1 DESCRI PTION RESI ST COWOSI TION 5 TECHNI CAL FI ELD The present invention
relates to a positive or negative resist conposition used in a resist
pattern formati on nethod that conprises an imersion |ithography (i mrersion
exposure) step, and a nethod of formng a resist pattern that uses such a
resist conposition. 10 BACKGROUND ART 1Li t hography techni ques are w dely
used in the production of mcroscopic structures in a variety of electronic
devi ces such as semi conduct or devilJ&ECRIRAIONqui d crystal devices, and
ongoi ng mniaturization of these device structures has |ead to 15 demands
for further mniaturization of the resist patterns used in these |lithography
processes. Wth current |ithography techni ques, using the nbst up-to-date

ArF excinmer |asers, fine resi grspat covsoMtiong |1 ne width of approxi mately
90 nmare able to be fornmed, 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 devel opnent of appropriate exposure apparatus and
corresponding resists is the first requirenent. In terns of exposure
appar &t us, apparatus wi th short eFECEMECADFIBLDI ght sources such as F2

| asers, EUWV (extrene ultraviolet), electron beans and X-rays, or apparatus

with larger | enheieRht mebntaRiGelatts 6 a pbéHivebEndp@fiv®rsist Bk used §HUCI Ng
t he wavel ength of the |ight source requires a new and
a resist pattern formation method that 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 nmethod known as i mmersion

| i t hography has been 5 reported (for exganple, see the non-patent reference
1, the non-patent reference 2, and the non-patent reference 3). This is a
met hod i nexpensive edposurgapparmes, gl iftikeNAagheris ifvedased; thédntechesasheand t he
resist layer disposed on top of the wafer, which has conventionally been
filled w thoRitlon@hd Bk deP of &S BHE it ni‘httrraﬂaﬁﬁ" tyﬂ)éreidtﬂoh?rﬁ%"!vﬁﬂ ifth$ 0! vent

such as pure water or a fluorine based inert liquid as a | arger

r_efract!v ?Soﬂl%lyilsl {elagéa {ht‘]: efjﬁlfgfe}clgv%&?n? lg‘_}[of air. By filling this region

with this vent ‘hi gher resol utions equi vaI ent
to those obt ain u5| hort r wayve| engt h ht, squrce ar ger

| ens can be obt bagkarqun tem maﬁtrsea wap%dm&@h Wit h
no reduction in the depth of focus range. Using this type of imrersion

| i t hogh aphsported {fos exqraple sven themiankpaténg neferenes b the nomrpatest mfgerwe Supst ther dept h
of focus can be formed at [ow cost, using |lenses nounted in conventional

appar at us nofpdtcatriaany) yThidds Aeieted in whidh, daflhg egpoRaRsihdeegon e attention.
(Non- Pat ent Reference 1) Journal of Vacuum Sci ence and Technology B (U. S.),

1999, vol bet:'a?een‘tﬁes@ﬁs ghdntngS%%g‘@fg&%%Ré ngoﬂagftﬁgkvﬁf@l}igﬂﬁﬁs 2) Journal of

Vacuum Sci ence an ogy I ssue 6, pp.

ags1, Ziﬁﬁcoéeﬁaewt TR R Rrole 55 A A RlugBohms kg 30K

I|tho raphy is that in th
grap sxch as pure water or a ?luorine based inert liquid, which has a larger refractive index

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 higher 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



production of sem conductor elenents, which requires large investnents in
equi pnent 25 and facilities, it is expected that |arge cost benefits and

| i t hographi cal benefits such as 3 inproved resolution should be able to be
realized in the sem conductor industry. However, because the resist |ayer
cones in contact with a solvent during gxposure as described above, a
variety of problens can arise, such as degeneration of the resist |ayer, or
t he | eachimprowéd solution shauld boable hebe ealized inlthe sdnzivenductbeliretustry.ous ef f ect on
the solvent, 5 thus altering the refractive index of the solvent and

i mpai ri ngHok@ver) bedasy ths dasi 188£ someY ntbatchith ASolveRusing expbdufosy aphy
process. Accordingly, it remains unclear whether or not I nmersion

li t hogr apgyschge@gm}el £viiet) OF FoBRnf dafiShiss, sRat ésetfé@e%aﬁcﬂ%fvtﬁ% fegfr% {w@# ity to

t hose produced by cohventional exposure processes. en an a Was made

to apply _cgnvention KrF resists,and. Ar.F resi st .conpositions to | nmersion
|t hogr apRl oA compORTms fiam hSesishdhts bV LelF GrpyRetticl Bk fis Sgvephe
solvent, including deterioration in the sensitivi t%, _rougheni ng of the
sur f ack othusilering therefsaative index of dha solvest and ignpaining the inhgret adeantagape) such
as the formation of T-top shaped resist patterns, or swelling of the resist
pattern. dfeiodB@lthSidRnestonTithogdrbpisNrbeaNs. ThAcqrdinghyt itiremeins unciedrakiesher he
probl ems associated with the conventional technology into consideration,
Wi th an o} f6tilinftherFbR Yittibghiphd iPOipable\t¥ fG¥mine 8 Msist Pattéf lof bquiCAERQRafifyon for
use in a resist pattern formation nmethod that conprises an imrersion
l'ithograp | | ' I r he
sol vent usme/gl%%%ﬁ'loﬁﬁ@fggi dﬁ%é@lﬁ%ﬁf %{t’ﬁ%g P I<';1p @sggt %&%3”3?‘%{61%@‘%&8%& | ent
sensitivity .and resi st ttern file, while.retaining.the advantages
of for ed byPRREOMTEPGH JFHI NS GRA B reist FABPOHLIS 6 SBBRTH TSR AL h o
focus, as well as a nethod of formng a resist pattern that uses,
variety of problems emerged due to the effects of the solvent, including deterioration in

