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—THI ORHENE- CONTAL NI NG PHOTO_ACI D GENERATORS FOR  PHOTOLI THOGRAPHY 5 FZd&! BE®1005
the invention The present invention relates to photolithography, and nore
particul arly W‘Pw&iﬁmene cont ai ni ng photo acid generat ors RGT/¥842/18036

ot esent 10”1 nvent1 on i & al So i ract CNMUMRMIMGN |5 anpli 1iod resisi |

conposi tions which include the inventivggldhi ophene-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 sem conductor devices. In typica
prior art |ithographyTiHQRHENECONTAININGPHOTOAGIDGENERNTORS FOR con

waf er coated with a thin layer of [PIOTORIFHOGRAPHYSI st through a mask that
20 defines a particular circuitry pattern. Exposure to UV light, followed
by subsequent baking, |nduces a photochem cal reaction which changes the
solubility of the exposed regi ons ofFjslgef Q itive resist. Thereafter,
an appropriate devel oper, usually an aqueous base solution, is used to

sel ectively renpve resist either in the exposed regions (positive-tone

resists) 25 or, in thﬁ&ﬂ%&%ﬁ%nﬁ@ﬂk&ﬂés(J‘@Qo'eiblhﬁf?r%g}?}ﬁ p%ﬁa s). The

pattern thus deflned is then inprinted y etching
away the regi onsPahigylady to thiopheng-gentaining phpta aeid gersrgtorswhichzefinigntiyr wet

etch process. generate photo acids when they are exposed to UV light. The present
10 Invention is also directed to chemically amplified resist compositions which
include the inventive thiophene-containing photo acid generator as one
component thereof,

ackgro e Inventio
15
In the field of semiconductor manufacturing, optical lithography has
been the mainstream approach used in patteming 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 particular circuitry pattem. 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 (negatlve-toné resists). The pattem 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 pror art is a
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One type of photosensitive resist enployed in the prior art is al |
| PEG 28

i ~t1 NA~p~d~R 2 8 DEC 2005 WO 03/003120 PCTI US02/18036 chenically a

resi st which uses aC|d catalysis. A typical prior art 'chemcally anplified
resist, for ex¥HPOBRY fornul ated by dissolving an acid sePEIUSNES0Bo! yner
and a photo acid generator In a casting solution. A chemcally anplified
resist is especially useful when relatively short S wavelength radiation is
enpl oyed, including deep WV radiation 150-315 nm wavel engths, -and m d- UV
radi ation, e.g., 350-450 nm wavel engths. The shorter wavel engths are
typically desired to increase resolution, and thus, decrease feature size
of the sem conductor devices, but fewer photons are radiated for a given
energy dose. 10 sbemicalihamplifias rgsiet whicheses acid catalysis. eA typidat pHionart equi r ed

the st st unl os ereroaREanBIfRR/Ba Focekalcfa, & orMIBG doEiing 43 380°° '

cheni cal |y anpl i semshiveepolgher arfma dhaerwidgeﬂewoﬂh d Bé%tlh?%ﬁluﬂéh)’ Rer exists
because acid sens%tlve S|de o the pol yner

backbone. Wen sHeEM !sai‘ye%me‘af Qﬁﬁo‘ﬁ?géggg@ egelatiyely phert o aci d
gener at or pr odsceavelengthirgdiaficr is éh‘i’ﬂtsydd?ﬁwcltﬂﬁtgsdeeﬁ BV h&hafsh 150878 ﬁrp q
e aci

catal ytic cleavaeofteacds sitive side chain groups. A sin
and iy

cat al yst nol ecul a elrpgths sadiglione e. W%@Qa@a’mx@l@mwm. ng

mul tiple side chahdsnarvmaﬁm {heege Blpicany B8sirddBlinG8RES f 20 the
needed phot ochem cal onge e\e}}g awyam'd cat?;t zed"é%ﬁlgﬁne@gﬁdtﬂ%sﬁpl i fied

resi sts have beeﬁe‘”ﬂé% 9@&&'& sizg|of W@MW‘%W&BQ&@ f@@ﬂeﬂ*’@mnsﬁrar e

primarily sui tedrgdmeglgﬂ& g,w, é,%}b?\& typically at about 248 nm By
conparison, there are' very f 25 any, photo acid generat ors which

efficiently gdBerate photo acids when they 0
Accordingly, higher exposure doses are typically required when using

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 acld sensitive side chain groups.
A single acid catalyst molecule generated in this manner may be capable of
cleaving multiple side chain groups, thus allowing fower 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

1



B S X S A

are exposed to a wavel ehgth of light of about 220 nm or |ess. The chall enge

. for designing photo acid generators for resists exposed at 220 anfh\EJEC\Zm_!}
. a balance between absorption, photosensitivity, stability, dissolution and

etch 2 2 8 DEWOBHHINPD 03/ 003120 PCT/ US02/ 18036 resi st ance. PGIWSO¥IRE36nm
resists, aryl oniumsalts (triarylsulfoniuns or diaryliodoniuns) are
typically used as photo acid generators. However, such 5 photo acid
generators are generally too absorbi ng when exposed to wavel engths shorter
than 220 nm In view of the above-nentioned 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 psisfarees at exposure wavel engt hs of about 220 nm or |ess.
Summary of the Invention 15 One object of the present invention Is to
provide a new.class of photo acid generator that can be enployed with

vari ous chemi cal | y arfdizgssh beviets, ot SaltoAtiawIauhiuahs 6et Of t he

present invention |s to .prov oto acid 20 generators for chemcally

anplified resist Q'aNJfS@'H'JHSh%'@de‘Ea'W@ 88 §hate asid genesators: JddowgNesrsuchsss.

Anot her obj ect sobnéxb%cmg%@mtoaswsa&m&au,{j@otasbssw WorfeRpRba tgici d
generator having the proper bal ance of sorption, photosensitivity,

stability, 25 dW§§QJP"ﬂch§)ﬁh%ﬁﬁ!“@"tﬁ?°r@'§| stance. A still further object of
the present invention is to provide a photo acid generator that works with

248 nmchem cally anplified base polynmers, 193 3 2 8 DEC 2005
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.

S he 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 futher object of the present invention is to provide a photo acid
generator that works with 248 nm chemically amplified base polymers, 193



nm chemcally anmplified base polyners, and 157 nmchemcally anplified
base .pol ymers. An even further object of the present Invention is 28 DEC 2005
provide a chemcally anplified resist conposition which has a high
resolution at wavel engths of about 220 nmor |ess. These and ot her objects
"ahd advantages are achieved in the present invention by using

t hi ophene-cont ai ni ng photo acid generators in place of standard

hydr ocarbon aromati c ring-containing sul fonium or iodoniumphoto acid
generators. By incorporating thiophene units into sulfoniumor iodonium
conpounds, the absorption of the photo acid generator at |ow wavel engths
(l ess than about 220 nn) is greatly reduced. Additionally, the

t hi ophene-cont ai ni ng photo acid generators of the present invention stil
maintain relatively high thermal stability and photosensitivity. Moreover,
the chemcally anplified resists of the present invention absorb |ess
light at lower WaAVeheMigehsarpplifiedrvaserpolyssers, sibrs Tam\chBimicaliabmplfido aci d

generators, Whiclgag to the Inventive chemcally anplified resist
exhi biting high resgpéllyﬁ;eﬁg at these | ower wavel engths. The term

"t hi ophene" as used herein denotes a conpound having the foll ow ng
j tuted conpounds wherein one or nore

structurcr forml a: A as \Aﬁ{_’){h as, subst und

of the ring carbon at®f¥¢en eEﬂB’\ﬁﬁt)O’i'beﬁ’mt ipvendioniis tchpravidalast i t uent

ot her than hydr ogeamic8llylarBpRicaESsid0dmBosTith WHES RRL aih@ﬁ%%glﬂpo (S0 _provides
a

a chemcally anmplified égs st conposition conprising:” (a east one

chemcal ly anpl i VRYeloRgtag.o 6‘?‘3’}4&3? &nPrless-ng a fl uori ne- cont ai ni ng

These and other objects and advantages are achieved in the present
invention by using thiophene-containing photo acid generators in place of
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
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.

