WO 03/ 003120 PCT/ US02/ 18036 THI OPHENE- CONTAI NI NG PHOTO ACI D GENERATORS FOR
PHOTOLI THOGRAPHY 5 Field of the Invention The present invention relates to
phot ol i t hwgroapbsazo and nore particularly to thi ophene-contrairnisegighbeot o aci d
generators which efficiently generate photo acids when they are exposed to
W light. The present 10 invention is also directed to chemcally anplified
resi st conpositions which include the inventive thiophene-containing photo
acid generator as one conponent thereof. Background of the Invention 15
In the field of sem conductor manufacturing, optical |ithography has been
the mai nstream approach used in patterning sen conductor devices. In
typical prior artmléﬂﬂﬂ%@f’@or@m REPPHAPO ACID) GENERATOHSHORNL 0 a
silicon wafer coated wth a thi PH r nsitive resist through a
mask that 20 defines a particular Circuitry pattern. Exposure to UV light,
fol l oned by subsequent baking, induces a photochem cal reaction which
changes the solubility of the ex o? d, regi ons, of the photosensitive
resist. Thereafter, an approprlaE@iggygﬁgﬁﬂﬂﬂiﬁhualIy an aqueous base
solution, is used to selectively renpve resist either in the exposed

regi ons (positive-tone resists) 25 or, in the unexposed regions

(negati ve-tone re'EhspsesenTlfm/e[mﬁDneselatets‘Illephmoﬁthegraphg, anhdmareprinted on the

silicon wafer way the re that ar e rotected by the
esi ot i th embyRY o dRoBSHe pPGelidh BRR fopaRbRralfin uBER SIS Lsi o
enpl oyed in g&feratd Photdrdcidswhen thdTh R34 Hb364Q0 RV (i§F0 2 HBPrzent
10 invention is also directed to chemically amplified resist compositions which
include the inventive thiophene-containing photo acid generator as one

component thereof.

Background of the Invention

15
In the field of semiconductor manufacturing, optical lithography has

been the mainstream approach used in patterning semiconductor devices. In
typical prior art lithography processes, UV light is projected onto a silicon
wafer coated with a thin layer of photosensitive resist through a mask that

20 defines a panrticular circuitry pattern. Exposure to UV light, followed by
subsequent baking, induces a photochemical reaction which changes the
solubility of the exposed regions of the photosensitive resist. Thereafter, an
appropriate developer, usually an aqueous base solution, is used to
selectively remove resist either in the exposed regions (positive-tone resists)

25 or, in the unexposed regions (negative-tone resists). The pattern thus defined
is then imprinted on the silicon wafer by etching away the regions that are not

protected by the resist with a dry or wet etch process.

One type of photosensitive resist employed in the prior art is a



chemcally anplified resist which uses acid catalysis. A typical prior art
chemcally anplified resist, for exanple, is fornmulated by dissolving an
acid sensotseesipol yner and a photo acid generator in a ca®eriusgy/sobaiti on. A
chemcally anplified resist is especially useful when relatively short 5
wavel ength radiation is enployed, including deep UV radi ati on 150-315 nm
wavel engths, and m d-UV radi ation, e.g., 350-450 nm wavel engt hs. The
shorter wavel engths are typically desired to increase resolution, and thus,
decrease feature size of the sem conductor devices, but fewer photons are
radi ated for a given energy dose. 10 Accordingly, higher exposure doses are

typically rgssthicafly whiphfiegi 'ré‘élst \L«Mch%batdcmlcétaly%m %Wﬁcﬁlﬂrfdr%hent
phot ochemi cal response in the resist unless a‘'chemcally anplified resist

i s enpl oyedchamically peplitied resistrfnriexaatple dsifermulatad by disselving/an acigh t he

Co the pol yre A aRBREr 40 SPheRERr blhgiBect 8 BBl AN 8t on, “the
phot o aci d gssrgicalipamplifiéd egsistas eapedially asefupdentrbitivelyisiiort i s heat ed
causes cat al yt|c cl eava%e of the acid sensitive side chain g &p;

abl e of

si ngl e ac} dwayelangt ragigtion s emydexad irgluding dees WY radiatiagy 5
cl eavi ng Wéb&hﬁgﬁbdﬁnﬁ %p Wfré’aiaﬁon,té;gs 380l AG WQY@F gmgosmr e doses for
pho

20 the neede ochem cal Tesponse. veral acid ca chem cal ly
anplified rssorsdravdvelendtheare meillgpm;redm hrangase twoiutmimoaadamusi

t nmarily s d for W radiatign, typically at about
géelge:]ﬁq C)rBfl 5 géé g%ﬂ'{hr%‘ﬂégl@ ﬁ}ees%fcynpgg\;oridpvnfgg%%emq5¥8t>ms@/raeneratOrs

whi ch efflc,laq‘gtbdfg,egl V@heentypg%gogg.l ds when they are exposed to a
wavel engt h of |1ight o about O nmor |less. The challenge for designing

photo acl@ generators for resists exposed at 220 nminvol ves a bal ance
between absor pti R(r:](’:oranl%liy? it Sérte'x\é'ogﬁ/re écgsae% are t?llplcalllysrse(au'ijrtea%v e%ngsﬁé(:h

UV radiation to obtain a sufficient photochemical response in the resist unless

a chemically amplified resist is employed. In a chemically amplified resist,

acid sensitivity of the base polymer exists because acid sensitive side chain

15 groups are bonded to the polymer backbone. When such a resist is exposed

to radiation, the photo acid generator produces an acid that, when the resist

is heated, causes catalytic cleavage of the acid sensitive side chain groups.

A single acid catalyst molecule generated in this manner may be capable of

cleaving multiple side chain groups, thus allowing lower exposure doses for

20 the needed photochemical response.

Several acid catalyzed chemically amplified resists have been
developed, although their photo acid generators are primarily suited for deep
UV radiation, typically at about 248 nm. By comparison, there are very few, if
25 any, photo acid generators which efficiently generate photo acids when they
are exposed to a wavelength of light of about 220 nm or less. The challenge
for designing photo acid generators for resists exposed at 220 nm involves a
balance between absorption, photosensitivity, stability, dissolution and etch



2 WO 03/003120 PCT/US02/ 18036 resistance. For 248 nmresists, aryl onium
salts (triarylsulfoniuns or diaryliodoniuns) are typically used as photo
aci d genewetosmnesiziHowever, such 5 photo acid generators areTgsorisaBéy too
absor bi ng when exposed to wavel engths shorter than 220 nm In view of the
above-nenti oned drawbacks with prior art photo acid generators, there is a
need for devel opi ng new and i nproved photo acid 10 generators which can be
effectively used with various chemcally anplified base pol yners at
exposure wavel engt hs of about 220 nmor less. Sunmary of the Invention 15
One object of the present invention is to provide a new class of photo

aci d gener at gis&ﬂ@e_can be enployed with various chemcally anplified base
polymers. A further object of the present invention is to provide photo
acid 20 generators for chemcally anplified resists that can used at

| engt hs of 20 | ess. Another. object .of th t
Mvention s to SRAA4END BRI, and g anls SrisRibdnigmei” o oper bal ance
of absorpti Qﬂaryﬁb@érﬂﬁﬁ@? laké WpidallytiseBlids phbto adRl gessrators] Movasieéreduh

resistance. A still further "object of the Eres_en invention is to provide a
photo aci & Riwteagicbgenearatoraark gengrally tasahserdinavbaniexpesed 1G i ed base

ot yrer s, anveler iy SHHECERZRRARY | oo base polymere.

In view of the above-mentioned drawbacks with prior art photo acid
generators, there is a need for developing new and improved photo acid
10 generators which can be effectively used with various chemically amplified
base polymers at exposure wavelengths of about 220 nm or less.

Summary of the Invention

15 One object of the present invention is to provide a new class of photo
acid generator that can be employed with various chemically amplified base

polymers.

A further object of the present invention is to provide photo acid
20 generators for chemically amplified resists that can used at wavelengths of

about 220 nm or less.

Another object of the present invention is to provide a photo acid
generator having the proper balance of absorption, photosensitivity, stability,

25 dissolution and etch resistance.

