt e HRtvRhe iBpRTern Eigfatably the
amount of this polymer is kept below 50 weight % of the total solids of the composition, more preferably

35 weight %M&Yd 856 RSordesiErianialelte J0ararh5d Nish-SBRRiIENELsRRAR 8ISk Kdded to the

Eomposiggn g@rligﬂiitd'tﬁflil?&&b?ﬁ&ﬁ mraﬂﬁl?;@ﬁmﬁéaﬁ@nld étlﬁiélﬁ@é@iﬂg ahgtqwfé;m@c&@@éerh?ses are
nown additives, Examples of non-volatile bases 25 include ammonium hydroxide, tetrgbutylammonium
nycroxide, 8RR AT EC URRE HERSHAe OHloy IEh B Tk i AeRyEd A

hydroxide. Exaseptessyiinamyatatis phatedeeoagsaliednnpsdedusie/sinherydspljansamangiroxide,

bis(t-bytylphenyl)jodonium cyclamate and tris(tertbytylpheny])sujfonium cyclamate. Another component of
tho anibie IR SRR B I DR ST 8 HRcHTS B EAear, ERAREME e stabiity of

the compositi@mndiéngositrnag d ansl hoae Suitaie itikatictaefras acrithasaingichiwfipadfaling point
equal to or less than the solvent used in the antireflectjve coating compositjon. Examples of volatile
ot el R DI R VRIS A SRS, CRARVAZR N e A <age
monoethylargies aolitskesiatis)tahamimesciangahertikeriohfo aalpsriphiae parassrieidy) of the

| it from about 0.1 to about 1.0, preferably f £ 0.15 to about 0.7
measurod LA AL GIRAR PG A, SCRVE AL PP P AR Ef Bl S LS R G Bntnized. The

and k values/tealkbacials ade dresiag ain elipshimetan\siutboadd Gitinetibrial Waxo ey \VivMAREt VU-302 TM

Ellipsometer. Th%e act valyes $f the optimum r nC%es for %?n.d n are d(jj;}endent on the Sx%osure

wavelength SR 'ﬂ‘f’ée'iy%?o %ff) SRR ﬁy?{i? é'Hh‘?ﬂ‘f"e p 8r|%'a'%‘?gé’§8 k95%0.1 t0 0.75,

for 248 nm thgpjvaifgriedatiegentss, ki LEE ©of WBjcn g lovidbiy iy ttcarefesadfangetisatrohe 0.1 to 0.8.

The thickness af the antiéeflective C aiinéﬁiﬁ 1&3?5 than the tl}i.ck es]ts of the to ﬁ]otoresi t. Preferably
e g g

the film thickARY3 e BRtiFEHEE MR e BV RILCSH Y R IRRE RSP e kBBY (b refractive
index), and nayesr pafagpthigitialleasitigest thetalyer of (wavelength of exposure/2

20
Other examples include a mono functionalized ammonium salts of

dicarboxylic acid has the general formula

HA®Y O_ OH
(I
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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times refractive index), where the refractive index is that of the antireflective coating and can be
measured with an ellipsometer. The optimum film thickness 200f the antireflective coating is determined
by the exposure wavelength, refractive indices of the antireflective coating and of the photoresist,
absorption characteristics of the top and bottom coatings, and optical characteristics of the substrate.

Since the bottom antiigitefhecaagtiioupustdm eansediby AT LCaNhseysiRBE Iy steps, the
optimum film thickness is determined by avoiding the 25¢ptical nodes where no light absorption is present

in the antiref*QRIEWE Y Iear BaimhPRinRA QAR Qe RAMOse N e Brafemsd"R8r 248 nm a film
thickness of isshipRN 80 ssie perigrredhyae for 36 oparadim thigknass-ehjesgthan 110 nm is preferred.

30The antireflective coating composition is coated on the substrate using techniqués well known to those

skilled in thea®G(rMD)as, dixpioyspib siiatied or ssibstitnigd\eieallylesgates&aown in the art may be
used, such as thgse.that are plan aye topography or have holes. Ex les of semiconductor
ubsiatbs AL SRR R N L AINEECR, B s e U G By AR i,
aluminum/sikrgleadoySurhdrinpogsténcdn ber@inCasesubdtitetedan digbatiiutielliplkflenetatesist film at the
edges of the sybstrate, referred to as edge bead. This edge bead ¢ removed using a, solvent or
mixtore of SSUULAIE RO e, S B 16 B Ao il 7 & @ O TR 1o ther
cured. The pebstiadedrajleytdrieropainaiopéon diyncadiainidg©he aibond 2 QCatonahand3Pe1 20 seconds on
a hot plate oLé uiVﬁ|e§t_ a&inﬁ{gg{h 8 i;r‘uoorrg réetflg%b yaﬁ om rf]ib%Hta anO gto %kr)ﬁ) te 200C for 45-90
seconds. Th&'fiih hlc Hegd Ofthe antirerlettive coalt'ing ran&es froNEaboul 25PMPLS about 300 nm. The
optimutd filnutisckistfistes detsuatidatcasne hglekeo wnsotibbtaitd o hewrstd e ethitleogragrhic properties

are obtained, especially where no,st nain waves ar qu@erved in,t otoresist. The cured
antireflective Coa w%ﬁllusy%\ﬁqsgr 18 nslgﬁo bl g? iS'S jg§1n h%%lﬂgﬁﬁ@ %%@&B&?rl%ﬁs%&%n. The photoresist
can then be aligtedenham pbtreyantCeflectlic/mrainhain sEusitiviepndtbregditsxyllkaicti/are developed
with aqueouglﬁlllfaline solutions, are useful for the present invention, provided the photoactive compounds
inthe 20 phot(%ésist 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 radiggion, those %rﬁs%ﬂﬁh%%%?ﬁé%@ﬁﬂgﬁ'B8%%}aoae%r98&%&@%%%9&%%Pscome more soluble to
the developer solution (e.g. a rearrangement reaction occurs) while those areas not 25 exposed remain
relatively insteoigeratuhe alewbiochaerasopasitionhiud)itleaonéaindhaercerpueetdpefsituewlalking photoresist
with the dev: S@s I | of.the 0S $ f.}{& i Lt]th f j0 i positive
image in the%p o%&%@ét%ﬁﬁggﬁﬁi%ﬂ%eg%ﬁ&% lrﬁé%ﬁ%ﬁfdb wf%%:és (ra% ?r%]a %s%!egeﬁﬂarg@ I'ﬁi:h the resist
composition thengirams feeriisistingeophotomask to the substrate 30 with a high degree of image edge acuity
after exposur:g and development. In many manufacturing applications today, resist resolution on the order

of less than " 20 22
\N/ Rog

‘ and l/\N_st

Ros
20

where each of Ry, Rz, R4, and Ry are individually selected from hydrogen,
unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted monocyclic or polycyclic aryl, and unsubstituted or
substituted aralkyl; and Rys is selected from C3-C7 unsubstituted or substituted
25 alkylene or Ryg together with the atoms to which it is bound forms a Cs-C12
unsubstituted or substituted monocyclic or polycyclic aryl. Further examples

include ammonia, unsubstituted and substituted trialkylamines, unsubstituted and
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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 substrate. 5This becomes even more critical as the drive toward miniaturization reduces the critical

dimensions gnBbgtdRdEalkylamrEly e inG PHSIQIRHISAH § YUPSHIGR A MO RICIRPIAMARS,
guinonediazide compounds as photoactive com,oounds are well known in the art. 10 Novolak resins are

typically prodiiSsP i s R REORIHIRILRGYE QA RR iehdBSHORILIBL RN § HRtiteiedin the
presence of giyasishigiaiehed dhauasalisfeit Phsoasiya e prungsIsarRNaraIheabtained by

reacting multinydroxyphenolic compounds with naphthoquinone diazide acids or their derivatives. The

sensitivity oftAE4RsiedbAncribslpiedymanged sk e ik s B v RS YRR tEd anBhotoresist

resolutien is slajstrdiag theymalleghieatidryntHdS cLUPROIEERIE ¢ am@asismeri transfer from the
photomask to the substrate with a high degree of ima e@(i%_e acuity after exposure and development. In

many 20 m&RGRRAHAGISYIRRLRM IR IHIRE RRESHRSIHIGH iRtnaR? kY REUNRSN one micron

are necessagndutgiditien dhis ubsirladyayargRatiaide, thasthe wieveiraed phissatasist wall profiles be
near vertical relative to the supstrate. Such demf:\rc tions b%t{\é]veen developed and undeveloped areas of

the resist coStfY BRIESARt Stuteg: Hite D AR AT RESH W FIPSELIE rate. This

becomes evanduBstitical afaiatkyrivaiteyaithsubsitutigation redvses ide giataiyiimensns on the
devicej Prggtores'sts sgiitiv to short wavelengths, between about 180 nm and about 300 nm can
Osed?

also b Hﬂ'ﬁ'ﬂ SteiseeA 8%@%@%@%9@5%%¥%@?&1&Nﬁf@bﬁg{gf'ﬁg aRd incorporated herein
by referencesdbstitiiaid Norb4ligialyiaRmed urs3bStianedbsd Babshitutdd069,997, EP 794458 and

Sol?yi%?ij%&%%ﬁ%l&é%@%&%ﬁ}%gorlﬁ:r?m gﬁ&% %&g&%@ﬁ{gﬁ(gﬁ;ﬁiﬁuﬁ Iﬁ[;t:ﬁtrlltlgltt%dr Particularly
preferred form8doanyanchbalkpianeixess wiesakss iioter esigts isstifuisig non-aromatic polymers, a
photoacid gerHSF%grréllkylmonoalkylamines, unsubstituted and substituted
15  monocycloalkylmonoalkylamines, and unsubstituted and substituted
monoarylmonocycloalkylamines and the like, etc. Further examples include
trimethylamine, dimethylethylamine, dimethylpropylamine, dimethylbutylamine,
methyldiethylamine, methyldipropylamine, methyldibutylamine,
methylethylpropylamine, methylethylbutylamine, methylpropylbutylamine,
20 triethylamine, ethyldipropylamine, ethyldibutylamine, diethylpropylamine,
diethylbutylamine, ethylpropylbutylamine, tripropylamine, dipropylbutylamine,
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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5 optionally a solubility inhibitor, and solvent. Photoresists sensitive at 193 nm that are known in the prior
art are described in the following documents and incorporated herein, WO 97/33198, U.S. Pat. No.
5,585,219, Proc. SPIE, vols. 3333 (1998), 3678 (1999), 3999 (2000), 4345 (2001). Particularly preferred
for 193 nm and 157 nm exposure are photoresists comprising non-aromatic 10 polymers, a photoacid

generator, opfiefaliiyfsSPIsIiiE dyRibkxANhephrRNtaRAGIsemiets PRESHINGrAN SRchmdhatyare known in

the prior art are described in the following references and incorporated herein, Proc. SPIE, vols. 3999

