20 JULY 2006 1 "PERFLUOROALKYLSULFONI C ACI D COVPOUNDS FOR PHOTORESI STS" 5
FI ELD OF THE | NVENTI ON This invention relates to new photoaci d generat or
conmpounds ("PAGs") and photoresist conpositions that conprise SEGPULYZOOG
conpounds. Specifically, the invention relates to novel classes o0

phot oaci d generators that produce a 10 flqorinated al kyl sulfonic acid
havi ng a short perfluoroal kyl chain attached to an ether |inkage. This

et her |inkage connects the fluorinated al kyl portion of the nolecule with a
variety of other substituents. 15 BACKGROUND TO THE | NVENTI ON Phot or esi sts
are light sensitive conpositions that produce chem cal changes in the
conpositions after exposure to |ight. These changes allow chem cal
differentiation DPEREEDORMAKEELSULRONICACIDSEOMPOUNDS FORPHATORESISDYer, 20
typically an aqueous al kali solution. Wien a mask having a pattern of
transm ssive and reflective areas is used, this chemcal differentiation

pr oduced elief inmages. The produesdh NBHES :lbgﬂzgggysfer of the imge
into undertying substrates for etectrofttc—oe acture or to other
materials in a printing process. 25 In recent years, advanced resists
conprise a photosensitive acid generator (PAG, a polyner matrix, and
soneti mes additi veJhisaivantiemzglates,to gew phetoasidtgenpratarpgompiuads ((MAG) of t he

Expoour e, "t he A5 FROGEALT PRFOFER? ek RBAE, plok oo s s BRI s e
aci d sensi tivenghfsw felbdés its hdiel hilidsed ofli SieRdddid QenbfatdrbethdeRddueera One

acid proton will catalyze reaction at many different sites, so the technique
is 10 fluorinated alkyl sulfonic acid having a short perfluoroalkyl chain attached to an

ether linkage. This ether linkage connects the fluorinated alkyl portion of the

molecule with a variety of other substituents.

15 BACKGROUND TO THE INVENTION

Photoresists are light sensitive compositions that produce chemical
changes in the compositions after exposure to light. These changes allow
chemical differentiation between exposed and unexposed areas using a developer,

20 typically an aqueous alkali solution. When a mask having a pattern of
transmissive and reflective areas is used, this chemical differentiation produced
relief images. The produced images allow transfer of the image into underlying
substrates for electronic device manufacture or to other materials in a printing
process.

25

In recent years, advanced resists comprise a photosensitive acid generator
(PAG), a polymer matrix, and sometimes additives. Acid sensitive groups that
inhibit dissolution of the polymer in developer are present on the additive or on
the polymer. Upon exposure, the acid generated from the PAG catalyzes the

30 removal of the acid sensitive group that is inhibiting dissolution in the developer.

One acid proton will catalyze reaction at many different sites, so the technique is



2 20 JULY 2006 called "chem ca
can be found, e.g. in

anplification".
us 6, 120,977, US 6, 136,504, US 6,013,416, US

Phot oresi sts of these type
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been utilized in acid catal yzed photopolyner systens. Particularly favored

are those that produce a sulfonic

acid. Nunerous types of PAGs have been
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upon irradiation.
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5 Various classes of PAGs have been utilized in acid catalyzed

photopolymer systems. Particularly favored are those that produce a sulfonic

acid. Numerous types of PAGs have been demonstrated to produce sulfonic acids

upon irradiation. Examples of some of the classes are shown below. Particularly

favored are those PAGs of the formulae:
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R 3 20 JULY 2006 where R is a perfluoroal kyl because of the strong acidity
of the perfluoroal kyl sulfonic acids and other factors. Particularly
preferred is perfluorooctanesul fonic a%id because of the |ow di#$§ygLeR006
| engt h. However, recently, the EPA has raised 5 concerns regarding health
and environnental inpact of sone |long chain perfluorinated sulfonic acid
salts (viz., perfluorooctanesul fonate). Shorter perfluoroal kyl chains

sul fonic acids do not address the conbination of health and perfornmance
concerns. As the perfluoroal kyl chain becomes shorter it is believed to

i ncrease the diffusion | Triflic 3) h S to be
10 vol ati | e Whde R %ﬁé’eﬁf‘iﬁ’g lnt(fcﬁWﬁd?ft Br?g'gn%\ﬁ?‘g: d)érfﬁ@lﬂfi B%Ii ¥lesul ts.

In additionghhe Acgg ‘fb&&‘s" Mwﬁ[b?ly%f@fe*x@@ nu&foo&faﬂ&glfoﬁﬁaorter

chain perfluorinat |c acid salts’is a questlon ue to the
envi r onment adc1chhe:baummi 1hh lovsshfﬁslonl kength. dﬁsvevat;lrecdndyhm\zdiEMhﬁsnms:edam ds

whi ch haye conparabl e aci dit (i.e., d. diffusion lengths to the
| ar ger ﬁrf | PBFTTRAL rgﬂa@bﬂgf @ﬁglﬁh a?é‘idd§n't’)‘§1 "fan RN |lc3pgf ICh8i0; nat ed

al kyl chal n a d OF THE
| NVENTI ON 2‘%lr fl&ﬁf]xlg%’egaisl &ggrr%éc‘)‘gn%hﬁ @H %ﬁ“?‘%f’%&ﬁ‘gﬁ%%r?er 3 :{uct ure:
R- Q( CF2) nSGi)érﬂuvkrealkynhmnssulfmuc ratelg €o doea&v&m thd oothbihation 4f hédlthsandel ect ed

fromthe group_ 25 consisting of stit unsubstituted Cl-Cl2 |inear
or branched Rerfgpmagge CO&F‘P{BﬁyAS tmﬁmre% 1] fgaalmb@em shqrica ¢ 1absheved |

substituted gr §§ébt'ﬂ=,'c{1§:ﬁ réjﬂ'b T?ffﬁ’é%%}ﬁ'{keg ©f;) 405 W& shoWi do be

bi cycl oal kyl stl tute stitute
Volatlle under some processing conditions, which can give poor results. In

addition, the long-term viability and availability of other, shorter chain
perfluorinated sulfonic acid salts is also in question due to the environmental and
health issues. It is desirable to have sulfonic acids which have comparable acidity
(i.e., pKa) and diffusion lengths to the larger perfluorinated sulfonic acids but
15  without a heavily fluorinated alkyl chain directly attached to the sulfonic acid

moiety.

SUMMARY OF THE INVENTION
20

A photoacid compound having the following general structure:

R-O(CF2),S03X
wherein n is an integer between about 1 to 4; R is selected from the group
25 consisting of: substituted or unsubstituted C;-C, linear or branched alkyl or
alkenyl, substituted or unsubstituted araalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted bicycloalkyl, substituted or unsubstituted
tricycloalkyl, hydrogen, alkyl sulfonic acid, substituted or unsubstituted
perfluoroalkyl, the general structure F((CF2);0)m(CF2)q- wherein p is between
30 about 1 to 4, m is between about 0 to 3 and q is between about 1 to 4, and
substituted or unsubstituted partially fluorinated alkyl, halofluoroalkyl,



tricycloal kyl, hydrogen, alkyl sulfonic acid, substituted or unsubstituted
perfl uoroal kyl, the general structure F((CF2)pO nm CF2)g- wherein p is
between 30 about 1 to 4, mis between about 0 to 3 and q is bet wegpupbPabs 1
to 4, and substituted or unsubstituted partially fluorinated al kyl,

hal of | uor oal kyl , 4 20 JULY 2006 perfluoroal kyl sul fonic, or glycidyl; and X
is selected fromthe group consisting of organic cations and covalently
bonded organic radicals. A photoresist conposition conprising: (a) a

pol ynmer; andgetfijoraalkylsilfomid, dr ghycitkyhand Xis Belectad fiohethe @rdupdangistapef: al
structure: RQUCF2)nSBX wherein n is an.integer between about 1 to 4; Ris
sel ected frQFgamecajionsand eQyd yibﬁgdqéfqrg%qu;qa& ed or unsubstituted Cl-Cl12
| i near or branched al kyl or al kenyl, substituted or unsubstituted araal kyl,
substituted or unsubstituted aryl, 10 substituted or unsubstituted

bi cycl oal kyl , sulAgthotouésisi compusigobssmprisigg] (a)ta patyatnahdk),a photsaegen, al kyl
sul fonic_acid, substituted or unsubstituted perfluoroalkyl, the general
structur@ Feempeypbnaing-tedollowiag generpl SLUCHER ' wveen about | to 4, in is

bet ween about 0 to 3 and q i s bet wes to 4, and substituted or
unsubstituted partially fluorinat \ggqu??#@#gl of l uor oal kyl, 15

per f 1 uor oal kyheseihfons an iategel Yetwadgh ;abanid 1 Xoi 4, Relsewleetkdf from tHeeg@upup
consisting of. , organic cations and_coval ently bonded organic radicals.

Optional |y, GOR¥stinghetofubstidtedceimyBebstigierdnty Car digeamer brrnched pligdtorone
o1 v SR AT GOHRUGRRS BNy O Al P, 0o

10  substituted or unsubstituted bicycloalkyl, substituted or unsubstituted
tricycloalkyl, hydrogen, alkyl sulfonic acid, substituted or unsubstituted
perfluoroalkyl, the general structure F((CFz)pO)m(CFz)q- wherein p is between
about 1 to 4, m is between about 0 to 3 and q is between about 1 to 4, and
substituted or unsubstituted partially fluorinated alkyl, halofluoroalkyl,

15  perfluoroalkylsulfonic, or glycidyl; and X is selected from the group consisting of:
organic cations and covalently bonded organic radicals. Optionally, the
photoresist composition may also include at least one additive selected from the
group consisting of: surfactants, bases, dyes, plasticizers, and dissolution
inhibitors.

20

A method for fabricating an integrated circuit which comprises: depositing

a photoresist composition on a substrate, wherein the photoresist composition
comprises: (a) a polymer; and (b) a photoacid compound having the following
general structure:

25 R-O(CF2),S0sX
wherein n is an integer between about 1 to 4; R is selected from the group
consisting of: substituted or unsubstituted C;-C;, linear or branched alkyl or
alkenyl, substituted or unsubstituted araalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted bicycloalkyl, substituted or unsubstituted

30 tricycloalkyl, hydrogen, alkyl sulfonic acid, substituted or unsubstituted
perfluoroalkyl, the general structure F((CF2),O)m(CF;)q- wherein p is between



A method for fabricating an integrated circuit which conprises: depositing
a photoresist conposition on a substrate, wherein the photoresist
conposition conprises: (a) a polyner; 2nd (b) a photoaci d conpoogubv\2006
the following general structure: R Q CF2)nSOG3X wherein n is an integer
between about 1 to 4; Ris selected fromthe group consisting of.
substituted or unsubstituted Cl1-Cl2 linear or branched al kyl or al kenyl,

substituted or unsubstituted araal kgl , Substituted or unsubstituted aryl,
subst i t ut ed abputyhdastmtigthetvesncahoub QI ey and wbist betweent abeutuhdedstandut ed 30

tri | | k , 5 | j td. . t gt tituted
per 1 uor oal Rype R AR i fid paftely (OB bt “RaBfdBIHGET 1 €
bet ween 5 2@edftiloYoddRyl6ulfdaie)tor lychlys,andX & sbiettes Gonathe wroup dodsistimgief:q i S

bet ween about 1 .to 4, and, substituted or unsubstituted partially

f1 uori nat ed %430)¢ catanoaPd ogayalertly ,b°H§6$ fOrERIHe dpdigalsy apd niradiagpg gthg ci dy ! ;
and X isgsel for r I St : r i 4. d

coval ent Py BoGTEeteaanpatod Aep? BENaenon hrinard AR GUBRL BUEWAR.,
conposi t i on,a shharpetuogeaikeylahaingttacHdduo an estedihkap&yl sul fonic acid with a
short perfluoroal kyl chain attached to an ester |inkage. DETAILED

DESCRI PTI ON OF THE PREFERRED EVMBCDI MENT 10 The present invention relates to
novel cl asses of photoacid generators that produce a fluorinated al kyl
sulfonic acid with a short perfluoroal kyl chain attached to an ether

| i nkage after DEIAIED HESCRIFHON OF THIHOPREFERREBDREMBODIMENT! gener ators
of thi s1bype have been found useful in chemcally anplified 15 resi st
systens.'YResi sts contai ning these novel PAGs have been shown to have

The present invention relates to novel classes of photoacid generators that

produce a fluorinated alkyl sulfonic acid with a short perfluoroalkyl chain
attached to an ether linkage after irradiation and resists comprising them.
Photoacid generators of this type have been found useful in chemically amplified
15  resist systems. Resists containing these novel PAGs have been shown to have

superior resolution, depth of focus, and more vertical profiles.

The fluorinated alkyl sulfonic acid with a short perfluoroalkyl chain
attached to an ether linkage produced from the PAGs in this invention can be

20  described by the following generic structure:

R-O(CF2),SOs;H (n=1-4)
R can .be substituted or unsubstituted C;-C,; linear or branched alkyl or alkenyl,
substituted or unsubstituted araalkyl, substituted or unsubstituted aryl, substituted
25  or unsubstituted bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen,
alkyl sulfonic acid, substituted or unsubstituted perfluoroalkyl, the general
structure F((CF2),0)m(CF2)q- wherein p is between about 1 to 4, m is between
about 0 to 3 and q is between about 1 to 41, substituted or unsubstituted partially
fluorinated alkyl, halofluoroalkyl, perfluoroalkylsulfonic, or glycidyl.
30



superior resolution, depth of focus, and nore vertical profiles. The
fluorinated al kyl sulfonic acid with a short perfluoroal kyl chain attached
to an ether |inkage produced fromthe BAGs in this invention can2kguL¥®006
descri bed by the follow ng generic structure: R Q(CF2)" SO3H (n = 1-4) R can
be substituted or unsubstituted Cl-Cl2 |.i near or branched al kyl or al kenyl,
substituted or unsubstituted araal kyl, substituted or unsubstituted aryl,
substituted 25 or unsubstituted bicycloal kyl, substituted or unsubstituted

tricycloal kyl, hEkag@eR ofshitable Sulfé R a&ida cortalts @P $id 4didSdndlhdd/ Betukst i t ut ed
perfluoroal kyl, the general structure F((CF2)pO nm(CF2)y- wherein p is

bet ween aboulo'[ﬁmﬁtédmi mis between about 0 to 3 and q is between about 1 to
41, substituted or unsubstituted partially fluorinated al kyl,
hal of | uor oal kyl , perfluoroal kyl sulfonic, or glycidyl. 30 6 20 JULY 2006

Exanpl es of 1suppablreflied-DaaiflucasiethotPretimkiiifonic 4d® aci ds) include but are
not limted to: 1,1,2,2-tetrafluoro-2-(trifluoronet hoxy?-et hanesul foni c
acid: 5 9 1,1,2,2-tetrafluoro-2-(1,1,2,2-tetrafluoro-2-iodoethoxy)-ethanesulfonic acid;

acid (o ciFati TS s SARIRES o 7 o7g7e o e enesfone

hexadecaf | ugieRgkiicpdodAidyjanaooiianassbamiseidaci d; o
1,1,2,2,3,3-hexafluoro-3-[ (trifl uoroethenyl)oxy]-1-propanesul fonic acid

ani on; 1, 1,121,2,2t33-hexaflyoron3-pafifl merpethensd okl |1 bipsenangsul foxid acéd srdomsul f oni ¢

id; 10 ..
5 20 [ (di f1 JohdRaewviueredtepidssatiiomoptyosy betharesulfonio ptidit hanesul f oni ¢
acid; 39l ( Jz,i’,@diﬂu&o&eﬂlﬂa&)tgg(éxﬁmsi@[dg%tlta%mmﬁo-é&hﬁésmbﬁxﬁl:i)d@xy] -1, 1,2, 2-

tetrafl uoroet hanesul foni c acid;

2- (4- et heny|pHéAS3:$ 38,47 .2,626-dedacaflnerortont fimehssyl) ooiilel. 32t d;
tetrafluoroethanesulfonic acid;
2-(4-ethenylphenoxy)-1,1,2,2-tetrafluoroethanesulfonic acid,
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,4,4,4-octafluoro-3-ethanesulfonic acid;

15 ethanesulfonic acid, 1,1,2,2-tetrafluoro-2-[1,2,2-trifluoro-1-methyl-2-[1,2,2-
trifluoro-1-methyl-2-(pentafluoroethoxy)ethoxy]ethoxy]-ethanesulfonic acid;
1,1,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-nonadecafluoro-10-(1,1,2,2-tetrafluoro-2-
sulfoethoxy)-1-decanesulfonic acid,
4-(4-chloro-1,1,2,2,3,3,4,4-octafluorobutoxy)-1,1,2,2,3,3,4,4-octafluoro-1-

20  butanesulfonic acid;
3-[1-[difluoro[(trifluoroethenyl)oxy]methyl]-1,2,2,2-tetrafluoroethoxy]-
1,1,2,2,3,3-hexafluoro-1-propanesulfonic acid,
1,1,2,2,3,3-hexafluoro-3-[1,1,2,2,3,3-hexafluoro-3-[1,1,2,2,3,3-hexafluoro-3-
[trifluoroethenyl)oxy]propoxy]propoxy]-1-propanesulfonic acid;

25 1,1,2,2-tetrafluoro-2-[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethoxy]-
ethanesulfonic acid;
1,1,2,2-tetrafluoro-2-(nonafluorobutoxy)-ethanesulfonic acid,
5-(1,1,2,2-tetrafluoro-2-sulfoethoxy)-1,3-benzenedicarboxylic acid-1,3-dimethyl
ester;

30  2-[1-[difluoro[1,2,2,3,3-pentafluoro-1-(1,1,2,2-tetrafluoropropyl)butoxy]methyl]-
1,2,2,2-tetrafluoroethoxy]-1,1,2,2,-tetrafluoro-ethanesulfonic acid;



1,1,2,2-tetrafluoro-2-(1,1, 2,2, 3, 4, 4, 4-oct af | uor o- 3- et hanesul foni c acid; 15
et hanesul foni ¢ aci d,

1,1,2,2-tetrafluoro-2-[1,2,2-trifluoro-4-nethyl-2-11, 2, 2- 20 JULY 2006
trifluoro-I|-nmethyl-2-(pentafl uoroethoxy) et hoxy] et hoxy] - et hanesul foni ¢ aci d;
1,1,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10- nonadecaf |l uoro-10-(1, 1, 2, 2-tetraf |l uo
ro-2- sul foethoxy)-1-decanesul fonic acid;
4-(4-chloro-1,1,2,2,3, 3,4, 4-octafl uorobutoxy)-1,1, 2, 2, 3, 3,4, 4-octafl uoro-1 -
20 but anesulif Rhpae@eflbro-3=[l111,2,2,3,3-hexafluoro-3-[(trifluoroethenyl)oxy]propoxy]-

[difluoro[ (trifluoroethenyl)oxy]methyl]-1,2,2,2-tetrafl uoroethoxy] -

1,1,2,2,3, 3-eﬂwaasqlﬁ9wqd;pr opanesul foni ¢ aci d;

1,1, 2,2, 3, 3-heX - 134, R: -3, s 3-hexafl uoro-3 °
C[trifluor i ﬁgfriil/#%%]%p‘{r‘é%@‘%rérlo4p§‘>‘<t$§fg-@%’ﬁ§%’g@i%%ﬁj‘f%znugég%%}“d’;"@25

1,1, 2, 2-t et ret{aneeulfoni-dcidt, 2, 2, 2-tetrafl uoro-|-(trifl uoronet hyl) et hoxy] -

et hanesulfonic acid; 1,1,2,2-tetrafl uoro-2-(nonafl uorobutoxy)-ethanesul fonic
aci d: 59 1,21(22-dichlore-d¢l, 2risifinopoathaxydds hd R ygtraflugraretharasatipeiaepidky| i ¢ aci d-
1,3 -dinmethyl o ester;, 3 Py i C

211 La T ogrBrEST P e} o Brop e oie £ or opr opyl ) but oxy] et
%I !]-u L\1{, 36(2) ger,n,ettétaiﬂlmme[(nq);Qyz],3,3,AJ4,,£,5,3,@1,e,858alﬁé>daaé@ﬂabﬁa@esuI fonic acid; 7
1,1, 2, 2-t et dedqogbihlexgl-pthanesplfonigagdhexaf | uor o- 3-[(tri f | uor oet henyl ) oxy] propo
xy] - et hanesulf oni,C..aGid: 1 5~ . . : i )

272 [ (1,1, ?JQ @?g,dztaﬁﬁ"g’c 2P OPeror xR R Y il %27 ) 1 bi s[ 1, 1, 2, 2-t et r af
| uor o- @0hanegdfluoesvtitoxgH1d; 2,2 -tetrafluoro-ethanesulfonic acid;

2-(2,2-dichloro-1,1, 2-trifluoroethoxy)-1,1,2,2-tetrafl uoro-ethanesul fonic
acid:  2-f | Qe xybisl, 12 Hteteaflugra-ethanssolfonieipgidet hoxy) - pr opanedi oi ¢ aci d:

2-(chlorodifluoromethoxy)-1,1,2,2-tetrafluoro-ethanesulfonic acid;
2,2°-
[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,19,19,20,20,21,21,22,22.2323,24,24 25,25,26,26-

15  dotriacontafluoro-1,26-hexacosanediyl)bis(oxy)]bis[1,1,2,2-tetrafluoro-
ethanesulfonic acid];
1,1,2,2-tetrafluoro-2-(2-propenyloxy)ethanesulfonate;
2-[1-[difluoro(1,2,2,2-tetrafluoroethoxy)methyl]-1,2,2,2-tetrafluoroethoxy]-
1,1,2,2-tetrafluoro-ethanesulfonic acid;

20 1,1,2,2,3,3,-hexafluoro-3-[1,2,2-trifluoro-2-[(trifloroethenyl)oxy]ethoxy]-1-
propanesulfonic acid;
1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-
(pentafluoroethoxy)ethoxy]ethoxy]-ethanesulfonic acid,;
1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-

25  [(trifluoroethenyl)oxy]ethoxy’ethoxy]-ethanesulfonic acid;
1,1,2,2-tetrafluoro-2-[1,1,2,2tetrafluoro-2-[1,1,2,2-tetrafluoro-2-
(pentafluoroethoxy)ethoxy]ethoxy]-ethanesulfonic acid;
1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-[1,1,2,2-tetrafluoro-2-
[(trifluoroethenyl)oxy]ethoxy]ethoxy]-ethanesulfonic acid;

30 1,1,2,2-tetrafluoro-2-(2,2,3,3,3-pentafluoropropoxy)-ethanesulfonic acid;



1,1,2,2-tetrafluoro-2-[(1,1,2,2,3,3,4,4,5,5,6,6, 7,7, 8, 8 hexadecaf | uor o- 8-
|odooctyl)oxy] ethanesulfonlc aC|d 2-1 1- [(1,2- dlchloro 1,
2,2-trifluoroethoxy)difluoronethyl ] 1,282,2- 10 20 JULY 2006
tetrafluoroethoxy] 1,1,2,2,-tetrafl uoro- ethanesulfonic aci d;
2,2'-oxybisl,1,2,2-tetrafluoro-ethanesulfonic aci d;