A still further object of the present invention is to provide a photo acid

generator that works with 248 nm chemically amplified base polymers, 193



An even further object of the present inventionis to provide a 5
chemcally anplified resist conposition which has a high resolution at

wavel engtwe oehodabout 220 nm or | ess. These and ot her obj eeCI/usndisass ant ages
are achieved in the present invention by using thiophene-containing photo
acid generators in place of 10 standard hydrocarbon aromatic

ri ng-containing sulfoniumor iodoniumphoto acid generators. By

i ncorporating thiophene units into sulfonium or iodonium conpounds, the
absorption of the photo acid generator at |ow wavel engths (less than about
220 nnm) is greatly reduced. Additionally, the thiophene-containing photo
aci d gener at i } i { i J ibyely high
t her nmal staﬁ?r?¥§%g%§Sgﬁg?@Eﬁ%%?%%@?ygeﬂ%g%gttg?Enfﬁgﬂhgﬁg%?ggﬁpgaanpIified
resists of thaseppaymers.i nvention absorb less light at |ower wavel engths
(220 nmor less) than conventional photo acid generators, which nmay |ead
to the inventive chemcally anplified resist exhibiting high resolution at

these | ower wavel ghayBs fufer objéctidttihe prdyepipiteationss wspdvivRr£i n denotes a
conpound having the following Structure formula: as well as substituted

conpounds Smtehesigahamplifieg resigicomposition whieh has dbighsesabtion®t shown) is
substituted M&geﬁ%tﬁg%‘?taibwﬁféo nﬁ] &t @gg_ t han hydrogen. S The present
oY1

i nvention al'so pr es a chem call'y anplified resist 4 W 03/003120
PCT/ US02/ 18036 conposition which conprises at |east one _
;angfgfn? O(r:%rht :!5 :n'i'r?gsepgr?cti 8thae$lo%jec?§ Qﬁé 6e}ttd?/rantrz]aag\élsré\ e%lc lré%d?rf! trEehSszce)ln{ owng
invention by using thiophene-containing photo acid generators in place of
10 standard hydrocarbon aromatic ring-containing sulfonium or iodonium photo
acid generators. By incorporating thiophene units into sulfonium or iodonium
compounds, the absorption of the photo acid generator at low wavelengths
(less than about 220 nm) is greatly reduced. Additionally, the
thiophene-containing photo acid generators of the present invention still
15 maintain relatively high thermal stability and photosensitivity. Moreover, the
chemically amplified resists of the present invention absorb less light at lower
wavelengths (220 nm or less) than conventional photo acid generators, which
may lead to the inventive chemically amplified resist exhibiting high resolution
at these lower wavelengths.

20
The term “thiophene” as used herein denotes a compound having the following structure

formula:
as well as substituted compounds wherein one or more of the
25 ‘ ring carbon atoms (not shown) is substituted with a substituent
other than hydrogen.
S

The present invention also provides a chemically amplified resist



R2 wherein at least one of R, R2 or R3is 5 | thiophene or thiophene that
Is RLSR3Y,; or substituted with al kyl, alkoxy or cycloal kyl, and the
remai ni ngwB 03/08820r R3, not containing a thiophene noi et PCT/I&0218036

i ndependently selected fromthe 10 R2 Y group consi sting of alkyl,
cycloal kyl and aryl, or at least one of R, R2 or R3 are joined together
to forma cyclic noiety having fromabout 4 to about 8 ring carbon atons;
and Y is a counter ion such as a hal ogen, perfluorinated al kyl sulfonate,
perfluorinated aryl 15 sulfonate, perfluorinated al kyl sulfonyl nethide,
perfluorinated al kyl sulfonyl imde, perfluorinated aryl sulfonyl nethide,

per {1 uor | nat &gngeior WhiddmbRéleat 388 SReyodRridBsAGndBRETIRY count r

i ons are per ori nat ed conmpounds. 2 n addition t

t hi ophene- cogerairaion dyaphngt @ither iofl theetodowing genaerabfdarmudasti ve  chenical |y
anplified resist conposition also includes a chemically anplified base
pol ymer and a sol vent as essential conponents. Optional conponents that

may al so be pgsent bn the ingentive chergHerbinyatadmitidriecst ReH2Yr R® is
conposi tion ifficl udeR™a photosdhsitizer that is capable of absorbing
i rradiation in tlbe m d- UV, Beep- UV, efhipphenaor thiophgnegthakisheam range; a
base; a di sgduti og+ nodif3yi n nt (&VA A ) t. Detailed
Description. t he Pnventt on ae% 03/ ooé@g{"g@#@é%ﬁ%%@%‘%&r stated
above, the pr&ent invention s directedcyeloalkyklandithepbsaiming R aRhong
photo acid generators which efficiently %‘e&nerate photo . ,
, hot containing a thiophene moiety,
are independently selected from the

10 | —R? Y group consisting of alkyl, cycloalkyl

and aryl, or at least one of R', R? or R®

are joined together to form a cyclic
moiety having from about 4 to about 8 ring carbon atoms; and Y is a counter
ion such as a halogen, perfluorinated alkyl sulfonate, perfluorinated aryl

15 sulfonate, perfluorinated alkyl sulfonyl methide, perfluorinated alkyl sulfonyl
imide, perfluorinated aryl sulfonyl methide, perfluorinated aryl sulfonyl imide
and the like thereof. Preferred counter ions are perfluorinated alkyl

compounds.

20 In addition to thiophene-containing photo acid generators, the inventive
chemically amplified resist composition also includes a chemically amplified
base polymer and a solvent as essential components. Optional components
that may also be present in the inventive chemically amplified resist
composition include: a photosensitizer that is capable of absorbing irradiation

25 in the mid-UV, deep-UV, extreme-UV, X-ray or e-beam range; a base; a

dissolution modifying agent (DMA) and/or a surfactant.

Detailed Description of the Invention




aci ds when they are exposed to W |light. The novel photo acid generators of
5 the present invention have a proper bal ance between absorption,

phot osenswpDIi03i003120 st abi | i ty, dissolution and etch resi st arca/ushussosaki ng
thema viable candidate for replacing conventional aryl oniumand aryl

sul fonium salts. The inventive thiophene-containing photo acid generators
of the present invention do not absorb nuch light, therefore the inventive
photo acid 10 generators are especially suitable for use when they are
exposed to wavel engths of 220 nmor less, which could, in turn, equate to
better resolutions at these wavel engths. The thi ophene-contai ni ng photo
acid generators of the present 15 invention are fornmulated with a
chemcally anplified base polynmer and a solvent so as to nake the

i nventive chem caAs$ ;taﬁe@hbb%zdheeséﬂntchwqm@ishtﬁ directeditomowvel applied onto a

substrate ne dln r.nj n a senj con tor. .C or _waf u5|n a
conventional ggg %ﬁaﬂmg?ﬁg gﬁ(%g%gergh jch %'aﬁ"ﬂégﬁﬁﬁfﬁﬁelp 0 °
known in theacﬁa§ hEﬁ'th RYe M5 thi L0V light. CPR ABU&IPHYto Aidagdrichators @p may
be enpl oyed to d¥v| ve-oft any Tesidual slg | vent rerraWn% |Int§%ﬂhe system

Next, the Scrﬂampcrawr}t iavepitioni kaverapraperibalangsj ketweentabsarptiodnvent i onal

patternl ng p Gess l.ch | S r n and
devel oping t Bﬁ?qsé vtyug 8'%2’6%?82‘?&@3}%168{°3‘e@8%%ﬁ tﬂ I’Rall{"?gh%h%h
chem cal 'y armbuefdawalda@élf@ﬁrep tdriventiohaltdrgl MI&ﬁﬁmd auweuwmum i ncl udes
at | east one chenmically anplified base polyner, at |east one

t hi ophene- cot@ltgi niheyinyRolive MRP%‘@n%Q’H@'BH"Q)Pthﬁ@% gereratorawb e on and a
sol vent i ncl f ents 6
V0 031 003120 Beah ByGMEGR o abE: radHich, Wi Rh O UL ARFBh SO TRATCT
conposi ti mn gerddratrsvabeedeeciallyomdtablenfoyusatveherdttieyidre exposed to

wavelengths of 220 nm or less, which could, in turn, equate to better

resolutions at these wavelengths.

The thiophene-containing photo acid generators of the present

15 invention are formulated with a chemically amplified base polymer and a
solvent so as to make the inventive chemically amplified resist composition
which is applied onto a substrate needing patterning (e.g., a semiconductor
chip or wafer) using a conventional deposition process such as spin-on
coating which is well known in the art. Following deposition, a conventional

20 baking step may be employed to drive-off any residual solvent remaining in
the system. Next, the chemically amplified resist is subjected to a
conventional patterning process which includes exposure to a pattern of

radiation and developing the pattern using an appropriate developer solution.

