: RESI ST COMPCSI TI ON W TH Tegler-ATPEY
SENSI TlI VE ACI D GENERATOR Field of the Invention
The piesent invention relates to an inproved resist corrp05| tion having an-
ionic, radiation-sensitive acid generator.

Background of the Invention There~ils™a de5|re in the industry for
hi gher circuit density ih nicroelectronlc devi ces which are made using
l'i thographi c techniques. met hod of increasing the nunber of conponents

per chip is to decrease the " e chip. The use of
shorter wavel engt h radi atlon@%i ?@a‘é@?w 1‘881‘%% 315 nn) than
currently enployed md-UV. s ectral § g& s 8 3&% ,06'%2 nm offers
the potential for hi gh@r‘u? BION SEN EA 0) (] adi ati on,
fewer photons are transferred for the sane energy dose and hi gher exposure

doses are required to achieve the sane desired photochem cal response. _
Further, current lithographic tools have greatly attenuated output in the

deep WV spectral region. Field of the Invention

The present invention relates to an improved resist composition having

an ionic, radiation-sensitive acid generator.

nd of nventi

There is a desire in the industry for higher circuit density in
microelectronic devices which are made using lithographic techniques. One
method of inc;;'easing the number of components per chip is to decrease the
minimum feature size on the chip. The use of shorter Wavelength radiation
(e.g. deep UV e.g. 190 to 315 nm) than currently employed mid-UV spectral
range (e.g. 350 nm to 450 nm) offers the potential for higher resolution.
However, with deep UV radiation, fewer photons are transferred for the same
energy dose and higher exposure doses are required to achieve the same
desired photochemical response. Further, current lithographic tools have

greatly attenuated output in the deep UV spectral region.

In order to improve sensitivity, several acid catalyzed chemically
amplified resist compositions have been developed such as those disclosed in

Ito et al. U.S. Patent 4,491,628 (1/1/85) and Nalamasu et al., "An Overview of



I o order to inprove sensitivity, several acid catalyzed chemcally
anplified resist canpositions have been devel oped such as those di scl osed
in Ito et al.  -US. Patent 4,491,628 (1/1/85) and Nal anasu et al., "An
Overview of _ Resi st Processing for Deep-UV Lithography”, J.

Phot opol ym Sci. Technol. 4, 299 (1991). The resist conpositions generally
conprise a photosensitive acid generatot, such as triphenyl sul foni um
triflate and an acid sensitive polyner. “The pol yner has acid sensitive
side chain (pendant) groups which are bonded to the polyner backbone and
are reactive towards a proton. Upon inmagew se exposure to radiation, the

phot oaci d JgragstaPedcepsiagufoe DeeppUdt hithogtephyd s sPhotdgolymsStie flechinahd, t he
proton causes catal ytic cl eavage of the pendant group fromthe pol yner

backbone. Tiﬁ (P.rggl(? N Tie PistS ohd) g&E%raﬂé’e@ﬁﬁﬂﬂSe rae?lséﬂo@gnﬁme_ acid

catal yzes a i onal cleavage reactions thereby chemcally anplifying the

Bbove 1. THERERSRR dthepo RS HapLpi ST TEE R ] U Realenk i ¢

al cohol and_aqueous base whjl e the unexposed polyner is soluple in

nonpol ar orkithpelysees bas acid sensagve sl unftpgadapk Wtwg‘eﬁk‘ Freohorded

positive or negative inmages of the mask depending on the selection of the
to the polymer backbone and are reactive towards a proton. Upon imagewise

exposure to radiation, the photoacid generator produces a proton. The resist
film is heated and, the proton causes catalytic cleavage of the pendant group
from the polymer backbone. The proton is not consumed in the cleavage
reaction and catalyzes additional cleavage reactions thereby chemically
amplifying the pliotochemical response of the resist to increase the quantum
yield value above 1. The exposed polymer is soluble in polar developers such
as alcohol and aqueous base while the unexposed polymer is soluble in
nonpoiar organic solvents such as anisole. Thus the resist can produce
positive or negative images of the mask depending on the selection of the

developer solvent.