(2000), 4345/ RYANIARAJLGh ARG BROLEFAYIS LRAYAGLMANREY Fif RIRPHEVEEIBIRBUSRS:
antireflectivergonaxasHing, hejiehylS napliti@sitivel SYgieMked fiiMef ahaignesisbispdremerated on top of

the cured antireflective coating and baked to substantjally remove the photoresist solvent. The photoresist

and the antirdABRHBEELtiNEHiI 0FoR e RISRY IelbN it Soe RAGDEXNES & th g HKe ra AN En a

subseqéent bpabakglendharrrishgeneraiesn 2R<saRE: QEPABBIR FrRNRACE) Kok erosatingrne polymer
of the antireflective coating composition and thus rendering the exposed region of the antireflective

coating alkaf¥XeRMIENAL N IBISIHRMT JYGHiBAeH HReEh SaS ARSI B Ko5R Utk AYhtep can

range from 48/G1saRYPGrieinA0RN0serapds ethglbak plateryiaslieleriHesaliseesysttemyiprrferably from
80C to 160C f?rg 40-90 25 seconds. In some instances, it is gossible_to avoid the postexposure bake,
since for cerBifl-chEMmileiEs NQIEFPRIBNAT IEtS! I%ig 18PMENRKAYY T AN QLB IS oL at room

temperatureaigigPpraeedite exporedarmo(fooétaenpriirefestive pating is now soluble in an
aqueoga alkaline solution. The bilevel system is then developed with an aqueous alkaline developer to

remove the 30photoresist and the antireflective coating. The developer is preferably an agueous alkaline
solution comprisingT fey exaveple ftetransetni@isatniinsobydpxisiecHdi devalsipethata fugher comprise

additives, such as surfactants, polymers, isopropanol, ethangl, etc. The process of coating and imaging
Photoresie: SHSTYE AR ONGCHOm BOARLR R WIS ERA65 1 <Eoatida Athe ah SAH Bebptimized
for the Specifr'?mmg@@fdmmgrﬁﬁsbiné smh&ftech;?e ﬁmiqe@mginfgmb@mi@nwﬁedsﬂjfheaim&gaﬁlgailevel f
system can thern.be processed. further as require e manufacturi rocess, of integrated circuits, for
cxample metSEIEH SIS A AN I Sa e A S ERTE 0 LS P oG, process
the 1016layeinireflessive eeitingr ekanpnaerosfianie tintinsffecthas ovatisgpsisaieelbrmantieflection film
is formed on the organic film, and.a photoresist film is formed on th an%ireg] cti nfiI(BLAn organic film is
formed on a UGS HEETAIRY o SUPAIRNTS RSBl b SAVER THDB AR RORIRI SIS or may not
then crosslirBadhwigybiretrenisigratienguplioditioniby, Spteeoixiing ofietizodreicefieotthg tbathggnic film is
formed the alntireflecﬂ'_?%ilm foi examiﬁl that which i disclos?ﬁ? herqin ral|s an interr{Pfy?liatt%resist film.
After applyin8¥ﬁé ke Ic?ctpdﬁj (gl Sition ¥8' %rﬁﬁ?ﬁg 'ﬂ?b%%%? -gb%rl’fﬁ@% 7, a %anic
solvent is evapetztedamadeltialingdtataried dbeirpostEardéd psolvetdsciiosslinkirtgpephtitorésigtevent the

vont s evapetattchmikbiafirigitatarued aheirpeatred poetssc fassiikrgpsephbtresiptevent
formed dne SRAVDHIER AT R BUNEILB 56 AN LY LD i AN G NP HRGIAB S b usec

for fqrming tbquﬂﬂmm&hstdjlmyak)mmmm_g ahisal&tj!reﬂberimnﬁlm, Aa‘tlaylphmibartesigrtﬁ_bylenmposition is
oty e L A T SR LN T e iy
pattern. 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 preferred. 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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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 coating composition

if needed. T%i@?ﬂﬁ@r@@ﬁ‘mﬂ&iﬁi@%éﬂfébﬂ ?ﬁ?{@@wl@\@@g%\l@@“ﬂoﬁéd&@m@f ipdfyenait such as spin
coating, spray coating, curtain coatin oég etc. The compositions can be cured by heatin at temperatures
0

from about 40C® M5tgbbBEECert o othh §TASISHCRD RIGEE ARANAREORILL IR S mposition

can be basegeygetiarwaieidesinamppaitiongoneniionaskabavén the &staﬂwmmq%m wihere an
antireflective coating composition is formed from just FAG-(--L--OH)p(1) FAG (L OCH= CH2)p(2) or (a2)

at least one E¥mPRTHRISF A RAZYBY (FRDPPSBAR-CICSERLCINg) PAGPAA (I aaisiEnE Vel

5 ranges from about 0. 1 to about 20 weight %. Preferably the crosslinking agent
ranges from about 5 to about 40 weight percent, more preferably 10 to 35 weight
percent. The solid components are dissolved in the solvent, or mixtures of
solvents, and filtered to remove impurities. The antireflective coating
composition can optionally contain surfactants, base quencher, and other similar

10 materials. The components of the antireflective coating may also be treated by
techniques such as passing through an ion exchange column, filtration, and

extraction process, to improve the quality of the product.

Other components may be added to the antireflective composition of the

15 present application in order to enhance the performance of the coating, e.g.
lower alcohols, dyes, surface leveling agents, adhesion promoters, antifoaming
agents, etc. These additives may be present at up to 30 weight percent level.
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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where FAG is a photoacid generator, each L is a direct bond or a linking group; p 20is an integer 1 to 12;
pl and p2 are each greater than or equal to 1 and pl + p2 equal 2 to 12. In this instance, the FAG
would also act as a chromophore. As such, the FAG 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.\Jiiene iatke artuuilimgrpeatieyiat oo ef Bxjetiesrahrerkeaionsddhpsengvelengths.
For example, a phenyl moiety will absorb at 193 nm; anthracene will absorb at 248 nm,

The
inventive cofPUSHBANEN 2B uSAMRCSHEBcumGIIRIESs8f AQiBRa@MHeSalnpikIZio2 or SiON
or a substratgie@staemé) a ganvgriiand anigistiegtveiseatingdmoratadevithradhdb(tyli8mme coating the
inventive composition containing FAG. Then, a photoresist is then coated over then thin 5 layer of
inventive cofM9BQEEN1GMNE NG RYISHERL PSS A5 8By using the inventive
composgion in this manner, redeposition of the organic material within the developer (‘blob deposition')
and/or footing caused by base contaminates from the substrate can be minimized, Additionally, the

inventive FAG compBERISCRIRHPBRMRIG N SVBRIRMNG HAMeasitiRirasgesd am @Akbsitions to

reduce footimng Yéhstsoundercpiiéterisoanfidshabbatmnyentianel fotF refecdds reatingnthe inventive Q
(quencher) compounds caln be used to reduce ug%?rcuttin . The following specific examples will provide

detailed illusB4RSATEIMhe! 1% TRIERTHNE B95E40L AR ATHIBARGIREHARINEAS BRe present invention.
These exampigmaredof iiengded kKaxgyeicda haitaciestEstubiegennelpsbmiteensiocnmany way and

i ordeltlo piEEean D BGHYA oy U PA N o I GBeE or 6 SRR RS0 e mcorporated
herein by refgpeneninriiaciferk il prsnesssndéet iotanenexppedifis waesipiesttwilsptpvide detailed
examples ard bV TRORER G 28RURRICEE LYRIAR or REsack s BN PRGN o B iy anc
should not by @As{rescRas piovine greeadit ren gafameisrs. 06 1al0es; whitforsss benutilized exclusively
o é’r;dae_i\ﬁ‘ér?ﬁfé S B R o G R e S B SN SR 98 ke "
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, absorption
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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30 Example 1 Preparation of bis(4-hydroxyphenyl)phenylsulfonium nonaflate (BHPPSNF)
Bis(4-hydroxyphenyl)phenylsulfonium triflate (2.5 g, 0.00739 moles; Dainippon Pharmaceuticals) was
dissolved in 20 mL of water in a suitable container to which was added potassium nonaflate (3.28 g,
0.00739 mole). To this mixture was added 120 mL of water, which formed a cloudy solution. This solution

was 5 stirredragTRdIhy afibeene igtpatas kAdivA FOPREERE MRSKbEheskuMastRilayanssparried from the

aqueous layer by decanting this layer away. The residual oil was washed with 2 mL of distilled water. This

residue was Hi€sA AP 1ACadeRIEARNY aBtheeEs JULPotE2EMIRIRS NS afETHACTS AR of water.
This mixturegypstiaessexifaciay WO O0amd Faneiyienmehlsiideraftenisdmingiokiieyvesniebh The

methylene chloride Iaﬁgr was washed with water several times and stripped of solvents. Dissolving in a

minimum of FREMDIEIRECABIALHIR. raLiiB RS RN R ARY S v BREREE An N RET AR §3RRRer high

vacuumgo girerd @%@ bévehbeirrifs 46 bHoyirEbigtich wempusadusldt and siifsNR réfersample 2
Preparationofbis(bis 4-h5droxy henyl)phenylsulfonium)1,4- perfluorobutanedisulfonate (BH PPSFB DS)

Bis(4-hydroXfhRe R oAUt IRATEmBRAE 33, REOEETEVRD IS NELHRYLURIU LI BEWIE ffacetone in

a suitable cosgpisptstuBiRg evanigdesdwenl ersdiiingoatrissodftionirpRRGIKIY Bf didiassiwe
1,4-perfluorobutanedisulfonate é4.07 g, 14 mole; 3M). A clear solution was obtained upon stirring. To

0.0
this solution 92243848 4"RIbGHICET HetpIErRIEdJRRgCAeleauRAIM SR IFHYTCARHI ¥BrindA in the

solution. Thexpbystalsorereotiltesedtadul vearBedmiRseauL gt pidiedistidgdiwataitanshinefumene chloride.
The crystals obtained were then 25 excha eo%ra second time with an %an uot of((j{i otgssium 1,4-
pertuolDouURIEL R 8Y JENEBBE oML G R FLGeCRT o 197 B di 2P LSO, ) which was
pure materiathiiskh 0 4'dibtreaa e dutito ot aad gekeroineapole ebainetdnapuiiisoesaeen by 1H
MR O e, B ot ko N RES R B SRR SR P B 5 B P ST
where good lithographic properties are obtained, especially where no standing
waves are observed in the photoresist. The cured antireflective coating is also
15 insoluble at this stage in the alkaline developing solution. The photoresist can

then be coated 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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A 3-neck-round bottom flask was fitted with a condenser, an addition funnel, nitrogen source, and a
magnetic bar. Sodium hydroxide (8.64g, 0.216 mol), bis(4-hydroxyphenyl)phenylsulfonium triflate (164,
0.036 mol) and DMSO (90 ml) were added to a round bottom flask under N2. The mixture was heated to
5 60C for 1 hour. 2-chloroethyl vinylether (23g, 0.216 mol) was added dropwise to the mixture via the

addition funngie ThfciomPa@tHeveaReNHNgERASEH, @t 89 GRAGShaIRagsicledipgone | dhai thgd
temperature for 5 hours. The reaction mixture was then allowed to cool down to room temperature.

