| DESCRI PTI ON RESI ST COVWPOSI TION 5 TECHNI CAL FlI ELD The present
invention relates to a positive or negative resist conposition used in a
resist pattern formation nmethod that conprises an inmersion |ithography
(i mrersion exposure) step, and a methpd of fornmng a resist pattern that
uses such a resist conposition. 10 BACKGROUND ART Lithography techniques
are widely used in the producti omDB§CRIETIOR¢OpPIi C sStructures in a variety
of electronic devices such as sem conductor devices and liquid crystal
devi ces, and ongoing mniaturization of these device structures has |ead
to 15 demands for further mniaturization of the resist patterns used in

these |ithography processes. _\¥ current | jthography techniques, using
t he nost up-to-date ArF exci nﬁélggéﬁlg%asiljﬁkgﬁesi st patterns with a line
wi dt h of approximately 90 nmare able to be forned, but in the future

even finer pattern formation will be required. 20 In order to enable the
formation of ultra fine patterns of less than 90 run, the devel opnent of

apprgpriate exposure apparatus ?ﬁéﬂﬁﬁéhiﬁﬁg fing resists is the first
requirenent. In ternms of exposurée apparatus, apparatus with shorter

wavel ength light sources such as F2 |asers, EUV (extrene ultraviolet),
el ectron beans esenf qyEntiof relages g a pogliviior Regativg &¢sist SAmPARIHAR pses] in
apertures (NA) are common. 25 However, reducing the wavel ength of the
| i ght s uiesist patigmn fosmatiomowthinddthat comprises an immersion lithography (immersion
exposure) step, and a method of forming a resist pattern that uses such a resist
composition.

10
BACKGROUND ART

Lithography techniques are widely used in the production of microscopic
structures in a variety of electronic devices such as semiconductor devices and liquid
crystal devices, and ongoing miniaturization of these device structures has lead to

15 demands for further miniaturization of the resist patterns used in these lithography
processes.

With current lithography techniques, using the most up-to-date ArF excimer
lasers, fine resist patterns with a line width of approximately 90 nm are able to be formed,
but in the future even finer pattern formation will be required.

20 In order to enable the formation of ultra fine patterns of less than 90 nm, the
development of appropriate exposure apparatus and corresponding resists is the first
requirement.  In terms of exposure apparatus, apparatus with shorter wavelength light
sources such as F; lasers, EUV (extreme ultraviolet), electron beams and X-rays, or

apparatus with larger lens numerical apertures (NA) are common.

25 However, reducing the wavelength of the light source requires a new and



2 expensive exposure apparatus, and if the NA value is increased, then
because the resolution and the depth of focus range exist in a trade-off
type relationship, even if the resolution is increased, the depth of
focus range reduces. Against this background, a nethod known as i nmersion
it hography has been 5 reported (for exanple, see the non-patent
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3). This I ch, during exposu € region et ween the
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filled with a solvent such as pure water or a fluorine based inert
| i qui d, wesplationisingrepsadgthe depthrefdodusaangedesduces. t han the refractive i ndex
of air. By filling this region with this type of solvent, it is clained

that higher r _eﬁﬁhihﬂlkti tBi3baCkitbiial, @ihethed kitRataipimérsiof 1idgdghhy 158 Gedrer
wavel ength |ight source or a larger NA |l ens can be obtai ned using the

same £xp ' r : j . ' L1 .t t h of
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wi th higher resolution, 15 and a s rior.depth of focus . can .be forned at
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consequently the nethod is attracting considerable attention. (Non-Patent
Ref er encletween therlprd andrthe/eesist layscdisprsed an topreictha wiadggywlichbas, )| 1999,

vol. 17, issue 6, pp. 3306-3309. (Non-Patent Reference 2) Journal of
Vacuum Seoraentiorally been fitlied odth dit ¢ridnIngrt gas?icB @O itrogeh,.is filed mathaesobvenpp.
2353-2356. (Non- Patent Reference 3) Proceedings of SPIE (U. S.), 2002,

vol . 4694,chRR puréBrefEra 1ASHESAED RRA IRRAY Svhi@ hAdViardeAgdraetivé ek si on
l'i thography IS that in the
10 than the refractive index of air. By filling this region with this type of solvent, it is
claimed that higher resolutions equivalent to those obtained using a shorter wavelength
light source or a larger NA lens can be obtained using the same exposure light source
wavelength, with no reduction in the depth of focus range.
Using this type of immersion lithography, resist patterns with hagher resolution
15  and a superior depth of focus can be formed at low cost, using lenses mounted in
conventional apparatus, and consequently the method is attracting considerable attention.
(Non-Patent Reference 1) Journal of Vacuum Science and Technology B (U.S.),
1999, vol. 17, issue 6, pp. 3306-3309.
(Non-Patent Reference 2) Journal of Vacuum Science and Technology B (U.S.),
20 2001, vol. 19, issue 6, pp. 2353-2356.
{Non-Patent Reference 3) Proceedings of SPIE (U.S.), 2002, vol. 4691, pp.
459-465.
As described above, an advantage of immersion lithography is that in the

production of semiconductor elements, which requires large investments in equipment

25  and facilities, it is expected that large cost benefits and lithographical benefits such as



producti on of sem conductor elenents, which requires |large investnents in
equi pnent 25 and facilities, it is expected that |arge cost benefits and
| it hographi cal benefits such as 3 inproved resolution should be able to
be realized in the sem conductor industry. However, because the resist

| ayer comes in contact with a solvent during exposure as described

above, a r};ﬁ%@& Yes@lfutigﬁgmlﬁﬂﬁe GHIR (St ?&hz@djﬁﬂh?&rﬂﬁ:g ARiAih@sugf the
er, or the |

resi st Ih r eaching of components fromthe resist that have a
del eterigus effect on,the.sqolvent, 5. thu |tering t refractive index
of the sEoYeNe StrpniaiRdser Eoperin atec Lyl Aiebl St pBENY % ho

i mmersion |lithography process. Accordingly, it remains unclear whether

or not i AeRSFibEdAbaVe: hyafietp R pioblemgrap) asisefsuel ppdeggneration pEthegatistdayer.of
equi valent quality to those produced by conventional exposure processes.

When an et therl@dchwizsofroaeiohents fiopl the eesisteldtibanah dketerioas effea ocarttle folient,
resi st conpositions to inmmersion |ithography, a 10 variety of problens
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the sensitivity, roughening of the surface of  the resist pattern (a

deterioragd on.in.the tofile shape) such,as the. formation of T-to
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OF THE | NVENTI ON The present .invention takes the problens associated with
t he convEhRQidpumersiondithngranky is pangbled Jpamipg iresist paftem of pagiypaleat qelity
providing a positive or negative resist conposition for use in a resist
pattern fothost poducsthocnyertionaberposse pregessese Wicaran dttemipbgras plade &t ep,
which is resistant to the deleterious effects of the solvent used in the
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resist pattern profile, while retaining the advantages offered by the

| ey gl OOaﬂiétg???f@o‘Pé}Ms %eﬂg@?&@é’ﬁﬂhe LASQS Hf]{'h%oﬂr@ﬂt, AeRidinPhet: 86 fon 5 Vel |

as a net hod ormng a fesist pattern that uses

the sensitivity, roughening of the surface of the resist pattern (a deterioration in the
profile shape) such as the formation of T-top shaped resist patterns, or swelling of the

resist pattern.

15 DISCLOSURE OF THE INVENTION
The present invention takes the problems associated with the conventional
technology into consideration, with an object of providing a positive or negative resist
composition for use in a resist pattern formation method that comprises an immersion
lithography step, which is resistant to the deleterious effects of the solvent used in the
20  immersion lithography step and displays excellent sensitivity and resist pattern profile,
while retaining the advantages offered by the immersion lithography of improved
resolution and depth of focus, as well as a method of forming a resist pattern that uses
such a resist composition.
As aresult of intensive investigations aimed at resolving the above problems,

25  the inventors of the present invention discovered that they were able to resolve the



such a resist conposition. As a result of intensive investigations ained
at resolving the above problens, 25 the inventors of the present

i nvention discovered that they were able to resolve the 4 problens with
t he devi ces descri bed bel ow, and were ance able to conplete the present
I nvention. In other words, a first aspect of the present invention is a
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conpri ses an | nersion exposure step, en a

the resist ¢ ositionis inmersed in water, either foll ow ng exposure or
in an un@%ﬁ@gg ‘ state, and the variation in the thickness of the filmis
measured by a quartz oscillator nmethod while in a state_of imersion, the
maxi mum i ncr ed® ethenwords,  firshaspecekbibe presertinventiondse mstht compeshereweing
measurenent of the film is no nore than 1.0 nmfor both the exposed film

and the dmex¢sis @dtiémlformadtdnimethbethapcemprises an dmthessqreeiposiretstep, pheeant
I nvention is a positive resist conposition used in a resist pattern

formati o ' : ' is N if
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formed by _a normal exposure,lifho hy .proces si.ng a [ source with
2 Wavel SHERTRG TR RETIE) sl A A B G B B PR oy bEm 18
identical 1:1 line and 15 space resist pattern of 130 nmis fornmed by a
si nul at edPsaswed &y 3fvarte RegHaphethod vdile in g staip ptinmgersiogpthe gpapmulyi ng a
solvent for the above immersion |ithography in contact with the resist
filmis iinsesseanthedilmebicknbs withie d 0 isoends pbsemmestieg neashrementydgbe film
exposure baking (PEB) step of a nornmal exposure |ithography process
using a lid ghinosethas a.0Mrhforbothaeed@Bgid e addde Dikigoséefiged X2, then the

absolute value of [(X2/X1) - 1] x 100 is no 20 nore than 8.0.

10 Furthermore, a second aspect of the present invention is a positive resist
composition used in a resist pattern formation method that comprises an immersion
exposure step, wherein if the sensitivity when a 1:1 line and space resist pattern of 130
nm is formed by a normal exposure lithography process using a light source with a
wavelength of 193 nm 1s termed X1, and the sensitivity when an identical 1:1 line and

15  space resist pattern of 130 nm is formed by a simulated immersion lithography process in
which a step for bringing a solvent for the above immersion lithography in contact with
the resist film is inserted between the selective exposure step and the post exposure
baking (PEB) step of a normal exposure lithography process using a light source with a
wavelength of 193 nm is termed X2, then the absolute value of [(X2/X1) - 1] x 100 is no

20 more than 8.0.

Furthermore, a third aspect of the present invention is a negative resist
composition used in a resist pattern formation method that comprises an immersion
exposure step, wherein if the sensitivity when a 1:1 line and space resist pattern of 160

nim is formed by a normal exposure lithography process using a light source with a

25  wavelength of 193 nm is termed X1, and the sensitivity when an identical 1:1 line and



Furthernore, a third aspect of the present invention is a negative resist
conposition used in a resist pattern formati on nethod that conprises an

I mrer si on exposure step, wherein if the sensitivity when a 1:1 |line and
space resist pattern of 160 nmis forged by a normal exposure

l'i thography process using a light source with a 25 wavel ength of 193 nm
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space reS|st pattern of 160 nmis formed by a sinulated ifmmersion
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bet ween the sel ective exposure step and the post exposure baki ng ( PEB)
step of HedeyiRdlmiRRSTEeS beiverp fieasioptiny GRosureinrfddhe PAREXRUYFCe with a
5 wavel ength of 193 nmis terned X2', then the absol ute val ue of

[ (X2' / XI b3king (RER) t&Dof snommal m@utﬁﬁhogap‘hy Processexssmprad)gha sdwoce withaspect
of the present invention is a positive resist conposition used in a
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step,” conprisihg a resin conponent (A) which contal an dci

di ssoci abl g, dissol ution |nh|b|t|ng group and di spl ays increased

al kal i SB?HNF%W der the action of acid, an acid generator conponent
(B) that generates acid on exposure, and an organic solvent (C) capable
of di ssol vi ng Fahamepnadaurty agpegiref thepresentievesHon ($3) posilinerTesift t he
conponent (A) contains a structural unit (a]) derived froma

(et h) aceothpd ti@stsed in @ oesiftipaiterg famaiondnéethsd gt addhprised iaa Sahiekdion

i nhi biting group, but contains no structural 15 units (a0), including

struct ur gkpddiite sterf, @Qn%ﬁsﬁg'atr@élﬁ‘b&ﬁ @r{énamwmcﬂ%oﬁnfauﬁ ol 2R Avex]abfe, aci d,
and structural units cont ai ni ng a phenolic hydroxyl group.
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form ng a resi I on -accor t'0 any one

of the first through fourt
ama, an ac1c? g erator component (B) that generates acid on exposure, and an organic

solvent (C) capable of dissolving the component (A) and the component (B), wherein the
component (A) contains a structural unit (al) derived from a (meth)acrylate ester
containing an acid dissociable, dissolution inhibiting group, but contains no structural

15  units (a0), including structural units (a0-1) containing an anhydride of a dicarboxylic acid,
and structural units (a0-2) containing a phenolic hydroxyl group.

Furthermore, a fifth aspect of the present invention is a method of forming a
resist pattern using a resist composition according to any one of the first through fourth
aspects described above, which comprises an immersion exposure step.

20 In developing the present invention, the inventors of the present invention used
the processes described below to analyze methods for evaluating the suitability of resist
films for use within a resist pattermn formation method that comprises an immersion
exposure step, and then evaluated the resist composition and the resist pattern formation
method using that resist composition based on the results of these analyses.

25 In other words, in order to evaluate the performance of resist pattern formation



aspects descri bed above, which conprises an i mersion exposure step. 20
I n devel oping the present invention, the inventors of the present

i nvention used the processes described below to anal yze net hods for
evaluating the suitability of resist éilns for use within a resist
pattern formati on nethod that conpriseS an i mersion exposure step, and
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anal yses. 25 |In other words,.in order to eval uate t.he..nerfo s of
resi ot piarnsly s reformanee oUibe opticalmeen SAME I PutEian HORAREY I e ned
that three factors needed to be considered: nanely (i) the_ perfornmance
of the otffectaf theyesistifilusomipeiimmersipw solventhang Giprdegengratjon ofthe ggsist &im of
the resist filmon the i mersion solvent, and (iii) degeneration of the

resi st ftduded bpthedehriarsiohgolvenier si on solvent. 5 (i) In terns of the
performance of the optical system if one considers the case in which a
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in water an s plate rs thén irradiated wth patterned
l'ight, then,theoretically.ther I s no douybt. that provi.ded no Light
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surface and the interface between the water and the photosensitive plate,
then 10 #rdl basudenscaitthispbye isnther imdiatehvith patterpethlight; tea theasetially thege j n
this situation can be easily resolved by optim zation of the angle of

i nci dencis mfddubethak pvided nloilight transhassionlasgbych asegieationos thef likehectmsmat t he
object being irradiated is a resist film a photographic photosensitive

plate, OfheatatérFusfabdastiheSiterREONdtREsh th vadia88 thd Shdtdseaitive plitd, thehespect
to the imersion solvent, that is, provided the object being irradi ated

15 13,0 el R 5Py B PR RS BBt b
per for rraga(.:sﬁy%sosvhe% bgpgﬂtfn%lzat?%séfgtﬂé anpéig 8{' g}'c%%lué/e’ oiI tm: %xposure light.
Accordingly, regardless of whether the object being irradiated 1s a resist film, a
photographic photosensitive plate, or an imaging screen, provided the object is inactive
with respect to the immersion solvent, that is, provided the object being irradiated is
15  neither affected by the solvent, not causes any effect on the solvent, then it 1s considered
that there will be no change in the performance of the optical system. Accordingly, this
factor requires no new test.
(1) The effect of the resist film on the immersion solvent refers specifically to
the leaching of components out of the resist film and into the solvent, thereby altering the
20  refractive index of the immersion solvent. If the refractive index of the immersion
solvent changes, then it is absolutely clear from theory, even without performing a test,
that the optical resolution of the patterned exposure light will also change. This factor
can be adequately identified by confirming either a change in the composition of the

immersion solvent or a change in the solvent refractive index as a result of leaching of a

25  resist component upon immersion of the resist film into the immersion solvent, and there



factor requires no newtest. (ii) The effect of the resist filmon the

I mrer si on solvent refers specifically to the |eaching of conponents out
of the resist filmand into the solvent, thereby altering the 20
refractive index of the imrersion solvent. If the refractive index of the
I mrer si on sol vent changes, then it is absolutely clear fromtheory, even
W t hout f I rned
exposur &1Lt d‘?ﬁ‘@a'fﬁi"aé‘ﬁ‘én%me T e Fe R oL N e pselihe
|dent|f|e%scg%( conf ei ther a change in the conposition of the

i mer si offt VBWPC ¥ye in the solvent refractive index as a result
of leaching of a 25 reS|st conponent upon_imersion of the resist film
into the i merkicontrag) \f@ﬁttemgghngghtnérréa ted entadheeaigt filn ictha dpmpersion adi at e
patterned light onto the resist, and then develop the resist and

det er m n@lvdie, andheé tﬁsisofs.thémdmIdpedahd thefregrdtti@r ig ddtetniyiat, then evanaflnat ed
onto the resist filmin the immersion solvent, and the resist is then

deve'sopeaaaﬁpé*lm% ré@RRldilit QBeindin® URERNRS wal La?alsﬁf@ﬁsﬂlﬁ #hefheffhange in
the resolutron is determned, there Is no way of disti ngwshl ng whet her

t he change is. enepat.ion sion _sol
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t he resol ution, aconblnatlon of both factors. (ii terns of

anal yzi n@egeegramltl irbwed@%rﬁlwraﬁepw thedesolyting, pF &FeED ’é}é@@h%&%ﬂ‘h &5 t he
resist filmcaused by the i mrersion solvent, a sinple evaluation test can
be 10 conduct@u) Intemwhs cﬁ'aﬁaarzprgmsﬂstidmdettxﬁ@ra@dam@swlﬁngrfmmaﬂ@gensmlioent,
in the formof a shower for exanple, in contact with the resist filmis

conduct egl the ryupR filmelatsdd Biethe PREITEsdMent,NEsimpR évhluaieh ReSEantiepOSUr €
baki ng (PEB), and the resist filmis subsequently devel oped, and the
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resist film
t showeg?or example, in contact with the resist film is conducted between selective

exposure of the resist and post exposure baking (PEB), and the resist film is subsequently
developed, and the resolution of the resulting resist pattern is inspected”. Moreover, in
this evaluation test, sprinkling the immersion solvent directly onto the resist film makes

15  the immersion conditions more stringent. If the exposure is conducted with the resist
film in a state of complete immersion, then it is impossible to determine whether any
change in resolution is an effect of a degeneration in the immersion solvent, a result of a
degeneration in the resist composition caused by the immersion solvent, or a combination
of both factors.

20 The fenomena described in (ii) and (iii) above, are two side of the same coin,
and can be grasped by ascertaining the deterioration in the pattern shape of the resist film
caused by the immersion solvent, and the deterioration in sensitivity. Accordingly,
verifying only the factor (iii) described above, incorporates a verification of the factor
(ii).

25 Based on these analyses, it was discovered that the suitability of a resist film



15 the imersion conditions nore stringent. If the exposure is conducted
wth the resist filmin a state of conplete inmmersion, then it is

i npossi ble to determ ne whether any change in resolution is an effect of
a degeneration in the imersion solveng, a result of a degeneration in

the resi st conposition caused by the i rsion solvent, or a conbination
of both fRgkd%om &HelesibieiagiFRs o leREithit rh nkrdSHlithbl: are
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verifying only the factor (iii) described above, incorporates a

veri f i cat@lvnton theformpeftashower for examplea ireepninet witbdhe easist filne ds candueigd
di scovered that the suitability of a resist film8 fornmed froma new

resi st chetpesn sélenive@xposee of theiresistand postrexposure biking (REB)y apd deessist coul d
be confirmed by an evaluation test in which "a process for bringing an
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the resist filmis conducted "between selective exposure e resist

and post. exposure bakin P and. the resist 5 filmis subsequently
devel ope&Sp%g#t(ﬁge%%rd’?{f&ﬁegﬁg 8% e[VﬁQJapggEﬁsﬂ g resist pattern is

i nspect ed” (herea({siﬁer referred to as "evaluation test 1 "). In addition,
confirmation wHsadditeen, sapfarmation vasabtorardedising aiothss exglupfinn mptked that
represents a further evolution of the evaluation test 1, wherein an

eval uat i mprasests atfheber avehttisgexfitls: evabiatih &st bywhdreinhm eveluation sodiact i on
process is conducted in which "the 10 patterned exposure light is
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sample is placed in an actual state of immersion and exposed (a double beam interference
exposure method)" (hereafter referred to as "evaluation test 2").

Furthermore, the relationship between the resist film and the immersion solvent

can be ascertained by an "evaluation test 3", using a quartz oscillator method (a film
15  thickness measurement method using a quartz crystal microbalance), which provides a
method of measuring microscopic variations in film thickness.

In the present invention, the term "normal exposure” refers to conventionally
conducted exposure in which the region between the exposure apparatus lens and the
resist layer disposed on top of the wafer is filled with air or an inert gas such as nitrogen.

20 The term "(meth)acrylic acid” refers to either one of, or both methacrylic acid and acrylic
acid. The term "structural unit" refers to a monomer unit that contributes to the
formation of a polymer. The term "lactone unit" refers to a group in which one
hydrogen atom has been removed from a monecyclic or polycyclic lactone. A
"lithography process" typically comprises sequential steps for resist application,

25  prebaking, selective exposure, post exposure baking and alkali developing, although in



Furthernore, the relationship between the resist filmand the i mersion
sol vent can be ascertained by an "evaluation test 3", using a quartz
oscillator method (a film 15 thi ckness nmeasurenent nethod using a quartz
crystal m crobal ance), which provides § met hod of neasuring m croscopic
variations in filmthickness. In the pfesent invention, the term "nornal
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regi on between t exposur | ens an e resist di sposed

on top of the wafer.is filled with air qr. .an inert s such as, nitrogen.
20 The ter m " (AEreTfingy thepresaninvention. o High Brebhiop rafle Raftermyhigh diplays
met hacrylic acid and acrylic acid. The term"structural unit" refers to
a nononeho syfacerrpugheaingtafitheresist pastermauchfasihgmforoation ofT-tep shaped parteans; er m
"l actone unit" refers to a group in which one hydrogen atom has been

renoved handdisplapomiriyal detedsrapion ycsenkitieity,dtloneellide, andiahkagsiRphiesiBt ocess”
typically conprises sequential steps for resist application, 25
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rougheni ng of the resist pattern such as the formation of T-top shaped
pat t er nsimmgrsiprdithperaphy stemrambe epstied petredfectvelyn sensitivity, little

swel ling, and an excellent resist 5 pattern profile can be produced using

i mersion |ithography. Accordingly, by using a resist conposition of the
present invention, resist pattern formation that conprises an i nmersion

| it hography step can bgarmrrbhedcemtTEIN e TNEDRARRNES DESCRI PTI ON OF THE
DRAWNGS 10 FIG 1 is a graph showing the results of an exanple 14.
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FIG. 2 is a graph showing the results of an example 15.
FIG. 3 1s a graph showing the results of an example 16.
FIG. 4 is a graph showing the results of an example 17.
FIG. 5 is a graph showing the results of an example 18.

15 FIG. 6 is a graph showing the results of a comparative example 7.
FIG. 7 is a graph showing the results of a comparative example §.
FIG. 8 is a graph showing the results of a comparative example 9.
FIG. 9 is a graph showing the results of a reference example 1.
FIG. 10 is a graph showing the results of a reference example 2.
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DETAILED DESCRIPTION OF THE INVENTION
As follows is a more detailed description of the present invention.
[Resist Composition of the First Aspect of the Present Invention]

As described above, a first aspect of the present invention is a resist composition

25  used in a resist pattern formation method that comprises an immersion exposure step,



FIG 3 is a graph showing the results of an exanple 16. FIG 4 is a
graph showing the results of an exanple 17. FIG 5 is a graph show ng
the results of an exanple 18. 15 FIG 6 is a graph showing the results of
a conparative exanple 7. FIG 7 is a gfaph showng the results of a
conparative exanple 8. FIG 8 is a graph showing the results of a
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Compositjon of the First Aspect of the Present Invention] As described
above, aisfmeaspregddyyeacquagiz ospidlater eedhnd whileintd sate iof iramersigns theonadowim i on
25 used in a resist pattern formation nmethod that conprises an inmersion

exposur einsteape inltfe fihahiekinesaidthig 10 sdoohdosfhRehrmiaicivg mbssukasdf bf the film
conposition is imersed in water, either follow ng exposure or in an

unexposeg n%tr%fé,thﬁ{‘ﬂ.otrm?fdf%hﬁ&{e%{;ﬁ%gtfﬁmﬁiapagitﬁé; oMafipe film is

measured by a quartz oscillator a state of imersion, the
maxi mum incregse ‘II n .t h% f itlgm t hi cknepjs ﬁﬂn t hi n 19. second% of %grme ci ng
measur ement of 2t hevF ¥ FHidEn, 120m the,giamnles, e compafative £xpgples Al the,giahs 4
filmand the unexposed film As_ is very evident fromthe exanples, the
conpar at f&rerbedibsiowsa Fsist eorapepitigiin whik thej abergmsatiened raaxiswymsincrease in
conposition in which the aforenentioned maxi numincrease in the film
t hi cknestheifgmtbickpess is hamate thanrh.0 amax txtesmdly ssitdbieadnl ®reast eompssitam for
conposition for wuse in an inmmersion |ithography process, is very
resi st anbseti ahhi@neirdies lithogtaphp Hrécsy §Wery resistant to the effects of the solvent
10 used m the immersion lithography process, and displays excellent sensitivity and resist
pattern profile. The maximum increase in the film thickness is preferably no more than
0.8 nm, and even more preferably no more than 0.5 nm, and the closer the increase is to 0,
the more suitable the composition is for immersion lithography.
Specifics of the first aspect are described below, in accordance with the
15 procedure used for measuring the value of the film thickness.
A "film formed using the resist composition" refers to a film formed by using a
rotary application method to apply a predetermined thickness of a resist composition to a
substrate such as silicon wafer, and subsequently drying the applied composition. Here,
"drying" refers to heating used to volatilize the solvent from within the resist composition,
20  andis the same as the prebake step in a lithography process. There are no particular
restrictions on the predetermined thickness described above, although in the examples of
the present invention, the thickness was evaluated as 150 nm.
One of the films is exposed and the other film is left unexposed, and they are

immersed in water.  This is to determine the variation in film thickness caused by the

25  effect of water on exposed sections and unexposed sections. The most suitable light



10 used in the imrersion |ithography process, and displays excellent
sensitivity and resist pattern profile. The maxi mumincrease in the film
thickness is preferably no nore than 0.8 run, and even nore preferably no
nore than 0.5 rim and the closer the jyncrease is to 0, - the nore
suitable the conposition is for imersion |lithography. Specifics of the

first aspaede BF thatl patichiae tesielsQied,ladd ﬁﬁé‘r@foﬁ?}g ﬁF hdibhet Es?ﬂ (%5? B gedure

used for neasuring the value of the filmt ess. A d using

t he resist .co Ltion" refers.to,a fi f ormed usi,ng a. rotar
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conposition to a substrate such as silicon wafer, and subsequently

dryi ng te¥Smgrsesd! Tonpo L useé for alorresist. » dhgreage np ppgicylar eeshiciionpgn theed t o
vol atilize the solvent fromw thin the resist conposition, 20 and is the
sanme as dxdpesyedoskescdideping expodurd, hhbysuehiag ope dediesor, hepe vividyrletectable
particular restrictions on the predeterm ned thickness described above,
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eval uated as 150 nm One of the filnms I's exposed and the other filmis

| eft une Se ang, they are. | sed in water. .ThiS | 0 determ ne the
var at 1 GRaRReY fo<iApie e e iching, SER o Skl T oy B difes Bk Bibos e
sections and unexpgsed sections. The nost suitable light 11 source for
that par®iPesingths gibsate; canpbedged.and therefore a KrF exci mer |aser (248
rimp is used for a KrF resist, an ArF exciner laser (193 rim is used
for an ArF resSubisequemtlyza fibstrate onrverich mgpeoviddadba fith mithi exposelset Gonsaarid?
resist. There are no particular restrictions on the exposure dose used

during examstite onaVhibROftodfle® 8 Eilinnwitic BhdXposell Jedtli @R ary/ édohnglddant abl e 5
area can be exposed and devel oped in a |ithography process, and the

T TS5 g o o RSy BBy SofgBEag o
method with the substrates in a state of immersion. A quartz oscillator method is a
method of measuring film thickness that uses a conventional quartz crystal microbalance.
This method enables very fine variations in the film thickness, on the order of
nanometers, to be measured for the exposed sections and unexposed sections of the resist

15  pattern that are immersed in water. In the present invention, the measurement device
used was a RDA-QZ3 device manufactured by Litho Tech Japan Corporation.

As is evident from the comparative examples described below and the graphs
showing the results of these comparative examples (FIG. 6 to FIG. 8), in resists that are
inappropriate as resist compositions for use in immersion lithography processes, at Jeast

20 one of the exposed film or the unexposed film, that is, either one or both of the films,
displays a maximum increase in the film thickness within 10 seconds of commencing
measurement that exceeds 1.0 nm.

In contrast, in the case of a resist according to the first aspect, in which the

maximum increase in the film thickness within 10 seconds of commencing measurement

25  is no more than 1.0 nm for both of the above films, ultra fine resist patterns with patterns



Subsequently, a substrate on which is provided a filmw th exposed
sections, and a substrate on which is provided a filmw th unexposed
sections are each imrersed in 10 water, and the variation in the

t hi ckness of the filnms is neasured by ‘azquartz oscillator nethod with
the substrates in a state of inmmersion.” A quartz oscillator nmethod is a

met hod 055%ﬁﬁgﬁ'&f‘ﬂmfdvér?abmtﬁib@?%édhat uses a conventional quartz

crystal mcro ance. hi's neth enabl es very fine variations in the

filmthickness,, on the. o r of anopeters, to be asured for the
exposed sect i ohdc 5%%“’3%@&?8“@%@?‘?‘ %CWH‘&W%PE%BQ%H%?}‘&% that are
imersed in water. In the present invention, the neasurenent device used
was a RDphasemagithgitiee framgfisthauthedimsregiir¢tbfores actwabiarmasiop dithagraphy As is
evident fromthe conparative exanples descri bed bel ow and the graphs

showi ng pleeessds uétyshoft, tbomseepdy akatistactorgfid@sent EhiGoe Mall® bide@on8he i N
resists that are inappropriate as resist conpositions for use in
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according to the first aspect, in which the maximmincrease in the film
t hi cknesHUREESHINProgessdpaag thfmeasyradrialusgneaminglessnent 25 is no nore than
1.0 rimfor both of the above filns, ultra fine resist patterns with

patterns 12 ad madirunamciasanim the fibm aitlnesoofso morahdn 1 Then cembeoeadilyat 10
seconds fromthe commencenent of neasurenent was chosen as the tinme
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process is very short, and consequently a satisfactory judgnment can be
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unexposed film. Based on this graph, the maximum increase in the film thickness is
determined from the curve representing each of the films, and this value must be no more
than 1.0 nm.
Furthermore, the increase in the film thickness is determined from a curve
15  positioned above the 0 reference point of the graph, whereas the decrease in the film
thickness is determined from a curve positioned below the 0 point.
From this type of graph, the increase or decrease in the film thickness of the
exposed film and the unexposed film is preferably small, and substantially horizontal
with respect to the time axis, so that even after 20 seconds, and preferably even after 60
20  seconds, the increase or decrease in the film thickness of the exposed film and the
unexposed film is preferably no more than 2 nm.
As is evident from the results of the example 17 and the example 18, resist
compositions that use either a ternary polymer containing (meth)acrylate units of a
norbornane lactone, or a quaternary polymer contaiming (meth)acrylate units of a

25  y-butyrolactone are particularly preferred.



| onger tine period, then the judgnent becones further renoved from an
actual imrersion process, naking the neasured val ue neani ngl ess. A

maxi mum i ncrease in the filmthickness of no nore than 1.0 nm can be
easily conprehended by drawi ng a graq@ with the immersion tinme along the
hori zontal axis and 10 the variation in filmthickness along the
vertical axis for both the exposed filmand the unexposed film Based on
this graph, the maxi mumincrease in the filmthickness is determ ned
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determned froma curve 15 positioned above the O reference point of the
graph, viherldirs AspectgddheBresentdnyandion]l m t hi ckness is determined froma
curve positioned below the 0 point. Fromthis type of graph, the increase
or decrease i nAk describedrabdiies k sednd akpdchef the ppssstdnidntionasna pbéidveresisposed
filmis preferably small, and substantially horizontal wth respect to
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60 20 secon e Increase or decrease 1n the filmthickness of the
exposed filmand th un osed. fil m.is pref.erab no_nore_than im As
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conpositions that use either a ternary polyner containing (nmeth)acrylate
units of nm is frymedrhyarormat exnesuredithegraphut Rrperss Ysips pyhebt sk Withiang
(meth)acrylate units of a 25 y-butyrolactone are particularly preferred.
13 [ Posivavalengiesf $93 fonip terivied 30l , ahd tHessemot aitdwhspar ideatichl Nelghne aml Resi st
Conposition of the Third Aspect of the Present Invention ] As described
above, aspuee adtht PaREH I 98B0 hibis F6 RSBy 4 SRt DitrhérsidnRBodripey Prosdss in
10 which a step for bringing a solvent for the above immersion lithography in contact with
the resist film is inserted between the selective exposure step and the post exposure
baking (PEB) step of a normal exposure lithography process using a light source with a
wavelength of 193 nm is termed X2, then the absolute value of [(X2/X1) - 1] x 100 is no
more than 8.0.
15 Furthermore, a third aspect of the present invention is a negative resist
composition used in a resist pattern formation method that comprises an immersion
exposure step, wherein if the sensitivity when a 1:1 line and space resist pattern of 160
nm is formed by a normal exposure lithography process using a light source with a
wavelength of 193 nm is termed X1', and the sensitivity when an identical 1:1 line and
20  space resist pattern of 160 nm is formed by a simulated immersion lithography process in
which a step for bringing a solvent for the above immersion lithography in contact with
the resist film is inserted between the selective exposure step and the post exposure
baking (PEB) step of a normal exposure lithography process using a light source with a

wavelength of 193 nm is termed X2', then the absolute value of [(X2'/X1') - 1] x 100 is

25  no more than 8.0. The absolute values defined above are typically no more than 8.0 for



5 conposition used in a resist pattern formati on nethod that conprises an
| mrer si on exposure step, wherein if the sensitivity when a 1:1 line and

space resist pattern of 130 nmis fornmed by a normal exposure

| i t hography process using a |light sour with a wavelength of 193 nmis

termed XI, and the sensitivity when an identical 1:1 line and space

resist p : 3 e SediQr, ' ' ' | phy
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| i thography in contagt with he.oesist filmi.s inserted between.the
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nor mal exposure |jithography process usin? a light source with a

wavel engt h of Dgslesquibed abovss o the resulis al thsevalygdontest L sheevabpatiopsest x| ) -
1] x 100 is no nore than 8.0. 15 Furthernore, a third aspect of the

present Pmanéthd evaliation tesedathe weventoss of the papaidntdntion disedvérad chat 8 sésist
pattern formati on nmethod that conprises an i mrersion exposure step,
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160 nmis fornmed by a normal exposure |ithography process using a |light
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formed by a simul ated i nmersion |ithography process in which a step for
bri ngi ng®Hransly sutablees 3 Wé‘shmﬁoﬁltﬂﬁ?é%s IBmersIQmiPesRly Processas.dEYeny t h
the resist filmis inserted between the selective exposure step and the
post expuesistant tothiciefigets PEB)e solvept wfedan Herimaheresiop dishopeaghytpgrocgsaping pr ocess
using a light source with a wavelength of 193 nmis ternmed X2', then the

absol ut edisplayeexdellpfrsendiitity and febiskpal@fh profike no nore than 8.0. The
absol ute val ues defined above are typically no nore than 8.0 for 14 both
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preferab ‘I:)y 168 nr%lcfgegceril;[ea il(l) 1K B8R zlml%ll ffird aspects refers to a normal lithography
process, namely, sequential steps for resist application, prebaking, selective exposure,
post exposure baking and alkali developing, which is conducted using an ArF excimer
laser with a wavelength of 193 nm as the light source, by performing a normal exposure

15 with the region between the exposure apparatus lens and the resist layer disposed on top
of the wafer filled with air or an inert gas such as nitrogen. In some cases, a post bake
step may also be provided following the alkali developing, and an organic or inorganic
anti-reflective film may also be provided between the substrate and the applied layer of
the resist composition.