Although these resist compositions generally have suitable lithographic
sensitivity, their performance can be impaired in the presence of airborne
basic chemical contaminants which are present ig a manufacturing site.
Recently, there has been developed a photosensitive resist which exhibits
surprising stability in the presence of airborne chemical contaminants. The

resist comprises a. photosensitive acid generator and (ii) a polymer comprising
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devel oper sol vent. Al t hough these resist conpositions generally
have suitable lithographic sensitivity, their performance can be inpaired
in the presence of airborne basic chem cal contam nants which are present -
in a mnufacturing site. Recently, there has been devel oped a

phot osensitive resist which exhibits surprising stability in the presence
of airborne chemcal contamnants. The resist conprises a photosensitive
acid generator and (ii) a polyner conprisPng hydr oxystyrene and
acrylate, nmethacrylate or a mxture of acrylate and nethacrylate. The
resi st has high lithographic sensitivity and high thermal stability.
However, ther eyidsoxgstyeané and agrilate] methacrylade ondusiztyre of amiylate @andhe
performance of resist conmpositions such as inage. resolution and process

latitude. methacriylateS THeereglsohas aiglolitiepiraphictsbasipivityaiid highetiiermal t 0

provide an inproved chenmically anplified resist conposition for use in

sem conduct or stJpt agbWel&J there is a continuing desire in the industry to enhance the
performance of resist compositions such as image resolution and process

latitude.

It is therefore an object of the present invention to provide an improved
chemically amplified resist composition for use in semiconductor

manufacturing.

Other objects and advantages will become apparent from the following

disclosure.

Summary of the Invention
The present invention relates to a polymeric, radiation-sensitive resist
composition comprising (i) iodonium sulfonate radiation sensitive acid

generator; (ii) a polymer; and (ii1) an acid labile compound.

The acid labile compound is preferably chemically bonded to the
polymer. Upon exposure to acid, the acid labile compound undergoes a
polarity change which results in dissolution differentiation. The acid labile

compound is preferably a compound having an acid cleavable ester group. The
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G her objects and advantages will becone apparent fromthe foll ow ng

di scl osure. Summary of the Invention The
present invention relates to a polyneric, radiation-sensitive resi st
conposition conprising (i) iodoniumsulfonate radiation sensitive acid
generator; (ii) a polynmer; and (iii) an acid |abile conmpound. The
acid [ abile conpound is preferably chemcally bonded to the polyner. Upon
exposure to acid, the acid | abile conpound undergoes a polarity change
which results in dissolution differentiation. The acid |abile compound is
preferably a conpound having an acid cl eavabl e ester group. The

-4- t h I
sensi tivity, nedsiflana diiniity ?@%&%@ﬁ?'%@%ﬁg%ﬁ@%“%ﬂ& PoER o
t f th ty
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relates to the gﬁ;en ?va%ntxon is useful in semiconductor manufacturing to make

integrated circuit chips. The present invention also relates to the process for
making a resist image on a substrate using the resist composition of the

present invention.

A more thorough disclosure of the present invention is presented in the

detailed description which follows.

D l '] ! g -« Il E I! 1 I‘
The present invention relates to an acid catalyzed, chemically amplified,

polymeric radiation-sensitive resist composition comprising (i) ionic iodonium
sulfonate radiation sensitive acid generator; (i) a polymer; and (iii) an acid

labile compound.

The key feature of the present invention is the ionic iodonium sulfonate
radiation sensitive acid generator. A preferred class of generator is the diaryl

iodonium (alkyl or aryl) sulfonate having the formula.

RR'I* R" SO, 0
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maki ng a resist inmage on a substrate using the resist conposition of the

present invention. A nore thorough disclosure of the present
invention is presented in the detailed description which foll ows.
Det ai | ed Description of the Invention The present invention relates

to an acid catal yzed, chemically anplifié&d, polynmeric radiation-sensitive
resi-st conposition conprising (i) ionic iodonium sulfonate radiation
sensitive acid generator; (ii) a polyrrer and (iii) an acid | abil e -

compound. wherein T Gnli 5 a‘fr@%}ﬂr eﬁl?en@’i% gner @tm%y e C

i odoni um sul fonate radiation sen5| erred cl ass
of generator ,_6 taqﬁyl b sﬁl:uen'tg gﬁ lm X{kgf }}aeioéﬂ(}l osruéj;cﬁ %ﬁﬁylho%va'lr% the
formul a.
such as phenyl optionally substituted with lower C, 4 alkyl substituents‘
Preferred iodonium cations are bis(p-t-butylphenyl) iodonium, bis(p-tolyl)
iodonium and bis(phenyl) iodonium. Preferred sulfonate anions are

camphorsulf‘onate, p-methylbenzene sulfonate (tosyl anion) and

trifluoromethane sulfonate.