The term “thiophene” as used herein denotes a compound having the following structur:

formula:

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

S



pol ymer or a silicon-containing polyner; (b) at |east one photo aci d
generator, wherein said at |east one photo acid generator is a 2005
t hi ophene- cont ai ni ng conpound having the following formula: R2 | + R3 %
wherein at |least one of R, R2 or R3 is thiophene or thiophene that is
substituted wth alkyl, alkoxy, or cycloalkyl, and the remaining R, R2 or
R3, not containing a thiophene noiety, are independently selected fromthe
group consi sti frge oﬁreaénkylhverﬁml aRb k;)!x'ovﬁi%ﬁ' é‘rdhleml&'ilﬁl aﬁlﬁhﬁ Lred) c%pt?sltloBZ
or R3 are joined together to forma cyclic nmoiety havi rom about

about 8 ri ngmplaslb@n at ons: and Y |s a count er ion; and (c) a sol vent for

di ssol vi ng sai g t Bas t on h% % ed base ﬁ addi.tion
to t hi ophene-c aﬁt aP ﬁSOB'ﬁS egm(% arBB i P& %“’é PRPE ]tnlg\?e l&:‘ﬁ%‘:@& a|n§,1ng
anplified pelyntet ocosifiosi-tomainklgyolymet udes a chem cally anplified base

pol ynmer and a g§o| vent as eﬁsentl_al corrpon Cgtl onal conponents that
may al so be pr &3entt least ope Photg\acit swr%wem B §aid @b Jeasti ang nholq agid generator
conposi ti onaﬂnﬁtpnde-caummtg%%%mtd Kﬁﬁn%ﬂﬂ@tfol'lo%vlﬁ gictRhta: Of absorbing
irradiation in the d-LTV,” degp- UV, extreme-UV, "x-ray or e-beamrange; a
base; a dissol ution/ nodi fyd ng gent (DMA) and/or a surfactant Detail ed
Description of theflnvention [R V.|BZZ] 657803 SGspeci.doc:gym 2 8 DEC 2005
WO 03/ 003120 PCT/ U$02/ 18086 As, ted above, the present invention is
directed to novel \thi op ne-Ragnttai ni ng photo acid generators which
efficiently generatg photo acyds when they are exposed to UV light. The
novel photo acid generators of 5 the present invention have a proper

bal ance bet weewhedssnatdeasbone op ROt R5enR1 s thidpfienesorathidphenye that Bswbstituted vaitd

etch resi st nce.t hus maki.n the vi abl e dat sfor aci ng
convent i onﬁ? g&}f“‘é{nf’hm{ﬂ%k Z]l‘ﬁ f%‘?‘ﬁ'ﬁ\gc@aq{ enq rﬁ?@%ﬂ‘?‘t}% a“thiophene
t hi ophene- ﬁl@f&tﬁlaﬁt im@epiﬂmbmlya@ldit@lefﬁﬁﬁ @K@g&upéoﬁshﬁng I@f@ﬁ@ﬂ'fcyélamgll ArMr o o ot

absorb nuch | | }Eerejore the inventive photo ac
at leas one o or R are joined together to form a cychc moiety having from about 4

to about 8 ring carbon atoms: and Y is a counter ion; and

(c) asolvent for dissolving said at least one chemically amplified base polymer.

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 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

[RALIBZZ)657803SGspeci.doc:gym



10 generators are especially suitable for use when they are exposed tZJB D |
wavel engths of 220 nmor less, which could, in turn, equate to better EC 2005

resol utions at these wavel engths. The thi ophene-contai ni ng photo acid
generators of WRd3p&Ment 15 invention are fornul ated with FCINSH/BEI6| v
anplified base polyner and a solvent so as to nake the inventive
chemcally anplified resist conposition which is applied onto a substrate
needi ng patterning (e.g., a sem conductor chip or wafer) using a
conventional deposition process such as spin-on coating which is well
known In the art. Foll ow ng deposition, a conventional 20 baking step may
be enployed to drive-off any residual solvent remaining in the system
Next, the chemically anplified resist is subjected to a conventi onal

tt [ which .incl ud , 1 tt f di ati d
devel opi ng the patt er AR BBV, P BRSOt BventioBTb HEeCebfa AWl 25 The

chemi cal 1y anpl | {@lnbfid.cohafigiihd baid gehelaldts WHREFeicibARftineRite phate! udes
at least one chemcally anplifi'ed base pol ynmer at |east one

t hi ophene- cont ai nacids \p?(m they @irelexpased i@ &V light. e pevel ehetoi aclganesatorsaf a
sol vent i ncl udi t ,ﬁﬁ@pl conponents 6
20 'DEC2005 WO O %ngi%ﬁgﬁﬁ‘?@@%@s@?%%@n@%ﬁ??ﬁ%%em cal |y
anplified resist photpsesisitivi stability, dissolution ead etaberasistance thustreaking:tham a The
chem cally anplifj; I I j : i ation

I ncl udes any aci d"@‘sei%??‘5@9@%%@&5?@#3’*9@@%%@5 @'@?%&E@Egt’ﬁ@mchem cal
transformations usaits. Fhpdaventive thiaphiene-ghntaiting phetp tagidganeeatersiafithe ity  of
the polyner in ei t. ' he ' at
Lo The’ base pot yHeredEngRes itk s flchiohe bt ERAME TR iR Biblo o0
sensitive pol ynergdrevators areiespeaiailyi suitakble Jotisecksemtheylare éxposad thder go 10
catalytic cl eavagg,|deidifs 8 ZRM Sr s MniBk bLISSATIA Gudi 14 Bndmvent i ve

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 pattemning (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 patteming process which includes exposure to a pattem of
radiation and developing the pattem 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



t hi ophene-cont ai ni ng photo acid generator. The base pol ynmer resin Egm% :

present Invention may be either a positive-tone base pol yner reS|n or

negati ve tone- | ymer resin. In 15 such polynmers, the acid sensitivity
83

exi sts becaus presence of acid sensitive side chai RETAUNRAISES e
'bonded to the polynmer backbone. Such acid sensitive base polyners

I ncl udi ng 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 polynmers such as phenolic-containing resins, e.g.,

pol y(hydr oxystyrene) polymers; 193 nm base pol yners such as

pol y(neth)acryl ates; copolyners of cyclic olefins and nalefic anhydride;
cyclic ol efin adef thednvestive shemicaliyampifiedarsist conmpdsition will now be described

anhydri de- (et h) ﬁfg lafbtr‘a mﬂbrl d polynmers and cyclic 25
ol efin-(neth)acrylate po yrrers as well as 157 nm base pol yners such as

fluorine-and/ or silicon-containing polyners In addition to the
above-nentioned acid sgnsitive, pol esen vention al so

i ncl udes phenol f or mhGiEMSrRical %{E%&SQ%P&%QOWFW QYPQWS'/H\%Q@Wﬁtde gr oup
type 7 2 8 DECSZﬁﬂEnN@ ﬁ%ﬂ@ﬁé@a&?&i&r\#ﬂ%mtﬁ&'i%ﬁﬁ@ale@fuﬁ &H&m cally

anplified base po#i wﬁ nent i oned her ei nabove, parti cul ar

preferred to use PEEOTMALONS,URON BXPORWELO l—l\hllgilt Wr@ﬂ'ﬂl ajtess theso
enbodi nent of t hef plegBieriimertidritslexpgd3td FaRERCE thy uﬁ%ds%ﬂ?ggn&?sserha?m ymer