20 The sensitivity X1 when a 130 nm 1:1 line and space resist pattern (hereafter
abbreviated as "130 nm L&S") is formed by this type of normal exposure lithography
process is the exposure dose for forming a 130 nm L&S, which 1s widely used in the
industry and is self-explanatory.

To describe this sensitivity briefly for the sake of thoroughness, the exposure

25  dose is placed along the horizontal axis, the resist line width formed using that exposure



As descri bed above, fromthe results of the evaluation test 1, the
evaluation test 2 and the evaluation test 3, the inventors of the
present invention discovered that a resist 5 conposition that satisfies
the maxi mumincrease in filmthickness,«defined in the first aspect, and

t he absol ute values defined in the second and third aspects respectively,
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processes, is very resistant to the effects ‘of the solvent used in the

i mrersiop |ithograph rocess, «and _displays excellent sensitivity and
resi st pﬁ'f’f“elﬁ’ﬁpgortélg’inéége T@ﬁl?ﬁé’fi‘?ﬂsmuar g’posure | i t hogr aphy process using
a light source with a wavel ength of 193 nm described i.n the secqond and
third aspects B¢ &mmulaisgeprssantad by Y madegpiyt) tpb.orkesein Xlameprepents fisuent i al
steps for resist application, prebaking, selective exposure, post
exposur eexmisuregioaeady sdpkesentsdbe missplimgwidiniant ai and boarel onstahtsisilfithian Ar F
excinmer laser with a wavel ength of 193 nmas the |ight source, by
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apparatus lens and the resist |ayer disposed on top of the wafer filled
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or inorganic, anti-reflective_filmmy al so _be provided between the
subst r at Hhegalruiated idsp) seaytivity &l c3p bedpenpwgdst conposition. 20 The
sensitivity XI when a 130 nm1:1 line and space resist pattern (hereafter
abbr evi at ed asThd genditionsiBSing this praness daiylytthe sotatygna! speeddunag exposur e

| it hography process is the exposure dose for formng a 130 nm L&S, which
i s wi del ypplsation Bf tHe@esistNthd prebakansnpesatarl fheexpbanataiditionspthdgesr i be this
sensitivity briefly for the sake of thoroughness, the exposure 25 dose
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conventionally used conditions, and are self-evident for forming a 130 nm L&S.
Specifically, the rotational speed is set to approximately 2000 rpm, or more specifically
to approximately 1000 to 4000 rpm, and the prebake temperature is set within a range
from 70 to 140°C, and this enables a resist film thickness of 80 to 250 nm. The

15  exposure conditions involve exposure through a mask, using an ArF excimer laser
exposure apparatus with a wavelength of 193 nm manufactured by Nikon Corporation or
Canon Inc. or the like (NA = 0.60). A normal binary mask is used as the mask in the
selective exposure. A phase shift mask may also be used for this mask. The post
exposure baking uses a temperature within a range from 90 to 140°C, and the conditions

20  for the alkali developing involve developing by a 2.38% by weight developing solution
of TMAH (tetramethylammonium hydroxide) at a temperature of 23°C for a period of 15
to 90 seconds, and then rinsing the substrate with water.

In addition, the simulated immersion lithography process described in the

second aspect refers to a process in which a step for bringing an immersion exposure

25  solvent in contact with the resist film is inserted between the selective exposure step and



dose is placed on the vertical axis, and a |ogarithm c approxi mation
curve is obtained fromthe plot using the nethod of |east squares. The
formula is represented by Y = aLoge(X1) + b, wherein Xl represents the
exposure dose, Y represents the resist./line wwdth, and a and b are
constants. If this 5 fornmula is rearranged and converted to a fornul a
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conventionally used conditions, and are self-evident for formng a 130 nm
L&S. Spagplicatiad, lpyebaking, sedécivie @mpdsuﬁq;eed:pifm brtigihg theppmostsioa tegpgsu 00

rpm or nore specifically to approximtely 1000 to 4000 rpm and the
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enabl’es a resist filmthickness of” 80 to 250 run. The 15 exposure
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Corporation or_. Canon Inc. or the like (NA = . A normal hinary mask
i s used as t heThaeantaci mayebe achiexed bw@n@f@wféhe ﬁ@smﬁ&é@ oprihe subsiaie” nay
al so be used for this mask. The post exposure baking uses a tenperature
Wi thin aaftanglectivoemm@suteporiyOprayamgl the conditions 20 for the al kali
devel opi ng i nvol ve devel oping by a 2.38% by wei ght devel opi ng sol ution

of TMAH (t et r alké Seplsaivie H2whéy 81 8K hehe) & B resist pen@ariafated ekingIkisigre a
period of 15 to 90 seconds, and then rinsing the substrate with water.

Lo M B R RN R s 1
| mer si O} HEP0T represems the exposure dose for forming the 130 nm L&S, which is a widely
used value in the industry.

The conditions during this process (the rotational speed during application of the
resist, the prebake temperature, the exposure conditions, the post exposure baking

15 conditions, and the alkali developing conditions) are also similar to the case of X1
described above.

In the second aspect, the absolute value of [(X2/X1) - 1] x 100 must be no more
than 8.0, and this absolute value is self-evident if the values of X2 and X1 are determined
in the manner described above. Similarly, the values for X1' and X2' in the third aspect

20  differ only in that the resist pattern line width is altered to 160 nm, and are otherwise
identical with X1 and X2. Naturally, [(X2'/X1") - 1] x 100 is also identical.

If the absolute value exceeds 8.0, then the resist composition becomes
unsuitable for use in an immersion lithography process, and problems arise such as the

resist pattern developing a T-top shape, or collapse of the restst pattern.

25 In the case of evaluation using a KrF excimer laser with a wavelength of 248 nm,



25 solvent in contact with the resist filmis inserted between the

sel ective exposure step and 16 the post exposure baking (PEB) step of a
nor mal exposure |ithography process which uses the sanme 193 nm ArF

exci mer | aser described above as the lj,ght source. Specifically, the

si mul ated process involves sequential 'steps for resist application,
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I mrersion of the resist filmon the substrate after Lectlve exposure,
or by spraheashierrd by epgiringshatyhosangahsolite sijug wmouagert f &0 pattern is
formed using this type 10 of sinulated inmersion |ithography process is
simlar to thelmaherewardtsh tiikesase bbe KrEbruimer laset, Het pregent sywemsenprevidae

exposure dose for formng the 130 nmL&S, which is a widely used value
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during application of the resist, the prebake tenperature, the exposure
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above. In the ond .a pect t he ab qute X2/ X.1) -. x 100
nmust be Wempéfgq waa@ ed Dy QQ%IS%{W%‘I‘T& Fg‘éfﬂ[é‘:"s“%}’?’!‘ééilkﬁﬂmt if the
val ues of X2 and X1 are determined in the manner descri bed above.

Si ni | ar | soureenwith alwavslength of 248 alistermednXi fandithe sedsuiype othep@ndidértisal onl y
in that the resist pattern line width is altered to 160 run, and are

ot her wi si1 lirdentispade resiktpatémedtd S82m Nafothed by a sinfia@ted ¥himersiorl] x 100 is
also identical. If the absolute value exceeds 8.0, then the resist

comp@si iR gBRP PRotess in which a step for bringing a solvent for the above immersion

lithography in contact with the resist film is inserted between the selective exposure step
and the post exposure baking (PEB) step of a normal exposure lithography process using
a light source with a wavelength of 248 nm is termed X2, then the absolute value of
[(X2/X1) - 1] x 100 is no more than 8.0. This absolute value is preferably no more than

15 5, and even more preferably no more than 3, and most preferably as close to 0 as
possible.

The steps for resist application, prebaking, selective exposure, post exposure
baking and alkali developing, which are conducted sequentially in the lithography
process, are identical with those described for the second aspect, with the exceptions of

20  altering the resist film thickness during formation of the line and space pattern to a value
within a range from 300 to 400 nm, and altering the exposure Iight to KrF light.

There are no particular restrictions on the resist composition of the first aspect of
the present invention, the positive resist composition of the second aspect of the present
invention, or the negative resist composition of the third aspect of the present invention,

25  although chemically amplified resist compositions comprising a resin component that



unsui table for use in an imersion |ithography process, and probl ens
arise such as the resist pattern developing a T-top shape, or coll apse
of the resist pattern. 25 In the case of evaluation using a KrF excinmer

| aser with a wavel ength of 248 nm 17 4t hen as descri bed below, with the
exceptions of altering the exposure wavel ength and the I|ine and space
pattern t PSR

|nvent|o§1rll %%K%qu cﬂlgsﬁﬁﬁﬁﬁﬁgﬁgﬁﬁﬁﬁgqﬁﬁggﬂ%he sgﬂgggg%gaggéﬁégﬁte IS no
nore than n the case .of Iase t he
o esent - Taiepbabporaa o Shast GERESTE MmbrEenedidhy, |
resist pattern formation nmethod that conprises an_ i nmersjon exposure
step, whamplified resistichaye heen propespdiprewseavith Kk, iATE, Epnelesisen beam apd X-ray
pattern of 150 nmis formed by a normal exposure |ithography process

usi ng a éxpelire, saliher: ate hb partisale rstrgttiono bn Hebresinn provided thedspetifiednd t he
sensitivity when an identical 1:1 line and space resist pattern of 150
nm i s f Ofaﬂgefé}wh@aeamb%ﬁe VaIEES Shifified O | thography process in which a
step for Inging a solvent for the above imersion [Iithography in
contact with t e inserted between th josure
st and the B ?956&%9}1811 l?F‘Hg“’{‘BE%‘}“‘s%"' Gt fors lﬁafu%iiﬁgﬁ

| i t hography process using t .source wt %1wavele f §§8 nmis
termed Xxgesinsild cmeea%mfiéo %i%éieh gglublesiase, vt q)lc arf]w&lc useg

than 8.0. This absolute value is preferably no nore than 15 5, and even
nmor e pr efesinafor gheically emphfied &sistncamipsusegr elhe flyngr descobosesa-calizdas
possi bl e. The steps for resist application, prebaking, selective

eXPOSUr enedd®ist r&¥ @ompOsitied et thellateraddsaribes dgiositiopirexist cohipokitiane
conduct ed sequentlally I n the Ilthography process, are identical wth

thosg descr| beﬂl aines iuon,%ubs% nﬁlﬁﬂgggah iORReafwidPmg! tering

the resist film urlng ormation o I'ne and space pattern

to a val ue
HGid generator component. Then, during resist pattern formation, when acid is

generated from the acid generator by exposure, the action of this acid causes cross
linking between the alkali soluble resin component and the cross linking agent, making
the composition alkali insoluble.  As the alkali soluble resin, resins comprising units
15  derived from at least one compound selected from a group consisting of
a-(hydroxyalkylacrylic acids and lower alkyl esters of a-(hydroxyalkyl)acrylic acids are
capable of forming a favorable resist pattern with little swelling in an immersion
lithography process, and are consequently preferred.
Furthermore, as the cross linking agent, using an amino based cross linking
20  agent which is essentially insoluble in the immersion exposure solvent, such as a
glycoluril comprising a methylol group or an alkoxymethy! group, and in particular a
butoxymethyl group, enables the formation of a favorable resist pattern with little
swelling in an immersion lithography process, and is consequently preferred. The
quantity added of the cross linking agent is preferably within a range from 1 to 50 parts

25 by weight per 100 parts by weight of the alkali soluble resin.



within a range from 300 to 400 nm and altering the exposure light to KrF
light. There are no particular restrictions on the resist conposition of
the first aspect of the present invention, the positive resist
conposition of the second aspect of tﬁ@ present invention, or the
negative resist conposition of the third aspect of the present invention,

25 al though chgpeahdelofa shfw)e%gﬂfg%ﬁitiﬁh, HE FRAPESh RN R AR LIS NHscubIeS! N
conponent that 18 undergoes a change in alkali solubility under the

action of acid,, a an i eratqQr €O nent, .1 hat generates aci.d on
exposur oraPEo P p oAt u ATRRIGiRle, FRARORR RpiblRb erbCaR) 8Lt o0
been proposed for use with KrF, ArF, F2, electron beamand X-ray .
exposur els BgRgrataddiem dheacd generatprenmponeashy pHRoswigs thisyadid gaysesthstacidr ovi ded
the specified 5 range for the above absolute value is satisfied. As the
af or ementissonéable, elissolutiomihibiting gooup tordisyocieteaimkking thotasin @mpenentsalkar
resins that can be converted to an alkali soluble state, which are

typi cal | yoiyslgd as the base resin for chemcally anplified resists, can
be used. The forner describes a so-called negative resist conposition,

and the latter [ oSsitiv esl Si POSLL .the case of
a negative con%ggﬁ'g{egﬁsﬁvzﬁﬁ%ﬁgéée F?‘ﬁ&‘#sﬁtb‘s‘h‘éé)ﬁﬁwg%gh%%@ ‘V\(?\iijlf2 %k'{;h’% acid
generator conponent. Then, during,resist pattern formatjiqn, when acid is
gener at efOPPRIFNE Rsterably d@@ﬁ@ﬁﬂép@f%lrbwessw slamii e} letailse Dt 1 € aci o
causes cross |inking between the al kali soluble resin conponent and the
cross | i pkiitive mgshcompasktiongef thé fouctbraspesit of the raeseat inventsw, itslwling\s t he

al kali soluble resin, resins conprising units 15 derived from at | east
one conpewidwablisied @0-11) comaminl 4lynhyandd sf 4 digaiboxykic 4did,dndsyatdaydl haits yl i c
acids and | ower al kyl esters of a-(hydroxyal kyl)acrylic acids are

capahy s o TSR AL RO RApRILASHD SRl LB 21
units). By excluding these structural units, the maximum increase in film thickness
described in the first aspect can be maintained at no more than 1.0 nm, and the absolute
value described in the second and third aspects can be adjusted to a value of no more
than 8.0.

15
[Positive Resist Composition]

A positive resist composition according to the fourth aspect of the present
invention is a positive resist composition used in a resist pattern formation method that
comprises an immersion exposure step, and comprises a resin component {A) which

20 contains an acid dissociable, dissolution inhibiting group and displays increased alkali
solubility under the action of acid, an acid generator component (B) that generates acid
on exposure, and an organic solvent (C) capable of dissolving the component (A) and the
component (B), wherein the component (A) contains a structural unit (al) derived from a

(meth)acrylate ester containing an acid dissociable, dissolution inhibiting group, but

25  contains no structural units (a0) including structural units (a0-1) containing an anhydride



Furthernore, as the cross |inking agent, using an am no based cross
linking 20 agent which is essentially insoluble in the inmersion
exposure solvent, such as a glycoluril conprising a nmethylol group or an
al koxynmet hyl group, and in particul ar but oxynet hyl group, enables the
formation of a favorable resist pattern with little swelling in an

| mer si 0pf b didARMxPRONCIA S hictu? dinits (Wﬁ?ﬁhégﬁ%@ﬁm@ﬂ%ﬂg@ghge

guantity added of "the cross |inking agent” is pre
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component is an alkali insoluble conpound with a so-called acid

di ssoci apPBPoRfing €8) sts Yhthedesini the Agjd gissepiable dissphsiondehibitingeredmer at ed
fromthe acid generator conponent by exposure, this acid causes the acid
di ssoci abérdaindd sSihinuthe cnmipohert i A) digsarizes) convediisgtheieatis, comganegt (Ahe resin
conponent al kali 5 soluble. Regardl ess of whether the conposition is

posi t3 vefigi ALARAN ¥RolubREtAE S Bn alkAITBANER st ef erabl y does not contain
any structural units (a0) detailed belowin the positive resist

ctruotural uni (ECRSBY YEARTRRR: pgterh SRRYER B RSN BRIRIRE G o o
and structuyral units 10, (a0- Zh on&gi ni ng a_phenolic _hydroxyl group ’
(her eaf t BPSIHYS ESISEEPTRRPSHEONARD E‘&t‘( )S“W(ea‘woughr‘\‘im%%kﬁaﬁ?meﬁ?ﬂ hg these

structural units, the maxinmumincrease in filmthickness described in
t he firssolubiece! hanxpedataions inaproats, avabimgalkaliaievelopingtp bamdnduseed.
absol ute value described in the second and third aspects can be adjusted
to a value of no nore than 8.0. 15 [Positive Resist Conposition]
10 [Resin Component (A)]
In a positive resist composition according to the fourth aspect, the component
(A) must not contain any structural units (a0), including structural units (a0-1) containing
an anhydride of a dicarboxylic acid, and structural units (a0-2) containing a phenolic
hydroxyl group (hereafter referred to as either (a0) or (a0) units).
15 In this description, a structural unit (a0-1) containing an anhydride of a
dicarboxylic acid refers to a structural unit with a -C(0)-O-C(O)- structure. Examples
of this type of unit include structural units containing either a monocyclic or polycyclic
cyclic anhydride, and specific examples include units derived from the monocyclic and

polycyclic maleic anhydrides shown below in {formula 1], and units derived from the

20  itaconic anhydride shown below in {formula 2].



A positive resist conposition according to the fourth aspect of the
present invention is a positive resist conposition used in a resist
pattern formati on nethod that conprises an i mrersion exposure step, and
conprises a resin conmponent (A) which 20 contains an acid dissociable,

di ssolution inhibiting group and displays increased alkali solubility
under the acti pRr@filadqi d, an acid generator conponent (B) that generates
acid on exposure, and an organic solvent (C) capable of dissolving the
conponent (A) and the conponent (B), wherein the conponent (A) contains

a structural unit (al);deriveddifromma (nmeth)agryl Hte @sten, containi ng an
aci d dissociable, di omLmhiiti ng groupE-buC-%&CCOﬁﬁaFns no
structural units (a0) I nclfuding\ structural units cort ai ni ng an
anhydride 20 of a dicarkaxylickacid, an8l struct

contai ning a phenolic dr ox@1 gr . In this typa
conposition, when acid generated fromthe conpone
resin, the acid dissociable, dissolution inhibiti
wi thin the component (A) dissociates, converting e conponent (A)
5 froman alkali insoluble state to an al kal i &) Accordingly,
during resist pattern formation, by selectively irradiating the positive
resi st conposition applied to the substrate through a mask pattern, the
al kal'i  sol ubi [foluRf2]t he exposed sections inproves, enabling al kali

devel oping to be conducted. 10 [Resin Conponent (A)] In a positive
resi st conposition according to the fourth aspect, the conponent (A

nmust not contain any structural unigs (p0), inc ing structural units
(a0-1) containing an anhydride 1 ic acid, and structural
units (a0-2) containing a phenolic hyﬁﬁo | N\grbup (hereafter referred to
S\ d
0

#sitive resist
B) acts on the
cont ai ned

as either (a0) or (a0) units). 15 Int escription, a structural unit
(a0-1) containing an anhydride of a

0

5 Furthermore, a structural unit (a0-2) containing a phenolic hydroxyl group refers
to a structural unit containing at least one hydroxyl group bonded to an aromatic
hydrocarbon ring such as a benzene or naphthalene ring. Examples of this type of unit
include hydroxystyrene units and (a-methyl)hydroxystyrene units.

By ensuring that the component (A} does not contain (a0) units, namely (a0-1)
10 and (a0-2) units, a positive resist composition according to the fourth aspect is able to
form a resist pattern with excellent sensitivity and profile, even in an immersion exposure
(immersion lithography) process.
Resist compositions that contain the above type of (a0) units suffer problems
such as degeneration of the resist layer in immerston lithography processes, and it is
15  believed that these problems lead to deterioration in the sensitivity and the profile of the
resist pattern.

In a positive resist composition according to the fourth aspect, there are no



di carboxylic acid refers to a structural unit wwth a -C(O-0C(O) -
structure. Exanples of this type of unit include structural units
cont ai ning either a nmonocyclic or polycyclic cyclic anhydride, and
specific exanples include units deriv fromthe nonocyclic and

pol ycyclic mal ei c anhydri des shown bel'™ow in [fornula I], and units

derived fazhﬂ@?xltapf‘estr%gohi@&%' c‘bnﬂﬁﬂé‘ﬂr(A eprﬁ%@@it%hﬁ%sid&([aﬁ ladd 2] - 21
e

[formula™I] O 0O O [formila 2 rt hernore,
structur
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aromati c  hydrocarbon ring such as a benzene or naphthal ene rin
Exanpl esdigsociahle dispphitien inhibiting .gmmgeﬁﬁﬁrrsf@y@dy? eneithenals oana?al)
(a-net hyl ) hydroxystyrene units. By ensuring that the conponent (A) does
not cont amit), éaddscribed shoveanely (a0-1) 10 and (a0-2) units, a positive
resi st conposition according to the fourth aspect is able to forma

resi ¢ patternifetdis SKmShb ok tﬁ@r@%lhh&ﬁ hvd AMevIEOEHak ReterRYiB N thalard Mnost |
i mrer si on exposure (i1 nmersion |ithography) process. Resist conpositions

that congal QSpI%?XSs IYREicRY XIgO%Ql}e i %ﬁcﬁm?elﬁfljs%{g B BB Emer laser, the

component (A) preferably incorporates at least 80 mol%, and even more preferably at
least 90 mol% (and most preferably 100 mol%o) of structural units derived from
(meth)acrylate esters.

10 Furthermore, in order to ensure satisfactory resolution, dry etching resistance
and an ultra fine pattern shape, the component (A) preferably comprises a plurality of
monomer units with different functions in addition to the (al} units, such as a
combination of the structural units described below.

Structural units derived from a (meth)acrylate ester containing a lactone unit

15 (hereafter referred to as either (a2) or (a2) units).

Structural units derived from a {meth)acrylate ester containing a polycyclic
group with an alcoholic hydroxyl group (hereafter referred to as either (a3) or (a3) units).

Structural units containing a polycyclic group which differs from the acid
dissociable, dissolution inhibiting group of the (a1) units, the lactone unit of the (a2)

20  units and the polycyclic group with an alcoholic hydroxyl group of the (a3) units
(hereafter referred to as either (a4) or (a4) units).

The (a2), (a3) and/or (a4) units can be combined appropriately to achieve the
desired characteristics.
The component (A) preferably comprises (al) and (a2) units, as this improves

25  the resistance to dissolution in the solvent used in the immersion lithography process, and



such as degeneration of the resist layer in imersion |ithography
processes, and it is 15 believed that these problens lead to
deterioration in the sensitivity and the profile of the resist pattern.
In a positive resist conmposition accorging to the fourth aspect, there
are no 22 particular restrictions on the conponent (A), provided it

cont ai NSpRFuEAY) falBtiabR rédiiuti GG SSt C}ﬁ(tjtﬁﬁf éi'ﬁgé‘.r ap r‘rl'gz.i'ﬁlofi?{hie%’@ﬂvg roma

(meth)acrylate ester contal ning an aci di ssoci a di ssoluti1on

i nhibiti [ (hereatter referred t s _ejthe al) or I unit),
as descr%e%”%ﬁ‘%yé.prgﬁa&’h{ e g ?Sgﬁﬁﬁb(ﬁ%%émi Eéed'l ?ﬁed’ﬁgigwg’?ya%}ﬂ?aégi ng
characteristics that are nbst suited to applications in which exposure
is condu@QﬁW]@sqfﬁ]@"'%{iﬁnNFan- mer | aser, the conponent (A) preferably

i ncorporates at |least 80 nol % and even nore preferably at |east 90 nol %
(and nost pr ef Bachbdfithd Gfitsnall Yo (@fl) mhy aisd be abmbiniet svides plueadity obdifferent
(meth)acrylate esters. 10 Furthernore, in order to ensure satisfactory
resolsuti @gits,dry etching resistance and an ultra fine pattern shape, the
conponent (A) preferably conprises a plurality of nononmer units with

different funcij | L4 on. to.the upits, such as.a c l,nat i on
of the struct ufrna QEtﬁ%l%gr%gg@grﬁ?eglévgiglgre%@&gafﬁgﬁtﬁFgFrSLfHP}E g ‘&SW@Q@“‘? ?oom a
(meth)acyylgte ester containi.ng a lactone unit 15 (hereafter referred to
as eit he{a“bﬂ’z}a@rmf%{mratfﬂiw n thg ¢oppanent (Anspployrig a mbipgangwhich
(meth)acryl ate ester containing a polycyclic group with an alcoholic
hydr oxy| captaind bothstruethira unite flenmveddram agsethaarylete ested pndstryca®p) unitst s) .
Structural units containing a polycyclic group which differs fromthe

aci d di sdardiediftam aflasgitaiedtanis proferped, adfl epaslePprotivéthm dfa positiveirksst t he

| actone unit of the (a2)
10 composition which displays little surface roughness on etching, minimal line edge
roughness, excellent resolution and a broad depth of focus range.

The term "surface roughness on etching” is different from the aforementioned
resist pattern surface roughness (deterioration in the profile) caused by the effects of the
solvent, or conventional dry etching resistance, and appears on etched resist patterns

15 following developing and formation of the resist pattern, either as distortions around the
hole patterns in a contact hole pattern or as line edge roughness in a line and space
pattern.

Line edge roughness occurs in resist patterns following developing. Line edge
roughness appears as distortions around the hole patterns in a hole resist pattern or as

20 non-uniform irregularities in the side surfaces in a line and space pattern.

Furthermore as described above, leading edge technology continues to demand
ever finer resolutions, in the vicinity of 90 nm, the vicimity of 65 nm, the vicinity of 45
nm, and even narrower resolutions, and it is envisaged that immersion Jithography will

be able to provide these types of resolution improvements.

25 In addition, broadening the depth of focus range characteristics is also desirable.



20 units and the polycyclic group with an al coholic hydroxyl group of the
(a3) units (hereafter referred to as either (a4) or (a4) units). The

(a2), (a3) and/or (a4) units can be conbi ned appropriately to achieve the
desired characteristics. The conponent,(A) preferably conprises (al) and
(a2) units, as this inproves 25 the r7e4sistance to dissolution in the

sol vent used | fh HRSohENRL 41 o' hOROARRY phESRRr 0. B3 RAHG e 3

favorabl e reso I'on ern ape. hernore, ese two
structural units preferably account for, at | east 40 nol % d even re
pr ef er ab!“;‘?thé'ﬁfﬂﬁfg‘éﬁ‘er By stecvyraiunits deg i o an acpjate esier thratpremegtioned (5 )
to (a4) may al so be conbined with a plurality of different 5 units. In

t he st r utypes af chanicteristies cancke impravgdret h) acryl ate esters such as the units
(al) to (a4) that are incorporated within the conponent (A), enploying a

conbi nati on WhigdtherfiPbd, dly Aicdpdrating ﬂmwrtgbeswistrﬁctdﬁu uied] afdeft a
nmet hacryl ate ester and structural units erived froman acryl ate ester

: ¢ _ : _ ti - . o .
composi ¢ GGtk eld oBTAR B2 pH QS 1P PhilbesRrPic, the'rh Qe reldls 1o,
resaol ution d th of focus

line edge rqu ess, excellent a ,broad.de
ange.  THCrd HOEes ¢ SSRGS ESI g PaBE TRy ems SRR B SRR e
aforementioned resist pattern surface roughness (deterioration in the
prof i | ) dexelensd resistipatieraffrem direetly oyrsheadaisingra surface defeoidnspestian dry
etching resistance, and appears on etched resist patterns 15 foll ow ng
devel opi #yspatatds anofatiuesd of KLACTanest Corppadtioa{branéd nhme"KaA "l st orti ons
around the hole patterns in a contact hole pattern or as line edge
roughness in ap] ih\ecR09h&RaREno Patit@EFrestrictions on the form of the component (A)
10 provided it incorporates structural units derived from a methacrylate ester and structural
units derived from an acrylate ester, and suitable forms for the component (A) include: a
copolymer (A1) in which the composition comprises a copolymer containing structural
units derived from a methacrylate ester and structural units derived from an acrylate
ester; and a mixed resin (A2) in which the composition comprises a mixed resin of a
15  polymer containing at least structural units derived from a methacrylate ester, and a
polymer containing at least structural units derived from an acrylate ester. Either one,
or both of the polymers which constitute this mixed resin (A2) may be an aforementioned
copolymer (Al).
The component (A) may also contain other resin components, although
20  components formed from an aforementioned copolymer (A1) and/or a mixed resin (A2)
are preferred.
The copolymer (A1) and the mixed resin (A2) may each also utilize
combinations of two or more different materials.

The relative quantities of the structural units derived from a methacrylate ester

25  and structural units derived from an acrylate ester within the component (A) are



Li ne edge roughness occurs in resist patterns follow ng devel opi ng. Line
edge roughness appears as distortions around the hole patterns in a hole
resist pattern or as 20 non-uniformirregularities in the side surfaces
in aline and space pattern. Furthernni as descri bed above, |eading edge
technol ogy continues to demand ever fTher resolutions, in the vicinity

of 90 nnpretfé}%zyiagju%iédyso%atﬁté}aﬂ% td A€ té&bﬁ&&nﬁ]& oﬂno‘i‘éoféixiu&urflt it§ Y&fved

narrower resol Utions, and I'S envi sage at I mmersion ography will

i
be abl e [LOVI hese types of resol ution inpravepent 25 I'n
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desirable. 24 In the conponent (A%}, b incorForati ng both structural

uni ts defetwariate gtar sreonnicioy il A ta8rmol, antprefaraldy from 2o 8GsmdBhiandd from
an acrylate ester, the aforenentioned types of characteristics can be

i mpr ovedtheftmittueal mnite detived fraraapacaiita gstehaccows oy PaSI®moRh! ard ur al
units, a defect 5 reduction effect can also be achieved. In this

descrj pt pRferablpgrdngRONSIgD @1 ef ers to general problens such as scum and
resist pattern problens detected by inspecting the devel oped resist

pattern from dj I efrhea in .surface defect,inspection,

appar at us nanu#%@%é‘r’%’éﬁ%gfaﬂfgufglz%ﬁg d%BP’f)‘ﬁrgﬁ PREPREIIAE Foigrds tq,@[lggly I'n
this casg, there_are no particular restrictions on the formof the
corrponenﬁ’ef‘ﬂ)e surface FNEDRESS improvemsnpeiient dyminishgs thesgas ifthe quantity 9€d f r om
a nethacrylate ester and structural units derived froman acryl ate
ester, asfmotwik eibisaletivedrfrohoan adrelatecrsteo iretod high) them terslis:a dangerogfal yner

(AI') in which the conposition conprises a copolyner containing structural
uni t s dedécrerde in t3vlatioRt hacryl ate ester and structural units derived from
an acrylate ester; and a mxed resin (A2) in which the conposition
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ylate ester, and a
above.
[(al) Units]
An (al) unit is a structural unit derived from a (meth)acrylate ester containing an
acid dissociable, dissolution inhibiting group.