The iodonium sulfonates of the present invention have high thermal
stability e.g. thermally stabie to a temperature > 150° and also form acids
upon exposure to radiation which have low volatility. The iodonium
camphorsulfonate forms a weak acid upon exposure to radiation which is

useful in certain applications.

The second component of the resist composition is a compound having

an acid labile group.

Preferred acid labile groups are acid cleavable groups. The preferred
acid cleavable groups are ester groups such as t-butyl and a-methylbenzyl
esters of carboxylic acids and t-butylcarbonates of phenols, Other suitable acid
labile groups include tetrahydropyranyl or furanyl ethers, trimethylsilyl or

t-butyl(dimethyl)silyl ethers, and t-butoxycarbonylmethyl ether of phenol.



wherein R and R are aryl such as phenyl optionally substituted with | ower
Cerr] alkyl substituents and R' is (err] alkyl, haloal kyl or cyclic alkyl
or aryl such as phenyl optionally substituted with lower Cerr] alkyl
substituents. Preferred iodoniumcations are bis(p-t-butyl phenyl)

i odoni um bis(p-tolyl) iodonium and bis(phenyl) iodonium Preferred

sul fonate anions are canphorsul fonate, pérethyl benzene sul fonate (tosyl
anion) and trifluoronethane sul fonate. : The i odoni um sul fonat es of
the present invention have high thermal stability e.g. thermally stable to

a tenperat ure Howebgif {s widbratos® that/ enwidd fengedTaiti® MHIRUFDUDS ar@ @pedative
whi ch have | ow volatility. The iodonium canphorsulfonate forns a weak acid

upon exposur e fnOthedstoBédsQF thipeékeht invén®ibH sulh £3hbad BistiBbd iR Tio0dtSal.
The second conponent of the resist conposition is a conpound having an

aci d | abi | e 0rOup Patent 4,491,6B5CHRS dibodiirb b Wil 85 BicOHRRaRChARhTILG| cavabl e

groups. The preferred acid cleava groups are ester groups such” as

t-but y1 car bonat e eBFe pRERETEd e fEr O Rl AR RIS @FRYT a8 10999 uae
tbutyl (ai ot roryeR] grdlft e phemanly SRbieA A8 ihlrchmyps andrssetatitenol
polymer resists and the disclosure of Brunsvold is also incorporated herein by
reference. The presence of acidic groups such as phenols or carboxylic acid
groups in the film tends to thermally destabilize the acid labile group toward
thermal cleavage. Certain acid labilé groups may be unsuitable in the

presence of phenolic or carboxylic acid groups due to their thermal a;xd/or
hydrolytic instability.

Preferably the acid labile compound is chemically bonded to the

polymer. Suitable polymers are vinyl polymers.

The vinyl polymer is a polymer derived from vinyl monomer. The vinyl
polymer can be a homopolymer, a copolymer or terpolymer. The vinyl polymer
will generally have a number average molecular weight of about 5000 to about
50,000 and preferably be transparent in the U.V. suitably at least 30%
transmission/micrometer at 248 nm and more preferably at least 50%
transmission/micrometer at 248 nm and more preferably at least 65%

transmission/micrometer. Suitable base soluble vinyl polymers are



Fbmever It is understood that a wide range of acid |abile groups are
operatlve I n the process of the present invention such as those dlsclosed
inltoet al. U S Patent 4,491,628, the disclosure of which is

i ncorporated herein by reference. Brunsvold et al., U S. Patents 4,931, 379
(6/5/90) and 4,939,070 (7/3/90) disclose;suitable thernmally stable acid

| abi t e groups and associ at ed - pol yner resi sts and the disclosure of
Brunsvold is also incorporated herein by- reference. The presence of acidic
groups such as phenols or carboxylic_acid groups_in the f|In1tends to
thermal |y des®a hY@f@XYﬁﬁr%D’chlz{mn%ijﬂ@{?pa@Wﬁ(a‘i"ﬂﬂé?#ﬁ‘l cl eavage.
Certain acid | abile groups may be unsuitable in the presence of phenolic
or car boxyl i c pabitehethasuylic acid), polymhaleimidecmdatopalyunens thagesf.oTpeipreferred