2- (chl orodi fl uoronet hoxy)-1,1, 2, 2-tetrafl uoro-ethanesulfonic acid; 2,2
[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,19, 19, 20, 20, 21, 21, 22, 22, 23, 23, 24, 24, 25, 25,
26, 26- 15  2-[1-[[2-(4-cyanophenoxy)-1,2 2-triﬂuoroethoxy]diﬂuoromethyl]-1,2,2,2-

et hangsul 1 3%%"@@%&0@?{?*1%23%@%%% RS idpeny | oxy) et hanesul fonat o

2-[1-[diflu ty#f | uor oet hox
112 2ot rar Lol oR Ry RN AT Bt 102 o
1,1,2,2,3,3 teﬂnﬁmirdmﬂranes&lfpﬂj,capﬁ-trl fl uoro- 2 [ (trifloroethenyl)oxy]ethoxy]-1
- propan sul fon
1,1 2o Bt r%?lq %d@fozoxlﬁ Ftoflvorpethexaprlyb? ¢-totrafiuoro-sthenesutfonic agidh o- 2-

e tafluor
g?l , 2- tetra 8%%% Qﬁ? &%ﬁg%mgfgggﬁﬂgﬁé%%gﬁ%g1%%?gn?%?}é?%uoro-2 25
(7 oeon et oot

: -tetrafl uoro-2- : et rafl yor o- etrafl uoro- 2-
(pent af | uor de&rﬁfﬁaayyféﬁw;l}ll%ﬁﬁ uOéq ikasulfottic’ aci d;
1,1,2,2-tetr Als 2- tetrafluoro 2-
[(trifluor oel'ﬂ] h%{eg}g%({rét xy et lﬁ%& g?]%gg %ﬁlglg acid; 30
1,1, 2, 2-10et r Bl RiDetetraludrad; 22[(3,,1;2,33;3&104,5,516,@7G[&&}haaaydkeahbﬁne&ul fonic acid; 8
20 JULY 2006

hydroxynonadecyl)oxy]-ethanesulfonic acid;
2-(2-bromo-1,1,2,2-tetrafluoroethoxy)-1,1,2,2-tetrafluoro-ethanesulfonic acid;
1,1,2,2-tetrafluoro-2-(1,1,2,2,3,4,4,4-octafluorobutoxy)-ethanesulfonic acid,
2-[2-(1-bromo-1,2,2,2-tetrafluoroethoxy)-1,2,2-trifluoro-1-

15  (trifluvoromethyl)ethoxy]-1,1,2,2-tetrafluoro-ethanesulfonic acid,
1,1,2,2- tetrafluoro-2-[(1,1,2,2- tetrafluoro-3-butenyl)oxy]-ethanesulfonic acid;
[1-[difluoro[(trifluoroethenyl)oxy]methyl]-1,2,2,2- tetrafluoroethoxy]difluoro-
methanesulfonic acid;

1,1 ,2,2§tetraﬂuoro-2-(pentaﬂuoroethoxy)—ethanesulfonic acid;

20  2,2’-[methylene(oxy)]bis[1,1,2,2- tetrafluoro-ethanesulfonic acid;
1,1,2,2- tetrafluoro-2-(1,1,2,2,3,3,4,4-octafluoro-4-iodobutoxy)-ethanesulfonic
acid;
12,12,13,13,14,14,15,15,16,16,17,17,18,18,19,19-hexadecafluoro-19-(1,1,2,2-
tetrafluoro-2-sulfoethoxy)-nonadecanoic acid;

25 1,1,2,2- tetrafluoro-2-[(1,1,2,2- tetrafluoro-4-iodooctyl)oxy]-ethanesulfonic acid;
1,1,2,2-tetrafluoro-2-2[1,1,2,2-tetrafluoro-2-[ (trifluoroethenyl)oxylethoxy]-
ethanesulfonic acid;
2-[1-[[1-[[2,2,3,3,3-pentafluoro-1-(pentafluoroethyl)-1-
(trifluoromethyl)propyljmethyl]- 1,1,2,2- tetrafluoroethoxy]difluoromethyl]-

30 1,1,2,2- tetrafluoroehtoxy]- 1,1,2,2- tetrafluoro-ethanesulfonic acid;



[[ 2- (4-cyanophenoxy) -1, 2,2-trifluoroethoxy]difluoronethyl]-1,2,2,2-

fluoroethoxy]-1,1,2,2-tetrafl uoro-ethanesul fonic acid; 2-]

i fluoro(trifluoronethoxy)nethyl]-1,2,2,2-tetrafl uoroet hoxy] -4 JURY2006

fl uoro-ethanesulfonic acid; 5
2-dichloro-1,2,2-trifluoroethoxy)-1,1,2,2-tetrafl uoro-ethanesul fonic
1,1,2,2-tetrafl uoro-2-(oxiranyl net hoxy)-et hanesul fonic acid, lithium
2-[1-[difluoro[1, 2,3, 3, 3-pentafluoro-I|-propenyl)oxy]nmethyl]-1,2,2, 2-

af | uor odt hdRyietrafliod; 2{ I, 523:¥, 3 -hexadluetdra+ s fidrontheryl)oxy]propoxy]-

,2,2-tetrafl uoro-2-(trichl oronet hoxy)-et hanesul fonic acid; 10

, 2, 2-tet anaﬁﬂlf%m:»-qccé, 1,2,2,3,3,4,4,5,5,6,6,7,7,8, 8-hexadecaf| uor o- 19-

hydr oxynonadegy! - l<f0/0]

2 (2 b o £ S e RSy Fesedseaioransyie

aci d; tetrafluoro-ethanesulfonic acid;

1,1,2,2-tetrafluoro-2 4-oct af | uor obut oxy) - et hanesul f oni c

-(1,1,2,2,3,4, 4,
acid; 29[ 2-} 142803 a&ﬁlﬁ{%?@?@ﬂwwe&hﬂmﬂwﬁwﬂ@n@%qwl;f| uoro- | 15

trifluorongthyl - A1, 13,9225 g .qnic acid; 1,1, 2, 2-
get rafl uor g?l ZP?(2 %L?e}ﬁgﬁgr]ozt lt’%’%le 6%??-9@-0%%5%%%%3??@?%%3u| foni c acid;
[ 1- [ di f | uor &-(4-brofdophemeaty el Potepiaftatioydthantsillfodiacid;
tetrafl uoroet hoxyldi fluoro- nethanesul fonic acid; L
1,1, 2, 2- t et rlabpdorseiupgehicndesaiphanysdrsameslfminiddaci d; 20

2,2"-[methyle 0 J L 114 3, t Q- QA yd- 1,1, 2, 2-
tetr a]E | uor g- p’?‘% ?f)fhgb%[%(lztl’%’%%%’g% %%%%&626 ig'osg!)égg){g §1>§<)y ; eg haeﬁg@laﬁglp onic
id, 10 id;
igt 12, 13, 13,afil, 14,15, 15,16, 16, 17,17, 18, 18, 19, 19- hexadecaf| vuoro-19-(1, 1, 2, 2-
tetrafl uor o-12 Kl %He”»b%%»lﬁdﬁdéégalﬂ@]ig@l_ 819, IP-hexadgcafluproy10-i0do-19- _ _
tletlr gf '2{1?;?;(2%1%%? %t_r%@xﬁiro-tz%luif%feﬂhHQ}?)@ﬁo‘hhhéb‘JR&StaXi'dl oxy] -ethanesul foni ¢ acid;
[1, 1, 2, 2- t etl,h2)2u cetafldefol2-{ 1,1,21203, B StHeraffhgroRy(pehtafingrbethoxy)propxy]-
ethanesulfonic acid;
15 2-[1-[[1-[difluoro[(trifluoroethenyl)oxy]methyl]- 1,1,2,2-

tetrafluoroethoxy]difluoromethyl]- 1,1,2,2- tetrafluoroethoxy]- 1,1,2,2-

%X]étl’r%ézﬁze's ul foni ¢

tetrafluoro-ethanesulfonic acid;
1,1,2,2- tetrafluoro-2-[2-(2-propenyloxy)ethoxy]-ethanesulfonic acid;
1,1,2,2,3,3-hexafluoro-3-[(trifluoroethenyl)oxy]-1-propanesulfonic acid;

20 1,1,2,2- tetrafluoro-2-(1,1,2,2- tetrafluoroethoxy)-ethanesulfonic acid,
2-[1-[difluoro[1,2,2,3,3,3-hexafluoro-1-(pentafluoroethyl)propoxy]methyl]-
1,1,2,2- tetrafluoroethoxy]- 1,1,2,2- tetrafluoro-ethanesulfonic acid,;
difluoro(1,1,2,2- tetrafluoro-2-sulfoethoxy)-acetic acid;
5-[1,1,2,2- tetrafluoro-2-[1,1,2,3,3,3-hexafluoro-2-(1,1,2,2- tetrafluoro-2-

25  sulfoethoxy)propoxy]ethoxy]-1,3-benzenedicarboxylic acid)1,3-dimethyl ester;
difluoro(pentafluoroethoxy)-methanesulfonic acid;
2-[(6-chloro-1,1,2,2,3,3,4,4,5,5,6,6-dodecafluorohexyl)oxy]- 1,1,2,2- tetrafluoro-
ethanesulfonic acid;
12,12,13,13,14,14,15,15,16,16,17,17,18,18,19,19-hexadecafluoro-19-(1,1,2,2-

30 tetrafluoro-2-sulfoethoxy)nonadecyl bromoacetate;



et hanesul foni ¢ aci d;
2-[1-[[1-[[2,2,3,3,
I
r
1

o
2 - pent af l uoro-1 - (pent af | uor oet hyl ) - 1-
(trifluoromethyl)pr
e I
1 2

3
opylJnethyl]- 1,1,2]10- tetrafl uoroethoxy]difl| 20000¥2006] -
30 1,1,2,2- tetraflu
20 JULY 2006 , 2,2
tetrafluoro-2-[1,1, 2,3, 3,3-hexafluoro-2-[(trifluoroethenyl)oxy] propoxy] -
et hanesul foni ¢ aci d;
2- [ (8- chl or @-[i-[Hiffyczo@eitafiudrobthbxPnfethyl[/ 18, B2 hewaffesraéthoy]o0did2d ) oxy] -
1,1,2,2- tetraf] uoro-ethapesul fonic acid; 5
1,1,2,2, 3, 3- %@PFQ}S‘ihén@ukf%ﬁta‘é‘Fll uor oet hoxy) 1- propanesul f oni ¢ aci d;

1,1,2,2- tet | { id;
b oo SRR i £ ARRMNOL Pl DO B IRg AL g o0
tetrafl uor o-té‘tra{ﬂdom-ae;uﬁbéth@x}obmpyky]pmbxﬁtmap@ﬁhlafcmni c acid; 1,1,2,2-

tetrafl ugro- 2 & 4-oct af | uor o- 4-sul fi nobut oxy) - et hanesulfonlc
10 acid: 1,1,2,2- tetraﬂuoro-2 [(1,1,2233445566778 8-

12,12, 13, 13, 9- hexadecaf | uor o- 10-i odo- 19-
(1,1, 2 2- teht%ga I%ﬁ%'?g&%tr;éﬁ %@ ’gﬂ %ﬁlcl)%og eca d’]r1’0| c acid; 1,1, 2, 2-

tetrafl uor 0-2¢Lhldro2l, 2,2;’2 &t&ﬂl&emfﬂomw d;122, Qpe&hﬁﬁdrucvtm%hﬂftmidodoﬁmxﬂ
et hanesul fonij ¢ aC| d; 15 1-[[1-[difl uoro[ft rifluoroethenyl)oxy]nethyl]-
1,1,2,2- tetrBriliddifue WFQF&‘PW?@V]]]- 4.22-2 2. tetrafl uoroet hoxy] -

i ei r zzif I2uo£ gttétﬁ[fk"%?&f E@ﬂ)ﬁ/ OXY hok’?’il e&eﬁﬁ%oéﬁ‘fztp%xrﬁ]bl’ét‘?i’%;
1,1,

oroehtoxy]- 1,1,2,2- tetrafluoro-ethanesul fonic acid; 9

2,218, 3-taeafafok¢19ﬁ,@n&u[féﬁlbla&|dyoroet henyl ) oxy] - 1- propanesul fonic acid; 20

2,2- tetrafluoro-2-(1 2-tetraf] uoroet hoxy?i et hanesul foni ¢ aci d;
1,1,2,2- tetrafluoro-2- [f,1,2 3,3,3-hexafluoro-2-[1,1,2,3,3,3

-hexafluoro-2-
(pentafluoroethoxy)propoxy]propoxy]-ethanesulfonic acid;
1,1,2,2- tetrafluoro-2-(1,1,2,2- tetrafluoro-2-sulfinoethoxy)-ethanesulfonic acid,;
2-[(1,1,2,2,3,3,4,4,5,5,6,6-dodecafluoro-6-iodohexyl)oxy]- 1,1,2,2- tetrafluoro-

15  ethanesulfonic acid;
1,1,2,2,3,3,4,4-octafluoro-4-(1,1,2,2- tetrafluoro-2-sulfoethoxy)-1-butanesulfonic
acid;
2-[(6-brom-1,1,2,2,3,3,4,4,5,5,6,6-dodecafluorohexyl)oxy]- 1,1,2,2- tetrafluoro-
ethanesulfonic acid;

20 1,1,2,2- tetrafluoro-2-[(1,1,2,2- tetrafluoro-4-iodononyl)oxy]-ethanesulfonic acid;
1,1,2,2- tetrafluoro-2-[1,1,2,2- tetrafluoro-2-(pentafluoroethoxy)ethoxy]-
ethanesulfonic acid;
1,1,2,2- tetrafluoro-2-(2,2,2-trifluoroethoxy)-ethanesulfonic acid; and
2-[1-[difluoro[(trifluoroethenyl)oxy]methyl]- 1,1,2,2- tetrafluoroethoxy]- 1,1,2,2-

25 tetrafluoro-ethanesulfonic acid.

Examples of PAGs of this invention made from the fluorinated alkyl
sulfonic acids with a short perfluoroalkyl chain attached to an ether linkage may
be either A or B below.

30 (A) R-O(CF2),805'Y"  where (n=1-4) and R as defined before



2-[ 1-[difluoro[ 1,2,2,3,3,3-hexafluoro-|

- (pent af | uor oet hyl )pr opoxy] methyl]- 1,1,2,2- tetrafluoroethoxy]- 1,1, 2, 2-
tetrafl uoro-ethanesul fonic acid; difl Gd)ro( 1,1, 2, 2- 20 JULY 2006
tetrafl uoro-2-sul foet hoxy)-aceti c acid; 5-[1,1, 2, 2-
tetrafluoro-2-[1,1, 2,3, 3, 3- hexaf | uoro-2-(1, 1,2,2- tetrafluoro-2 25
sul f oet hoxy) pr opoxy] et hoxy] - 1, 3- benzenedi car boxyl i ¢ aci d) 1, 3-di net hyl
ester; difluoro(pentafl uoroethoxy)-nethanesul fonic acid;
2-[ (6- chl or owlkerd , 2 1s2,aBy drdandc, batonG vihiclo dpem ek pusueh ok yie) sady lte rddidtiéh,2-
tetrafl uoro- eth ciifonlc %id;
12, 12, 13, 13, efme% Y15a aj10ngof @beyt 248 mn 1¢r 193 1wy, generatenrd fBieofluotor 1, 1, 2, 2-
30 tetraflu ) nonadecyl bronpacetate; 10 20 JULY 2006
2-[1-[difl u%&g %‘é‘%?ls‘;‘ ﬁ%?gaé%,hoxy) methyl]- 1,1,2,2- tetrafl uoroethoxy] -
1,1,2,2- tet rafI uor o- et hannesul foni ¢ aci d;
2,3, 3, 3-tetrafluoro-2-[1,1, 2,3, 3,3-hexafluoro-2-[1,1, 2, 3,3, 3-hexafl uoro-2-(1
,1,2,2- Petrafl udfo- 2-sul f oet hoxy) pr opoxy] pr opoxy] - propi onic acid; 5
1,1,2,2- tetrafluoro-2-[(1,1,2,2,3,3,4,4,5,5,6,6,7, 78, 8-
hexadecaf | uor ot et radecyl ) oxy] - et hanesul foni ¢ acid; 2-(2-chloro-1,1, 2, 2-
tetrafl uor ogBHORINCE2)LSQ;-27 t etwladré (1o+ d-4)tahd Resudefiaed befats d;
2-[1-[[1-[difluoro(pentafluoroethoxy)nmethyl]- 1,1, 2, 2-
tetrafl uoroet hoxy]difluoronethyl]- 1,1, 2, 2- tetrafluoroethoxy] 1,1,2,2 10

tetrafl uoro- |.£.oni ihd:

tetrafl uor o‘gﬁé[??r%%ga%%éo%a %gggfqoégé%%ﬁé‘[nic Iadica'}. ? héchn UEPoTS to( p
ent af | udfoetrhdistiom reemmﬂjypadlmydf gbohaltSsnth e D4 & nag geherdtesla 2r,e€ fluoro-
tetrafluoro-2-(1,1,2, tetrafl uoro-2-sul fi noet hoxy) -ethanesul foni c aci d;
2-1(1,1,2,2 S@b@ltﬂteﬁs‘ﬁl @“Ga‘ﬂddodecafl uor o- 6-i odohexyl )oxy] - 1,1, 2, 2-
tetrafluoro- 1 5 ethanesul fonic acid;

Y is preferably an onium cation, especially a sulfonium or iodonium
cation. Z is preferably an organic group selected from a substituted or
15  unsubstituted nitrobenzyl, phenolic, alpha-acyl ketone, alkyl, cycloalkyl, aralkyl

oxime, substituted sulfonyldiazomethyl or imide radical.

Some examples include, but are not limited to the following:

20 Onium Salts:
R] 'R2
. +
R—O(CF;),S03 \s/
e
25
5 RS
R4 R6 R4' R6'
R—O(CF2),S03 I
R® R¥

30  where R'-R® can be individually selected from substituted or unsubstituted aryl or
alkyl, R* R’ RS, R’ R%, RY R%, R® R” and R¥ can be individually selected from



1,1,2,2,3,3,4,4-octafluoro-4-(1,1, 2, 2-

tetrafl uoro-2-sul foet hoxy)-1-butanesul fonic acid,
2-[(6-brom1,1,2,2,3,3,4,4,5,5, 6, 6-dodd2af | uor ohexyl )oxy]- 1,1, 22@JULY 2006
tetrafl uoro- ethanesulfonic acid; 20 1,1,2,2- tetrafluoro-2-[(1,1,2,2-
tetrafl uoro-4-iodononyl)oxy]-ethanesul fonic acid; 1,1, 2, 2-
tetrafluoro-2-[1,1,2,2- tetrafl uoro-2-(pentafl uoroethoxy)ethoxy] -

et hanesul fonic acid; 1,1, 2, 2-

t et r af | uor o-bzarfcBe®, Bndat,i b1 U?cflﬁﬁhlﬂtslb;yt)raﬁﬂib@,nﬁﬁéﬂrf enicgclac hlkox@ndalogen,

2-[1- [d|fluoro[(tr|fluoroethen gﬁoxy nethyl]- 1,1,2, 2- tetrafluoroethoxy]
1,1, 2, 2- 25 hydrogsp) @6PeC @ﬁ&z@é § 8h @Valaqr@ mﬁd SeNSHIVeRRAGED BichiaR s

i nvention r he. f [ I sl [ ort
perfluoroarﬁy%' Hgﬁkka da%ﬁgé ﬁhgﬂaggﬁﬁhellg gpghg%ﬁg gﬁbﬁ&%hgﬁuiﬁ

bel ow. 30 (ApcliIL(CF2)" SOA3 Y' where (n = 1-4) and R as defined before 11 20
JULY 2006 where Y is any organic cation, which upon exposure of the salt to
radi ati oR, especially radiation of about 248 nmor 193 nm generates a free
fluoro- substituted, quonlc acid; 5 or (B) RQUCF2)" SC3-Z where (n = 1-4)
and R as deflned be of e mhere Z is any coval ently bondee,organic radical,

whi ch upon expeg 0 radi ation, ecially radi ati on of about 193 nm
afre uor @ltuted ; acid. Yis
o ungCat i on, |§ Ci ul f oni ukg donium cation. Zis

or 248 run, ¢
preferably an

O
®S

10 Methods for synthesis of onium salts can be found in Proc. SPIE, 3333,
pp. 735-746 (1998), the Journal of Organic Chemistry, 55, 4222 (1990) and

references therein which are incorporated herein by reference.

Diaryliodonium salts are prepared by reaction at —5 to 5°C of an

15  appropriately substituted aryl compound with potassium iodate in a mixture of
63% acetic anhydride in concentrated sulfuric acid, thereby producing
diaryliodonium bisulfate. Diaryliodonium chloride is produced by reaction of a
diaryliodonium bisulfate with ammonium chloride. Anion exchange of the
diaryliodonium chloride with a salt of a fluorinated alkyl sulfonic acid having a

20  short perfluoroalkyl chain attached to an ether linkage yields the desired PAG.

Triarylsulfonium salts are prepared by reaction at -5 to 5°C  of an

appropriately substituted aryl sulfoxide with an aromatic compound at 50-60°C in



15 unsubstituted nitrobenzyl, phenolic, alpha-acyl ketone, alkyl,

cycl oal kyl, aral kyl oxine, substituted sulfonyl diazonethyl or imde

radi cal . Some exanpl es include, but ard3not linmited to the foll ope DYLY2006
Onium Salts: RI Rz RQCF2)"SB \S; R3 25 RQ(CF2)"SAB R5 RIX~ ~R Rg R8 R
30 where R1-R3 can be individually selected fromsubstituted or
unsubstituted aryl or alkyl , R R5, R6, R7,R8, R4',R5', R6', R7' and R8'
can be individually selected from12 20 JULY 2006 branched, |inear, or
cyclic al kyIEatdm’arlbdagcht (7i e hosphorass cpentoxidek ix ynethaatmifonic ad:]d)jr dpen, OCRG

OCH2CO2G, or n_acid sitive o] ch as tyl. and R and
n are defi néﬂa"é’é’n %15 @ﬁélto éﬁf‘ﬁ%‘gwlételé\épqg?ﬁﬁ%g G ‘%5W§°“~°| 'illjtimy’els 5 10

Met hods for E, 33, .
b g (odRyMAE 3 A1 a4 afidc 6F ool 3 grRd S BE0T PP

references tdgaeaisrsoitionlvoatamsithedesired aiaglstiéortim rhasylaes. eAﬁimlbechange
repar ed. by react on at -5 to 5C of an

D aryli ogonl rrtbsal ts ar

appr opri &t el‘# £189450us sy %t‘? SontaigiRgohe dody shltpumsmesyiate svth @ salh Oﬁam xture
fluorinated alkyl sulfonic acid having a short perfluoroalkyl chain attached to an
ether linkage yields the desired PAG.

Alternatively, triarylsulfonium salts can also be prepared by the copper-

10  catalyzed condensation of diaryliodonium salts with diaryl sulfides and aryls

thiols as described in the literature (J. Org. Chem., 43, 3055 (1978), Synth.
Commun., 9(3), 151 (1979)), which is incorporated herein by reference.

Oxime Sulfonates:

15
R3 RS
R4 R’
R—O(CFz)_nSOrO—NZC\ R”* RS
CN
20

where R, n, and R*-to R® are as defined before.