25 The chemically amplified resist composition of the present invention
includes at least one chemically amplified base polymer, at least one
thiophene-containing photo acid generator of the present invention and a

solvent including a solvent system. Each of the aforementioned components



The chemcally anplified base polymer enployed in the present 5 invention

I ncl udes any acid sensitive polyner that is capable of undergoing chem cal
t ransf or maDioona312pon exposure to UV Iight which alters thecyalsobidoséy of
the polyner in either the exposed regions or the unexposed regions. That
I's, the base polyners enployed in the present invention include any acid
sensitive polyner having acid sensitive side chains which can undergo 10
catalytic cleavage in the presence of an acid generated by the inventive

t hi ophene-cont ai ni ng photo acid generator. The base pol yner resin of the
present invention nmay be either a positive-tone base polymer resin or a

negative t 0r‘@f‘tﬂéﬁﬁveﬁ@%@%nﬁ?ﬁ{y&m%ﬁieé@s%&'%?n%?i%ﬁﬁ%rv?m noWFoéBkskribed

sensitivity exists resence o sensitive side chains

t hat are bondapeaterdetilpol yner backbone. Such acid sensitive base pol yners
I ncluding acid sensitive side chains are conventional and are well known
in the art. 20 For exanple, the present invention contenplates the use of

248 nm base pol ymééhémdauﬁnﬂhmeaIUa@eprrﬁeﬂemwmlmhegr@ent
pol y(hydroxystyrene) polyners; 193 nm base pol yners such as

pol y( met h) adnyentiarsinclugies|apyeacid aensm\ga;polwnﬂréhatng capablesafaindesgninar i de;

;%ﬁlyljfl S'Ge‘z h@ﬁ?ﬁgg {,%fgﬁfgﬂh%tg@{sdu%&?’ &r(#eo%éjréo)l ncgbé/;@m Cv%@ alters the solubility

ol ef i n- (et hyfapeohireenial sithier e 8spoweld regionkot thenumespossd yogiars. STiedt as
fluorine-and/or silicon-containing polyners. In addition to the .
above- nent | dietheease RAvders Q@Pm%drf@rt%e Prarend inveationinglude By agids o

i ncl udes de group

type 7 w0 b3S sCPARRPERYIRG acREL A EEs chEieineh RS o Pt et

base pol yneereataytit iclrawd g am mmpmseece bf an acid generated by the inventive
thiophene-containing photo acid generator.

The base polymer resin of the present invention may be either a
positive-tone base polymer resin or a negative tone-base polymer resin. In
15 such polymers, the acid sensitivity exists because of the presence of acid
sensitive side chains that are bonded to the polymer backbone. Such acid
sensitive base polymers including acid sensitive side chains are conventional

and are well known in the art.

20 For example, the present invention contemplates the use of 248 nm
base polymers such as phenolic-containing resins, e.g., poly(hydroxystyrene)
polymers; 193 nm base polymers such as poly(meth)acrylates; copolymers of
cyclic olefins and maleic anhydride; cyclic olefin addition polymers; cyclic
olefin-maleic anhydride-(meth)acrylate hybrid polymers and cyclic

25 olefin-(meth)acrylate polymers; as well as 157 nm base polymers such as
fluorine-and/or silicon-containing polymers. In addition to the
above-mentioned acid sensitive polymers, the present invention also includes

phenol formaldehydes, acrylamides, imides or hydroxyimide group type



is particularly preferred to use 193 and 157 nm base polyners. In a highly
5 preferred enbodi nent of the present invention, the chemcally anplified
base polwows/noa2e 193 nm pol ynmer such as a cyclic ol ef i nratadisoz/oo3pol yner
or a cyclic olefin-maleic anhydride copolyner. In sonme enbodi nents of the
present invention, the acid sensitive side 10 chains of the acid sensitive
polyners are protected with various acid labile protecting groups that are
wel | known to those skilled in the art. For exanple, the acid sensitive
side chains nmay be protected with high activation energy protecting groups
such as t-butyl ester or t-butyl carbonyl groups, a |low activation energy
protecting q&ﬂgﬂeﬁHCh as acetal, ketal, or silyethers, or a 15 conbination
of both lowand high activation energy protecting groups may also be used.
The chem cally anplified base polynmers enployed in the present invention

d utilig] Lonal. ¢ echn 1]k in £, 20
et Thel oo || O B HER) A0 GRRY PN SRR AEBEE
using cati ons pariulaly Sreférréd RSusa o8 @Indcmﬁhmasa&eodqlﬁhe@d.alrrré\lﬁqum

catal ysts. Another required conponent of the inventive chem ca
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t hi ophene t haflic slefin-malefc Bhydrideudspdlyrméed with al kyl, al koxy, or 5

cycloal kyl, and the remaining RlL, R2 or R3, not containing a thiophene
noi ety, are independently selected fromthe

In some embodiments of the present invention, the acid sensitive side
10 chains of the acid sensitive polymers are protected with various acid labile
protecting groups that are well known to those skilled in the art. For example,
the acid sensitive side chains may be protected with high activation energy
protecting groups such as t-butyl ester or t-butyl carbonyl groups, a low
activation energy protecting group such as acetal, ketal, or silyethers, or a
15 combination of both low and high activation energy protecting groups may

also be used.

The chemically amplified base polymers employed in the present
invention are prepared utilizing conventional techniques well known in the art.
20 These include liquid or gas phase polymerizations or copolymerizations using

cationic, anionic or free-radical catalysts or Zieglar-Natta catalysts.

Another required component of the inventive chemically amplified
resist composition is a thiophene-containing photo acid generator which has

25 one of the following formulas:



R2 Y group consisting of alkyl, cycloal kyl and aryl, or at |east one of
R, R2 or R3 10 are joined together to forma cyclic noiety having from
about 4 twoaboesi28 ri ng carbon atons; and Y is a counter PComSInosdi ng,
but not limted to: hal ogen, perfluorinated al kyl sulfonate,
perfluorinated aryl sulfonate, perfluorinated al kyl sulfonyl nethide,
perfluorinated al kyl sul fonyl imde, perfluorinated aryl sulfonyl nethide,
or 15 perfluorinated aryl sulfonyl imde. H ghly preferred counter ions are
the perfluorinated al kyl conpounds nmenti oned above. Note that the

t hi ophene-cont ai ni ng photo acid generators of the present invention are
conpounds whi ch generate an acid upon exposure to 20 energy. The photo
acid generatorg are commonlyyenpl oyed herein to induce the chenica
transformati off of tfe acid se¥sitive basavfmelylrmdeas!rmhetdsfd?‘ RHeorR’is

particul arly uitab for use en | ow wav. sure 20 nmor |ess)
| i t hogr aphi cfor ocesses are enpfoyed. ZSW%H ﬁ%’? &@?ened@gﬁgsed her ei n

denotes a st b.th'h.aJ_nR?r brinthed ;e |Sgb§ﬁtuféa1wﬁ|ﬁgw tg"(b,gynbph i ncl udes
from about 140 about 10 carb atoms | lustrative exanpl es of suitable

alkyls thalt c@ be enpl oyed i#h the preseﬁVClOBHKmenddhelrﬁmlaﬁm RieBhor
ethyl, propyl, isopropyl, t-butyl, butyl qsp 0 120
PCT/ US02/ 18036 heptyl and the 1ike. Thel eﬁﬁ#g@tﬂgﬁﬁé hiSp AN ey
denotes a groug having the fprnula -OR wieirrigpeRdeatlpbélgttedsrsiaftheed

above. 11|l ustn .iive exanpl.gsQinclude: 5 methoxy, et hox and progoxy The
term "cycl oal »dphoteRa fycYic group FPHR AORIIHING ﬁsalkWo?NQi% 3to

about 12 ringWliphatic carbpn atons whi %lﬁdrHWI,B?aﬂéQﬁ bﬁé't)f’ﬁ‘,oﬁz or R®

10 are joined together to form a cyclic
moiety having from about 4 to about 8 ring carbon atoms; and Y is a counter
ion including, but not limited to: halogen, perfluorinated alkyl sulfonate,
perfluorinated aryl sulfonate, perfluorinated alkyl sulfonyl methide,
perfluorinated alkyl sulfonyl imide, perfluorinated aryl sulfonyl methide, or

15 perfluorinated aryl sulfonyl imide. Highly preferred counter ions are the

perfluorinated alkyl compounds mentioned above.

Note that the thiophene-containing photo acid generators of the
present invention are compounds which generate an acid upon exposure to
20 energy. The photo acid generators are commonly employed herein to induce
the chemical transformation of the acid sensitive base polymer, and they are
particularly suitable for use when low wavelength exposure (220 nm or less)

lithographic processes are employed.

25 The term “alkyl” as used herein denotes a straight chain or branched
aliphatic hydrocarbon which includes from about 1 to about 10 carbon atoms.
llustrative examples of suitable alkyls that can be employed in the present
invention include: methyl, ethyl, propyl, isopropyl, t-butyl, butyl, pentyl, hexyi,



unsubstituted. Illustrative exanples of such cycloal kyls include: 10
cycl opropane, cycl obutane, cycl opentane, 1-ethyl-3-nethylcycl opentane,

met hyl cycwopenedame and the |like. The term"aryl" includesParasal/18036
hydr ocar bons having from about 3 to about 12 carbon atons. Illustrative
exanpl es of some aryls include: phenyl, 15 naphthyl and the Iike.