instability. Preferably the acid | abile conpound is chemically

bonded t o t he polymhersare (3w ¢opblymerodoynprising the veéarylonguogueraf. The
vinyl polymer is a polynmer derived fromvinyl nononmer. The vinyl polyner

can be a honopglysmktyrane andlagpfiateosr methetylaty and (i) & icopdlymer yomprisinigl |
general |y have a nunber average nol ecul ar wei ght of about 5000 to about
the reaction product of (i) acrylic acid, methacrylic acid, or mixtures thereof;
and (ii) methacrylate, acrylate, or mixtures thereof.
2
In the preferred embodiment of the present invention, the polymer
comprises acid labile groups pendant from the vinyl polymer backbone. The
acid labile groups inhibit the dissolution of the polymer in alkaline developer
or polar solvent. After imagewise exposure and heating, the photogenerated
acid converts the acid labile group from dissolution-inhibiting to base-soluble

functionality, thereby enabling image development of the film.

The .process of the present invention for making a resist image on a
substrate comprises three steps. The first step of the process involves coating
the subsirate with a polymeric film comprising (i) a radiation sensitive acid
generator (ii) a polymer and (iii) an acid labile compound, all dissolved in a
suitable solvent. Suitable substrates are comprised of silicon, ceramics,
polymer or the like. Suitable organic casting solvents include diglyme, methyl
cellosolve acetate, éyclohexanone, propylene glycol methyl ether acetate, ethyl

lactate and the like. The film will preferably comprise about 80 to about 99.5



50,000 and preferably be transparent in the U V. suitably at |east 30%
transm ssion/ mcroneter at 248 nmand nore preferably at |east 50%

transm ssion/mcroneter at 248 nmand nore preferably at |east 65%

transm ssion/ mcroneter. Suitable base soluble vinyl polyners are

pol y(hydr oxystyrene), poly(vinylbenzoic acid), poly(acrylic acid),

pol y('met hacryltic acid), polynaleinde and “copol yners thereof. The preferred
polynmers are (i) a copol yner conprising the reaction product of

hydr oxystyrene and acrylate or nmethacrylate and (ii) a copolynmer conprising
t he reacti on vigltu®t ofahe(polymer haviog pendantradif ateayhble subistituants (.8t esters
thereof, and (ii) methacrylate, acrylate, or m xtures thereof I n

the pref err edubstinent®indibdut0pioasRiat Oisweipht 95 of tHweadidlgeneratocbothy | ses
acid | abile groups pendant fromthe vinyl polynmer backbone. The acid

| abi | e gr oupgidsaiiiediit theorghsie@behn of the polymer in al kaline devel oper
or polar solvent. After inmagew se exposure and heating, the photogenerated
acid converts the acid |abile group fromdissolution-inhibiting to )
base-soluble functionality, thereby enabling i mage devel opnent of the

film Optionally, the film can contain additives such as polymers and small
molecules to adjust the films dissolution rate, etch resistance, optical density,
radiation sensitivity, adhesion and the like. The film can be coated on the
substrate using art known techniques such as spin or spray coating, doctor
blading or electrodeposition. After the film is coated on the substrate, it is

generally heated to remove the solvent from the film.

In the second step of the process, the film is imagewise exposed to a low
dose of radiation suitably electromagnetic or electron beam radiation
preferably electromagnetic, preferably deep ultraviolet or x-ray more
preferably deep ultraviolet radiation at a wavelength of about 190 to 315 nm
more preferably at a wavelength of about 250 nm. Suifable radiation sources
include mercury, mercury/xenon, and xenon lamps, excimer laser, electron

beam or x-ray. Upon exposure acid is generated.