I's a -193 nm pol r‘rﬁ_}rqsuch clic olefin addition ?/rrer or cyclic

ol efin-mal ei c anK‘y (ﬁ?&ﬂ‘%’?ﬂ? plgygd inthe @ﬁ%ﬁl’ﬂﬁ’@ﬁﬁ'@" @Puﬂﬁ@n)ﬁﬁe@ent

i nvention, the agbshithRpolymerhavindQcidldbneltiod SRieChalndwiidH ChrsGith u% ® ot are
S

pol yners are protec ed with various acid |abile protecting
wel I known to Pnh6talvlig clepyags in the,gregence of@n aoidigenesateditiydhe Vdﬂt@@nm tive

si de chains may {opNeRb@Sh@hiNg biibth i gaRbiarat i on ener gy

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-contaihing 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



protecting groups such as t-butyl ester or t-butyl carbonyl groupz it%\l ’
activation energy protecting group such as acetal, ketal, or _sily @1 |E 05y

a 15 conbinathgg %;*ﬁgth | ow and hi gh activation energy protecting groups
may al so be fproo chemcally anplified base pol yners eRh¢il/u50easmea t he
present invention are prepared utilizing conventional techniques well
known in the art. 20 These include liquid or gas phase pol ynerizations or
copol ynmeri zations using cationic, anionic or free-radical catal ysts or
Zieglar-Natta catal ysts. Another required conponent of the inventive
chemcally anplified resist conmposition is a thlophene-containing photo
acid generator which has 25 one of the followng fornmulas: 8 2 0 DEC 2005
WO 03/ 003120 PCTPOI#MErS18036 R2 wherein at |east one off R, R2 or R3 is

t hi ophene or thiophene that is Rt S R3 Y ; or substituted with al kyl,

al koxy, or 5 cycloal kyl, and the renaining R, R2 or R3, not containing a

t hi ophene noi ety, ar@f thachpmivatymplitie We%lyfrﬁélﬁ‘rﬁQﬁone& F\e@i-‘s‘gov%épup

consi sting of al éﬁﬂ‘\flangoal kﬁ? and %,3/ | east one o

10 are joined to é’[ ArRfPHPd 1o yse Wé@ nweamsangwramamwgmwo about

8 ring carbon #t nm@erraihdn%dumeﬂt @IQHélbl%rsen! |ﬁi?edti3ﬁ|fﬁ@'cﬂ9m ﬁn‘h 44 padeed to:
on

hal ogen, perfl uor| nat e L% f onat e, | uori nate 5t e,
per f l'uori nat ed aPRYNecis ar m palymeg guch B%?W@&Q'#ﬁt wwﬂ@dlymen drany|

i mde, perfl uor|muequnyﬂ.maubﬁﬁyaﬂder&bmy%r_ or 15 perfluorinated ar yI
sul f onyl |mde Hi ghly preferred counter “ions are the

In some embodiments of the present invention, the acid sensitive side
10 qhains 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:




perfluorinated al kyl conpounds nentioned above. Note that the 28£F£ 2005

-thi-ophene-cont ai ni ng photo acid generators of the present invention

conmpounds whi ch generate an acid upon exposure to 20 energy. The photo acid
generators ar ewgg?ﬁ’PéWy enpl oyed herein to induce the chenPCEUS02/18036
transformation of the acid sensitive base polyner, and they are
particularly suitable for use when | ow wavel ength exposure (220 nm or | ess)
| i t hographi c processes are enpl oyed. 25 The term "al kyl" as used herein
denotes a straight chain or branched aliphatic hydrocarbon which Includes
fromabout 1 to about 10 carbon atons. |Illustrative exanples of suitable
al kyl s that can be enployed in the present invention include: nethyl,

et hyl, propyl, isopropyl, t-butyl, butyl, pentyl, hexyl, 9 2 8 DEC 2005 WO
03/ 003120 PCTI US02/18036 heptyl ynd the like, The term "al y", as used
herein denotes a gfoup iR&ving thekfornul a W@%@r'@?ﬂoﬂei‘g%@zy‘l"@ﬁ
defined above. ||gustrafive exanp@es incl udgiopheBoPhidphembiitatys and
propoxy. The tern@"g¢ycl oal kyl 3 de es a cyclic c‘;roup I ch contains from
about 3 to about QRZ Tt 8g—at Rphat flcY car b substitutedhwith aliry alkexys wbst i t ut ed
or unsubstitutsed. QI lustrative anpl es oquqg 4 ude; . 10
cycl opr opane, (35§C| obut ane, cycl opentane, 1-¢€ hyl- }é?r?g?ﬁ%/%%whgeﬁntgnr,

net hyi cycl opentane and the |ike. The term "&fyiot containingesthinpbenae moiety,

hydr ocar bons havin rom about to about : trative
exanpl es of sonme ajffyl s include: YWhenyl: 15&%5;%%4%%6@%5@%%44 *#’i‘.tﬁg
1 *soaR pripf ¥r'r ed t hi grobp censistingifmlkyl cptioalkyl aci d

I'lustrative exa .
S ove T the o Nent i et s ney e, SAES ABalt D 431, Borf 1
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 alky! sulfonate,
perfluorinated ary! 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 emplayed in the present
invention include: methyl, ethyl, propyl, isopropyl, t-butyl, butyl, pentyl, hexy,



e kit e dans 1

20 (2-thienyl) sulfonium perfluorinated al kyl suifonate, diphenyl- %8 B\écemg
sulfoniumpert. luorinated al kyl sulfonate, and,

2-t hi enyl -t et r ahydr ot hi opheni um perfluorinated al kyl sul fonate. Of these
t hi ophene- cont Wo#M¢p1¥hot o acid generators, it is highly preTaISIzdoIso0
enpl oy di methyl (2-thienyl) sulfonium perfluorinated al kyl sul fonate as
the photo acid generator in the Inventive 25 chemcally anplified resist
conposition. The thi ophene-containing photo acid generators are made using
conventional synthesis nethods well known to those skilled In the art. For
10 2 8 DEC 2005 WD 03/003120 PCT/ USQ2/ 18036 exanpl e, the

t hi ophene-cont ai ni ng photo acid generators nmay be nade by reacting a

t hi ophene- cont ai rheplylantftheltkesi th an al kyl halide in the presence of

silver sulfonate. 5 Another required conponent of the inventive chemcally
anplified resist conposition is a solvent which is capable of dissolving

the acid sensitive pathgitemm “dllkdﬁshé %éd’l@er@?ﬁ&f&%@% @érﬁﬁ%vﬁﬁﬂﬂ@%ula
include, but are not limted t et hers, glycol ethers, aro

hydr ocar bons, ket-8dwhewit Br‘%a%ﬂﬁ'dis defiped ﬂh@ve Allustialive exasmples industet udi ng a

m xture of the afg éwtdtﬁm@rda&? 5 10 is also contenpl ated herein.
Sui tabl e gl ycol et hers’ 't hat "can ;F& oyed in the present invention

i ncl ude: 2-net hoxyethyl ether (dlglyne), et hyl ene gl ycol nononet hyl ether,

I I I I
cetate (PR, and trieeim SyPBRlkyP ueRbE BT Bloitt FRRATSHAMEHR Bodit
hydr ocar bon sol vehtesabauwhd2 ring pliphaticregropeatoms whioh ipaybe substituted or on
I ncl ude: t ol uene, u&%h&i}&ﬁdar\ﬂ:strQﬁW%%gl%@f%kﬁ%K&Balkﬁé &@ Cy' ncl ude:

met hyl i sobut yl ket one ohept anone tl ohexanone. An
exanpl e of an rwnclqpmmatcyck:butaaer thamahetmefmahybyﬁwemmate and

ethoxy ethyl pronj gpgictcidhéntane 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 naphthy! and the like.

Ilustrative 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 1o 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



exanpl es of ester solvents that nmay be enpl oyed herein. O the Varl?@?ﬂt_
solvents nentioned above, it is preferred that a glycol = 25 ether su ggmﬁ
PGVEA be enployed In the present invention. In addition to the above

requi red conpo¥@pyen’izohe i nventive chemically anplified reRCBUSKRHSIPOSI ti ON
may al so include at | east one photosensitizer, at 11 2 8 DEC 2005 WO

03/ 003120 PCTI US02/ 18036 | east one base, at |east one dissol ution nodifying
agent (DMRA), at |east one surfactant and any conbination or m xtures

t hereof such as a photosensitizer and a base. 5 The optional

phot osensitizer is conposed of conpounds containing chronmophores that are
capabl e of absorbing irradiation in the md-I1V, deep-UV, extrene-UW, X-ray

or a-beam range. ekhinprat. lmiﬁhidphéﬁmht@wr@‘pmbcid@@ﬂmwi@?‘nd Rl rede bput are
not limted to: ant hrace nmet hano| rﬁuﬁpurra,rl ns, 10- bi sét rimet hox sily

et hynyl) ant hracé?ﬁCt'QE@tng’P ﬁ@?gomemmg deiwith %’h@'@‘;\é halideyind %BF@?“CQ}’ t hese
conpounds, it |ssn*]é}t§w°,peﬁgferred to. use 9-anthracene nethanol as the
phot osensi ti zer e optional bases that can be enployed in the present
invention include, but are not limted to: berberine,

cetyltrinmethyl amoniu | | ene,
tetrabutyl amn?nl um h ?%')%f @&h?%&é@p&ne&ftl&?}@%ﬁﬁ@ﬁ@&k%ﬂgwgff%ﬁd t he

li ke. When a baseesist oemuotsgtleu isvk sbivemtevhichiseapable of Hissdlding the aaig! i i ed

resi st conpositi 20 The
resist conpositi %’ﬁ's‘s'*"? éﬁg%'ghh%t %r"% Sﬁérﬁﬁi 8%8%{&%08 p%ona ya%?))r'i'? EFG not

di ssol uti on nodi fligited tm@lmrs.(gbyd@) eth‘érse aﬁM&atMWdtooadmngekﬂoxaﬂsl pslersahricb

asponse Lo convdit A bt sYERR) bink Hoblie ol e ¥R epal RN

10 is also contemplated herein.