Methods for synthesis of oxime sulfonates can be found in US 5,800,964

25 and references therein, which are incorporated herein by reference. The reaction
of a cyano-substituted, N-hydroxy oxime with a fluorinated alkyl sulfonyl halide
having a short perfluoroalkyl chain attached to an ether linkage is carried out in

the presence of an organic amine or other suitable base in an organic solvent such

as tetrahydrofuran, N,N-dimethyl formamide, N,N-dimethyl acetamide , N-methyl

30 pyrrolidone at about 40°C. The reaction solution is stirred for 20 hours at room

temperature. The resultant oxime sulfonate is isolated by adding the reaction



63% acetic anhydride in concentrated sulfuric acid, thereby producing

di aryl i odoni um bi sul fate. Diaryliodoniumchloride is produced by reaction of
a diaryliodonium bisulfate with amonildm chl ori de. Ani on exchangeJOLY 2066

di aryliodoniumchloride with a salt of a fluorinated al kyl sulfonic acid
having a 20 short perfluoroal kyl chain attached to an ether |inkage yields
the desired PAG Triarylsulfoniumsalts are prepared by reaction at -5 to 5C
of an appropriately substituted aryl sulfoxide with an aromatic conmpound at

50- 60C i n 13nithre Uity v2Aéttadpatiap tise Pagahd s¢ldticibecp o Hphadnies ¢regdidiumh de in
nmet hanesul fon| c aC| % The _reaction - mxture is added to distilled water and
the pH of t k& hes grgapicdaysrds sepgrated ar discarded dhe gqueousdayariisn of

tetramet hyl g dua;ltﬂ § h%n Sic aktffol g}éﬁ%'ffseﬁl?al;tﬁ]ﬂ anthcﬁgtrhgf QtﬁFlt h%hgeS' red

triarylsul fon| um nesyl Ion exc ange ueou ution

contai ning fteHert id alreyﬂos/udif bni umpkaidnatadWithd feselding gblid pldified | byt ed al kyl
sul foni c_acid having. a short perfluoroal kyl chain attached to an ether

| i nkage §I elrersystallization; fromm todugne. Al ternativel y, triarylsul foniumsalts can

al so be prepared by the copper- 10 catal yzed condensati on of diaryliodonium
salts with diaryl sulfides and aryls thiols as described in the literature

(J. Og. Chem, 43, 3055 (197N-hydsoxyimide Satfobites 9(3), 151 (1979)), which
is incorporated herein by reference. Oxine Sulfonates: 15 R4 SO2-O N=C- R
R-Q(CF2) n

—038(CF2):0—R
E 0

10  where D and E are independently H, substituted or unsubstituted aryl or together
compose a substituted or unsubstituted bicyclic, or tricyclic alicyclic ring system

(e.g. cyclohexene, or norbornyl) and R and n are defined as before.

Methods for synthesis of N-hydroxyimidesulfonates can be found in US

15 5,965,748 and references therein, which are incorporated herein by reference.
The reaction of an N-hydroxyimide with a fluorinated alkyl sulfonyl halide having

a short perfluoroalkyl chain attached to an ether linkage is carried out in a polar
solvent in the presence of a basic catalyst. Examples of the polar solvent include

one or more of hydrophilic solvents such as acetone, tetrahydrofuran, 1,4-dioxane,

20 1,3-dioxolane, dimethylformamide, acetonitrile,  y-butyrolactone  and
dimethylsulfoxide, one or more of hydrophobic solvents such as dichloromethane

and chloroform, and water including deionized water and distilled water.
Examples of a basic catalyst used in this reaction included aliphatic amines such

as triethylamine, cyclic amines such as pyridine, and inorganic bases such as

25 sodium hydrogen carbonate, sodium carbonate or potassium carbonate. The

reaction can usually be carried out at a temperature within a range of 20-50°C.



CN 20 where R, n, and R4-to R8 are as defined before. R7 Methods for
synt hesis of oxinme sul fonates can be found in US 5,800,964 25 and
references therein, which are incorpor&bed herein by reference. JhgurLeaoové on -
of a cyano-substituted, N-hydroxy oxime with a fluorinated al kyl sulfonyl
hal i de having a short perfluoroal kyl chain attached to an ether linkage is
carried out in the presence of an organic amne or other suitable base in
an organi c solvent such as tetrahydrofuran, N, N-di nethyl formam de,

N, N-di met hyl acetam de , N-nethyl 30 pyrrolidone at about 40C. The reaction
solution is stirred for 20 hours_at room tenperature. The resultant oxine
sul fonate is isolated by adding fYitrobengyl Esters4 20 JULY 2006 mi xture into
wat er adjusting the pH of the solution to 14 by addition of sodium

hydr oxi de. The organic |layer is separated and di scarded. The aqueous | ayer
is acidified with hydrochloric acid foI&omed by extraction with diethyl
ether. The ether is renoved by evapord@ion and the resulting solid purified
by 5 recrystallization fromtol uene hydr oxyi m de Sul fonates 10 where D
and E are independently H, substitgtedor unsubstituted aryl or together
conpose a substituted or unsubstit &7 Ryclic alicyclic ring
system (e.g. cyclohexene, or norb Kl ) and R and n are defined as before.
Met hods for synthesis of N-hydroxyim desyl fonates can be found in US 15
5,965, 748 and references therein, whic e incorporated herein by
reference. The reaction of an N-hydroxyimde with a fluorinated al kyl

sul fonyl ghal ide having a short perfluoroalkyl chain attached to an ether

| i nkage I's carried out in a polar

where R is an electron withdrawing substituent such as halogen, CF3, or nitro

and R and n are defined as before.

Methods for synthesis of nitrobenzyl esters can be found in US 5,344,742
10  and references therein, which are incorporated herein by reference. The reaction
of a benzyl alcohol with a fluorinated alkyl sulfonyl halide having a short
perfluoroalkyl chain attached to an ether linkage is carried out in the presence of
an organic amine or other suitable base in an organic solvent such as acetone or
dimethylformamide at about 0°C in an inert atmosphere such as nitrogen or argon.
15  The base is added dropwise. After the base addition is complete, the reaction
solution is stirred from 0°C to room temperature until reaction completion. The
resultant nitrobenzyl ester is isolated by and purified by known techniques such as

filtration followed by recrystallization.

20 Sulfonic acid esters of phenols

O[O3S(CF2)nOR]3

where R and n are defined as before.

25



solvent in the presence of a basic catal yst. Exanples of the pol ar sol vent

i nclude one or nore of hydrophilic solvents such as acetone,
tetrahydrofuran, 1,4-dioxane, 20 1, 3-dlf@xol ane, dinmethyl for mam dm, JULY 2006
acetonitrile, y-butyrolactone and dinethyl sul foxide, one or nore of

hydr ophobi ¢ sol vents such as di chl oronet hane and chloroform and water

i ncl udi ng dei oni zed water and distilled water. Exanples of a basic catal yst
used in this reaction included aliphatic am nes such as triethylani ne,
cyclic am nes suMetlaKisrfyr syfithesis efnghlfonior apid esters axf grhesols lvan e Aousd i um

hydr ogen carbonate di.um car bonat.e tagsi ym car bpnat e. 'I,' reaction
can usual | yJ§ER a‘?f;'Ré atiop Clyring Rlbépse?g@géman rencss (thergln, gyhish aspc. 15 20

JULY 2006 Niﬁc()lj}bw SREY IhekSih ehy Rfefereb2- G8( {daddi s> IF %%ol?h%ﬁ%fm&gtd S an

el ectron wthd ng substi tuent such as hal ogen and R and n
are defi nedcmpdnafdoar&larfhbhmted fatkayl sgltﬁmydaénhda)hamng racthernzpdrflastoalkyl can be

found i n_US 344, 74 references there re incorporated
herein by ré& %?éﬁ%%‘ gf‘h @ﬁ’bd]l“?l@ﬁe lst)‘fa"éedo%lﬁﬂrﬁ Oé{t@%: erRrﬁse&"? Pﬁ%h nat ed
al kyl sul f ogy gania%hﬂﬁ gggo\r ??yrﬁhxﬁéé wilEHh TR ABL&W! af BRI DhigldapPaf tO an

ether linkag€1's carri presence o an organi c am ne or other
sui t abl e baseaciion ammllgaTha:p@lyhy&GXyammdmcasompmmdne digsolvdd metpyyidiret manm de at

added dr opwilBe solRipRis CoREARR dreadh FvEmY] 51@8%%3@%3 T acicugB AghIe o1 Ut on
asul tant it oozl S8y Zs HPRRCC Tt Rahiiht prbRRG RTINS M i hni ques
such as10 removed by filtration and distilled water is added to the filtrate. This mixture is

kept at 0°C overnight. The resulting solid is collected by filtration, washed with

water and dried. The product can be further purified by recrystallization from a

suitable organic solvent.

15 Alpha Sulfonyloxyketones

R]] R12

035(CF2)ni0—R

where R and n are as defined before, and R or R'? are substituted or

unsubstituted alkyl or aryl.

20 Methods for synthesis of alpha sulfonyloxyketones can be found in EP

1041442 and references therein, which are incorporated herein by reference.

The reaction of a thioketone and a suitable alkyl halide is carried out in
nitromethane at about 15°C for 2 hours. A solution of nitromethane and the silver

25 salt of a fluorinated alkyl sulfonic acid having a short perﬂudroalkyl chain
attached to an ether linkage is added dropwise, followed by stirring the mixture

for 18 hours at the same temperature. Then, silver halide precipitate is filtered off



filtration followed by recrystallization. 20 Sulfonic acid esters of phenols
[ BS(CF2) nOR] 3 where R and n are defined as before. 25 16 20 JULY 2006

Met hods for synthesis of sulfonic acid1ésters of phenols can be $@yudyYi2006
Journal of Radiation Curing pp 2-5 (1980) and references therein, which are
i ncorporated herein by reference. The reaction of a pol yhydroxyaromatic
conpound and a fluorinated al kyl sul fonyl halide having a short

perfluoroal kyl 5 chain attached to an ether linkage is carried out at about
0C i n t he prandehediltite moncantmtdi to approwmatelyplLadf its pnyﬂgirﬂl welumvhi dheal so
functions as the solvent.for t rea fi.o poI hydr oxyar omati c
cormpound i s QPEIGAtASAIHHAY 5 6‘?&@ intor ’éﬂ§' |e§ﬁrweﬁ?es reSyiingPs ﬂﬂltﬁtﬁe‘ﬁ t he

sul fonyl halﬁl%déff’c\glgﬁgdWﬁhqlé’tﬁ)ﬁ(&meglanmédﬂe is kept at OC for 24 hours.
The resulting pyri di ni um hydrochl oride salt is 10 renoved by filtration and
distilled water is added to the filtrate. This mxture is kept at 0OC
overni ghg The resulting solid,is oII ¢cted hy filtration, washed with

wat er dried. The product c3i#S Hemepimet i ed by recrystallization
froma suitable organic solvent. 15 AI %ga Sul f onyl oxyketones 0 RI2 R

03S(CF2) nO-R where R and n are as def (S)ef ore, and R11 or R12 are
substituted or

RO(CFy)— |S (CF2),OR

where R and n are as defined previously. Each R may be the same or different.

Methods of synthesis for bissulfonyl diazomethanes can be found in US

10 5,350,660 and references therein, which are incorporated herein by reference.

A fluorinated alkyl mercaptan having a short perfluoroalkyl chain attached
to an ether linkage is added to an ethanolic solution of potassium hydroxide.
Then methylene chloride is added to this mixture and reacted with stirring at 45-

15  55°C for 6 hours. The reaction mixture is diluted with ethanol. Sodium tungstate
is then added to the reaction mixture. 30% hydrogen peroxide is added dropwise
to this solution at 45-50°C. The mixture is reacted with stirring for 4 hours. The
mixture is diluted with water. The precipitate is filtered and recrystallized from
ethanol to yield the desired bis sulfonylmethane.

20

The bis sulfonylmethane is dissolved in a 60% aqueous ethanol solution
containing sodium hydroxide. An ethanolic solution of p-toluenesulfonyl azide is
then added dropwise at 5-10°C, the reaction is stirred at room temperature for 7
hours. The resulting precipitate is filtered and recrystallized from acetonitrile to

25  give the desired bis sulfonyldiazomethane.

Specific examples of the PAGs of this invention include but are not

limited to those shown below.



unsubstituted al kyl or aryl. 20 Methods for synthesis of al pha

sul f onyl oxyket ones can be found in EP 1041442 and references therein, which

are incorporated herein by reference. 1Be reaction of a t hi oket opeJoDY 2006

suitable alkyl halide is carried out in nitromethane at about 15C for 2

hours. A solution of nitronmethane and the silver 25 salt of a fluorinated

al kyl sulfonic acid having a short perfluoroal kyl chain attached to an

et her linkage is added dropw se, followed by stirring the mxture for 18

hours at the sane tenperature. Then, silver halide precipitate is filtered

nd the filtrate concentrated to approximately 2% of its
entrated solution is added into diethyl ether. The

e filtered of f, washed mﬁth)dieggiiJether and dri ed.
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to this solution at 45-50C. The mi xture is reacted with stirring for 4
hours. The mxture is diluted with water. The precipitate is filtered and
recrystallized from ethanol to yield #8e desired his sul f onyl maohuie, 2006
The his sul fonyl methane is dissolved in a 60% aqueous et hanol sol ution

cont ai ni ng sodi um hydr oxi de. An ethanolic solution of p-toluenesulfonyl
azide is then added dropwi se at 5-10C, the reaction is stirred at room
tenperature for 7 hours. The resulting precipitate is filtered and
recrystallized fromacetonitrile to 25 give the desired his

sul f onyl di azonet hane. Specific exanples of the PAGs of this invention
include but are not Ilimted to those shown below. 5 10 18 CF3CF20CF2CF2SG30
0 PAG1 O CF3CF2CH20CF2CF2SC3 PAG 3 20 JULY 2006 CF3CF20CF2CF 3 2~3 PAG 2

PAG 4 CD2G3
Q0 UL
® S
© © CF,CR,0CECE so?
OS8R (F,0FR0FF,80; 3 22
o)
) 7<
PAG 6 PAG 7
5

©
o O—Q-S @ CF3CF20CF2ICFOCF2CFZSO3
>’/ \( CF;

o)

PAG 8

10



CF3CF20CF2CFOCF2CF2SG3 | CF3 PAG 5 19 20 JULY 2006 0 O ( CF p~ ~? 5 PAG 6
222 A20-32PAG7 O+ O CF3CF2@252CFmF2CFZSQ3 CF3 PAG 8 10 5 10 PAG

o
3 2
9 20 JULY 2006

ON o
0 o~ o
CF;CF 20CF2(|:FOCF2CF23— OCH, N—O— S— CF,CF,OCF,CF;
CF3 0o | lcl)
FsC 0
PAG9 PAG 10
5
"0S(H(KBOCF: { :l [ ]
O\é/@ 0 S OMe
0 ‘03SCF,0
OtBu
15 PAG 11 PAG 12
©\+ OSSO0
‘OsSCRCK,0CKCF; N
a
20

PAG 13 PAG 14



03' 2cr20CF3 0 20 JULY 2006 0 O 11 N- O- S- CF2CF20CF2CF3 11 0 PAG 10 O Bu
15 20 0 | CF3CF20CF2CFOCF2CF2S- OCH2 1 11 CF3 0 F3C PAG 11 PAG 12 Owe
03S2CF20 F3 20 PAG 13 21 20 JULY 2006

)
@»[%SCF&F;OCH;OCF;CF_:,]:, O

PAG 15 PAG 16

N-OsS(R(ROL(HR,(B

N

SO

5 “0SBOHOMBRS0:Me
PAG 17 PAG 18
10
N
0 I"0
CF3OCFZCF2—ﬁ/ \ﬁ—CFZCFZOCF3
O
PAG 19

15



03SCF2CF20CF2CF3 PAG 14 PAG 17 20 JULY 2006 PAG 16 N-035CF2Cla20Cl|iukcn 5
10 21 [03SCF2CF20C¥CF2CF3] 3 PAG 15 -3 2C ROCF2CF'2 ~ N2 0 0 Il CI1I Il
CF3OCF2CF2-S' S-CFZCF20CF3 11 O O PAG229 PAG 18 15 22 PhO 5 CH25¢hi3 ¥2086C8

L

Me

5 CH200H2@00F2303'

Me

OtBu

PAG 20
10
Another aspect of this invention is the use of these PAGs in photosensitive
compositions. Typically these compositions would comprise a PAG of the
invention and a polymer, and an optional additive with at least one of the
components containing alkali solubilizing groups protected by an acid sensitive
15 group. These photosensitive compositions may contain other additives such as

bases, dyes, surfactants, and the like.

_ The photoacid generator may be used alone or in combination with one or

more additional photoacid generators. The percentage of each photoacid

20 generator in photoacid generator mixtures is between about 10% to about 90% of
the total photoacid generator mixture. Preferred photoacid generator blends
contain about 2 or 3 different photoacid generators. Such blends may be of the

same class or different classes. Examples of preferred class blends include PAGs
according to the present invention with additional PAGs of the present invention,

25  with sulfonium salts, bissulfonyldiazomethane compounds, imidosulfonates, or

iodonium salts.

Specific examples of other photoacid generators which may be blended
with the PAGs of the present invention include, but are not limited to:
30 triphenylsulfonium perfluorooctanesulfonate, triphenylsulfonium perfluorobutane-

sulfonate, methylphenyldiphenylsulfonium perfluorooctanesulfonate, methyl-



20 JULY 2006 OxBu PAG 20 10 Anot her aspect of this invention is the use of

t hese PAGs in photosensitive conpositions. Typically these conpositions
woul d conprise a PAG of the invention2dnd a polyner, and an opt®pELy 2006
additive with at |east one of the conponents containing alkali solubilizing
groups protected by an acid sensitive 15 group. These photosensitive
conpositions nmay contain other additives such as bases, dyes, surfactants,
and the |like. The photoacid generator nay be used al one or in conbination

wi th one or phenyldiphemjistifomiaim ppetfaniodtageswtfonatoy 9-n-Phutexppheogidipigaylef each

hot oaci d 20 tor in phot oacjd - nj i s between about 10%
Do about - sosBpmide persar hifseRiomatye e bebme e It rocinbrf e KB ot oaci
generator bl RagisrobRicanlforRROUt 2,&,@frir§et§}lf3f1&fyﬁﬁ%he?®%ﬁﬁ@ﬁihﬂl geRpn@ferr s Such

bl ends nmay be of the same class or different clasSes. Exanples of preferred
cl ass bl endsulfagdte,de? RASsimedleyd phetiygpheoylshifompums e Ay, 6-miisapromytbenizete-

ddi ti | P f th (i tiqp, .25 w f oni Its,
bi ssul { odyl dRLoBH e tEhR ons AP hem R aBiER o fedodeSHbrer SRR Atk ¢ s
Speci fi ¢ exafp-eButPlphetyIRuIIHIGHOACHAIGRDE RHeSMiSond, Ch tﬁﬁyt-%ﬂgh?{g@lﬁgo with

the PAGs of the present” invention include, but are not limte :
t ri phenyl sulsulfohium pepérfluotobuianesutiondté,onatie(-t-buty lphemyl)sslfbhiom un2,4,6-

e o Y ST SR SO R S SELA et
per f I uor ooctppgsiibHealRiphén st Wi PEARMsY-RRBMN fonate.
10
Examples of suitable iodonium salts for use as co-PAGs in the present
invention include, but are not limited to, diphenyl iodonium
perfluorobutanesulfonate, bis-(t-butylphenyl)iodonium perfluorobutanesulfonate,
bis-(t-butylphenyl)iodonium perfluorooctanesulfonate, diphenyl iodonium
15 perfluorooctanesulfonate, bis-(t-butylphenyl)iodonium benzenesulfonate, bis-(t-
butylphenyl)iodonium 2,4,6-triisopropylbenzenesulfonate, and diphenyliodonium

4-methoxybenzensulfonate.

Further examples of suitable photoacid generators for use as co-PAGs in

20 accordance with the present invention are bis(p-toluenesulfonyl)diazomethane,
methylsulfonyl p-toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyl)-
diazomethane, bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)-
diazomethane,  1-p-toluenesulfonyl-1-cyclohexylcarbonyl-diazomethane,  2-

25  methyl-2-(p-toluenesulfonyl)propiophenone,  2-methane-sulfonyl-2-methyl-(4-
methylthiopropiophenone, 2,4-methy1-2-(p-toluene-sulfonyl)pent-3-one, 1-diazo-
1-methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-toluene-
sulfonyl)propane, 1-cyclohexylsulfonyl-1-cyclo-hexylcarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone,  1-diazo-1-(1,1-dimethyl-

30 ethylsulfonyl)-3,3-dimethyl-2-butanone, 1-acetyl-1-(1-methylethylsulfonyl)-

diazomethane, 1-diazo-1-(p-toluenesulfonyl)-3,3-dimethyl-2-butanone, 1-diazo-1-



sul foni um perfl uorobut anesul fonate, 2,4, 6-trinmethyl phenyl di phenyl sul f oni um
per fl uor obut anesul fonate, 2,4, 6-trinethyl phenyl di phenyl sul f oni um benzene-
sul fonate, 2,4, 6-trinmethyl phenyl di phengfsul f oni um 2, 4, 6-tri i sopragpuiberees e
5 sul fonate, phenylthi ophenyl di phenyl sul f oni um 4- dodecyl benzensul foni ¢ aci d,
tris(-t-butyl phenyl)sul foni um perfl uorooctanesul f onat e,

tris(-t-butyl phenyl)- sul fonium perfl uorobutanesul fonate,

tris(-t-butyl phenyl)sul fonium2,4,6- triisopropyl benzenesul fonate,

tris(-t-but yiepheneyilionyl-8 SrdimethybdAntaone.f onat b-diaand -(p-toluenesulfonyl)-3-
h | t hi oph | di ph | sul f.oni fl t | f te. 1 I f
Lt abl o | odBnfus DRRdne Syeigies T o it i e DR a2 - °

i ncl ude, butdigge BelzehéstlfbRfadefate di PHgEtbpYIOd@AL AN methanesulfonylacetate,
per fl uor obut anesul fonate, bis-(t-butyl phenyl)iodonium

per f | uor obutcyakebexflondtdiazo-hbenzenesvlfonylptetatg| ) iterttoniylim 2-  diazo-2-(p-
per fl uor goct.apnesul fonat e i phen i odoni ym 15 perf | oct anesu] f onat e,

bi s- (t- b_??_t y|t8ﬂ‘8ﬂ"g§f‘1‘$®ai?ﬁ?‘&€ﬁ %ﬂ%’@?&%@(ﬁf%ﬁ? FS‘B&_&? t%éﬁwfrﬁhmi P odoni um
2,4, 6-trii sapherdsulisnde e tzl,zf-@mmenmg-tﬂﬂﬁ&%%th?}%@_ﬁlieﬂelsulfonate,.