Thereafter, tHEVRIQPRSIAARBIRIRS RhY B RreflrRPaioeRN warticabrRativeiodhe eresiaieoakCBiher, and
10an oil. DI yateamasde B étnwkash deetidsavd Qhd dieesp & SBAETT thasresiitcted iyl

concentrated to dryness. 12.99 (61.5%% of bis(4- vinyloxyethyloxyphenyl)phenylsulfonium triflate was

obtained . TH@SHAERIQACE0MHMBAIRM RsiF Ao R MRSk 4BREMABIR 1p5 cibaiIGiFor

bis(4-vimyloxyrigexpphes e rEpiticen a0 tadaiavd WwWaFNminiaturization reduces the
Bis(4-vinyIoxyethyloxyphenyl)pheng{sulfonium triflate (11.7g, 0.02 mol) in 120 ml of methylene chloride,

nanofluoro 1SHHESUMFAIHORRAbRME LRSSt (6.76g, 0.02 mol) and 340 mi DI water were added to a
1000 ml round bottom 20 flask fitted with mechanical stirrer and nitrogen source. The reaction mixture
was stirred overnight at room temperature. Thereafter, the reaction mixture was washed with CH2CI2 3

times. The CH2CI2TQFdMGRUG% BIP BT RPN RIaRIPYARE pFEELNG, 209 yAHERRR gel, 13.23g
(90%). The sizigiise yorapuritigessugingtdacand YmidlRdES EamplR kndwepanating chmis

(bis(4-yinyloxyethyloxyphenyl)phenylsulfonium) 1,4-Perfluorobutanedisulfonate (BVOPSFBDS) Toa
000m D muNPEOIRS (AEISR AR RIS Bt PSR ITE SR ERR o6 and one o
bis(4-vinyloxygify|exyisbsutydnbesy I phiéoilen itiiftate Fréseh@0G02mekidaedlyeto ddehtamesulfonic

acid potassium aIté%.%gﬁ%% molg/and 340m1 DI water were added. The re cﬂg)n mixtutr_e was stirred
overnight at PEBHE t 'Ser RUROAGH gaﬂ%(P,"fRQLngétio?fﬁﬂ)gﬁfbe LT P?é'a it RS ' dmes. The
CH2CI2 layefuithyditegiederukcorsensaiedstonafoneibletnoodinsnas aiyeitiavisbigel ok 3tA8y (90%). The
structure Waaé:r?\pgﬁ\r/ne%q lllﬁlg gsér'ﬂsﬁir\]/ﬂyl%? M(l\a/ls%' types of resists typically ranges from about

15 300 nm to 440 nm.

Photoresist resolution is defined as the smallest feature, which the

photoresist composition can transfer from the photomask to the substrate with a

high degree of image edge acuity after exposure and development. In many

20 manufacturing applications today, photoresist resolution on the order of less than
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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5Example 6 - Preparation of bis(hydroxyphenyl)sulfoxide In a suitably sized container fitted with a
mechanical stirrer, nitrogen source, and addition funnel, bis(4-hydroxyphenyl)sulfide (100g, 0.458 moles)
was dissolved in 100 mL of glacial acetic acid and the mixture cooled to 15C with an ice bath. Hydrogen
peroxide 30% (51.94g, 0.458 moles) was added slowly with 10 stirring. The addition of hydrogen

peroxide wapHeRP4pIs StOVIY48IARRINDAMBME TENRARB SiIPBIOH bRy SHfemdy) KuBstiffedheat sink to
avoid the temperature exceeding 40C. After the addition of hydrogen peroxide was complete, the reaction

mixture gracRRIWLORXYSY M darkRiNRRe GvePRRHRAGHGUt AR Nhe FBLctRRi MRt e Jvas stirred

overnight angbipenif,OthAibitek. 1P-frsiliadypterarasiagie) Praspiatingsy witiessiystulfe earaaterial. The
material was dried at 40C under vacuum, giving 104 g of bis(hydroxyphenyl)sulfoxide (97% yield) (pure

by 1H NMR)PRURGSHE!S - SREBRHSHR ol RS@AMEHphERNTBAI RN MBI D0 AT Otk round

bottomesl flagfstivasiBabirBRHUI AHIBRS 28R ISTVER . FolsBiore Bistaed chsitive e ters aind figdtix column
equipped with a nitrogen inlet. A solution of bis(hydroxyphenyl)sulfoxide (35.1 g, 0.165 moles), phenol

(15.51, 0.168 ol ¥ BV ERPInATRth P naTenIBRSET R0 ML) RS BIEa HRCHIENS red under
nitrogen. In ghsepsdritclnpieraisoMIDNTI 82198 LL0EMeSIC NS. 8588512182 (& v e HPavelsby mixing

these materials at 100C with stirring for 1 hour, The mesic acid/P205 mixture was added to the stirred
mixture in thg%%ré%%%t)oréqzaéﬂl‘% e ti@pgg}néllgo%%?%dgéaoop Gl L %t@%e[%{&%ﬁ?ﬁtﬂfogen. The
reaction mixtigg was then lefap stimouexpisilrel hereeasiictorasisise v@a phiemgXtnaetegomihtit000 mL of
ether to remove excess mesic acid, The water 30layer after strippjng most.of the water (60 g) contained
e Bt R B RE DHt BATT e Do e L L BT o oh Pl wacer.
60 g of watePwsie ridisd teistsisipReDdaier {Axeareakstarihie preppibatin afaataybribee ol was
extracted with 2X 10 mL of water. The resjdue was redissolved in 60 ot wat llowed. to form an oil
o waehed s IR IERATERE R WA AT 51T Bl e el oR AL 5 meoiate.
The structure 3uds(200finneithosigy ahl WMo st BnSitivy eparediomoiisp (hy dreey @retyg)stlifonium
ainer fitted with a mechanical stirrer and nitrogen source, a

triflate (THP Tlg . a suitably sized cant
solution of 2@78 atﬁ?W?s‘(% émﬁEﬁﬁ‘a’Eﬁmﬂ 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

s exchanged witl AP SY AT LS FHEIET o OIS LA HHAR A nl o1 e G tayer was
washed withasirdfleotivid ZAbatidghemdtivaked to substantially remove the 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 polymer 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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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 1H and 19F 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 trigdrbyRiexypiee aelawsiesr umaliftakhBp BomaiBeladdili0ds, (08A 7arajarheiapived in 51 mL
of dry DMSO was prepared and added to the flask. T this mixture was added NaOH (5.65 g 0.14 moles)

and the readte MEkRird SRRARRADEL uREREMRlr o Gt af BEC REPCESR0GE LFRAENINERLOMAFHS issolved.
To this solutisiorre sisides-Aiieipyviaed wrinerfRendslivoatingses daihloroaiivyitybseenski(@e gn0.28 moles)

while heating the reaction mixture to 80C. The mixture was stirred at 80C for 5 hours. After the reaction

was complef®€a Fhitndolf RERIGERIARN R5mSRENER t¥RE, AhRIIPIPEESiRk R BNHRfISRIVEas diluted
with 206 ML @hahyaiempishiientedadtT2R0 imbgs e tbrsjelfeystireedayaienThe proesssetayer was

discarded and the two remaining organic layers were washed with 3x40 mL water. The stripped organic

layer was trifHFHIEG S dRAHRES RithtBeh P a8 HERCEVNG s RIQSRTXEIIRISAHRENGITSHHRIe purity to

give 6.63 g eHtss{gyimdexnyshysiphanyigopijum nonaflate. The structure was confirmed using 1H
and 19F NMR. 5 Example 10 - Preparation of tris(4-vinyloxyethyloxyphenyl)sulfonium nonaflate

(TVOPSNF) In a suitable container fitted with a mechanical stirrer and nitrogen source, a solution of

tris(4-vinyloxyethylgxyahenjtiskyiée ndyatdriilatefrerampiennie t9ile38R d¥seerd, 084 Draeksy, dirsolved in 9 g
of eth)ﬂ §lcetate was prepared. To this solution was addegﬁfotﬁssiurg nr?gqﬂlate (3.34 s? 0.0098 moles)
susperided iy HIPEISESR SN G 3R PhigHAT RS {78 A r%’réfhﬁléb $ni2ture was

extracted byzditefgedfomliihy fneheie andHd organridimncalies pomhegshéiwaiefdaprsdvashing the
organic layer with 20 mL of water gontajning 3.34 g 15 potassium nonaflate followed by 2X 10 mL of
Cisuilot wats?THE ARYTEHER o B R o RS BT R o thy AR ehiorice o
remove excessipbiiasibin soinafiatring thatdduetdriTie Grysoxy iyl onsphenyhsy fastthenonaflate

was recovered. The structure was confirmed using, 1H.and 19F N MR. 20 Example 11 - Preparation of bis
heak B BeLetoep th

(tris(4-vinyloXSRIRVIBKDIE Shiaf 2" ARIGREIN N TR RSRA (PG ®The

procedife obkg@nipkirh weafofallsavetbusingdfietioviytoxyetiytaxyplectnd)swHistiln difass éu place of

bis(4- 25vinyloxyethyloxyphenyheulfnipm triflate with thie addijonal axohanges pf g