Illustrative exanpl es of sone preferred thi ophene-containing photo acid
generators which satisfy one of the above fornulas and thus can be

enpl oyed in the present invention include, but are not limted to: dinethyl
20 (2-thienyl) sulfonium perfluorinated al kyl sul fonate, diphenyl-2-thienyl

sul foni um pejdgd tﬂ%ﬂd‘ﬁbﬁ%@' kyl sul fonate, and,
2-thi enyl -tetranydrot hi opheni um perfluorinated al kyl sulfonate. O these

t hi ophene-cont ai ni ng photo acid generators, it is highly preferred to

enpl oy di met hyl (R-thi enyl Wl i r{l i ﬁé e as

t he photo acid geﬁﬁ Eetrﬁ} aill%]o hggﬁﬁggﬁﬁf@ﬁ Jfg%g#e%%i(g% agg Itﬁéjlk%rﬁﬂ‘ﬁesi st
conposi ti on.-OR@Hehein M &Na@kgial deffigttatidve dilastrativeenaingbles incllide:nade usi ng
conventional synthesis nethods well known to those skilled in the art. For
10 WO 03/ doInethoxyreibeny) abBrPOXYanpl e, the thi ophene- cont ai ni ng phot o
acid generators nmay be nade by reacting a thiophene-containing sulfide
with an alkyl halide in the presence of silver sulfonate. 5 Another

requi red conponerithefertheycloatiyt’idenotesaicyelid groapphith edntairesirem about
conposition sol vent ich.is Ie of .dissolving the gcid sensitive
pol yner . Illéjgcha i 12 Eag té%tlcoqarggrgﬁ CI%"FWCQ%& tB‘fngzﬂ'e not
limted to: Lﬁmfbgﬁtutga yﬂmgtrswl@é)%am?re@rmts%hweroangréomemdeketones esters
and the like. A solvent systemincluding a nxtur t he af orenmenti oned
sol vent s 10 cyclopropane, cyclobutane, cyclopentane, 1-ethyl-3-methylcyclopentane,

methylcyclopentane and the like.

The term “aryl” includes aromatic hydrocarbons having from about 3 to
about 12 carbon atoms. lllustrative examples of some aryls include: phenyl,
15 naphthyl and the like.

Illustrative examples of some preferred thiophene-containing photo
acid generators which satisfy one of the above formulas and thus can be
employed in the present invention include, but are not limited to: dimethyl

20 (2-thienyl) sulfonium perfluorinated alkyl sulfonate, diphenyl-2-thienyl
sulfonium perfluorinated alkyl sulfonate, and, 2-thienyl-tetrahydrothiophenium
perfluorinated alkyl sulfonate. Of these thiophene-containing photo acid
generators, it is highly preferred to employ dimethyl (2-thienyl) sulfonium
perfluorinated alkyl sulfonate as the photo acid generator in the inventive

25 chemically amplified resist composition.

The thiophene-containing photo acid generators are made using

conventional synthesis methods well known to those skilled in the art. For

10



10 is al so contenpl ated herein. Suitable glycol ethers that can be enpl oyed
in the present invention include: 2-nethoxyethyl ether (diglyne), ethylene
gl ycol nowormeibsiko et her, propyl ene gl ycol nononethyl ethecr/ysopspene

gl ycol mononet hyl et her 15 acetate (PGVEA) and the like. Illustrative
exanpl es of suitable aromatic hydrocarbon solvents that may be enployed in
the present invention include: toluene, xylene, and benzene. Exanples of
ket ones i nclude: nethylisobutyl ketone, 2-heptanone, 20 cycl ohept anone, and
cycl ohexanone. An exanple of an ether solvent is tetrahydrofuran, whereas
ethyl lactate and ethoxy ethyl propionate are exanples of ester solvents

that may be gophoye | i | BBy e, it is
preferred that aﬂéi fJ/l‘co f(ﬁi?%ngt Oeﬁrtﬁgll? h rgdgHslgcﬁP &Eéga?r;pl o;yeg@ﬁ%c%ﬁg}ypresent

i nventi on. Ineaatini aitbiophenetveontdining sulfifle withl ao @iy halids jn theepresence pf/e
chem cally aInBI I fied resist conposition may al so i nclude at |east one

phot osensi t i 9¥ rS%!kmai?r WO 03/ 003120 PCT/ US02/ 18036 | east one base, at

| east one dissolution nodifying agent (DMA), at |east one surfactant and
any conbi nation or m xtures thereof such as a photosensitizer and a base.

5 The opti%nal phtetbensrquiredrcanzpenaiieé e veotivmeiemicady amalifiedg
chr omophor eSre%l%%g@b%iﬁrragjé)'8‘;’50‘6?1\‘2%1‘?%‘?6@Is”c%da]%lﬁqag#s dissalingthb giqn d-1 V.

deep- UV, extrene- eam fange. exanpl es of such

conpounds i rednsitive golymar.elllnstraliverexartples:of Suahisbhveaeiacliueel bobhre not
coumarins, 9,10-bis(trinmethoxysily et hyn&l) ant hracene and polyners 10
cont ai ni ng tlieiked tos ethrrsnglyeQl etegrs; peya QeaEoNs; ketongs BStOrsRd er r ed

to use 9-anhBngeePesARLRCGRteRIndIB&iInG PHARERSLE thé Hforementioned solvents

10 is also contemplated herein.

Suitable glycol ethers that can be employed in the present invention
include: 2-methoxyethyl ether (diglyme), ethylene glycol monomethy! ether,
propylene glycol monomethyl ether, propylene glycol monomethylether

15 acetate (PGMEA) and the like.

lllustrative examples of suitable aromatic hydrocarbon solvents that
may be employed in the present invention include: toluene, xylene, and
benzene. Examples of ketones include: methylisobutylketone, 2-heptanone,
20 cycloheptanone, and cyclohexanone. An example of an ether solvent is
tetrahydrofuran, whereas ethyl lactate and ethoxy ethyl propionate are
examples of ester solvents that may be employed herein.

Of the various solvents mentioned above, it is preferred that a glycol

25 ether such as PGMEA be employed in the present invention.

In addition to the above required components, the inventive chemically

amplified resist composition may also include at least one photosensitizer, at

11



The optional bases that can be enployed in the present invention include,
but are not limted to: berberine, cetyltrinethylamoni um hydroxide, 15
1, 8- bi s( awowshgdi20mi no) napht hal ene, tetrabutyl amoni um hy@#CoAiISdE1503BAH) ,
am nes, polyneric amnes and the like. Wen a base is enployed with the

I nventive chemcally anplified resist conposition, it is highly preferred
to use TBAH as the base. 20 The resi st conpositions of the present

i nvention may optionally contain a dissolution nodifying agent (DMA). The
DVA additives generally enable and/or enhance the ability to resolve
ultrafine lithographic features in response to conventional aqueous

al kal i ne devighgnsie padhex BAMARI dibdtatiort MR REUP 1DRIN! AClk8S{ aRel bY L he

presence of at ast one alicyclic noi ety. 25 , e DVA additive
cont ai ns at smammnﬁamoccmbmnoammxtmes therpoiesunteds g phiotdsensitizen
carbon atons '?ecimiﬂt Breferably about 14 to 60 carbon atons. The DVA
additive pre":l\ cont ains one or nore additional noieties such as

aci d-l abil e pendant groups which undergo cleaving in the 12 WO 03/ 003120
PCT/ US02/ 18036 presence of acid to provide a constituent which acts to
pronot e alkal i ne Thepptionalphobisensiizenis campesaskploerappards eerdaming he

f
aturai ed stalrBiPrerBnaLe SRR BB B R BE BT 0 ™
non- st er oi dadedp-WM, teixtrahiesWWl, Xerag @recbiestn raage. nglu@tmtwé eﬂ&mdldsaéﬁfldueh

connecting groups Dbetween at |east two alicyclic nmojeties. Mre preferred
DVA addi t | veRomBeungiincluden Bubaleiatdinitachios §-anthracene methanol,

[-butyl-3-trg Jljtmg{ﬁfgewb@é&mn&k et@&%ﬁaﬁt?ﬁé@ﬁ%ut ydp?ol%rﬁatémxy' ate, and

bi s- adamanty carboxyl ate oxylate is a
nost prefH rc&dwtﬁ]lvmngaﬂhélstalcheombphaﬂem I@fdhese comipionats ohisdiighly pob#eraddiot | ves

can be used. .
use 9-anthracene methanol as the photosensitizer.

The optional bases that can be employed in the present invention
include, but are not limited to: berberine, cetyltrimethylammonium hydroxide,
15 1,8-bis(dimethylamino)naphthalene, tetrabutyl ammonium hydroxide (TBAH),
amines, polymeric amines and the like. When a base is employed with the
inventive chemically amplified resist composition, it is highly preferred to use
TBAH as the base.