4- met hoxybenzensul fonate. Further exanpl es of suitable photoacid generators

for use as co-PAGs in 20 accordance with the present invention are

ot SPuknestt oyt HRLHERSHIEN 205 SRLAY LOYRER! Vs sobbiging, sroups
di met hyl et hyd:5tatde@hy! shdichr QaBiita peouprsd ﬁh&o&ki@?%ayﬂne; By b ! diBMhiba

di azonmet hane, bi s(1-nethyl ethyl sul fonyl)di azonet hane,
bi s( cycl1®hexighibitbf. oW thedphwtaneist is gaesrated bt cashlyzesesddptangtion deaction to

- | oh I b - dli t.h 2 . e

ot by -9 { p R SR ke R TERE 8518 formerhy piaiseted alkabi shlubilizigy | - 4.
met hyl t hi oprQRiRPRGH HBome aﬁa‘l‘i%d]ﬂﬁiﬁﬁn%@’ré@sueﬂ‘fe StattimNyLy RRP tmdt ®EE.
1-diazo- 1 -methyl sul fonyl -4-phenyl - 2- but anone,

2- (cycl ohexydlkar banble- @ (iHitt odnjaine thes pioftentad plkald pahwbilizing groups, alkali

1-cycl ohexyl ssc)mb & Q%fl:r_ éeb%&gc!t%hh eg(l}{gaglaera?ﬁ)aqy lsoqliﬂ%ﬁ%gg trrrllcggt‘lae’s i:an_:lude phenols,
15  carboxylic acids, imides, hydroxyimides, sulfonamides, fluorinated alcohols, and
the like. Examples of acid sensitive moieties include but are not limited to
OC(=0)OtBu, tBu, acetals, CH2C(=0)OtBu, and 1-substituted cycloaliphatics.
Examples of protected alkali solubilizing moieties include t-butyl esters, alpha
alkoxyesters, 1,1 disubstituted esters, and alkoxyalkoxystyrenes.
20
Examples of suitable photoresist polymers include, but are not limited to,
 the resins described in US 6,120,977, US 6,136,504, US 6,013,416, US 5,985,522,
US 5,693,453, US 4,491,628, WO 00/25178, WO 00/67072, JP 3-042618, JA
2000-275845, JA2000-137327, JA 09-73173 and US 5,843,624, which are
25  incorporated herein by reference. Blends of one or more photoresist resins may
be used. Standard synthetic methods are typically employed to make the various
types of suitable polymers. Procedures or references to suitable standard
procedures (e.g., free radical polymerization) can be found in the cited patent
applications.
30



di azo-1-cycl ohexyl sul fonyl - 3, 3-di net hyl - 2- but anone, 1-di azo-I|-(1, 1-di net hyl
30 et hyl sul fonyl) -3, 3-di net hyl - 2- but anone,

1-acetyl - 1- (1- met hyl et hyl sul fonyl ) - di @2onet hane, 20 JULY 2006
1-di azo-I| - (p-tol uenesul fonyl)-3, 3-di met hyl - 2- but anone, 1-diazo-l1 24 20 JULY
2006 benzenesul fonyl - 3, 3-di net hyl - 2- but anone,

1-di azo-I|-(p-tol uenesul fonyl)-3- nethyl -2-butanone, cycl ohexyl

2-di azo- 2- (p-tol uenesul fonyl )acetate, tert-butyl 2-

di azo- 2- benzenes Buitably Ispevifi @pa ymese@ampiaslinduds b arnotdinnisadethodef onyl acet at e,
cycl ohexyl 2-di azo-2-benzenesul fonyl acetate, tert-butyl- 2- diazo-2-(p 5
toluenesulféh?W?g glePat e, 2-nitrobenzyl p-tol uenesul fonate, 2,6-dinitrobenzyl
p- tol uenesul f onat e, and 2, 4-di ni trobenzyl
p-trifluoro-neth f The phot gsen i os{tion contains
al kal i sol ubili zi arotected by apyag i on a
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now becone al kali % . The ] P e al kal
soluble or, if it.gRontaigs ighe érotected al’kali so ub|I|Z|ng grioups, al kal
sol ubl e after deprotectiony S | e al kal i 4501 ubilizing noieties include
phenol s, 15 carboxylic acids, imdes, hydroXxyim des, sulfonam des,
fluorinated al cohols, and the |ike. Exanples of acid sensitive noieties
include but are not limted to OC(=0 O Bu, tBu, acetals, CH2C(=0 O Bu, and
1-substituted cycloaliphatics. Exanples of protected al kali sol ubilizing
noi eti esbinclude t-butyl edlers, al pha al koxyestersP21,1 disubstituted
esters, and al koxyal koxystyrenes. 20 Exanpl es of suitabl e photoresist
polynmers include, but are not limted to, the resins described in US
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US 5, 693, 453, US 4,491, 628, WO 00/ 25178, WD 00/67072, JP 3-042618, JA

2000- 275845, JA2000-137327, JA 09-73173 and US 5, 843, 624, which are 25

i ncorporated herein by reference. Bl end® of one or nore photor esGIULE2006
may be used. Standard synthetic nethods are typically enployed to nmake the
various types of suitable polynmers. Procedures or references to suitable
standard procedures (e.g., free radical polynerization) can be found in the
cited patent applications. 30 25 Suitable specific polyner exanples include
but are not limted thgse ,shown below. 5 10 OH P1 OH P2 OH P4 20 JULY 2006

P5 26 5 Qa 20 JULY 2006
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G Si~ o
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Suitable dissolution inhibitor compounds are compounds known in the art

of about 3000 MW or less which contain alkali solublizing groups protected by

10 an acid sensitive moiety. These dissolution inhibitors may by monomeric or
oligomeric in nature. Preferred dissolution inhibitors will have carbonyl groups

(e.g., those in carbonates or esters). Suitable dissolution inhibitors include, but

are not limited, those shown below.

HO
15

In an additional embodiment, base additives may be added to the
photoresist composition. The purpose of the base additive is to scavenge protons
present in the photoresist prior to being irradiated by the actinic radiation. The

20 Dbase prevents attack and cleavage of the acid labile groups by the undesirable
acids, thereby increasing the performance and stability of the resist. The
percentage of base in the composition should be significantly lower than the

photoacid generator because it would not be desirable for the base to interfere



P6 Suitable dissolution inhibitor conpounds are conpounds known in the art
of about 3000 MWor |ess which contain alkali solublizing groups protected
by 10 an acid sensitive noiety. These2di ssol ution inhibitors nma3o MYLY 2006
nmononeric or oligomeric in nature. Preferred dissolution inhibitors wll
have carbonyl groups (e.g., those in carbonates or esters). Suitable

di ssolution inhibitors include, but are not limted, those shown bel ow 15
HO I n an additional enbodi nent, base additives may be added to the

phot or esi st withnfiesé¢leavage of ke peiddalste giouphefitrathe phathiresistecongpassionciavenge
protons present i.n_the photoresis ior to being.irradi ated, by the actinic
Padi ation FHadtsdnTbE P e Pt hesk gmpP s oD PrecT: PN 61 | o
groups by t i i : i ing e and
A L e E
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desirable far..the base to interfere 27 20 JULY 2006 wi th the cl eavage of the
aci d | abPl e WiOABEYRRNRS. (SHamut o pmdonfin REERNidr.ofcl Ly AR The

preferred rapgedde, HRmBARRyGREBRIRBaminGMIA £ 38 butyl %ﬁ@@ﬁ&miigetatko 50% by

wei ght of the photoacid generator conpound. Suitable “exanples o base
addi ti ves ar@BaAlpet dimetiplamimpryiding, di4,4sdibminddyptenyl ) agthere, 2,4,5-

triisopropylanne,. tetr I ni um %e, tetrml ium
hydr oxi de, tqlgé?%?ﬁ%gtmeﬂ%h%&tl F fae‘f'gtqnﬁb iam im | act ate
(TBAL), 4- did’{?s“éols?ega@iirm.le]ﬂéndé-% (oBM). - di ani nodi phenyl ether, 2, 4,5-
tri phenylimdazo (TPI'); 1,8-diazobicycl o[ 5. 4. 0] undec-7-ene (DBU), and 1, 5-
di azobi dfcl o[ 4. 3. 0] non-5-ene (DBN).

The photoresist composition may further comprise conventional additives,

such as adhesion promoters, surfactants, dyes, and plasticizers. .

Dyes may be added to the photoresist to increase the absorption of the

15 composition to the actinic radiation wavelength. The dye must not poison the
composition and must be capable of withstanding the process conditions including

any thermal treatments. Examples of suitable dyes are fluorenone derivatives,
anthracene derivatives or pyrene derivatives. Other specific dyes that are suitable

for photoresist compositions are described in U.S. Patent No. 5,593,812, which is

20  incorporated herein by reference.

To make the photosensitive compositions of this invention, one or more of
the suitable polymers and the PAGs of this invention are dissolved in a coating
solvent along with any additives. The concentration of PAG in the solids portion

25 of'theresist (i.e., nonsolvent portions) may range from about 0.5% to about 15%.
The preferred concentration range is from about 1% to about 6%. The
concentration of the polymer in the solids portion of the resist may range from

about 99% to about 60%.

30 The choice of solvent for the photoresist composition and the concentration

thereof depends principally on the type of functionalities incorporated in the acid



10 The photoresist conmposition may further conprise conventional additives,
such as adhesion pronoters, surfactants, dyes, and plasticizers. . Dyes may
be added to the photoresist to increas@Bt he absorption of the 120 JuLY 2006
conposition to the actinic radiation wavel ength. The dye nust not poison the
conposition and nust be capable of w thstanding the process conditions
including any thernmal treatnents. Exanples of suitable dyes are fluorenone
derivatives, anthracene derivatives or pyrene derivatives. Qher specific
dyes that arlabibupelsmies the phoisreid genstatar, endrphsstaatingsnethed.deBer sddeenti n U. S.

Patent No. 5,593,,812, whi ch | 20 incorpor.ated rein by reference. To nake
the phot oseﬁ?f"t%lﬁ\})é:’ 1@8%@&%%%%& s CC’(‘WQ&B&%\)Q ﬁ.ﬁei BH{’%OES’H‘@T’ tﬁggleéggfanyt he
sui tabl e poleRidal a8sktivhewih\Cae %mgpbh@ts RAHE el RredlovablleSeP ¥y i 4fted COating
solvent along with any additives. The concentration of PAGin %he sol i ds

portion 25 cbating Suiédble s¢lvents fornibaphptpegsist sompooitier) mawyinelade &efonesn about
0.5% to about, 15% . The preferred ncent atiaon r e.is f about 1%to
about 690 TRUTE SHEcFIFat i &1 DRy hektiand rbddCisoBud LREER %1 ¢ he
resist my napg@ohd, dclopetdhort) %ytiohabavie, 60%ethdky bsropliehs acathtes @l vent for
t he photoresist conposition and the concentration thereof depends

princi pal | y methexysthappl dfethoxyethpemal 3-ethexysting opptatas demethoxshé-raepyd 28 20

JULY 2006 | ahi| mer, th hotoaci d generator, and the coating,nmethod.
The 'sol vent eeBallct HEead iR B Aseuy O RORG s BRlen e R

phot or esi st , m&gettyldehdOacRttite, HB@Y CRkaté CaR}I fa@tam,txheﬁl?p p?ﬁﬂ‘/ﬁ&n%'ﬂ{yﬁ and be
re-renovabl e on drying after coating. Sui tabl e sol vents for the phot or esi st

conposi ti0on pyeyvatsaheib katethoaypropionetse phyhAdnateaxypmpienath Nenetsti{ly| et hy|
ketone, et hﬁgllrrolliagtlljelftlﬂ-d%)?(gr?erj%thylzéne glycol monoisopropyl ether, diethylene glycol
monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol dimethyl

ether, and the like.

15 The photoresist composition is applied uniformly to a substrate by known
coating methods. For example, the coatings may be applied by spin-coating,
dipping, knife coating, lamination, brushing, spraying, and reverse-roll coating.
The coating thickness range generally covers values of about 0.1 to more than
about 10 pm. After the coating operation, the solvent is generally removed by .

20 drying. The drying step is typically a heating step called ‘soft bake’ where the
resist and substrate are heated to a temperature of about 50°C to about 150°C for
about a few seconds to a few minutes; preferably for about 5 seconds to about 30

minutes depending on the thickness, the heating element and end use of the resist.

25 The photoresist compositions are suitable for a number of different uses in
the electronics industry. For example, it can be used as electroplating resist,
plasma etch resist, solder resist, resist for the production of printing plates, resist
for chemical milling or resist in the production of integrated circuits. The possible
coatings and processing conditions of the coated substrates differ accordingly.

30



hept anone, cycl opent anone, cycl ohexanone, 2-nethoxy-I|-propyl ene acetate, 2-
nmet hoxyet hanol , 2-ethoxyethanol, 2-ethoxyethyl acetate, 1-nethoxy-2-propyl
acetate, 1,2-dinmethoxy ethane ethyl ac@Bate, cellosol ve acet at e, 20Uy 2008
gl ycol nonoethyl ether acetate, nmethyl |actate, ethyl |actate, nethyl
pyruvate, ethyl 10 pyruvate, nethyl 3-nethoxypropionate, ethyl

3- net hoxypr opi onate, N-nethyl-2- pyrrolidone, 1,4-dioxane, ethylene glycol
nonoi sopropyl ether, diethylene glycol nonoethyl ether, diethylene glycol
nmononet hyl et her ,Faditlet proteniengif yel i sthioteeythe subktiate coatod witheh¢ | ke. 15 The
phot oresi st conposition i.s applied yniformy to a substrate by known
coating net r@e@rewﬁowaﬁﬁ%g expesed dmpgsyyse. e 16N AIRAZCWIFeh GXRISHES- coat i ng,
di ppi ng, kni; i i i j .S i ad, & e-roll
conting,  TaduSaRoCnch A BREE R priohaN, Wit e R AERED TP 0. 1
t o nore tharexpasiweby ife¢ans ofAf comiputdreontvaliddrigsed peam twhidh istnieved @lvercthe | S

general ly renoved . 20 drying. The drying step is typical]y a heating step
cal | ed " Sof tsubfékf‘eq’fb‘éﬁé‘?"ée(f ﬂg’mg&sﬁ@?s‘% Y Birpt pltosputca-aeaelel to a '

tenperature @slagélﬁ 3 nds to a few

m nut es; pr ee?éecrng ;%;é/ g’?dggtggﬂt sye%jg%gsoff?%ngggpt%%yg?nwﬂé eés) dependi ng on

t he thi cknessrrespoadigahaskg el enent and end use of the resist. 25 The

phot oresi st conpositions are suitable for a nunber of different uses in the
el ectronics industry. For exanple, it can be used as el ectropl ating resist,
pllasma etch resi sﬁadiﬁ%ln%s{ucﬁse,%lﬁ%h cdnbelibd 0L alf E‘o%u%‘%ﬂél%ﬁﬂ'?ﬁd&hom nting
plates, resist for chemcal 'mTTling or Fesi st In the productlon 0

i nt egrati®d owhichtHespholdaeidpgeasiatur és sebsitive.NBsampids fichicle hidhngessaredi ti ons of the
coated substrates differ_accordingly. 30 29 20 JULY 2006 For the production
of relief stiperenrylamp, Ktexcimetlasars Auh sxeimeplaserst slectropmkepmsasd &tra¥onposi t i on
i's exposed ijyagewi se. The term "inmagew se' exposure

The process described above for the production of relief structures
15  preferably includes, as a further process measure, heating of the coating between
exposure and treatment with the developer. With the aid of this heat treatment,
known as "post-exposure bake", virtually complete reaction of the acid labile
groups in the polymer resin with the acid generated by the exposure is achieved.
The duration and temperature of this post-exposure bake can vary within broad
20  limits and depend essentially on the functionalities of the polymer resin, the type
of acid generator and on the concentration of these two components. The exposed
resist is typically subjected to temperatures of about 50°C to 150°C for a few
seconds to a few minutes. The preferred post exposure bake is from about 80°C
to about 130°C for about 5 seconds to about 300 seconds.
25
After imagewise exposure and any heat treatment of the material, the
exposed areas of the photoresist are removed by dissolution in a developer. The
choice of the particular developer depends on the type of photoresist; in particular
on the nature of the polymer resin or the photolysis products generated. The
30  developer can include aqueous solutions of bases to which organic solvents or

mixtures thereof may have been added. Particularly preferred developers are



i ncl udes both exposure through a photonmask contai ning a predeterm ned
pattern, exposure by neans of a conputer controlled | aser beamwhich is
moved over the 5 surface of the coated38ubstrate, exposure by mexngUIOf 2006
conputer-controlled electron beans, and exposure by means of X-rays or W
rays through a correspondi ng mask. Radi ati on sources, which can be used,
are all sources that emt radiation to 10 which the photoacid generator is
sensitive. Exanples include high pressure nmercury |anp, KrF excinmer |asers,
Ar F exci ner adqasarss]katihe sélntonsb ddwse iacldde; -fomgrampds agesoss sdlotdomy afcess

descri bed abqve. for. the producfiion of relief structures 15 preferably

i ncl udes, AR %Sgﬁﬁs%éﬁér@&dﬁ%mq Heptesnit b arigapef veen
exposure an PR o : " i %n{olﬂ' heat

treat ment, qﬁ%\%an%’as "Oﬁf\({)\ﬂg%lth Z?(%g}sd&g’\eéﬁggggép re\?%r%@ag?%ﬁégyép et eh%éacti on of

t he aci d | athydeoxidy @NAH).nIftdesirgh kslatbrely @salhamoéurtts dheettiog dgganandibred by t he
exposure_i s achi.eVﬁd. The duratjon and tepperature of this post-exposure
bake can5var‘§g%1?Fﬁﬁerﬁﬁﬁé‘d‘l%gbqqdlr‘#‘?? FRTSBEE'QH%I essentially on the
functionalities of the polymer resin, the type of acid generator and on the
concentration of these two conponents. The exposed resist is typically

subj ected to tenpkftatthe devetdpnadnositp, Shésubstrdt Oarrfing die rasiftawatisgisonds to a few

m nutes. The preferred post exposure pake is from abqgut 80C to about 130C
for about 5 %Eé&r@h}ﬂ§ul?J8°t§‘gE5’Lﬁt?@é@@é&ﬁaﬂérﬁaﬁ@nﬁ@t@%r‘”}il‘%’aﬁ@ﬁg"ssé"é%ﬁ%%ur e and
any heat tr ‘%E}?F%%of){ov%&ﬂ b?%@glﬁcg resi%%atiﬁgﬁf;ﬁ;éﬁ&nﬁr fidScallbet he photor esi st

are renoved Issolution’in evel oper. chbice of the particular
devel opdl ddpphasation dflaclopymedepbsifibnbbHareslhes tmatérial pathe subbtaate opan t he nat ure

of the polynmner, resjn or the otol ysi s oduct s _generated. The 30 devel oper
can incl ude %D thEéP‘EFP‘PE’ngH‘é?ISB‘é‘?é‘é’ fbliowed lahﬂlsrraawai oggwsﬁﬁts or

coating from the substrate using a suitable stripping method.

The following examples are illustrative of the invention.

15
SYNTHETIC PROCEDURES
PAG Synthesis Example 1
Synthesis of 4-(1-butoxyphenyl)diphenylsulfonium mesylate
20

In a 500 mL, round bottom flask equipped with a reflux condenser was combined
n-butyl phenyl ether (40.4 g, 0.269 mol), diphenylsulfoxide (48 g, 0.237 mol) and
Eaton’s Reagent (7.7% P,0s in methanesulfonic acid) (154 g). An exothermic
reaction occurred. The reaction mixture was maintained at 50-55°C with stirring

25  for 5 hours. The reaction mixture was then added to deionized water (1200 mL).
This mixture was stirred for 30 minutes. The mixture was extracted two times
with toluene (2 x 300 mL). The pH of the lower aqueous layer was adjusted to 8-
8.5 by addition of a 25% aqueous solution of tetramethylammonium hydroxide
(573 g).

30



m xtures thereof may have been added. Particularly preferred devel opers are
30 20 JULY 2006 aqueous al kaline solutions. These include, for exanple,
aqueous solutions of alkali netal sili3dates, phosphates, hydroxpgl gg %906
carbonates, but in particular of tetra alkylamoni um hydroxi des, h nor e
preferably tetranethyl ammoni um hydroxide (TMAH). |f desired, relatlvely
smal | anmobunts of wetting agents and/or 5 organic solvents can al so be added
to these solutions. After the devel opnent step, the substrate carrying the
resist coating is generally subjected to at |east one further treatnent
step which changes substrate 1in areas not covered by the photoresist
coating. Typically, this can,be 10 inplantation of a dopant, deposition of
anot her material on the stxat’e~oF an etching o e substrate. This is
usually followed by th foval of the resist ' fromthe substrate
using a suitable strip met hod. 15 20 The y exanpl es are

illustrative of/fhe ip on. SYNTHETI C F y S@g nt hesis Exanple 1
Synt hesi $ of 4xyphenm ‘phenyl sut a 500 m., round
bottom fl ask equ yéed h a reflux condense oni ned n-butyl phenyl
ether (40.4 g, 0.269 np di phenyl sul f oxi de (48 g 37 nol) and Eaton's
Reagent (7.7% P25 in \G anesul fonic acid) (154 ¢ An exotherm c reaction
occurred. The reaction WXxXture was nmai ntained at 50-55C with stirring 25 for

5 hours. The reaction m xture was then added to deionized water (1200 ni).
This m xture was stirred for 30 mnutes. The m xture was extracted two tines

10 PAG Synthesis Example 2
Synthesis of 2.4,6-trimethylphenvyldiphenylsulfonium mesylate

In a 1 L, round bottom flask equipped with a reflux condenser was combined
1,3,5-trimethylbenzene (40 g, 0.333 mol), diphenylsulfoxide (67.3 g, 0.333 mol)
15 and Eaton’s Reagent (160 g). An exothermic reaction occurred. The reaction
mixture was maintained at 50-55°C with stirring for 5 hours. The reaction
mixture was then added to deionized water (800 mL). This mixture was stirred
for 30 minutes. The mixture was extracted two times with toluene (2 x 250 mL).
The pH of the lower aqueous layer was adjusted to 8-8.5 by addition of a 25%

20 aqueous solution of tetramethylammonium hydroxide (889.6 g).

PAG Synthesis Example 3

Synthesis of 4-(1-butoxyphenyl)diphenylsulfonium perfluoro(2-
ethoxvethane)sulfonate (PAG 1)

25
To a solution of 21 grams water and 6.5 grams (0.02 moles) perfluoro(2-
ethoxyethane)sulfonic acid was added 2.5 grams of 33% aqueous solution of
sodium hydroxide. 261 grams of a 4% aqueous solution of 4-(1-
butoxyphenyl)diphenylsulfonium mesylate (from PAG Synthesis Example 1) was
30 then added. Immediately a white suspension formed. 150 mL of chloroform was

then added to this suspension. The resulting mixture was stirred for 16 hours.



with toluene (2 x 300 nL). The pH of the | ower aqueous |ayer was adjusted to
8- 8.5 by addition of a 25% aqueous sol ution of tetranethylamoni um
hydroxide (573 g). 30 31 5 |Ivkso~ 10 B&G Synt hesi s Exanpl e 2 Sy2g JeiY 2006
2,4,6-trinmethyl phenyl di phenyl sul f oni um nesyl ate 20 JULY 2006 In a 1 L, round
bottom fl ask equi pped with a reflux condenser was conbi ned

1,3,5-trinethyl benzene (40 g, 0.333 nol), diphenylsulfoxide (67.3 g, 0.333
nol) 15 and Eaton's Reagent (160 g). An exotherm c reaction occurred. The
reaction i kheulosvenalarefonnaiohgbnalay&Gowss @mavet. sThe chlnpférm ldyehovass. The

ti 1 Xt th dt d d t Thi 1 xt
rea et ed Witted s Rkt va P pire i pLOAE d FhbL, ahepi e tomilaar "
tol uene (2 Xygd@eltied o;}_é}%&%ﬁleﬁtmlt sfi'ﬂffa{eo"‘ﬂ{e AR M4 ?éwﬁ‘éaﬁeﬂﬁﬂk&' %Zed to

8-8.5 by addition of a 2 aqueous solution of tetranet ium

hydr oxi de (8@1%160@) Chl%AﬁoB;( nwhesérsodafipime tle Sitrathasi a8 wtary evaporator

4-(1- but agf %{ ﬂ3phen ul foni um perfLuor o(2- ethoxyet hane)sul fonate (PAG
1) 25 To htite @?&‘ﬁ“s""\ﬁaﬁf 6.5 granms (0.02 nol es)

per fl uor 0(2 et hoxyet hane)sul fonic acid was added 2.5 granms of 33% agueous
solution of sodium hydroxide. 261 grans of a 4% aqueous sol ution 4-(1-
but oxyphenyl ) di phenyl sul f oni um nesyl ate (from PAG Synt hesi s ) was

e O A A

CF;CF,0CF,CF,S05 CF3CF,0CF,CF,803

15 PAG Synthesis Example 4
Synthesis of tris(4-t-butylphenyl)sulfonium perfluoro(2-

ethoxyethane)sulfonate

To a solution containing 2.04 g, 6.03 mmol PFEE-sodium salt in 54 grams water

20 (prepared as in PAG Synthesis Example 3) was added 2.08 grams (4.02 mmol) of
tris-(tert-butylphenyl)sulfonium tetrafluoroborate (Toyo Gosei) in 60 g of ethyl
acetate. The resulting mixture was stirred for 24 hours. The bottom water layer
was removed. The ethyl acetate layer (top) was washed four times with 30 ml
portions of deionized water. The ethyl acetate layer was then dried over

25 magnesium sulfate. The magnesium sulfate was removed by filtration. Ethyl
acetate was removed from the filtrate on a rotary evaporator affording 2.5 grams
of a white solid. The '°F NMR spectrum contained the following resonance
bands: & -83.1(t, 2F), -87.7(s, 3F), -89.3(t, 2F), -118.9(s, 2F). The '"H NMR
contained: 8 1.4(s, 27H), 7.8(AB quartet, 12H).