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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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 40C
30 for 1 hour. The acetone was then removed on a roto-evaporator and the water layer removed by

decantation.cHagiRyErfisbgtuAstissaher ImhE Bdathdrssmierrichioian, FEespaiiedampie any

residual potassium salt and the solvent was stripped away. This residue was redissolved in acetone and

precipitated YRfPWSEIaHIeESi KRR iRS B redR BRI GARNAd e SR FRRIBAd PHE&Ritation with

pentane to gisafig! 8YINTTRe3 E5RIPS SfieREecRI ISR by i Bleatihg et tie v avagesonbrmed using
1H and 19F NMR. Examfglﬁ 12 Pregoarationoftris(4-viny|oxyethyloxyphenyl)suI_foniuml.1,2,2_,3,3-

hexafluorop/@pRtie#P LaiSuRBRIhidRY T O P 8% ERHING FRRRRIIRISKYSEE b Hh IKBIBKR UM triflate

from Examplgr8tRL8cin PoRrIBaAles) el drsirikedunridie Hask aiesnlvad méntidnetiacetone.
Lithium 1,1,2,2,3,3-hexafluoropropane-1,3-disulfonimide (from TCI) was dissolved in 3 mL of distilled

water and a@PY%o the acetone solution of triflate salt. Enough acetone (35 mL) was added to this
mixture to get a clear one 15 phase solution. The reaction mixture was stirred overnight in a stoppered
flask. The acetone was then removed un?lg vacuum, and 50 mL of methylene chloride was added. The
organic layer was exi3EH RRIPIRES WIFFID ﬁﬂ_%?tﬁf%%ﬁﬁﬁv\%éi‘éﬁt*?ﬂe%ﬁ%?%@ﬂ@dsofﬁﬁ'ﬂﬁdlayer was
stripped of sfty@njugnd dried overnight under high vacuum to give 2.40 g (99% yield) of an oil which was
pure ﬁéby 1H and 19F NMR. Example 13 - Preparation of tetramethylammonium deoxycholate

(TMADGOC) In a suitable container fitted with a mechanical stirrer and nitrogen source, 25a solution of
deoxycholic M@;(ﬂ@,_q_.mg)ﬁl)goles) and tetramethylammonium (1)
PAG—(—L—OCH:CH2)p (2)
or

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

(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
20 is aninteger 1 to 12; p1 and p2 are each greater than or equal to 1 and p1 + p2

equal 2 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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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 1H NMR. 30
Example 14 - Preparation of tetramethylammonium lithocholate. (TMALC) In a suitable container fitted

with a mechanical stieern fepRivéi Qo R8RS eIl dhe. (5843A 7 deslamhaiddairamaisylammonium
hydroxide pentahtydrate (2.406 g, 0.023277 moleﬁz)dissolved in 40 mL of distilled water was prepared.

The solutionSHRS & PedCiRKa TR BiRaIRF RN B IR R &5 (R SYEMBVRMYE MR drying to
obtain a whitghaeyndeti(e SSoatitdYiyiekhtdatrymetdylgmmeniu liiRochelatmgViteh wasmive by 1H

NMR. Example 15 - Preparation of tetramethﬁlammonium cholate. (TMAC) In a suitable container fitted

with a mechSRIBROSHRN, CPRHRIBA HRolid B RIRBYCERE!ES 338NRBISSPIRH ¥R AERy IR monium
hydroxide peajaiysiicc@it0ConpOditdrd medesostisgohrdrins4benlefpeisstiethwdeiasscarepared.

The solution was stirred and a white powder was formed. The water was removed by freeze drying to
obtain a whif®YpHR/A8r BEsHVEAS (RIBRAHIM & RIMG CRORRESHIARP WS RIARICIH NMR.

15 Example dateRegpaitaiionef pelye(épurd(bhessusiisihagndaie- R tiegbotylssty lajeha8ét0
P(PQMA/TBA In a suitable container fitted with a mechanical stirrer. _add(ilj[ion funpel, and nitrogen

source, 4-hyEPOSMIHRASR) TR PR/ ISHPTEHRB L5k ReniRiB) terﬁ‘%ﬂﬂﬂﬂ ¥ryiage '8Y581(83.1 mmol)
were dissolved@ Ginpidbnd§edaixtiaigavasestiisrd Undlec o @btions tempesakeavior édamigutes, and

then heated to 70C. 2,2'-azobisisobutyronitrile 5.05g (30.8 mmol).in 4g THF was added tQ the reaction
it O BT TSRS RREr TR TR NE U GE T e AR o o
cooled downrgittirpsiiadevepetaiting, dhétadveittvibaldijosatermtdirboanddhemaddegsisdataixture of

300 ml butylacetate an
Y reguce unéjercutting.

The following specific examples will provide detailed illustrations of the
15 methods of producing and utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or
values which must be utilized exclusively in order to practice the present
invention.
20
Each of the documents referred to above are incorporated herein 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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700 ml heptane mixture, causing a precipitate to form. The precipitate was filtered, added to 1000 ml
heptane, filtered again, and then dried at 40C in a vacuum oven (95% yield). This material was found to
have an Mw of 19236 and a Mn of 8920 by gel permeation (GPC) chromatography. 30 Example 17 -
Preparation of poly (4-hydroxyphenoxymethacrylate-co-tertbutylacrylate-co-ethylcyclopentylacrylate)

50120120 P(REAAATBARERE)pHery RuiblRisoniaises fites wit. aonsshaniied stoesigpdritogen
source, 4-hydroxyphenoxymethacrylate 64.73g (363.3 mmol), tert-butylacrylate 15.52g 5 (121.1 mmol)

and ethylcydopEmRcRYIcRS VR is2P Y 6B ARe Pl RE KRR Pog ik er cenfiiile R as stirred
under N2 at jaqeh tREP /i WHtdissidmh Mbnkastang. 28eg, eaBIEw fdfe)2. 'wraskisiarivseyronitrile

19.38g (118.2 mmog in 20g THF was added to the reaction mixture. The reaction mjxture was stirred for

additional 5 Ha§@48e8 2R Mt WABRENKNER 18T M8 IARMPN SOMY WRen R SPIF IR Ysction

mixture sind #hiereepetiomyhtiatervain ¢ORIpErdawe e soampiesrpe masle. TR scReHMUBIKIWER Was then
diluted with additional 300 m|l THF, precipitated in 2500 ml heptane, filtered, reprecipitated in 2500 ml

heptane, filtSfeRR LR dNERIHEOHEIBNEE DY CRERAING Y SriRkeh WA WaeRHAUB' IRive an Mw of

20980 and aWdp ofhed hyigepaiment@istifed WaterchmmategiapBywas ExaaNes k8402 described
the preparation of formulations which were used for testingac%ifferent inv§nti|r\%ivco P&)ounds nd/or

composition@CPHNGeARTaPBRIREHE 18 Pr A9LRRR AL 0Ll RIErRNY dORh MBS LMALEY stakBIf otherwise

in 20the spegificgeamale tsel: extrbetel formulatonraamgfientathglanas dirpriedafte biatyrjght % level
of total ﬁsmponems apart from szﬁl}\{/ent and contaln%a crosslinhagle inr\{entive PAG compounds were
a e

also folhulaBEWgNGoRE T REMIERA VNG WESpUR? water several times
(4-hydroxypheroxippdacsy stsvemtsrt-Disgawiyigte) eOMMitMQIAEEA)oe Etaorle e

S T R i L
tris(4- vinylogyb@ityIpflvehitecyolth (xvieyiisiaibokidate 4 iplire BY B artiéfmalmetd 30 generator (TAG)
triethylammonium malonate (TEAM) (which is more fully described in Serial No. 11/876,793, the contents
of which are hereby incorporated herein by reference) and propylene glycol monomethyl ether (PGME)
as the #®lveExdi@IEAG is added on a wt% basis of the polymer used. The freshly mixed solutions were
et o e T RSt 3 g and e S RS henyiphanyleulroriuRn) POre dippeter. 5
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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Examples 33 to 35 described the preparation of formulations which were used for testing inventive
cross-linkable photodecomposable bases or quenchers. The general procedure for preparing these
solutions is as follows unless stated otherwise in the specific example itself: 10 Each formulation
sample (30 g) was prepared at a 1.2 weight % level of total components apart from solvent and containing

a crosslinkable inventiys,pbriRARRP BEASAR A RAsvesIHRBENGtEEE é’é’i@é?fé@idlaé?ﬂ Adentrglymers from
either Example 16 (poly (4- hydroxyphenoxymethacrﬁlate co-tert- butyl lattff?c 5 60/40) (P QMA/TBA))

or Example 190£hy/iERIBRP I Re R 1120 EAIRAY e RAMETBY, I6HEASH

60/20/20) ( RABRMAL(BAYEFRDhENSH) pﬁdﬁﬂsmﬂsﬂuarﬁﬁﬁlaﬁecnﬁ@bmOmspﬁfcbil)c mrmlfs@lethylamme
(TEA), a crosslinking agent tris(4-vinyloxybu tylﬁ 1,2,4-cyc ohexanetrlcarboxmte (CHTABVE), a thermal

acid generat@ﬂ(ﬂ@yﬁrﬁtﬁgﬁ‘?ﬁrﬁ%ﬁﬁwmﬁ m‘é“(fll NAiSa Nao THe FIXHESKIES) Redtethhyl ether
(PGME)pas thg-spfeent.nbue. 2AShlisradtisdl anaatir b2sé of2he peympidisedendigswilapratio of the

crosslinking base with the FAG employed is identified. The freshly mixed solutions were left on the roller

for at least 3 RBJRXLHE tWé’n“ﬂﬂe?QG h%ﬂw{jJﬁ&?ﬂEFnﬁeFéWRﬁrétﬂ r&%{"ﬁ‘érg‘ﬁi&ﬂﬂ&féﬁ%’ EQ&Hpte 18
P(PQMA/TB&nd @e F&siBRPwas hENg ét&waelﬁkmfleﬁa:tlmofbm?ﬁﬂ\d%.cqrnssr@abﬂbﬂwmmﬂwng

components as WE%‘?;‘ t 9 of total comﬁ)onents other than solvent: 64.98% of the polymer of Example 16,

15.60% of CHFRA Y 1 Aows, PER0Ms SORTAIHEE S0P REY ﬁhpﬁh‘&n{ﬁﬁﬂ Sum)
1,4- perfluor%mmedméfmtméﬁwo &mnw@mar%ofawm%) E5% st RigloBB\Ss, ethidre dnd weight %

solutlon in PGME, consisted of the followin s as ht % of total com ents other than
olvonlCos, SOl DB o e A LB FG SR TESRoh s Ol RS o E AN,
8.38% of thecbfédtelis (Khuhenygiswdtamtitadl, 4tperflaa;@@sganed@@@ona(t@1 Sx@)nplefzo RECLMA/TBA)
10% BHPPSNF 2 wWei 0/ consisted of the foll omponents as weight
3% of tota] coNBUASHET Y B LR ST R LR (LS8 e S hcar i S Bt
CHTA-BVE. &hfifinet Usig8' Woshd EANINGRI8% of the FAG of Example 1.