After the exposure, the film is preferably heated again to an elevated
temperature. After exposure and heating, the side chain acid cleavable ester

groups pendant from the polymer backbone are cleaved e.g. via a chemically



The process of the present invention for making a resist inmage on a
substrate conprises three steps. The first step of the process involves
coating the substrate with a polyneric filmconprising (i) a radiation
sensitive acid generator (ii) a polynmer and (iii) an acid |abile conpound,
all dissolved in a suitable solvent. Suitable substrates are conprised of
silicon, ceramcs, polymer or the like. Suitable organic casting solvents
i ncl ude diglynme, nethyl cellosolve acetate, cycl ohexanone, propylene

gl ycol nmethyl eth cetate, ethyl .lactate and.the like, The filmwll
preferably coni'a‘inpgée;%%ﬁesﬁd"gﬂ"%%lﬁr rgguuying units on the Web%&‘bf’n‘? he
pol ynmer havi ng pendant aci d_cl eavabl e substituents fe. & ester’
substituents) BRFhzgRolutde in alipdime developer gr polar splveRts. aEhe PeYrHPESBFE hot h
di ssol ved in the organic sol vent. Optionally, the filmcan contain
addi ti ves suchbegtingenhances dhricleavage ofithe @stdragoups. a%é}x cleavage of thesester
dissolution rate, etch resistance, optical density, radiation sensitivity,
adhesi on and t#gmups lattersTtte distclutiam rate ofcthe quilyoner fmd thebesutting diffsragtial t
known t echni ques such as spin or spray coating, doctor

solubility between the exposed and unexposed areas of the film enables

development of the image in the film.

The last step of the process of the present invention involves
development of image in the film. Suitable development techniques are known
to those skilled in the art. The image can be solvent developed preferably in
an aqueous base solvent without metal ions such as aqueous tetraalkyl
ammonium hydroxide to produce a positive tone image. The image in the film

has high resolution and straight side walls.

After the éuhstrate has been exposed by development, circuit i)atterns
can be formed in the exposed areas by coating the substrate with a conductive
material such as conductive metals by art known techniques such as
evaporation, sputfering, chemical vapor deposition or Iaser induced deposition.

' Dielectric materials may also be deposited by similar means during the
process of making circuits. Inorganic ions such as boron, phosphorous or

arsenic can be.implanted in the substrate in the process for making p or n



N

bl adi ng or el ectrodeposition. After the filmis coated on the substrate, it
is generally heated to renove the solvent fromthe film In the
second step of the process, the filmis imgew se exposed to a | ow dose of
radi ation suitably el ectromagnetic or electron beamradiation preferably
el ectromagnetic, preferably deep ultravipobet or x-ray nore preferably deep
ultraviolet radiation at a wavel ength of about 190 to 315 nm nore
preferably at a wavel ength of about 250 mm Suitable radiation sources

e T R

exposure, the filmis. preferably heated again to an el evated tenperature.
After exposu °S§ns?ﬂhpe%{}f ﬁbe,arghe side chain acid cleavabl e ester groups

pendant fromthe polynmer backbone are cleaved e.g. via a chenmically
anplified process, to formpolar recurring units on the pol yner backbone
whi ch are soluble in al kaline devel oper or polar, solvepts. The
post - exposure hehhe ﬁ@l@ﬁﬁ&ﬁ&@@ﬂqﬁfeﬁréld@&%lhﬁj’gd‘ﬁpnpﬁ@n%g et s. The

cl eavage of the ester roups alters the dissolution rate of the_ polyner
and t he resulprépayativh arpej of ithe process of the present invention. The detailed

preparations fall within the scope of, and serve to exemplify, the more
generally described methods set forth above. The examples are presented for
illustrative purposes only, and are not intended as a restriction on the scope of

the invention.

Example 1. Preparation of

Bis-(p-t-Butyphenyl)iodoium Camphorsulfonate

To a 500 mL 4-necked Morton flask equipped with a mechanical stirrer,
125 mL addition .funnel, thérmocouple and argon inlet, was added 42.2 g
(0.33 mol) of t-butylbenzene and 66 mL of acetic anhydride. The solution was
stirred and 33 g (0.15 mol) of potassium iodate was added. The resulting
suspension was cooled to 0°C under argon. Meanwhile, to a 250 ml 3-hecked
round bottom flask equipped with an overhead stirrer, Ar inlet, thermocouple,
and addition funnel was added 66 mL of acetic anhydride and the solution
cooled in ice to 0°C. The addition funnel was charged with 21 ml of conc.