30



30 then added. Immediately a white suspension fornmed. 150 nL of chloroform
was then added to this suspension. The resulting m xture was stirred for 16
hours. 32 20 JULY 2006 The |ower chlor8Borm solution |ayer was rgggyed2006€
chloroform | ayer was washed six tinmes with 75nL portions of deionized
water. The chloroformlayer was then dried over magnesium sul fate. The
magnesi um sul fate was renoved by filtration. Chloroformwas renoved from
the filtrate on a rotary evaporator 5 affording 13 granms of a viscous,
yellow oil. 10 15 PAG Synt hesi BAExSyiith&idEymplessi s of

tris(4-t-butyl phenyl)sul fonium perfluoro(2- ethoxyethane)sul fonate To a
solution containing 2.04 g, 6.03 mmvl PFEE-sodiumsalt in 54 grans water 20

(prepared as in PAG Synt hesi s ) ) d2d®2. 08 grans (4.02 mmol ) of
tris-(tert-butyl phenyl) sul fonﬁ%&@%ﬁﬁ%@tﬂg :eN@Toyo Gosei) in 60 g of
ethyl acetate. TheSynt¢hesis ofippritucatord,-diexsbeptylilemdivom s@fohater s. The bottom

wat er | ayer was renoved. The ethyl acetate |ayer (top) was washed four
times with 30 m  portions of deionized water. The ethyl acetate |ayer was

then dried oXehixdire RIS PeHotsh S, 8-tkanGHaResi um sul fate was renoved by
filtration. Ethyl acetate was renoved fromthe filtrate on a rotary

evapor at O dCFeOaFgF 2 & GF06FBy) (238 ght.8 easadl)) aul] sorien s0HtAURB et r um
contai ned the fallow.ng, resopance nds:. 8 -83.1(1, 2F), -87.7(s, 3F),
S5, 5t oy mmol) g SSieEit 34T St o SRR Tixtins o aretpicaf et H30G 7 B( as
quartet, 12Hhyn@Bottom flask equipped with a reflux condenser and a gas inlet. The mixture

was heated to 70° C. Once reflux began and pressure equilibrium was reached, a
rubber septum was placed on the gas inlet. The disappearance of starting material

10  was monitored by GC using a FID detector. After 65 hrs no starting material was
observed. The reaction mixture was filtered to remove sodium bromide. The
remaining reaction mixture was vacuum stripped. A white solid was recovered.
The 'F spectra contained the following resonance bands & -55.5(t, 3F), -78.2(t,
2F), -88.8(t, 2F), -91.1(q, 2F), -124.4(s, 2F). The spectral data indicates formation

15  of CFsOCF,CF,0CF,CF,S0;" via cleavage of the CF,-OCF,Br bond rather than
formation of the expected CF3;0CF,CF,OCF,CF,0CF,SO;" product by cleavage
of the CF,OCF,-Br bond.

PAG Synthesis Example 6

20 Synthesis of 4-(1-butoxyphenyl)diphenylsulfoninm perfluoro-4,7-
dioxaheptyl-1-sulfonate

An aqueous solution (17.35 g) of perfluoro-4,7-dioxaheptyl-1-sodium sulfonate
(2.35 g, 5.8 mmol) (the product of PAG Synthesis Example 5) and an aqueous

25  solution (17.5 g) of 4-(1-butoxyphenyl)diphenylsulfonium mesylate) (the product
of PAG Synthesis Example 1) (2.5 g, 5.8 mmol) were combined in a 250 ml round
bottom flask. A milky precipitate formed instantly. 50 ml of chloroform was
added to the suspension. The resulting mixture was stirred for 24 hrs. The top

layer was removed. The chloroform layer was washed four times with 20 ml



33 PAG Synthesis Exanmple 5 O O CF30CF2CF20CF2CF2SO3 Na Synt hesi s of

perfl uoro-4, 7-di oxaheptyl -1-sodi um sul fonate 20 JULY 2006 A m xture of

1- br onp- perfl uoro-2, 5, 8-tri oxanonane 53¢CF30CF2CF20CF2CF20CF2Br )24 JUIBY 3006. 3
mmol ) and sodiumsulfite (0.83 g, 6.5 mmol) was dissolved in 20 m of a

50: 50 m xture of acetonitrile/water in a 50 M round bottom fl ask equi pped
with a reflux condenser and a gas inlet. The m xture was heated to 70 C.
Once reflux began and pressure equilibriumwas reached, a rubber septum was
pl aced on t hpertyas of MletaterTAhe dhbapfoem lgrr waothes deied oner magnesiual 10 was
nmoni t ored by using a FIL.D detector. After hrs no starting material was
observed. Tﬁ@%@aiﬁ‘?%ﬁgﬁ?%‘rﬂﬁg f%ﬁéf"aﬁF?‘?‘é‘feg(ﬁ’ygﬁtr?%\fghlgﬁ?%wﬁ?on1 de. The

remai ni ng 1 eambl QNS th fifke ¥ drk 1 1a0,iWas  ecover ed.
The 19F spectra contai neci ta‘ﬁ%&} olﬁﬁ%&yvirgkgﬁ géggﬁgoﬁg@g%g%n%%ﬂggv%%ﬁs 3F),

-78.2(t, 2Rjl. The8HSMR speytra codfairdedcthe Rifowingl@donkhse batfds.d [The, Hpect ral dat a
i ndi cates forpmation_15 of ia cl eavage o

CF30CE2CE20CFRCF2SCB. Vi _ f the
CF2- OCF2Br  bloMaextel Ad) li&(Bentet; Slhdia(brtds 7 HHe2ld) Jetimuifiplet, 12H). The

Synthesi & Exaniia oog g iERBE bRt i §RRRE AT A AR ani um

perfl uor o-4,97j:1éq,i IRaeplyd, 2ty sul fonate An aqueous sol ution (17.35 g) of
perfluoro-4, 7-di oxaheptyl -l -sodi um sul fonate (2.35 g, 5.8 nmol) (the

product of PAG Synthesis Exanple 5) and an aqueous 25 solution (17.5 g) of
4- (1- but oxyphenyl ) di phenyl suld oni um nesyl ate) (the prod

X QEQW Qﬁ@

15 CF30CF,CF,0CF,CF,S05 CF30CF,CF,0CF,CF,805’

PAG Synthesis Example 7

Synthesis of 2,4,6-trimethylphenyldiphenylsulfonium perfluoro-4,7-
dioxaheptyl-1-sulfonate
20
An aqueous solution (2.5 ml) of perfluoro-4,7-dioxaheptyl-1-sodium sulfonate
(the product of PAG Synthesis Example 5) (410 mg) and a aqueous solution (2.0
ml) of 2,4,6 trimethylphenyl sulfonium mesylate (320 mg) (the product of PAG
Synthesis Example 2) were combined in a 15 ml round bottom flask. A milky
25  precipitate formed instantly. The resulting mixture was stirred for 24 hrs. The
solution became clear with a small amount of oil. The mixture was stripped until
a white crystalline material was observed. The material was transferred to a 50 ml
round bottom flask. A 20 ml aliquot of chloroform and a 1.5 ml aliquot of water
was added to the flask. The water was split off. An additional water wash was
30 done. The organic layer was dried over magnesium sulfate then filtered. A glass

like material (0.16 g) was recovered. The 'H NMR



of PAG Synthesis Exanple 1) (2.5 g, 5.8 mvol) were conbined in a 250 ni
round bottomflask. A mlky precipitate fornmed instantly. 50 m of

chl oroformwas added to the suspensiodd The resulting m xture WasJYLY 2066
for 24 hrs. The top |ayer was renoved. The chloroform|ayer was washed four
times with 20 m 34 20 JULY 2006 portions of DI water. The chloroform | ayer
was then dried over magnesium sulfate. The magnesi um sul fate was renoved by
filtration. Chloroformwas renoved fromthe filtrate on a rotary evaporator

af f ordi ng 2sge<g1raamtaﬁﬂedahe/fcmmnsg resérlancelbendd bl 2NIVR 6&9@23(@3H9m173(med the
foll owi ng resonance bands S 1 9 , 5 1.5(sextet, é pent et ,
4.2(t, 2H), 2¥)4(-8(muleplet,108) rr[ﬂl@l Eﬂ‘él"z/ﬂl mﬁ}nedrn@nanwammtccﬁné i6fed

oF) o123, 2?3' SJ ?73;9“’?5)’53&%3 BB AT Groorbsch. Graoth2 erboOF2OF 28, %Es

PAG Synthesis Exanple 7 Synthesis of 2,4,6-trinmethyl phenyl di phenyl sul f oni um
perfl uoro-4, 7- di oxaheptyl - 1-sul fonate An aqueous solution (2.5 m) of

perfl uorb-4, 7-di oxaheptyl -1 -soﬂ&@ﬁﬂh}ﬂmﬂxﬂm&le product of PAG Synt hesi s
Exanpl e 5) (410 np)

a .a sol ut i
tri net hyl phenyl sul f HPﬂ‘r‘FF‘ﬁ'gg "é’r?éﬁoﬁ’ﬂf’gl'(?lﬁ?él“b‘f“éﬂ E'L’atSf PAG Synt hesi s
Exanpl e 2) were conbined in a 15 nl round bottom flask. A mlky 25
precipitate formed instantly. TheCf_-géBIthbpgS%Sﬁéjre was stirred for 24 hrs.

The

A mixture of 1-bromo-perfluoro-2,5,-dioxahexane (CF;0CF,CF,0OCF,Br) (9.0 g,
27.2 mmol) and sodium sulfite (3.86 g, 30.6 mmol) was dissolved in 100 ml of a

10 50:50 mixture of acetonitrile/water in a 250 ml round bottom flask equipped with
a reflux condenser and a gas inlet. The mixture was heated to 70° C. Once reflux
began and pressure equilibrium was reached, a rubber septum was placed on the
gas inlet. The disappearance of starting material was monitored by GC using a
FID detector. After 137 hrs no starting material was observed. The reaction

15  mixture was filtered to remove sodium bromide. The remaining reaction mixture
was vacuum stripped. A white solid (6.9 g) was recovered. The *°F spectra
contained the following resonance bands & -55.7(t, 3F), -80.2(q, 2F), -124.5(s,
2F). The spectral data indicates formation of CF30CF,CF,SO; via cleavage of
the CF,-OCF,Br bond rather than formation of the expected

20 CF3;0CF,CF,0CF,S05 by cleavage of the CF,OCF,-Br bond.

PAG Synthesis Example 9

Synthesis of 4-(1-butoxyphenyl)diphenylsulfonium perfluoro-4-oxobutyl-1-
sulfonate
25
An aqueous solution (16.70 g) of perfluoro-4-oxabutyl-1-sodium sulfonate (the
product of PAG Synthesis Example 8) (1.7 g, 5.8 mmol) and an aqueous solution
(17.5 g) of 4-(1-butoxyphenyl)diphenylsulfonium mesylate (the product of

Synthesis Example 1) (2.5 g, 5.8 mmol) were combined in a 250 ml round bottom



solution becane clear wwth a small anpbunt of oil. The m xture was stri pped
until a white crystalline material was observed. The material was
transferred to a 50 M round bottom fB&sk. A 20 m aliquot of c#d oubY 2006
and a 1.5 m aliquot of water was added to the flask. The water was split
of f. An additional water wash was 30 done. The organic |layer was dried over
magnesi um sul fate then filtered. A glass |ike material (0.16 g) was
recovered. The 'H NMR 35 20 JULY 2006 spectra contained the foll ow ng
resonance bditedk. 3 @ilRy prectpifpte f@rn3{dsinstam]y. 5T nd(of chlo2dfprm wal (adudd fopghet , 10H) .
The 19F NMR cont aj ne sopance, bands at 6(t 77.0(t, 2F),
-88.5(t, 2F)SUSReRFIOR( &h EEFS)lRmS IHXETSYAL ﬁgquSfOE?‘ihﬁr J@t@yiﬁm&% of

Dbt o per RV Y ITpe B Bite! ABCHEEA Ry SRASRACTE R RoRRdgIDE! 17 5 O
and sodi u][n Swidtés. t'ﬁie((fﬁll(ﬂ‘/Gfogm lsyhﬁvamuhdn)dmﬂswelnmsgﬂe\mm $m¥a|m0{<hd of a éo 50:h 50
m Xt ure acetonitril e/ water 2 tom fl ask equi pped wt
a ref | ux °corfagsamsylfate ﬁ%?sremﬁmfby ?F]rﬁ@tlﬁil Ha’é(’fgﬂ§ W?éé?@@l"ftdoﬁgfﬂ t%p Once
refl ux begaﬁlté&%npix%ﬁﬁféé‘ap% dﬂdfﬁ{rhl&{g‘z‘@%a&@??@%co@s JiHREN I m was

h ante o

pl aced on the gas In i sappeadr starting material was

noni t or ed byspeirdisoinegnel the Fdlowthe edsonancébireis S130(tB1S), NG (ke 12H)g materi al
was observed. The reaction 15 nmixture was filtered to renove sodi um brom de.

The remai ni ny8@mentet 2B h2GtdiPe” HhIH) abOumnlEples, hpEY. The \%EINMRSM id (6.9 g)
d. Th 19F t bands S
V5 e o 0, 185 SRRy, SO0, | Ot sgprerce bencs

formati g of CFSOCFZCFZSCB vi a @l eavage of

15
CF30CF,CF,S05" CF3CF,0CF,CF,S03
PAG Synthesis Example 10
Synthesis of methylphenyl diphenyl sulfonium perfluoro(2-
20 ethoxyethane)sulfonate

To solution containing 2.28 g, 6.75 mmol PFEE-sodium salt in 43 grams water
(prepared as in PAG Synthesis Example 3) was added 2.73 grams (6.75 mmol) of
methylphenyl diphenylsulfonium iodide (Toyo Gosei) in 10 ml of ethyl acetate.
25  The resulting mixture was stirred for 18 hours. The bottom water layer was
removed. The ethyl acetate layer (top) was washed four times with 30 ml portions
of deionized water. The ethyl acetate layer was then dried over magnesium
sulfate. The magnesium sulfate was removed by filtration. Ethyl acetate was
removed from the filtrate on a rotary evaporator affording 2.9 grams of a viscous

30 oil. The ’F NMR spectrum contained the following resonance bands: & -83.2(t,



t he CF2- OCF2Br bond rather than formation of the expected 20
CF30CF2CF20CF2SC3- by cl eavage of the CF20CF2-Br bond. PAG Synt hesi s Exanpl e
9 Synthesis of 4-(1-butoxyphenyl)di phedyl sul foni um perfl uoro- 4- oxphytykobde
sul fonate 25 An aqueous solution (16.70 g) of perfluoro-4-oxabutyl-I-sodium
sul fonate (the product of PAG Synthesis Exanple 8) (1.7 g, 5.8 muvol) and an
aqueous solution (17.5 g) of 4-(1-but oxyphenyl ) di phenyl sul f oni um nesyl ate
(the product of Synthesis Exanple 1) (2.5 g, 5.8 mvl) were conbined in a
250 m roun@MoBYT 98, 36),280.4WL2F)2408.1{4, aBk . THe 'H NKMR poetainpd tedbgaricor med
instantly. 50 nml of chloroformwas added to the suspension. The resulting
m xture was bends #tedl 2156% 3P0, hy el 2Hhe Yepltinistet2as  renoved. The chl orof orm

| ayer was washed four tines with 20 m portions of DI water. The chl oroform
| ayer was then dried over TRINeSH . The gne3| um sul fate was
renoved by filtration. Chfors T Tott filtrate on a rotary

evapor ator af fordi ng _ @H‘% spect ra
cont ai ned the foll ow S?hreggsgogghﬁéet \é@ﬁ y&nbher&?ﬂ_&lfo? E! sextet,
1.8(penté&t, 2H), 4.2(t, 2Hperfluskodctadédulfoia®( PAG 2d)et, 12H). The 19F NVR

cont ai ned resonance bands at: 8 -55.1(t, 3F), -79.4(q, 2F), -123.4(s, 2F).
10 15 20 CF30CF2CF2SM3 CF3CF20CF2CF2SO3 PAG Synt hesi s Exanpl e 10

To a solution of 260 grams water and 14.22 grams (0.023 moles)

tetraethylammonium perfluorooctanesulfonate (Aldrich) was added 200 grams of
2,4,6-trimethylphenyldiphenylsulfonium mesylate prepared in PAG Synthesis
10 Example 2. Immediately a white suspension formed. 250 mL of chloroform was
then added to this suspension. The resulting mixture was stirred for 16 hours.
The lower chloroform solution layer was removed. The chloroform layer was
washed six times with 100 mL portions of deionized water. The chloroform layer
was then dried over magnesium sulfate. The magnesium sulfate was removed by
15  Filtration. Chloroform was removed from the filtrate on a rotary evaporator

affording 17 grams of PAG 22.

: s® ©
o CF4(CF,),S0,
S® C4FsSO;

20 PAG 21 PAG 22



Synt hesi s of net hyl phenyl di phenyl sul fonium perfl uoro(2-

et hoxyet hane) sul fonate To solution containing 2.28 g , 6.75 mmol PFEE-sodi um
salt in 43 grans water (prepared as i BOPAG Synt hesi s Exanpl e 3)20ni4L Y2081
2.73 grans (6.75 mol) of nethyl phenyl di phenyl sul fonium i odide (Toyo
Gosei) in 10 M of ethyl acetate. 25 The resulting m xture was stirred for
18 hours. The bottomwater |ayer was renoved. The ethyl acetate |ayer (top)
was washed four times with 30 m portions of deionized water. The et hyl
acetate | ayer was then dried over nagnesium sulfate. The nagnesi um sul fate
was renoved by filtration. Ethyl acetate was renoved fromthe filtrate on a

rotary evaporator affordi oil. The 19F NWR
spectrum cont ai ned t he fo%mﬁ%ﬁam@ﬁﬁ rithdi¢ £ i fé 3.2(t, 37 20 JULY 2006

Cobonance  batamesis 9P & HarorsbhepiiBiybuifonlum befufio N eMgHIE]
Conpar ati ve PAG Synt hesi s Exarrpl e 1 (FBy@Etgsi s of

2,4, 6-trinet hyl phenyl di phenyl sul f oni um perfl uorooct anesul fonate, (PAG 22) To
a solutiéh of 260 grans water and 14.22 grans (0 023 nDIes)

tetraethyl a i grans of
2,4,6-tri mm:&p%@ﬁgpggggﬁ%ggﬁgu%ga te 0epar EleQﬂgiés%%ﬂt hesis 10

Exanpl e 2. Ipﬂrﬂdmrabmhge b-sulforiate was pddedisaa gframsmﬂa 4264 uebusodolatidrosfod-or m was

t hen added t thls he resulting m xture was irred for 16
hours.  The (1ote<igRE éww%&%mn m%?yl@ﬁ © WRECRaE oV B . PAHe OMUSHT or m

|ayer was vggshgde s, XhﬁrhEEﬁaeW 4 WhAOusPlnsRA WhLRFmEd. SR AR FeSNBoRh:  The

chl orof orm | ayer
10  was then added to this suspension. The resulting mixture was stirred for 16 hours.

The lower chloroform solution layer was removed. The chloroform layer was
washed six times with 200mL portions of deionized water. The chloroform layer
was then dried over magnesium sulfate. The magnesium sulfate was removed by
filtration. Chloroform was removed from the filtrate on a rotary evaporator

15  affording 19.3 grams of a white solid.

Polymer Synthesis Example 1
Synthesis of poly(1-methylcyclohexylacrylate-co-norbornene-co-maleic

anhydride)

0= —0

ol
O}O

Norbornene (13.3 g, 0.141 moles), 1-methylcyclohexyl acrylate (20.37 g, 0.121

moles), maleic anhydride (13.8 g, 0.141 moles) and THF (35 mL) were charged in

20

3-neck flask equipped with overhead mechanical stirrer, and refluxed condenser.



was then dried over magnesi um sul fate. The magnesi um sul fate was renoved by
15 Filtration. Chloroformwas renoved fromthe filtrate on a rotary
evaporator affording 17 grans of PAG 29. SO CAF9SC3 SO CF3( CF2)20SULY22008AG
21 PAG 22 38 20 JULY 2006 Conparative PAG Synthesis Exanple 2 Synthesis of
4- ( 1- but oxyphenyl ) di phenyl sul f oni um perfl uor obut anesul fonate (PAG 21) 5 To
a solution of 200 granms water and 13.5 grans (0.0399 nol es) potassium

per fl uorobut ane-1|-sul fonate was added 522 grans of a 4% aqueous sol ution of
4- (1-but oxyjnfeqmwrmizaﬁemmlﬂufe‘wwnm&yhﬂﬁogeﬁpm&ma&ﬁ@l The Rf%tuiRy Nt hesi s
Exanple 1). Imediately a_white suspension ormed. 200 nmL of chloroform
10 was then %c@éteﬂGptt%9§ @lf%rp?e]i*i'§1 ‘iﬂ‘?led‘ltﬁ@r @s(ﬁllbﬁ%efﬁp%ﬂﬂf@ apds stirred for

16 hours. o) u mg hl or of orm

| ayer was ﬁg@%{;}%& ‘16@{&&%@%0% por ons of ég(?p;m zegirg'ﬁf?é The

chl orof orm I"Eheﬁrthe M&uﬁem dilluteddvic 800 mBIMHEES hnthpretipftatee intd N& ofagnesi um

sul fate gas r enpved [tration. Chloroformwas renpved fromthe filtrate

on a rotary Ié%b‘o"r‘%ﬁ%‘rethci@eﬁ@dméﬁlﬁﬁ (089, ‘Frepalymer wasshitered.sdissolvedpol ymer
Synthesi s Eﬁﬁcycﬁﬂhexyﬁq% Qﬁ(ﬂ) g)fltated agalg into 1L of metlr%} t—butyl ether/hexane

pol y(1- net hy acry ate- e or nene- co-
mixture (50/50). The polymer was filtered, dissolved in 150 mL of THF and

precipitated a third time into 1L of methyl-t-butyl ether/hexane mixture (50/50).
The product was dried overnight at 55 oC in vacuum oven. Yield: 33.5g (67%).