20 The resist compositions of the present invention may optionally contain
a dissolution modifying agent (DMA). The DMA additives generally enable
and/or enhance the ability to resolve ultrafine lithographic features in
response to conventional aqueous alkaline developers. The DMA additives
are preferably characterized by the presence of at least one alicyclic moiety.

25 Preferably, the DMA additive contains at least about 10 carbon atoms, more
preferably at least 14 carbon atoms, most preferably about 14 to 60 carbon
atoms. The DMA additive preferably contains one or more additional

moieties such as acid-labile pendant groups which undergo cleaving in the

12



The optional surfactants that can be enployed in the present invention

I ncl ude any surfactant that is capable of inproving the coating honogeneity
of the chwoiosabiigo anplified resist conposition of the presemusonvsséi on. 15
Il lustrative exanples include: fluorine-containing surfactants such as 3Ms
FC-430(r) and sil oxane-contai ning surfactants such as Union Carbide's
Silwet(r) series. In accordance with the present invention, the chemcally
anplified 20 resist conposition of the present invention conprises from
about 5 to about 30 weight % chemcally anplified base pol yner, from about
50 to about 90 weight % sol vent, and from about 0.5 to about 10 weight %

t hi ophene-c Nl t i | i 9 i
P Predbhtd 8t gﬂe 18 pi&vide QMR RILRNt (m’érﬂa%f)\g Sttg?ﬁ‘on{‘bte alkaline

t hi ophene- cont al ni ng oto aci d generator being on the total weight
of 25 base psslyhitity qirtes eadiation-ekposashpartions ofithe Wsist. £rptestessBMA ti zer s
enpl oyed, it _is.present i ampunt of from.about 0.001 to about 8 weight
% based Orp(iﬁté\})etsoqr&s%q%ﬁ?ro& ag@uBo‘ﬁ/nﬁ@mErogsggﬁ{@%j?tﬁ'é?'(?orrposition.
If a base igompalrishontdieroipdliafibpdlicasepdunde; aRaMontsteidamount of from
about 13 WD 03/ 003120 PCT/ US02/18036 0.1 to about 1 wei ght % based on the

t ot al }Nei g‘};tmgﬂi—@@yélicpmmﬁ@unw bawng plural acid-labileennacing oeeps a sur f act ant
about 0. 1 wergheed B Pa ipHI vl s, PR Brefrpd QOGRS by |

0 se polyner
t he conposi tliteocholites siichdA t-sutgirptrifiiedoaddtyllithothblape, ¢ddutyl aadaeseitinel N an
amount of from about 5 to about 25 wei %’ht % based_.on the t tgl wei ght of
base pol ynerca3ipeddaie, aRdbiksadamaptil t-pulyl cathoxyiater Bissadgmaptyet-Buvhi cal | y

anplified resj I Ao [ e a s om about
10 to about %ﬁwgﬁga%’PQQ%@iﬁg%Qa I éagﬁé’ﬁ ?ﬁle 'lbegég pol Jﬁé‘?&] {)fr om about
80 to abolG DMAddjtivedcan be used.

The optional surfactants that can be employed in the present invention
include any surfactant that is capable of improving the coating homogeneity
of the chemically amplified resist composition of the present invention.

15 lllustrative examples include: fluorine-containing surfactants such as 3M’s
FC-430® and siloxane-containing surfactants such as Union Carbide’s Silwet®

series.

In accordance with the present invention, the chemically amplified

20 resist composition of the present invention comprises from about 5 to about
30 weight % chemically amplified base polymer, from about 50 to about 90
weight % solvent, and from about 0.5 to about 10 weight %
thiophene-containing photo acid generator (said weight %
thiophene-containing photo acid generator being based on the total weight of

25 base polymer present in the composition). When a photosensitizer is
employed, it is present in an amount of from about 0.001 to about 8 weight %,
based on the total weight of base polymer present in the composition. If a
base is employed, the optional base is present in an amount of from about

13



solvent, and from about 1 to about 5 weight % of thiophene-containing photo
acid generator, based on the total weight of base polyner present in the
conposi t iwp,03o@i2onal |y, from about 0.01 to about 5 wei ghtPC¥US02/18036

phot osensitizer, based on the total weight of base polyner present in the
conposition, 15 optionally, fromabout 0.1 to about 0.5 wei ght % base,
based on the total weight of base polyner present in the conposition,
optionally fromabout 10 to about 20 wei ght % DVA, based on the total

wei ght of base polymer present in the conmposition, and, optionally, from
about 0.001 to about 0.01 weight %surfactant, based on the total weight

of base pol yyrgy gbgappg\,ellsﬂ]ttoo,e %%% &,g%eo%’ttéll Oe?lgggb e t hat )é%gga?ﬁensoe%n'gns gi ven

above are exenpl ar

conponent s, thdalcomm:seuon'\yplvhahlayswfaﬂtaxmdehfploilé‘tﬁ nﬂqbqg;ﬂbélt Vir@EaRtty | ndustry,
can al so be e Io&ﬂ her 25 The chem cal resi st conposition

of the presé&h¥ AL A PE"OQQ&IéO@?PHboddNQ'Q t%amsegrodiﬁbestota@;vwe@ﬂm ques
that are ty Far xarrpl e,
the chem cafylfgﬁ g%ﬂfﬁ% rgglhgp tﬁg%ﬁ{ %ﬁ%@/ 3&&% é% %s%ﬁpl%ﬁgﬁ Srade by
di ssol vi n§ dypically pneeeat‘ ioregn@mounheftfrdrassbaw bitoribdut REeight BPBASE | at e
sol vent and g‘l} {?ﬁ q g one or nore of the thiophene-containing
photo acid § E'?j? veig tqflg 5?898/:'1@6&9{%% igthe §eMPOSItIos. The i nventi ve
chemcally anplified resist conposition is used in providing a desired

pattern to a substrate using conventional processes well known in the art.
This includes depdetRratprabiy, ﬁhﬁmem:oenmm:m tqs@rmkn;fosﬁd:n ofethiest

anorher 11 kEEa RS RRER IR BB 5 T 8Bail B MRidht Sher cal 1y
anpl i fied0 chemically amplified base polymer, from about 80 to about 90 weight %
solvent, and from about 1 to about 5 weight % of thiophene-containing photo
acid generator, based on the total weight of base polymer present in the
composition, optionally, from about 0.01 to about 5 weight % photosensitizer,
based on the total weight of base polymer present in the composition,
15 optionally, from about 0.1 to about 0.5 weight % base, based on the total
weight of base polymer present in the composition, optionally from about 10
to about 20 weight % DMA, based on the total weight of base polymer
present in the composition, and, optionally, from about 0.001 to about 0.01
weight % surfactant, based on the total weight of base polymer present in the
20 composition.

Note that the amounts given above are exemplary and that other
amounts of each of the above components, which are typically employed in
the photolithography industry, can also be employed herein.

25

The chemically amplified resist composition of the present invention is
made using conventional processing techniques that are typically employed in
the art of photolithography. For example, the chemically amplified resist is

14



10 resist conposition to drive-off any solvent therefrom exposing the
chemcally anplified resist to a pattern of radiation, devel oping the
pattern uwDlodmd3igo a conventional devel oper sol ution, tramsfrarso2/mysé he
pattern fromthe chemcally anplified resist to the underlying substrate
by enpl oying a conventional etching process such as reactive-ion etching,
and renoving the chemcally 15 anplified resist using a conventi onal
stripping process well known to those skilled in the art. Specifically,
the resist conpositions of the invention (containing the acid generators
of the invention) are especially useful for lithographic 20 processes used

n the manulAgkEiy AbsdihgGnBIdIdné kisiiichidRoa Base pRilifbRlinSast rates, The
conpositions are éspecialTy useful for |ithographic processes using 248 nm

or 193 nm U\apprdpaatesolvamand thereadter adding engloamose of they. i d- UV, x-ray,
or e-beam igs.desired, .t.he c osi tjons he,l nvention ca e | ust ed
(i f necessar jOPEVnPh@néﬂmntgi wggc%g%rbeﬁgéod%iog%e Bﬁﬁéeaf'"gsﬁﬁ?'? B}eé's%l% to
t he conposition. The general use of the resist conpositions of the

invention in |ithography for sem conductors is described_ bel ow.
Seni conduci or | i t Hagyinyentive abemicedly ieomdifigd fesist ¢9mpasiion és usethiff er of a 15

VO 037 003120, SGHindPl tel#0d DattBf £ FB&@%@@ oHvefRbRA! Soclsdd el

sem conduct 0? rate. eria € sem con or Substrate

may be a metliglowroirdihetant. Thigdncludes depasiting thisimvaniive tlgraicallp asgpiifiednduct or
| ayer or other material depending on the ,st;a{t)g@ef of. the manuf acture process
and t he desifesist grPOSHiONLQIo AUDSHateAgedNg PSHEETING Via $RIRTPN ¢RAIBIYs, an

appl | cat  on SfiRidechiicfy, biGRRY MREIAYTHe dbpolRy S Rlal P URTIREGT Arc
whi ch is thnestst bbmpaisitiondoidiivesafbhyy edvenstherefromyexpasing thet cteemically
sol vent - Conte?rhgiitjﬂe% Fees?sit% anan%cr)r? io ira(\)cﬂatiign,%oe'[\)/leio%(ljné &et ;;]aettern utilizing a

conventional developer solution, transferring the pattern from the chemically

amplified resist to the underlying substrate by employing a conventional

etching process such as reactive-ion etching, and removing the chemically

15 amplified resist using a conventional stripping process well known to those
skilled in the art.