H,SO, which was then slowly dropwise over 1 hour maintaining a temperature



solubility between the exposed and unexposed areas of the film enables

devel opnent of the inmage in the film

of the present. invention involves developnment of inmage in the film

Sui t abl e devel opnent techni ques are kno to those skilled in the art.

i mmge can be sol vent devel oped preferabl im an aqueous base sol vent
wi thout netal.ions such'as aqueous tetraal kyl —anmoni um hydroxide to

produce a positive tone inage.

The last step of the process

The

The image in the film has high resolution

and strai ght <358@. Wlelesulting viscous Abhusiont Wias thepstransfertedstoiberadeitiesed by

devel opnent,

circuit patterns can be fornmed in the exposed areas by

coating the duwhsé¢lrai theMohioa fhdirel added dmbetseawithndPorass ctincing tovere2net al s

by art known techni ques such as evaporation, sputtering, chem cal vapor

deposi ti on Ohehds AaihfEhineth tepsthturebelowdlotG:c The oradgesispessionywad so be
deposited by simlar rreans during the process of making circuits.

I nor gani ¢ 'Oﬁﬁeﬁ%ﬁhw@&tpﬁo%yvm}%m%e?hghﬁr BRI fixtart Res 8RR ®d in

the substrate in the process for making p or

0°C and the addition funnel charged with 65 mlL of water. The water was
added very slowly at first, maintaining a temperature below 10°C. As the
addition proceeded, it became posSible to increase the flow rate and still
maintain a temperature below 10°C. Once the addition was complete, 50 mL
of ether was added in one portion and the mixture filtered through Celite.
The water remaining in the filter bed was chased through with 50 mL of
hexane. The filtrate was then washed with 6 x 150 mL of hexane.
Meanwhﬂe, to a 1000 mL 4-necked round bottom flask equipped with an
overhead stirrer, a thermowell and a 500-mL addition funnel, was added

200 mL of water and 55.3 g (0.238 mol) of 10-camphorsulfonic acid. The flask
was cooled in ice and the solution neutralized with 10.4 mL of conc. NH,OH

(14.8M). The addition funnel was then charged with the hexane-washed

aqueous filtrate which was added dropwise over 1 hour with vigorous stirring.

The white precipitate was filtered and air-dried overnight on the filter. The
crude product was recrystallized from ethyl acetate/TPA to yield 54.8 g (58%)

of the title compound as white flakes, mp 218-220°C(w/decomp.).
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doped circuit transistors. Qher means for formng circuits will be known
by those skilled in the art. The foll ow ng exanples are detail ed
descriptions of methods of preparation and use of the process of the
present invention. The detailed preparations fall within the scope of, and
serve to exenplify, the nore generally described nethods set forth above.
The exanples are presented for illustrative purposes only, and are not

i ntended as a restriction on the scope of the invention. Exanple 1.

Preparation L S-4 Pxd.-.But xphenylk).i odoi um Canphor sul f onat e " To a
500 nmL 4- necgggnﬁg&t%n%séi&kégﬁﬂr%beéﬂnwth a nmechanical stirrer, 125 nL

addition funnel, thernocouple and argon inlet, was added 42.2 g (0.33 nol)
of t-butyl benzene and 66 nL of acetic anhydride. The solution was stirred

and 33 g (0.15 nol) of potassium. odate was added. The resyltin

suspensi on was co%ICEH"lYBIeﬁPgﬁb}l@d P%W&g‘rﬂ'ﬂm%‘}e {S?g)%?"ég"b L
3-necked round bottom flask equi pped with an overhead stirrer, Ar inlet,
t her nocoupl edisselved i d0Pigoef propyiene glycohmetlayl mihen actatge ta WRIG WSS i de and

the solution cooled inice to O[err]C The addition funnel was charged
with 21 L ohddehdi(p-tifusylpheayldiedininm cimphersulforatelabl qongenippation obver 1
hour maintaining a tenperature

2.5% to the total solid. The solution was filtered (0.2pm).

Example 3. Lithographic Results

The above resist composition was spin-coated onto 6" silicon wafers
primed with hexamethyldisilazane. The resist film thus formed was baked at
150°C for 60 sec. and exposed to a varying dose of 248 mn deep UV radiation
on a Micrascan II. The exposed resist film was postbaked at 150°C for 90 sec.
and developed with a 0.26 N tetramethylammonium hydroxide aqueous
solution for 60 sec., followed by rinsing with water. Linear resolution to
225 nm was obtained at 6.25 mJ/cm?® and the depth of focus for 250 nm

line/space patterns was 1.2pm.