15 Example 4 - Preparation of bis(4-vinyloxyethyloxyphenyl)phenylsulfonium
nonaflate (BVOPSNF)
Bis(4-vinyloxyethyloxyphenyl)phenylsulfonium triflate (11.7g, 0.02 mol) in
120 ml of methylene chloride, nanofluoro 1-butanesulfonic acid potassium salt
(6.76g, 0.02 mol) and 340 ml DI water were added to a 1000 ml round bottom
20 flask fitted with mechanical stirrer and nitrogen source. The reaction mixture was
stirred overnight at room temperature. Thereafter, the reaction mixture was
washed with CH,ClI, 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 (11.79,
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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Example 21 P(PQMA/TBA) 15% BHPPSNF The 1.2 weight % solution in PGME consisted of the following
components 15 as weight % of total components other than solvent: 56.62% of the polymer of Example
16, 18.45% of CHTA-BVE. 6.09% of TEA, 10.35% TEAM, 8.49% of the FAG of Example 1. Example 22
P(PQMA/TBA) 20% BHPPSNF 20The 1.2 weight % solution in PGME consisted of the following

componentstampyeiahird PhiisifemarnesistiheniarcssaeiasRePkital tre.eo\anrpned Example 16,
18.83% of CHTA-BVE. 6.09% of TEA, 11.23% TEAM, 10.62% of the FAG of Example 1. 25 Example 23

P(PQMATBAYSHBGRAREE s collsrie ANRRprARNEIRD AR BRMIBL SRS 8FtAe following

componentsya sV g%, of3atahq@NERE stlietuRn v aslvenfirhfe 8204w the aedyPreNIRxample 16,
17.74% of CHTA-BVE 5.86% of TEA, 7.70% TEAM, 2.64% of the FAG of Example 2. 30 Example 24

P(PQMA/TBA) 15% BHPPSFBDS The 1.2 weight % solution in PGME consisted of the following

comporgntsEgayRihs Yoratisdeh tomepbrity oLy phanamugnki§s.05% of the polymer of Example 16,
19.47% of CHTA-BVE. 6.43% of TEA, 9.65% TEAM, 8.41% of the FAG of Example 2. 5 Example 25

P(POMA/TBA) 2000 BRAPBARRY ssizedrgontaings;iief Witkich INesERMeabrlSRY SHH9Rowing
componentsgtieigimdeatiatt aamepnssia-aigioiiansaliRsiliiee 44006f thessohiaies phbgample 16,

20095 o G S aa i 100 M. OF Qlatial acetic atid and the misturs coalsd To T8 Craith an
ice bath. Hydrogen peroxide 30% (51.94g, 0.458 moles) was added slowly with
10 stirring. The addition of hydrogen peroxide was done very slowly, stopping at
times to add distilled water (10-20 mL) to act as a heat sink to avoid the
temperature exceeding 40°C. After the addition of hydrogen peroxide was
complete, the reaction mixture gradually cooled to room temperature over time
(about 1 hour). The reaction mixture was stirred overnight and then 100 mL of
15 distilled water was added, precipitating a white crystalline material. The material
was dried at 40°C under vacuum, giving 104 g of bis(hydroxyphenyl)sulfoxide

(97% yield) (pure by 'H NMR).

Example 7 - Preparation of tris(hydroxyphenyl)sulfonium mesylate

20 A four neck round bottomed flask was equipped with a mechanical stirrer,
addition funnel, thermometer, and reflux column equipped with a nitrogen 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,0Os 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(hydroxyphenylsulfonium) mesylate in addition to some mesic acid and
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Example 26 P(PQMA/TBA) 2% BVOPSNF The 1.2 weight % solution in PGME consisted of the
following components as weight % of total components other than solvent: 69.31% of the polymer of 15
Example 16, 17.06% of CHTA-BVE. 5.63% of TEA, 6.61% TEAM, 1.39% of the FAG of Example 4.
Example 27 P(PQMA/TBA) 6% BVOPSNF The 1.2 weight % solution in PGME consisted of the following

componentsrggiagavaiattr’o 60 (96l armpangsiadibe e e satispedoRAdViBidhecaabimerd Example
16, 15.68% of CHTA-BVE. 5.18% of TEA, 6,08% TEAM, 4.14% of the FAG of Example 4. Example 28

P(PQMA/TBRIFSHUIREQOPERR SiThd he AlkiyRBoSEERTMEH IWBGRIE L8n1kif SYARS follbifing

componentsrasiw@iob¥ retistdiceapreeisopthel aesaiene §3HnPhheipalydnaaghEdample 16,
14.33% of CHTA-BVE. 4.73% of TEA, 5.55% TEAM, 6.85% of the FAG of Example 4. 30 Example 29

P(POMA/TBRIE-)D! A5Res Wit ML walento yigldiq o8 SHREBISIAYSERPRER¥ISEPBIMRE following

comporgntsrasyRiedt YhefdatatopenRaseidsfpihed tisingoama4.99% of the polymer of Example 17,
18.60% of CHTA-BVE. 6.14% of TEA, 7.67% TEAM, 2.60% of the FAG of Example 4. 5 Example 30

P(PQMA/TBA/ECPA) 4% TVOPSNF The 1.2 weight % solution in PGME consisted of the following
componentsEgawRiEhS Yoratisieh tomePrrRky atbrythan amveahitth iafaef theipslymer of Example 17,

15.94% of CHTA B, A Rab1S sized Contamner IREd with 8’ machanical sarer and nitragen
source, a solution of 26.65 g of tris(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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Example 31 P(PQMA/TBA/ECPA) 4% BVOPSFBDS The 1.2 weight % solution in PGME consisted of
the following components as weight % of total components other than solvent: 68.31% of the polymer of
15 Example 17, 16.69% of CHTA-BVE. 5.51% of TEA, 6.76% TEAM, 2.73% of the FAG of Example 5.
Example 32 P(PQMA/TBA/ECPA) 4% TVOPSFBDS The 1.2 weight % solution in PGME consisted of the

following corppenanls ks wearl “rifgethlrermenaiys: oey than srlvestvedal &ines thatrolymer of
Example 17, 17.96% of CHTA-BVE. 6.56% of TEA, 7.69% TEAM, 2.61% of the FAG_of Example 11.

Example 33 BlISOMRAIBRMECHR 1V aedptpenisRrdsuifigm dprudty dorgive S0didhi¥s solution in

PGME consigied sfitiyeoigminekgp RuanRiisorsuieie Bh X0 afdothheostRRAGIES\WARE Edhdirnselyent:
68.68% of the polymer of Example 17, 17.54% of CHTA-BVE. 5.79% of TEA, 6.79% TEAM, 1.20% bis

(triphenylsultsiién 1@ derfiUdMButanedisulfonate. 30 Example 34 P(PQMA/TBA/ECPA) 1.75%
TPSFPBS and crosslinking base from Example 13(1:10 molar ratio Base:PAG) The 1.2 weight %
solution in PGME consjsted of the followin corF onents as weight % of total components other than

solvent: 68.63%80PIRe 1fblyhEPBRIAUAM AL 175 (7R By U ERENy HRoR 4R D383 EAM,

1.20% bis (tphre@psnifgnium) 1,4-perfluorobutanedisulfonate, 0.06% crosslinking base 5 from Example
13. Example 35 P(PQMA/TBA/ECPA’% 1.75% TPSFPDS and cr_osslin_king base from Example 13 (1:30
molar ratio Base:PAGS FHEPE GaRjring JUigton i BEME RIS Sl AL dﬂ'&WQ@qcﬁwgﬁ?’rents 10 as

weight % of amilgﬂmp@ﬂﬁmemtrgm&getﬁwwg}ﬁr@ﬁ%@mfﬁmermlﬂmgrfﬁ&rﬁmﬁiplé?g 13.53% of
0.02% Qo< DA LB asnlyes 15 S8 CLRLT EORRIA BT RICOACHE. o the selgton

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 distilled water. The ethyl acetate
was then removed and the residue redissolved in methylene chloride to remove
excess potassium nonaflate. 3.71 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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To evaluate the performance of cross-linkable PAG, two reference BARG systems were used. One is
commercial organic BARG AZ(r) 1C5D from AZ(r) 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 meiRjirm T¥HIGHHET SClRELD PERiIsVE phERYSIalianpeaskitheidreradutanedisulfonate were

used in reference materials; 10% bis (triphenylsulfonium) 1,4-perfluoropbutanedisulfonate versus the
25polymer fréftY BXGWRTSTEPRELAINY 18 EhEP EEMeNERTERERANAH K ARF e and

perfluorobutapeelisitienintMersiistiia o bimes frondkapplredBsolutiofliPrregsasigwas 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 CREfitdE - 28BS APIRISY WHBREBRE/RO NSRRI BIE 2 8MAMS of Biffthickness was
measurgd Wigkolaso@ eddcadnanasrestiRitreTWa s eataiimadenshen ' exapaedrusivRNikon 306D

lllumination ID: 3 (0.85NA, 2/3 annular) and less aggressive binary exposure. It was processed as follows:
SB=100C / 60s, PEB=110C / 60s, development time: 30s (ACT12). The wafer 5 is developed with a
surfactant-frggleygéoper, AZ 300MIF, containing 2.38% tetramethyl ammonium hydroxide (TMAH).