Specifically, the resist compositions of the invention (containing the
acid generators of the invention) are especially useful for lithographic
20 processes used in the manufacture of integrated circuits on semiconductor
substrates. The compositions are especially useful for lithographic processes
using 248 nm or 193 nm UV radiation. Where use of other radiation (e.g.
mid-UV, x-ray, or e-beam) is desired, the compositions of the invention can
be adjusted (if necessary) by the addition of an appropriate dye or sensitizer
25 to the composition. The general use of the resist compositions of the

invention in lithography for semiconductors is described below.

Semiconductor lithographic applications generally involve transfer of a

15



10 desired sem conductor substrate using spin coating or other technique.
The substrate with the resist coating is then preferably heated

(pre- expoworoa/oodiaked) to renove the sol vent and i nprove treTashpisce of
the resist layer. The thickness of the applied |layer is preferably as thin
as possible wth the provisos that the thickness is preferably
substantially uniformand that the 15 resist |ayer be sufficient to

wi t hstand subsequent processing (typically reactive ion etching) to
transfer the lithographic pattern to the underlying substrate materi al

| ayer. The pre-exposure bake step is preferably conducted for about 10
seconds 10 lsatfErA4d @Say @Péﬁnafe@faebﬁ%dséﬁ%dbétoﬁ%%aﬁﬁtet OTh&Rfatgriglut €. The
pr e- exposure bake tenperature may vary depending on the 20 glass transition
t enper at ur e layer efthessimicondyater sulstiatamayhp aanetal pendustoriayemyger is t hen

Fadi ot on) . aaRes DetiphTeh SedraicenBitiat l8e hP atbor BB eReiahg 8 Voo,
patternw se BsnRsge of tymahuRetielprovest &yd sadeding mbtere 8ot Retiesenthe

substrate and selectively, applying the beamin the desired pattern Mor e
typi cal | y,5 veiedcthalienany instanires: aBrntisaflastive spating (ARCHIA aprlies\ousret

radi ati on ar mask
whicn 1o pi anednare BiePPErE ABbRcR aRg F s e S AR FihEe

After the desé any cpavértional ARCwhizhus €onmpatiblewits tacidgetalyzedrggsissal | y baked
to further conplete the acid-catalyzed reaction and to enhance the

contrast of the exposed pattern. The post-exposure bake is preferably 5
conducted at aboufyd Qerrfé% teccﬂ{tﬁlh s)ét%@ﬁfosi}ﬂ%ﬁ |§§Bf§llea_ﬂ?the

post - exposur e bake 'S era conducted for about 30 seconds to

m nut es. 19 tdesirecssenicpoducter swsiratehsmge@pletcostlmglm atherigchniques alasu red
pattern ‘

substrate with the resist coating is then preferably heated (pre-exposure
baked) to remove the solvent and improve the coherence of the resist layer.
The thickness of the applied layer is preferably as thin as possible with the
provisos that the thickness is preferably substantially uniform and that the

15 resist layer be sufficient to withstand subsequent processing (typically
reactive ion etching) to transfer the lithographic pattern to the underlying
substrate material layer. The pre-exposure bake step is preferably conducted
for about 10 seconds to 15 minutes, more preferably about 15 seconds to
one minute. The pre-exposure bake temperature may vary depending on the

20 glass transition temperature of the resist.

After solvent removal, the resist layer is then patternwise-exposed to
the desired radiation (e.g., 193 nm ultraviolet radiation). Where scanning
particle beams such as electron beam are used, patternwise exposure may

25 be achieved by scanning the beam across the substrate and selectively
applying the beam in the desired pattern. More typically, where wavelike
radiation forms such as 193 nm ultraviolet radiation are used, the patternwise

exposure is conducted through a mask which is placed over the resist layer.
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10 is obtained (devel oped) preferably by contacting the resist layer with
an al kaline solution which selectively dissolves the areas of the resist
whi ch werwo ogsmased to radiation in the case of positive PETIED2/(8B6
unexposed areas in the case of negative resist). Preferred al kaline

sol utions (devel opers) are aqueous solutions of tetranethyl amoni um
hydr oxi de. Preferably, the resist 15 conpositions of the invention can be
devel oped wi th conventional 0.26N aqueous al kaline solutions. The resi st
conpositions of the invention can also be devel oped using 0.14N or 0.21 N
or other aqueous al kaline solutions. The resulting resist structure on the
substrate is then typically dried to renove any remaining devel oper

sol vent. The resist conpositions of the invention are 20 generally
characteri zed i n Afterttherdesired pattermnwise sixposuigs the eesisidaveris yipieallyh

cron resi staptea BrurhEt aEpRre s BB mERBeRTIeicToh st L lapRerEn”
t echni que usddigrasiet thedexgosedpatterih hahargost-expdsierefirikicds préfeeanly he resi st
structure may then be transferred to the nmateri al (ei'gsc’i' ceramc, metal or

seni conduct diondsictechat akaid 10P g SSGbhatara peeteraiyyabayt He0G-ahBeer s
hi db I I tahi
TR i et i

the etch resnifuaesse of the resist layer is especially inportant. Thus, the
conpositions of the invention and resulting resist structures can be used
to create patterned material |ayer structures such as netal wiring |ines,

hol es fror Sont aCt Al ok apoSuid e O Pesiti e (it dARRBGEIR R " enohes

or shallow trench isolatio trenches tor capacitor structur etc. as
m ght be lGed dbtainbd (dexsloped)fpreienalely oyt comtadtinguthe resisi laysr withenpr ocesses
for making teﬂﬁgl?ne( SSil |g;i1 \(/:vhicrﬁeste"?(lactﬁlreIyS gi@;sgl(\)/gg Cé[ glre)as of the resist which were
exposed to radiation in the case of positive resist (or unexposed areas in the
case of negative resist). Preferred alkaline solutions (developers) are
aqueous solutions of tetramethyl ammonium hydroxide. Preferably, the resist
15 compositions of the invention can be developed with conventional 0.26N
aqueous alkaline solutions. The resist compositions of the invention can also
be developed using 0.14N or 0.21N or other aqueous alkaline solutions. The
resulting resist structure on the substrate is then typically dried to remove any
remaining developer solvent. The resist compositions of the invention are
20 generally characterized in that the product resist structures have high etch
resistance. In some instances, it may be possible to further enhance the etch
resistance of the resist structure by using a post-silylation technique using

methods known in the art.
25 The pattern from the resist structure may then be transferred to the

material (e.g., ceramic, metal or semiconductor) of the underlying substrate.

Typically, the transfer is achieved by reactive ion etching or some other
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10 features generally involve providing a material |ayer or section of the
substrate to be patterned, applying a |ayer of resist over the materi al

| ayer or weasmoxm patternw se exposing the resist to radipariusny/1s9s8wel opi ng
the pattern by contacting the exposed resist with a solvent, etching the

| ayer (s) underlying the resist |layer at spaces in the pattern wher eby a
patterned material |ayer or 15 substrate section is forned, and renoving
any remaining resist fromthe substrate. In sone instances, a hard mask
may be used below the resist layer to facilitate transfer of the pattern
to a further underlying material |layer or section. Exanples of such

processes arfcRingQeemfiguen IVhe Sdmakt diqeactivb Bhteing, theXiéh %sr"‘rsta%cét29 710;
5,562, 801; 5,618, 751; 5, 744,376, 20 5,801,094; and 5,821, 169, the

di scl osur es affthetiesist Ipaeerstasp&callymnpoﬁamtatﬂws filee eomnplo;utlpes@f Mﬁze O her

of " Som condEeBior oo B s STERr 8L an BB A R b ol o "Dy

Wayne Mor eaumafdriiidyePefasturdslS&sh as hitdal »dirmgllmégr Roles f&%cﬁhadz@ or vias,
i ncorporated herein by reference. It should be 25 understood that t he

i nvent i on § dnaation seeens ¢ Gnjamsseene renches gr almﬂow treaeisglation), devi ce

structure. 16 VRQ005I20PCTLHS0RL 103 il peold g ST 68 ore o ven

toillustrate € sCo ent nven I on. “Because these

exanpl es ar antygranedfmn'cuitldew;*esat ive purposes only, the invention enbodied
therein should not be limted thereto. 5 EXAMPLE 1 Synthesis of dinethyl
(2-thienyl) sul fonium perfluorobutane sulfonate 10 To a m xture contai ni ng