15 There are no particular restrictions on the acid dissociable, dissolution inhibiting
group of the structural unit (al), provided it displays an alkali dissolution inhibiting
effect that causes the entire component (A) to be alkali insoluble prior to exposure, but
dissociates under the action of acid generated from the aforementioned component (B)
following exposure, causing the entire component (A) to become alkali soluble.

20 Generally, groups which form a cyclic or chain-type tertiary alkyl ester at the carboxyl
group of (meth)acrylic acid, tertiary alkoxycarbonyl groups or chain-type alkoxyalkyl
groups are the most widely used. |

As the acid dissociable, dissolution inhibiting group of (al), an acid dissociable,
dissolution inhibiting group containing an aliphatic polycyclic group is ideal.

25 Examples of this polycyclic group include groups in which one hydrogen atom



pol ynmer containing at |east structural units derived froman acryl ate
ester. Either one, or both of the polyners which constitute this m xed
resin (A2) nmay be an aforenentioned copolynmer (A). The conponent (A)
may al so contain other resin conponent.ge al t hough 20 conponents forned
froman af orenenti oned copol yner (A 1)"and/or a mxed resin (A2) are

pref err eflas JRA r&RBMY BN A ¥ibycleikhrdeg 1By XRAINARS bi'a teddlydIBMK SR} ufé ke
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utilize conbinations of two or nore ferent nmateria he re
quantitieg.of. t tructural unit rived. froma nmethacryl a ster 25
and st r udbisfas ey of Mot TR sbbSER Ao iardled i onen
(A) are 25 preferably ade usted so that relative to the total nunber of
nol | of 8¥MuBct aPedific g¥anplgeinciuds grounsin mbighanehydregea giasm bashrsnacr yl at e
esters, the structural units derived froma nethacrylate ester account
for 10 toeEngbeddidih agpolycyclefikamdivuchfas adardihtare, 86rbomdife, isstebrnanee st ruct ur al
units derived froman acrylate ester account for 5 to 90 nol% and 5
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derived froma nethacrylate ester is too"high thén the Surface roughness

i nprove 3 t.dLm.sh i f the quantity of ruct.ur al
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of a deﬁrﬁ?se in resol utiin. 10 As follows is a nore detail ed

descri pt PEHese efatws, adamaniy) gsoupg, nosbymylgipvesaad tearyglododecanyl gmpvrssre an
(al) unit is a structural unit derived froma (neth)acrylate ester

cont ai ni prgferred in terms of industrial availability.

Ideal monomer units for (al) are shown below in [formula 3] to [formula 11].

10 [formula 3}

fi

e
"

0 ]! (1)

(wherein, R represents a hydrogen atom or a methy! group, and R represents a lower

alkyl group)



aci d dissociable, dissolution inhibiting group. 15 There are no
particular restrictions on the acid dissociable, dissolution inhibiting
group of the structural unit (al ), provided it displays an al kal

di ssolution inhibiting effect that CS#ﬁeS the entire conponent (A) to be
al kali insoluble prior to exposure, b di ssoci ates under the action of
aci d generat edrg, mg af orenenti oned conponent (B) follow ng exposure,
causi ng the en[lre conponent (A) to becone al kali soluble. 20 Generally,
groups which forma cyclic or chain-type tertiary al kyl ester at the
carboxyl group of (neth)acrylic d&id, tertiary al koxycarbonyl groups or
chai n-type al koxyal kyl  groups apé the nost widely used. As the acid

di ssoci abl e, dissolution t ig;ﬂkﬁgﬂgroup of (al), an acid dissociable,

di ssolution inhibiting groupC onh Ming an aliphatic polycyclic group is
i deal . 25 Exanples of this pﬂz%ngL%f group include groups in which one
hydrogen atom 26 has been rg#oved om a bi cycl oal kane, a tricycl oal kane
or a tetracycloal kane or the |igge igh is either unsub$l)tuted or
substituted with a fluorine atomor<a ftluorinated al kyl group. Specific
exanpl es i nclude groups in which ii;,:‘orogen atom has been renoved from

a pol ycycl oal kane such as adamant g por nane, i sobornane, 5

tricycl odecane or tetracycl ododec4d $e types of polycyclic group can
be appropriately selected from ) ude of groups proposed for use
wth ArF resists. O these groug want yl groups, norbonyl groups and
tetracycl ododecanyl groups are preferred in terns of industrial

avai lability. Ildeal nmononmer units for (al) are shownzbehﬂyi [formul a 3]
to [forniWherein, R repregents hydipgemgtor or a methyl group, and R” and R™ each represent,

>

independently, a lower alkyl group)
5 [formula 5]
R

NS

o7 0

COOR?

(wherein, R represents a hydrogen atom or a methyl group, and R* represents a tertiary
alkyl group)
[formula 6]
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10

(wherein, R represents a hydrogen atom or a methyl group)



H%-~-0R ... (I ) O (wherein, Rrepresents a hydrogen atomor a

nmet hyl group, and R represents a |lower alkyl group) 27 [formula 4] R
OP3 R2 .H11) (wherein, R represents a hydrogen atom or a nethyl group,
and R2 and R3 each represent, |ndeper5%ently, a lower al kyl group) 5
[formula 5] R CH2 //CEO () (wherein, R represents a hydrogen

atom or a net , and R4 represents a tertiary alkyl group)
[formul a 6] Rhﬁwg@lﬁ /CQ CH3 CH3 10

(wherein, R represents a hydrogen atom or a methyl group, and R’ represents a methyl

group)

5 [formula 8]

(wherein, R represents a hydrogen atom or a methyl group, and R® represents a lower

alkyl group)

[formula 9]

z/c\o 0

10

(wherein, R represents a hydrogen atom or a methyl group)



(wherein, R represents a hydrogen atomor a nethyl group) 28 [fornmula 7]
R ~lic~JH H R5 (wherein, Rrepresents a hydrogen atom or a nethyl
group, and R5 represents a nethyl group) 5 [formula 8 R ~ic 0~ 0 R
-lc Hz (wherein, Rrepresents a hydraogen atomor a nethyl group, and R6
represents a |l ower al kyl group) [for a9 R ~( %~~00

[formula 10]

R

/
o T\}\
o

(wherein, R represents a hydrogen atom or a methyl group)

[formula 11]

(wherein, R represents a hydrogen atom or a methyl group, and R’ represents a lower
alkyl group)
Within the above formulas, the groups R to R? and R® to R each preferably

represent a straight chain or branched alkyl group of 1 to 5 carbon atoms, and specific

10  examples include a methyl group, ethyl group, propyl group, isopropyl group, n-butyl
group, isobutyl group, tert-butyl group, pentyl group, isopentyl group and neopentyl
group. From the viewpoint of injdustrial availability, a methyl group or an ethyl group is
preferred.

Furthermore, R* represents a tertiary alkyl group such as a tert-butyl group or a



0 10 (wherein, R represents a hydrogen atomor a methyl group) 29
[formula 10] R --~C % ~C (wherein, R represents a hydrogen atomor a
met hyl group) [formula 11] R~4C -~ i~ 0% ~0 R7 5 (wherein, R
represents a hydrogen atom or a nethyl,group, and R7 represents a | ower
al kyl group) Wthin the above fornmulas, the groups R to R3 and R6 to R7

each prefegf. Q‘H%lygroﬁ]? F%i'itﬁ§€éﬁ a ﬁsrtsﬁlh?l %Bﬁp Ps*'tﬁéﬂ%rr@ﬂ npfe?ﬁ‘s‘ B?Hldﬁ&tl‘iﬁi availbiALof 1

to 5 carbon atons d speci f exanpl es include a nethyl group,

o oup, Lart: butg e %{Sﬁpa@ﬁﬁﬁ i ot Lt st it SRR by

group. Fromthe vie industrial availability, a methyl group or
an et hyl thgresngral formy Wﬁ’éﬁ@r ﬁ@cﬁndeUDtﬁﬁ?l%P@“C‘ﬂﬁﬂYMﬁf@‘%@‘@éﬂ iary al kyl
group such as a tert-butyl group or a

dissolution in the solvents used in immersion lithography processes, and are capable of

5  forming patterns with excellent resolution, and are consequently the most preferred.
[(a2) Units}

An (a2) unit contains a lactone unit, and is consequently effective in increasing
the adhesion between the resist film and the substrate, and improving the affinity with the
developing liquid, and also displays excellent resistance to dissolution in the solvents

10 used in immersion lithography processes.

An (a2) unit of the present invention may be any unit which contains a lactone
unit and is copolymerizable with the other structural units of the component (A).

Examples of monocyclic lactone units include groups in which one hydrogen
atom has been removed from y-butyrolactone. Furthermore, examples of polycyclic

15 lactones include groups in which one hydrogen atom has been removed from a
polycycloalkane containing a lactone. In the lactone unit, the ring containing the
-O-C(0Q)- structure is counted as the first ring.  Accordingly, the case in which the only
ring structure is the ring containing the -O-C(O)- structure is referred to as a monocyclic
group, and groups containing other ring structures are described as polycyclic groups

20  regardless of the structure of the other rings.

Ideal monomer units for {(a2) are shown below in [formula 12] to [formula 14].



30 tert-anyl group, although a tert-butyl group is preferred in terns of
industrial availability. As the (al) unit, of all the units described
above, structural units represented by the general formulas (1), (I1)
and (I111) display particularly favoragle resistance to dissolution in
the solvents used in imrersion lithog éphy processes, and are capabl e of
5 formng pattﬁg gﬁ P excel l ent resolution, and are consequently the
nost preferred: Hf? i? Units] An (a2) unit contains a lactone unit, and
is consequently effective in increasing the adhesion between the resi st
filmand the substrate, and |nprOV| the affinity with the devel oping
liquid, and also displays excelﬂbnt resistance to dissolution in the
solvents 10 used in imrersio i(bg aphy processes. An (a2) unit of the
present invention nmay be any contains a lactone wunit and is
copol yneri zable with the other éfrup;u;@l units of the conponent (A).
polycyclic 15 | actones include group$ i ch one hydrogen at om has
been renoved froma pol ycycl oal kane ing a lactone. In the | actone
containing the -OC(O- structure is referr@@_to as a nonocyclic group,
and groups containing other ring structures aPe described as pol ycyclic
[ f or mul aVBgrein,

[formula 13}

Exanpl es of nonocyclic |actone uniA’s i de groups in which one hydrogen
at om has been renoved fron1y-but9ro|a' §‘FFurthernDre, exanpl es of

Iy
unit, the ring containing the -O C(O\-™&tTycture is counted as the first
ring. Accordingly, the case in which tge y ring structure is the ring
groups 20 regardl ess of the structure of the other rings. I|deal nononer
uni ts for (32 r%prséseonvtvsna gyc!lrg\é\éﬂ zrﬁolnfor amet%yllgrl)u}g)o [formula 14]. 31

(wherein, R represents a hydrogen atom or a methyl group)



R n HO-Q 0 (wherein, Rrepresents a hydrogen atomor a nethyl group)
[formula 13] R HCDcoo 0 s (wherein, R represents a hydrogen atom or
a methyl group) 32 [forrmula 14] R Hf p/c-0 ,~b (wherein, R represents
a hydrogen atomor a nethyl group) O 3‘E}he above structural units,
y-butyrol actone esters of (nmeth)acryli€ acid wwth 5 an ester |inkage at
t he a-carbon a[tf&% h“iﬂ] as those shown in [fornmula 14], or norbornane

| act one esters such as those shown in [fornula 12] and [fornula 13] are
particularly preferred in terns of iRndustri al availability.

H

(wherein, R represents a hydrogen atom or a methyl group)
Of the above structural units, y-butyrolactone esters of (meth)acrylic acid with
5 an ester linkage at the a.—carbon atom such as those shown in [formula 14], or
norbornane lactone esters such as those shown in [formula 12] and [formula 13} are
particularly preferred in terms of industrial availability.
[(a3) Units]
An (a3) unit is a structural unit derived from a (meth)acrylate ester containing a
10 polycyclic group with an alcoholic hydroxyl group. Because the hydroxyl group of the
alcoholic hydroxyl group containing polycyclic group is a polar group, use of the
structural unit (a3) results in an increased affinity for the entire component (A) relative to
the developing liquid, and an improvement in the alkali solubility of the exposed sections
of the resist, while also providing excellent resistance to dissolution in the solvents used
15  in immersion lithography processes. Accordingly, if the component (A) contains (a3)
units, then the resolution improves favorably.
As the polycyclic group in the (a3) unit, an aliphatic polycyclic group can be
appropriately selected from the various polycyclic groups listed in the above description

for the structural unit (al).



[(a3) Units] An (a3) unit is a structural unit derived froma
(meth)acrylate ester containing a 10 polycyclic group with an al coholic
hydr oxyl group. Because the hydroxyl group of the al coholic hydroxyl
group containing polycyclic group is aqolar group, use of the
structural unit (a3) results in an increased affinity for the entire

conponent (A) mekRlarYfo P&icﬁlﬁﬁr&‘ﬂﬁi&ﬁbﬂ@brﬂ&e'aﬂ%bﬁe hdx A erbBPESHARRRE | N

the alkali solubility of the exposed sections of the resist, while al so

provi din xcall ent resi-st an t i lution.in.the | ven 5in
Pimer o1 oRo Ll bprRa L BRERL, Bifiod Pkt SOnuhpid Df ke B be
contains _(a3),, units, then the resolution inproves favorably. As the

pol ycyc! favoiblyiBsedn t he (a3) unit, an aliphatic polycyclic group can be
appropriately selected fromthe various polycyclic groups listed in the
above descri pt ifahis Hydroxyhgrosprcontaimed adamantyiarup 33 griyerepresemedby a
particular restrictions on the al coholic hydroxyl group contai ning

pol ycycl gencgalfefmula iy ¥ howaRIB, Shenthel dPXatbhidf PakpstaBtiRipRives, andakeant vl
groups can be favorably used. If this hydroxyl group containing

adamant yl,.gr [ ) a (1v) shown
bel ow, tkgﬂlcﬁlﬁgssd)? )}fi‘e egit%ﬁgagogﬁgseﬁgﬁg%@gm?#pfﬁgt\?eosfg%g%Q{eh%g{r%’/me%'ti cal ness of
the pattern cri) s section inproves, both of which are desirable. [formula
15] (1V) OH)n f?’\?ﬁi'é]raelis , nrepresents an integer from1 to 3) 10 The (a3)
unit may be any unit which contains an aforenentioned al coholic

-+ {V)
OH),
(wherein, n represents an integer from 1 to 3)
10 The (a3) unit may be any unit which contains an aforementioned alcoholic

hydroxyl group containing polycyclic group and is copolymenzable with the other
structural units of the component (A).
Specifically, structural units represented by a general formula (V) shown below

are preferred.



hydr oxyl group containing polycyclic group and is copolynerizable with
the other structural units of the conponent (A). Specifically,

structural units represented by a general fornula (V) shown below are
preferred. 34 [formula 16] R H2 C 3 ch 14 OH (wherein, R represents
a hydrogen aton1or a nethyl group) [(@4) Units] 51In a unit (a4), a

pol ycyclic grOﬁg E 'differs fromthe aforenenti oned acid

di ssoci abl e E%?utlbn i nhibiting groups, the aforenentioned | actone
units and the aforenentioned al coholic hydroxyl group containing
polycyclic groups" neans that i the conponent (A), the polycyclic group
of the unit (a4) is a polycyclic group which does not duplicate the acid
di ssoci abl e, dissolution jnhib |ng group of the (al) units, the 10

| actone unit of the (ai\4% r the al coholic hydroxyl group
cont ai ni ng polycyclic gr the (a3) units, and al so neans that the
(a4) unit does not hold th \d\ di ssoci abl e, dissolution inhibiting
group of the (al) units, t®e |actbre unit of the (alV) units, or the

al cohol i ¢ hydroxyl group contai ning-pglycyclic group of the (a3) units,

. here are no particul ar
restrictions on the polycyclic oroup off the (a4) unit, provided it is

sel ected so as not to duplicate ¥§ Qe structural units used in the
units ‘ OH
(wherein, R represents a hydrogen atom or a methyl group)
[(a4) Units)
5 In a unit (a4), a polycyclic group which "differs from the aforementioned acid

dissociable, dissolution inhibiting groups, the aforementioned lactone units and the
aforementioned alcoholic hydroxy} group containing polycyclic groups” means that in
the component (A), the polycyclic group of the unit (a4) is a polycyclic group which does
not duplicate the acid dissociable, dissolution inhibiting group of the (al) units, the

10  lactone unit of the (a2) units, or the alcoholic hydroxyl group containing polycyclhc
group of the (a3) units, and also means that the (a4) unit does not hold the acid
dissociable, dissolution inhibiting group of the (al) units, the lactone unit of the (a2)
units, or the alcoholic hydroxyl group containing polycyclic group of the (23) units,
which constitute the component (A).

15 There‘arc no particular restrictions on the polycyclic group of the (a4) unit,
provided it is selected so as not to duplicate any of the structural units used in the units
(al) to (a3). For example, as the polycyclic group in the (a4) unit, similar aliphatic
polycyclic groups listed in the above description for the structural unit (al) can be used,

and any of the multitude of materials conventionally used for ArF positive resist



(al)to (a3). For exanple, as the polycyclic group in the (a4) unit,
simlar aliphatic polycyclic groups listed in the above description for
the structural unit (al) can be used, and any of the nultitude of
materials conventionally used for ArF %ositive resist 35 materials can
be used. Fromthe viewpoint of i ndust rPal availability, one or nore
groups selected from anongst tricycl odecanyl groups, adamantyl groups or
tepracch%%S@ é?ﬂ;?lﬁ?gups is preferred. 5 The (a4) unit may be any unit
whi ch contains_an af orenmenti one polycygch group and is ¢ pol%ggrlzable

Wi th the. of her Feom thepdnapornkatuadustrial Builabiia Rtor mgTe eraups FEPTEd T8Rarpl e
of (a4) units are shown belowin [fornula 17] to [fornmula 19]. [formula
171 R Hmabhgsoticytddevdnyt gioups, Rdampntgbgnoups ar teyracysipsiedecaop gnoups et hy|
group) [fornmula 18] R H1 (wherein, R represents a hydrogen atomor a
met hyl  gpR¥Hed36
5 The (a4) unit may be any unit which contains an aforementioned polycyclic
group and is copolymerizable with the other structural units of the component (A).
Preferred examples of (a4) units are shown below in [formula 17] to [formula

19].

[formula 17]

10

(wherein, R represents a hydrogen atom or a methyl group)

[formula 18]

(wherein, R represents a hydrogen atom or a methyl group)



[formula 191 R p% (wherein, R represents a hydrogen atomor a nethyl
group) In a positive resist conposition according to the fourth aspect of
the present 5 invention, conponent (A) conpositions in which the (al)
units account for 20 to 60 nol% and.preferably from30 to 50 nol % of

t he conbined total of all the structuég units of the conponent (A)

di spl ay excellﬁnt eﬁﬁtution, and are consequently preferred.

Furt hernore ns in which the (a2) units account for 20 to 60
nol % and preferably from30 to 50 mol % of the conbined total of al

the structural units of the 10 component (A) display excellent

resol ution and adhesi on, and are 9bnsequently preferred. Furthernore, in
t hose cases where (a3) unils/ aregdsed, conpositions in which the (a3)
units account for 5 to 50 &&"n referably from10 to 40 nol % of the
conbined total of all the stryctuyral units of the conponent (A) display
excellent resist 15 pattern s e, ~@nd are consequently preferred. In

t hose cases where (a4) units @re used S i n which the (a4)
units account for I to 30 nol% and pne 5to 20 nol % of the
conbined total of all the structural gnponent (A) offer
superior resolution for isolated patter sem -dense
patterns, and are consequently preferred: eSe conpositions,
positive resist conpositions that use either a ternary 37 copolymer in
whi ch the respective quantities of each of the structural units (a]) to
(a3) in (wheempRpepesent{ Ahydnogerf atom @@ methplgravpyo for (al ), from 20 to 60
nmol % for (a2), and

In a positive resist composition according to the fourth aspect of the present

5  invention, component (A) compositions in which the (al) units account for 20 to 60
mol%, and preferably from 30 to 50 mol%, of the combined total of all the structural
units of the component (A) display excellent resolution, and are consequently preferred.

Furthermore, compositions in which the (a2) units account for 20 to 60 mol%,
and preferably from 30 to 50 mol%, of the combined total of all the structural units of the

10  component (A) display excellent resolution and adhesion, and are consequently
preferred.

Furthermore, in those cases where (a3) units are used, compositions in which the
(a3) units account for 5 to 50 moi%, and preferably from 10 to 40 mol%, of the
combined total of all the structural units of the component (A) display excellent resist

15  pattern shape, and are consequent]y preferred.

In those cases where (a4) units are used, compositions in which the (a4) units
account for 1 to 30 mol%, and préferably from 5 to 20 mol%, of the combined total of all
the structural units of the component (A) offer superior resolution for isolated patterns
through to semi-dense patterns, and are consequently preferred.

20 Of these compositions, positive resist compositions that use either a temary



from5 to 50 nol % for (a3), or a quaternary copolyner in which the
respective quantities of each of the structural units (a]) to (a4) in
t he conponent (A) are from25 to 50 mol %5 for (al), from25 to 50 nol %
for (a2), from1l0 to 30 nol % for (a3), 7and from3 to 25 nmol%for (a4d)
enable the formation of a resist pattérn W th superior sensitivity and

A ﬁsﬁﬁﬂéﬁﬁ“?& gy ?f‘ie"&ﬁ‘%bﬁ{i%ﬂ%f%?ﬁ?f@ﬁ i U 2%‘2%1&3:‘? *"’f%”t B a
' ' F 0 '
{avor abl Pedammong 45 atsdrom 208n 0% 8 cramatp S 7l (s ang

contains no (a0) units. This type of F2 resist resin conponent includes
copol ynefremcoty(l moltg fer (ad), or aquatemary eapolynertin sdnehatha sespegtivesriapiatiest om
or a fluoroal kyl group on the side chain of a (nmeth)acrylate ester unit.

The resi §f GRABE BRNYrucAkaliunits (4 )té ti4) n arResipotént (AR akerfeea 25 th 50emil¥on can
be 15 produced easily by a conventional radical polynerization of a

ronorter stL gt Do a4 s ihble KT o 1R 101008 ilad), R ol p R S T e

structural Its (a2),

and/ or (a4), .US] a.radical polynerization initiatar such. as

azobi si sB‘BL’F’QP’bd?H?F’i‘qbip &‘ﬁ&m&oﬁﬁﬁﬁ'Wﬁ?mb‘vﬁé\f‘?gnﬂlé f%@“‘é’ﬁgﬁgﬁ grofile,
transfer agent such as HS-CH2- CH2- CHZ- C(CF3) 2-OH, a copol yner in which a
- C( CF3) 2¢'GH igithagash af immersiorpexpopire danmerdioatlithegsaphy) rand 2Are Cesrseqgypatly

copol yner can al so be used. Furthernore, there are no particular
restrictpefigredn the wei ght average nol ecul ar weight (the polystyrene
equi val ent value, this also applies to subsequently nol ecul ar weight

val ues) of thergoRRARe in ()préfntiiveiorn Bfesin EshpdithoedrdsRufdra Bspect s
of the present invention, although values are typically within a range

(11 S88:b8 BE00B 1% APaby g SO eoRREtIc ARSI 6D o
units and contains no (a0) units.  This type of F; resist resin component includes
copolymers comprising a unit with a group that contains a fluorine atom or a fluoroalky]
group on the side chain of a (meth)acrylate ester unit.

The resin component (A) in the fourth aspect of the present invention can be
15  produced easily by a conventional radical polymerization of a monomer corresponding
with the structural units {al), and where required monomers corresponding with each of
the structural units (a2), (a3) and/or (a4), using a radical polymerization initiator such as
azobisisobutyronitrile (AIBN). Furthermore, by also using a chain transfer agent such
as HS-CH,-CH,-CH;-C(CF3),-OH, a copolymer in which a -C(CF3);-OH group has been
20  introduced at the terminals of the copolymer can also be used.
Furthermore, there are no particular restrictions on the weight average molecular
weight (the polystyrene equivalent value, this also applies to subsequently molecular
weight values) of the component {A) in any of the first through fourth aspects of the

present invention, although values are typically within a range from 2,000 to 30,000, and

25  in the case of a negative composition are from 2,000 to 20,000, and preferably from



4,000 to 15,000, and in the case of a positive conposition are from5, 000
to 30,000, and preferably from8,000 to 20,000. If the nol ecul ar wei ght
is greater than this range, then the solubility of the conponent in the
resi st solvent may deteriorate, where if the nolecular weight is too
smal |, there is a danger of a deteriora'@tion in the dry etching 5

resi stan | LSt ntil
thi's po £ 0030013000, 237 UG, SEpoRIRRDrHos B arERLR's O o0 et
relation t Siti resi conpositjon of the. fourth aspect, but the
Fesin comstrrant Tom &880 20 8o e iples afetahis sheocer AT e dhon
conposi tion according to either the first aspect or the second aspect.
10 [ Aci dthesalabiityof tememnenent(igfhe nesist spdvent may deterigraity wWhereashif Bipect s of
the present invention, as the acid generator conponent (B), a conpound

appr opr i gotdculas dlediit @chob rsaratlkiheiwis arlangdralf a deseidradnda il drgemdimt ors in
conventional chemcally anplified resists can be used. O these possible

aci d gengralaks an?g;ﬁég&ﬁ@@ﬁm\gi %p@?f{hggéé'ei??tedﬁgnal kyl sul fonate 15 ion as

t he anlonlare prﬁ e anpl es”of pre acid generators include
onium salts suc | phenyl i odoni um tr or net hanesu] f opat.

(4- met hoxyphen@?)”&ﬁiﬂ’;ﬁ F%H'B%F G ?9’??%?‘&)@%?3%8%??58“@?&&? ditsifin

bi s(p-tert-butyl phenyl)iodoniumtrifluoronethanesul fonate,

t ri phenyrelationdpiamesitiveiresigi spopesiion of therfewsh aspect, but the resin component (A)
(4- met hoxyphenyl ) di phenyl sul fonium 20 trifl uoronmet hanesul f onat e,

( 4- met hytphalsybd itlephye ampkiyed oma positivioresist coonpisiticarsesondingtategher the first
(4- et hyl phenyl ) di phenyl sul fonium trifluoronethanesul fonate,

(p-tert - pigedd GHiROYDLHE RERY ! sul fonium trifluoronethanesul fonate,
di phenyl i odoni um nonaf | uor obut anesul f onat e,

bi s( te[ACIFl&éﬁlzpaQW&}lb&ggp(Bﬂ] nonaf | uor obut anesul f onat e,
um

tri phenybsul foni

In the first through fourth aspects of the present invention, as the acid generator
component (B), a compound appropriately selected from known materials used as acid
generators in conventional chemically amplified resists can be used.

Of these possible acid generators, onium salts with a fluorinated alkylsulfonate

15  ion as the anion are preferred. Examples of preferred acid generators include onium
salts such as diphenyliodonium triflucromethanesulfonate,
(4-methoxyphenyl)phenyliodonium trifluoromethanesulfonate,
bis(p-tert-butylphenyl)iodonium trifluoromethanesuifonate, triphenylsulfonium
trifluoromethanesulfonate, (4-methoxyphenyl)diphenylsulfonium

20  trifluoromethanesulfonate, (4-methylphenyl)diphenylsulfonium
nonafluorobutanesulfonate, (4-methylphenyl}diphenylsulfonium
trifluoromethanesulfonate, (p-tert-butylphenyl)diphenylsulfonium
trifluoromethanesulfonate, diphenyliodonium nonafluorobutanesulfonate,
bis(p-tert-butylphenyl)iodonium nonafluorobutanesulfonate, triphenylsulfonium

25  nonafluorobutanesulfonate, triphenylsuifonium perfluorooctanesulfonate,



25 nonaf | uor obut anesul fonate, triphenyl sul foni um

per fl uorooctanesul fonate, 39 (4-trifluoronethyl phenyl)di phenyl sul f oni um
trifluoromethanesul fonate, (4-trifluoromnethyl phenyl)di phenyl sul fonium
nonaf | uor obut anesul fonate, tri (p-tert3- ut yl phenyl ) sul f oni um
trifluoromethanesul fonate, and trip-tért-butyl phenyl)sulfonium

nonaf | uogﬁgw%ﬁah},@ggﬁ)gmi@ﬁ gpﬁﬁ%tﬁﬁhéﬂﬁm%ﬁ&gge preferred, and

of the s um sa uori nated al kyl sul fonate
ion with at. ] east carbagp,.ato the anion are ticularly

br o or 1 o iR ety ReR Lithea taripRc oA g Bl Eoedihdiner at or or a
conbi nation of two or nore acid generators may be used, 10 The quantity
of the ctipderebutylihenybsul{gmientifuatpmgthanesulfanaie, andom 0.5 to 30 parts by
wei ght, and preferably from1l to 10 parts by weight, per 100 parts by

wei ght  ofri(ptte bapipienshiulfodium AbnafimpsbutamRsulfefatk. t han 0.5 parts by wei ght
pattern formati on does not proceed satisfactorily, whereas if the

quanty Uy exceeg Qe Rl Subl sl bl refeieh! £ didh@sul AR LA ohili Al

becomes difficult, an ere 1s a‘danger of a deterioration int

2ccor o ni B TRl T REAetnp Bt ootk 1 G ERrS o5 BRON B coent

i nvention can be produced by dissolving the aforenentioned resin
conponenpareulagy ppiereed. (A) and the af orenentioned conmponent (B),
together with optional 20 conponents (D) and/or conponent (E) descri bed
bel ow, in an oaAgdnk compbrein(B), Ether aldireple acjd Penersor veatorgtinanay oftsvoasry
sol vent capabl e of dissolving the aforenentioned resin conponent or
conponeninokdacidpendrirsahay BEad, oned conponent
10 The quantity of the component (B) is typically within a range from 0.5 to 30
parts by weight, and preferably from 1 to 10 parts by weight, per 100 parts by weight of
the component (A). At quantities less than 0.5 parts by weight pattern formation does
not proceed satisfactorily, whereas if the quantity exceeds 30 parts by weight, achieving a
uniform solution becomes difficult, and there is a danger of a deterioration in the storage
15  stability.
[Organic Solvent (C)]

A resist composition according to any of the first through fourth aspects of the
present invention can be produced by dissolving the aforementioned resin component or
component {A) and the aforementioned component (B), together with optional

20  components (D) and/or component (E) described below, in an organic solvent (C).

The organic solvent (C) may be any solvent capable of dissolving the
aforementioned resin component or component {A) and the aforementioned component
(B) to generate a uniform solution, and one or more solvents selected from known

materials used as the solvents for conventional chemically amplified resists can be used.

25 Specific examples of the solvent (C) include ketones such as acetone, methyl



(B) to generate a uniformsolution, and one or nore solvents sel ected
fromknown materials used as the solvents for conventional chemcally
anplified resists can be used. 25 Specific exanples of the solvent (O
i ncl ude ketones such as acetone, nethy). 40 ethyl ketone, cycl ohexanone,

met hyl isoanyl ketone and 2-heptanone; 0poI yhydric al cohol s and

derivati e L oacet at e,
i et gl cHT IS Yol hiplanfile, Bhetl TRfintlt KEhe o PSR HEGhydI
propyl ene gl ycol . npnoacet at e, di propyl ene _glycol, or the nononethyl

bt her, ntiselingnd derheatives BieesoF sih assUiongrly el rdhlenn elusol aRonsResiifiopheny |
et her of dipropylene glycol nonoacetate; cyclic ethers such as di oxane;
and est edisthylaie ghecohetiethylehaglyavlemonedeytate, popateae ginsoh propytanegdycol et hyl
acetate, butyl acetate, nethyl pyruvate, ethyl pyruvate, nethyl

et hoxy preRbaRe#E dipropflefé Bivcol bNME \HidroRicfid ether, RGRRHI BB, SnchiopropRI S
can be used singularly, or as a mxed solvent of two or nore different

sol vent s ] . met hyl
ot her acshg pidhoRRYLbGeL & moRtythy SR SF L r iy o Bbrdbifil, Rl TEL
a lactone,such as _propyl epne glycql non t hyl et her (PGQVE), .ethyl

act ot o FRET ek 53 GOKSHR AL ESHS SO e mARTL e etsa L eyl Siebist Freter or
positive resist conpositions, and are consequently preferred. In cases

i n whi chethyl aostate, baty] wicethtePavtha! pymeatacstiyyipyranate msthypanptheapromonate,
preferably within a range from®6:4 to 4:6. In case where PGVE is m xed

Wi th PGVEA ethileeth@typidpiordte.0 These Begda: Solivhts can by misedhsihgulmily, ok as a r ange
from8:2 to 2:8, and preferably from8:2 to 5:5. In a resist conposition

accor di ngyitdl YNenPbf tiSof bR diffBrent'stiivéngur th aspects of the 20 present
I nvention, the quantity of the organic solvent (C) is sufficient to

genejpte a sol indpanicular, mixed solvents of propylene glycol monomethyl ether acetate

(PGMEA) and a polar solvent containing a hydroxyl group or a lactone such as
propylene glycol monomethyl ether (PGME), ethyl lactate (EL) or y-butyrolactone offer
improved storage stability for positive resist compositions, and are consequently
preferred. In cases in which EL is mixed with PGMEA, the weight ratio of PGMEA:EL
15  is preferably within a range from 6:4 to 4:6.
In case where PGME is mixed with PGMEA, the weight ratio of
PGMEA:PGME is typically within a range from 8:2 to 2:8, and preferably from 8:2 to
5:5.
In a resist composition according to any of the first through fourth aspects of the
20  present invention, the quantity of the organic solvent (C) is sufficient to generate a solid
fraction concentration for the resist composition of 3 to 30% by weight, and the actual
quantity is set in accordance with the desired film thickness of the resist.
[Other Components]
Furthermore, in a resist composition according to any of the first through fourth

25  aspects, in order to improve the resist pattem shape and the long term stability (post



fraction concentration for the resist conposition of 3 to 30% by wei ght,
and the actual quantity is set in accordance with the desired film

t hi ckness of the resist. [Qher Conponents] Furthernore, in a resist
conposition according to any of the fHTSt through fourth 25 aspects, in
order to inprove the resist pattern shépe and the long termstability
(post 41 =St abl |4 i f: ern
W 6. expBuy BEHRY F B et ook Himh B X Whe RAR i SRRSEY of % AN
conmpound, (D) can be added. as a separate, ti opal onponent. A multitude
o Dol et Feny gt byosetmdOf cunPeadieR s e
organi ¢ conpound, and one of these known conpounds may be used, 5

al t houghcarepanedtir yA nodktude bf gdrapdunds hirvecalready besn prapesed dowthisantrpesa: i c

am nes are preferred. Here, a lower aliphatic amne refers to an al kyl

or al kyl cottgiaihg orgdhio eoipoutd, afdote fitheseknoanzompetindsmaybelusedanpl es of
t hese secondary and tertiary amnes include trinethylam ne,

di et hy! agfigen el f Sipiilic SRfQRY @I ot Jighadkl BRM3Ee, 10
tri peh':ynty am%ﬁ'g%ééoﬁlﬁi%%)d@%{]glm}%{elf tr %@%(b am ﬁ%‘,"é{n 1e‘?ﬁanol ar?i ne,
tri et hanol gqrﬁ_eﬁg and triisopropanol am ne, although al kanol am nes such as

tri et hanBi® are particularly preferred. Furthernore, nitrogen

cont ai ni ng organi c conpounds represented by a general formyla (VI) shown
bel ow can al soHste, pdeserabiphatiqgningaefersitg apfakyhar alkybalcehol pyune of no

R'-0-R Z0-R13 (VI) (wherein, R 1 and R12 each represent, independently,
a | ower niokythane @rismmtorantnRERamplep ofthest secandapyvend tertiarly agnoesppclude

trimethylamine, diethylamine, triethylamine, di-n-propylamine, tri-n-propylamine,

10  tripentylamine, tridodecylamine, trioctylamine, diethanolamine, triethanolamine and
triisopropanolamine, although atkanolamines such as triethanolamine are particularly
preferred.