For the reference samples with the conventional BARG

unprimed silicon wafers were coated with AZ(r)
105D (condRETRTR8 rpm. Fbet appISHBARY Ot SIS IBEEM GRS T 2 ARG et fraving &
thickness of Gaxafluorbprisasie AZ iR YTdAirideRT warspatedoyer the BARG layer (conditions: 1400
rpm, PAB (100C/6Qs), post exposure bake (PEB) (110C/60s)).to form a film havipg a thickness of about
310 neAOAfter expol e B AR T W, RS ST (R e (e eloper
(23C/30s). I DoF08YRIBIBS theasiziag siér@debmtor shabR0any didsoked 126 1l 1dpatsasmis. -30
mJ/cm2. At this dose, the resist achieves the target CD._Sipce conventiong] BARCs gre irreversibly
Crosaiinket, NP aiodr et ety PR GELERENEs: s SO0 OB o LB ot Y Somting
compositionglidgelvdingn ZDrifle sefeistiies MeleiaisdosoRE sictie Wetttne1sdUE omprtpfistng at 140C

for 60s) were coated with the above elopable anti-reflective coating compositions (conditions: -1500
(o, PAB 158 S0 EN B oL ol B b MR RAAEE oeit VS TR D S R s, AZ()
AXTMAL10Bhess sohitohovEdhe sletwetopaiieraniiaefititive ovatinigiayerdcstogiters] 146R.rom, PAB
(100C/60s), .25 FEB, (110C/60g)) to form a film having a thickne f abouyt 2 m. After exposure, the
waters were VoH B0 0 MR 4B TR R SLET (50 bs i e G TOR i of AZ()
AXTM 2110Radbeadidény dDe forgineic (fyemwias. exnalcledd fodr ltitaegeitatdtesnthofildistéiedd mJ/cm2
(See above). Since the developable antj-reflective coating compositions are s sed to be
Sorovelopatl Rart of o AN Aok MRBH Al i SN ALRRbcPInG S aEho Sle Arthrefiecive
coating compoettiigist iarad Ohigh cacuamd ibagiye 2.40 g (99% vyield) 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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overexposure is required to fully develop the developable anti-reflective coating compositions. A
comparison was made of the performance of AZ(r) ArF 2110P on 5 organic BARG 1C5D or developable
anti-reflective coating compositions formulated with either the divinyloxy crosslinkable FAG from Example
4, BVOPSNF or the non-crosslinking FAG, bis (triphenylsulfonium) 1,4- perfluorobutanedisulfonate. For

these developable gni-Eefie@ive-6nadingromferositie asmididiespnideyehet FASIaagingfwere 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. AlNOSRRIELHIE M3ttt 4 MUERbBAGHNRMPHY [AEEBLEHT OB E e used for the
developablegsidR{laritee 2ot g, COMRISItO AT aBdolesin BD: AL BRYEIRY watePABsl20C/60

sec) 15Comparisonofnon-crosslinkingFAGbis(triphenylsulfonium)1,4- perfluorobutanedisulfonate

compared toPEREfRtking 8 RBIYTON WRRSIFRPARGA WhLe BRYdRh RS &5medle HiiWafettive coating
composgionsyE rEHREeEd b flee B WITIRG T8 tiif-3anmme Bowdéigs BeirRg BiseGidlaphenylsulfonium)

1,4-perfluorobutanedisulfonate, which does not have crosslinkin%grpu s, at levels lower than 10%, the

developable SHAMAOURD VNG LRSS WALV AS RHERBY af'dNMJRing 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%) w %”Mﬁlé%’ljg %@@é)?éﬁz[ﬂ&emi’ 1R ‘?hﬁi’ggg;r)es and generating large
amount of underculattBaitfielepakimantittefiaciine Gaatingea RABIEA N sERIGLINSH taRstic30In contrast,

when ysing the crosslink| G from Example 4, much less scumming of the featyres is observed. The
formuons oy A LAY PR R A RSB 8 UGN BT IR ER e 4) Example
27 (6% of FAS405y Fxamp3d ) mansk Farvspiheed8i Umf 6/ dkstitsd wxtenpled pbreparedie lowest level

' tial cl f the 100 t h feat t the develgpabl ti-reflecti ti
composition | HEGUHAAAES STESHRIENE MOAFREU S TASLOBRLoR S AN e coating

composition @intbe dwbgrireszbairenghoobtiied altite pehMtiws:6 3t Bxasi)e 27 which has partial

composttont- B LU Chei & & BB Br S 517 i DUl Chowed a small indercut, Example

28 shotged resist 10profiles similar to that seen with the standard BARG, 1C5D, between the doses of 33

and 36 mJ/CE])(Zeimple 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 heated 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 ml butylacetate and
700 ml heptane mixture, causing a precipitate to form. The precipitate was
filtered, added to 1000 ml heptane, filtered again, and then dried at 40°C in a
vacuum oven (95% yield). 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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Formulations with the di-hydroxy crosslinking FAG BHPPSNF from Example 1 were also evaluated at
10%, 15% and 20% FAG loading versus the 15 polymer component from Example 16 (Example 20,
Example 21 and 22 respectively). Also formulations with FAG BHPPSFBDS from Example 2 at a loading
of 4%, 15% and 20% versus the same polymer (Examples 23, 24, 25 respectively) were evaluated.

20Using the spagdighographicreepditiniem asofepelipe yahptio Xasmanbighscteataiing-Edtefom Example
1 (BHPPSNF) or Example 2 (BHPPSFBDS), both of which have k(]édroxgl crosslinking groups, show

better perforRHBS AR Y ARG IMIRARALS HAY SO T#BEKRpHenyisulfonium) 1,4-

perfluorobutanedisyifenaifanidbaeaadiaittay (A EasiokigaIoHRrdiaMavErr 3G eBRifegmulations do
not perform as well as the ones described previqusly with the vinonxxﬁPAGs Exarg%es 26-28) as they do

not open the pBYdiPyRRSRP IR FCRYIRE:$4 Loidind Dhte AP RoRHAP Y LRCEY3HE)/dMP2Rd need an

overexpsurel at 4 mmdigraddoetasriyelepbatylathnael 20875120 1M Alndlirerge ferésRewithout
showing develgpable anti-reflective coating scumming. 30 Of the two PAGs, BHPPSEBDS %ﬁve better
e

performancdtafP8qliNGiehP &SRR MET SHEERR MY BRIPEsRiF OgM HE BRRER e A5t
developableraiitedecivg enatnG@aipwEer TOSE. WAIR 2o bRssbuUty el & AR 88gratare for the low

solubility forrrrrl]l#‘egli)oinns %egrel'ﬁéu\?\?afsogdded to the reaction mixture. The reaction mixture was
stirred for additional 5 hours at 70°C. 4-methoxy phenol 6.01g (48.4 mmol) was

10 then added to the reaction mixture and the reaction mixture was cooled down to

room temperature. The reaction mixture was then diluted with additional 300 ml

THF, precipitated in 2500 ml heptane, filtered, reprecipitated in 2500 ml heptane,

filtered, and dried at 40°C in vacuum oven (95% yield). This material was found

to have an M, of 20980 and a M, of 9237 by gel permeation (GPC)

15  chromatography.

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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5 the formulations containing the di-hydroxyl-FAG from Examples 1 (BHPPSNF) or 2 (BHPPSFBDS) or
the di-vinyloxy FAG from Example 4 (PAB 130, 140, 150, 160, 170 and 180C). Using higher PAB
temperatures does improve somewhat clearance of the developable anti-reflective coating containing the
FAG from Example 4. For instance, using the Example 27 formulation containing 6% of 10 FAG from

Example 4, weérptaased therBifB Bioietefinde)1&Hd ipAdlfylsrssergRidis antbiskethgt thend20 nm 1:1.1
trench features. From these experiments, it is seen that at a dose of 27 mJ/cm2 using a DBARC PAB of

120C, a lot dF§VERd GsniRespalYentciVRecbAR e RAGHIAR 8cvtite basisiRl e RAkMg s tnperature

gradually detreasesRERHMREY S6ldNshatdeRCIdH saUME S BaMat Watsa SlighlnerEcHibng.
Increasing the temperature further increases undercut of the resist features and decreases the

overexposurdt@rg&GirsiBthiAhE-fieremith Qidrisuescristiansifie (Examples 20-25) containing the di-OH
PAG's fgpm Examples 1 (BHPPSNF) or 2 (BHPPSFBDS) also show some improvement in scumming of
120 nm 1:1.1 trench features bégoin to higher 20 temperature, but are not as good in decreasing

scumming at a givéR @B IRad Oaﬁ% @pspERad ithaseRarliniantif idbERS ¥ EAESH® M Example
4. The Same, QURPIINEISEIPAR VD IS5 IARUSIIORBEYCbAmpRRE B HSRRCH Y HBRGRREAG, which

does not crosslink, show much less improvement never giving a bake, or an overexposure sufficiently
ia@'

high to 25cohiile@a)eErhBIRGSVER fRIbRIePRIRAILEESE SOUHRNSCITARIfR D aHRERISIRIER also done

with developgipleramkreflgdivpsantng @ladarys containing the polymer from Example 17. In these
experiments, we compared the behavior of formulations in achieving 100 nm 1:1.5 trenches using 30 the

expoth% conditions described above. These formulations containing 4% of FAG from Example 4

(Example 29); 4% @MQJ?%I&W%%(@@@&'@/@QW@E)%@ o Fzagmnihb 4 xéreplsr31) and 4%
the FAG from Example 11 (Example 32) to each other and to the behavior on the standard BARG 1C5D.

These formURRoRORRINGHES \ARAP AW VRBEeaRHg FRINAIBRDA/IFRABRIN ARG RRIYVEer FAG
molecule. Fgj1ipeiaaeBnipedabie hartborqRlachEaweraval v dmnuatiatignti Aerf s xample 10

has three vinyloxy moieties, the FAG from Example 5 has four vinyloxy moieties and finally the FAG from

Example 11 $H&PEXETRL I8 iRgIEx{ArieiRypaersmathaaririscerbing exieiMaterials

show & far dggraeyge (POMAPTBEA e intsiiapleSsaumydhpy i SeaThetiexia dnacHIsmIddrert-AG bis
(triphenylsulfonium) 1,4- 10 perfluorobutanedisulfonate. Comﬁ?ring the crosslinking( FAG formulations to

each other IDYYEEENRIG FReEY IEXIO RERMIBCIMRIE) RP A Y 494 & G MY B hdM8fnation at all
of the interlayggsguriaiagtripesdase e if Heen 3 pddircthex gl éomdtipampliag {amnjatpn gives a

slight formation of interlayer scum, at this dose. The formulations using the FAG from Examlple 11 do not

give 15 interfPSP WA RGARt His Gdny I8VRIRY Rnib 2SR BB NRLFREA YRRl i HbYe difficult to

clear giving 8vEg, hotsrsaLauiiteatiapEvalGhHanBMEnmelesiive aeabhatenReANS) einert
formulzﬁtions containing the PAG's with fewer crgi?\lgkin s. Finally, qverall, dév_elopabl

ant-reAlotiv B ORIRE ANE AL R R SR E A aM A5 e QNS RlmbBE STARLSIARABI vinyloxy

function 20gepua agWelhsis of the polymer used and the molar ratio of the crosslinking 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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Performance of crosslinking base of Example 13. To evaluate the performance of cross-linkable base
from Example 13, the commercial BARG AZ(r) 1C5D and several developable anti-reflective coating 25
systems based on the polymer from Example 17 were compared. For the commercial BARG sample
AZ(r) 1C5D this was done with a 210 nm thick film of AZ(r) AXTM 2110P in the same way as previously

described alpuembry te depelapabie AntitsslerParegaging samples, this was done by again coating and
baking the commercial resist AZ(r) AXTM 2110P _in the same way as previously 30described above.