10  Methyl cyclohexyl content=33% (mol) by TGA. MW =25495. Polydispersity =
3.30.

Polymer Synthesis Example 2

Preparation of 4-[1-(2-cyclohexylethoxy)-ethoxy]styrene-co-4-[1-(t-butoxy)-
15 ethoxy]styrene-co-4- hydroxy styrene-co-4-t-butylstyrene copolymer

A 250 mL round-bottom, three-necked flask was equipped with a temperature
probe, a magnetic stir bar and closed vacuum adapter. 134.9 g of propylene glycol
monomethyl ether acetate (PGMEA) was charged into the flask. 30.0 g of

20  powdered poly(hydroxystyrene -co-t-butylstyrene) (93:7)(MW 12780; PD 1.9)
was added to the stirring solvent. The mixture was stirred for 30 minutes to form a
homogeneous solution. The mixture was heated to 60 °C and vacuum was applied
to the solution to distill 48.92 g of the solvent. The solution was allowed to cool to
room temperature under nitrogen atmosphere. 4.15 g of tertiary-butyl vinyl ether

25 and 4.69 g 2-cyclohexylethanol were added to the homogeneous solution. 0.30 g
of 1% para-toluene sulfonic acid (prepared by dissolving 1 g of acid in 99 g of
PGMEA) was added. After a brief, mild exotherm, the solution was allowed to
stir at 23 °C for 4 hours. 3.77 g of 1% triethylamine solution in PGMEA was
added to the reaction mixture to quench the acid. The reaction mixture was stirred

30 for an additional 30 minutes. The polymer solution was transferred to a 500 mL

separatory funnel and treated with 115 g of acetone, 46 g of hexanes and 46 g of



anhydride) CH2-CH - C=O O- 20 Norbornene (13.3 g, 0.141 noles),

1- met hyl cycl ohexyl acrylate (20.37 g, 0.121 noles), naleic anhydride (13.8
g, 0.141 noles) and THE (35 nL) were clagrged in 3-neck flask e@oiJuyiati20d6ét h
over head nechanical stirrer, and refluxed condenser. 39 20 JULY 2006 The
pol yneri zation m xture was kept under nitrogen all the tinme. The m xture
was heated up to 95 C for 2 hrs, cooled to 67 C (oil bath tenperature) and
| aur oyl peroxide (1.6 g) was added. Polynerization was run for 48 hrs at 67

oC.  Then t N& i¥hidel WwateheBhdnl i@ dvadishdkeh 36r ﬂeuﬁiﬁs&ﬂﬁdﬁb%%ﬂhﬁ%%d into 1L

of 5 nmethyl-t-butyl ether/hexane m xture (50/50). e polynmer was filtered,
di ssol ved ialloysg torkepatatdisEo twallayerscilpe ﬂ(arvﬂdamlgamsiayﬂrrtvmslhsoafdedeﬂhwl -t - but yI

ther/h t 50/ 50 Th f d, | in 150 nL
of | THE and 8P EEIBIY Bvésdves hier§d s B Hikoviings. Taubsicond BERPREEner / hexane
m xture (50/ gSQP aceto-ﬁ@e7 E"OPFIGMEM@ﬁd d5 i@t deNvRIzRH %Eer%eréfi’seﬁca‘nﬂ% mcuum oven.

Yi el d: 33.5¢g Met hyl cycl ohexyl content =33% ( no GA. MWV =
25495. P& ydlhsrrlewthg, E/ g 8f @@tonkpl gwE PGBIDA hed 23 gE)falﬂmhezea wam;w,arat i on of

12 ovel onel o o sunod it enes € S L CUBIat s
round- bot t oMeckéd REKNLRIFPED WithSKeMPraRd bidBE dn¥fdetic &i lﬁﬁrﬁﬁ& FVe&fim
distillation assembly. The flask was plaéed on a heating mantle. Acetone and
hexane were removed by atmospheric distillation. Water and some PGMEA were
10  removed by azeotropic vacuum distillation at 66 °C until the solids content of the
distillation flask was about 30.17%. Analytical data is found in the table. The
structure of the polymer is given below (a =0.76; b= 0.07; ¢ =0.04; d = 0.13).

15

Formulation Example 1

For 100 g of resist solution (total 9 weight % solids), 8.57 g of polymer P6
prepared according to procedures described in US 6,165,682, 0.42 g of 4-(1-
20  butoxyphenyl)diphenylsulfonium perfluoro(2-ethoxyethane)sulfonate (PAG 1)
and 0.012 g of compound DBU (1,8-diazabicycloundec-7-ene, compound B1),

were combined and dissolved in 91 g of propylene glycol methyl ether acetate



probe, a magnetic stir bar and cl osed vacuum adapter. 134.9 g of propyl ene
gl ycol nononethyl ether acetate (PGVEA) was charged into the flask. 30.0 g
of 20 powdered pol y(hydroxystyrene -co4l-butylstyrene) (93:7)( M¥oLATIBY 2008
1.9) was added to the stirring solvent. The m xture was stirred for 30
mnutes to forma honogeneous solution. The m xture was heated to 60 C and
vacuum was applied to the solution to distill 48.92 g of the solvent. The .
solution was allowed to cool to roomtenperature under nitrogen atnosphere.
4.15 g of teAGMEWM)bThy mixiunywasetdhled udtl thadodp&ng dswyweddoEheydohitivanol wer e
added to the hogB%egﬁ%us 506 ti 0..30 g of 1%para-toluene sulfonic acid
(prepared byVat F trgush 3 'gf“ og fjligr.gg g of PGVEA) was added. After a
brief, mld exotherm the solution was allowed to stir at 23 C for 4 hours.
3.77 g of 1%triethylamne solution in PGQVEA was added to the reaction

m xture to quench the aci dCohiparattecFommulativh Dxampds1 stirred 30 for an
addi tion 30 m nutes. The polyner solution was transferred to a 500 nL
separato funnel and treated with 115 g of acetone, 46 g of hexanes and 46
g of 40 20 JELY B {08 P N} r ) bout 30
seconds to aHIi”rﬁ Il’lﬁ(?% %ﬂ%ﬁsgigi)lgag%@gﬁsge&ag@tt(re%i)gr?%iggf% gg@fﬁ‘gly{?%fe PI%ower,
aqueous | ayepreparsd decrding édl prothdures dgscobaglaini ¢S bA¥8)682a6:4 b ghjfedbedcido t wo

nore washings. In the con hing, 23 acetone, 7. g of P and 23
g of dei oni Z&MHRHLK rAﬁéﬁemﬁ%ﬁ?ﬁﬁQ?ng%@% ware/geamhingl angdigsobyedacet one,
7 g of PGVEA bLRALE \Th : i |ayer
was transfer rnggptgggfa&g%eﬁg ogln%-g%lg?%g’%{ \Qﬁ?ggéﬁﬁﬁ%dqﬁgﬁ%ﬂgg%ped wth
a tenpertl ur mllpd aht] thergnpohents tissolbal, Tndsalutiacwagiltelied tthiough iadn1 assenbl y.
The flask was placed on a heating nantle. Acetone and hexane were renoved
by at nospher 1e11 B}S1} | ati on. Water and some PGVEA were 10 renoved by
azeotropic vacuumdistillation at 66 C until the solids content of the

distillation flask was about 30.17% Analytical data is found in the table.
The Comparative Formulation Example 2

15  For 100 g of resist solution (total 9 weight % solids), 8.47 g of polymer P6
prepared according to procedures described in US 6,165,682, 0.52 g of photoacid
generator PAG 22, and 0.014 g of compound DBU, were combined and dissolved
in 91 g of propylene glycol methyl ether acetate (PGMEA). The mixture was
rolled until the components dissolved. The solution was filtered through a 0.1 p

20  Teflon filter.

Lithography Example 1

Silicon wafers were spun coated with a thermally curable undercoat and
25 post a}pply baked at 205°C for 70 seconds, giving a 500 nm thick film. The
undercoat was a phenolic copolymer crosslinked by hexamethoxymelamine under
acid catalysis as described in US Application Number 09/268,430 filed March 12,
1999, now US 6323287, which is incorporated herein by reference.

30 Formulation Example 1 and Comparative Formulation Examples 1 and 2,

were spin coated over the undercoat and post apply baked at 135°C for 60 seconds



structure of the polyner is given below (a = 0.76; b =0.07;, ¢ =0.04; d =
0.13). O OBu O 0O Me 15 Fornulation Exanple 1 For 100 g of resist solution
(total 9 weight % solids), 8.57 g of pdR2ynmer P6 prepared accor goryyLiyo2006
procedures described in US 6, 165,682, 0.42 g of 4-(1 20

but oxyphenyl ) di phenyl sul f oni um perfl uoro(2- et hoxyet hane) sul fonate (PAG 1)
and 0.012 g of conpound DBU (1, 8-di azabi cycl oundec-7-ene, conpound Bl),

wer e conbi ned and dissolved in 91 g of propylene glycol nmethyl ether acetate

41 20 JULY 200fig 6 PE/nAY) thickhintri Riedoatedasafesweeel theRtekbodedaisi@rp@e VA S
di ssol ved. The solution was filtered throu h a0.1 Teflon filter.

Conpar at i ve IFbMAiGIPEEPRSS optputhngdight groppa %Gmge’@lm?reléiieét TheIwafesvare ot al 9
wei ght % sol | 6 pare dures
oscri bedt | oficlpoliud bafls® by PRTCTRE O8%sedANR°EeARE0A 1B e IOSETLT 051
g of corrpourﬁ)dZéDBlIJtetm[eﬂl}dmﬁmoﬂﬁm hydioxids shak vadaineda Sdrfgtaft. Ghomufase gl ycol
nmet hyl her acetate éfg%:Sa/E'g) Jhe m xture was 10 rolled until_ the conponents
di ssol ve Trree &ipert ™ nizeq (eater Andrspyn giy-allee 1meges megre gRalyred By |

Corrparative Ld fxaml& 2 15 For 100 g of resist solution (total 9
wei ght %soIS?%'s§,Q%. Z@ﬁg o?&goﬁyrrer P6 prepared according to procedures
described in US 6,165,682, 0.52 g of photoacid generator PAG 22, and 0.014
g of conmpound DBU, were conbi ned and dissol ved

‘ RESULTS

Ey E1:1 Resolution | Depth of Focus
(0.13p dense line (for 0.13p dense
pattern) line pattern)
Formulation. 6.4 20.5 mJ/em® 0.12 p 0.5 pm
Example 1 mJ/cm?
Comparative 5.6 17 mJ/em® 0.12 n 0.4 pm
Formulation mJ/cm?
Example 1
Comparative 9.2 30 mJ/cm® 0.115 p 0.5 pm
Formulation mJ/cm®
Example 2

10
Formulation Example 1 of this invention yielded a faster photospeed and
better DOF than Comparative Formulation Example 1. Formulation Example 1 of
this invention had comparable results to the environmentally unfriendly
Comparative Formulation Example 2. Formulation Example 1 of this invention
15 also had improved (less sloped) wall angles than Comparative Formulation

Examples 1 and 2.



in 91 g of propylene glycol nethyl ether acetate (PGVEA). The m xture was
rolled until the conponents dissolved. The solution was filtered through a
0.1 20 Teflon filter. Lithography Ex4dple 1 Silicon wafers wer2e JJu¥2006
coated with a thermally curabl e undercoat and 25 post apply baked at 205C
for 70 seconds, giving a 500 nmthick film The undercoat was a phenolic
copol yner crosslinked by hexanet hoxynel am ne under acid catalysis as
described in US Application Nunber 09/268,430 filed March 12, 1999, now US
6323287, which is incorporated Fomsilatity Exefopleice. 30 Fornul ati on Exanple 1
and Conparative Formul ati on Exanples 1 and 2, were spin coated over the
under coat and post apply baked at 135C for 60 seconds 42 20 JULY 2006 gi ving
a 235 nmthi ' ; : . ' a 0.6 NA |8
i o1 o5t apper B O A TR IR0 er s ver
post exposurMWiaR4d [4f1-ahe ctioxyBlyremeonrdhydratystgreak aiieaB, fagrrodi@t sfconds i n

%???sNg%EL?@’J% eeRRl Th YBRe, Bt TR dheres e%a?%{ﬁi‘é%éfé‘e‘r’xfiﬁaﬂé'es%ﬁ |
[ i : El: 1R [
Focut (Q 15 e B R o rmy

For mul at i on.hek3ethaneydultomdtel(.070g)HPriv(EX firvpd BAGrlyntheRis@Exapanieas ), D) 617

mJ/ cnR0. 12 0, F ti onml/ cn?
¢ (O.L})Ogg}, this -JZ-am!cthxyetlfoxy)ethyl]amine (0.001g), antipyrene (0.003 g),

PGMEA (16.5g) and Silwet L-7210 (0.002g) was mixed in an amber-bottle and
10  stirred until a homogeneous solution was obtained. The solution was filtered

through a 0.2 pm filter into a clean amber-bottle.

Formulation Example 3

16 A formulation consisting of the polymer from Synthesis Example 2 (1.180g),
MWP-240 [4-(1-ethoxyethoxy)styrene-co-4-hydroxystyrene 37:63, [a product of
Wako Chemical] (0.9653g), bis(t-butylsulfonyl)diazomethane (0.132g), tris(4-t-
butylphenyl)sulfonium perfluoro(2-ethoxyethane)sulfonate (from PAG Synthesis
Example 4) (0.110g), DBU (0.007g), tris[2-(2-methoxyethoxy)ethyljamine

20  (0.001g), antipyrene (0.003 g), PGMEA (17.6g) and Silwet L-7210 (0.002g) was
mixed in an amber-bottle and stirred until a homogeneous solution was obtained.

The solution was filtered through a 0.2 um filter into a clean amber-bottle.

Lithography Example 2
25

Brewer Science’s DUV42P BARC was used as an undercoat on silicon wafers. A
620 A BARC coating was prepared by spin coating on top of a bare Si wafer and
baking for 60 seconds at 200°C. 3250 A Photoresist films of both Formulation
Examples 2 and 3 were prepared by spin coating on top of the BARC and pre-

30 exposure baking at 130 °C for 90 seconds. The photoresist was exposed on a

Canon EX6 (NA = 0.65) KrF 248 nm exposure system with annular illumination



Exanpl e 1 Conparative9.230 mJ/cnD. 115 0.5 m Fornul ati onmd/ cn2 Exanple 2 10
Formul ati on Exanple 1 of this invention yielded a faster photospeed and
better DOF than Conparative Formul ati od4Exanpl e 1. Formnul ati on E0abghl¥ 2006 f
this invention had conparable results to the environnentally unfriendly
Conpar ative Formul ati on Exanple 2. Fornul ation Exanple 1 of this invention
15 al so had inproved (less sloped) wall angles than Conparative Fornmnul ati on
Exanples 1 and 2. 43 Fornul ation Exanple 2 20 JULY 2006 A fornul ation

consi sting ofsigitee 0r820. y}mingdibiﬁﬁa&/rﬂadkaﬁlﬂshﬁsiﬁ@é patférisl THe It wadMiiBn 240
[ 4- (1- et hoxyet hoxy) styrene-co-4-h oxystyrene 37:63, a product of 5 Wako

Cheni cal ] ( d)@SQ?@aosmffi baked #fklPrG lfﬂff9(9r$9¢<)ndﬁ anddesieknped i mau@dlc:ném%aﬂ )

61 hoxyet haney SanFb AL BRERt RS 800 AR sHE b eiaied 5), oau
(0.0069), trwsPaidspumidniedy Ebimudytic Bydned Resolved 00BO)um gintispaseene (0. 003

g, P (16.59g) and Silwet L-7210 (O. 002%) was mxed in an apber-bottle
and 10 st r readterst(il mwhbh‘aibéh@ﬁ&si?@stmcm BRF\ahan exnasireef 60mEC®SI ut i on was

filtered t botle | ation
Exanpl e 3 1?‘%“’%‘%&%’%”@%%%@8@?%30 ft e%i')a efnsf ggpﬁt“ﬂ sis Exanpl e
[2 (1. 1309) ?HMPGSG%l[:&nG]GEhmw@bMKMfGGWQﬁé co 4- hydr oxystyrene 37: 63,
a product o

Formulation Example 4

10
A formulation consisting of the polymer from Polymer Synthesis Example 1
(2.019g), 4-(1-butoxyphenyl) diphenylsulfonium perfluoro(2-ethoxyethane)
sulfonate (PAG 1 from PAG Synthesis Example 3) (0.075 g), TPI (2,4,5-
triphenylimidazole) (0.004 g), PGMEA (12.9g) and Silwet L-7210 (0.001g) was
15  mixed in an amber-bottle and stirred until a homogeneous solution was obtained.

The solution was filtered through a 0.2 pum filter into a clean amber-bottle.

Lithography Example 3

20  Brewer Science’s DUV42 BARC was used as an undercoat on silicon wafers. A
550 A BARC coating was prepared by spin coating on top of a bare Si wafer and
baking for 60 seconds at 200°C. 4050 A photoresist films of Formulation
Example 4 were prepared by spin coating on top of the BARC and pre-exposure
baking at 140 °C for 90 seconds. The photoresist was exposed on a Canon EX6

25 (NA =0.65) KrF 248 nm exposure system with annular illumination (sigma:
0.8/0.5) using a binary mask with line space patterns. The film was then post-
exposure baked at 140°C for 90 seconds and developed in a puddle of 0.26-N
tetramethyl ammonium hydroxide for about 60 seconds, rinsed with de-ionized
water and spun-dried. Formulation Example 4 resolved 0.140 um line/space

30 patterns (1:1 pitch) with about 0.70 micron DOF at an exposure of 36 mJ/cm”.



Wako Chemical] (0.9653g), bis(t-butylsulfonyl)diazonethane (0.1329),
tris(4-t- butyl phenyl)sul foni um perfl uoro(2-ethoxyethane)sul fonate (from PAG
Synthesis Exanple 4) (0.110g), DBU (048079),: 20 JULY 2006
iris[2-(2-nmethoxyet hoxy)ethyl]am ne 20 (0.001g), antipyrene (0.003 g), PGQVEA
(17.6g9) and Silwet L-7210 (0.002g) was mxed in an anber-bottle and stirred
until a honbgeneous sol ution was obtai ned. The solution was filtered
through a 0.2 mfilter into a clean anber-bottle. Lithography Exanple 2 25
Brewer Science's DUV4A2P BARC \Napoﬂﬁﬂdﬁaﬁmﬂ?ﬁﬂgr coat on silicon wafers. A
620 A BARC coati ng was prepare y spirn coating on top of a bare Si wafer
and baking for 60 seconds at 200C. 3250 A Phot oresist filnms of both

Formul ati on 3 oating on top of the
BARC and pr eAW%g@ucr%gggt% fyafméiﬁo@} ‘E‘Sl‘éﬁa C'F&'ér f)hot oresi st was
exposed on ajes&tiedin E)$66,( 68682)91.85)) Kei 4& eslediuf peERBryt h annul ar
i |l unination 44 20 JULY 2006 gl )g) ﬁ 5?%@2 bln)zgréy ma(gll% with |Iine

space patt erq’sl@,oxwﬂ@m)ismlfnnms(OtlHég) %(0 @k@s@del’ﬁ (Ht.38g)0@sf or 90

For about  ednoenanagempf Rufl G Firke whyFr blmot b B libon T Riing, ™ " '
For mul at i on ‘EieoRitRndvdseHRraEtrdhgh3®. 1 ﬁleérsmfa%le%nraﬁme%aﬁle( 1:1 pitch)

with about 0.80 micron DOF at an exposure of 60 mJ/cnR. Formul ati on Exanple
3 resolved 0.130 mline/space patterns (1:1 pltch) with about 0.80 mcron
DOF at an exposure of 66 -k canp e,4 10 A formul ation
consi sting of the polyner i ; MRS ple 1 (2.0199),

4- ( 1- butygxyphenyl ) di phenyl suI fonl um perfl uor o( 2- et hoxyet hane)

A formulation consisting of polymer P6 (prepared according to procedures

described in US 6,165,682) (1442.3g), tris(4-t-butylphenyl)sulfonium

nonafluorobutanesulfonate (Toyo Gosei) (138.6g), DBU (10.68g), PGMEA

(16179g) was mixed in a 5 gallon HDPE pail ‘and stirred until a homogeneous
15 solution was obtained. The solution was filtered twice through a 0.1 um

polypropylene filter into a clean amber-bottle.

Lithography Example 4

20 2350 A Photoresist films of both Formulation Examples 5 and Comparative
Formulation Example 3 were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in Example 5 of co-pending US application
number ( ) filed on March 7, 2002, based upon US Provisional Patent
Application No. 60/275,528 ) and pre-exposure baking at 125 °C for 1.5 minute.

25  The photoresist was exposed on a Canon EX6 (NA = 0.65) KrF 248 nm exposure
system with annular illumination (sigma: 0.8/0.5) using a binary mask having
alternating line/space patterns. The film was then post-exposure baked at 115 °C
for 90 seconds and developed in a puddle of aqueous 0.26-N tetramethyl
ammonium hydroxide for 58 seconds after a 7 second spray, rinsed with de-

30  ionized water and spun-dried. Formulation Example 5 resolved 0.14 pm

line/space patterns (1:1 pitch) with about 0.8 micron DOF at an exposure of 39.25



sul fonate (PAG 1 from PAG Synt hesis Exanple 3) (0.075 g), TPl (2,4, 5-

tri phenylimdazole) (0.004 g), PGVEA (12.9g) and Silwet L-7210 (0.001g) was
15 mixed in an anber-bottle and stirredeuntil a honbgeneous sol @i JULW2006
obtai ned. The solution was filtered through a 0.2 mfilter into a clean
anber-bottle. Lithography Exanple 3 20 Brewer Science's DUvV42 BARC was used
as an undercoat on silicon wafers. A 550 A BARC coating was prepared by
spin coating on top of a bare Si wafer and baking for 60 seconds at 200C.
4050 A phot GhP&m3t Chmbatiod Foadulatl oAl ExampldX fdpived 4. 1981R lilﬁé@%fé'éed by spin
coating on top of the BARC and pre-exposure baking at 140 for 90 seconds.
The phot or edtatierngdb: 1 @it with aboud OGamisnorEROT 2% aif piposu®, @3)5 mlF/Fn248 nm

exposure system w.thannu i1l ym nation i . . 0,8/0.5). using a binary
mask with Iisl%l0 %885%%{”?&?%%“9 ﬁémPfﬂVﬁﬁ?RbOi‘ﬁ? ﬁﬁ:%"ﬁép?’ Yiire baked at
140C for 90 EesantionFxdmaeve! oped in a puddl e of 0.26-N tetranethyl

anmoni um_hydr oxi de for about 60 seconds, rinsed with de-ionized water and
spun-dri &. Fornul ati on Exanple 4 resolved 0.140 mline/space 2 30 patterns

(1:1 pitch) with about 0.70 rriclgon ﬁ ag an Fxgosure of 36 ml/cm 45 20
JULY 2006 Fornmul ati on Exanpl e nsi sting of polynmer P6
(prepared according to procedures described in US 6,165,682) (1.47 g),
tris(4-t-butyl phenyl)sul fonium perfluoro(2 5 ethoxyethane)sul fonate

(0. 144g), DBYfgmuiatiog)consistingelivelymard6d@tgpased siccarilingdo procadurasrber - bot t | e and
il tered t e B o 610 C e it B S r i Corpar at 1 ve
For mul atfigon fex@uarb@-dhd ethane)sulfonate (PAG prepared in PAG Synthesis Example

10) (0.644g), DBU (0.050 g), and PGMEA (111.3g) was mixed in an amber-

bottle and stirred until a homogeneous solution was obtained. The solution was

filtered through a 0.2 um filter into a clean amber-bottle.

15 Comparative Formulation Example 4

A formulation consisting of polymer P6 (prepared according to procedures

described in US 6,165,682) (7.81g), methylphenyl-diphenyl sulfonium

perfluorooctanesulfonate (0.841 g), DBU (0.050g), PGMEA (111.3g) was mixed
20  in an amber-bottle and stirred until a homogeneous solution was obtained. The

solution was filtered through a 0.2 um filter into a clean amber-bottle.