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

15 acetate (PGMEA) and the like.

lilustrative 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

PURRENr S SR o

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

1



UL £ 7 e e S e ns ¢ ek ot ety 5

are preferably characterized by the presence of at |east one alicyc? B 2005
moi ety. 25 Preferably, the DVA additive contains at |east about 10 carbon

atons, nore preferably at |east 14 carbon atons, nost preferably about 14
to 60 carbon &Xomwo3rZhe DVA additive preferably contains onechuseI®soss
additional noieties such as acid-I|abile pendant groups which undergo
cleaving In the 12 2 8 DEC 2005 WD 03/003120 PCT/ US02/ 18036 presence of
acid to provide a constituent which acts to pronote alkaline solubility of
t he radi ati on-exposed portions of the resist. Preferred DVA additives are
selected fromthe group consisting of saturated steroid conpounds,
non-steroidal alicyclic conpounds, and non-steroidal 5 nulti-alicyclic

conpounds havi ng Rladf he B&de al %Eéﬂ&\e%mkh%cﬁfyw%gggpﬁﬁl?ﬁf%t% 1&f§t two

alicyclic noieties. More preferred additives hochol ates
such as t-butyl - 3swwwcmdamwmbmaﬂ@anbmttlérestthe;aofysucaca@rmmotmnsmzer
carboxyl ate, and phgaqdagantyt t-butyl carboxylate. Bis-adamantyl t-butyl
carboxylate is a nost preTerred DVA additive. |If desired, a conbination of
10 DVA additives can be used. The optional surfactants that can be enpl oyed

| mor ovi ng. & he cBati ng TneRieel iRkl ERbRBhetd ot RE dortaing

conposition of t hehrpnmphntesnhademe capabld 6f absorsing intadiationimthe mii-ivacl ude:

o e Sont 2 et BRI VE oy BE o frrobi BB St of s o

I n accordance wi t tborpeuniisdsciode, ibav amtriod fimited to: QFethigiabhey mtidriol,i ed 20

-resi st composition of the_pres ven rises fromapout 5 to about
30 wei ght % cheni E2HTEN wfe‘?ﬂg""b%{g @f?'ﬁié’?y?) Reeng aRd B@aPVF‘@'sabout 90

wei ght % sol veno, c@ﬂdunfﬁgqmﬁ)aubmepﬁorbﬁ Qo thése bemmugdm it%e highly preferred to.

t hi ophene-cont ai ni n hoto aci d rator (said i ght %
P egs-%n&racene me ano as the p otosens\‘tvl%.e °

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 molety.

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



t hi ophene-cont ai ni ng photo acid generator being based on the total weight
‘ pt +n the conposition). Wien a photosensi tzae[rgcizg%
h

enployed, it is present in an anmount of from about 0.001 to about 8 wei ght
% based on tWOWHBRO wei ght of base pol ynmer present in thBCHBRE8IBE i on.
If a base is enployed, the optional base is present in an anmount of from
about 13 2 8 DEC 2005 WD 03/003120 PCTI US02/ 18036 0.1 to about 1 weight %
based on the total weight of base polyner present in the conposition. Wen
a surfactant is enployed, it is typically present in anount of from about
0.001 to about 0.1 weight % based on the total weight of base polyner
present in the conposition. When a DMA is enployed, It is 5 typically
present in an anguesense of acichtapravidem canstituent whith aetsgd prathotb atkatine on t he

total weight of : r ent. | onmpsi ti.on re preferably,
the chemically alr}f%ﬁﬁliﬂg ’Eg?@%‘%@o%géﬁ #Q’ﬁo'isf gﬁﬁ@ re e&%“?%&é& i on
conprises from atzaiditivé®ateoseldmed fraf the gop c¥nsibtingofSatirited!staroignp! i fi ed
base pol yner, fraom abou %ksl’t % salvent, and from about 1

be 8018, 2oyt oG, e .
to about 5 wei ghtCOFPoHNI%iNeprRteraidataficysliicogiPoHaes and sop-steraidabit or, based on
the total weight miiti-afcyeli®ebyip@indeHasRgipliral ddielableEaRkindsroupPt i onal |y,

from about 0.01 to, about 5 V\BI,é]ht % phot osensi ti zer, based on the total
wei ght of base pmn 3 least wo plicyclicamelgtion sMeragprefetngd EXMA additives ingluden

about 0.1 to abouthd@hSlaitdistibh a¥1-Bagr3-tHRDRSAcBI - | base
pol ymer present In . the con‘ﬁagiiti onf? opt | onalcl i l?%%&lﬁﬁh?ut‘?ﬁé%a@ 8ut 20

|
wei ght % DMVRA, baSafboxpata, and Ss-adampantyli-bytyl eatbexylate.y Risradamastd trbutyh t he
conposi tion, and Mt’ﬂﬁtﬁh'aym dth ' L Qf qe el ght %
surfactant, basedcaon he t ot a? mﬁf@gy%&s@k&mm g’rﬁggﬁ?m%ﬁaﬁe 20

conposi tion. N& OMAadditives ecankemusedyi ven above are exenplary and that ot her

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



amounts of each of the above conponents, which are typically enployed in

t he photolithography Industry, can also be enployed herein. 25 The2g DEC 2005
chemcally anplified resist conposition of the present invention is nade
usi ng convent i B30 Acessi ng techni ques that are typical | y ROTMIS/18086i n
the art of photolithography. For exanple, the chemcally anplified resist
s 14 WO 03/003120 2D DEC 2005 PCTIUS02/ 18036 nmade by di ssol vi ng one of

t he af orenenti oned base polyners into an appropriate solvent and
thereafter adding one or nore of the thiophene-containing photo acid
generators of the present invention thereto. 5 The inventive chemcally
anplified resist conposition is used in providing a desired pattern to a

substrat e using coeBboRMakoiBRCREBARR P 1ot & £l pBbver flkSiuin, o,

i ncl udes deposit itﬁg t he i nventive chem ca

onto a substrate HBEAMRGSiHan-t Wﬂﬁﬂr&gsuﬁaatmplsmmMOMitiimg’pmally pregéman | i ke
techni que, optio | ' hem cal anplified 10 resist
co-npos?t i on 'Ito 0 d%@%? ? P’Q?“%@%‘P@é’ﬁ? P‘?ﬁ%‘%@rﬁw%ﬁ%@bgﬁ?weéﬁ@hweisht y

ampl i fied resist afdase palymer pr&sbnriaaheafdmposltdmvelva&h aDMAGs &ﬂbb%&‘, itis f
tilizing a c | e r solutio ansferring the pattern from
;J hla Lf}lam'gcal I y%\éﬁ‘gﬁ'&{@%“?‘?sﬁ é’fgr%wfstl?évrﬁﬁbéﬁq'{'r%ﬁ% ag&‘ﬂfﬁﬁ‘g?iehb%ﬂéaﬁﬂdoyi ng a
conventional et ¢inithg tetabeeight of bake pelymeapiasest in @b edripédiibn, and removi ng

the chemcally 15 anplified resist using a conventional stripping process
wel | known to those skilled in the art. Specifically, the resist

conposi tions of the i Mosspreserablypthezheimially Bfplifsd dsIEEGhson dtithd Ne
i nvention) are eil?gsm glnl é useful for Iithogr a&hl c 20 processes used in the
manuf act ure of i M{egate m&qn_r%qﬁ'i‘ﬂﬂé“eﬁff°%;h_ b he tralnut 20wpeight 36 06 The
conposi tions  alte chemioaliphinplifezEtase dofyindr] frétA GOBINEFIULRGESS Kdight %
solvent, and f_rom 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



using 248 nmor 193 nm UV radiation. Were use of other radiation (e.g.
m d-UWV, x-ray, or e-beam) is desired, the conpositions of the inver DEMmpgRN