Although this invention has been described with respect to specific
embodiments, the details thereof are not to be construed as limitations for it
will be apparent that various embodiments, changes, and modifications may be

resorted to without departing from the spirit and scope thereof, and it is
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s15[err] C. The resulting viscous solution was then transferred to the
addition funnel on the Mdirton flask and added dropw se wi th vigorous
stirring over 2 hours naintaining a tenperature below 10[err]C. The orange
suspension was then allowed to slowy warmto 22[err] C overnight. The

m xture was recooled to O[err]C and the addition funnel charged with 65 nL
of ‘water. The -water was added very slowy at first, maintaining a
tenperature below 10[err]C. As the addition proceeded, it becane possible
to increase tindefdtond thatesushequivalént embedimientaaresintendad tocdbdrichwdetO err] C.
Once the addition was conplete, 50 nL of ether was added in one portion
and t he m xt withihi theecepk ohthds ddveptlont e.  The water remaining in the filter
bed was chased through with 50 nL of hexane. The filtrate was then washed
with 6 x 150 nL of hexane. Meanwhile, to a 1000 nmL 4-necked round bottom
flask equi pped with an overhead stirrer, a thernowell and a 500-nL
addition funnel, was added 200 nlL of water and 55.3 g (0.238 nol) of

10- canphorsul fonic acid. The flask was cooled in ice and the solution
neutralized with 10.4 nL of conc. NHerr]OH (14.8M. The addition funnel
was then charged with the hexane-washed aqueous filtrate which was added
dropw se over 1 hour with vigorous stirring. The white precipitate was
filtered and air-dried overnight on the filter. The
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crude product was recrystallized fromethyl acetat e/IPA~tf)~4j| eld 54.8 g

(589% of the title conpound as white flakes, np 218- vv/decorrp ).
-12- Exanpl e 2. Resi st Conposition A copol ﬂmﬂ
acrylate with p-hydroxystyrene (20 g) was_  dissol ved |n mII ene

gl ycol methyl ether acetate, to which was! “added

di (p-t-butyl phenyl)iodoni um canphorsul fonate at a concentration of 2.5%to
the total solid. The solution was filtered (0. 2pn). Exanpl e 3.
Li t hographic Results The aliavher €kiinis conposition was spin-coat ed

onto 6" silicon wafers prined with hexamethyl disilazane. The resist film
thus fornmed was bgkeghiat: 150[err]C for 60 sec. and exposed to a varying

dose of 248 " deep WV radiation on a Mcrascan |Il. The exposed resi st
filmuas postbaked al Anflighod CoddhivePosift comBitictioughasgi th a 0.26 N
t et ramet hyl anmoni um hydr oxi de aqueous solution for sec fol |l oned by

rinsing wth water. Linear resolution to 225 nm was obtal ned at 6.25
mi/cnferr] and the depth of focus for 250 nm

(i)  iodonium sulfonate radiation sensitive acid generator;
(ii) a polymer; and
(ili) an acid labile compound having an acid cleavable

substituent.

2. The composition of claim 1 wherein the acid cleavable substituent

is an ester group.

3. The composition of claim 2 wherein the acid labile compound is

bonded to a vinyl polymer.

4. The composition of claim 3 wherein the i.odonium sulfonate
comprises (i) an iodénium cation selected from bis(p-t—butylphenyl) iodonium,
bis{p-tolyl) iodonium and bis(phenyl) iodonium and (ii) a sulfonate anion
selected from camphorsulfonate, p-methylbenzene sulfonate and

trifluoromethane sulfonate.
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Line/space patterns was 1.2pm Al t hough thi s +navent ron—tias been

described with respect to specific enbodinents, the e
not to be construed as limtations for it wll be ap @g ‘M’m‘m 4“[1
enbodi nents, changes, and nodifications may be resort

departing fromthe spirit and scope therkdf; and it is

-13 "~ understood that such equival ent enbodl nments are intended to be

included within the scope of this invention.

In the O ains 5. V¥heleainBbsition of clalm 4 whet@dl thle! RIyAENS 4 bifRlyBEF St
conposition conprising:
(i) comprising hydroxystyrene and acrylate or methacrylate or (ii) comprising

acrylic acid or methacrylic acid and methacrylate or acrylate.