Lithography Example 5

25 1700 A Photoresist films of both Formulation Example 6 and Comparative
Formulation Example 4 were prepared by spin coating on top of 5000 A of an
undercoat (prepared as described in US Application Number 09/268,430 filed
March 12, 1999, now US 6323287, which is incorporated herein by reference)
and pre-exposure baking at 125 °C for 1 minute. The coated wafers were then

30 exposed using an ISI Microstepper (0.6 NA, annular illumination [sigma: 0.8/0.6])

outputting light from an ArF 193 nm excimer laser. A binary contact hole mask



A formul ation consisting of polynmer P6 (prepared according to procedures
described in US 6, 165, 682) (1442.39), tris(4-t-butyl phenyl)sulfonium

nonaf | uor obut anesul fonate (Toyo CGosei)47138.6g), DBU (10.68g), BGMUDAY 2006
(16179g) was mixed in a 5 gallon HDPE pail and stirred until a honbgeneous
15 solution was obtained. The solution was filtered twi ce through a 0.1 gm
pol ypropyl ene filter into a clean anber-bottle. Lithography Exanple 4 20
2350 A Photoresist filnms of both Fornul ati on Exanples 5 and Conparative

For mul at i on vizsaged. €Tk putethed MRAbErE %r%os@@ipbsﬁx@aiakmatqn5t°@rf0960 5000 A of an
under coat (prepared_as described in Exanple 5 of co-pending US application
nunber ( ) fspeands ard devielaped ,forzﬁﬁ)@zs:omglealé%Nuaqusowt@varwbmglmmmwm

Application . .60/ 245, 5 d._pre-.exposure . baking,at 125 for 1.5

o hut e 26 Hropfis: crard bl o Sl BrREY R B Sy 91S) ki 7 248 nm
exposure syﬁﬁg@mrb Bpﬁ?ivd!t@rschﬁﬂiﬁmmé&drﬂﬁicf&cg}g@iF&nﬁda@ioﬁ)Eﬂdﬁiﬁ&% a binary
mask having alternating |ine/space patterns. e filmwas then
post-expésurrésoﬂi@ﬁéhlﬁtwmfgm@cﬂmgqs (0 pitebb¥da expesuaeoeibded/dn. a puddl e of

acond spr ay b Tl Hlaiof ERRABHT AN R0 A58 withe PP BHSS Bl 21 on

Exanple 5 rq)st@hyggdngxgdhufeoﬂjmﬁls@aée patterns (1:1 pitch) wth about 0.8
m cron DOF at an exposure of 39.25 46 20 JULY 2006 mi/cnR. Conparative
Formul ati on Exanple 3 resolved 0.14 mline/space patterns (1:1 pitch) with
about 0.8 mcron DOF at an expgsure Otf‘ 3 mJ/fe]’_HZ- Formul ati on Exanple 5
showed i nproved profile DOF ov Ormé?'h B8P mul ati on Exanple 3. 5

For mul aypgon Exanple 6

A formulation consisting of the polymer from Synthesis Example 2 (1.163g),
MWP-240 [4-(1-ethoxyethoxy)styrene-co-4-hydroxystyrene 37:63, [a product of
Wako Chemical] (0.952g), bis(t-butylsulfonyl)diazomethane (Wako Chemical)
(0.124g), 4-(1-butoxyphenyl)diphenylsulfonium perfluoro-4,7-dioxaheptyl-1-

15  sulfonate (0.079g) (from PAG Synthesis Example 6), DBU (0.006g), tris[2-(2-
methoxyethoxy)ethylJamine (0.001g), antipyrene (0.003 g), PGMEA (16.5g) and
Silwet L-7210 (0.002g) was mixed in an amber-bottle and stirred until a
homogeneous solution was obtained. The solution was filtered through a 0.2 pm

filter into a clean amber-bottle.

20
Formulation Example 8

A formulation consisting of the polymer from Synthesis Example 2 (1.163g),
MWP-240 [4-(1-ethoxyethoxy)styrene-co-4-hydroxystyrene 37:63, a product of
25 Wako Chemical] (0.952g), bis(t-butylsulfonyl)diazomethane (Wako Chemical)
| (0.124g), 2,4,6-trimethylphenyldiphenylsulfonium perfluoro-4,7-dioxaheptyl-1-
sulfonate (0.079g) (from PAG Synthesis Example 7), DBU (0.006g), tris[2-(2-
methoxyethoxy)ethyl]amine (0.001g), antipyrene (0.003 g), PGMEA (16.5g) and
Silwet L-7210 (0.002g) was mixed in an amber-bottle and stirred until a
30 homogeneous solution was obtained. The solution was filtered through a 0.2 pm

filter into a clean amber-bottle.



A formul ati
descri bed i

per fluoro(2-ethoxyet hane)sul fonate (PA@&8prepared in PAG Synt hesizp JOLAMZ008

on consisting of polyner P6 (prepared according to procedures
n US 6, 165,682) (8.01 g), nethyl phenyl-di phenyl sulfonium 10

10) (0.644g), DBU (0.050 g), and PGVEA (111.3g) was nixed in an anber-

bottl e and
was filter

Conpar ative Formul ati on Exanple 4 A fornul ati on consisting of polyner

stirred until a honpbgeneous sol uti on was obtai ned. The sol ution

ed through a 0.2 mfilter into a clean anber-bottle. 15

P6

(prepared according to procedurksrmfl@6én ER@sple® US 6, 165, 682) (7.819),

met hyl phenyl - di phenyl

honbgeneous
pmfilter i

sul foni um perfluorooctanesul fonate (0.841 g),
(0.050g), PGVEA (111.3g) was mxed 20 in an anber-bottle and stirred until

(B U T SR S B B o0 2 -2

DBU

a

Phot or esi st MWIR40{4-tictthoXyeshvuty ptyreme-fo-atgiRxfstarbe QMR [@btodact Jfor mul ati on

Exanpl e 4 d b
(pr epar e asWaks EhmBisall (HOBE) Al

coati r:]gﬁqon top of 5000 A of an undercoat
ibuitsubionxdipermatime d ¥ akoChemieal) March 12,

or o- exposur 40 0atPhe oS e ARt fhkin ISR BT BEI"L0) e Then 20

exposed usi nglfefate Sl (W79 IEERTAG SYntheSEExanple!99rDBUI (01006gY, i teis[2L@L gna:
outputting light froman ArF 193 nm exci ner |aser. A binary

0.8/0.61)
contact hol

exposure bak&f’i

0.262 N aqu

electron m
(1:1 pitch)

15

20

25

30

anefhexyetioxyiptimllanipo@e)0iay aptipyreneT@003:0)1 RENGA (kf. &8)ander e post
Q0 seconds in

eoﬁ%e%?‘éﬁa%n&'ﬁd%gg%%ﬁnmﬁg%%%?ﬁ o%gf'ggglg%ﬁggﬁﬁéd;@ﬁ\ﬁer e rinsed with

de-i oni 2ed ViRhnRigeadshs SOMikioAl fs obBifafhed] THYSSUNG] Wadfidéryd Golh $62NkhNY
croscope. Fornulation Exanple 6 5 resolved 0.135 m contact hol es

filter anto @xglesa@gmbenbotle. 5 my/ cnp.
Lithography Example 6

Brewer Science’s DUV42 BARC was used as an undercoat on silicon wafers. A
6000 A BARC coating was prepared by spin coating on top of a bare Si wafer
and baking for 60 seconds at 200°C. 3500 A photoresist films of Formulation
Examples 7-9 were prepared by spin coating on top of the BARC and pre-
exposure baking at 130 °C for 90 seconds. The photoresist was exposed on a
Canon EX6 (NA = 0.65) KrF 248 nm exposure system with annular illumination
(sigma: 0.8/0.5) using a binary mask with line space patterns. The film was then
post-exposure baked at 110°C for 90 seconds and developed in a puddle of 0.26-N
tetramethyl ammonium hydroxide for about 60 seconds, rinsed with de-ionized
water and spun-dried. Formulation Example 7 resolved 0.150 pm line/space
patterns (1:1 pitch) with about 1.0 micron DOF at an exposure of 48 mJ/cm’.
Formulation Example 8 resolved 0.160 pum line/space patterns (1:1 pitch) with
about 0.40 micron DOF at an exposure of 65 mJ/cm’. Formulation Example 9
resolved 0.150 pm line/space patterns (1:1 pitch) with about 0.90 micron DOF at

an exposure of 36 mJ/cm’.



Conpar ative Formul ati on Exanple 4 al so resolved 0.135 mcontact holes (1:1
pitch) at an exposure of 54.5 mJ/cnR. Fornul ation Exanple 7 10 A fornul ation
consi sting of the polyner from Synt hesid® Exanple 2 (1.163g), MaB-RLY 2006

[ 4- (1- et hoxyet hoxy) st yrene- co- 4- hydr oxystyrene 37:63, [a product of Wko
Chem cal] (0.952g), bis(t-butylsulfonyl)di azonet hane (Wako Chem cal)
(0.1249), 4- (1- but oxyphenyl ) di phenyl sul f oni um perfl uoro-4, 7-di oxaheptyl -1 15
sul fonate (0.079g) (from PAG Synt hesis Exanple 6), DBU (0.006qg), tris[2-(2-
met hoxyet hoxy) et hyl ] am ne (0. OGFbgmul#tivn BydmpR 100. 003 g), PGVEA (16. 5g) and
Silwet L-7210 (0.002g) was nmixed in an anber-bottle and stirred until a
honogeneous sol uti on was obtai ned. The solution was filtered through a 0.2 m

filt i nt | nber - hot t | e. 0 F lLati 8 Af ti
onst et | nof | h B renstsahGiond el 13 Wiigtinsh Bo el S oLy R D a0
4-(1l-eth : N oTal ; : : 25 \Wak
[4-(1-et oxy@memﬁfegix%(a [@b@céd&%%%@xaﬁeeaqn%g e§§K€)&2ﬁB{)@-gg92tSA?§9 0

Chem cal ] (0.952¢g yl sul f onyl) di azonet hane em cal’)
(0. 1249) 5 2,w%hi6htis iin@trporhtet ey referpheen . 38g) 6HRAG2, 0.004 g of TMEA, and

O A BB bRy Pl AR SR, oo
(0.003 9), REMBHL %@f?g%pﬂé}fé %l%élviﬁéthﬁ Jtﬁéroac%&t@gg(?ﬂlﬁla}’xgs e ffkthfe RN

anber-bottle and stir untiT " a 30 honbgeneous n was obtai ned. The
sol uti on wasrofled tuntibdhd keompgients disRolwe, find ther silatien diltetedathraughed-1bpttle. 48
20 JULY Zooargﬁ%ﬂﬂLgtion Exampl e 9

10

Formulation Example 11

For 15 g of resist solution (total 2.2 weight % solids), 2.85 g of polymer

P4 that is prepared by procedures as described in US 5,635,332, and 0.15 g of

15 PAG 2 are combined and dissolved in 12 g of cyclohexanone. The mixture is

rolled until the components dissolve, and the solution filtered through 0.1 p
Teflon filter.

Formulation Example 12

20
For 61 g of resist solution (total 18 weight % solids), 10 g of polymer P4
which is prepared by procedures as described in European patent application EP 1
041 442 Al, 0.5 g of PAG 2, 0.5 g of PAG 4, and 0.015 g of (2,6,di-
isobutylphenyl)amine are combined and dissolved in mixture consisting of 47.5 g
25  of propylene glycol methyl ether acetate and 2.5 g of y-butyrolactone. The
mixture is rolled until the components dissolve, and the solution filtered through

0.1 p Teflon filter.



A formul ation consisting of the polymer from Synthesis Exanple 2 (1.1639g),
MAP- 240 [ 4- (1- et hoxyet hoxy) styrene-co- 4- hydroxystyrene 37: 63, [a product of
5 Wako Chemical] (0.952g), bis(t-butyl $0lfonyl)di azonethane (Wakko JOLYN2008! )
(0.124g), 4-(1-butoxyphenyl)di phenyl sul foni um perfl uoro-4-oxobutyl -1 -

sul fonate (0.079g) (from PAG Synthesis Exanple 9), DBU (0.006qg), tris[2-(2-
nmet hoxyet hoxy) et hyl ] am ne (0.001g), antipyrene (0.003 g), PGQVEA (16.5g) and
Silwet L-7210 (0.002g) was mixed in an anber-bottle and stirred until a 10

honbgeneous sol uti on was obt ai rgﬁho_g'mﬁhfglxuﬁ{hmwas filtered through a 0.2 m

filter into a clean anber-bottle. Lithography anple 6 15 Brewer Science's
DUV42 BARC was used as an undercoat on silicon wafers. A 6000 A BARC

coating was prep d i i of.~a_hare Si fer _.and baki ng
for 60 seconds a?hgeob%}/s_t 3@@811%%%0@3’%%2?@?% Ilr%sa%fspﬁbrc%ﬁ\égt?noﬁn anpl es
7-9 were prefiddoadwhitrsSaidpesdabplydbaked taop20iC fd}%(B@é%Gna@givmﬁdgEa Bspgaur e

baki ng at 130 C for 90 seconds. The photoresi st was exposed on a 20 Canon

Ex6 (NA 2 0.5k flkpr Parscoatad walpssme thesyexpesed wising aahh N AdST Mienestaprpdron

(sigma: 0.8/ S] [ K Wi | i space patterns, ;The filmwas
then post- e‘%&g)saﬁ%eo%g%@agépg%ﬁbgaf W'leﬁge%%ﬁﬁs SW@SEE%qSBf?e%eH % puddl e
of 0.26-N tesP@MEbhyb0 areaAds My daevelsirdf dor abOUtse@nds EGRNBD62r iNsed with
de-ionized water and spun-dried. Fornulation Exar}pl e 7 resolved 0.150 m

| i ne/ space 2strignethglapunqnium lpidreide What troakingd a sorfagtanton Thorwafersasreexposur e

(1 1 prcony eh ViR SR R P 55 1 imdediote ey PLSP et o
For mul atfigon dikionl Iﬁic&)oscbﬁesoFuﬁﬁhl&iolﬁexiﬁlblia@q()aaaﬁeldpegigéﬂéxﬁan{aééslw@tht ch) with

about 0.90 micron DOF at™ an exposure of 36 mjJ/cne.
good photospeed, resolution, and near vertical and smooth sidewalls.

Formulation Example 13

15 For 30 g of resist solution (total 16 weight % solids), 4.604 g of polymer
P2 which is prepared by procedures as described in US 5,861,231, 0.186 g of
PAG 3, and 0.014 g of TBAL are combined and dissolved in 25.197 g of ethyl
lactate. The mixture is rolled until the components dissolve, and the solution
filtered through 0.1 p Teflon filter.

20

Formulation Example 14

For 36.05 g of resist solution (total 18 weight % solids), 4.5 g of polymer

P1 which is prepared by procedures as described in EP 1024406A1, 1.5 g of

25  polymer P3, 0.3 g of PAG 19, 0.05 g PAG 11, and 0.1 g of TMEA, are combined
and dissolved in 28.7 g of propylene glycol methyl ether. The mixture is rolled

until the components dissolve, and the solution filtered through 0.1 p Teflon filter.

30



49 20 JULY 2006 Fornul ation Exanple 10 For 15 g of resist solution (total 13
wei ght % solids), 1.89g of polymer PS5, which is prepared by procedures as
descri bed in Japanese Kokai JA-10- 254189, 5 which is i ncor por at @@ JoLY 2006
reference, 0.58g of PAG 2, 0.004 g of TMEA, and 0.001g of quencher

t et rabut yl ammoni um hydr oxi de are conbi ned and dissolved in 13.05 g of

propyl ene glycol nethyl ether acetate (PGVEA). The m xture is rolled until
t he conponents dissolve, and the solution filtered through 0.1 Tefl on
filter. 10 Formul ati on Exanpl e LithdgrapivEsampler&si st sol ution (total 2.2

wei ght % solids), 2.85 g of polymer P4 that is prepared by procedures as
described in US 5,635,332, and 0.15 g of 15 PAG 2 are conbi ned and di ssol ved
in 12 g of h ent s

di ssol ve, a%% e@gg{agé[}’l%éﬁ f?o{]?é(?%gf)t élgtb%ﬁhl@%dn%ﬁeéj%ﬁd ph%l r%For mul at i on
Exanpl e 12 2§ sporcdafing ontopr efgirshedsliceni veaferstand ate- d:&)(ymegiakm(g’oassd)ﬁ W), 10 ¢

of polyner P4 i.ch i ared b roce ures, as sclj bed j ropean

pat ent appl ifE%ﬁ%m i‘hg(gﬁgopﬁgrgts ﬁ)@eg%?%ﬁm g% (6‘@ 6%64(55] 4, and
0.015 g of (

m xture conszlagtq?ﬂg(pgfkﬁgg%t%l éc[)‘i’&upr opy @%tgong {?A?{]g%@ﬁg‘fﬁhgﬁgin cet ate and
2.5 g of y- bMS}(rhangtahamatlﬂ'@hne/spame pateernss Thelfiled armnthieh pbétexposyponent s

(2jioggol Ve aqg.ké(P ae:c lslgl°(%ttj()ro &0 ;éclolg % dteb/élggec{lm a pu:(lidle o%falqggon IOI 2t6e-"1(1 S0 20 JULY

tetramethyl ammonium hydroxide for 58 seconds after a 7 second spray, rinsed

10  with de-ionized water and spun-dried. Formulation Examples 13 and 14 yield
excellent images with good photospeed, resolution, and near vertical and smooth

sidewalls.



Li t hography Exanple 7 The resist formnulations of Exanple 10 -12 are s

coated on prinmed silicon wafers and pgst apply baked at 120C fo?oé'é'i@%ﬁds
gi vi ng a 235 nmb5 thick film The coated wafers are then exposed using a 0.6
NA | S azte(ggl d ArF laser outputting light at 193 rim The wafers are
post expo B¥9dt: 125C for 60 seconds and devel oped for 60 seconds in
0.262 N tetranethyl ammoni um hydroxi de t hat cont al ned a surfactant. The

waf ers aré- ri Aselptogeidheqrapousdihnazingibe follosing geparal stycturehe i nages are

anal yzed by scanning 10 el ectron m croscope. Formul ati on Exanpl es 10-12
yield excellent imges with doe®D(ChpLSQpPeed, resol ution, and near verti cal
and snooth sidewalls. Formulation Exanple 13 15 For 30 g of resist solution

(total 16weieh idarsidtdgdsbetwie® Mol 196 4PRiY §BRIctedFPoMIhESroup cHisERMERE by
procedur e, RBnHEPGN diGBstittte e, 5:1§ﬁ&ea?%ilbraﬂcﬂe§%1 19% alkE s’ubsﬁfﬁ%d%rf)l“ g of
TBAL are kﬁnt%' daa? lsiﬁ) t& Yi ut gﬁt nﬂ? m xture
is rolled 1:15/ ? lter d t hrough
0.1 Tefl gf?y?]lof‘]ll( Qﬁ“ﬁg droge ](ét soI ution
(total 18SyRstifje %%}lb-ﬁ te @e &g%eralnsﬁume ‘P z) )e

pr ocedur e¥vhgeeinp échatyeen abpuEbtqé,zmzmbmeeqa@ 049 3 28d gds hetsieerpahou | 3 g of
PAG 19, 0t®4 agpdRalBtitated andn@lb&tltgtedfpaﬂtm ﬂuanaatcd; alkiyh ddloflanrbatkiyssol ved in

28. 7 g of ppriflapydatiyésulfoyiog bndrglybidly]; @ahth & is covedentiyiomded ozanplrhdidals unti |t he
conponent geleted fbinethe afslipt JdRsis@hiéf: @dilfdfmé éstdre of holyRptEbxphénold afid gphd i | ter.
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2. A photoacid compound according to claim 1 wherein the compound is a
sulfonic acid ester of polyhydroxyphenol having the general structure:

& I
T [0sS(CEORs

N

wherein n is an integer between about 1 to 4; and R is selected from the group
consisting of: substituted or unsubstituted C;-C; linear or branched alkyl or alkenyl,
substituted or unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl
sulfonic acid, substituted or unsubstituted perfluoroalkyl, the general structure
F((CF2),0)m(CF2);— wherein p is between about 1 to 4, m is between about 0 to 3 and
q is between about 1 to 4, and substituted or unsubstituted partially fluorinated alkyl,
halofluoroalkyl, perfluoroalkylsulfonic, and glycidyl.

3. A photoacid compound according to claim 1 wherein the compound is an alpha
sulfonyloxyketone having the general formula:
0]
Rl2
Rll

03S(CF2),0—R

wherein n is an integer between about 1 to 4; and R is selected from the group
consisting of: substituted or unsubstituted C;-Cj; linear or branched alkyl or alkenyl,
substituted or unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl
sulfonic acid, substituted or unsubstituted perfluoroalkyl, and the general structure
F((CFz)pO),,,(CFz) — wherein p is between about 1 to 4, m is between about 0 to 3 and
q is between about 1 to 4, and substituted or unsubstituted partially ﬂuormated alkyl,
halofluoroalkyl, perfluoroalkylsulfonic, and glycidyl; and R' and R'?are substituted or



2350 A Photoresist filnms of both Fornmul ati on Exanpl es 13 and 14 are fr egar ed
by spin coating on top of primed silicth wafers and pre-exposur e2bdith Y8008
125 C5 for 1.5 mnute. The photoresists are exposed on a Canon EX6 (NA =
0.65) KrFunQdSitiuengeerss1systemwi th annular illum nation (sigm: 0.8/0.5)
using a binary mask having alternating |ine/space patterns. The filnms are

t hen post-exposure baked at 115 C for 90 seconds and devel oped in a puddle
of agueoug 0. 2%—N t et.r anet hg/.l. ammoni.um hydr oxi de for 58 seconds after a 7
second spfay, fiROLICSIY RMPISHN COMPIYA8Wat er and spun-dried. Fornul ation
Exanpl es 13 and 14 yield excellent inmages wth good photospeed, resolution,
and near e@elymealandnd snooth sidewalls. 52 What is clained is: 1. A

phot oaci d conpound having the foll ow ng general structure: R QCF2)" SBX
20 JULY 2Q0Rotohed ebmpoundhaving the égbywihe peweedl saauie: 1 to 4; R is sel ected
fromthe group consisting of: substituted or unsubstituted Cl1-Cl2 |inear or
branched al kyl or al kenyl, sulst unsubsti tuted araal kyl,
substituted or unsubstituted I;Rfylbwgzg'gss(%?% uted or unsubstituted

bi cycl oal kyl , .substi.tute r unsubstituted tri oal.kyl ., hydrogen, alkyl
sul foni o RWEpInD f’eﬁafg‘é g %ﬁkéﬁt%‘ﬁg@&@%ﬁﬁ m%grizw, RIS oy a]

st r uct ur e OFEpesHMt stutedfarlap Hngsr ps bizaehsdalkon 96 atkenyly gbstitutad & pet ween
about 0 t ynsubstiitedgratkydetupaiatytedios ynsubstituied arylasibsatytest griupsehstipyted

unsubst i t bicgdloplkyl, sabstijutéd ounsnbativated irioytloakkal, bfyirogemallkky} Isylfonic acid,

per f | uor oahsyibged dramsebstituted pérflaodyulkyl, alncgesetad steworare di(CE)JOONWCRY) o+ gani ¢

radi cal s vwhetedtp acbehwedh 4Hoat Yt eobswedn audl to 3 uhd Qi Betwedredboud|

pol yhydr oxyphgnqlsstiited 8¢ ifiabstitidel PRl YisstiRAeSalkyl, hatoRHGaRGI,d conpound

according pEHluSlro%ll&‘ls]ﬂMﬁ:f Eﬁdqglgfaﬂyl? Qﬁ'&)ﬁqggoéa%n"ﬂy bonded organic radicals
selected from the group consisting of: sulfonic esters of polyhydroxyphenols and alpha
sulfonyloxyketones.