1.07 g (0.0082 m)f% Efoc%fsgﬁf&%éﬁhg)tﬁ&é)%‘? |c maﬁoﬁérﬁlcwdg%ﬁ mol) of

met hyl iodide in ni tronet a so
10 features generally involve providing a materlal Iayer or section of the

substrate to be patterned, applying a layer of resist over the material layer or
section, patternwise exposing the resist to radiation, developing the pattern by
contacting the exposed resist with a solvent, etching the layer(s) underlying
the resist layer at spaces in the pattern whereby a patterned material layer or

15 substrate section is formed, and removing any remaining resist from the
substrate. In some instances, a hard mask may be used below the resist
layer to facilitate transfer of the pattern to a further underlying material layer
or section. Examples of such processes are disclosed in US Patent Nos.
4,855,017, 5,362,663; 5,429,710, 5,562,801; 5,618,751; 5,744,376;

20 5,801,094; and 5,821,169, the disclosures of which patents are incorporated
herein by reference. Other examples of pattern transfer processes are
described in Chapters 12 and 13 of "Semiconductor Lithography, Principles,
Practices, and Materials" by Wayne Moreau, Plenum Press, (1988), the
disclosure of which is incorporated herein by reference. It should be

25 understood that the invention is not limited to any specific lithography

technique or device structure.
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of 3.34 g (0.0082 nol) of silver perfluorobutane sulfonate in 50 m of
nitromet hane was added dropwi se at roomtenperature. The resulting mxture
was stirrwooamoyioom t enperature for about 15 hours. The r eagttisonigh36 m xt ure
was filtered through Celite to renove any white precipitate therefrom The
filtrate was concentrated to about 10 ml and then precipitated into 120 nl
of diethyl ether. The white solid was collected by vacuumfiltration and
was further purified by recrystallization from hexane/ethyl acetate. The
final yieldis 2.83 g 0 S (78%. The product was identified as dinethyl
(2-thienyl) sul fonium perfluorobutane sul fonate by NWVR spectroscopy.
Melting point: 7 A ;

t hi ophene- cont ai ﬁﬁl%%glﬁﬁéggﬁpgéﬁéﬁ% (P%%‘Fat%ﬁ%%e@g‘?gggggn%f

PCT/ US02/ 180136 pres@i igverition. dyeddusedhesé¢ rxamplascarergiveh fatdllustiadivgmer was

Thesol ut1 orpagegplvatis FieBikn Smbfliad DA shyGiol e frfeg Mhuste, ™

(0.00012 nol) of 5 dinmethyl (2-thienyl) sulfonium perfluorobutane sulfonate
was added.; After the PAG was totally dissolved, both solutions were
filtered t rEYA Fq_'E21—m pore size filter. The resulting filtrates were

spi n-coated onto quartz substrates and baked on a hot plate at about 130C

for about 60.segconds. The.a bance f .both fil t 193 nm was t hen
onsarod ol SUMASRE T drmstrar ERRNs DIl P PBRRe SR e
di fference i n absorbance between the two filns was neasured to be 0.03

pm', which is the contribution fromthe dinethyl
10 To a mixture containing 1.07 g (0.0082 mol) of 2-(methylthio)thiophene

and 3.55 g (0.0246 mol) of methyl iodide in 20 ml of nitromethane, a solution
of 3.34 g (0.0082 mol) of silver perfluorobutane sulfonate in 50 mi of
nitromethane was added dropwise at room temperature. The resulting
mixture was stirred at room temperature for about 15 hours. The reaction

15 mixture was filtered through Celite to remove any white precipitate therefrom.
The filtrate was concentrated to about 10 ml and then precipitated into 120 ml
of diethyl ether. The white solid was collected by vacuum filtration and was

further purified by recrystallization from

— hexane/ethyl acetate. The final yield is 2.83 g
0 S (78%). The product was identified as dimethyl
— (2-thienyl) sulfonium perfluorobutane sulfonate by
NMR spectroscopy. Melting point: 75°C.
S" CiFeSOs”
RN

30 EXAMPLE 2

Absorbance of a thiophene-containing photo acid generator (PAG)
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(2-thienyl) sul fonium perfluorobutane sul fonate (0.0045 nol % vs. polyner).
For conparison, the absorbance of dinethyl (4-tolyl) sulfonium 15

per f |l uor ovotoanes1zul f onat e was nmeasured in the sanme way. WPCH/Ushrisade
concentration (0.0045 nol % vs. polyner), the absorbance of dinethyl
(4-tolyl) sulfonium perfluorobutane sul fonate was neasured to be 0.16
pm1l, whichis nore than five tinmes higher than that of dinethyl
(2-thienyl) sul fonium perfluorobutane sul fonate. 20 EXAMPLE 3

Li t hographi ¢ eval uati on 25 For the purpose of |ithographic experinents, a
photoresist fornulation containing the dinethyl (2-thienyl) sulfonium
per fl uorobut ane sul fonate PAG was prepared by conbining the naterials set
forth bel ow, expressed in part by weight. 20 WO 03/003120 PCT/ US02/ 18036
Propyl ene gl ycol mBhaef apyclictdlefin-maieiatamhgdride copolymer was dissolved in

nor bor nenc. 2+641a O G8pYRS AbRe! AR BHEEbOL A Bl TFGMEA)y Thersoluia. ny,

(2-thienyl) was tRdednBStwd BEUAIBEIRNET & Bhé Past, ©.6553 (@00012 moI) of
2, 5- Bi s(adanat ane- 1- car boxyl oxy) - 2, 5-di net hyl hexane 1. 32

Tet r abut yI ardiathyh(Byaiesyl) sulfeniomperfivergiians sdlfanate ywasaddad rNI\%Fsthe
spi n- coat ed H\% %Qto%&ﬁ;?&@?élv%&té’otﬂ oﬂﬂ dns"%&‘% t'TeYc,?d {H?E}ﬁéﬁ 8lo (AR

Shi pl ey Conpan ayer ‘app 'on SI photore5| st | ayer
was sof t - baksige §iterabDig rés%ﬂlﬁigffﬁrrawsmuére&pm-seawwmtorqtmmzmrratustarm ate to

ﬁ’ggdﬂﬁfr de %q%fgﬁgm pgqtégggpwtlﬁ %(5] hfor ab-(l;n?&\svasfegcr)r?d%’\e Ji'he a%ggrb%)é%g%d to
of both films at 193 nm was then measured using a Cary 400 Bio UV-Visible
10 Spectrophotometer. The difference in absorbance between the two films was
measured to be 0.03 pm™, which is the contribution from the dimethyl
(2-thienyl) sulfonium perfluorobutane sulfonate (0.0045 mol% vs. polymer).

For comparison, the absorbance of dimethyl (4-tolyl) sulfonium

15 perfluorobutane sulfonate was measured in the same way. With the same
concentration (0.0045 mol% vs. polymer), the absorbance of dimethyl (4-tolyl)
sulfonium perfluorobutane sulfonate was measured to be 0.16 pm™, which is
more than five times higher than that of dimethyl (2-thienyl) sulfonium
perfluorobutane sulfonate.

20
EXAMPLE 3

Lithographic evaluation
25 For the purpose of lithographic experiments, a photoresist formulation
containing the dimethyl (2-thienyl) sulfonium perfluorobutane sulfonate PAG

was prepared by combining the materials set forth below, expressed in part
by weight.

20



The exposure pattern was an array of contact holes. The exposed wafers

wer e post-exposure baked on a vacuum hot plate at 130C for 90 seconds. 15
The waf erwowsnesithen (puddl e) devel oped using 0.263 N tet PamatShyiso3@moni um
hydr oxi de devel oper. The patterns were exam ned by scanning electron

m croscopy (SEM. Contact holes of 180 nm (325 nmpitch) were resolved. 20
While this invention has been particularly shown and described with

respect to preferred enbodi nents thereof, it will be understood by those
skilled in the art that the foregoing and ot her changes in fornms and
details may be nmade wi thout departing fromthe spirit and scope of the

present | nVPR)tdthe diicolméiaheihgr sthePbeaggs! that the present gmygntion is
not limted to 25 the exact for and details described and illustrated,

but fall wi tRoly(t-metkyeystopartylifroooresnie-d-earaoxatezso-H0 03/ 003120

PCT/ US02/ 18036, CLAI VWhat js clainmed.is: 1 1. A phpto .acid ner at or used
in generati n’@,‘”&ﬂ"b?é\eg@ﬂw%ﬁ ScH -Fy\oibgfngg\?r%aag)g%xﬁ%gﬂgft i vgﬁsi de chains
of a chen capinyetagiiithictyl)Bagenive perIuoroutans dupbeite aci d gergesgator
conprising a thi ophene-containing conpound 4 having one of the follow ng

fornul as: R2.5-Bis@damataneileearbogylexyt2, Ridimethydheramei s |t hi dpBene or
i e R R R -
noi ety, are
The photoresist formulation was spin-coated (for 30 seconds) onto an
antireflective material (AR19, Shipley Company) layer applied on silicon
10 wafers. The photoresist layer was soft-baked at about 130°C for about 60
seconds on a vacuum hot plate to produce a film of about 0.4 pm thickness.
The wafers were then exposed to 193 nm radiation (Nikon stepper, 0.6 NA).
The exposure pattem was an array of contact holes. The exposed wafers
were post-exposure baked on a vacuum hot plate at 130°C for 90 seconds.
15 The wafers were then (puddle) developed using 0.263 N tetramethyl
ammonium hydroxide developer. The patterns were examined by scanning
electron microscopy (SEM). Contact holes of 180 nm (325 nm pitch) were

resolved.