be adjusted (i ary) by the addition of an appropriate dye or
sensitizer 25[‘{%&?{&%&20@09“0& The general use of the ré’éiTéti/S"z’lso“

conpositions of the invention in |ithography for sem conductors is

descri bed bel ow. Sem conductor |ithographic applications generally involve
transfer of a 15 - 2 8 DEC 2005 WD 03/ 003120 PCTI US02/ 18036 pattern to a

| ayer of material on the sem conductor substrate. The material |ayer of

t he sem conductor substrate nay be a netal conductor layer, a ceramc

I nsul ator |ayer, a sem conductor | ayer, or other naterial depending on the
stage of the mnM@&Xr@ssﬁg’mq plogementioned base pelymerssigto aror the end 5

product. In ”a”yabﬁr%bﬁél@%élveﬁtrhrﬂ]héfe%ﬁbﬁéﬂcﬁﬂfoﬁé)aﬂ{b&l% SARE) s applied over
I egresis

the material -layer before application of t r ayer. The ARC | ayer
may be any conviigphenaicoprDingplitio acidgempeatorslobthei prasent inventidrafhg rts]
resists. Typically, the solvent-containing resist conmposition is applied to
the 10 desired sem conductor substrate using spin coating or other

t echni que. The5subst rEtednveérttivie chemically amplificat resist dopnpdsition i @sexriabl y heat ed

(pre-exposure b { SO t,.and inprov tB;t?a coherence of
the resist | ayer%%%n@ fﬂ#ﬁ%ﬁ@?ggﬁqo%{}u\ﬁﬁmq 9 ng?mfoga rgp%ﬁsgsmgﬁas thin
as possi bl e wi t hkndven ingheaits Fhistihdadeshdepositing trasiavertive chémicaly) amplified
substantially unif . e r.esist. | ayer be sufficient to
wi t hst and subs eq{?gﬁ’g %&@%é@%%(t’ ?tsyﬁgté%!?ﬁ?"d'r'a%ﬁ?@@giv&%?'eﬁmgyﬂqfb’
transfer the |itéangheikideghnique; optionalyreatinganeé depsites Uhérhfcaﬂyea!ﬁglﬂﬁﬂi al
| ayer. The pr €4 eﬁ%%iur e battoe sEﬁg [ a r ef @r ap% e(g‘ronduct ed for about 10
seconds to 151 [FRISLEOMpRFILOn P drive-9 I"E‘yéﬂ gt therefrom, gyrosing thg chemically . The
pre- exposur e baksmplfisdassisitoa paeny of radiAGES YEvBPAYG thepattdin Blifkig 4 r ansi tion
tenperature of the re?i SE ) Aﬁter sol.vent rte'm,)vaL, the resist |layer is then
pattemi se- expos‘é‘ﬁ“’?ﬂt onal developer solution, transferring the pattern from the chemicaily
' 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 an.

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 183 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



the desired radiation (e.g., 193 nmultravi ol et radi ation). Were .scanning

particle beams such as el ectron beamare used, pattemi se exposur g G7B§C 25

be achi eved by scanni ng the beam across the substrate and sel ecti vel y

appl yi ng the bWOMP#13%he desired pattern. Mre typically, wWRETASKASeIs ke
radiation fornms such as 193 nmultraviolet radiation are used, the

pattemm se exposure is conducted through a mask which is placed over the
resist layer. 16 2 8 DEC 2005 WD 03/003120 PCT/ US02/ 18036 After the desired
pattemM se exposure, the resist layer is typically baked to further

conpl ete the acid-catal yzed reaction and to enhance the contrast of the
exposed pattern. The post-exposure bake is preferably 5 conducted at about
100-175C, nore preHttemtd § laypoof mateHalidoibe semicondustor sulystrate. eThaiatdrial

Post - exposur o bareyehgidle E8ftbndl3ERRRg oy he ShiRA SBaaliburra 10 1 s
obt ai ned (devel opmammnaétﬂatablayelbn semﬁcﬁﬂwmmatybﬁoﬁaﬁeﬁhaﬂeﬁdﬁdepé’nﬂh ]

al kal i ne sol uti on, whij ch ectiv di ssol ves the, areas of the reS|st whi ch
nero | owpoced 1 o haataas Mg epiBotied brocase aad iharssed matsriab s\ Eecnel

areas in the casgo8iictN®yaian mmwtan auﬂrreriwweeoamanhn@ .sw,snbu%o&
(devel opers) are %géaous SO Jé)ons of tetrapethyl amopi um hydroxid

Preferably, the rtBeimateriallayerpeiore arplicatian ¢fithe F?ﬁ%l'ﬁﬁebn'rﬁ%tﬂ 'a&l@'\/@ﬂbped
W th conventi onal haPénvarlisRY ARE st &Eboﬁgidﬁble%ﬁw acid Batafzbd Pe&sts

conposi tions of the I'nvention can also evel oped using 0.14N or 0.21 N
or ot her aqueous al kaline solutions. The resultlng resist structure on the

substrate |s then typirggichly, tid Sshdri-chbRiEm tcdrﬁﬁ@dltizﬂéﬂ Eswﬁﬁeﬁﬁé

sol vent. The resist cofp ositions of the invention are
characterized 1% dagied ﬁﬁ@iq@ﬂea@emsqbégmusmm W@@QM@H"%*W"@W@h The

Creh!Facr st imos pelRBALCRS ol B 8 05 IR ol bl DRk BN (e
t echm que usi ng 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 pattem 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 pattemwise-exposed to
the desired radiation (e.g., 193 nm ultraviolet radiation). Where scanning
particle beams such as electron beam are used, pattemwise exposure may

25 be achieved by scanning the beam across the substrate and selectively
applying the beam in the desired pattem. More typically, where wavelike
radiation forms such as 193 nm ultraviolet radiation are used, the pattemwise
exposure is conducted through a mask which is placed over the resist layer.

16



met hods known in the art. 25 The pattern fromthe resist structu% r@ﬁ b en
~be-transferred to the nmaterial (e.g., ceramc, nmetal or semcon @t )2 f

t he underl yi ngvos‘g@g}lg te. Typically, the transfer is achieved by reactive

ion etching of's her 17 2 8 DEC 7005 WO 03/ 003120 PCT/RGEASPH180366

etching technique. In the context of reactive ion etching, the etch
resistance 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 for contacts or vias, 5 insulation sections (e.g., damascene trenches
or shallow trench Isolation), trenches for capacitor structures, etc. as
m ght be used in the design of integrated circuit devices. The processes

for making these (cersitsrthe d64ie g?ﬁemec%gﬁlteq reéigt |%§€¢i§b®§qag§:ner ally

I nvol ve providing a material la or sectron of the su be
patterned, appl yPakgddo further completasthetacin-catalybed remction and foashtanos thesect i on,

pattemii se expos) j | at.ion. ,devel opj the pattern by
contacting the eidggrg %@r‘é@?@sﬁagjﬁhgﬁ‘s ﬁ#ﬁ?ﬁ"eé?%‘h'fﬁ q?%‘é prefe iys)
underlying the ¢arsiustediahnboutaiD0SPZEG; moretpneferably siout WO&%- pd0PCa Thet t er ned
material |ayer o £ Is formed, .an enovi ng any

remai ni ng resi stﬁ?sr}'gﬁﬁﬁglzé Bgﬁlgifejgr %ﬂﬁ W@Hﬁ‘@gﬁ?rﬁ%g%éfse%mﬁ’é?@5nask may be
used bel ow the rminutes. | ayer to facilitate transfer of the pattern to a

further underlying material |ayer or section. Exanples of such processes
are disclosed in US Patent Nos. 4,855,017; 5,362,663; 5,429, 710;

5,562, 801; 5, 618, 751 Aftar pdet-exp6surd Bake,2A8 réidt stradtrebwittithe iired PSttem
exarpl o5 of pid 1 PR ENalonsd) pisdeiabhhyiPonincyns insusktiormraioan 12 and 13
of "Seni conduct aalkdlin lsomtiowtich Beieatvel BRsolvé MalaréfSof the bR Wiidhalesre bY
Véyne Moreau, Plendm Y s Sintidnmine 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 aquéous alkaline solutions. The
resulting resist structure on the substrate is then typically dried to remove any
remaining developer solvent. The resist co.mpositi'ons of the invention are
20 generally characterized in that the product resist structures have high etch
resistance. In some instances, it may be possiblé to further enhance the etch
resistance of the resist structure by using a post-silylation technique using
methods known in the art. '

A - e

25 The pattem 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

17



di scl osure of which is incorporated herein by reference. It should be 25
_understood that the invention is not limted to any specific li thog@&rﬂh‘ﬂ 2005
t echni que or device structure. 18 2 8 DEC 2n85 WD 03/ 003120 PCTI US02/ 18036
The foll owi ng WOMP3E2 are given to illustrate the scope an®CIMISPI1B036f t he
present invention. Because these exanples are given for illustrative

pur poses only, the invention enbodi ed therein should not be Ilimted
thereto. 5 PLE 1 EXAM Synt hesi s of dinethyl (2-thienyl) sulfonium

perfl uorobut ane sul fonate 10To a m xture containing 1.07 g (0.0082 nol) of
2- (met hyl t hi o) t hi ophene and 3.55 g (0.0246 nol) ofnethyl iodide in 20 m of
nitromet hane, a solution of 3.34g (0.0082 nol) of silver perfluorobutane
sul fonate in 50 nétchifhgtéchniguet hatte contexd ofl edictiveoionietehirg, theoowh resistanss ur e.