Under these conditibh, i ¥Rigbraselasain PaME, crpsitiedoiih s iloMPehecrBpananist 5 target
features on A&(WigHDyshsulgtasoRRb ORERTE lRee thBaved ot tresdsusl apratle polyreée@fve coating

formulations we compared the formulation described in Examﬁle 33, which contains the polymer from

Example 17 GAAIBRIEHEiNS PA%pbtiBrRYAsGitbniarh) 13 S SorobEaN distiiénaldife
non-crosslinkpGRAS IHE AP SuFSSIinNG Baserfasidpdth s afdhatermulation 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 msiehpte Zirr@QRAATIBA (trigs rBtsmpgNFm) 1,4-perfluorobutanedisulfonate and
crosslinking base from 10 ExamPlIeo 3(1:30 molfrgr i0 Base:PAG), The s%rggle containing no added

crosslinking base froff ExaMBIgNk/ et RN tgﬂfﬁé?ﬁgr@ffmetﬁ@ REEABRANM R flective
coating of 16RCwekigwedcpsdfatar doiepayensswimsnthietesearihecesstand deyglonas anti-reflective

bencatDine FHGEIA COSeL T her el TV . H ot e ot oNe B D and 35
containing crRrAgiIfiEgdrapiefrom Example 13 in a 1:10 and 1:30 Base: FAG ratio showed no pattern

collapse even at a dose of 42 mJ/cm2 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 \Eigaenbledzte drPENIMTBARIS koBHPRBNIe 13 (Example 33). When using a higher PAB
temperature for the_develgpable angj-reflective coating of 170C, the develgpable anti-reflective coating
formulaton without SR ARG B e 5 S SRR S8 P BHPS S BERRAEN wclercut
doses higheathariddintd an2ofbhe eyl npatdcolitenrttiarfissivenc B6162 Faofoirevpatirmentaining
crosslinking pase fr X 13, 1 se:PAG rati X d pattern collapse only
at 39 mJ/cmz*FH8 %nmbgofgnrgé% \?/B@ E‘i@é%s\zeth%gé\ztfﬁrﬂi eqﬁgé&%ﬁgwged%e)&r%a% the
undercut upGrAGefexpasipie. 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 FAG (1:30

Base:PAG ratio) (Example 35) did not show a significant improvement in the collapse margin. The
foregoing deBgepipie 2Rthie(R@MAGTBINS2atEsBIMERIBBIETiDes the

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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Spresent 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 10teachings

and/or the skill or kmpwledog eigihereieramBih PovEnbatipriorgrerbrivieseiaisceats further

intended to explain best modes known of practicing the invention and to enable others skilled in the art to

utilize the in@Sni&iGRtstcRf SPiGhernapRRSHR QReaABaRIPANERA R e RfidAERRIYaIirel by the
particular apphgatiprs 18, Usea Pt OvETImY Bcetdmabs, 1Al SlesgsintoANS, 8o 1vgaserdo limit the

invention to the form disclosed herein. Also, it is intended that the appended claims be construed to
include alterhANCERFIINRAts. 20 Claims: 1.A positive bottom photoimageable antireflective coating
composgion which 5 is capable of being developed with an aqueous alkali developer and which is,
wherein the antireflective coatinw_tméoosition comprises a polymer and one or more photoactive

compounds X8R &dorhibls N whdre WS FAE RPere FAG is a photoacid generator: L is a

dirlect bond or a 1011m|4<inq w&gm%iﬁmicly_mhﬂre@%’@@ﬁﬁaggiafmf@u@\i_&iﬁg @;dw%blﬁa%y}nbere the ;
polymer comprises at st one unit of acrylic or methacrylic aci rQ ect g witn an acla labile group an
Rurther the aFOMRGFYE UPAIGE e S BRI 8 SOATL BB PR BRI Rrein FAG is

selected frorBxantsresaBs,20.09% of CHTA-BVE. 6.64% of TEA, 10.34% TEAM, 10.40% of
10 the PAG of Example 2.

Example 26 P(PQMA/TBA) 2% BVOPSNF
The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 69.31% of the polymer of
15 Example 16, 17.06% of CHTA-BVE. 5.63% of TEA, 6.61% TEAM, 1.39% of the
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 Example 29 P(PQMA/TBA/ECPA) 4% BVOPSNF
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diazomethane derivatives, glyoxime derivatives, bissulfone derivatives, sulfonic acid esters of
N-hydroxyimide compounds, 8-ketosulfonic acid derivatives, disulfone derivatives, nitrobenzylsulfonate
derivatives, sulfonate derivatives, benzyloxysulfonylbenzene derivatives, and mixtures thereof. 20 3.The
composition of claim 1 further comprising Q-(L-(G1)), where L is a direct bond or a linking group, G1 is

OH or OCH=CH?2, ¢ Q i5\56lghte% is8mtior Br upMENSHosiaed: & HeToMswidg compifeftds an

unsubstituted aryl group of 6 to 20 carbon atoms, substituted aryl group of 6 to 20 carbon atoms; Ruth
and Rio, areqﬁd@ﬁ@%eﬁtl?fsgf@!té’G’WBH{‘e”ts other than solvent” 64.99% of the polymer of

Example 17, 18.60% of CHTA-BVE. 6.14% of TEA, 7.67% TEAM, 2.60% of the
PAG of Example 4.

Example 30 P(PQMA/TBA/ECPA) 4% TVOPSNF
The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 69.18% of the polymer of
Example 17, 15.94% of CHTA-BVE. 5.26% of TEA, 6.84% TEAM, 2.77% of the
10 PAG of Example 10.

Example 31 P(PQMA/TBA/ECPA) 4% BVOPSFBDS
The 1.2 weight % solution in PGME consisted of the following components
as weight % of total components other than solvent: 68.31% of the polymer of
15 Example 17, 16.69% of CHTA-BVE. 5.51% of TEA, 6.76% TEAM, 2.73% of the
PAG of Example 5.

Example 32 P(PQMA/TBA/ECPA) 4% TVOPSFBDS
The 1.2 weight % solution in PGME consisted of the following components
20 as weight % of total components other than solvent: 65.18% of the polymer of
Example 17, 17.96% of CHTA-BVE. 6.56% of TEA, 7.69% TEAM, 2.61% of the
PAG of Example 11.

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

(triphenylsulfonium) 1,4-perfluorobutanedisulfonate.

30 Example 34 P(PQMA/TBA/ECPA) 1.75% TPSFPDS and crosslinking base from
Example 13 (1:10 molar ratio Base:PAG)
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unsubstituted straight, branched or cyclic alkyl, substituted straight, branched or cyclic alkyl, straight,
branched or cyclic alkenyl, straight, branched or cyclic alkyl containing one or more 0 atoms, straight,
branched or cyclic alkenyl groups optionally containing one or more 0 atoms, aryl groups of 6 to 20
carbon atoms, 5 aralkyl of 7 to 12 carbon atoms, aryloxoalkyl groups of 7 to 12 carbon atoms, Riog and

R10,, taken togetherpfonp avaighteyvBisitRACh P EINE 2BHIREIEd FRIRETHRBR B UBmPbhdAte carbon
atoms when they form a ring, and D- is a basic anion having a plc value of -3 to +7; and, where Ra is

selected froRY g8k GyREroialiserpanenis @ BeR fRePREG LB B K QR8P 8EQEd from

Riog, and Rgxanghig697toaetBavyvigh Op BrarwviEosvIvsh e ER ataobedrioama $-2690bi&membered
ring; Rgo, Rgo, and R100 each individually are selected from C14 allta/lg C14 alkoxy,.and halide; i1 and i2

are each 1 tSUAPRERY Bfenivey T RHPRRoH Bradiny foanAtsei? e BolgrReSHOKING: dRSBrises at

least ong regtBANE xEHiIER @n absorbing chromophore. 5.The composition of claim 1 further comprising
a dye. 20 6.The composition of claim 1 where the composition further comprises a crosslinking
component. 7.The composition of claim 1 which further comprises one or more quenchers having the

formula 25QHkatIBBS iB@ANEAChBA/E GRYlire 3% PSS RPN ae @ 6roBs inkiisgPd sy f8Ai=CH2,

where Q is selected from the group consisting of primary, secondary and tertiary aliphatic amines,
aromatic amﬁ?%’,nmﬁe g cﬁgq ﬁé§?Hﬂr%@gﬁ'-€§\ﬁEgining compounds with a carboxy group, nitrogen

containing compourrée With\aesgHopy lsaiation nitre GNIEE eyt ST EsIEWYit co hysiasytgroup,
30nitrogen-containing compounds with a hydroxyphenyl group, alcohglic njtrogen- containing compounds,
amide B RS A S RN TR g SoWent. o8.66%h oF T paymer 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
(triphenylsulfonium) 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 (triphenylsulfonium) 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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compound having one or more oxygen atoms, and a compound having the formula R40b R40a R40c
DR40d 5where R40a, R40b, R40, and Rgod are independently selected from hydrogen, alkyl, alkenyl,
alkyl containing one or more 0 atoms, alkenyl groups optionally containing one or more 0 atoms, aryl

groups of 6 to 20 carbon atoms, aralkyl of 7 to 12 carbon atoms, aryloxoalkyl of 7 to 12 carbon atoms,

Rgob and Rgoc takeiihiogatieidosmasingdaydish eagh sfaraateaits RIaAIEIKBENE gTeeps of 1 to 6
10carbon atoms, and D- is a basic anion having a EK, value of -3 to +7. 8.The composition of claim 1

which furthePeBIRprvaies dhemsrRerRPgeHaIREoN %88 BN RoHiBURRIIFB: Waimh 10:ARNAN 242

photoactive gamparN@irisriesteshgressive binary exposure. It was processed as follows:

SB=100°C / 60s, PEB=110°C / 60s, development time: 30s (ACT12). The wafer

5 is developed with a surfactant-free developer, AZ 300MIF, containing 2.38%
tetramethyl ammonium hydroxide (TMAH).