Furthermore, nitrogen containing organic compounds represented by a general
formula (V1) shown below can also be favorably employed.

15 {formula 20]

N —R" 0 R'2 —0Q R3 ), e (VD)

{wherein, R'! and R'? each represent, independently, a lower alkylene group, and R
represents a lower alkyl group)
R“, R and R" may be straight chains, branched chains or a cyclic structures,
20  although straight chains and branched chains are preferred.
From the viewpoint of regulating the molecular weight, the number of carbon
atoms within each of R'!, R'* and R* is typically within a range from 1 to 5, and
preferably from 1to 3. The number of carbon atoms in R'?, R and R" may be either

the same or different, and the structures of R'' and R'? may also be either the same or



R', R12 and R13 may be straight chains, branched chains or a cyclic
structures, 20 although straight chains and branched chains are
preferred. Fromthe viewpoint of regulating the nol ecular weight, the
nunber of carbon atons wthin each of R11, R12 and R13 is typically
within a range froml to 5, and prefe?ably from1l to 3. The nunber of
carbon ajpik,in R, R12 and R13 may be either the same or different, and
the structures of RI1 and R12 may al so be either the sanme or 42

S AR O B SR R hd i =

tris-2-(2-nmethoxy(ethoxy))ethylam ne,
tris-(2-ti- (ﬁenﬁbwy)enﬂbgwﬂnﬂ}am%ttlhgrﬂj(armﬁboxmthmékéhylemne and

tris-2-(2-nmethoxy(ethoxy))ethylamne is preferred. O the above nitrogen

cont ai ni ig-(Q+(Qantthoxyinyndsthoxwsipdlansse.r epf desst ed by the general
forrrula (VI) are preferred, and tris-2-(2-nethoxy(ethoxy))ethylanmne in

partis ?rsocessg?kh&gmm Hnruiieﬁ kfaegol vents used in inmersion

I|thogra I's cons quently preferred These conpounds

can be used Si | ar, conbi nat.i ons_0Q re co nds.
These am nes. P B YRR eGP E P BRh TSSO Pa GEFRPER 0. 01
to 2.0% by weight relative to t he quant|t§ of the resin corrponent or the
conponenty tha)geneml farmutafiid areiprefsrradrand drisrd g apgtherriethex pystaylammsn; n

sensitivity caused by the addition of the aforenentioned conponent (D),
and i nprpartcilhchasanindmalpatitbdity is Hepehant usédin imentronyg litkogragiyapotdssss, an
organi ¢ carboxylic acid or a phosphorus oxo acid or derivative thereof

can al SOmhﬁs%dﬂ@g e%ﬂoniﬂhe& gids dallbe ubkd $iggulang.ordi bot h of
the conponent (D) an the conponent (E) can be used.

10 combinations of two or more compounds.

These amines are typically added in a quantity within a range from 0.01 to 2.0%
by weight relative to the quantity of the resin component or the component (A).

Furthermore, in order to prevent any deterioration in sensitivity caused by the
addition of the aforementioned component (D), and improve the resist patterm shape and

15  the long term stability, an organic carboxylic acid, or a phosphorus oxo acid or derivative
thereof can also be added as an optional component (E). Either one, or both of the
component (D) and the component (E) can be used.

Examples of suitable organic carboxylic acids include malonic acid, citric acid,
malic acid, succinic acid, benzoic acid, and salicylic acid.

20 Examples of suitable phosphorus oxo acids or derivatives thereof include
phosphoric acid or derivatives thereof such as esters, including phosphoric acid,
di-n-butyl phosphate and dipheny] phosphate; phosphonic acid or derivatives thereof
such as esters, including phosphonic acid, dimethyl phosphonate, di-n-butyl phosphonate,
phenylphosphonic acid, diphenyl phosphonate and dibenzyl phosphonate; and phosphinic

25  acid or derivatives thereof such as esters, including phosphinic acid and



Exanpl es of suitable organic carboxylic acids include malonic acid,
citric acid, malic acid, succinic acid, benzoic acid, and salicylic
acid. 20 Exanpl es of suitable phosphorus oxo acids or derivatives thereof
i ncl ude phosphoric acid or derivativgg t hereof such as esters, including
phosphoric acid, di-n-butyl phosphate“and di phenyl phosphate; phosphonic

01 0,0 HRhBlobBici et 8 of HGA RS ARhREid i BEhidn splgsgdion! ¢ acid

di met hyl * phosphonat e, di -n-buty onate, “pheny oni ¢ aci d,

di phenyl phosphpnat e _and, di.benzyl . phosphonat e;. and, phosphi pi c acid or
derivatives thiﬁ%g‘fgmgﬂbeﬁt ’@&pi‘f'aél?’ us 1WthﬁhW§bﬁi% ESHPE (ﬁabt%S
phenyl pho%phi nic acid, and of these, phosphonic acid is particularly

pr ef er r etV PRHS by ovgighianst 1 ¢Eparisshyt yeighbof the C@HUCQmP@qumiﬁt comppnenk n a
range from0.01 to 5.0 parts by weight per 100 parts by wei ght of the
resin cofonent or the conponent (A). 5 Mscible additives can al so be
added to a resist conposition according to any of the first through

fourth aspect sMadciblRad@itiveEtn A1/ Yddes t@&%fs@i:&g{)&‘?ti@fg&orcﬂﬂggaﬁﬁsﬁ?rfﬂ lefn

i nclude additive resins for 1nproving the propertties ther

sur f act [ i the.ease of, appl.icatio i ssol uti.on

i b ¢ o it oo BROGH Abetd B AR5 Ee<he A88oi e Sinefo RBRA A B8 t  on
agents. 10 Pr og ction of a resist conposition according to any of the
first thiPSlnge apditive resingdfor imrroving thepropamdiss pEthessistifim, surfactarigfoind
stirring each of the conponents together wusing conventional nethods, and
wher e r etfiroviag thérease ofippricatiom dissplwilos antikitors qeaktiaivdrs, diabihzesed usi ng a
di spersion device such as a dissolver, a honogenizer, or a triple roll

m 1. Fuedloentsoind hafaaloh prévegtion xgengs. t he conposition may al so be filtered
using a nmesh 15 or a nmenbrane filter or the |iKke.
10 Production of a resist composition according to any of the first through fourth

aspects can be conducted by simply mixing and stirring each of the components together
using conventional methods, and where required, the composition may also be mixed and
dispersed using a dispersion device such as a dissolver, a homogenizer, or a triple roll
mill.  Furthermore, following mixing, the composition may also be filtered using a mesh
15 or amembrane filter or the like.
[Pattern Formation Method)
Next is a description of a method of forming a resist pattern according to the
present invention.
First, a resist composition according to the present invention is applied to the top
20 of a substrate such as a silicon wafer using a spinner or the like, and a prebake (PAB
treatment) is then performed.
An organic or inorganic anti-reflective film may also be provided between the
substrate and the applied layer of the resist composition, creating a 2-layer laminate.
Furthermore, a 2-layer laminate in which an organic anti-reflective film is

25  provided on top of the applied layer of the resist composition can also be formed, and a



[Pattern Formation Method] Next is a description of a nethod of formng a
resist pattern according to the present invention. First, a resist
conposition according to the present invention is applied to the top 20
of a substrate such as a silicon waferygising a spinner or the |like, and a
prebake (PAB treatnent) is then perfornmed. An organic or inorganic

anti - r ef Bagydri@minatdaomtistlpSsh LRiRIAY b6tRIn REENBRNrdREtIveSHRS Edrpdiso B t he

applied layer of the resist conposition, créating a 2-layer |am nate.
Furtherrr%rﬁ_l 42 2-layer lanminate in which an organic anti-reflective film
I's 25 provi §ed on top of the applied |ayer of the resist conposition can
al so be forned, and a 44 3-|ayer |am nate cqnprising an additional

bot tom | ayer adbf Steat PRupGMBIsTHOIhCan he sordycisd usmgsepyentional eehiiquesp unti |
this point can be conducted using conventional techniques. The operating
condi t i ohbe aperafing tenditidns ase preferably setrid ancurdatice hwithhithe mpdkeup andhthet he 5
characteristics of the resist conposition being used. Subsequently, the

resi s | ay@hctbAstios @f tHeadibh@niidRitioadbelrghite@f the resist conposition is
subj ected to selective liquid imersion |ithography through a desired

mask pattern. é‘lb%ﬁ%@ﬁffb&ﬁ?gﬁi%ﬁa#ﬁ%%d%%‘f&%ﬁ%h@d ?iﬁl‘giio?rthel RS da”d the

| ens at the | ower € exposure appara I's fi wth a

sol vent which.has.a larger 1Q refractjve index. than the refragctive index
o B OR i bR B o e Rl i Mt LB et e GhER A {11 | e
with a solvent which displays a refractive index which is larger than

t he ref r Bask patigradeAt §9s Bime, haregipmbetaeen heresisidayesiand ¢he lgps atfiex of t he

resist layer. There are no particular restrictions on the wavel ength
used f or lavwemesppsior & thaeacpoaureApparatus is filled with a solvent which has a larger

10 refractive index than the refractive index of air, and the exposure is preferably conducted
with this region filled with a solvent which displays a refractive index which is larger
than the refractive index of air but smaller than the refractive index of the resist layer.
There are no particular restrictions on the wavelength used for the exposure, and an ArF
excimer laser, a KrF excimer laser, a F, laser, or other radiation such as EUV (extreme

15  ultraviolet), VUV (vacuum ultraviolet), electron beam, X-ray or soft X-ray radiation can
be used. A resist composition according to the present invention is useful for KrF or
ArF excimer lasers, and particularly effective for ArF excimer lasers.

As described above, in a pattern formation method of the present invention,
during exposure the region between the resist layer and the lens at the lowermost point of

20  the exposure apparatus is preferably filled with a solvent which displays a refractive
index which is larger than the refractive index of air but smaller than the refractive index
of the resist composition being used.

Examples of this solvent which displays a refractive index which is larger than
the refractive index of air but smaller than the refractive index of the resist composition

25  being used include water and fluorine based inert liquids. Specific examples of these



excinmer |aser, a KrF exciner |laser, a F2 |aser, or other radiation such
as EUV (extrenme 15 ultraviolet), VW (vacuumultraviolet), electron beam
X-ray or soft X-ray radiation can be used. A resist conposition
according to the present invention is4gseful for KrF or ArF exciner

| asers, and particularly effective for"ArF excinmer |asers. As descri bed

above, | ﬁucﬁm@%ﬁ&f heft 3l Uﬁfs'lﬁagd?ltxtﬂ}s??ssfgﬁtatl%g Q;iﬁ.gﬁi[ﬁh ghfﬁg%%ﬁbﬂn% séth'dsng

exposure the regli on bet en the r aye ns at the

| ower nos | nt t sur.e aratus .is preferably filled with a
sol vent M@#ﬁﬁgtﬂ\é@% 4F%§¢§%Wecﬁiﬁgé§5 Po C‘P’BP%ﬂﬁnk g’nan t he .
refractive index of air but smaller than the refractive index of the

resi st cperflosioaikyhciepoupds sith.a oibkmgppeint within rngofroeni0 WHIBORC ardpl ays a
refractive index which is larger than the refractive index of air but

smal | er C;Fnﬁ%gatsl\g?mh?ﬁﬁ gfﬁwe. ! 'Eﬁiﬁfﬁgféfs of fiRsé ?&jﬂﬁbrdﬁﬂ(ﬂ’g&hbb&ﬂis isdudeei ng

used in ter an uorine based inert |iquids. Specific exanples of

t hese 45 | uorj ne based inert Liqujds iihclude |iquids containing a

f 1 uori nePasteralky e amenunis aod regivetontkylapie a8 Fo oS and
C51-13F7 as the prinmary conponent or perfluoroal kyl conpounds with a
boi | i ng poi nt $pecifically, a angbletperfinorenikyethgnmprindds ef erably from 80 to
160C. Exanpl es of these perfluoroal kyl compounds include 5

per f | uor gatlkytot2-Befyl-eanmhodiddsas@oiliiPoun 102t Ry hadra seitabderpounds.
Specifically, a suitable perfluoroal kyl ether conpound is

perfluoro(2-butyls:tetrah f 4 an | . . I t abl
perfl uor® Rg}i‘%ﬁﬁ%@%gﬁ%‘%‘g{{%‘ﬁg%@“ﬁ"?ﬁgb%‘??ﬁ“ﬁﬁ% E/‘foém %@l?‘bwicﬁ'gsgi)i ﬁt ©
174C). Anongst the aforenentioned fluorine based jnert |jiquids,.|iquids
with a bdmangst the pierementioned flpgyinebaged et lfch’égsagél\}'é‘s M\%@b@H%P@n{ t

renmoval of the immersion liquid following conpletion of the exposure to
be pHr f ofalis witlsn thg abose muige enakiléte, removalanf ¢heciormaengigariquid following

completion of the exposure to be performed using a simple method, and are consequently
preferred. A resist composition of the present invention is particularly resistant to any
deleterious effects caused by water, and displays excellent sensitivity and resist pattern
profile. Furthermore, water is preferred in terms of cost, safety, environmental

15 friendliness and flexibility.

Furthermore, there are no particular restrictions on the refractive index of the
solvent, provided it is larger than the refractive index of air but smaller than the refractive
index of the resist composition being used.

Subsequently, following completion of the exposure step, PEB (post exposure

20  baking) is conducted, and then developing is performed using an alkali developing liquid
comprising an aqueous alkali solution. The substrate is then preferably rinsed with pure
water. This water rinse is conducted by dripping or spraying water onto the surface of
the substrate while it is rotated, and washes away developing liquid and those sections of
the resist composition that have been dissolved by the developing liquid and removes

25  them from the surface of the substrate. By conducting a subsequent drying treatment, a



preferred. A resist conposition of the present invention is particularly
resistant to any deleterious effects caused by water, and di spl ays
excellent sensitivity and resist pattern profile. Furthernore, water is
preferred in terns of cost, safety, enyironnental 15 friendliness and
flexibility. Furthernore, there are no particular restrictions on the

refractiygg R otfified ROMNER the MEPYH e Hesidk chhpbatiGiFhad tid phitéined

refractive 1hdex of air but snaller than e refractive 1ndéx of the

resi st conposition being.used. ,Subsequently, follow ng conpletion of the
exposur emg‘?@ ,3H5|§B“(3fi6§‘31 g@l%mpénasgg)aﬁ% ng) is conducted, and then
devel oping is Berfor.med usi ng an al kali developing liquid conprising an
aqueous al kal i Bydomminga reststepatienndn this mapger; p Easish paiteap yathanylira dge e
pure water. This water rinse is conducted by dripping or spraying water
ont 0 t hewidih @@dn articulie adineshd 3paee\(D&ISH patternswitlnd smaltipitelndambehes away
devel oping liquid and those sections of the resist conposition that have

been i s kigRi ng liquid and renmoves 25 them fromthe
£e BPARE S Eora v

surface By conducting a subsequent drying treatnment, a

46 resist patiern is obtained.] ich the fil f . resi .

conposi tion hat"l %‘ése#sfﬂmo@r ﬂg:daxfcpr#%'llge gﬂ@ﬁ%acgggbégd%ﬂﬁicﬁgﬁ%? e{dhdl?ﬁ%cenask
pattern. By formng a resist pattern in this manner, a resi h attern

wi th an of # resist paitern iwidth agd @ shaceapigth 1 3 rqqﬂealaaﬁo%ﬂ!ei‘ﬁéﬁla‘?ﬁ %E%H;fé“( L&S)
pattern with a small pitch, can be 5 produced with good resolution. In
this deshnesption, the pitch of a line and space pattern is the conbined
distance of a resist pattern width and a space width in a direction

across the w dBBchifse hhesiR@binpbsition hdt@sdinBacheIRstaspes o theqeegasi tion
according to the first aspect of the present
10  invention has an aforementioned maximum increase in film thickness of no more than
1.0 nm, because a positive resist composition according to either the second or third
aspects of the present invention displays an absolute value for either [(X2/X1) - 1] x 100
or [(X2'/X1") - 1] x 100 respectively that is no more than 8.0, and because a positive
resist composition according to the fourth aspect of the present invention comprises a
15  resin component (A) that contains an aforementioned structural unit (al) but contains no
units (a0), even if the resist composition contacts a solvent which has a refractive index
which is larger than the refractive index of air but smaller than the refractive index of the
resist composition being used, a high precision resist pattern can be obtained which
displays no surface roughening of the resist pattern such as the formation of T-top

20  patterns, and displays minimal deterioration in sensitivity, little swelling, and an excellent

resist pattern profile.

EXAMPLES
As follows is a description of examples of the present invention, although the

25  present invention is in no way restricted to the examples presented below.



10 invention has an aforenenti oned maxi mumincrease in filmthickness of

no nore than 1.0 nm because a positive resist conposition according to

either the second or third aspects of the present invention displays an

absolute value for either [(X2/X 1) - 4h] x 100 or [(X2'/X"') - 1] x 100
respectively that is no nore than 8.0, 'and because a positive resist

conposi tion ackahedERgnhIes et iifvedxRtples Abscribed BERSE Dhlesd IR Wi RN

conprises a 15 resin conponent (A) that cont ains an af orenenti oned

structur ut cont Jns n i esi st
conpost e B blaleimSdh ﬂkﬁﬁr@ﬁwg (e seaBk iy REESweireh %4, oh !

| arger than the refractive index of air but smaller than the refractive
i ndex of canducted i thefollewinganamen bei ng used, a high precision resist

pattern can be obtai ned which displays no surface rougheni ng of the
resist pattern such as the formation of T-top 20 patterns, and displ ays

mnimal deterioration in sensitivity, little swelling, and an excel | ent
resist p ,gag{ profile EXAMPLES As follows is a description of exanples
of the prese Invention, although the 25 present invention is in no way

restricted to {he_exa

conparative exér?ﬁf"@gn%gégjl péo%?p%@%@%ﬂ glggég)f) %‘%an?\xnbzgesgﬁg{@%aﬁﬁe ©
simul ated i mmersion |ithography and t.he. sensiti vi tg measur enents are
conduct edissvedianitasmb i scprarariset (Clsyiglding g pesitiye IRSIsLeAmpRsHionla) | a
conmponent (B) and a conponent (D) described bel ow were dissolved

uniforny in aAstepmmgoenegtQh), Yilspatisty weiglysiftaimethacyiatracepiatsosi tion 1.
As the component (A), 100 parts by weight of a nethacrylate-acrylate

copol ymego del&fﬁéﬂ comi@isidpaht freestaictual uHiglshowh s the Gmula2 heas[ised.nul a 21
] was use
10 The proportions p, q and r of each of the structural units used in preparing the component
(A) were p=50 mol%, q=30 mol% and r=20 mol% respectively. This copolymer
contained no structural units containing an anhydride of a dicarboxylic acid, and no

structural units containing a phenolic hydroxyl group. The weight average molecular

weight of the thus prepared component (A) was 10,000,



10 The proportions p, q and r of each of the structural units used in
preparing the conponent (A were p=50 nol % g=30 nol % and r=20 nol %
respectively. This copolymer contained no structural units containing an
anhydride of a dicarboxylic acid, and structural units containing a
phenol i c hydroxyl group. The wei ght aﬂgrage nmol ecul ar wei ght of the thus
pr epar ed conpqm%%hﬂéﬁq was 10,000. 48 [formula 21] CH3 C P C O CH3

CH3 H oc-o0,,, ] A 02 c~0 4 OH As the conponent (B), 3.5 parts by
wei ght of triphenyl sul fonium nonafl uorobutanesul fonate and 1.0 parts by
wei ght of 49 (4-nethy|pheny|)diphenylgg*foniun1trifluoronethanesulfonate
were used. As the conmponent (C), 1900 parts by weight of a m xed sol vent
of propylene glycol nononet hyl them cktate and ethyl l|actate (weight
ratio 6:4) was used.

c
/ 0 gy,

As the component (B), 3.5 parts by weight of triphenylsulfonium

nonafluorobutanesulfonate and 1.0 parts by weight of



As the conponent (D), 0.3 parts by weight of triethanol am ne was used. 5
Next, using the thus obtained resist conposition 1, a resist pattern was
formed. First, an organic anti-reflective film conposition AR-19

(manuf actured by Shipley Co., Ltd.) s applied to the surface of a
silicon wafer using a spinner, and was™ then baked and dried at 215C for

60 SeC0n[‘ism%ﬁﬁ)h@ﬁ’}lﬁﬁ1§l§e%ylshﬁﬁﬁﬁm’triffﬁbmrﬂéih%sulf’dﬁakeﬁ%'u%@d' ve filmlayer

with a filmthickness of "82 nm The positive resist 10 conposition |

oo anerd ahav oAt ﬁ%apgﬂéﬁgdbﬁﬁ Qs buSyeBt 4T R BlkFEio Gy oL BRYEhFY, o0

seconds, formng a resist layer with a filmthickness of 150 nmon top
of the aglysalmpencmsihylesther Pﬁetatm@sed ethwhlagtareawglmgtl%ﬂwaﬁ v&8dy i rradi ated

with an ArF exciner laser (193 nm through a nmask pattern, using an
exposur e apparAsdﬁd&ﬁi@oﬁ&ﬁlB),(Gﬁpaﬂﬁhywe'@mbﬂmcﬂﬁnNahﬁmﬁasmdation, NA
(nunerical aperture) 0.60, a = 0.75). Then, a sinulated i mrersion

l'ithagraphy trRatingihg Mﬁ&h&%ﬁé&ﬁécﬁf@sﬁt’cdﬂﬁ@hidﬂ tah8si§t Jattedwielofhed.
conprising the exposed resist layer while pure water was dripped onto

the surface f e S then
perfornmed at iﬁlﬁ &‘ ‘5‘8&3‘: g’été'g?%ﬂ%wﬁd% { ﬁ&p?é&g@ﬁ%@ﬁ%ﬁ%ﬁmﬁgg b hen
devel oped for seconds i n al kal i vel Qpl ng liquid at 23C. .As the
al kal i ipley %&‘ﬁgmséPpﬁe&oég%W%?@ﬁ{ icQR e %E’cgl R EAHTGnd was

t et ranmet hyl ammoni um hydr oxi de was used. The resul ting resist pattern

Wi th a 1thén bakeal anddiredac2] 4t foe bl sedond86n ahotpate, therebye &dreningian ng a
scanni ng el ectron mcroscope (SEM, and the sensitivity at that point 50

§ Eipéoﬁa‘é’;?t%“&‘é? ?lgﬁrlaﬁexdwltﬁﬁrﬁlﬂlhckﬁéés Dt 82 AP OSTHe Rt etsidthi s exanpl e
10 composition 1 obtained above was applied on top of the anti-reflective film using a
spinner, and was then prebaked and dried on a hotplate at 115°C for 90 seconds, forming
a resist layer with a film thickness of 150 nm on top of the anti-reflective film.
Next, this layer was selectively irradiated with an ArF excimer laser (193 nm}
through a mask pattern, using an exposure apparatus NSR-S302B (manufactured by
15  Nikon Corporation, NA (numerical aperture) = 0.60, 6 = 0.75). Then, a simulated
immersion lithography treatment was conducted by rotating the silicon wafer comprising
the exposed resist layer while pure water was dripped onto the surface for a period of 5
minutes at 23°C.
A PEB treatment was then performed at 115°C for 90 seconds, and the resist
20  layer was then developed for 60 seconds in an alkali developing liquid at 23°C.  As the
alkali developing liquid, a 2.38% by weight agueous solution of tetramethylammonium
hydroxide was used.
The resulting resist pattern with a 1:1 line and space pattern of 130 nm was

inspected using a scanning electron microscope (SEM), and the sensitivity at that point



This value is X2. Furthernore, the resist pattern was of a favorable
shape with no T-top shapes and no visible surface roughness. 5 On the
ot her hand, when the resist conposition 1 of this exanple was used to
forma resist pattern using a nornmnal gpposur e | i t hography process in
whi ch the aforenentioned sinulated infmersion |ithography treatnment was

not perf Shas blloYelRehine@or ds, conducting the resist pattern formation
usi ng thggngneasprgcess glg t hat described above but with the exception of

not conducti ng.t si mul at ed .j. rsi,on |ithograph Otre it he
Vel ue of Eop. e Uhe RS RnResi e of il enertrle e Bl M T Bl e ut
value fromthe formula [(X2/X 1%1 - 1] x 100 revealed a value of 2.4.
Wien t heThigivpleds X2h e Fyethemare,the tesist patters wgs e &vorahle shape wvith abiraphy
treatment relative to the sensitivity for normal exposure was determn ned,

t he resushapewand dvisibleZsidfaceroubhfiéss. Furt hernore, the resist pattern was
of a favorable shape with no 15 T-top shapes and no visible surface

roughness. [ EXaMd §théd hahdCORBP RN Esi{RAbmpRsitiBAN UTRR ekBhpledvARaPrent (D)
and the other conponent described bel ow were dissolved uniformy in a

conmponen Q. vyjielding.a positi,ve resj 0] ik As the
conponentornresithgautiny i § g eeiint Ao fibel BROES sls e,

conprising the thr e,strggtural,uni_hs shown in the [for a 22] s used.
The pro fqmwnaf sgpulated gersiontlithagrapietreatpiget WRBRO RRTIPENEfs &7 OthRT
preparing the conponent (A were fp:40 mol % g=40 nol % and r=20 nol %

r espect i wetds, cordustingibelrgsistpattomt faimatibn wWwingrtbe same pragess asghdtidesabad ai ni ng
an anhydride of a dicarboxylic acid, and no structural units 51

cont ai ni gghve babh el the exvedtion yf n@rcotductihp ehedimyiitedinemhagdniihhagaplar  wei ght

of the thus
10  treatment, the value of Eop was 12.4 ml/em®.  This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 2.4. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

12.7/12.4, 0or 1.02. Furthermore, the resist pattern was of a favorable shape with no

15  T-top shapes and no visible surface roughness.

[Example 2]

A component (A), a component (B), a component (D) and the other component

described below were dissolved uniformly in a component (C), yielding a positive resist
20  composition 2.

As the component (A), 100 parts by weight of a methacrylate copolymer
comprising the three structural units shown in the [formula 22] was used. The
proportions p, q and r of each of the structural units used in preparing the component (A)
were p=40 mol%, g=40 moi% and r=20 mol% respectively. This copolymer contained

25  no structural units containing an anhydride of a dicarboxylic acid, and no structural units



prepared conponent (A) was 10,000. [formula 22] ~Ha ~iCIP 0//C-0 CH3 CH3
H"dg HOGCOOO ~H3Cd 0% O0COH5 As the conmponent (B), 2.0 parts
by wei ght of 52 (4-nethyl phenyl)di phenyl sul foni um ‘

nonaf | uor obut anesul fonate and 0.8 partsg by weight of

tri(p-tert-butyl phenyl)sul foniumtrifluoronmethanesul fonate were used. As

the CO”%@J}BmEQ) pherOf PRirbSyI Yo die i m%fagslnﬁﬂécvmtw tRF geMthene

gl ycol nononet et her "acetate and propy ene glycol nononethyl ether

(weight ratio t he conponent (D), 0.3 parts by weight
of trietWﬁR%F%ﬁ?‘Hgo\}%’éYgzwgg?@E()@sher nore, as the other conponent, 25
parts by weight of y- butyrol actone was used. Using the thus prepared
positive resi s&fOf@Eﬂ%g ltion 2, a resist pattern was

OH

5 As the component (B), 2.0 parts by weight of



formed in the same manner as the exanple 1, including the simulated

I mrersion 10 |ithography treatnent. The resulting resist pattern with a
1:1 line and space pattern of 130 nmwas inspected using a scanning

el ectron m croscope (SEM, and the seggitivity at that point (Eop) was
al so determ ned. The Eop value was 203 mJ/cnR2. This value is X2.

Furt her rmfrﬁemyfﬁﬁcﬁ)ﬂﬁiﬁﬁen@%lf%ﬁiﬁﬂ%aﬂﬁol%bﬁ%@iﬂfahﬁtg%ﬂ?Egrﬂﬂrfsrbér%i tt op

shapes and no0 vislble sdrface roughness. 15 On t han en the

resist c Sjtio of .this exampl e was,used.to. forma,resist pattern
Using a NoPABIER N BaPR S Ra G P BRLEEE o ReTREL af o enont | oned
simul ated i mmersion |ithography treatnent was not perforned, in other

wor ds, conductl‘ﬁ%@letqﬁ?@})ﬁ@%ﬂts@iﬁy&@t@ﬁﬁ by yyeaghtioba fm@iFfE@PlY% of pIAPYKINBcess as

t hat described above but with the exception of not conducting the

si mul at egly¢ahmsormontethy]iethes gcaph wn@ Grapybaie pbydo) mohemethlyliethef (Wedghtuestio 20. 1
mJ/ cn2. This value is X1. Determ ning the absolute value fromthe fornul a
[ (X2/5X1')6:4) Whs #sel00 revealed a value of 1.0. Wen the ratio of the
sensitivity of the sinulated imersion |lithography treatnent relative to

2031 20, 1, or A5 O coRfiolRis PHES Beie 87 Sl SLEPERwahfe bR ERIGT abi o

shape with no 25 T-top shapes and no visible surface roughness. 53

[ Conpar aiyrthereeresps the pthes cemppasnindd parts byaveishipfvehmityroBciongavas Wethponent
(D) described bel ow were dissolved uniformy in a conponent (QO),

yi el di ng a posUsihg ¢he thss pieparedpositive tu3isi Gomposidort e resiseanent wgsh) , 100
parts by weight of a polyner formed fromthe structural unit shown in

the [forfhad 33heYame $iRer AN8e WRARNE 124RNRAGHS, R sRAUARE imWRFGM of the
t hus prepared conmponent (A) was 10, 000.

10 lithography treatment. The resulting resist pattern with a 1:1 line and space pattern of
130 nm was inspected using a scanning electron microscope (SEM), and the sensitivity at
that point (Eop) was also determined. The Eop value was 20.3 mJ/em®.  This value is
X2. Furthermore, the resist pattern was of a favorable shape with no T-top shapes and
no visible surface roughness.

15 On the other hand, when the resist composition 2 of this example was used to
form a resist pattern using a normal exposure lithography process in which the
aforementioned simulated immersion lithography treatment was not performed, in other
words, conducting the resist pattern formation using the same process as that described
above but with the exception of not conducting the simulated immersion lithography

20  treatment, the value of Eop was 20.1 m}/em?.  This value is X1.

Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 1.0. 'When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

20.3/20.1, or 1.01.  Furthermore, the resist pattern was of a favorable shape with no

25  T-top shapes and no visible surface roughness.



[formula 23] to 10 As the conponent (B), 3.5 parts by weight of

tri phenyl sul foni um nonafl uor obut anesul fonate and 1.0 parts by wei ght of
(4- et hyl phenyl ) di phenyl sul fonium trifl uoronmet hanesul fonate were used. As
t he conponent (C), 1900 parts by weig of a m xed sol vent of propyl ene
gl ycol nmononet hyl ether acetate and et’hyl |actate (weight ratio 6:4) was
used. 15 As the conponent (D), 0.3 parts by weight of triethanol am ne was
used. Using the thus prepared positive resist conposition 10, a pattern
was for in_ the.sa nner as the exanple 1, including the simulated
i mer si glﬁ’dqlwaﬁ%}b‘f’a%ﬁ? ?Eat ment. The resulting resist pattern with a 1:1
| ine and space pattern of 130 nmwas 54 inspected using a scanning

el ectron m cr oA €OmPORSENA), ageanpanenisdh) and pgpmponent (Rhdessabed belpwayere was

al so determ ned. The Eop value was 9.1 mJ/cnR. This value is X2.