The resulting mx ircred at. roonte rature for about 15 hours. The
reaction 15 mixtu fﬁhﬁ‘é@ﬁﬁtﬁ%@(wﬁpﬁpﬁ[&bﬁn@{%ﬁ%?f@mmquﬁ?ﬁ}n@ﬁ the

preci pi tat e t her ehyarition BM rebuting isY‘@ﬁudt@t@Q%ﬁh'b@tL%GdItOCl%ﬂw¢atf€Qnéq.and
then precipitated into 120 m solid was collected by vacuumftiltration and

was of diethyl ethetenatigergiucires surbrasynetal wisinglipes dlessforcontacts oovias om
hexane/ et hyl aC§tiﬁ&tﬂ&ti&“‘é‘ec?igﬁf‘tﬁ.%%%rﬁaésca tfmcHed 4 zalijIO\;vrI?r‘?en?lfni RPt4bpyas

identified as dinet h¥‘l 0.% _ oni um per or obut ane “sdl'f onat e
by NVR spect r oscdfnchge fariogagagiter structums, ets+as might beised inrthaciesigaM?PLE 2

integrated circuit devices.

The processes for making these (ceramic, metal or semiconductor)

10 features generally involve providing a material layer or section of the
substrate to be pattemed, applying a layer of resist over the material layer or
section, pattemwise exposing the resist to radiation, developing the pattem by
contacting the exposed resist with a solvent, etching the layer(s) underlying
the resist layer at spaces in the pattem 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 pattem 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;

4 20 5,801,094; and 5,821,169, the disclosures of which patents are incorporated
herein by reference. Other examples of pattem 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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Absor bance of a thi ophene-cont ai ni ng photo acid generator (PAG 19 2’2? DEC
1005 WD 02/003120 PCT/US02/18036 5.25 g of a cyclic ol efin-mal efic ¢9 DEC 2005

anhydri de copol yner was dissolved in 34.4 g of propylene glycol nononethyl
et her acet at e¥ ¥ The solution was divided into two %&%ﬂﬁs‘%‘éﬁ”ﬁs. To
one part, 0.052 g (0.00012 nol) of 5 dinethyl (2-thienyl) sulfonium

per fl uorobut ane sul fonate was added. After the PAG was totally dissolved,
both solutions were filtered through 0.2 mpore size filter. The
resulting filtrates were spin-coated onto quartz substrates and baked on a
hot plate at about 130C for about 60 seconds. The absorbance of both filns
at 193 nmwas then neasured using a Cary 400 Bio UWV-Visible 10

Spect r ophot onet er. ThEhedfolldwing esamples airs givem triiusiatetherscope andsspirit 6frs  was

measured to be 0 ' i i trl i f I.et hyl
(2-thienyl) sul f Bh%g%'%ggﬁ‘éF”f"pﬂ%‘g’gb%?cﬁﬁfgg%'ﬁel%?c?ﬁ‘gwe(s%?ﬁ85’%%4]@)5\%.{”‘;%0| ymer) .
For conparison, puposdsenipahe invefitiah erabidied (heréinlshidgid sot belimited thereto.

per fl uorobut ane sul fonate was neasured in the sanme way. Wth the sane
concentration (0.0045 nol % vs. polyner), the absorbance of dinethyl
(4-tolyl) sul o%&%fl uor obut ane sul fonate was neasured to be 0. 16
pm*', which is t 11_ five times higher than that of dinethyl
(2-thienyl) sul fgnlum perfl uorobutane su|faonate. 20 EXAMPLE 3 Lithographic
eval uati on 25 FoPYRAesis gt dimethyi2-thianyhsrtionium nediorehutanessulianaeot or esi st
formul ation containing the dinethyl (2-thienyl) sulfonium perfl uorobutane
sul fonate PAG was prepared by conbining the materials set forth bel ow,
expressed in plrt bylw@mpRure captaining 1.07 g (0.0082 mol) of 2-(methyithio)thiophene

and 3.55 g (0.0246 mol) of methyl iodide in 20 mi 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 Caelite 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' CiFoSOy”
%N

30 EXAMPLE 2

Absorbance of a thiophene-containing photo acid generator (PAG)
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28 DEC 1005 WO 03/003120 PCTI US02/ 18036 Propyl ene glycol nononethyl ether
-acetate 87 34 Poly(1-nethylcyclopentyl-5-norbonene- 2- car boxyl at e-Lctb DEE 2005

nor bomrene- 2- spi rol act one- co- 5- nor borene- 2-carboxylic acid) 11 Dinethyl
(2-thienyl) suVPEHPWHOer f 1 uor obut ane sul fonate 0.33 5 PCT/US02/18036

2, 5- Bi s(adamat ane-| - car boxyl oxy) - 2, 5- di net hyl hexane 1. 32

Tet r abut yl ammoni um hydroxi de 0. 011 The photoresist fornulati on was
spin-coated (for 30 seconds) onto an antireflective material (AR 19,

Shi pl ey Company) |ayer applied on silicon 10 wafers. The photoresist |ayer
was soft-baked at about 130C for about 60 seconds on a vacuum hot plate to
produce a filmof about 0.4 pmthickness. The wafers were then exposed to
193 nmradiation (N kon stepper, 0.6 NA). The exposure pattern was an

array of contact hol eg »dlhg : : on a
vacuum hot plate at 1?0%?? 5388@2}295)?@%3@ ﬁdé°8 @%&%@ﬁ@%ﬂddl e)
d:??'e?ﬁidw‘éf'e”gx?n?ﬁwp‘w“@m' "‘ZFZ?“E“&M’S?“‘“‘“*PW’°“"‘“°F2??

Eol es of 180 nm (%SWWP% "‘fﬁeﬁ‘y pa"?e 8I‘\98(?a"2§%%§%8(°§5¥é ntion has
bﬁgndpartL cult ﬁr$>’d| t zasmbl lrﬁssawom@ﬁ pumdmroummth tfoh@teﬂﬁﬁgdde@dtmﬂerthet
enbodi nment s ere it W u 0 ed in the ar
that the foregoi n'ggxg‘r’ﬂsépﬁ'@y d@ﬁ%@fﬁi‘?ﬁ%&ﬁ?% %8?'§€E99 t“@UQWHBme

wi t hout departi ngsizd fifar! MRe $8dulting ftPales WRSsEIH- cb&t@deﬁﬁ@mnz sub¥@aYes @Rd |t

Is therefore intended that the present invention is not limted to 25 the

exact fornms and deakedop aaatyiate atiabow 1307G feraboute0 sepondsy Thejabserhange:
scope of the appayiadfipiseiti®s ndilwds tHdrmeasied dsing 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) suifonium
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 dimethyi (2-thienyl) sulfonium
perfluorobutane sulfonate.

i A L 2

EXAMPLE 3

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

was prepared by combining the materials set forth below, expressed in part
by weight.
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Claims 1. Achenmically anplified resist conposition conprising: (a} at
--east—one-chem-cally anplified base polynmer conprising a 8 DEC 2005

fluorine-containin ol ymer or a silicon-containing polyner gé at | east
one photo aci dWg&?| E‘F’é{% wherein said at | east one photo agf:'&{’ A&t or