6. A radiation sensitive resist composition comprising (i) bis (lower
alkyl phenyl) iodonium camphorsulfonate and a copolymer comprising

hydroxystyrene and acrylate or methacrylate.

7. A process for generating a resist image on a substrate comprising

the steps of:

{a) coating the substrate with a film comprising (i) an iodonium
sulfonate radiation sensitive acid generator, (ii) a polymer
and (iii) an acid labile compound having an acid cleavable
substituent,

(b} imagewise exposing the film to radiation to generate free
acid; and

{¢)  developing the image.

8. The process of claim 7 wherein the acid cleavable substituent is

an ester group.



&
(1) iodoniumsulfonate radiation sensitive acid generator;

(ii) a polyner; and , (iii) an acid |abile conpound-having an .
acid cl eavabl e substituent. '
conposition of claim1 wherein the acid cl eavabl e subst {ﬁ’lmm—!’f@m IﬂWer
gr oup. . 3. The conposition of gl@aim2 wherein theca rh

conpound is bonded to a vinyl polymer. 4, The conposition of
claim 3 wherein the iodoniumsulfonate conprises (i) an iodonium cation
sel ected from bi s%p-t- but yl phenyl) iodonjum Dbi s(g-tql yl) iodopj um and
bi s(phenyl) i odonPum akBe Pregessoseinms Saveersm Hie ade ladicermpymd 1s
canphor sul fonat e, p-nethyl benzene sul fonate and trifl uoronethane
sul fonate.  bonded to a vinyl polgmer. The conposition of claim4 wherein the
polymer is a copolynmer (i) conprising hydroxystyrene and acryl ate or
met hacrylate or (ii) conprising
10.  The process of claim 9 wherein the iodonium sulfonate comprises
(i) an jodonium cation selected from bis(p-t-butylphenyl) iodonium, bis(p-tolyl
iodonium and bis(phenyl) iodonium and (ii) a sulfonate anion selected from

camphorsulfonate, p-methylbenzene sulfonate and triflucromethane sulfonate.

11. The process of claim 10 wherein the polymer is a copolymer
(i) comprising hydroxystyrene and acrylate or methacrylate or (i) comprising

acrylic acid-or methacrylic acid and methacrylate or acrylate.



acrylic acid or nethacrylic acid and nethacrylate or acrylate. 6.
A radiation sensitive resist conposition conprising (i) bis (lower alkyl
phenyl ) iodoni um canphorsul fonate and a copol yner conpri sing

hydr oxystyrene and acryl ate or nethacryl ate. 7. A process for
generating a resist inage on a substrate conprising tt t f

(a) coating the substrate with a filmconprising (i) ar i}%mgﬁm‘s BEEN
sul fonate radiation sensitive acid genérlafor, (ii) a pdl ymer REPLACED

and (iii) an acid |abile conpound having an acid cleavable

substi tuent, (b) |rrageW|se exposing the filmto radiation to
generate free aci 5 el opi ng the image.
8. The process of claim7 wh acl d cleavable substituent is an

ester group.

The invention relates to a polymeric, radiation-sensitive resist
composition comprising (i) iodonium sulfonate radiation sensitive acid

generator; (ii) a polymer; and (iii) an acid labile compound.
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9. The process of claim8 wherein the acid | abile conpound is @ﬁﬁﬁﬁmﬁﬁﬁ?s
a vinyl polyner. 10. The procegp_ of claim9 wherein the iodonium
sul fonate conprises (i) an iodoniumcation selected from

bi s(p-t-butyl phenyl) iodonium bis(p-tolyl iodonium and bis(phenyl)
iodoniumand (ii) a sulfonate anion selected from canphorsulfonate,

p- met hyl benzene sul fonate and trifl uoronet hane sul f onat e. 11 The
process of claim 10 wherein the polyner is a copolyner (i) conprising

hydr oxystyrene and acrylate or nethacrylate or (ii) conprising acrylic

acid or met hacpybigr AGMPGRIEICIE WITE NABIAITBN $ENTH € ACID GENERATOR

ABSTRACT

The invention relates to a polymeric, radiation-sensitive resist composition
comprising (i) iodonium sulfonate radiation sensitive acid gencrator; (ii) a polymer; and
(fif) an acid labile compound.
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