Fur t her ndissalvel drifougly inecongsireit (€21 yieldingla padidyedsisocomposjlionhidpes, sone
surface roughness was visible, |leaving the resist pattern

unsatg sfactory thagr I3y hinl 10 of
3 YAs ﬁle%ﬁgeﬂ f“ﬁb 1 mﬁg%g Weaght U 'Sy ridr RRAIBPHEbKI 1BE

this conparative exa fo formaresist pattern using a

<1 mut at cOR R RO AR B TE 2 En A ATk S PRI RRRR o e

wor ds, conductjng the resist pattern formation using the sane process as
that de¥eehhelthgs tysoreparedgampansat @ockt &% not conducting the

sinmul ated i mersion 10 |ithography treatnment, the value of Eop was 8.4
ml/ cn2. This vidbmeula@3K1. Determi ning the absolute value fromthe
formula [(X2/X1) - 1) x 100 revealed a value of 8.3. Wen the ratio of
the sensitivity of the simnmulated i mersion |ithography

000

10 As the component (B), 3.5 parts by weight of triphenylsulfonium
nonafluorobutanesulfonate and 1.0 parts by weight of
(4-methylphenyldiphenylsulfonium trifluoromethanesulfonate were used.

As the component (C), 1900 parts by weight of a mixed solvent of propylene
glycol monomethyl ether acetate and ethyl lactate (weight ratio 6:4) was used.

15 As the component (D), 0.3 parts by weight of triethanolamine was used.

Using the thus prepared positive resist composition 10, a pattern was formed in
the same manner as the example 1, including the simulated immersion lithography

treatment. The resulting resist pattern with a 1:1 line and space pattern of 130 nm was



treatnment relative to the sensitivity for normal exposure was determ ned,
the result was 9.1/8.4, or 1.08. Furthernore, although the resist
pattern displayed no T-top shapes, 15 sone surface roughness was vi si bl e,
| eaving the resist pattern unsatisfactsgry. Fromthe results of the
exanple 1 and the exanple 2 it was fodnd that using resist conpositions

f th ' ' ' FARVB AT .
% € thp%%fbgtdggl%b%nggﬁcﬁeﬂggﬁo pk RSERB NS tht\‘;’vI 5%"{“3‘“%‘52% tHaPpoiht©

case of sinu | mer si 1t raphy treatnent case’ of nornal
exposure treatnent,, the gbsal ut.e val ue descriped in the secgnd aspect of
Ehe” or eonp) ¥t 5t deteriasdo0 The ESp VAR SuS S BURR"  wdbis VAR TS RDe: “vbr ds,
It was evident that a resist conposition of the present invention showed
littl e darthermerss plthough theresist patiery displaredpe f-top 8hfghs, sPmesuiettct with
wat er, and di splayed excellent resolution and resist pattern shape with

no T-t oprough@pesaanidible leavifigte redughnassinsatisfdongyi t i deal for resi st
pattern formation enploying imersion |ithography. 25 In contrast, from

the results ofph e SRFIALAL W& M¥IER: %oﬂaﬁbiitiéﬁ‘ﬁ‘?o bouhdcdhipdratiVel dkample @

resi st conposition that uses a resin wth a structural unit that contains

hydyi de of di b ' i d, ' f th WY
The- cavel 87 ufk fomnE it PétR e SR EE Mo RebR b W o

normal exposure treatnent reveal ed an _absolute value for [(X2/X.) - 1]
x 100 ofthg afprementigned supwlated ammezsion Hbhogephy frsatmenbas Ro Filfy 5 was
| arge, surface roughness had devel oped, and the resist pattern was

unsat i sfeatbeowgrds, comdicting the reses pattero dorpesion nsing s santaroeess @s thatmer si on

| it hography. [Conparative Exanple 2] A conmponent (A), a conponent (B),
and a cofgzefibett aHob} bdewRh itikeekcoptiiofwrit Condudtifd Sraiinmeltddiingirsioy i n a
conponent (C), yielding a positive resist conmposition 11. As the

COMMRNEN;thbMaphy BPatRiRhl, thdVaebSBsp Rhs 84GRPGhY Ternis QARE ik g 63 nol %

Determining the absolute value from the formula {(X2/X1) - 1] x 100 revealed a
value of 8.3. 'When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was
9.1/8.4, or 1.08. Furthermore, although the resist pattern displayed no T-top shapes,

15 some surface roughness was visible, leaving the resist pattern unsatisfactory.

From the results of the example 1 and the example 2 it was found that using
resist compositions of the present invention and comparing the sensitivity (Eop) for the
case of simulated immersion lithography treatment with the case of normal exposure
treatment, the absolute value described in the second aspect of the present invention was

20  lessthan 2 in both cases. In other words, it was evident that a resist composition of the
present invention showed little deterioration in sensitivity even when brought in contact
with water, and displayed excellent resolution and resist pattern shape with no T-top
shapes and no surface roughness, making it ideal for resist pattern formation employing
immersion lithography.

25 In contrast, from the results of the comparative example 1 it was found that with



of hydroxystyrene units, 24 nol % of styrene units and 13 nol % of
tert-butylacrylate wunits as the structural units was used. The wei ght
average nol ecul ar wei ght of the thus prepared conponent (A) was 12, 000.
15 As the conponent (B), 2.8 parts by \ﬁei ght of

bi s(tert-butyl phenyl)iodonium trifl uc? onet hanesul fonate and 1.0 parts by

wei ght of di 3 HoJal ' f We
Uacd.  act s EoniosRRRNRAARIEL Bitsne BT bkl ol AR c RS h ol
used. As.the cqnmponent (D),. 0.2 arts, b i.ght of.triefhanol am ne was
Used.  anicaboR s 2k a.compBHset OB Seriitint faF (e hsp gfsiHategmmersion
phenyl phosphoni ¢ acid was used. Using the thus prepared positive resist
conposi tlithagraphy treatmsntwith she ease ofiaeymal expastire trairgent reyealndparabgolute
anti-reflective filmconposition AR-3 (manufactured by Shipley Co.,

Ltd.) vesalgPRIri[eh/Ke)t DEx 3006888, Oft Wassiehéi@hubdhe GetsibRiGion i pénahidty and
was 25 then baked and dried at 220C for 60 seconds on a hotpl ate,

t hereby forming_an organi 6 i -1 ef i i i g i ckness
of 63 i Restp Seacp repngrced. BRal b et st il Baliebhl T C
on top of the anti-reflective filmusing a spipner, and was then

pr ebakedmaking dhe wasLePIAPSHIQN unsuitahle Ofl@?@ef%gn Bg“)g@@ hds, forming a
resist layer with a filmthickness of 280 nmon top of the
anti-reflective film 5 Next, this |layer was selectively irradiated with
a KrF exciner |aser (248 nm through a mask pattern, using an exposure
appar at URCINRRr st anipenf actured by Nikon Corporation (NA (nunerical
aperturegtz 0.60). Then, a sinmulated i mrersion |ithography treatnent was

fggggcmdl gy pLgteca\I#gth?m&gg, aéérc%rhb;gagxgm‘é@,gind%ﬂ&ieﬂﬁﬂ)%s&iﬁég RO RefeSt

10  dissolved uniformly in a component (C), yielding a positive resist composition 11.

As the component (A), 100 parts by weight of a copolymer comprising 63 mol%
of hydroxystyrene units, 24 mol% of styrene units and 13 mol% of tert-butylacrylate
units as the structural units was used. The weight average molecular weight of the thus
prepared component (A) was 12,000.

15 As the component (B), 2.8 parts by weight of bis(tert-butylphenyl)iodonium
trifluoromethanesulfonate and 1.0 parts by weight of dimethylmonophenylsulfonium
trifluoromethanesulfonate were used.

As the component (C), 600 parts by weight of ethyl lactate was used.

As the component (D), 0.26 parts by weight of triethanolamine was used, and as

20  the component (E), 0.28 parts by weight of phenylphosphonic acid was used.

Using the thus prepared positive resist composition 11, a resist pattern was
formed.

First, an organic anti-reflective film composition AR-3 (manufactured by

Shipley Co., Ltd.) was applied to the surface of a silicon wafer using a spinner, and was

25  then baked and dried at 220°C for 60 seconds on a hotplate, thereby forming an organic



10 the surface for a period of 5 mnutes at 23C. A PEB treatnent was then
performed at 110C for 90 seconds, and the resist |ayer was then

devel oped for 60 seconds in an al kali developing liquid at 23C. As the

al kali developing liquid, a 2.38% by v%i ght aqueous sol ution of

t et ranmet hyl ammoni um hydr oxi de was used. 15 The resulting resist pattern

with a Lo Limedontlin Rages RS HREMeS o 0iim Y8S podi ARPRESESMRIsbnA 1
BPY TV ty at t

scanni ng el ectron m croscope , and the sen at poi nt
(Eop) was, al s etermned. .The resyltin op value was 22. 0 mJ/cnR2. This
Val Ub | <SBing aPEYeop R sptied phdop SEieahasteEfne Sk SiER spling BAHS anc
surface roughness was visible. 20 On the other hand, when the resi st
conposi t then ptebaked andiigeceomapbiplaat 1192Q ford0 segemdsaformdngsa resist tayen usi ng
a normal exposure |ithography process in which the aforenentioned

si mul at egith s thddknksd STIB0RN ¥n taPAAR Biti-Y&Rcied fiRer f or med, in ot her
wor ds, conducting the resist pattern formation using the sanme process as

t hat descri bed | ] ' 0 : '
si it od | meReRbaif PRy idte BN ARRIURAUCY KEPEXGABFUE RS hBS )
mi/cn2. This value is X 1.,57 Determning t apsol ute value fromthe
formul a [&%asnagk RAttern, MSHg aD ERPHE PR SR S R AP o of t he
sensitivity of the sinulated i mersion |ithography treatnent relative to
t he sensNikon €grpbmtiondNdeinumepodapertuvay=~0ei®r mi ned, the result was
22.0/20.0, or 1.1. Furthernore, the resist pattern was of a favorable
shape with no Thémp sirnuktdiftnasion Nithogrphh teasndit ace comlighuddssrotating
[ Conpar ati ve Exanple 3] A conmponent (A), a conponent (B), a conponent (D)
and a COfRAMNEYn Wakkr comprising the exposed resist layer while pure water was dripped onto
10 the surface for a period of 5 minutes at 23°C.
A PEB treatment was then performed at 110°C for 90 seconds, and the resist
layer was then developed for 60 seconds in an alkali developing liquid at 23°C.  As the
alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium
hydroxide was used.
15 The resulting resist pattern with a 1:1 line and space pattern of 140 nm was
inspected using a scanning electron microscope (SEM), and the sensitivity at that point
(Eop) was also determined.
The resulting Eop value was 22.0 mJ/cm®.  This value is X2. Furthermore,
the resist pattern was of a T-top shape and surface roughness was visible.
20 On the other hand, when the resist composition 11 of this example was used to
form a resist pattern using a normal exposure lithography process in which the
aforementioned simulated immersion lithography treatment was not performed, in other
words, conducting the resist pattern formation using the same process as that described

above but with the exception of not conducting the simulated immersion lithography

25  treatment, the value of Eop was 20.0 mJ/cm®.  This value is X1.



descri bed bel ow were di ssolved uniformy in a conponent (C), yielding a
positive resist 10 conposition 12. As the conponent (A), a mxed resin
containing 70 parts by weight of a copolymer conprising 64 nol % of
hydr oxystyrene units and 36 nol % of ket hoxy-1 - et hyl oxystyrene units,
and 30 parts by weight of a copol yner "conprising 67 nol % of

hydr oxyst yr eneptigi il 3isilk o0k o IRYHRARYDEIXN XYL O AR ciBg hhe 15

structural units was wel ght average i ght of the

t hus prepared.. conponent (A s 8, 00Q. t he conponent . 4 parts by
wei gnt ot Sy CRBRE s phRs srtm A heRE e TrpasionbogelR o
tert-butyl phenyliodonium trifluoronethanesul fonate were used. 20 As the
conponentregu@ent BEQIve &0 the sbysitshyofor nofmad enpocare way desenmined, theregule was

gl ycol nononet hyl ether acetate and ethyl lactate (weight ratio 6:4) was

used. As22.0R0896P0ONENFuttbirmdde,3ke f8ist patieyn was ghd fabrdbld siRpp watanrdl-ap ne
was used, and as the conponent (E), 0.54 parts by weight of dodecanoic

aci d anas | $rQ: red positive resist conposition 12, a
W i AL i

resi st pat First, an organic anti-reflective film
conposition DUV-44 (a brand nane, manufactured by Brewer Science Co.,
Ltd.) was applied to the surface of a silicon wafer wusing a spinner, and
was then baked and dried at 225C for 90 seconds on a hotplate, thereby

f or mi ng [&prepagativecExample pbf | ective filmwith a filmthickness of 65 run.
The 5 positive resist conposition obtained above was applied on top of

t he anti -ref | eAtcompohertifA),uscantponestBirecgmament@y) andercoprpenektdd) and
dried on a hotplate at 90C for 90 seconds,

described below were dissolved uniformly in a component (C), yielding a positive resist
10 composition 12.

As the component {A), a mixed resin containing 70 parts by weight of a
copolymer comprising 64 mol% of hydroxystyrene units and 36 mol% of
1-ethoxy-1-ethyloxystyrene units, and 30 parts by weight of a copolymer comprising 67
mol% of hydroxystyrene units and 33 mol% of tetrahydropyranyloxystyrene as the

15  structural units was used. The weight average molecular weight of the thus prepared
component (A) was 8,000.

As the component (B), 4 parts by weight of
bis(cyclohexylsulfonyl)diazomethane and 1 part by weight of tert-butylphenyliodonium
trifluoromethanesulfonate were used.

20 As the component (C), 600 parts by weight of a mixed solvent of propylene
glycol monomethyl ether acetate and ethyl lactate (weight ratio 6:4) was used.

As the component (D), 0.52 parts by weight of triisopropanolamine was used,
and as the component (E), 0.54 parts by weight of dodecanoic acid was used.

Using the thus prepared positive resist composition 12, a resist pattern was

25  formed.



formng a resist layer with a filmthickness of 280 nmon top of the
anti-reflective film Next, this |layer was selectively irradiated with a
KrF excimer laser (248 nn) through a mask pattern, using an exposure
appar at us NSR- S203B (nmanufactured by O Ni kon Corporation (NA (nunerical
aperture) = 0.60). Then, a sinmulated irnmersion |ithography treatnment was

conduct ed by T Pl d\Grgaib &nlIrtA&H0e Yith RonfsB8HRGh HING4H R LAKAGARA, T eS! St

| ayer while pure water was dripped onto he surface for a period of 5
m nutes at : PEB treatent .wa en perforned at. 1 1.0C.for 9
seconas, aniTariecd Hoptevet SO0k 1l AplsE e sttade o uidnter o an
al kali developing liquid at 23C. As the alkali developing liquid, a

2. 38% byusieg gspinaepanslwasbenbiked anfl dried eh 2216 fon fsedonds ongdethlate was
used. The resulting resist pattern with a 1:1 line and space pattern of

140 nm wWhereblyToRgink ad orfinitCari-Rfafhie Rinewab ariim Mickhe&3 P8BS nhPENThe and t he
sensitivity at that point 20 (Eop) was al so determ ned. The resulting

Eop I Y ' | ey t he
rosi o o felatoilydlin oBRlited Aol e afsicd i LR Bl reRELAVRIRI * 0
the other hand, when the resist copposjition 12 of this exanple was used
to fornV$ing 8 §pigperyand wasthga prryake ed platq att9§o§?%r%eﬁ19 ess in
which the 59 aforenentioned sinmulated i mersion |ithography treatnent
was not feemfigg aedist layeowitka filmahtkness ofi d6¢ ninnan topef thesinitrefactier frim.
formati on using the sanme process as that described above but with the

exception of nNNExCesged Wak deMRiseIradigdd Wit RIPxditnthRerdp48 nm)
treatment, the value of Eop was 16.8 nmiJ/cn2. This value is Xl. 5

Det er m njiGugtf¥maABe fhrtéh oéilg U6 ckpiird Apat RETMSR-$4058 (ffahutachired v 00

reveal ed
10 Nikon Corporation (NA (numerical aperture) = 0.60).

Then, a simulated immersion lithography treatment was conducted by rotating
the silicon wafer comprising the exposed resist layer while pure water was dripped onto
the surface for a period of 5 minutes at 23°C.

A PEB treatment was then performed at 110°C for 90 seconds, and the resist

15 layer was then developed for 60 seconds in an alkali developing liguid at 23°C.  As the
alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium
hydroxide was used.

The resulting resist pattern with a 1:1 line and space pattern of 140 nm was
inspected using a scanning electron microscopé (SEM), and the sensitivity at that point

20  (Eop) was also determined.

The resulting Eop value was 26.3 mJ/cm®. This value is X2. Furthermore,
although the resist pattern was not a T-top shape, surface roughness was visible.

On the other hand, when the resist composition 12 of this example was used to

form a resist pattern using a normal exposure lithography process in which the



val ue of 56.5. Wen the ratio of the sensitivity of the simulated

I mrersion |ithography treatnent relative to the sensitivity for nornal
exposure was determned, the result was 26.3/16.8, or 1.57. Furthernore,
the resist pattern was of a favorabl egghape with no T-top shapes and no
vi si bl e surface roughness. 10 Fromthé&results of the conparative exanple

2 and t herGOIBRioatd Yt Rhfe idntlim&é@gpw%&ﬁ%ﬂqﬁg?ﬂﬂﬁnéd‘ﬁm §ifigd St

pattern formation was conducted usin excl nmer ser rather than an
ArF exciner, laser,..usjing r.esist sitions,that enpl oy resin.

compr 1 st HGrSt SOEEg he el PeBmmdPTvalign s Prade Fiite RRPRRSYE thay Atasbedh
conpar i ngbthe Eop values for the case of sinulated i mersion |ithography
t r eat mendboxetbht with theyexceptiomek neticondncting the gimulatestimersiondithogsapy| ut e
values of [(X2/Xl) - 1] x 100 were 10 and 56.5 respectively. It was

evi dent trémient) cheowniposfi Edpowas 16.8 pllane®d  dhisvade: do{leri oration in
sensitivity, and devel oped T-top shapes and surface roughness in the

resi patter I | i '

| Tt hogr aphy. - PopeRat e aBIGEE Rl p PR DR - AR EBled s
reference 1 ngioned in the descriptigon of the related art is
similar YBU§ Hﬁgfbgse " g tbfeg%tlgto? heHpyE VY ghbe pimyied immsssion fifhograghy
conparative exar‘rPI_es 2 and 3_r_espective| y in that all three conpositions
cont ai n {seatment rglayd tashelsengibvisioninptmal exhesurewandetemningd, theresplt ss 1 and

2, and the conparative exanples 1 to 3, the evaluation test 1 was

conduct ezib.BM6V8hoe 1.53. s Fuhéhree, thREist ftteln Whoaf afivyrdbledfapentithwrs 25
conducted by sinply dripping water onto the resist, but an actual

| Mer si ofuyGx £n B viETRRERCO PoulghhfQ9r aphy) was not performed.

However, this evaluation test 1 involves rotating the silicon wafer
whi | gy pur e val gl S JLLARSE sl L0 BULLACR J Sl e BERLALSO! b il BYE €5

at 23C, and ac y represents re’'se con ons an’ d e of
was found that although the resist pattern formation was conducted using a KrF excimer
laser rather than an ArF excimer laser, using resist compositions that employ a resin
comprising structural units containing a phenolic hydroxyl group and comparing the Eop
values for the case of simulated immersion lithography treatment with the case of normal
15  exposure treatment, the absolute values of [(X2/X1} - 1] x 100 were 10 and 56.5
respectively. It was evident that the compositions displayed a large deterioration in
sensitivity, and developed T-top shapes and surface roughness in the resist pattern,
making them completely unsuitable for immersion lithography.
Furthermore, the product "UVII-HS" tested in the non-patent reference 1
20  mentioned in the description of the related art is similar to the positive resist
compositions 11 and 12 used in the comparative examples 2 and 3 respectively in that all
three compositions contain phenolic hydroxyl groups within the resin.
In the examples 1 and 2, and the comparative examples 1 to 3, the evaluation

test 1 was conducted in which a simulated immersion lithography treatment was

25  conducted by simply dripping water onto the resist, but an actual immersion exposure



| mrer si on, and consequently if no problens of sensitivity or pattern
shape are observed 5 in this evaluation test 1, then it is clear that
when actual inmersion |ithography is conducted, an inprovenent in the

i mersion |ithography resolution and Eyproader depth of focus range can
be realized. [Exanple 3, Conparative anple 4] 10 Using the same resi st
COMPOS t {ifindrsiaf 1A APA3TRaE ndt pebftmbl! NHbREVE BRANaRAIGH tesP] IRolvRY L e

resist frimthickness t0 140 nm the same nethod as the exanple 1 was
used to_provi . film.of t.he aforenmentioned =19 of thicknes rim
on top. o TAE 1 sfichh WAYS vuifhufi, SR B Sri SofoChe Purfireot PR er  on
top. Then, as an evaluation test 2, inmmersion exposure was conducted with
a test mwEnupHatrZ3fGsandeastradly representympteiseverceppditiany ban asiatecefr ryi ng out a
test using a prism water and the interference of two beans (a double

beam i nt gfifnerstiis 8nd esisequehll$ SR PBrobl¥Risiddensstivltyssr pasiesh shapd & observed

af orenenti oned non-patent reference 2, and this nethod is wdely known

as a i ”mtﬁisr@taﬂﬁﬂomesf)pttﬂ%ﬂt@clgarltﬁﬁg V@f&l&l@{l\lg% ﬂ'ﬁm&gﬁnl lﬁp@éxg@g{% level . In

t he i'nmersion exposure of e exanp er solven was fornmed
20 between the .resjst |ayer.and.the l.ower, surface of.the prismag the
o o1 of R it St 46 e itniessi G Bihogranby Sepolisiondhid Beptsn e o
formation of a L&S pattern. Furthernore, follow ng formation of the

resi st fpffoconrangpcaibe realizatki -reflective film a PCD (post coating

del ay) of approximately 1 hour was introduced, and follow ng exposure, a

PED (post exposure delay) of at least 30 mnutes was allowed. 25 In
contrast in the conparative exanple 4, with the exception of not using

the 61 Ymag{plégj(g@ﬂbaﬁﬁvé.Exdjﬂ?[BM§i on solvent, but rather bringing the
prismin direct contact wth the'resist layer, a test was conducted in

the gpme manne{;sixg thd G AR &)ﬂ?position 1 as the example 1, but with the exception of

altering the resist film thickness to 140 nm, the same method as the example 1 was used
to provide a film of the aforementioned AR-19 of thickness 82 nm on top of a substrate
(a silicon wafer) and then form a resist layer on top.
Then, as an evaluation test 2, immersion exposure was conducted with a test
15  apparatus manufactured by Nikon Corporation, by carrying out a test using a prism,
water and the interference of two beams (a double beam interference test). The same
method is disclosed in the aforementioned non-patent reference 2, and this method is
widely known as a simple method of obtaining a L&S pattern at the laboratory level.
In the immersion exposure of the example 3, a water solvent layer was formed
20  between the resist layer and the lower surface of the prism as the immersion solvent.
The exposure dose was selected so as to allow stable formation of a L&S pattern.
Furthermore, following formation of the resist film on top of the anti-reflective film, a
PCD (post coating delay) of approximately 1 hour was introduced, and following
exposure, a PED (post exposure delay) of at least 30 minutes was allowed.

25 In contrast in the comparative example 4, with the exception of not using the



Devel opi ng was conducted in the same manner as described for the exanple
1. This evaluation test 2 is used for investigating the effect of the
wat er solvent 5 layer on the resist |layer, the resolution of the resist
pattern, and the pattern profile. Accgrdingly, if the results obtained
for the exanple 3 are the sane as those obtained for the conparative

exanpl e GarepQhiGHn ISR ifbfersi RSN Dut- AR fnd HRbrLASAEL QbR { hat

resi st ayer i s possible wthout the water aving any effect on

the resist.l ayer nd that if i r,sian lithography..is used,, then an

i npr oven®H tﬁ%’?ﬁ&%ﬁ%ﬁl‘?ﬁ Mg copfpciedgp el’Bg‘H@B?%ﬂlﬁfex?‘BB@é'range can
be realized, enabling the production of an ultra fine pattern. The
resul ts are shBer¥elppingatas sonductsbinghe samanpanner oy descHpedrfirdhaemmpiple 4
Sol vent Pure water Pure water none (air) Target line width (rim 90.0
65.0 90.0 Tar Ghis epaluatior 1em)2 is88edfol IovestidfihgQhe tifewe ofitltwated sodadnai ned
pattern (ran) 91.5 65.3 90.0 Pitch of obtained pattern (nn 184.5 128.4

177.3% L i : mi/ cm)
317 8 o e o 0 rEAEay 2 BDRABMTR b the'telsthaftefd, abd B HAKEASME T Sl ¢

3 used the sane, 15.,resist £o ition 1 as.the.exanple 1, apnd.with this
Sype of - PEdEMEl, Hipk FRLE o SGTRA Tor b BedmflE 3iat€ 0R 5k itvs AR of
180 nmwere targeted, the line width and pitch results obtained using
pure wat & cREMDBIAtIVE cxamples Wingh yses anr,ttbelbﬁm%mﬁ@ateﬁ dhat reseludionod that resist

layer is possible without the water solvent having any effect on the resist layer, and that if

immersion lithography is used, then an improvement in the resolution and a broader
10  depth of focus range can be realized, enabling the production of an ultra fine pattern.

The results are shown in Table 1.

Table 1
Comparative
Example 3
Example 4
Solvent Pure water Pure water none {air)
Target line width (nm) 90.0 65.0 90.0
Target pitch (num) 180.0 130.0 180.0
Line width of obtained pattern (nm) 91.5 65.3 90.0
Pitch of ebtained pattern (nm) 184.5 128.4 177.3
LER (line edge roughness nm) 5.5 4.4 7.5
Exposure dose (mJ/cm®) 3.7 6.2 3.7

As is evident from the results shown in Table 1, the example 3 used the same
15  resist composition 1 as the example 1, and with this type of resist composition, when a
line width of 90 nm and a pitch of 180 nm were targeted, the line width and pitch results
obtained using pure water were the same as the results obtained for the comparative

example 4 using air.  When a line width of 65 nm and a pitch of 130 nm were targeted,



exanple 4 using air. Wen a line wwdth of 65 nmand a pitch of 130 rim
were targeted, 62 the conparative test using an air nedi umwas not
conduct ed, but even when water was used, values close to the target were
achi eved, indicating resolution was Pgs ible with no effects caused by
the solvent. Furthernore, the profile Th both cases was good. In addition

LER (I i nﬁleec@afpm‘ﬁveqewhgisg%ﬁe al@sediin Sval inof c iR eﬁ,nizdti@véleﬁrll]gxﬁ%teir Qraghi ch

pure water was used t han conparative exanple n alr was

used. Furthermonre, in this double beami.nterference.test, the tes

o 1 onmiaes PABESpl o Bk kst Wi ache ity PPt RETCHST Xt RSt SEhao) ; ke
Is far less satisfactory than the type of clean roomused for nornal
resi st paifeds saused by Hiesatvesh, but even under these poorer 10

envi ronnmental conditions, and even allowi ng an approxi mately one hour PCD
and a PED tr eRtntisrmoed, tlet profiksh bath casesvesgoddne li additial LERr @inuletige

descri bed above were still obtained. Accordingly, if this resist

CONPGsi t fighh&ssRRS 1e8lof LprdBlelRAE LAR ih WHIGHHAP Watd? WS R3&d thaRRRE 1T 1S

cl ear that resolution vvlzﬁj be possible down to |ine wdths of
il es Caitatel SRR AARE B Rl e 5. Y he same resist
o SRl TN o Bk sed 4o ooy i
met hod as the conparative exanple 1 was used to provide 20 a filmof the
af or enenthabedrohrf cargaminatibn bik awses®2 thentilonis fadessfsatsfactbgt than the(tppesofl | con
wafer) and then forma resist |layer on top. Then, in the sane manner as
t he exangplesn thonfasedfoLNainmahkdstbn patedhing evali®s; b@Neven under these poorer
10 environmental conditions, and even allowing an approximately one hour PCD and a PED
treatment of at least 30 minutes, the favorable results described above were still obtained.
Accordingly, if this resist composition is applied to an immersion lithography
process, then it 1s clear that resolution will be possible down to line widths of
approximately 50 nm and pitches of approximately 100 nm.
15
[Comparative Examples 5 and 6]
In the comparative example 5, the same resist composition 10 as the
compparative example 1 was used, and with the exception of altering the resist film
thickness to 140 nm, the same method as the comparative example 1 was used to provide
20  afilm of the aforementioned AR-19 of thickness 82 nm on top of a substrate (a silicon
wafer) and then form a resist layer on top.
Then, in the same manner as the example 3, as an evaluation test 2, immersion
exposure was conducted with a test apparatus manufactured by Nikon Corporation, by

carrying out a test using a prism, water and the interference of two beams of 193 nm.

25 In the immersion exposure of this comparative example, a water solvent layer



exposure was conducted with a test apparatus manufactured by N kon
Corporation, by carrying out a test using a prism water and the
interference of two beans of 193 nm 25 In the inmersion exposure of this
conparative exanple, a water solvent |agyer 63 was forned between the
resist |layer and the | ower surface of e prismas the inmersion

sol vent, ,J : le 3., Th xposur e dase was

el et cues R TR AIALREST B b E IR o bl S S e pgfSon
contrast, .in the conparative exanple 6, with the exception of not using
the wat §‘?1V§’H1\?éh‘f5%&‘5'ﬁn?‘?¥ﬁ§ﬂ%‘%w ent, but rather bringing the prism
in direct contact wth the resist layer, a test was conducted in the
same manner as Theexposmgaioae wae sclectedrpd a5 t6.allDevstaldp formatias of amB&S ed i n

t he same manner as described for the conparative 10 exanple 1. The

resul ts pstergshown in Table 2. Table 2 Conparative Conparative Exanple 5
Exanple 6 Solvent Pure water None (air) Target line width (m) 90.0

pai Lt n ool apee aaginin GEaRrd i PerdidlE o b O SfbBEhb ' (1
water solvent as an immersion solvent, but rather bringing the prism in direct contact
with the resist layer, a test was conducted in the same manner as the comparative
example 5.
| Developing was conducted in the same manner as described for the comparative

10  example 1.

The results are shown in Table 2.

Table 2
. Comparative
Comparative Example 5
Example 6
Solvent Pure water None (air)
Target line width (nm) 90.0 90.0
Target pitch (nm) 180.0 180.0
Line width of obtained pattern (nm) pattern collapse and T-top 85.2
shapes, unresolvable
Pitch of obtained pattern (nm) as above, unresolvable 179.9
Exposure dose (mJ/em’) calculation impossible 37

From the above results for the comparative examples 5 and 6, the comparative
15  example 1, the examples 1 and 2, the example 3 and the comparative example 4, it is
evident that provided the absolute value of the result of the formula [(X2/X1) - 1] x 100

is no more than 8.0, a favorable resist pattern can be obtained even using immersion



Pitch of obtained pattern (nm as above, unresolvable 179.9 Exposure
dose (mJ/cm) calculation inpossible 3.7 Fromthe above results for the
conparative exanples 5 and 6, the conparative 15 exanple 1, the exanples
1 and 2, the exanple 3 and the conparq§|ve exanple 4, it is evident that
prOV|ded t he absol ute val ue of the result of the formila [(X2/X1) - 1] x
100 nﬁgxdgﬁfeewﬁmpﬁﬁs fiifls valde R HEABAG, B 7SS s??vat?é]%%?éd}nﬁl@&l)p&feﬁﬁﬁdl@ed even
using i rsioh 64 exposure, ereas | his value I's eXceeded, a resist
pattern is conpl et el nfornable usi ng i nmersion exposure. [Exanple 4] 5
A resin t3fp PIULHEPPEYFNng a repeating unit represented by a chenical
formul a shomn belom/[fornula 24] OH CH3 CH2 H2’\"" m22 C ' n C=0 1=0 (
H2 1 CH3 (wherein, mnis 84:16 (nol%), 10% by weight, relative to
this resin conponent, of a 10 water insoluble cross |inking agent formned
fromt et [Eramipdxgjret hyl ated gl ycoluril, 1% by weight of an acid generator
formed fromtri phenyl sul f oni um nonaf | uor obut anesul f onat e,

5 A resin component comprising a repeating unit represented by a chemical

formula shown below

[formula 24]

OH

szlé. CH, Cﬁél”’
C C
Ha T H;\\‘*é n

OH 0

CH,

CHy

(wherein, m:n is 84:16 (mol%)), 10% by weight, relative to this resin component, of a

10 water insoluble cross linking agent formed from tetrabutoxymethylated glycoluril, 1% by
weight of an acid generator formed from triphenylsulfonium nonaflucrobutanesulfonate,
and 0.6% by weight of an amine component formed from 4-phenylpyridine were
dissolved in propylene glycol monomethyl ether, yielding a negative resist composition
with a solid fraction component of 8.1% by weight.