20 While this invention has been particularly shown and described with
respect to preferred embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other changes in forms and details
may be made without departing from the spirit and scope of the present
invention. It is therefore intended that the present invention is not limited to

25 the exact forms and details described and illustrated, but fall within the scope
of the appended claims.
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+ R2 y' independently selected fromthe group 8 consisting of alkyl,
cycloal kyl, and aryl, or at least one of Rl, R2 or R3 are 9 joined

t oget her wo oBooire@ cyclic noiety having fromabout 4 to alremtuss2/isosg 10
carbon atons; and Y is a counter ion. 1 2. The photo acid generator of
Claim1l wherein Y is a halogen, 2 perfluorinated al kyl sulfonate,
perfluorinated aryl sulfonate, perfluorinated 3 al kyl sul fonyl methide,
perfluorinated al kyl sulfonyl imde, perfluorinated aryl 4 sulfonyl

met hi de, or perfluorinated aryl sulfonyl imde. 22 WD 03/003120

PCT/ US02/ 18036 1 3. The photo acid generator of Claim1 wherein said

t hi ophene- copf AjMgng 2 conpound is selected fromthe group consisting of
di ret hyl (2-Thienyl) 3 sulfonium perfluorinated al kyl sul fonate,

di phenyl - 2- tWihahid claimédisi um 4 perfluorinated al kyl sul fonate and

2-t hi enyl -tetrahydrot hi ophenium5 perfluorinated al kyl sulfonate. 1 4. The
photo acid generator of Claim1l wherein said thiophene-containing 2
conpountl i s ti netAphof@acitdigengratosusédin gengrating aordcichfardhaenkgallysul f onat e.

15 Agcghemgally anp]ified resist caonpasition conpri.sing, 2 (a) at |east
one. cheli cal FaviliB AL sansitecsias EPRER.01 Sigmizaly amelieh bash Bber o
generatgr, Vg4 phbtcacid fg@hel'aﬂéﬁborﬁﬁﬂsin@ PirSphede-cbragingigésthpband he photo
aci d generator of any o 5 claims 1 to 4, and 6 (c) a solvent for

di ssol v# ng shauingione @b the tolewingfenaalasy anplified 7 base polyner. 1 6. The
chemcally anplified resist conposition of Claim5 wherein said at 2 |east
one chemcally anplified basg polyner is an acid sensitive polyner

R? 5 wherein at least one of R', R? or R% is
| thiophene or thiophene that is
R1—— s R3 ' Y™ 6;0r substituted with alkyl, alkoxy, or
cycloalkyl, and the remaining R', R? or
R®, not
7 containing a thiophene moiety, are

independently selected from the group

8 consisting of alkyl, cycloalkyl, and
aryl, or at least one of R', R? or R® are
9 joined together to form a cyclic moiety having from about 4 to about 8 ring

10 carbon atoms; and Y is a counter ion.

2. The photo acid generator of Claim 1 wherein Y is a halogen,
perfluorinated alkyl sulfonate, perfluorinated aryl sulfonate, perfluorinated

alkyl sulfonyl methide, perfluorinated alkyl sulfonyl imide, perfluorinated aryl

A WO N =

sulfonyl methide, or perfluorinated aryl sulfonyl imide.
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3 which contains acid sensitive side chains that are capable of being
cleaved by 4 an acid generated by said at | east one photo acid generator.
1 7. The wbegieabkdy anplified resist conposition of C ai mPETMiser/ed086 sai d at
2 | east one chemcally anplified base polyner is a phenolic-containing
resin. 23 WO 03/003120 PCT/ US02/ 18036 1 8. The chemcally anplified resist
conposition of Claimb5 wherein said at 2 |least one chemcally anmplified
base polyner is poly(nmeth)acrylate, a 3 copolynmer of a cyclic olefin and
mal ei ¢ anhydride, a cyclic olefin addition 4 polyner, a

cyclic-ol efin-mal eic anhydride-(neth)acrylate hybrid polynmer or a 5 cyclic
olefin-(nmeth)acrylate polyner. 1 9. The chemcally anplified resist
conposition of Caim5 wherein said at 2 | east one chemcally anplified
base polyner3is aT|ﬂ¢ pbﬁtm@cnd@ﬁnaraiohgf @tauyrfewheeel@saai thiaphepr-cantaiaing ng

ol ynmer, 1 10. t L,u e on a
DobatraRe, semPol as fereitamh i B &g BidmsRun iR MRaiLy Do o
sem conguct ogifontur Pealicrinatedl alky! alilfonadéi diphsh xz:lthwgwéummam 4 (a)
providing a substrate with a |ayer of said materi al appl yi ng the

chemicatly am@rfluprlweﬂé&kxéﬁlJli@mi@md %1¥h'©ﬂy|atﬁ§fabydf0@"'@ﬂ>féﬁ=%"15 9 to said
substrate to on said 7 substrate, 8 (c) patternw se
exposi n% sai dé@l[jgg'?arlt% S'El"t%;(I)Sh dﬁé{(tel on whereby acid is 9 generated by said
acid generator in exposed regions of sald 10 resist layer by said

radi ation, 11 (d)_con actln sai d sub th . an eous al kal i ne
devel opg 1% sol L€ B Ot%ﬁ‘f‘é SEPCRIPE Pé&l "Bf1 %PEP"F ééiadg IqpP3PBE-candaining

sel ectiyely domfbamdls/@ithetiyl 32itHieAGl SLRBRIUNSFéMubARated dIRY SalfoRateat t er ned

resi st

1 5. A chemically amplified resist composition comprising:
2 (a)  atleast one chemically amplified base polymer;
3 (b)  atleast one photo acid generator, wherein said at least one

photo acid generator is the photo acid generator of any of
claims 1 to 4; and

(c) a solvent for dissolving said at least one chemically amplified

base polymer.

1 6. The chemically amplified resist composition of Claim 5 wherein said at
2 least one chemically amplified base polymer is an acid sensitive polymer

3 which contains acid sensitive side chains that are capable of being cleaved by
4 an acid generated by said at least one photo acid generator.

1 7. The chemically amplified resist composition of Claim 5 wherein said at
2 least one chemically amplified base polymer is a phenolic-containing resin.
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14 structure, and 15 (e) transferring resist structure pattern to said
material layer, by 16 etching into said material layer through spaces in
said resiwD03b@318¢ructure pattern. 24 PCT/US02/18036

8. The chemically amplified resist composition of Claim 5 wherein said at
least one chemically amplified base polymer is poly(meth)acrylate, a
copolymer of a cyclic olefin and maleic anhydride, a cyclic olefin addition

polymer, a cyclic-olefin-maleic anhydride-(meth)acrylate hybrid polymer or a

O & W NN =

cyclic olefin-(meth)acrylate polymer.

1 9. The chemically amplified resist composition of Claim 5 wherein said at
least one chemically amplified base polymer is a fluorine-containing polymer

or a silicon-containing polymer.

1 10. A method of forming a pattemed material structure on a substrate, said
2 material being selected from the group consisting of semiconductors,

3 ceramics and metals, said method comprising:

4 (@)  providing a substrate with a layer of said material,

5 (b)  applying the chemically amplified resist composition of any of

6 claims 5-9 to said substrate to form a resist layer on said

7 substrate,

8 (c) patternwise exposing said substrate to radiation whereby acid is
9 generated by said acid generator in exposed regions of said

10 resist layer by said radiation,

11 (d)  contacting said substrate with an aqueous alkaline developer
12 solution, whereby portions of said resist layer are selectively

13 dissolved by said developer solution to reveal a patterned resist
14 structure, and

15 (e) transferring resist structure pattern to said material layer, by

16 etching into said material layer through spaces in said resist .
17 structure pattern.
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