I's a thiophene- cont ai ni ng compound having the following formula: R2 (RLR)
Y wherein at least one of R, R2 or R3 is thiophene or thiophene that is
substituted with alkyl, alkoxy, or cycloalkyl, and the remaining R, R2 or
R3, not containing a thiophene noiety, are independently selected fromthe
group consisting of alkyl, cycloalkyl and aryl, or at |least one of Rl, R2
or R3 are joined together to forma cyclic noiety having fromabout 4 to
about 8 ring car bBr@paleaﬂﬁiycelmonpmeéhﬂeﬁwmetate on; and (c) a soBV.8At for

di ssolving said aboj gﬁarﬁéth l%%clr%tﬂ fda%{&\,\;ee'?&gl ymer. 2. The

chem cally anplified resi stlono ein said at |east
one chemcally aqusborheB&kaaelapmhamrs-nmbameamaababww aoid) pol yirer whi ch

contains acid s i.de.ch |ns th are ca e of being ¢l eaved by
an aci d generate t"éyﬁ%ﬁ‘é nyf)gg QniuRg,pe b’r‘?&?t?}“ﬂ?ﬁoﬂﬁ BRAEr at or . 83$
chemical ly alrrpl 512, scsus(aaamataaemwwxymlym SadimetyBexdey ei n sai d1@2: d
sensitive polymer_is a positive-tone polymer or a negative-tone ymer. 4.
The chenically anﬁ‘rﬁbubgafwagﬁ"&f" ngﬁ%cgq tion of claim1 wherein Q%?
hal ogen, perfluorinated al kyI sul fonate, perfluorinated aryl sul fonate,

fl i nat ed al kyl t hi de, fl d al k | f I
"o de. per {1 uor | nat ed THRyOGEPISGMUo RS Sn-oop (3650 MEUTSLOg n
sul fonyl imde. SantifétRciiemateribl mm@psh‘plegd:drﬁ;sms |afyemmiba Io%uean claiml

wherein said thlopene- cont ai ni n i s selected

Consi St ng of | U0 MR The RGHRGIRY YRS chkR A AbGH BRIt 4DRAE0
sul fonate, di phenydeoddd &ih 8 Vbuuh hbOpateTd B%Jdcu%rmmsfaeomlwhm tﬁlékﬁé&%at e and

2-thienyl -tetrahydrothi opheni um perfluorinated al kyl sulfonate. 6.

chenical |y anpl i fThewaiess ‘g?feéﬂ?ﬁ)ﬁ’ﬁ?qs%ﬁp 693 BWJPH‘P.@W‘F@] $teBRarg0 ﬁmfﬁphene-
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 (puddie) developed using 0.263 N tetramethyl
ammonium hydroxide developer. The pattems 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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cont ai ni ng conmpound is dinethyl (2-thienyl) sulfonium perfluori natzaq Dat"Cl%dS
sul fenate. 7. The chemcally anplified resist conposition of claim

Wherein said solvent is an ether, a glycol ether, an aronmatic hydrocarbon,
a ketene, an ester or mxtures thereof. [R\LIBZZ] 657803SGspeci.doc: gym 2
0O DEC 2005 23 8. The chemically anplifie 2 esi st conposition of claim?7
wherein said solvent is a glycol ether. 9. The chemcally anplified resist
conposi ti OI@:% fmCl @i m 8 wherein said glycol ether is propylene glycol
nononet hyl et her acetate. 10. The chemically anplified resist conposition of
claim1 furthed. coﬁmhemimlyaamlﬂifwﬂmcﬂésﬂtcomebétiolecbrﬂpmifmg:he group consi sting

: hot b i '
o (1) o easlons, RARLEREREAAA o byl o RN pubabiing
conbi nat i opsly@ferbrhsﬂlwﬂ-coritimln'@‘@lyaham cally anplified resist conposition

of claim 10 wherein said at |east.  one photosensitiz I's a_chronpphore
sel ected from (e 8tlsas oesmép@mﬂfbg@wwéoramw%%é at %ﬁm hotg,acid generator

9, 10- bi S( 1 4 RGNS LRI RIIREDR follRwing tEimltg cal Ly ampli fi ed

resi st conpositi erein sal ast one base is selected
fromthe group gonsisgtng of berberine, cetyltrinethylamoni um hydroxide,
1, 8- bi s(di net hyl am noﬁnapht al ene, tetrabutyl ammoni um hydroxi de, am nes
and pol yneric {an nes), 13, BF chemcally anplified resist conposition of
clai m 10" wher ei\pRsar & §t_Re t one surfactant is a fluorine-containing
surfactant or a\siloxane-cgntaining surfactant. 14. The chemcally
anplified resist conposition of claim 10 wherein said at | east one

di ssol ution m)dnhf:l;elmgt lagse ohe iof RS eReot RY if thiopheieogihinphenotimt & subgtitafed with

Satur el o0 STl STRSER B8 LRMIR AL LS, SRR & cphen

connect i Ngn@iQyiRie hfep@RIBnR; sdl@A& fré@hdrot) ebhsistiBlofhik§s -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; and

(c) asolvent for dissolving said at least one chemically amplified base polymer.

2. The chemically amplified resist composition of claim 1 wherein said at least one
chemically amplified base polymer is an acid sensitive polymer which contains acid
sensitive side chains that are capable of being cleaved by an acid generated by said at least
one photo acid generator.

3. The chemically amplified resist composition of claim 2 wherein said acid
sensitive polymer is a positive-tone polymer or a negative-tone polymer.

4.  The chemically amplified resist composition of claim 1 wherein Y is a halogen,
perfluorinated alkyl sulfonate, perfluorinated aryl sulfonate, perfluorinated alkyl sulfonyl
methide, perfluorinated alkyl sulfonyl imide, perfluorinated aryl sulfonyl methide or
perfluorinated aryl sulfonyl imide.

5. The chemically amplified resist composition of claim 1 wherein said thiopene-
containing compound is selected from the group consisting of dimethyl (2-thienyl)
sulfonium perfluorinated alkyl sulfonate, diphenyl-2-thienyl sulfonium perfluorinated alkyl
sulfonate and 2-thienyl-tetrahydrothiophenium perfluorinated alkyl sulfonate.

6.  The chemically amplified resist composition of claim 1 wherein said thiophene-
containing compound is dimethyl (2-thienyl) sulfonium perfluorinated alkyl sulfonate.

7. The chemically amplified resist composition of claim 1 wherein said solvent is

an ether, a glycol ether, an aromatic hydrocarbon, a ketene, an ester or mixtures thereof.

[RALIBZZ]657803SGspeci.doc:gym



15. The chem cally anplified resist conposition of claim1l0 wherein from
about 0.001 to about 8 weight % of said at |east one photosensi}é&&r,
based on the total weight of the base polyner, is enployed. 16. C'2005
chemcally anplified resist conposition of claim10 wherein fromabout 0.1
to about 1.0 weight % of said at |east 8Ae base, based on the total weight
of the base polyner, is enployed. 17. The chemcally anplified resist

e ol ai . / _ . % of
said at 1east Bne Sk pibotoRlPhEut SO nddaRith of bR P herBnalEiiln. 6.0
pol ymer, i glyesipdtioared. [ R\LIB ZZ ] 65 7 803 SGspeci.doc: gym2 0 DEC 7005

24 18. The chepgic amal ified resist. conposition of ¢laim.10 . rein.from
Zbout 5 1o apdut Bbe elegrathosrapti e erisicompasnon AEcBin ot deaioo phg'
agent, baspgrepylétiesli@] MlondRietethéfacéthR. base pol yner, is enployed. 19. The
chemcally anplified resist conposition of claim11l wherein from about 50

to about 30 wkf.ghThehemisally agplified gesigneomnositionaofi glaimyl firther compasing a
pol ymer, f t I+ % of said solvent, and from
about 0.5 %o %ﬁ%ﬁfgel%pev(\let?%rﬂ?}?eg#g“l&g%%hg?%Feast one photo acid generator,

sai d anount of (ipatildasaond plasosensitizgghot o aci d generator is based on the

total weight o{..)t PE" b[asebgol ynmer, are present in said conposition. 20. The
chem cally anp e 88508 ?e’conposi tion of claim19 wherein from about 10

to about 20 we{ighit 18as0bnSdisdhdtionl ieedifyinspeatiem cal ly anplified base
pol ymer, from gbout 80 to about 90 weight % of said solvent, and from
about 1 to abo Y)%l%ﬁ‘@ﬂﬁS“ﬁ/daaﬁtﬁms@iddm&tco’l”@%f‘onscﬂfé‘)dh‘ato acid generator,

sai d amount of j gai ghathdrfRaly R 1iHEH)Fé§is@%ﬂRt8§ﬁ&{ 8F @laithS1 PRBELiPhid tatl"?eaz\t

total weight of the base polymer, are prese I'n said conposition. 21.

cheni cal | yorephatosessitizersissa chiomopborei sstectednfomsthe group( egnsesting exfs3-antheacene

che ol | g RERALHIRIn Blythplaping7 ot ectd genertor

sul f oni um per f 121or Tixatlsoniahlky kmplifiéd ratse comppditory bf 2lairhi nyherein said at least
one base is selected from the group consisting of berberine, cetyltrimethylammonium
hydroxide, 1,8-bis(dimethylamino)naphthalene, tetrabutyl ammonium hydroxide, amines and
polymeric amines.