15 Meanwhile, an organic anti-reflective film composition AR-19 (manufactured by

Shipley Co., Ltd.) was applied to the surface of a silicon wafer using a spinner, and was



and 0.6% by wei ght of an am ne conponent formed from 4-phenyl pyri di ne
were dissolved in propylene glycol nononethyl ether, yielding a negative
resi st conposition wth a solid fraction conponent of 8.1% by weight. 15
Meanwhi | e, an organic anti-reflective filmconposition AR- 19

(manuf actured by Shipley Co., Ltd.) s applied to the surface of a
silicon L0 i S,.65 .t hen bake nd dried at 215C
for 60 s‘g%%ﬁ{gls(é%n a l?%’tséglzg?:é, for80rs yndfgpr%}f?éﬁﬁﬁ’ &'ﬁﬁg’?&?@?lp%@f'i ve film

| ayer with,a iI.m}~ i ckness of 82 nm The negative resist conposition
obt ai ned ABHEFECHYS ‘gbgﬁeé&”@rﬁ RilgpthigknesscofR3tim.r eThewagative fesism usi ng a

spi nner, and was then prebaked and dried at 110C for 60 seconds, form ng
a resi st compesition obtained aboverwashipphiedss tayf ofAbOariti-refledtiveln® hisih @ spinner,
anti-reflective film Using the sane doubl e beaminterference exposure

appar at Ugnd %a$ feh pREVAREREABdridBRY | 8¢ HIrSd s¥orlds kt%@n@‘éra&h%gigﬂ%ﬁ})“ﬁ% t hat

used in the exanple 3 and the conparative exanpl nul at es
pattegn SUr e Iigﬂ% by irradpati ng a ,doubl e beam of interference

| i ghfﬁrt hﬁﬁﬁg‘ﬂc 67 P Ugﬁ&nag? Hgg‘ﬁﬁp -eflectve fdmi he i mersi on sol vent and
an 10 ArF exciner |aser of wavelength 193 nmas the |ight source,

i mrer si on expoYsing the spme dauble baammtar forence expessire aupdrattse@. tesT lapparatws r
surface of the apparatus prismcontacted the resist filmvia the pure
wat er . Folahefacteged byeNdoauCorpaptisny3,tha uSEBin the akdikple 3uWad thd\edinpaatw med
at 110C for 60 seconds, and the resist |ayer was then devel oped for 40
seconds &xandgle 8] Which siRuldRY Phidth RIpdsuftli sht Bl idadtatidiSa § .

devel opi ng quuzl d, a 2.38% gy wei g%’% aq&%ou : o) &rﬁs%n&;btjébgﬁhbf
tetranet jy, mni ' ed. The resulti.ng resist pattern with
a 1:1 |i neérgér%ﬁggﬁh%%{%&? so”¥’ %B%ﬁwg\}agge thﬁgﬁse@Fé'Hﬁlféﬁ'%soivg'ﬁéﬂﬁﬁﬂg

el ectyon,m.cr oscope ,.and the pattern was favorabl e
ltd AlE excimer aser(oﬁl\gvelengg 19@ mrFL) as the hnght source, immersion exposure (the

evaluation test 2) was conducted. The Jower surface of the apparatus prism contacted

the resist film via the pure water.

Following the above exposure, a PEB treatment was then performed at 110°C

for 60 seconds, and the resist layer was then developed for 40 seconds in an alkali
15 developing liquid at 23°C.  As the alkali developing liquid, a 2.38% by weight aqueous
solution of tetramethylammonium hydroxide was used.

The resulting resist pattern with a 1.1 line and space pattern of 90 nm was
inspected using a scanning electron microscope (SEM), and the pattern was favorable
with little surface roughness or swelling of the pattern profile.

20
[Example 5]

The same procedure as the example 4 was conducted, but rather than performing
the immersion exposure (evaluation test 2), a pattern formation that included the same
simulated immersion lithography treatment as the example 1 was conducted.

25 Specifically, first an organic anti-reflective film composition AR-19



with little surface roughness or swelling of the pattern profile. 20

[ Exanpl e 5] The sane procedure as the exanple 4 was conducted, but rather
than performng the imrersion exposure (evaluation test 2), a pattern
formation that included the sane si ated i mrersion |ithography
treatnment as the exanple |I was conducted. 25 Specifically, first an

or gani ¢ @gaﬂuf&&ﬁka BhiSHpIE) 08, L0Pass bpstidARHS suBBice brRENERFvafer dsity a

Shi pl ey Ltd.) was applied to the 'surface of a silicon wafer using a

ot pl ot £STAEHSE B, V24 B PRS0 SrEf o 21 FE B Slsestiay g BSE Ry 1,

thi ckness of 82 nm The negative resist conposition used in the exanple
4 was apfirmang amantbreflectiveBlnatayer withiaddpy thicknessipf §2iniy ol negativediesistand
was then prebaked and dried on a hotplate at 110C for 60 seconds, formng

a resi st coapesitiov ideddn thd exatrpleknas appifed 3INAop ofitherantiapflafive fidm using a
anti-reflective film Next, this layer was selectively irradiated with an

exposhr - S i e Bbaig MBI RARARNRA AR 1) O RE CONEl T0mBYR

(nunerical aperture) = 0.&?, 2/ 3 ular illumnatjion). .Then, 10 a
si mul at ed TSHYERVST B’ha‘lq filgm, dyckosss ‘tf(g@ﬁt“ﬁ‘éﬂ?t ol il] Htl'ffygﬂ'bt ating the
silicon wafer conprising the exposed resist |ayer while pure water was
dri pped onto tNext this layer Was sedectivelyiipddiated vith sruddSexcimendaser 4193zmn)
treatment was then performed at 110C for 60 seconds, and the resi st
| ayer waghrbligia pieise shifiediadkg usidf af AeP Bdposure dppafitiaNER B302Bqpiangfabiueed d at
23C. As the 15 alkali developing liquid, a 2.38% by weight aqueous
sol uti onyPiNik&i EaFFek MNP RHutBrickApeRiite§'e 0N66 2v5 &thular illumination). Then,
10  asimulated immersion lithography treatment was conducted by rotating the silicon wafer
comprising the exposed resist layer while pure water was dripped onto the surface for a
period of 2 minutes at 23°C.
A PEB treatment was then performed at 110°C for 60 seconds, and the resist
layer was then developed for 30 seconds in an alkali developing liquid at 23°C.  As the
15  alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium
hydroxide was used.
The resulting resist pattern with a 1:1 line and space pattern of 160 nm was
inspected using a scanning electron microscope (SEM), and the sensitivity at that point
(Eop) was also determined.
20 For the negative resist composition of this example the Eop value was 30.7
ml/cm?.  This value is X2'. Furthermore, the resist pattern was of a favorable shape
with no visible surface roughness or swelling.

On the other hand, when the negative resist composition of this example was

used to form a resist pattern using a normal exposure lithography process in which the



The resulting resist pattern with a 1:1 line and space pattern of 160 nm
was inspected using a scanning el ectron mcroscope (SEM, and the
sensitivity at that point (Eop) was al so determ ned. 20 For the negative
resi st conposition of this exanple thesfop value was 30.7 ml/cnR. This
value is X2'. Furthernore, the resist pattern was of a favorabl e shape

Wi th 1O wotibichdd LaSMakaUARRARSy RhoBHPhY refimeAlwhi o HelRimE i othiehen

t he negative resist conposition of this exanple was used to forma

resist p rn i nar.nal....ex re lithodraph [ QCESS. i t he
67" a1 of okt PotRiste RSP GHEREHon bomE B S pRIBETR I chties)
performed, in other words, cgnducting, the resist_ pattern formation using
the same? VGrc]%'éé‘“g’s‘-hF g%¢eptien @ nwer&ndatgmgéh%ﬂmﬂ%lmrﬁerswcléb?srwbyof not
conducting the sinmulated i mersion i tpogr aphy treatnent, the val ue of
Eop was 8®atinent Aleraludhf Eop aiasi80.ilanMem?. STHievaneisniXtg t he absol ute val ue
fromthe formula [(X2'/XI") - 1] x 100 revealed a value of 2. Wen the
ratiosof the Sﬁ_&ﬁ’.'rﬂl'ixﬁh% YheQdbsb1BR Wil 4réth She fdmﬁfals[tﬁﬂ'/)kl'j DPpX 308 Yevealed

treatment relative to The sensitivity for normal exposure was determn ned,
the result was ..3

044/ 30.1, or 02. Furthernore resi st pattern was
of a1 avBYABR 1 2naensh b i ot e Sy A MRS Rt ntreern ey 7o
Fromthe results of the exanples 4 and 5, it was confirnmed that even for
a negat freaimeatredativedmphsssensisivity for nomaabexpesurs pes dateemipgyibe resull vagor e
than 8.0, such as the 2 observed in the exanple 5, then as can be seen
from t he36944.1,rdf02 hédFuethatmiart tha réses paernfwas bfie favosatie shape vathf movor abl e
resist pattern can be formed using i mersion exposure. 15 [Exanple 6

(target wRHQE Ghifse 16 83 esvelling)M ] Using a resist conposition 1-(1),
which is the sane as the resist conmposition 1

10 From the results of the examples 4 and 5, it was confirmed that even for a

negative resist composition, if the above absolute value is no more than 8.0, such as the 2
observed in the example 5, then as can be seen from the results of the evaluation test 2 of

the example 4, a favorable resist pattern can be formed using immersion exposure.

15  [Example 6 (target resolution 60 nm and 55 nm)}

Using a resist composition 1-(1), which is the same as the resist composition 1
of the example 1 with the exception of having altered the component (D) from
triethanolamine to 0.65 parts by weight of tris-2-(2-methoxy(ethoxy))ethylamine, and
with the additional exception of having altered the film thickness to 140 nm, the same

20  method as the example 1 was used to form an 82 nm film of the aforementioned AR-19
on top of a substrate (silicon wafer), and then form a resist layer on top.

The same evaluation test 2 as the example 3 (an immersion exposure test
conducted using a test apparatus manufactured by Nikon Corporation, by carrying out
exposure using a prism, water and the interference of two beams of 193 nm) was then

25 performed. In the same manner as the immersion exposure of the example 3, a water



of the exanple 1 with the exception of having altered the conponent (D)
from triethanolamne to 0.65 parts by wei ght of
tris-2-(2-nethoxy(ethoxy))ethylam ne, and wth the additional exception
of having altered the filmthickness tg 140 rim the sane 20 nmet hod as
the exanple I was used to forman 82 rimfilmof the aforenenti oned AR 19

on top Ofolderytet R»aa% ?o&%dlue@&&nvmé ?ers?]st laf*}@ndaﬂdhﬁ@ lcfv%r@hﬁ'aéeeo?‘ thé Rﬁ'ﬁi{ @ on

top. The same €eval uation test as the éxanple (an 1 nmrersi oh exposure
test copducted USicny t est apparat us manuf actured by Ni kon Cor poration,
by carry "B?ﬁrs“’gif)g'gﬁre using a prism water and the interference of
two beans of 193 rim was then 25 perforned. In_the same manner as the

i mrer si on expoSigreXpesure Haseawangsiestes Soeﬁs\ﬂﬁﬁlé?wﬁgblesf@m}@ﬂﬁﬂ ofA & S\pattemer ned
between the resist |layer and the | ower surface of the prismas the

i mrer si oDesebpingtwas Toadectg@bimuthe sahs manzs as theondanpplesh  aFhd esalld avevslsdvabl e
formation of a L&S pattern. Devel oping was conducted in the sanme manner
as the expraMiesl. The results are shown 5 in Table 3. [Exanple 7 (target
resolutions 50 nmand 45 nm] Wth the exceptions of altering the prebake
tenperature of the exanple 6 to 125C and altering the resist film

t hi ckness to 110 rim the sarre nmet hod as the exanple 6 10 was used to

forma resist yer on t n82r mfllmof AR- 19 provided on top of
a substr "@"{@? |E‘6$FW\%?P 3%WIng conpl etion of the sane
eval uation test 2 as the exarrple 6, a resist pattern was forned in the

same manner as Withethe xaeprionsof altesing thesprebakedemperatwmof the Eanple® to15
[ Exanple 8 (target resolutions 60 run and 55 nn)] Using a resist
conposi t i srClafdalterink ithdrekist filhe tHiekiRsS® 1110 @nt, 85d $imeB1PO8 it tHerexkmple 6
10 was used to form a resist layer on top of an 82 nm film of AR-19 provided on top of a
substrate (silicon wafer). Then, following completion of the same evaluation test 2 as

the example 6, a resist pattern was formed in the same manner as the example 6. The

results are shown in Table 3.

15  [Example 8 (target resolutions 60 nm and 55 nm)}

Using a resist composition 1-(2), which is the same as the resist composition |
of the example 1 with the exception of having altered the component (B) from the
mixture of triphenylsulfonium nonafluorobutanesulfonate and
(4-methylphenyl)diphenylsulfonium trifluoromethanesulfonate to 5.0 parts by weight of

20  triphenylsulfonium perfluorooctanesulfonate, and with the additional exception of having
altered the film thickness to 140 nm, the same method as the example 6 was used to form
aresist layer on top of an 82 nm film of AR-19 provided on top of a substrate (silicon
wafer). Then, following completion of the same evaluation test 2 as the example 6, a
resist pattern was formed in the same manner as the example 6. The results are shown

25 inTable 3.



of the exanple 1 with the exception of having altered the conponent (B)
fromthe mxture of triphenyl sul foni um nonafl uorobutanesul fonate and

(4- met hyl phenyl ) di phenyl sul fonium trifl uoronet hanesul fonate to 5.0 parts
by wei ght of 20 tri phenyl sul foni um perfd uorooct anesul fonate, and with the
addi ti onal exception of having altered the filmthickness to 1 40 rim
the sanme nethod as the exanple 6 was used to form a resist |layer on top
of an 82 nmfilmof AR-19 provided on top of a substrate (silicon

waf er) . en, fallown | efion o he,.sane eval uation test 2 as the
exanpl e @"%‘P‘Fgﬂf‘é$e‘ﬁ§f’f‘§1%ﬁ5§ﬁ§"f "PY the same manner as the exanpl e
6. The results_are shown 25 in Table 3. 69 [Exanple 9 (target

resol utions 50 With he@xeeptiony pf sheringithepshekesemperatuse obtheexampletdie pr ebake
tenperature of the exanple 8 to 125C and altering the resist film

t hi cknes$23°¢C dddaltefingttheresRNAIndiitiatsa® 110ene X Rinte Bethod Wa thelss@shpleos f or m
a resist layer on top of an 82 rimfilmof AR-19 provided on top of a

substq at L4 f k). ] ekt

cval i 58 Bied 60t B 1aykSHaod Bt 0¥ AR AR PAROHD GoviBoR ot |
S e S5 (e AL fheo enis e B oSl St il s, ' ©
Water Target line width 60 55 50 45 60 55 50 45 (resolution nrthTarget
pi t ch 12thekexempdnt,a0regisipattetn waofodmed {mhe same manner as the example 6. e

results are shown in Table 3.

10 Table 3
Example 6 Example 7 Example 8 Example 9
Solvent Water Water Water Water
Target line width 60 55 50 45 60 55 50 45
{ resolution nm)
Target pitch 120 | 1o { 100 | so | 120 | 10 | 100 | 90
{(nm)

Line width of obtained pattem| 55 | 575 | 568 | 513 | 597 | 579 | 545 | 509

(resolution nm)

Pitch of obtained pattern 1215 | 1097 | 1016 | 877 | 1194 | 1101 | 1025 | 947
{(nm)
LER

(line edge roughness nm)

2.1 38 38 44 29 2.1 27 3.6

Exposure dose
(mJ/cm?)

32 4.6 7.9 2.5 6.4 4.6 5.3 50

As is evident from the results shown in Table 3, it became clear that by applying
resist compositions of the present invention to immersion lithography, resolution was
possible down to target line widths of 45 nm and pitches of 90 nm.

15



Line width of obtained pattern 59.9 57.9 56.8 51.3 59.7 57.9 54.5 50.9
(resolution nn) Pitch of obtained pattern 121.5 109.7 101.6 87.7 119.4
110.1 102.5 94.7 (run) LER 2.1 3.8 3.8 4.4 2.9 2.1 2.7 3.6 (line edge
roughness nnm) Exposure dose 3.2 4.6 7.8 2.5 6.4 4.6 5.3 5.0 (m)/cm) As
is evident fromthe results shown in Table 3, it becane clear that by

appl yi ng x%ﬁﬁ,ilesioconpositions of the present invention to inmersion
Iithogra% Y, resJIution was possible down to target |line widths of 45 nm

and pitches of ,90 nm 0 Exampl &1 A . nt
(B) and a coméﬁ@WPOt’#%i&?@é’&%‘éﬁ%ﬁ%F &Bgﬁ%gﬁlﬁﬁ,gﬁmf%ﬁﬁi y |% a
conponent (C), yielding a positive resjst composition 3. As. the conponent
(A), 100dissives unjfopmlyina eampensat ((Aeyigidiga PebYSAeeist COMROSIHORi%i ng t he
four structural units shown in the [formula 25] was used. The

proportions p, AsjthercomybnentafA)eHithparts byhvecightraf atroethacrylatet copalyseeri n
preparing the conponent (A were p=40 nol % g=40 nmol % r=15 nol % and t=5

ol %5 eSQekdh RS the oI SrucERRAINEBRoWR IH Bk [RANAR 23] Wastuséd| Thel t S
contal ning an a h)?dri de of a dicarboxylic acid, Egnd no structural units

contai ning _a_phenolic I I [ . SRb&sst ar
wei ght oP'%Pﬂléi%Pﬁ g sq’prraélgé(r%é gé‘}cﬁo o% é ﬁfa%gfummgslg%"%gﬁﬁ% thée b
(A) were p=40 mol%, q=40 mol%, r=15 mol% and t=5 mol% respectively. This
copolymer contained no structural units containing an anhydride of a dicarboxylic acid,

and no structural units containing a phenolic hydroxyl group. The weight average

10  molecular weight of the thus prepared component (A) was 10,000.



[formula 25] j CH3 i P CHZ o CEOCH3 %H3 ClI ~ H OQO CH3 cr

00 cOOOHCH HI/I,, C-,0 As the conponent (B), 5.0 parts by
wei ght of triphenyl sul fonium 72 nonafl uorobut anesul f onate was used.
71
[formula 25]
/CHa
C\}\P
\(‘c/|
Ha

C
O/ \0 CHs

OH

As the component (B), 5.0 parts by weight of triphenylsulfonium



As the conmponent (C), 1900 parts by weight of a m xed sol vent of

propyl ene glycol nononethyl ether acetate and ethyl |actate (weight
ratio 6:4) was used. As the conmponent (D), 0.3 parts by wei ght of
triethanol am ne was used. 5 Next, using the thus obtained positive resist
conposition 3, a resist pattern was formed in the same nmanner as the

exanpl e ﬂwndﬂimg;mﬁne\gﬂﬁgﬁte $hdglegan organic anti-reflective film
conposition AR-I (manuf actured by Shipley Co., Ltd.) was used to form

an anti-reflecti f|ImI | | t he
same nmanner asAtsxg e&%??pqegy@) %dd]%ombty |\V/égk}$tgsf%§€§ ?[%S&fvelﬁ%fﬁ) Jﬁgléﬁg

obt ai ned above was then used to form.a resist yer th a filmthickness
of 150 n&lysel meaorasﬁwh@ heracptatemdethyl Jasetate ngﬁ’s'? ‘pr ebake
process as the exanple 1. Next, this |ayer was sel ectlvely i rradi at ed
with an ArF exdisrthke cdmpment I»30.3marts bl veugii of triegldnopamine was uegsh. ng an ArF
exposur e apparatus NSR-S302B (manufactured by 15 Ni kon Corporation (NA
(numegical apeNeNt @king ths Bils obtained péSitive f3ROcorpssitioH 3 taadsikt Faee s Wik

l'i t hography treat mant was conduct ed by rotating the silicon wafer

conpri si A ?qﬁﬂ%ﬁﬂfeerﬂ%\{n%fhgfhe eﬁ%%?}ev‘hl | e pure water was dripped onto

t he surface perio mnutes at 23C. In the exanple 1, this

dri ppi ng was continued L 5 m nutes s di scover hat there
s ho' ti e deluptEnByrdsclis ot bR srve A <omARng A6 fas

performed for 2 mnutes or 5 mnutes, and so for the sake of efficiency,

a time ofmanufa¢taredcdy Shipley Sod Lid) prsusediarionm an aatsreflpstive Slm dayse il 115C
for 90 seconds, and the resist |ayer was then devel oped for 60 seconds
in an al lﬁdxhithidlemsbﬁﬁBhgniihthé shnad mafder adshetdxemple kal Thedmosehvepesist | i qui d,

a 2.38% by wei ght aqueous sol ution of tetranethylamonium 25 hydroxide
was ygedcomposition 3 obtained above was then used to form a resist layer with a film thickness

of 150 nm on top of the anti-reflective film, using the same prebake process as the
example 1.
Next, this layer was selectively irradiated with an ArF excimer laser (193 nm)
through a mask pattern, using an ArF exposure apparatus NSR-S302B (manufactured by
15 Nikon Corporation (NA (numerical aperture) = 0.60, ¢ = 0.75). Then, a simulated
immersion lithography treatment was conducted by rotating the silicon wafer comprising
the exposed resist layer while pure water was dripped onto the surface for a period of 2
minutes at 23°C. Inthe example 1, this dripping was continued for 5 minutes, but it
was discovered that there was no time dependency regardless of whether the dripping
20  was performed for 2 minutes or 5 minutes, and so for the sake of efficiency, a time of 2
minutes was used.
A PEB treatment was then performed at 115°C for 90 seconds, and the resist
layer was then developed for 60 seconds in an alkali developing liquid at 23°C. As the
alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium

25  hydroxide was used.



73 The resulting resist pattern with a 1:1 |ine and space pattern of 130
nm was | nspected using a scanning electron mcroscope (SEM, and the
sensitivity at that point (Eop) was al so determ ned. For the resist
conposition 3 of this exanple the Eop #plue was 14.32 mJ/cnR. 5 This
value is X2. Furthernore, the resist pattern was of a favorabl e shape

with no T-top TheaRARINgEsiftPattedi Witlea 3Ur HRCAd sPaE HRRs of ABU R wakher
hand, when the resist conposition 3 of this exanple was used to forma

R e T

performe i.n other 10 words, conducting the resist pattern formation

usi ng t hEERImasAlsdsteamiaed hat described above but with the exception of
not conducting the simulated i mersion |ithography treatnent, the, value
of Eop was 14. Ber ti&/rcsiﬂt.combsitioaﬁwéthiseanlmelneelgmp valngwahé4.3Bseleme val ue
fromthe formula [(X2/X1) - 1] x 100 revealed a value of 0.3. Wen the

rati o5 of Thixevah@isiXa. vikuthefmdrBEthe irdbikt pheen ivEIRI aifevorhbit Blegpreapity no Thop
treatment relative to the sensitivity for normal exposure was determ ned,

t he resulsﬁﬁgn&ﬁog%éﬁésﬁ_}ace% 997. Furthernore, the resist pattern was
e shape wt

of a favor no ~top shapes and no visible surface

roughness. [ Ex e 111,20, W.th t he .exceptign of tering,the cogponent
(D 20f the pos T ofeb had. Ssh s pEoraposfiom oIl pap@i s SRS
triethanolamne to 0.46 parts by weight of tripentylamne, a positive
resi st cdopba resishpaterp ppinganosmalrypesire Hthageaphy PEOGeER HEWhigh the he exanpl e

10. Using the positive resist conposition 3-(1) prepared in this manner,
pattern aforementioned simulated immersion lithography treatment was not performed, in other

10  words, conducting the resist pattern formation using the same process as that described
above but with the exception of not conducting the simulated immersion lithography
treatment, the value of Eop was 14.37 mJ/cm®.  This value is X1.

Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 0.3.  When the ratio of the sensitivity of the simulated immersion lithography

15 treatment relative to the sensitivity for normal exposure was determined, the result was
14.32/14.37, or 0.997. Furthermore, the resist pattern was of a favorable shape with no

T-top shapes and no visible surface roughness.

[Example 11]

20 | With the exception of altering the component (D) of the positive resist
composition 3 of the example 10 from triethanolamine to 0.46 parts by weight of
tripentylamine, a positive resist composition 3-(1) was prepared in the same manner as
the example 10.

Using the positive resist composition 3-(1) prepared in this manner, pattern

25  formation incorporating a simulated immersion lithography treatment was conducted in



25 formation incorporating a sinulated i nmersion |ithography treatnent
was conducted in 74 the sane manner as the exanple 10. The resulting 1:1
| ine and space pattern of 130 nm was inspected using a scanning el ectron
m croscope (SEM, and the sensitivity that point (Eop) was al so
determ ned. Determ ning the Eop value revealed a value of 12.79 ml/cnR.

This val yg iaﬁléﬁand:e%é [SKample 1078 THRIbsRIMAT 1R A SpRe paném\d 1130 hth

shape 5 wth no T-top shapes and no visible surface roughness. On the

ot her hand, .whe he positive r.esist conposiid 3- of .t.hi.s. exanple
has  used S HDRRed DSBSt SERrGUPRIRORS fSr -t e Rasikieh afRACH
process in_which the aforenentioned simulated i mersion |ithogra h;\é

t r eat menPoih EEomtwasalsondetermingd; Dstermining thpsEop salue savealsd gyaluyedd i1§t
pattern formati on using the sane process as that 10 descri bed above but
Wi th t he nehtarpt iThis vdluaist X2.0nFirdtermare; the resisnpattemowasofer faivanablelsheprogr aphy
treatnent, the value of Eop was 12.91 mJ/cnR. This value is XI.

Det er g1 niya, ﬁﬁ-t@&ﬁﬁ%&gﬁdﬁﬁi Wsible ffatdfoubRAEw! 2 [(X2/X1) - 1) x 100
reveal ed a value 'of 0.9. Wen the ratio of the sensitivity of the

sinmul ated i mersion Lithogra tre 0L oo i 1,0 L Lvity
for normal ex p(g?s'ht?‘g O\Lﬁé Eﬁ'ﬁé’&% r%léed?os i}‘legerféégtuﬁ% \?/ggﬁnfg( '?g?'fg%iy or
0.991. Furtherpore, the resist pattern s of a favorable shape wi.th no
T-top shafsdsechtp 1AM 7 T65iHH RATSTR YSifig2 Mu\éﬁ freRasurg | a&rﬁf;}y RISFESHAR hv\%’e
exception of altering the conmponent (](I‘)L of the positive resist 20
conposi t itnaferemientionedsiomabdted mdmeénsiom lithographantotatmientevasnot pedomagd; i by
wei ght of tridodecylam ne, a positive resist conposition 3-(2) was
pr epar ed otlier hirds @BBIICARY tie 1@Sist parerefoanpliion ddng (beisametphecepoas thatve resi st
conposition 3-(2) prepared in this manner, pattern
10 described above but with the exception of not conducting the simulated immersion
lithography treatment, the value of Eop was 12.91 ml/cm?.  This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 0.9. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

15 12.79/12.91, or 0.991. Furthermore, the resist pattern was of a favorable shape with no

T-top shapes and no visible surface roughness.

[Example 12]
With the exception of altering the component (D) of the positive resist
20  composition 3 of the example 10 from triethanolamine to 1.05 parts by weight of
tridodecylamine, a positive resist composition 3-(2) was prepared in the same manner as
the example 10.
Using the positive resist composition 3-(2) prepared in this manner, pattern
formation incorporating a simulated immersion lithography treatment was conducted in

25  the same manner as the example 10. The resulting 1:1 line and space pattern of 130 nm



formation incorporating a sinulated i mersion |ithography treatnent was
conducted in 25 the sane manner as the exanple 10. The resulting 1:1

| ine and space pattern of 130 nm 75 was inspected using a scanning

el ectron m croscope (SEM, and the senﬁ%tivity at that point (Eop) was
al so determ ned. Determ ning the Eop val ue reveal ed a value of 13.81

ml/ cn.  Tis $nsp@tte@ usifig XScarnitid SI8EFTN Ricrdsi6pd GEMI, aRd theSdeRsiitity &ff that
favorabl e shape wth no T-top shapes and no visi'ble surface roughness. 5

O e OO B BT B g SRR AP el 0

| i t hography pyoggss in ich _the aforenentioned sinulated i si on
|i t hogr afHy*®r e ¥alu otF Preethe regyst H?f‘ﬁ'é‘rw%ﬂfa F‘V?féﬂlgsgi’l?eng t he

resist pattern formation using the same process as that described above
but wi t h withenceX-eqgpstiapes afd nvovisiblermbefacd rogpghhesssi nul at ed i nmer si on 10
| it hography treatnent, the value of Eop was 13.93 mJ/cnR. This value is

X1.  Determ ni G thb otRP ASd) whed FhdipositiveITediteofripoBition 3FQXSf K9 exanidle x 100
revealed a value of 0.86. Wien the ratio of the sensitivity of the

si mul at eq i i i : t ASLEEN Ty
For nor maY e SHahS {3En sl eRetaity £RHRT bRl Ik Garh i 3o 3RGE WhicH
0.991. Furthernore, the resist pattern was ,of a favorable shape with no
U5 1t op tat el emane ST Ges inBestoR ol RS K eSH e 1 ' ho
exception of altering the conponent (B) of the positive resist
conposi t io8er wosds, chrdustinghearesist pagam foamation wyirg e samp PrasHs asuhatoni um 20
nonaf | uor obut anesul f onate and (4-net hyl phenyl ) di phenyl sul f oni um
trifl uor desfribed @abonNe nnatith the efceptipanf sottypndedtpgtthetimulated immersion
(p-tert-butyl phenyl)sul fonium nonafl uorobutanesul fonate, a positive
resi $p CoARFASHyAFealmént) theaaIuRIFERpSehsi 1B 3NRI/BAME This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 0.86. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

13.81/13.93, or 0.991. Furthermore, the resist pattern was of a favorable shape with no

15  T-top shapes and no visible surface roughness.

[Example 13]

With the exception of altering the component {B) of the positive resist
composition 1 of the example 1 from the mixture of triphenylsulfonium

20  nonafluorobutanesulfonate and (4-methylphenyl)diphenylsulfonium

trifluoromethanesulfonate to 6.5 parts by weight of (p-tert-butylphenyl)sulfonium
nonafluorobutanesulfonate, a positive resist composition 1-(3) was prepared in the same
manner as the example 1.

Using the positive resist composition 1-(3) prepared in this manner, pattern

25  formation incorporating a simulated immersion lithography treatment was conducted in



manner as the exanple 1. Using the positive resist conposition 1-(3)
prepared in this manner, pattern 25 formation incorporating a sinulated

i mrersion |ithography treatnment was conducted in 76 the sane manner as
the exanple 10. The resulting 1:1 linegnd space pattern of 130 nm was

I nspected using a scanning el ectron mcroscope (SEM, and the sensitivity
at that iHeGafte rhdroe) ayehe ehmpled®t e M mestltiel: biine andspack patierp of 4PQam
reveal ed a value of 22.18 mJ/cnR. This value is X2. Furthernore, the

resist patt ﬁ%@e&@@uaﬁﬁaséﬁmg@é&oﬁhﬁ%s&w (SEMIP arld iHeRehsiiviepathgt no

vi si bl e sur e roughness. he ot her hand, when the positive resist

conposition 1-(3) of . thjs exanpl was -us f ' g
using a H@PH&&O(pgk%ﬂﬁoéie?qw ra%%’r’%ﬁ%?& lf,oﬁ) ﬁ?%%e%lﬁghgkgﬂeg%gg#?oned
sinmul ated i rsion lithography treatnment was not perforned, jin, other
wor ds, coddut i ﬂ@llﬂﬂillﬁr@s?g%t Iyistheeneres he ettt GANEIS Was qfﬁég‘g%fﬁ]éleﬁb%ess as
that 10 descri bed above but wth the exception of not conducting the

si mul st eqhithieeT-Soposhapes dndagr vdsible surfeed romghpess.he val ue of Eop was 22. 56
ml/cnR2. This value is X1. Determning the absolute value fromthe

formul a [ (X2/ Xp), the tl,Lhea( haf) weN 8R! Stitiveradistofipodition 1 -(Aefthihexangtle 0 of

the sensitivity o e sinmulated immersion |ithography treatnent

relative to the sensitivit r '

Fesal " wes v ioBRR aps iy AR BHLR MAGrpBhhRL ORI ol
of a favorable shape wi.th no . T-to hapes .and no visible swiface.

r oughnes ¢he #PWW@“?‘E%‘HH‘Q%‘C%‘F“WH@%QB raphy.tpratmentyy ?SCPO? 4 e#{mﬁvﬁadg el ear
that even if a quaternary copol yner was used, the conposition was still
sui ted t othemverds, sonducting S rephpaenciosnation ying WesABEProgessds PAk results
of the exanple | and the exanple 20 13 it was clear that even with a

di f f @pentdeasibdd aboer Witavith theexeptipn of hotarondadingtthe simulatad ipmersion

lithography treatment, the value of Eop was 22.56 ml/em?.  This value is X1.

Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 1.68. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to ihe sensitivity for normal exposure was determined, the result was

15  22.18/22.56, or 0.983. Furthermore, the resist pattern was of a favorable shape with no
T-top shapes and no visible surface roughness.

From the results of the above examples 10 to 12 it was clear that even ifa
quaternary copolymer was used, the composition was still suited to immersion
lithography processes. Furthermore, from the results of the example 1 and the example

50 13 it was clear that even with a different acid generator, the composition was still ideally

suited to immersion lithography processes.