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 a result 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
resol ving the above problens, 25 the inventors of the present invention

di scovered that they were able to resolve the 4 problens with the devices
descri bed bel ow, and were hence able to conplete the present invention. In
other words, a first aspect of the presgnt invention is a resist conposition
used in a resist pattern formation nmethod that conprises an i mrersion
exposur e prapemswvithdéhedevicesideseriked bélowf andweredenerphldito conslete thxopresesi t i on i s
imMmersed in water, either follow ng exposure or in an unexposed state, and

t he vari ainventibm the thickness of the filmis neasured by a quartz
oscillator nmethod while in a state of imrersion, the maxi num increase in

the filmthickn Rl Wg' %;edarg film
IS no nore thanﬁgﬁg%ﬁnhﬁdg?éﬁgs?ﬁﬁgﬁgﬁe@%%%g |I*r}1&gl}1 thggune pstﬁé’Bt“Pl m 10
Furtherrmr.ea a. ectﬁndfa%%?ct of, thtﬁ tpresent I nvention is a ‘gositive .resist
conposi t i Jha KSishPAtiem formiatiop methqd tat qomntises Yhimmeision SXRATUre YRRy Whezein o

i nersion _exposure step, wherein if the sensitivity when a 1:1 |ine and
space #esihengdilmciopmed using theqpsisteompopitian s immersedia watstp eisher folilawing gr aphy
process using a light source with a wavelength of 193 nmis ternmed X, and
t he sensi ekposuye ovhiaananexpbsed state] antl the vanatiomnid tHethikaess of ¢iss Slim {sat t er n of
130 nmis forned by a sinulated i nmersion |ithography process in which a

step for l&iéa@nﬂé&ﬁ%l_% oy 8§Yilldtey methed 3/hMéen h BERS &fi ifindréibR QB¢ ARRMMIA cont act
with the resist filmis inserted between the sel ective exposure step and

the post exnosy rirﬁhgﬁ’ﬁﬁi tﬂ&kﬁg’s’é@ipﬁﬁ g@ s%)\r}gﬁ gﬁ%ﬁﬂﬁh%xfcﬁ%@%ﬁrétﬁén? 89{11%3@(22 then

process using a L source w _ nmis terme
t,‘he absol lil;[ 1o Kl%lreu&agfl.o[l&)l(%r)ﬂc?th fhele}(pése%l(%ﬂml and the uxgeg(p%rdei'll}nhan 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 is 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
nm 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 mrersi on exposure step, wherein if the sensitivity when a 1:1 |line and
space resist pattern of 160 nmis fornmed by a normal exposure |ithography
process using a light source with a 25 svavel ength of 193 nmis terned X',
and the sensitivity when an identical 1:1 line and 5 space resist pattern
of 160 nnspase fesistrpartdmy of160 nmlis farvhed byrarsémulatedi itimaeysiap hithograpby prodess inwhi ch a
step for bringing a solvent for the above immersion |ithography in contact

wi th thewhésiasted for Brihging aSelveriob tHevibeve inestdntigthbaplexipQouiaet witep and
t he post exposure baking (PEB) step of a normal exposure |ithography

process U§eesid fiiind8tnseR | Y f | med X2',
Phen the. Hsaer oy LirSineERE] GRuibs theSefectRiEpBRh fepland it AL Lo e
Furt hernote,. a rth ect of the present inventian is. osi tiye resist
corposi ¢ 1 Biline Gt eb GHeEinef turodie HebiRFHy oSSt HoRe £ st B8Ryt an

| mer si on  exposure step, conprising a resin conponent gA whi ch contains an
aci d ot sswevelbngth of 9inmds temmed X2, tisnshe absglute salue ah XD/ aytd xilR@ivased

al kali solubility under the action of acid, an acid generator conponent (B)
t hat genenanfse tah®@.MN exposure, and an organic solvent (C) capabl e of

di ssol ving the conponent (A) and the component (B), wherein the conponent
(A) contains a pldpehndfedh & tﬁasi)@ét)ofﬁfemrl@eﬂt [riveRtich fsEdoRkiRE rasidt © ester
containing an acid dissoci able, "disso lon 1 nhibiting group, but contains
no structlérlﬁl s%t5 unsiets aeoslm inecl ltldi ngost reglit Icouni tssS aO-I%rScont ai ning an
anhydri de P dﬁ%‘érg& M 33?(51,1 0 Haa S UPHI15ES BTS00t ai ni ng a
phenolic hydroxyl group. Furthernore, a fifth aspect of the._ present