13. The chemically amplified resist composition of claim 10 wherein said at least one
surfactant is a fluorine-containing surfactant or a siloxane-containing surfactant.

14. The chemically amplified resist composition of claim 10 wherein said at least one
dissolution modifying agent is selected from the group consisting of saturated steroid
compounds, non-steroidal alicyclic compounds and non-steroidal multi-alicyclic compounds
having plural acid-labile connecting groups between at least two alicyclic moieties.

15. The chemically amplified resist composition of claim 10 wherein from about 0.001
to about 8 weight % of said at least one photosensitizer, based on the total weight of the base
polymer, is employed.

16. The chemically amplified resist composition of claim 10 wherein from about 0.1 to
about 1.0 weight % of said at least one base, based on the total weight of the base polymer, is
employed.

17. The chemically amplified resist composition of claim 10 wherein from about 0.001
to about 0.1 weight % of said at least one surfactant, based on the total weight of the base

polymer, is employed.

[RALIBZZ)657803SGspeci.doc:gym



sul foni um perfluorinated al kyl sulfonate or 2-thienyl-tetrahydrothi opheni um
perfluorinated alkyl sulfonate; and (c) a solvent for dissolvi@d BE] 2805t

[ east one chemically anplified base polyner. 22. The chem call y anplified
resi st conposition of claim2l wherein. said at |east one chemcally
anplified base polyner is a phenolic-cont?ining resin. 23. The chem cal ly
anplified resist conposition of claim?22 wherein said phenolic- containing

resin is a polygh ; - 4 .. The ' l.i.f i,ed
o Somobel YDA PRAFL IR RG] N b TR ERLREATRLH] s
anmpl i fied lhee 25okgightr%icd spidlay (easttdnpaissylubdde modifompalgytebased oa tie/wtal eveight
olefin and l.ei ¢c_anhydr.ide,.a cyclic olefin addition polyner, a .
cyclic-ol e]‘oif _em%p%ygﬁwwaglé)ye{.net h)acrylate hybrid polyner or a cyclic
ol ef i n- (met h) aapyThé ehepsitaliEamplAod rééist hpakiciah oy cRIR1I fwrﬁtlileiﬁ%tabout 50 to

conposition of claim21 wherein said at |l east one chemcally anmplified
bagg pol ymépoytsiOavgigking) oftsaidra llenshgnsechernically rampditicd dassr palymp, diopx ghavit 46 to
group type W e t f ' t e ter e
on a subst ra gfmet, sa?lﬁgt%tdgrslggl J&R%gﬁr?aﬁg@ ec ggo ft%)na%% Etefbg{rglgﬁg{ é’gélfssl%isc{ %@éy%f
seni conducoe photoacihpawraiorn saidtaniosint ebsaid anietst @e photoracid generdtor is based on

R\ LI BZZ] 6578 s I ~doc: gym.28 DEC 2005, 25 (a royi ding a substrate
with al Ly@?e tgfﬁ?gglggl?ﬂ%&gﬁ)ﬁg%?olm?r, 3?%%%&“?@?3@#@5‘?{199' anplified resist
conposi tion to28ai dhs Uhﬁﬁfcally?ampliﬁék{ ﬂa)sﬁt cdxﬁlsds_&ton: c.’yﬂ/&zﬁinplm ?@b%irﬁﬂrbﬁltdb@}l?lo
said resis 0 i ti.qn conpr.i si a chemically apnplifie ase pol yner
colrrpri si ngttoaactfqmggﬁi%%cﬁc‘i? 3 ﬁb[)egﬁcﬂnfrﬁg?mﬁi‘m&a@l’l‘ﬁ%h@ém)ﬁ?% ﬁgmpqhoyﬁﬁfﬂ,
and (b) a phabcut 80ivekiglRns oRssit soRRhY ¢ HIMOARAL RO hbER W%iﬁhtg% 6f said at least

t hi opene-contai ni ng, conpound having the follow ng fornul '
one photo acid generator, said amount of said at least one photo acid generator is based on

the total weight of the base polymer, are present in said composition.

21. A chemically amplified resist composition comprising:

(a) at least one chemically amplified base polymer;

(b) at least one photo acid generator, wherein said at least one photo acid generator
is dimethyl (2-thienyl) sulfonium perfluorinated alkyl sulfonate, diphenyl-2-thienyl
sulfonium perfluorinated alkyl sulfonate or 2-thienyl-tetrahydrothiophenium perfluorinated
alkyl sulfonate; and

| (c) asolvent for dissolving said at least one chemically amplified base polymer.

22. The chemically amplified resist composition of claim 21 wherein said at least
one chemically amplified base polymer is a phenolic-containing resin.

23. The chemically amplified resist composition of claim 22 wherein said phenolic-
containing resin is a poly(hydroxystyrene) polymer.

24. The chemically amplified resist composition of claim 21 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 cyclic olefin-(meth)acrylate polymer.

25. The chemically amplified resist composition of claim 21 wherein said at least
one chemically amplified base polymer is a phenol formaldehyde, an acrylamide or a
hydroxyimide group type polymer,

26. A method of forming a patterned material structure on a substrate, said material
being selected from the group consisting of semiconductors, ceramics and metals, said

method comprising:

{RALIBZZ]657803SGspeci.doc:gym



T

| ' S+ R3 Y wherein at least one of R, R2 or R3 is thiopene or thiopene
that -is substituted with alkyl, al koxy, or cycloal kyl, and the Fegrrgttﬁ@?
R, R2 or R3, not containing a thiopene noiety, are independently se é] ed
fromthe group consisting of alkyl, cycl ggl kyl, and aryl, or at |east one
of R, R2 or R3 are joined together to fdrma cyclic noiety having from
about 4 to about 8 ring carbon atons; and Y is a counter ion; (c)

patternw se expgsi pghvidihgla Suthahicalith 4 BiybAH Ald ARewbier eby acid is generated
by said acid ?enerator I'n exposed regions of said resist |ayer by said

radi ation, (d)(Wonepplyingg ewemicallypamplafies vasish compesitieotes sad lsabstrate td:efmﬂnopgr

sol ution, Lt f 1 d. resist.|layer are selectively dissolve

by said de%%%&% oslg?aﬁ(é %@Eafltg’ sraic%eglls{%oﬁn%og{tkogrc%}?ntsggi st structure, and (e)

transferring resisfa)sardheiicatlypainphfied thass giollymat esmptisihayerfluddineofifairige

into said terial layer thrpugh spaces,in said resist structure pattern.
Egn_- gi)olyrger and

[ R\ LBZZ] 6BYYBST 802 HUEon-eytaigipg

(b) a photo acid generator, said acid generator comprising a thiopene-containing

compound having the following formula:
R?

R'—s—R3} Y

wherein at least one of R', R? or R’ is thiopene or thiopene that is substituted with
alkyl, alkoxy, or cycloalkyl, and the remaining R', R* or R’, not containing a thiopene
moiety, are independently selected from the 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;
(c) patternwise exposing said substrate to radiation whereby acid is generated by
said acid generator in exposed regions of said resist layer by said radiation,
 (d) contacting said substrate with an aqueous alkaline developer solution, whereby
- portions of said resist layer are selectively dissolved by said developer solution to reveal a
patterned resist structure, and
(e) transferring resist structure pattern to said material layer, by etching into said

material layer through spaces in said resist structure pattern.
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