[Example 14]

The positive resist composition 1-(2) used in the example 8 was appliedto a

25  rotating silicon wafer, and then heated at 115°C for 90 seconds to form a resist film with



suited to immersion |ithography processes. [Exanple 14] The positive
resi st conposition 1-(2) used in the exanple 8 was applied to a 25
rotating silicon wafer, and then heated at 115C for 90 seconds to forma
resist filmwith 77 a filmthickness .P; 150nm The thus obtained resi st
filmis termed an unexposed film On the other hand, a large, visibly

det ect ab h IRt . ' i in th
Cboc. e UM GRLASRN TR opke Mg BaFantad S gl b ERRBI B | "

above manner was expose an usi ng ‘an

exposur e appar at R- S302B, (manuf.act ur e Ni kon Cor poratj on, 5
(nuneri cal apeﬁnﬂwﬁ%?&r ga."gl@?l gS, v&’%)dé{efﬁgp%a}f%éBP@%gtéfy%"@ fT‘B'\bA\%nQ. A
PEB treatnent was then conducted at 115C for 90 seconds. This is terned
an expos Edist filmprepsigssiadbeethove manper wesoedeset with ea AsRexgimss daset (183 and
exposed filmwere imrersed in pure water that had undergone ion exchange,
and wi t hnifasihglanexposuze sipatausii SRiSARBnenufachred/ By NéktonaDorpbratibe (NA

t hi ckness of the filns was neasured for a maxi nrum 10 neasurenent period

of 309 sghAdR éﬁ:‘m o &W— Vi %Q)lg Ltho h Japan
Cor por at i on, wﬁll |s)a l ’r%ﬁf%ﬁhegge asﬁlgi%r?gé ev?scf%jf%%ﬁpr“ixgﬁgg a
quartz crystal m crobal ance ghereafter referred tQ as a

ot Gt FEAten wonthen CapABTR,A 0] S5 for 90 APeandsy L Shisas el o wstesed Blm. and

the resulting data was processed with the provided analysis software to
create a i ner Subsequely] theaforemefitidred tuhexposed filrg aag bxposed fih e f or thi s
exanple is graph-1 (see FIG 1). In order to clarify the difference in

filmthi gkmessd Wﬁﬁx@tﬂrd@é} th#hall RAdEEERSRE cRBhn gt NAURAALthe TARR £ 8 stafASh
curve in the graph was referenced against the filmthickness at an

T 1O St T4 SRR RO 2,
fr On](f hemiegél}niar%lantfpielriqu to}t] 586( Qe%grslds, using a RDA-QZ3 device manufactured by Litho
Tech Japan Corporation, which is a film thickness measuring device comprising a quartz
crystal microbalance (hereafter referred to as a QCM).

Fluctuations in the frequency of the quartz substrate were measured, and the

resulting data was processed with the provided analysis software to create a immersion
15  time vs. film thickness graph. The graph for this example is graph-1 (see FIG 1).

In order to clarify the difference in film thickness variation for the exposed and
unexposed samples, each curve in the graph was referenced against the film thickness at
an immersion time of 0, and the variation in film thickness from that point was displayed
and plotted. In other words, if the thickness decreases from the initial film thickness

20 then a negative value is displayed, whereas if the film thickness increases, a positive
value is displayed. The maximwn film thickness variation in the positive direction and
the maximum variation in the negative direction were determined for each sample. If
there was no movement in either the positive or negative direction, then the value for that

direction was recorded as 0 nm.

25 The maximum increase in the film thickness within 10 seconds of commencing



20 then a negative value is displayed, whereas if the filmthickness
i ncreases, a positive value is displayed. The maximum fil mthickness
variation in the positive direction and the nmaxi mumvariation in the
negative direction were determ ned for,geach sanple. If there was no
nmovenent in either the positive or negative direction, then the value for

that di h@%kﬁﬁhn‘i‘%ﬁe@ﬁ%ﬁ@ﬂ PimGofBoth AR H;gpmiﬂnﬂadartﬁé sg%%@ﬁ]gm%,he film

t hi ckness w't secon of commencin measur enent ilnms
was O run. for both the upexpose i.l mand the. ed fil ereas the
o mum HoePe 88 i R g ﬁheghﬁﬁqﬁf b RESGmeds st 105050 or
the unexposed filmand 0.66 rimfor the exposed film 5 [ Exanpl e 15] A
posi t i vethe aaexposed filip and P& nm for)thgeeposedh ﬁﬂed in the same manner as the
positive resist conposition 1-(2), with the exception of replacing the
triethanolamne wth 0.46 parts by weight of tripentylam ne.

Subsequent ly, the variations in the filmthickness of an unexposed film

and an aﬁl?u}p pgd filmwere measured using a QCMin the same manner as
t he exarrpl yielding a simlar graph of imrersion time vs. film

t hi ckness. The,qraph for this .exa els h-2.(see FI G 2).
Fur ther mor e, GRS st ARy 6T ERACpSPreREes i e SiReiibe di % n 10
seconds of ,¢conmenci ng neasurenent. was det er m ned i.n the same manner as
the 15 ROSHNS réSlitzFonm?éltweslu@ Wik the exgemtion afsemaging thefesheaelaming m and
the exposed film whereas the nmaxinum decrease in the filmthickness
wi t hi n 161th 8ctorpistsbarsvel gl ftuperftylaminene unexposed fil m and 0.52 nm for
the exposed film [Exanple 16]
Subsequently, the variations in the film thickness of an unexposed film and an
10 exposed film were measured using a QCM in the same manner as the example 14,
yielding a similar graph of immersion time vs. film thickness. The graph for this
example 1s graph-2 (see FIG. 2).
Furthermore, when the maximum increase in the film thickness within 10
seconds of commencing measurement was determined in the same manner as the
15  example 14, the result was 0 nm for both the unexposed film and the exposed film,

whereas the maximum decrease in the film thickness within 10 seconds was 1.00 nm for

the unexposed film and 0.52 nm for the exposed film.

[Example 16]

20 A positive resist composition 1-(5) was prepared in the same manner as the
positive resist composition 1-(2), with the exception of replacing the triethanolamine
with 0.71 parts by weight of trioctylamine.

Subsequently, the variations in the film thickness of an unexposed film and an
exposed film were measured using a QCM in the same manner as the example 14,

25  vyielding a similar graph of immersion time vs. film thickness. The graph for this



20 A positive resist conposition 1-(5) was prepared in the sanme manner as
the positive resist conposition 1-(2), with the exception of replacing
the triethanolamne wth 0.71 parts by weight of trioctylam ne.
Subsequently, the variations in the fibhm thickness of an unexposed film
and an exposed filmwere neasured using a QCMin the same manner as the

exarrple%nFﬁe‘ii rSiHH gigiqy l ar graph of immersion tine vs. film
t hi ckness. esgrr?ph o? thijsyl 79 exanple is graph-3 (see FIG 3).

Furt her nore, en the maxi mym.increase in_f. ! 1Y - Wda hin 10
seconds of comgﬂ’fpﬂﬁrengﬁgﬂhgﬁgﬂﬁ"&&gﬁﬁrg gr%‘:tp]%giﬂﬁl e@gﬁgm\,r#adnner as
the exanple 14, the result was O rimffor both E_lhe unexposed fil mand the
exposed Fronds of camareagingpeasHERIH, Wag detewased jnthe same magnenAsdfiess wit hin
10 seconds was 0.81 nmfor the unexposed filmand 1.75 nmfor the
exposed dxample | thenzisalt WA 0Anp bxitioth/the neeiwised film asd theexpdsedddmpr epar ed
in the sanme manner as the positive 10 resist conposition 1-(2), with the

except i OPfereds the AlaAGheQ debRald inghH ANA HAEkARSs Withfh 1 setondsavds0. DY nndbght  of
trioctylamne, and replacing the conponent (A) with a copolynmer shown in

[formul 8,26 Th | i ght of the copol yner was
10,000,%ﬁ&kfwgsgqﬁﬁgﬁ‘?éﬁ\éﬁ%‘?%gtg% :’BQ%I\%{I’CI%-X\!SO mol % 50 nol % and 20 nol %

respectively. 80 [fornula 26] H3 H2

[Example 17]
A positive resist composition 4 was prepared in the same manner as the positive
10 resist composition 1-(2), with the exceptions of replacing the triethanolamine with 0.7]
parts by weight of trioctylamine, and replacing the component (A) with a copolymer
shown in [formula 26]. The weight average molecular weight of the copolymer was
10,000, and the proportions p, q and r were 30 mol%, 50 mol% and 20 mol%

respectively.



o\0C&2H5 Ho0-0 o-cam /H H2 o, 0C OH Subsequently, the variations in
the filmthickness of an unexposed filmand an exposed filmwere
measured using a QCMin the same nanner as the exanple 14, 81 yielding a
simlar graph of inmrersion tine vs. fi t hi ckness. The graph for this
exanple is graph-4 (see FIG 4). Furthernore, when the maxi numincrease
in the filn1thvg§ﬁg§§6rjthin 10 seconds of conmencing neasurenent was
determ ned in the same nanner as the 5 exanple 14, the result was 0.02 nm
for the unexposed filmand 0.13 nmfor the exposed film whereas the

maxi num decrease in the filmthibgkness within 10 seconds was 0.26 nmfor
t he unexposed filmand 0.15 rinm/for the exposed film [Exanple 18] 10 A
positive resist conposi<ti n’g; s prepared in the same nanner as the
positive resist conpositib®3 Us in the exanple 10, with the exception
of replacing the tri et handaniine with 0. 71 parts by wei ght of
trioctylam ne. Subsequently, e~ygriations in the filmthickness of an
unexposed filmand an exp®ed fil ZHéasured using a @M in the sane
manner as the exanple 14,
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Subsequently, the variations in the film thickness of an unexposed film and an

exposed film were measured using a QCM in the same manner as the example 14,



15 yielding a simlar graph of imersion tinme vs. filmthickness. The
graph for this exanple is graph-5 (see FIG 5). Furthernore, when the
maxi mum i ncrease in the filmthickness within 10 seconds of comenci ng
measurenent was determined in the sangimanner as the exanple 14, the
result was 0.50 nmfor the unexposed filmand 0.44 nmfor the exposed 20

film Whﬁ@ﬂi’t% % ilﬁﬁmwfﬁnmfdmfmﬁm vishBnt iHieRnlety. c KMe gpaphi fohihis 10
. 0}

seconds was run r the unexposed filmand O nmfor the exposed

film [ﬁg@ﬁ@&g@%gg@@%@A conponent (A), a conponent (B) and a

conpone were 25 dissolved uniformy in a conponent

(O, yielding ositive resjst conposition,13. .82 the.co nent (A,
a copol yner coﬁﬂ%’f%’mﬁ{fs 6"41‘5}?15]!1@’/5“6’!‘1“%?%? W@ﬁﬁ’ﬁr’r"’?@“ﬁﬁ&"@@‘%l % of

1- et hoxy-| - et hyl oxystyrene units as the structural units was used. The
wei ght asesppdseofimohBoerncing measyment was detehmined e hersemeseanpenasthe (A) was
8,000. As the conponent (B), 5 parts by weight of triphenylsulfoniumb5

nonafq uoggimpleng st reNRteasEE HAdor thbanétppsed i and0.18 Gn fol Wdexpasdds by
wei ght of a m xed sol vent of propylene glycol nononethyl ether acetate

d h ' ' T . . 0.
o, S b Ty R g Ve s 43, 071

parts by Wei e positive resist
conposition. 13 was appli.ed t rotati Sili wafer, 10 and then
heat od. amdeciesmesesed haand o 5 oh Hie sSaesd Alprwi th a i1 m t hi ckness
of 150 nm This is terned an unexposed film On the other hand, a |arge,
visibly detectable area (approximtely 10 mmR) of a resist film prepared

in the above manner was exposed wth a KrF excinmer |laser (248 rim using
an expos[Eengipaght us NSR- S203B

10 A positive resist composition 3-(3) was prepared in the same manner as the
positive resist composition 3 used in the example 10, with the exception of replacing the
triethanolamine with 0.71 parts by weight of trioctylamine.

Subsequently, the variations in the film thickness of an unexposed film and an
exposed film were measured using a QCM in the same manner as the example 14,

15  yielding a similar graph of immersion time vs. film thickness. The graph for this
example is graph-5 (see FIG. 3).

Furthermore, when the maximum increase in the film thickness within 10
seconds of commencing measurement was determined in the same manner as the
example 14, the result was 0.50 nm for the unexposed film and 0.44 nm for the exposed

20 film, whereas the maximum decrease in the film thickness within 10 seconds was 0.04

nm for the unexposed film and 0 nm for the exposed film.

[Comparative Example 7]
A component (A), a component (B) and a component (D) described below were

25  dissolved uniformly in a component (C), yielding a positive resist composition 13.



(manuf actured by N kon Corporation (NA (nunerical aperture) = 0.60). The
exposure 15 dose was 12 mJ/cnR. A PEB treatnent was then conducted at
110C for 90 seconds. Subsequently, the variations in the filmthickness
of the unexposed film and the exposed 8f2i | mwere nmeasured using a QCMin

t he sanme manner as the exanple 14, yiélding a simlar graph of imersion

time vs. film Aghﬁgaﬁﬁ,%ne&*m)%re g@lg)g)ferﬁér V\c%ﬁip?isin%%ﬁbm bf BydtS@flrénd S

graph-6 (see FIG . 20 Furft en the maxi mum ihcrease in the

det or m i apacan el ReRes JGaRy Rev EPAE RGNS FERRGERTRIEE et 1 o

t he unex%(l)sed_ filmand 1.55 nmfor the exposed film whereas 8{# maxi mum
decr easelhaweight averagermplerulas weight of the Wiis peensrrescaraRongniAA) Wasi00. ¢ he
unexposed filmand O nmfor the exposed film 25 83 [Conparative Exanple

8] A conponent A§ e, componemtdiBd g p4r) byaweight afaripherssulfountiescri bed bel ow
were dissolved uniformy in a conponent (C), yielding a positive resist

conpasi tﬁ&ﬁﬂ%ro?ﬁ%n&ﬁﬂ’foﬁ?@%%&d.( A), a copolynmer conprising 60 nol % of

hydr oxystyrene nits, 15 nol % of styrene units and 25 nol % of

tert-butyl | i t h t l. I ts. I ght
aver age. ol ecu e rmeRn QrE DI E b e s SRR SR L prepSietE > %000,
As the conponent (E{%, 5 parts by wei %ht of triphenyl sul foni u({n

nonaf | uoglyeeirapramethyl rahes agetate and gthyl dackate (Weighigalid Rchvasased- 1900 parts

by wei ght of a m xed sol vent of propylene glycol nononethyl ether
acetate and et Ayithd coimment((iBi @R pads bpweight ofuaioctydauine was used.

Next, the positive resist composition 13 was applied to a rotating silicon wafer,

10 and then heated at 90°C for 90 seconds to form a resist film with a film thickness of 150
nm. This is termed an unexposed film. On the other hand, a large, visibly detectable
area (approximately 10 mmz) of a resist film prepared in the above manner was exposed
with a KrF excimer laser (248 nm) using an exposure apparatus NSR-S203B
(manufactured by Nikon Corporation (NA (numerical aperture) = 0.60). The exposure

15  dose was 12 m)/cm®. A PEB treatment was then conducted at 110°C for 90 seconds.

Subsequently, the variations in the film thickness of the unexposed film and the
exposed film were measured using a QCM in the same manner as the example 14,
yielding a similar graph of immersion time vs. film thickness. The graph for this
comparative example is graph-6 (see FI1G. 6).

20 Furthermore, when the maximum increase in the filin thickness within 10
seconds of commencing measurement was determined in the same manner as the
example 14, the result was 0 nm for the unexposed film and 1.55 nm for the exposed film,
whereas the maximum decrease in the film thickness within 10 seconds was 0.27 nm for
the unexposed film and 0 nm for the exposed film.

25



As the conponent (D), 0.71 parts by weight of trioctylamne was used.
Next, the positive resist conposition 14 was applied to a rotating
silicon wafer, and then heated at 115C for 90 seconds to forma resist
filmwith a filmthickness of 150 15 g:{n This is termed an unexposed
film On the other hand, a large, visibly detectable area (approxi mtely
10 m?) ofoRpidfivé Exdmplaigdr epared in the above manner was exposed wth a
Kr F exci ner Faser (248 n usi ng an exposure apparatus NSR- S203B

(manuf actured hy N kon rLporation uner.i cal rtur = Q.60).  The
Sxposure.  doseReanABeRARBEShbatkat I R G Ren tRE it Beloyidre 1o
for 90 seconds. 20 Subsequently, the variations in the filmthickness of

t he unexptsselyed ppiforay in 4 sompeisss €6, vialdmg.a PesiHEe Estsh BOMBISHPIHIBCM i n t he
same manner as the exanple 14, vyielding a simlar graph of i mrersion
time vs. film sithkoaaponeih@\)gaappolimer tdrnprisingy6ip arodltoi of ydooaystyene s
graph-7 (see FIG 7). Furthernore, when the maxi numincrease in the film

thi ckaies gnid, 4RI dolbH of ﬁf‘reﬁ@ﬁﬁiﬂj&d)is MBVIRF CrButYRESIIE RIS asBe s@edgralm ned
in the sane manner as the 84 exanple 14, the fesult was 1.13 nmfor the

unexposed filmand 022 nm.f.or the _exposed .fil | .apm
ocr bagepi Pk BiK 1 THR niER Bheralf Rt RS Suiath ol ngHBRS Rt SoMBbie Tl
unexposed filmand the exposed film 5 [Conparative Exanple 9] A positive
resi st copWasdzHR010- (1) was prepared in the same nmanner as the
positive resist conposition 10 used in the conparative exanple 10, with

t he except i ons Asche rapparEnh(B) hgatts be meigit bhtriphenylsulfonduRl parts by

wei ght of trioctylam ne, and replacing the m xed conponent (B) with a
singl e coohaMaRbbRamsalfetiatgwasthseds parts by weight of 10

tri phenyl sul f oni um nonaf | uor obut anesul f onat e.
10 As the component (C), 1900 parts by weight of a mixed solvent of propylene
glycol monomethyl ether acetate and ethyl lactate (weight ratio 6:4) was used.
As the component {D), 0.71 parts by weight of trioctylamine was used.
Next, the positive resist composition 14 was applied to a rotating silicon wafer,
and then heated at 115°C for 90 seconds to form a resist film with a film thickness of 150
15 nm. This is termed an unexposed film. On the other hand, a large, visibly detectable
area (approximately 10 mm?) of a resist film prepared in the above manner was exposed
with a KrF excimer laser (248 nm) using an exposure apparatus NSR-S203B
(manufactured by Nikon Corporation (NA (numerical aperture) = 0.60). The exposure
dose was 12 mJ/cm®. A PEB treatment was then conducted at 115°C for 90 seconds.
20 Subsequently, the variations in the film thickness of the unexposed film and the
exposed film were measured using a QCM in the same manner as the example 14,
yielding a similar graph of immersion time vs. film thickness. The graph for this
comparative example is graph-7 (see FIG. 7).
Furthermore, when the maximum increase in the film thickness within 10

25  seconds of commencing measurement was determined in the same manner as the



Subsequently, the variations in the filmthickness of an unexposed film
and an exposed filmwere neasured using a QCMin the sane manner as the
exanple 14, vyielding a simlar graph of imersion tinme vs. film

t hi ckness. The graph for this corrpara§4i ve exanple is graph-8 (see FIG
8). Furthernore, when the maxi mum 15 increase in the filmthickness

Wi thin 18 Q'IQ,Sth@rres‘Eﬂitersnl‘?i PEmTBAHE \BERsedBfin aHE DS HNM RS théletpdsed aME

manner as the exanple 14, the result was 0.61 nmfor the unexposed film
and 1.49.run for the exposed,film. whereas .the maxinmuyp decr e dn the
1t i GleexbStes B praiRiE shire i BERRR T s TR LD GREEES Bl v anc
the exposed film 20 [Exanple 19] A positive resist conposition 2-(1)
was pr epfardeth theumexposed fitmend thetxposrd filgbsi ti ve resi st conposition 2
used in the exanple 2, with the exceptions of altering the conponent (B)

fromthe mxture of oniumsalts used in the exanple 2 to 5.0 parts by 25
wei ght of triphenyl sul foni um nonafl uor obut anesul fonate, renoving the

y- but roL@&[}, ﬁv‘gﬁxm@gg}lsi ng 1900 parts by weight of a m xed solvent of
propyl ene glycol nononethyl ether acetate and ethyl |actate (weight

ratio 6:4). Suhsegyent| t he t.hus.produced positi resi I tion
22(1) vas usedABNErrts PROeSPOR AP EFHETbreBRRph UE AR P AT SE
anti-reflective filmconposition AR 19 (manufactured by.. Shipley. Co.,
Ltd.) waBOHPYE Iyt eemposition 19 ued ip thecogmnaratiys examele 10s Wit the SYRERIMS  and
was then baked and dried at 215C for 60 seconds on a hotplate, thereby
f or mi ng afireplating the ftiethaniolanine with & bpand hhwaight dhtriohiyldmmas.sandiregacingn
The positive resi st
the mixed component (B) with a single component containing only 5 parts by weight of
10 triphenylsulfonium nonafluorobutanesulfonate.
Subsequently, the variations in the film thickness of an unexposed film and an
exposed film were measured using a QCM in the same manner as the example 14,
yielding a similar graph of immersion time vs. film thickness. The graph for this
comparative example is graph-8 (see FIG. 8). Furthermore, when the maximum
15  increase in the film thickness within 10 seconds of commencing measurement was
determined in the same manner as the example 14, the result was 0.61 nm for the
unexposed film and 1.49 nm for the exposed film, whereas the maximum decrease in the
film thickness within 10 seconds was 0 nm for both the unexposed film and the exposed
film.
20
[Example 19]
A positive resist composition 2~(1) was prepared in the same manner as the
positive resist composition 2 used in the example 2, with the exceptions of altering the

component (B) from the mixture of onjum salts used in the example 2 to 5.0 parts by

25  weight of triphenylsulfonium nonafluorobutanesulfonate, removing the y-butyrolactone,



conposition 2-(1) obtai ned above was applied on top of the
anti-reflective filmusing a 10 spinner, and was then prebaked and dried
on a hotplate at 115C for 90 seconds, formng a resist layer with a film
t hi ckness of 200 nmon top of the antigdeflective film Next, this |ayer
was selectively irradiated wwth an ArF exciner |aser (193 nn) through a

mask pat hed fsing %'90(9@&(@%&&@5{& PRAREILHENTHSAIZR IR HARhIN eltiér

T
Ni kon Corporation ( nuneri cal aperture) =0 nnul ar
illum natj ._Jhen 5, si-muyl at ed . nmer si on |ithography treatnment was
conduct eécegé]zﬂqﬁﬁhlﬁg ee(%ﬁlﬁiégtogﬁ?er conprising the exposed resi st
| ayer while pure water was dripped gntg the surface for_a _peri og of 2
mnutes at 23CSubseppently; theithusnrodeced prat vy Egsish epBRoOoN 261 Warusggto
seconds, and the resist |ayer was then devel oped for 60 seconds in an

al kal i déorsl opEsisgpatteynti d at 23C. As the 20 alkali developing liquid, a
2.38% by wei ght aqueous sol ution of tetranethylamoni um hydroxi de was

used.s The resuffrign B?EEﬁanﬁ%ﬂ@&ﬂe‘ﬁlﬁ-;"bo%zp%éiliohiml9@ﬁﬁaﬁlﬁﬁé3tﬁrda<ﬂyt ern of
130 rimwas inspected using a scanning el'ectron m croscope (SEM, and

rosi ot ool o ohidl Phs A e edBittr {iCuORIEE RAF Rl S8 vl C o
This value is X2. Furthernmore, the resjst pattern was of a favorable
shape wi theénheked andudriedst 2 83C SerPUsscandsion|achatplategthereby fgmmagan on t he

ot her hand, when the resist conposition 2-(1) of this exanple was used 5
to form anti-eflestive filth dayer wdthngfiln thickiess c§2amnr eThe pdsigveapsiyt process in
whi ch the aforenentioned sinulated i nmersion |ithography treatnment was

not per f g5 aBesitib2 91 )\ SBtaind®ablive WARGHGEd SPtdphdT thedliRfefRafivefiltn hangAt | ON
usi ng the same process as that descri bed

10 spinner, and was then prebaked and dried on a hotplate at 115°C for 90 seconds, forming
a resist layer with a film thickness of 200 nm on top of the anti-reflective film.

Next, this layer was selectively irradiated with an ArF excimer laser (193 nm)
through a mask pattern, using an exposure apparatus NSR-S302B (manufactured by
Nikon Corporation (NA (numerical aperture) = 0.60, 2/3 annular illumination). Then, a

15  simulated immersion lithography treatment was conducted by rotating the silicon wafer
comprising the exposed resist layer while pure water was dripped onto the surface for a
period of 2 minutes at 23°C.

A PEB treatment was then performed at 115°C for 90 seconds, and the resist
layer was then developed for 60 seconds in an alkali developing liquid at 23°C.  As the

20  alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium
hydroxide was used.

The resulting resist pattern with a 1:1 line and space pattern of 130 nm was
inspected using a scanning electron microscope (SEM), and the sensitivity at that point

(Eop) was also determined.



above but with the exception of not conducting the sinulated i nmersion
| ithography treatnent, the value of Eop was 19.03 mJ/cnR. This value is
X 1. 10 Determ ning the absolute value fromthe formula [ (X2/X1) - 1] X
100 revealed a value of 1.4. Wen th atio of the sensitivity of the
sinmul ated i Mmersion |lithography treatnent relative to the sensitivity
for normal expgsyheredREcHRpRINENEM) otfflﬂﬁs ELSHBIE thiBBop VdludWhd $8.77 miaim?L. O1.

Furthernore, the resist pattern was of a favorable shape with no T-top

shapes ang. no, vi.sijhl e face r.oughnes 15 | 2 A [tive
oo ot cOsaBe . nabEhpRider B4 R Bierd Bnk O A TR e IR P38 o
with the exception of altering the conponent (A) to each of the resins
shown i nshepss and no visiblessstasg meughngss. wit h t he exception of altering the
prebake and PEB tenperatures to the values shown in Table 4, a
sensitivity vaDnah&3thebhaidyediel yheqesisiwinipogitian i1 bAthédexample was vsed

| ithography treatnent, and a sensitivity value X1 obtained w thout

condugt i RforinEresistpHtRREEsih IR AhA Bx pbubOBKthapraphy F%&mﬂkvma{ @eobt ai ned

for each exanple 1n the sane manner as the éxanple 19. The absol ute

val ue was,then determ ned.trom the,. - he
{esul ts BPECTERiiReR yRIGES TReriT OB P Yeflmehogas ot pertbimid, M el
i mrer si on |ithography treatnent V\gs conducted, alt hou%h thgre Weredsorre
m nor vaMoids, sprducting theagsist pagsn loppationysing the same PIcessas thtgeeried ns of
a conparatively favorable shape with no T-top shapes and no visible
surface abosgHng sdth the Eadrption of patonductingAhe siniwated inEnetsiodithography
Absol ut e
treatment, the value of Eop was 19.03 mJ/em?.  This value is X1.
10 Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 1.4. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

19.03/18.77, or 1.01.  Furthermore, the resist pattern was of a favorable shape with no

T-top shapes and no visible surface roughness.

15
[Examples 20 to 25]
Positive resist compositions were prepared in the same manner as the example
19, with the exception of altering the component (A) to each of the resins shown in Table
4.
20 Subsequently, with the exception of altering the prebake and PEB temperatures

to the values shown in Table 4, a sensitivity value X2 obtained by conducting a simulated
immersion lithography treatment, and a sensitivity value X1 obtained without conducting
the simulated immersion lithography treatment were obtained for each example in the
same manner as the example 19. The absolute value was then determined from the

25  formula [(X2/X1)- 1] x 100. The results are shown in Table 4. Furthermore, when



PEB (C) val ue
10,000 115/115 11.87 11.51 3.1 p, q, r
Exanpl e 21 wei ght average nol ecul ar wei ght 10,000 90/85 26.25 25.86 1.5
p, q, r =40, 40, 20 (ml % [formula %%] Exanpl e 22 wei ght average
nmol ecul ar wei ght 10,000 130/130 10.57 '10.51 0.6 p,
(mol 9 [ fersihRtedQnnker &6R lithozrph§ 13 tmeY

90/80 21.21 21.49 1.3 p, q, r =740, 40

24 wei ght .aver age nol,ecul.ar i ght 10, 000
2 o Somi S aRE RS eSS natiE M apeinichc
wei ght 10, 000 105/100 10.19 10.36 1.6
[ f or nul afayerablg-ghapepvidtaesl-top shapes an

Table 4

d no vFi)s’ib]%’surfa

r

[formul a 27) Exanpl e 20 wei ght average nol ecul ar wei ght
= 40, 40, 20 (mol % [formula 28]

q, r = 40, 40, 20
/a8 96ndTRlAC MRS  HER G e sdiR0
20 (nmol % [forrmula 31 | Exanple
/90 17,54 17.02 3. . ,
ofiHe exampled vis 468 cnmpautifey |

= 50, 30, 20 (nol 9% 88
ce roughn

Component (A) polymer

Prebake/
PEB (°C)

X1

Absolute

value

Example 20

[formula 27)
weight average molecular weight 10,000
p, g, r = 40, 40, 20 (mol%)

115/115

11.87

11.51

31

Example 21

[formula 28}
weight average molecular weight 10,000
P; 9, ¢ = 40, 40, 20 (mol%)

90/85

26.25

25.86

1.5

Example 22

{formula 29]
weight average molecular weight 10,000
Ps CI: r= 40, 40, 20 (mo]%)

130/130

10.57

10.51

0.6

Example 23

[formula 30]
weight average molecular weight 10,000
P-4:T= 40, 40, 20 (mo]%)

90/80

21.21

21.49

i3

Example 24

[formula 31]
weight average molecular weight 10,000
p, q, T = 40, 30, 30 (mol%)

95/90

17.54

17.02

3.0

Example 25

[formula 32]
weight average molecular weight 10,000
p, g, r = 50, 30, 20 (mol%})

105/100

10.19

10.36

1.6




CH3 HZC 00
0 0\0 0 :0)

/HH2 0%C0 4 OH 89

CH3 2 COO0OCH9 [forrmula 29] CH3
88
[formula 27]
CHs
/
c— 12
|
CHj

<

OH

[formula 28] H Ho O-C-OCH3 H ¢ H2



2CCH3 CH3 H20 OCH3 % 00 OH91 ([forrmula 30] H3 Hp 0CzHS H H2
OO 00 /HH2 0~0 4 OH 92
89
[formula 28]
/
C
c/l‘)\p
Ho ¢
0/\0 CH

2



[formula 31 ]
[formul a 32]

H CdC HZO0OCA H H2c-00-C /HC H2 4 OH 93

CH3 H2 00 C2H5 H O-cam /H O0,CO O OH 94

90
[formula 29]

OH



[ Exanpl e 26] A conmponent (A), a conponent (B) and a conponent (D)

descri bed bel ow were dissolved uniformy in a conponent (C), yielding a
positive resist conposition. As the conponent (A), 100 parts by wei ght of
a net hacryl ate copolyner 5 conpri si NGyt he three structural units shown
in the [fornmula 33] was used, in which  HS-CH2- CH2- CH2- C( CF3) 2- OH had
been used as afgﬂﬂhﬁ%gansfer agent to introduce -C(CF3)2-0H groups at
the termnals !)f t he copol yner. The proportions p, q and r of each of
the structural units used in preparing the conponent (A) were p=40 nol %
q=40 nol % and r=20 nol % respectfHel y. This copol ymer contained no
structural units 10 contai ning /én anhydri de of a dicarboxylic acid, and
no structural units contaj ni/nq; phenol i ¢ hydroxyl group. The wei ght
average nol ecul ar wei ght Pt~th s prepared conponent (A) was 6, 400.
95 [fornula 33] CHs H2 0H;C2 CH3 ,,CqgH 00 00 / CH3

07 0. Cis

OH



H2 C~0 4 OH As the conponent (B), 3.7 parts by wei ght of

tri phenyl sul fonium 96 nonafl uor obut anesul fonate and 1.0 parts by wei ght
of triphenyl sulfonium trifluoronethanesul fonate were used. As the
conmponent (C), 900 parts by wei ght qu? m xed sol vent of propyl ene

gl ycol nmonomet hyl ether acetate and ethyl | actate (weight ratio 6:4) was
used. 5 As therg ?E?Et (D), 0.8 parts by weight of

tris-2-(2-neth[)xlq]?iB oxy)) et hyl am ne was used. Next, using the thus
obt ai ned positive resist conposition, a resist pattern was forned.
First, an organic anti-reflectivg film conposition DUV-42 (a brand nane,
10 manufactured by Brewer Sciencg Co., Ltd.) was applied to the surface

of a silicon wafer wusinga spidyer, and was then baked and dried at 185C
for 60 seconds on a hotBTft eby formng an organic anti-reflective
filmwth a filmthickne d run. The positive resist conposition
obt ai ned above was applied on of the anti-reflective film using a
spinner, and was then preba€d and0dried,lg a hotplate at 125C for 90
seconds, 15 forming a resist |ayer tra | mthickness of 350 nmon top

of the anti-reflective film Next, t was selectively irradi ated
wth a KrF exciner laser (248 nm th gh a binary mask pattern, using

(nunerical aperture) = 0.68, 2/3 an - e
sinmul ated i nmer si on I|thography tre as conducted by rotating t he
silicon wafer

{—0
e
0——C
Ny
H
c/ r
[~
2 ¢
o o

OH



20 conprising the exposed resist layer while pure water was dripped onto
the surface for a period of 2 mnutes at 23 C. A PEB treatnent was then
performed at 110C for 90 seconds, and the resist |ayer was then

devel oped for 60 seconds in an al kali vaeloping liquid at 23C. As the
al kali developing liquid, a 2.38% by wel ght aqueous sol ution of
tetranethylanngghﬂghgig hydroxi de was used. The resulting resist pattern
with a 1:1 line and space pattern of 150 run was inspected using a
scanni ng el ectron mcroscope (SEM, and the sensitivity at that point
(Eop) was also determ ned. 5 For (Hie positive resist conmposition of this
exanpl e the Eop val ue was 33.2 cn2. This value is X2. Furthernore,
the resist pattern was Qf favgnahbl e shape wth no T-top shapes and no
vi si bl e surface roughne§§{}3r7 %\%ther hand, when the positive resist
conposi tion of this exanpledyas| ‘used to forma resist pattern using a
nor mal exposure |ithography pt <SS in which the 10 aforenentioned
sinmul ated i mersion |ithogr y trédtnen€Mhas not performed, in other
wor ds, conducting the resist pattern\ ogfmation using the sane process as
t hat described above but with the exd
sinmul ated i mersion |ithography treatjmg
mi/cn2. This value is X |I. Determning bsgl ute value fromthe
formula [ (X2/X1) - 1] x 100 reveal eg
of the sensitivity of the simnulated® mrersidn |ithography treatnent
relative to the sensitivity for normal exposure was determ ned, the
result was 33.2/32.1, or 1.03. Furthernore, the resist pattern was of a
favorabl e shape with no T-top shapes and no visible surface roughness.