For the reference samples with the conventional BARC, unprimed silicon

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 mJ/cm? and if any
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fromagroupconsistingof compoundselectedfrombis(4-
vinyloxyethyloxyphenyl)phenylsulfoniumtriflate,bis(4-
vinyloxyethyloxyphenyl)phenylsulfoniumnonaflate,bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium10-camphorsulfonate,bis(4- 20

vinyloxyethylseeipaxlipdesyvsglfpai o qutipexanspstiidaieldialle anti-reflective coating

vinyloxyethyloxyphenyl)phenylsulfonium tris (trifluoromethanesulfonyl) methide,
bis(bis(4-vin§RIPAPNIRAS phenyl)phenylsulfonium) 1 ,4- perfluorobutanedisulfonate,
tris(4-vinyloxyethyloxyphenyl)sulfonium nonaflate, bis (tris(4-vinyloxyethyloxyphenyl)sulfonium)
1,4-perfluorobutanedisulfonate, tris(4-

25vinyloxyethyloxyph&TBAISANINYAS, InRdes AL hfuSicomanca of AZ® ArF 2110P on

disulfongnideiydnit opmrethyteolony ey db Getthyiaplexyattioefddlive coating compositions
naphthalimide,p-nitrobenzy1-9,10-divinyloxyethoxyanthracene-2-sulfonate

bis(4-vinyloxXeRYIBIEH AT iGHbERAD - SpreRuITiRsslipkghle PAG ' from Example 4,
vinyloxyethyRygpeR)iogpnitiacy ¢lehexraseruking at@his(4- visyloppHeAQ @A HIVhiPdonigm

4-vinyloxyethyloxy-10-camphorsylfonate, bis(4- vinyloxyethyloxyphenyl)iodonium )
vinylony o AP SRIABRARS LA Rate, B (AR BRI O ARG €oating

(trifluorometianasesinomb, raFtBieat Ds/d0IBPAG 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-crosslinking 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 (triphenylsulfonium) 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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10.A coated substrate comprising: a substrate having thereon a layer of the first coating composition of
claim 1. 2011.A process for forming an image comprising: a) forming a coating of the bottom
photoimageable antireflective coating composition of claim 1 on a substrate; b) baking the antireflective
coating, c) providing a coating of a top photoresist layer over the antireflective coating; d) imagewise

exposing therfiekuiag st ACH &niraie Etivanspriing tQ%féftPAGiﬂ@ﬁﬁéi@éiﬂﬁl@%}afﬂﬁéﬁwwength e)
post-exposure bakin g the fphotoreS|st and antireflective coatln%@ yers on the substrate; and, f) developing

the photoresi€tautd BAY /e E5RRIy Ty BRI IIP I 48 UL i i\ (R Em. E]?@'T"lﬁ’éep&ltlve bottom
photoimageahlg i ffisefipridel 6oalign s ypprsianial deakkintd oFiesehe photrais JeariRor W, is

selected from P1d, Pie and P1f, R10b , ,
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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formulations containing BHPPSNF, giving better clearance of the developable

anti-reflective coating at a lower dose with less undercut.

Other PAB temperature for the low solubility formulations were tested for
the formulations containing the di-hydroxyl-PAG from Examples 1 (BHPPSNF) or
2 (BHPPSFBDS) or the di-vinyloxy PAG from Example 4 (PAB 130, 140, 150,
160, 170 and 180°C). Using higher PAB temperatures does improve somewhat
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 (triphenylsulfonium) 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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of PAG from Example 5 (Example 31) and 4% the PAG from Example 11
(Example 32) to each other and to the behavior on the standard BARC 1C5D.
These formulations are made with PAG’s with increasing numbers of vinyloxy
functionalities per PAG molecule. For instance, the PAG from Example 4 has
two vinyloxy moieties, the PAG from Example 10 has three vinyloxy moieties, the
PAG from Example 5 has four vinyloxy moieties and finally the PAG from
Example 11 (TVOPSFB) has six vinyloxy moieties per molecule. All these
crosslinking PAG materials show a far decreased formation of the interlayer
scum that is seen with the non-crosslinking PAG bis (triphenylsulfonium) 1,4-
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
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

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
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
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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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 (triphenylsulfonium) 1,4-
perfluorobutanedisulfonate (the non-crosslinking PAG) with no crosslinking base
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
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
coating beneath the resist at doses higher than 39 mJ/cm? In contrast, the
formulations of Example 34 and 35 containing crosslinking base from Example
13 in 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
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
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
mJ/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

crosslinking base from Example 13 in a lower amount versus PAG (1:30
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(PId) wherein Ar is an unsubstituted or substituted aryl group of 6 to 20 carbon atoms, 5 Rum and Riot
independently represent unsubstituted or substituted alkyl, unsubstituted or substituted alkenyl and
unstubstituted or substituted aryl groups of 6 to 20 carbon atoms, aralkyl groups of 7 to 12 carbon atoms,
aryloxoalkyl group of 7 to 12 carbon atoms, alkyl containing one or more 0 atoms, alkenyl group

containing opas:PRE LatdMSERBFhPIOtBeNdRidlotosieile i dighaicas: idprRebrienis ia ¢h&500-S03-,
where Q is selected from -03S, -02C, and -J; R500 is a group selected from unsubstituted or substituted
alkyl, unsubSPHRB§OM&AIBituted cycloalkyl, unsubstituted or substituted aryl, and combinations thereof,
and J is selected from fluoride, chloride, bromide and iodide, and further wherein (L-G))p is attached to

either the cationic, anionic or both the cationic and anioni¢ 15portion of P1d, Pie, or P1f to form W-(L-G)).
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.

20
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Claims:

1. A positive bottom photoimageable antireflective coating composition which
is capable of being developed with an aqueous alkali developer and which is,
wherein the antireflective coating composition comprises a polymer and one or
more photoactive compounds having the formula
W—(L—(G)),

where W is PAG; where PAG is a photoacid generator; L is a direct bond or a
linking group; G is G2; where G2 is OCH=CHy; and p is 2 to 6, further where the
polymer comprises at least one unit of acrylic or methacrylic acid protected with
an acid labile group and further the amount of the unit ranges from 5 — 95

mole %.

2. The composition of claim 1 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 derivatives,

benzyloxysulfonylbenzene derivatives, and mixtures thereof.
3. The composition of claim 1 further comprising Q-(L-(G1)),, where L is a

direct bond or a linking group, G1 is OH or OCH=CHa, and Q is selected from the

group consisting of:

R10b

Ar——S"—R,,
D_

where Ar is an unsubstituted aryl group of 6 to 20 carbon atoms, substituted aryl

group of 6 to 20 carbon atoms; Rigp, and Rioc are independently selected from
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unsubstituted straight, branched or cyclic alkyl, substituted straight, branched or
cyclic alkyl, straight, branched or cyclic alkenyl, straight, branched or cyclic alkyl
containing one or more O atoms, straight, branched or cyclic alkenyl groups
optionally containing one or more O atoms, aryl groups of 6 to 20 carbon atoms,
aralkyl of 7 to 12 carbon atoms, aryloxoalkyl groups of 7 to 12 carbon atoms,
R1iop and Ryqc, taken together, form a ring in which each of Riop and Rioc are
alkylene groups of 1 to 6 carbon atoms when they form a ring, and D is a basic
anion having a pK, value of -3 to +7; and,

where R; is selected from (CH3)is, where i4 is 0 or 1, O and S; Rsp and Rgp are
independently selected from R4op, and Rsp and Rgp together with the S atom to
which they are attached form a 5-, 6- or 7-membered ring; Rso, Roo, and Rioo
each individually are selected from C4.4 alkyl, C1.4 alkoxy, and halide; i1 and i2

are each 1to4;i3is 1to 5.

4. The composition of claim 1 wherein the polymer further comprises at least

one recurring unit with an absorbing chromophore.

5. The composition of claim 1 further comprising a dye.

6. The composition of claim 1 where the composition further comprises a

crosslinking component.

7. The composition of claim 1 which further comprises one or more
quenchers having the formula

Q-(L-(G1)), Q is a quencher, L is a direct bond or a linking group, G1 is OH or
OCH=CH,, where Q is selected from the group consisting of primary, secondary
and tertiary aliphatic amines, aromatic amines, heterocyclic amines, nitrogen-
containing compounds with a carboxy group, nitrogen containing compounds
with a sulfonyl group, nitrogen-containing compounds with a hydroxy group,
nitrogen-containing compounds with a hydroxyphenyl group, alcoholic nitrogen-

containing compounds, amide derivatives, imide derivatives, nitrogen-containing
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compound having one or more oxygen atoms, and a compound having the

formula
R40b
IR
R40a N Raoc
D_
R404

where Raoa, Raob, Raoc, and Raoq are independently selected from hydrogen, alkyl,
alkenyl, alkyl containing one or more O atoms, alkenyl groups optionally
containing one or more O atoms, aryl groups of 6 to 20 carbon atoms, aralkyl of 7
to 12 carbon atoms, aryloxoalkyl of 7 to 12 carbon atoms, Raso, and Raoc taken
together form a ring in which each of R4, and Ryoc are alkylene groups of 1 to 6

carbon atoms, and D is a basic anion having a pK, value of -3 to +7.

8. The composition of claim 1 which further comprises a thermal acid
generator.
9. The composition of claim 1 wherein the photoactive compound is selected

from a group consisting of compound selected from  bis(4-

vinyloxyethyloxyphenyl)phenylsulfonium triflate, bis(4-
vinyloxyethyloxyphenyl)phenylsulfonium 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, N-trifluoromethylsulfonyloxy-3,6-divinyloxyethoxy-1,8-

naphthalimide,  p-nitrobenzyl-9,10-divinyloxyethoxy = anthracene-2-sulfonate,
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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-

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)phenylsulfonium 1,1,1,2-
tetrafluoroethoxyoctafluorobutanesulfonate, and bis(4-
vinyloxyethyloxyphenyl)iodonium 1,1,1,2-

tetrafluoroethoxyoctafluorobutanesulfonate.

10. A coated substrate comprising: a substrate having thereon a layer of the

first coating composition of claim 1.

11. A process for forming an image comprising: a) forming a coating of the
bottom photoimageable antireflective coating composition of claim 1 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
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.

12.  The positive bottom photoimageable antireflective coating composition of

claim 1, where the photoacid generator W, is selected from P1d, P1e and P1f,
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R1Ob R1Ob

Ar s Rioc A I* Rioc A8 Ry,
X2 X2 X2
Ar S+—R10c Ar—|+—R1Oc Ar—IJr—R1Oc
Riop (P1e) (P1f)
(P1d)

wherein Ar is an unsubstituted or substituted aryl group of 6 to 20 carbon atoms,
5 Ry and Ry independently represent unsubstituted or substituted alkyl,
unsubstituted or substituted alkenyl and unstubstituted or substituted aryl groups
of 6 to 20 carbon atoms, aralkyl groups of 7 to 12 carbon atoms, aryloxoalky!l
group of 7 to 12 carbon atoms, alkyl containing one or more O atoms, alkenyl
group containing one or more O atoms, and Rio, and Rqc, together form a ring;
10 and X?is a Q-Rsp-SO3~, where Q is selected from “03S, “0,C, and ~J; Rsy is a
group selected from unsubstituted or substituted alkyl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted aryl, and combinations thereof,
and J is selected from fluoride, chloride, bromide and iodide, and further wherein
(L-G)), is attached to either the cationic, anionic or both the cationic and anionic

15  portion of P1d, P1e, or P1f to form W-(L-G)),.
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