5. A photoresist composition according to claim 4 wherein the photoactive
compound is a compound of the following general structure:

7

S [0sS(CE),0R],

wherein n is an integer between about 1 to 4; and R is selected from the group
consisting of: substituted or unsubstituted C;-C); linear or branched alkyl or alkenyl,
substituted or unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl
sulfonic acid, substituted or unsubstituted perfluoroalkyl, the general structure
F((CF2)pO)m(CF2);— wherein p is between about 1 to 4, m is between about 0 to 3 and
q is between about 1 to 4, and substituted or unsubstituted partially fluorinated alkyl,
halofluoroalkyl, perfluoroalkylsulfonic, and glycidyl.

6. A photoresist composition according to claim 4 wherein the photoactive
compound is an alpha sulfonyloxyketone having the general formula:
o
R12
Rll

03S(CF,),0—R

wherein n is an integer between about 1 to 4; and R is selected from the group
consisting of: substituted or unsubstituted C;-C; linear or branched alkyl or alkenyl,
substituted or unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or



sul foni c acid ester of polyhydroxyphenol having the general structure:
[ BS(CF2)" OR]3 wherein n is an integef4between about 1 to 4; ané #UL¥% 2006
sel ected fromthe group consisting of. substituted or unsubstituted

Cl-Cl2l i ”%ﬂE %P&Qal k¥ bsﬁ{ute% ¥thbs itud &y&lgfl?gldﬁgdrug&ug%l tuted

ar aal kyl , ?téx&e qx%ﬁ% ? Qﬁfﬂ%" ?1?( flerd Sstituted
blcycloal 0 al kyl
sul foni ¢ Qf2 VQE@@ lq_f@élefﬁmﬂﬁ% F‘?r’c?hOBH gla T 4P gf 2 raI
structureq ﬁ byuH(lcph god syhstit ‘WIHP dalk

bet ween athe y:k,mnﬂuor a Elsbl@t%@ndsb@myl,lal‘lﬂ& ﬁan(thf asmsmmwnem or
unsubst i tumsubsp’altd:d aikylwrfarylorl nated al kyl, hal of | uoroal kyl ,

per fl uoroal kyl sul fonic, and glycidyl. 3. A phot oaci d corrpound according to
claim 1l wherein the conpound is an al pha sulfonyl oxyketone having the

gener all I@;rml' %K plotBiesf dorfrbos gqg:nze)ccox@i 8 WRBARI4Wherbi RE blghﬁfﬁr Bgts een
or unsubstlﬁbfl%gﬁ%&{@sgﬁﬁlngg}rl Orgé%l‘fﬁ%%ﬂﬁ%ﬁ&@%% Lg)(rg%g(;)tgen@ yg dbstituted or
unsubstlt&f’%sﬂlt %8yl , substituted or unsubstituted aryl, substituted or
unsubsti tuted blcycloalkyl, substituted or unsubstituted tricycloalkyl,

hydr ogen, al kyl sulfonic acid, substituted or unsubstituted perfluoroal kyl,
and t he gdéner alA photarssist eomlﬂ(set@ﬂlza)cs@;in(g@z)a@tnmeh@cmtbep@lyb@r heabout 1 to
4, mis bamween about 0 to 3 and q is between about 1 to 4, and substituted

or unsubstituted partially fluorinated al kyl, halofluoroalkyl,
per fl uoroal kyl sul foni c, gl C|dyl
20 JULY 2006 unsubstltute al k

and ara_substituted or 53
o)
o]
"™ /}\

0]
o
CH,
in the polymer.
9. A method for fabricating an integrated circuit which comprises:

depositing a photoresist composition of claim 4 on a substrate,
irridating said photoresist composition, thereby generating a fluorinated alkyl sulfonic

acid with a short perfluoroalkyl chain attached to an ether linkage.

10. A method for fabricating an integrated circuit which comprises:
depositing a photoresist composition of claim 5 on a substrate,
irridating said photoresist composition, thereby generating a fluorinated alkyl
sulfonic acid with a short perfluoroalkyl chain attached to an ether linkage.

11. A method for fabricating an integrated circuit which comprises:

depositing a photoresist composition of claim 6 on a substrate,



4. A photoresist conposition conprising: a polyner; and a photoacid
conpound havi ng the follow ng gener al s§ructure: R-O(CF2)"SBX 2heVeYR006 | s
an integer between about 1 to 4; Ris seI ected fromthe group consisting

of : substit. ted Qf i near or anc Qr. al kenyl ,
Subst vt ST S IS o, b IR Bl SRR B B .
substit ut éﬁ}dc‘ﬁl% E?ré?gl yﬁ‘i Wed or unsubstituted
tricycl oal kyl hydrogen, al kyl sulfonlc aC|d, substituted or unsubstituted
perfluoroal kyl, the general structure F((CF2)pO,(CF2)9 wherein p is

bet ween ab2ut A methad fon fabri¢atingasnntagrated circuio whichnmbmprisss:bet ween about 1 to
4, and substituted or unsubstituted partially fluorinated al kyl,

hal of | uor gghdsiting a pRtdresisr @alpeyitisH bf e1aik 7 cAnuBbtygé dyl ; and X is covalently
bonded organic radicals selected fromthe group consi st i ng of. sulfonic

o O R R B

conpound 8F9H " OR]3 wherein nis an
i nt eger between about 1 to 4; and Ris seI ect ed fromthe group consisting
of . substituted or unsubstituted Cl-Cl2 |inear or branched al kyl or al kenyl,
substi t ut éd. or Aumsthiod fort flabrichting anlintpgrated sirsuit whichocomprisesubsti t uted aryl,
substituted or wunsubstituted bicycloal kyl, substituted or unsubstituted

tricycl oald 31t1n|g)acb‘lﬁ>@ﬁ651sﬁoh1ﬁosm©u|of01ahﬁ 8amiachub5tbd’!6,t ituted or unsubstituted
per fl uor oal the general structure F((CF2) pO M CF2)q wherein p is

between a §a otH?eké &ﬁﬁ a@i@ ﬂuoﬁhdt(ﬁi Bﬁl%ﬁﬂ pigoout 1 to
4, and su ﬁi MRS aﬁ? e er jpate

hal of | uor 84 SFih<or oa ’ll c . 6. A phot or esi st
conposition accor d| ng to clai m 4 wherein the phot oactl ve

14. A photoresist composition comprising:

a polymer that is a silicon-containing polymer having alkali solubilizing groups
protected by an acid sensitive group; and

a photoacid compound having the following general structure:
R—O(CF»),S0sX

wherein n is an integer between about 1 to 4; R is selected from the group  consisting
of: substituted or unsubstituted C;-C, linear or branched alkyl or alkenyl, substituted or
unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl sulfonic acid,
substituted or unsubstituted perfluoroalkyl, the general structure F((CF2),0)m(CF2);—
wherein p is between about 1 to 4, m is between about 0 to 3 and q is between about 1
to 4, and substituted or unsubstituted partially fluorinated alkyl, halofluoroalkyl,
perfluoroalkylsulfonic, and glycidyl; and X is selected from the group consisting of:
organic iodonium cations, organic sulfonium cations except trimethyl sulfonium
cations, and covalently bonded organic radicals selected from the group consisting of:
oxime sulfonates, N-hydroxyimide sulfonates, substituted or unsubstituted nitrobenzyl
esters, sulfonic esters of polyhydroxyphenols and alpha sulfonyloxyketones.

15. A photoresist composition according to claim 14 wherein the silicon-containing
polymer has the units



compound is an al pha sul fonyl oxyketone having the general formula: 0 R12
03S(CF2)" O R wherein n is an integersdetween about 1 to 4; and2®RIYLY 2006
selected fromthe group consisting of. substituted or unsubstituted
Cl-Cl12l i near or branched al kyl or al kenyl, substituted or unsubstituted
araal kyl, substit nsubstituted aryl, substituted or 54 20 JULY 2006
unsubstituted bic |, substituted or unsubstituted tricycl oal kyl,
hydr ogen, al kyl acid, substituted or unsubstituted perfluoroal kyl,
and the general structuy eSoF((CF2)pO, (CF2)9 wherein p is between about 1 to
4, mis between about 2 to 3 and q is between about 1 to 4, and substituted
I

or unsubstituted partially fluorinated al kyl, hal of | uoroal kyl,

per fl uor oal kyI sul foni cHand glycidyl; and R and R12 are substituted or
unsubsti t wt bﬁ*ﬁ or aryl. 7. A photoresist conposition according to claim
4 wherein t is a silicon-containing polyner having al kal i

sol ubi l'i zi ng gr oups protected by an acid sensi ti ve gr oup. 8. A photoresi st
conpositign according to claim7 wherein the p r}@s the ~units 0 in the
pol yner. 96. A ﬁe@h%@fe$létr°°f‘&?5’|s1t’<9§taF?f§dlé‘ﬂ 1 ﬁlta@grlé feé’ilF WhOtagRidch conpri ses:
deposi ti ngorap@mdueﬂ@@mpu@:bwb@r@lrtﬁheﬁuléim@n&ammwnleateé dos thgtgaoup rri dat i ng
sai d phot oomsistmg ofonposi ti on, thereby generating a fluorinated al kyl
sulfonic acid with a short perfl uor oal kyl chain attached to an ether
| i nkage. RL_, R?

R—O(CF2)uSOy" ~ I /

R3

wherein R}, R? and R? are not all simultaneously methyl, and

R’ R¥
|‘\ //‘H RY
R— O(CF,),SO5" ( \>— _<> <>
R® \_l_/ RY \_|_/ R7
R® R¥

where R!, R, and R? are individually selected from substituted or unsubstituted aryl
and alkyl; R4 R, RS, R7, R R¥,R*, R R” and R¥ are individually selected from the
group consisting of: branched, llnear or cycllc alkyl, branched, linear, or cyclic alkoxy,
halogen, hydrogen, OCO,G, OCH,CO;G, and OG, where G is an acid sensitive group.

17. A photoresist composition according to claim 14 wherein the photoactive
compound wherein said sulfonium cation is selected from the group consisting of:

OCH,

D QUL
)

OCH,

@
/_/’ e



10. A method for fabricating an integrated circuit which conprises:
depositing a photoresist conposition of7 claim5 on a substrate, 2¢JUHG200%,
sai d photoresi st conposition, thereby generating a fluorinated al kyl
sulfonic acid with a short perfl uor oal kyl chain attached to an ether

|l i nkage. 11. A nmethod for fabricating an integrated circuit which conprises:
depositing a photoresist conposition of claim6 on a substrate, 55 20 JULY
2006 irridating said photoresist co Ltiony, thereby generating a
fluorinated al kyl sulfonic acid w t% a@!shor per fluoroal kyl chain attached

to an ether linka 12. A method fo & ng~an integrated circuit

whi ch conpri ses: deé)ole ng a phodt oresist’co on of claim7 on a
substrate, irrida Worem st conposit t hereby generating a
fluorinated al kyl sulforic cid with a short pextuoroal kyl chain attached

to an ether linkage. 13. A nethod for fabricating an integrated circuit
whi ch conpri ses: deposi ting a photoresi st corrposi tion of claim8 on a

bstrat dat hot t
lvori nar B ol vl E"S%“ OES' hg EOTRAT 14 Preit AEhF R OEATE ot Fached
to an et h%‘fmﬂ"?‘\ﬁ‘ﬂ 4 OXifg su b%sr Sﬁg?cr%lé B%Iff{')l on conprising: a polyner

that is a silicon-containing polyner haV|ng al kali sol ubilizing groups
protected by an acid sensitive group; arRl a @Rotoaci d conpound having the
fol | ow ng general structure: R—C(CFZ)" /&herein nis an integer between
about 1 to 4; Ris selected fromthe si-sting of : substituted or

unsubsti t ut ed Cl-Cl12l i near or branche é‘:}y _ r al kenyl , substituted or
unsubstitut ed ar aal+yd(CF$Shgt+0ut t| tuted aryI substituted or

unsubsti t ut ed

wherein n is an integer between about 1 to 4; R is selected from the group consisting of:
substituted or unsubstituted C;-C; linear or branched alkyl or alkenyl, substituted or
unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl sulfonic acid,
substituted or unsubstituted perfluoroalkyl, the general structure F((CF2),0)n(CF2);—
wherein p is between about 1 to 4, m is between about 0 to 3 and q is between about 1
to 4, and substituted or unsubstituted partially fluorinated alkyl, halofluoroalkyl,
perfluoroalkylsulfonic, and glycidyl, and R*, R, R®, R7and R¥are individually selected
from the group consisting of: branched, linear, or cyclic alkyl, branched, linear, or
cyclic alkoxy, halogen, hydrogen, OCO,G, OCH,CO,G, and OG, where G is an acid
sensitive group.

19. A photoresist composition according to claim 14 wherein in the photoactive
compound the N-hydroxyimide sulfonate has the general formula:

0]

N—0,S(CF,),0—R

E o

where D and E are independently H, substituted or unsubstituted aryl or together
compose a substituted or unsubstituted bicyclic, or tricyclic alicyclic ring system; n is
an integer between about 1 to 4; and R is selected from the group consisting of:
substituted or unsubstituted C;-Ci; linear or branched alkyl or alkenyl, substituted or
unsubstituted araalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
bicycloalkyl, substituted or unsubstituted tricycloalkyl, hydrogen, alkyl sulfonic acid,
substituted or unsubstituted perfluoroalkyl, the general structure F((CF2),0)m(CF2);—
wherein p is between about 1 to 4, m is between about 0 to 3 and q is between about 1
to 4, and substituted or unsubstituted partially fluorinated alkyl, halofluoroalkyl,



bi cycl oal kyl , substituted or unsubstituted tricycloal kyl, hydrogen, alkyl

sul fonic acid, substituted or unsubst§guted perfluoroal kyl, the2@ddkY 2006
structure F((CF2)pO m CF2)g- wherein p is between about 1 to 4, mis between
about O tq ’iland %Slﬁ bectwedanl ai?oi.lt 1 to 4, and substituted or

unsubst i t REEYOToaPsioncy s BlyEiayly a1 kyl, hal of I uor oal kyl |

per fl uoroal kyl sul fonic, and glycidyl; and X is selected fromthe group

consi sti ng of . organic iodonium cations, organic sulfoniumcations except
tri met hyl 28ul f dripheieresist qompositignaceasding én tlaim bé mderein inghaipbotoativeal s

sel ect ed tompourdghenirobenzyh sstet hasghoformulaxi ne sul f onat es, N-hydroxyi mi de

sul fonates, substituted or unsubstituted nitrobenzyl esters, sulfonic
esters of pol yhydroxyphenol sRand al pha sul f onyl oxyket ones. 15. A phot oresi st
conposition according tg Ai m 14 wherein the silicon-containing polyner
has the units Si  / \\ 6 Q3 in the polynmer. 20 JULY 2006 16. A photoresi st
conposition according o cla CH - wheys@ry), ¢-heg phot oacid conpound is a
conmpound wherein the suNfan/um cation is selected fromthe group consisting
of. R R R Q(CF2)nSG3 \S R3 wherein Rl, R2 and R3 are not all

simul taneously nmethyl, and Ro,R5, R (+)~R6 + R ~HTh, R6,

wherein R’ is an electron withdrawing substituent; n is an integer between about 1 to 4;
and R is selected from the group consisting of: substituted or unsubstituted C;-C;,
linear or branched alkyl or alkenyl, substituted or unsubstituted araalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted bicycloalkyl, substituted or
unsubstituted tricycloalkyl, hydrogen, alkyl sulfonic acid, substituted or unsubstituted
perfluoroalkyl, the general structure F((CF,),0)n(CF2);,— wherein p is between about 1
to 4, m is between about 0 to 3 and q is between about 1 to 4, and substituted or
unsubstituted partially fluorinated alkyl, halofluoroalkyl, perfluoroalkylsulfonic, and
glycidyl.

21. A photoresist composition according to claim 14 wherein the photoactive
compound is selected from the group consisting of:

0]
/ 5 ©
Q)b S ® CF3CF20CF2CF2503
S

C]
CF,CF,0CF,CF,S0;

selon



R QCF2)"S@ (I ~>---1-~~1 R9/R2 R'R7 R8 R8' where R, g(gg F’ZZ?B@
i ndividual ly selected from substituteggor unsubstituted aryl g R4,
R5, R6, R7, R8, R4'", R5, R', R and R' are individually selected fron1the
group consisting of. branched, | inear, or cyclic alkyl, branched, |inear, or
cyclic al koxy, hal ogen, hydrogen, 0002G OCH2CO2G and OG where Gis an
acid sensitive group. 17. Eﬁ%ﬁéﬁﬁéﬁé @onposition according to claim 14
wherein the photoactive ARE: Pk said sul foniumcation is sel ected
fromthe group consisting of*H&3s0 0CH3 57 Cos and 20 JULY 2006 18. A

phot or esi st conp05|t|on accgrding to claim 14 wherein in the phot oacti ve
conpound t he oxi me syFfogat’@RQas t neral stru R6 R4- \M'1 R7 i
R- Q( CF2) aSQ2- 0- N=C R9 R8 -reltr?ﬁ(g'8 ~v2 ,'oséﬁtﬁiméen about 1 to 4; R
is selected fron1thu\gro D 5i sting of: §tituted or unsubstituted
Cl-C12l i near or branchRed aN&T or al kenyl | gtituted or wunsubstituted
araal kyl, substituted or ungubstituted aryl ySubstituted or unsubstituted

bi cycl oal kyl, substituted gs.unsubstituted tfyicycloal kyl, hydrogen, alkyl
sul foni c acid, < ® 7 CO,CH;,
D ©
@S—QS ® CF3CF20CF2(l:FOCF2CFZSO3
CF;
S

] ®
04SCF,CF,0CF,0CF,CF,S05

0.0

©
CF3CF,0CF,CF,S0;
OW<
/ ©
0 S® CF;CF,0CF,CFOCF,CF,S0;3
o\j( \
X \

CF,



substituted or unsubstituted perfluoroal kyl, the general structure
F((CF2) pO M CF2)q wherein p is betweggp about 1 to 4, mis bet w9 U206y
to 3 and q is between about 1 to 4, and substituted or unsubstituted

partially fluorinated al kyl, hal ofl uoroal kyl, perfluoroal kyl sul fonic, and
glycidyl, and R4, R5, R6, R and Rs are individuglNy selected fromthe
group consisting of: branched, linear, or_.cyclic aNkyl, branched, l|inear, or

acid sensitive group. 19. AchROQOON,ERICGHICRESHPOS) yording to claim 14
wherein in the photoactive conpounf the hydr oxyi sul fonate has the
general formula: 0 where D and E ar@3si ndefendently M= substituted or
unsubstituted aryl or together conpose a substitagd ed or unsubstituted
bicyclic, or tricyclic alicyclic ring system nis an integer between about
1to 4; and Ris selected frompjhe groug consisting of: substituted or
unsubstituted Cl-Cl2linear or s al kyl or al kenyl, substituted or
unsubstituted araal kyl, subst unsubgtituted aryl, substituted or
unsubstituted bicycloal kyl, d_or ns §?%é¥§§d tricycloal kyl,
hydr ogen, al kyl sulfonic acid, T Tutéd pr UASAbsErPut ed perfluoroal kyl,
the general structure F((CF2)pOn(CH2)y whepein p is between about 1 to 4,
mis between about 0 to 3 and g is lbetween about 1 to 4, and substituted or
unsubstituted partially fluorirated alk

Q hal of | uor oal kyl, 58
per fl uoroal kyl sul fonic, and f LY 2006 20. A photoresi st
r t ASCRBOEECt i ve  conpound t he

3
H
ni trobenzyl ester has the fo: 03S(CF2)" OR

cyclic al koxy, hal ogen, hydrogen, OCO2G qc{)I:HZCOZG OG where Gis an
J

conposition according to cla
4cv

OMe
S+
“03SCF;0.

OtBu

S+
: “03SCF,CF,0CF,CF,

N— OgSCFzCFzOCF3

d‘\ )
c



NO2 wherein R10 is an electron withdrawi ng substituent; n is [, nt
between about 1 to 4; and R is selegtjed fromthe group consi sta#aﬁjd‘nbfgﬁds
substituted or unsubstituted Cl-Cl2 i near or branched al kyl or al kenyl,
substituted or unsubstituted araal kyl, substituted or wunsubstituted aryl,
substituted or unsubstituted bicycloal kyl, substituted or wunsubstituted
tricycloal kyl, hydrogen, al kyl sulfonic acid, substituted or unsubstituted
perfluoroal kyl, the general structure F((CF2)pO, (CF2)g wherein p is between
about 1 to 4, mis between O0to 3 and g is between about 1 to 4, and
substituted or unsubstitutef pactiplsop,dioano0ntwd al kyl, hal of | uoroal kyl,
per fl uoroal kyl sul foni c, and | ych dyl . 51. A phot oresi st conposition
according to claim 14 wherein e photoactive conpound is selected fromthe
group consisting of O CF3CF20CF2CF@SMB O __CRZCF20CF2CF2SG38 0 59 O
CF3CF2CH20CF2CF2SC3  OCH3 CH3M2C COy CRYSB O CF3CF20CF2CF2SC3

OgSCFzCon _"-\

: ~ S+
; “03SCF,CF;0CF,CF,S0;3Me

N— O3S Ccm F2O CH2CH2C}{3

d\ )
MeO

PhO
Me
cgzocnz—}—@—oc&so ;
Me
Q S+ O

OtBu



CF3CF20CF21 FOCF2CF2S08 CF3 20 JULY 2006 60 0 CF3CF20CF2l1 FOCF2CF1SI - QCH2
CF3 0 F3C Ot Bu ' OBSCF2CF20CF2CF3 N-03§EFZCFZOCF3 CN a 20 JuLy ZSoWle;2006

' 03SCF2CF20CF2CF2S0B8Me PhO Ot Bu N- OBSCE2CF20CH2CH2CH3 20 JULY 2006 62 w
CF30CF2CF2S08 CF3CF2CF20CF2CF2S08 CR3OCF2CF20CP2CF2SCB. CR30CF2CR20CF2CR2S08
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claim 16 on a substrate, irridating said photoresist conmposition, thereby
generating a fluorinated alkyl sulfonic acid with a short perfl uoroal kyl
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25. A method for fabricating an integrated circuit which comprises:

depositing a photoresist composition of claim 17 on a substrate,

irridating said photoresist composition, thereby generating a fluorinated alkyl sulfonic
acid with a short perfluoroalkyl chain attached to an ether linkage.

26. A method for fabricating an integrated circuit which comprises:

depositing a photoresist composition of claim 18 on a substrate,

irridating said photoresist composition, thereby generating a fluorinated alkyl sulfonic
acid with a short perfluoroalkyl chain attached to an ether linkage.

27. A method for fabricating an integrated circuit which comprises:

depositing a photoresist composition of claim 19 on a substrate,

irridating said photoresist composition, thereby generating a fluorinated alkyl sulfonic
acid with a short perfluoroalkyl chain attached to an ether linkage.
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depositing a photoresist conposition of claim20 on a substrate, irridating
said photoresist copposition, thereby generatjng a fluorinated al kyl
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29. A method for fabricating an integrated circuit which comprises:
depositing a photoresist composition of claim 21 on a substrate,

irridating said photoresist composition, thereby generating a fluorinated alkyl sulfonic
acid with a short perfluoroalkyl chain attached to an ether linkage.