2 —0

e
0—C
A

!

A

I
¢

o o

OH



Furthernore, when a contact hole pattern was fornmed in the same nmanner
with 20 the exception of replacing the mask with a half tone mask, then
regardl ess of whether the sinulated i mrersion |ithography treatnent was
conducted or not, a hole resist patter with a hole dianeter of 160 rim
was fornmed, and the resist pattern was of a favorable shape with no
T-top shmpﬁwgﬁpo vi si bl e surface roughness. 25 98 [Exanples 27 to 31]
In each of the exanples 27 to 31, a positive resist conposition was
prepared wth conmposi tion shown jn . Tahle 5,  an i t,h the ception of
B toring the cARaMEOBAY G eoathient (B 2fite srinofihl ) drbcbbps SHPE e
eval uation test 2) was, then conducted using 5 the sanme nethod as the
exanpl e disslysdbyitomily, i acerepecat Koamiclding? pesidyr iesiskemmpasitionappar at us (a
test apparatus manufactured by N kon Corporation) that sinmulates pattern
exposur e | i ght Abyhe congsinant (#g, BOMiparts|by eaight affa methadriyBtetopelymeght t hr ough
a prism and also using pure water as the imersion solvent and an ArF

exci ner t@aasrisiMg e three WBUGLAN Ghis HowkSR thd![ToARulh 8] WhdedSRW KR The
results are shown in Table 7. 10 99 Table 5 Conponent (A) Conmponent (B)

Corpenesst o, SRR L) QUEEBL k! & Ty Bl AT RIS U
(3.5 par E(?(é%g)gy@hggrr]él%ps(a\{vteliegtgxtmirna ts io?%htatcroipgltyrrln(’j}err].OI %[lrg Sl%pg\ﬁiiogg i), c:]L gﬁdop c())f
each of the structural units used in preparing the component (A) were p=40 mol%, q=40
mol% and r=20 mol% respectively. This copolymer contained no structural vnits
10 containing an anhydride of a dicarboxylic acid, and no structural units containing a
phenolic hydroxyl group. The weight average molecular weight of the thus prepared

component (A) was 6,400,



27 p, q, r =50, 30, 20 (nolar ratio) 4-nethyl phenyl di phenyl sul foni um
(2400 parts by (0.3 pans by weight) (100 parts by weight)
trifluoromethanesul fonate weight) (1.0 parts by weight) Resin of
[formula 33] triphenyl sul foni um nonaflgsrobut anesul f onate EUPGVEA=4/ 6

wei ght average nol ecul ar tris-2-(2-nmethoxy Exanple (3.5 parts by weight)
(wei ght ratio) [mﬁhﬁlat33@ 400 (ethoxy))ethylam ne 28 triphenyl sul fonium
(2400 parts by p, g, r =40, 40, 20 (nolar ratio) (1.2 parts by weight)
(100 parts by weight) trifluoronethanesul fonate weight) (0.75 parts by
wei ght) Resin of [formula 21] EUPGN’EA = 4/ 6 Exanpl e weight average

nol ecul ar tri phenyl sul foni um (wei ratio) trioctylamne 29 weight

10, 000 nonaf | uor obut anesul nat 0 arts by (1 42 pans by p, q, r =
50, 30, 20 (nolar ratio) ( arts wei ght) Py weight) (100 parts
by wei ght) weight) Resin of a 34] EUPGIVEA = 4/ 6 Exanpl e wei ght
average nol ecul ar tri phenylsul ~wp.(weight ratio) tris-2-(2-nmethoxy 30
wei ght 8, 900 nonaf | uor obut ane¥ul f ona (2 Us(et hoxy)) et hyl ami ne parts

by

OH

As the component (B), 3.7 parts by weight of triphenylsulfonium



p, q, r = 40, 40, 20 (molar ratio) (7 parts by weight) weight) (1.0 pans
by weight) (100 parts by weight) Resin of [formula 34] EUPGVEA = 4/6
wei ght average nol ecul ar triphenyl sul foniumtris-2-(2-methoxy Exanple
(weight ratio) 31 weight 14,000 nonaflggrobutanesul fonate (2400 parts by
(ethoxy))ethylamne p, g, r = 50, 30, 20 (nolar ratio) (7 parts by

wei ght )~ wehafftiorolfutarsilfsriate &d 1@paHE by welkB0oPRiphenydulvphaht) 100 Table 6
Organic Anti-reflective Resist Substrate anti-reflective filmformation

film PABtrrfﬁﬁ ' ' candi tions thickness Exanple 8 inch silicon
ARC29 (fil'm é@é@%ﬁ%%n%fe?gﬁ% BH 205C/ 60 sec. 110 nm 27 wafer thi ckness
77 nm) 90 sec. 90 sec. (23C. 60 C. Exampl e. 8 inch silicon ARC29 (film
19501 1150 5. 489asenrass o dERatsum bl aape splepiafdEepYencnm 90
sec. 90 sec. (23060 sec.) Exanple 8 inch silicon ARC29 (film 90C 11500
2. 389 MARlycelomon@oethybethariapetatn 10l athyidactathi(wiightatid b:4)nyasaBedec. 90 sec.

(23C/ 60 sec.) Exanple 8 inch silicon ARC29 (film 100C 115C 2. 38%MAH
5 As the component (D), 0.8 parts by weight of

tris-2-(2-methoxy(ethoxy))ethylamine was used.

Next, using the thus obtained positive resist composition, a resist pattern was
formed.

First, an organic anti-reflective film composition DUV-42 (a brand name,

10 manufactured by Brewer Science Co., Ltd.) was applied to the surface of a silicon wafer
using a spinner, and was then baked and dried at 185°C for 60 seconds on a hotplate,
thereby forming an organic anti-reflective film with a film thickness of 65 nm. The
positive resist composition obtained above was applied on top of the anti-reflective film
using a spinner, and was then prebaked and dried on a hotplate at 125°C for 90 seconds,

15  forming a resist layer with a film thickness of 350 nm on top of the anti-reflective film.

Next, this layer was selectively irradiated with a KrF excimer laser (248 nm)
through a binary mask pattern, using an exposure apparatus NSR-S203B (manufactured
by Nikon Corporation (NA (numerical aperture) = 0.68, 2/3 annular illumination). Then,
a simulated immersion lithography treatment was conducted by rotating the silicon wafer

20  comprising the exposed resist layer while pure water was dripped onto the surface for a
period of 2 minutes at 23°C.

A PEB treatment was then performed at 110°C for 90 seconds, and the resist
layer was then developed for 60 seconds in an alkali developing liquid at 23°C.  As the

alkali developing liquid, a 2.38% by weight aqueous solution of tetramethylammonium



205C/ 60 sec. 110 nm 30 wafer thickness 77 nm 90 sec. 90 sec. (23C/ 60
sec.) Exanple 8 inch silicon ARC29 (film 205C/ 60 sec. 110nm | Q0C/ 115C
2.38% TMAH 31 wafer thickness 77 nm 90 sec. 90 sec. (23C/ 60 sec.)

Tabl e 7 Exanpl e Exanpl e Exanpl e Exanplg, Exanple 27 28 29 30 31 Sol vent
Water Water Water \Water Water Target Ii'ne width (resolution nm 55 55 55
55 55 Tﬁy"cﬁ@ind@'ﬁa@*ﬁs&dm) 110 110 110 110 110 Line wdth of obtained
pattern (Tesol utlon n 47 9 54.5 56.7 71.8 56 Pitch of obtained pattern

S 103 8 " Elnge g bt pRert withe bTginy apd3paePauts g RE W vas ot

fromthe results_ shown in Table 7, when these resist conpositions were
appl i ed NEPGARAINBM SIANDINE GlasiTRY | mirroseepe (SEMYr andhe sensifoiityrat dhat paint

possi ble down to |ine widths of approximately 55 nm and pitches of

appr oxi ngdopl) yas albordetenhinetiher nore, the resist pattern shapes al so

di spl ayed good |l evels of rectangularity, and the LER was al so favorable.

10 1G1 [ Exanpké BEbodialésishGombsositiin d}qm@m&, @h@é vﬁe bﬁu@&ae@bq 1, but

with the exception of not form™ng the antl-re | ecti fil resist
LR tHJQn‘P! | ‘Ph}sh\laa J%”?i& OfFu;lﬁgm?orpe V@e restst gEtgern was of a favorable shape

with no T-top shapes and no visible surface roughness.
On the other hand, when the positive resist composition of this example was
used to form a resist pattern using a normal exposure lithography process in which the
10 aforementioned simulated immersion lithography treatment was not performed, in other
words, conducting the resist pattern formation using the same process as that described
above but with the exception of not conducting the simulated immersion lithography
treatment, the value of Eop was 32.1 mJ/cm®.  This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
15  value of 3.4. When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was
33.2/32.1, 0r 1.03. Furthermore, ihe resist pattern was of a favorable shape with no
T-top shapes and no visible surface roughness.
Furthermore, when a contact hole pattem was formed in the same manner with
20  the exception of replacing the mask with a half 1one mask, then regardless of whether the
simulated immersion lithography treatment was conducted or not, a hole resist pattern
with a hole diameter of 160 nm was formed, and the resist pattern was of a favorable

shape with no T-top shapes and no visible surface roughness.

25



in the sane manner as the exanple 1. Wth this resist filmconpletely
inmersed in 5 water, a sinple exposure apparatus VUVES4A500 (manufactured
by Litho Tech Japan Corporation) was used to perform open frane exposure
(exposure without a mask) with an Arl-‘g exci mer |aser (193 nm. A PEB
treatment was then perfornmed on a hotplate at 115C for 90 seconds, and

the resi aW&rz s3jyhen devel oped for 60 seconds in an alkali
devel opi %x rqui (}V\faat 3C. As the al kali developing liquid, a 2.38% by

wei ght aqueous, 10 sol.ution o t rgmet hyl. ammoni um _hydy,oxi ed. The
sensitivity wall "Zﬁcg oﬁ#)ecwl,npﬁeg? t???é’ %Bac@tlﬁ%er%s'é&?%‘lﬁégnﬁv ‘?%é’vl\?l?aé wer e
conpl etely renoved, [Conparative Exanple 10] Wth the exception of not

i mrer si nythigecompesisiontshpyniim Talle &y and; wigh ﬂ&rﬁécﬁmaﬁrm&g’eﬁﬁéd’é‘?ﬁm e 32
was used to forma resist film expose the film conduct PEB treatnent,
and t hensisheveinCfable®, imesirsibn eXdfraused(tis dvialuatipn vaas2 Ywss then cortlucteddisinge
sections exposed by the |ight were conpletely renoved. Fromthe results

of the eyRNRE mthéds thBxLAPRY. Ah¥s B Pddubidbdaln Wasfer@ite@Rpésutdiat t he

exposure with the resist imersed in"water resulted in no major 20

that oveRPHIFIHY Cutho epaal T aruhe oy NEGH Coiifialion) af Ahdefpitel o

resi st should not be_ affected by the ipnersion so|lvent. [Exanple,33] 25
A corrpon@?ﬂosflﬁ)hghéb&é‘iﬁfbﬂéﬂﬂaQ‘Bﬁ%l%gmog’g%%ﬁ%ﬁ‘gg)&%@ﬁﬂf@ﬂ@ oW Wer e
102 dissolved uniformy in a conponent (C), yielding a positive resist
conposi t alse usiAg pureewatenpothe nmmergion sadvenyand an ByF eedigier laser withdt hacryl at e
copol ymer conprising the three structural units shown below in the

[ f or mul aw@ddlen@h ofi3 98 nmldiahe light source. The results are shown in Table 7.

10



proportions p,

Thi s copol ynmer contai ned
a di carboxylic acid, and no structural

hydr oxyl

component (A) Wasle8, 900.
10 O As the conponent (B,

D~~:

g and r of each

no s

of the structural

tructura
nits

units used in preparing
the conponent (A) 5 were p=40 nol % q=40 nol % and r=20 nol % respectively.

units containing an anhydri de of
contai ning a phenolic
group. The wei ght average nol€cul ar wei ght of the thus
[formula 34] P qgr

pr epar ed
000 aO0O0Q0<~/ O™ 3

5.0 parts by wei ght of triphenyl sul fonium

nonaf | ugrobuot

=9 \Y N 2 nNnovit o g
! :lllbbutdm(ﬁéhg'ﬁ&)wab acu \.,uupu 'T{i o D C T \th:un L‘ D
wei ght qf triethanol am ne’was psed. %§J e %onpowen?ph?5{)¥ n1%?ﬁ"§o vent
of ethylf lactéate %?d propylene:@mMﬂQMmmab nonomef Nyl et ner [acetate and
; ; Si a Y

(wei ght [ratio|3®y f@eatided, ang . filfdfisRlaauan é]‘tﬁ}E W& ye®dded to
generate a reﬂmﬂnuxmqmm¢mact|on concentration o i ght. Next}|
usi ng t HEFRY lswehtiabsed pos i t i be rE3P¥E eBiIEbsi t | Bright ’é""bat ErBIEEIRRt | bn
t hat i ngordor at ed §0 = E:J‘raq 4mﬂ§r'9‘1|eluhlphmxlﬂqtﬁgrua (AP0 partshet B panglsy weight)

: molar ratlo) . .
perforngd in a&m&&ﬂmﬁ%ﬁmmhe . Wielght) t he exceptions of
altering the 3reb@ﬂ@m{¢MEkao 00 1 % éﬂf at 100C and|al tering the
PEB to 90 secbnds_at 110C___ The r_P%u] L nrl r 6si st pattern he
and spade pat;@&nwg&m&ﬁg]nnlmaém*ﬂgﬁgﬁﬁgd usi ng g scanni ng| el ectron
m croscope (SE and t he  sensjntraiotolutagesuifoiamt po|BMPGMEspW6Was_al so
det er i Meghmo! weight average molecular . ) . tris-2-(2-methoxy

ple (3.5 parts by weight) {weight ratio)
weight 6,400 . . (ethoxy)ethylamine
28 . _| triphenylsulfonium {2400 parts by
P, g, r = 40, 40, 20 (molar ratio)| ) (1.2 parts by weight}
i trifluoromethanesulfonate weight)
{100 parts by weight)
(0.75 parts by weight)}
Resin of [formula 21]
] . ) EL/PGMEA = 4/6
weight average molecular triphenylsulfonium trioctylamine
Example| (weight ratio)
weight 10,000 nenafluorobutanesuifonate (1.42 parts by
29 ) _ (2400 parts by
p. 9, r =150, 30, 20 {molar ratio) (10 pants by weight) . weight)
t
(100 parts by weight) weight)
Resin of [formula 34]
_ ) ) EL/PGMEA = 4/6
weight average molecular triphenylsulfonium tris-2-(2-methoxy
Example| (weight ratio)
weight 8,900 nonafluorobutanesulfonate (ethoxy)jethylamine
30 . . {2400 parts by
p. . r = 40, 40, 20 {molar ratio} {7 parts by weight) . (1.0 parts by weight)
Wi t
{100 pants by weight) cight)
Resin of [formula 34]
, _ ) EL/PGMEA = 4/6
weight average molecular triphenylsulfonium tris-2-(2-methoxy
Example| (weight ratio)
weight 14,000 nonaftuorobutanesulfonate (ethoxy))ethylamine
31 . . (2400 parts by
p, 4, r = 50, 30, 20 (molar ratio) (7 parts by weight) ight) (1.0 parts by weight}
weight

(100 parts by weight)




The resulting Eop value was 15.3 mJ/cnR. This value is X2. Furthernore,
the resist 5 pattern was of a favorable shape with no visible surface

roughness.
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Table 7

27

Example

Example
28

29

Example

Example
30

Example
31

Solvent

Water

Water

Water

Water

Water

Target line width (resolution nm)

35

33

35

55

55

Target pitch (nm)

110

110

110

1O

110

Line width of obtained pattern (resolution nm)

479

54

.5

56.7

71.8

56

Pitch of obtained pattern (nm)

109.5

111

5

110.8

111.6

108.7

LER (line edge roughness)

3.6

31

24

54

3.8

Exposure dose (mJ/cm®)

3.2

6.4

32

3.2

3.2

10

As is evident from the results shown in Table 7, when these resist compositions

were applied to immersion lithography, it was clear that resolution was possible down to

line widths of approximately 55 nm and pitches of approximately 110 nm. Furthermore,

the resist pattern shapes also displayed good levels of rectangularity, and the LER was

also favorable.




5 Fromthe results of all of the exanples and conparative exanpl es
described above, that is, fromthe total of the evaluation tests 1, 2
and 3, it is evident that the present invention is extrenely suited to
i mmersion |ithography. Wile preferreqgzenbodi nents of the invention have
been described and 10 illustrated above, it should be understood that
these argg hayy of the invention and are not to be considered as
limting. Additions, om ssions, substitutions, and other nodifications

can be made w {hout, departing fromthe spirl r,. scope of the present
Cventi on. - AccUREdhS SR HmPerdRARE X 1, B0y BBERE cRtenbdf £060ci g
limted by the foregoing descriptiqgn, and iis only limted by the scope
of the afsevegtheantirigectivs filmpagesret Mlm apth a Gl thicknessrale] 3 mmayas formednt i on
provi des a resist conposition which is stable against solvents used in

i mrer si oin the sixng tegningr 2t thp sxamplel 1 ex $étH thid rekist Slensorhpleielyinanersedmi st
pattern profile, and provides a resist pattern formation nmethod using the

aboves r egjafel, a ARpkOEPRSIrkiaBParath® YUEESY I (hanffat@PdShy CARP TSI Japsh used in

a resist pattern formation nethod that conprises an ’i mrersi on exposure
step, whgrej f] i I i it NS
ey sedCPRPRaD el b B neBfo B ks i 3 h i Pl WA R St
and variation in a  thi esg of (d filmis asured by a guartz
osci |l | at B?Aﬁﬁf—ﬁ?ia’ewﬂs%ﬁég "§§i dAStit Hegment Wﬁ%&’gl‘ Bﬁr,fmé“eﬁ’én ‘i‘rﬂ?\ﬁp[”l‘&?‘ease
in said filmthickness within 10 seconds of commenci ng neasurenent of
said fil M3°€ foo 9fseendsandthOresishlayerwisahén devedoped feddd secondmid aanlkali
unexposed film
developing liquid at 23°C.  As the alkali developing liquid, a 2.38% by weight aqueous
10 solution of tetramethylammonium hydroxide was used. The sensitivity was 4.5 mJ/cm?,

and the sections exposed by the light were completely removed.

[Comparative Example 10]
With the exception of not immersing the resist film in water, the same method as
15  the example 32 was used to form a resist film, expose the film, conduct PEB treatment,
and ther develop the resist.  The sensitivity was 4.5 m)/cm?, and the sectiops exposed
by the light were completely removed.
From the results of the example 32 and the comparative example 10 it was
evident that the exposure'with the resist immersed in water resulted in no major
20  differences from the normal exposure. Accordingly, it can be expected that even when
an actual immersion exposure apparatus is used, the resist should not be affected by the

immersion solvent.

[Example 33]

25 A component (A), a component (B) and a component (D) described below were



10 2. A positive resist conposition used in a resist pattern formation
nmet hod that conprises an i nmersion exposure step, wherein if a
sensitivity when a 1:1 line and space resist pattern of 130 run is
formed by a normal exposure Iithograpq§ﬁprocess using a light source
with a wavel ength of 193 nmis terned , and a sensitivity when an

i denti caljjeds ikd I Si : { 1S f.0rmed by a
si mul at eglslgo#}%drl@.lngdrﬁ%{ tﬁﬂ%%r a yn{ g’?b ltglsdgﬁé %%mﬂtﬂg{]reé&s)% e sg}anri ngi ng a

sol vent for said_inmersion |t ra in contact, wiith said resist film
is inserted befq\ﬁé]?eCncoén%"é'F’étc(ltA\)vE&g%ggﬁr‘ﬁmgﬁteogkaéﬁﬁmﬁcrﬁ%& CERPEbre  baking
(PEB) step of a normal exposure |ithography process using a |ight source
with a oemplisngthe thiee stracturahunids sl@mglvlt)@,m thed foramulanbHovastusedial The of
[(X2/X1) - 1) x 100 is no 20 nore than 8.0. 3. A negative resist

conposi t ppottied pl g and £ efeath of diet rudtural ruiits used ingirépding hlkd corsponeni (Es an

i mrer si on exposure step, wherein if a sensitivity when a 1:1 |ine and

Space I getep=4Rhbeb =20 nléi% L =hs nflé]“/mgp&ﬁyaﬁ.nomlcoﬁglgﬁﬁk' ESntained

| it hography process uSing a |ight 25 source with a wavel ength of 193 nm

is termed X1' . and.a sensi.tivit n an jdentical 106 ., 1:1 |ine an
space rctp oo GRAbE i iy BB B ARITR aril e 7o il B

| it hography process in which a step for hringing a solvent for said

i mer si ofPTtRINHEH Rhsmplic hydrexyligzewp- wi the weight avermgs malequiar weightof thethus

bet ween a sel ective exposure step and a post exposure baking (PEB) step
of a nor pmparedposporeritiAhwgs &990. process using a light 5 source with a
wavel ength of 193 nmis termed X2', then an absolute value of [(X2'/X ")
- I'] x 100 is [fermimag4ihan 8.0. 4. A positive resist conposition used in
a resist pattern formati on nethod that conprises an i mrersi on exposure
step, conpri sing:

0— QO—= O—

10 é%ff;:>> ”

As the component (B), 5.0 parts by weight of triphenylsulfonium

nonafluorobutanesulfonate was used.
As the component (D), 0.3 parts by weight of triethanolamine was used.
As the component (C), a mixed solvent of ethyl lactate and propylene glycol
15 monomethy! ether acetate and (weight ratio 4:6) was used, and sufficient quantity was
added to generate a resist solid fraction concentration of 4.3% by weight.
Next, using the thus obtained positive resist composition, a pattern formation
that incorporated a simulated immersion lithography treatment was performed in the

same manner as the example 1, with the exceptions of altering the prebake (PAB) to 90



10 a resin conponent (A) which contains an acid dissociable, dissolution
inhibiting group and displays increased alkali solubility under action
of acid, an acid generator conponent (B) that generates acid on
exposure, and an organic solvent (C) ggpable of dissolving said
conponent (A) and said conponent (B), erein said conponent (A)

cont ai NS s@onlé HLPE! addtiferinghe PIEB ty 90 sdcdofM & 100BCN) TRE yesdkifg F&ise’

contai ning an aci d 15 di ssocrabl'e, dissolution inhibiting grotup, but
contains_no strycturgl units (a0), including structural units.(a0-1)
cont ai n; REterh it e 40 sBacr bl ol Bk Bes Hshiied Yk ARARiny <
(a0-2) containing a phenolic hydroxyl group. 5. A positive resist

conposi t Elsatrer naeraseape  BEMyansrthe sgnsiivatiyrat that peistigtepd Wi @lsg detepmingi ch i s
used in a resist pattern formation nmethod, wherein in said i mrersion

exposur e Thé r&nlting Egovahie was 1&2 mldcmes i Bis vayeis Xr ridtiermores tiedesigsi st
conposition and a lens at a |owernbst point of an exposure apparatus is

fill ]?%Ia\év’k,stl;brﬁ_ loY8": vm]ggﬁﬁﬁ?@ {,@{,{Sgﬁg Litace bo\Xehi ch is larger than

are Ive index of alr er than a refractive index of said
resist layer. 25 107. 6 Sitive resist conpQesi.tion cording to claim
4, wherein sai g’nc‘éﬁﬁﬂﬁéh%“ﬁc %@en&wﬁlﬁg@y@gﬁgnéﬁi 2P eﬁ‘ﬁa}stus‘fcgﬁo) and a
structural unit_(a2) derived froma (neth) acr¥ll ate ester. containing a

| act one #0972 resist palAsp HFiAE afwrmal expasire §thogmphy processunoubich itk 1 esi st
conposition according to claim®6, wherein respective quantities of said

st r uct ur aforement®oned lsimaatgd (mPiersion hihogmphy treatneohenas nétyertormed,nothzd t o
60 nol % for (al) and from20 to 60 nol % for (a2). 8. A positive resist

conposi t haRdaesidting tHedreSikEpaiferh forReni@i wkis@ihe semeTpestRsd asthit debétibedr t her
conprises a structural unit (a3) derived froma (nmeth)acrylate ester
cont gh Nl Bo but with the exception of not conducting the simulated imumersion lithography
treatment, the value of Eop was 14.7 mJ/cm®.  This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value of 4.0. 'When the ratio of the sensitivity of the simulated immersion lithography
treatment relative to the sensitivity for normal exposure was determined, the result was

15  15.3/14.7,0r 1.04. Furthermore, the resist pattern was of a favorable shape with no

T-top shapes and no visible surface roughness.

[Reference Example 1}
Using a quartz substrate with no applied resist composition, a measurement
20  using QCM was conducted in the same manner as that described in the example 14,

yielding a graph (FIG. 9).

[Reference Example 2]
Using solutions generated by dissolving samples of polystyrene and t-butyl

25  methacrylate in a solvent, measurements using QCM were conducted in the same manner



pol ycyclic group with an al coholic hydroxyl group. 9. A positive resist
conposition according to claim@8, wherein respective quantities of said
structural units (al) to (a3) within said conponent (A) are from20 to 60
ol % 15 for (a] ), from20 to 60 nol %{er (a2), and from5 to 50 nmol % f or
(a3). 10. A positive resist conposition according to claima8, wherein

sai d conpoiangeschbed inthé BRAMSIETA! yieRingPa ShapH¢FIdE ab). uni t (a4) derived from
a (neth)acrylate ester containing a polycyclic group which differs from

i s, sai d 1 adeaevieé SR Rub TRk SeShE R iy SRR 1

with an _al coholic hydroxyl group of said (a3) units. 11. A positive
resi st cg‘ﬁﬂ’@BFP*@ﬁ PAESEBY MVERY19No cl ai m 10, wherein respective quantities
of said structural units (al) to (a4) within said conponent (A) are from

25 to 25 50 mol % for (a]), from25 to 50 mol % for (a2), from10 to 30
nmol % for (a3), and from3 108 to 25 mol % for (a4). 12. A positive resist

conposi ti on acEimlitidrebitsdfallBf the WRAGITHE T hndbfhpafiine BRathpledMescHBEP! | Ses
both structural units derived frommethacrylate esters and structural

uni'ts S b/ fith [ SRAREYGE! & FbRSoh Teaté) PRI, Y6is Lol IR OST Li on
or a negatliveé resist conposition accordi ng 1’0o any’ onhe of claim| through
claim4, further conprising.a nitrogen containing organic conmpound (D).
10 14,  APKESHIEVEIHRB S PTG REISAP HgmeEien BiNReBBhlner oi n sai d sol vent
which has a refractive index which is larger than a refractive index of
air but smaller than a refractive index of said resist |layer is water.

While preferred embodiments of the invention have been described and
16 1llustrated above, it should be understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the appended claims.
15
INDUSTRIAL APPLICABILITY
The present invention provides a resist composition which is stable against
solvents used in immersion lithography steps, and excellent in sensitivity and resist
pattern profile, and provides a resist pattern formation method using the above resist

20  composition,



15 15. A nethod of formng a resist pattern using a resist conposition
according to any one of claim1l through claim4, which conprises an

I mer si on exposure step. 16. A nethod of forming a resist pattern
according to claim 15, wherein in saidgpgi nmersion exposure step,
followng formation of a resist layer conprising said resist 20
conposition, a region between said rggsaB#S| ayer and a |l ens at a | ower nost
poi nt of an exposure apparatus is filled with a solvent which has a
refractive index which is larger than a refractive index of air but
smal l er than a refractive index of said resist |ayer.

1. A resist composition used in a resist pattern formation method that comprises an
immersion exposure step, wherein when a film formed using said resist composition is
5  immersed in water, either following exposure or in an unexposed state, and variation in a

thickness of said film is measured by a quartz oscillator method while in said state of
immersion, a maximum increase in said film thickness within 10 seconds of commencing
measurement of said film is no more than 1.0 nm for both an exposed film and an
unexposed film.

10
2. A positive resist composition used in a resist pattemn formation method that
comprises an immersion exposure step, wherein if a sensitivity when a 1:1 line and space
resist pattern of 130 nm is formed by a normal exposure lithography process using a light
source with a wavelength of 193 nm is termed X1, and a sensitivity when an identical 1:1

15  line and space resist pattern of 130 nim is formed by a simulated immersion lithography
process in which a step for bringing a solvent for said immersion lithography in contact
with said resist film is inserted between a selective exposure step and a post exposure
baking (PEBj step of a normal exposure lithography process using a light source with a
wavelength of 193 nm is termed X2, then an absolute value of [(X2/X1) - 1] x 100 is no

20  more than §.0.

3. A negative resist composition used in a resist pattern formation method that
comprises an immersion exposure step, wherein if a sensitivity when a 1:1 line and space
resist pattern of 160 nm is formed by a normal exposure lithography process using a light

25  source with a wavelength of 193 nm is termed X1', and a sensitivity when an identical
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1:1 line and space resist pattern of 160 nm is formed by a simulated immersion
lithography process in which a step for bringing a solvent for said immersion lithography
in contact with said resist film is inserted between a selective exposure step and a post
exposure baking (PEB) step of a normal exposure lithography process using a light
source with a wavelength of 193 nm is termed X2', then an absolute value of [(X2'/X1') -

1] x 100 is no more than 8.0.

4. A positive resist composition used in a resist pattern formation method that
COmPprises an immersion exposure step, comprising:

a resin component (A) which contains an acid dissociable, dissolution inhibiting
group and displays increased alkali solubility under action of acid, an acid generator
component (B) that generates acid on exposure, and an organic solvent (C) capable of
dissolving said component (A) and said component (B), wherein said component (A)
contains a structural unit (al) derived from a (meth)acrylate ester containing an acid
dissociable, dissolution inhibiting group, but contains no structural units (a0), including
structural units (a0-1) containing an anhydride of a dicarboxyli= acid and structural units

(a0-2) containing a phenolic hydroxyl group.

5. A positive resist composition according to any one of claim 1 through claim 4,
which is used in a resist pattern formation method, wherein in said immersion exposure
step, a region between a resist layer formed from said resist composition and a lens at a
lowermost point of an exposure apparatus is filled with a solvent which has a refractive
index which is larger than a refractive index of air but smaller than a refractive index of

said resist layer.
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6. A positive resist composition according to claim 4, wherein said component (A)
comprises said structural unit (al) and a structural unit (a2) derived from a (meth)acrylate

ester containing a Jactone unit, but contains no said units (a0).

7. A positive resist composition according to claim 6, wherein respective quantities
of said structural units (al) and (a2) within said component (A) are from 20 to 60 mol%

for (al) and from 20 to 60 mol% for (a2).

8. A positive resist composition according to claim 4, wherein said component (A)
further compnises a structural unit (a3) derived from a (meth)acrylate ester containing a

polycyclic group with an alcoholic hydroxyl group.

. A positive resist composition according to claim 8, wherein respective quantities
of said structural units (al) to (a3) within said component (A) are from 20 to 60 mol%

for (al), from 20 to 60 mol% for (12), and from 5 to 50 mol% for (a3).

10. A positive resist composition according to claim 8, wherein said component (A)
further comprises a structural unit (a4) derived from a (meth)acrylate ester containing a
polycyclic group which differs from said acid dissociai)le, dissolution inhibiting group of
said (al} units, said lactone unit of said (a2) units and said polycyclic group with an

alcoholic hydroxyl group of said (a3) units.

11. A positive resist composition according to claim 10, wherein respective
quantities of said structural units (al) to (a4) within said component (A) are from 25 to

50 mol% for (al), from 25 to 50 mol% for (a2), from 10 to 30 mol% for (a3), and from 3
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10 25 mol% for (a4).

12. A positive resist composition according to claim 4, wherein said component (A)
comprises both structural units derived from methacrylate esters and structural units

derived from acrylate esters.

13. A positive resist composition or a negative resist composition according to any
one of claim 1 through claim 4, further comprising a nitrogen containing organic

compound (D).

14, A resist composition according to claim 5, wherein said solvent which has a
refractive index which is larger than a refractive index of air but smaller than a refractive

index of said resist layer is water.

15. A method of forming a resist pattern using a resist composition according to any

one of claim 1 through claim 4, which comprises an immersion exposure step.

16. A method of forming a resist pattern according to claim 15, wherein in said
immersion exposure step, following formation of a resist layer comprising said resist
composition, a region between said resist layer and a lens at a lowermost point of an
exposure apparatus is filled with a solvent which has a refractive index which is larger

than a refractive index of air but smaller than a refractive index of said resist layer.