i(nvent i on €XROSHIE AN, GRMBHSIRS f AFSHYCOMPGNER! &Y phich eonfains ap geid dissagiable,

conposi tion according to any one of the first through fourth
10  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 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 pattern 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 In
devel opi ng the present invention, the inventors of the present invention
used the processes described below to anal yze net hods for evaluating the
suitability of resist filnms for use within a resist pattern formation

met hod that conprises an inmersion expgsure step, and then evaluated the
resi st conposition and the resist pattern formation nethod using that

resi st congiogimhmersidyespdswn, it Was detetrhined tat thiesfactaroheeded to RSconsideretier
words, in order to evaluate the performance of resist pattern formation 6

usi ng i Muaaelgi)akPpeaformantd ofhe ofital systan dsinp dinniefsiaelifhagiaphy (ipkeded to be
consi dered: namely (i) the performance of the optical system using

| mer si onefridi A aaRGY filfd bn thtehﬁlme?glgﬁ%lva{t at]taetpt)eo%géﬁer&td ;Bf‘%ﬁle £t filgTer Si on

solvent, and (11i1) egener at | on e resi st | m cause e | nmer sion
sol vent te r e _.of erformance of the optical system if one
consi dersc?‘%gaé)é ‘Ptt"‘efétﬂt‘éﬂ l]gurface wat er resistant photosensitive plate
for photography is imersed in water _and the surface of this plate is then
i rradiated w t h{ipht eepnekithe pgrprmance of theaptistlisystemy ifiqe censiders He casibt t hat
provi ded no light transm ssion | oss such as reflection or the |ike occurs at
t he wat er whiclf asuefane svaten eesistang phawsensitvegdate forgphottgeaphyrisiiminerseding watemsi t i ve
plate, then 10 no subsequent problens should arise. Light transm ssion |oss

in this sihdeHelsQffa&asf this plAesd thin Irﬂﬁ?ité’cﬁﬁﬂh?&aﬁ@hédﬂlg]ﬁt ihen titbrdtiaallphgiee Of
I nci dence of the exposure light. According regardi ess of whether the

obj ect  being, isAfiathRYided 1 HhE brihsrhibligh 10Rs A% QORRBh 6r maqfk@ Db b ve
S iR, °§% %

plate, or an inagi n screen ect IS 1 nact | ve respect to
t he |nner i on_solv at. r V|de ed is 15
nei t her affeR¥ES @18 V‘gﬁ?c gtf ? @'S?lt t hen
it is conS| der ed that there will be_nqg change i n the performance of the
opticdf spesubsequent grablens shouldgrise.  Light transmission loss in this situation can be

easily resolved by optimization of the angle of incidence of the exposure light.
Accordingly, regardless of whether the object being irradiated is 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, nor causes any effect on the solvent, then it is considered
that there will be no change in the performance of the optical system. Accordingly, this
factor requires no new test.

(ii) 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 sclvent, 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

i ndex of the imrersion solvent. If the refractive index of the imrersion

sol vent changes, then it is absolutely glear fromtheory, even w thout
performng a test, that the optical resolution of the patterned exposure

| i ght wil s ml ieed ddactyally ifaiditd pattenred lighhoifito theiresist ied thendewtlop thededist
confirmng either a change in the conposition of the inmrersion solvent or a
change i natddetsphivi€tie reilitasit | ve i ndex as a result of |eaching of a 25

resi st conponent upon imersion of the resist filminto the i mrersion

sol vent, and t gl ufrag, i fAReAER Haheds ARAdAL Ynth ibeHlbt BuP R hELRRG Nt ont o

the resist, and then develop the“resist a etermne the resolution. In

contrast, if patterned.light is {rradiated onto t.h esi s I Imin.the

mer o onsolyetuandihe i Hien ieeldpef gnd i refiidns daleERirE sben BEBIE on i s
determned, then even if a 5 change in the resolution is determ ned, there
i s no hayckamgainthergipletinnig dojsanined, there ivnwge of distinguishing whether thegener at i on
in the i mersion solvent affecting the resolution, a degeneration in the
resi st fi changefieatdsnly of hdegensration imnthe immesnsion sdiiverdtaifoctingfthé pashlutianor s.

(itii) I'n terms of analyzing resolution deterioration resulting froma

degener at degenefatibh én fiRTEsist filin dFFceRS 81 rBolithm, b IBsAbiAR GOdMRIM factorsi NPl e
eval uation test can be 10 conducted in which "a process for bringing an

I mrer si on sol vept: 1,4 - Lo | . W th the
resist filmis Qg%giutg{r%%%%ﬂ%‘%ﬁe%rgiﬁlg@%ﬁéﬂ(&%%%%gﬂggfrto h{e]a g%l}l%%ﬁ%%\g post
exposure baking.(PEB), and the.resist filmis.supsequently devel oped, and
ot asol A sttt TmeapSE ot R b FRtsian S s e S ALRRN B, bover - i n
this evaluation test, sprinkling the inmrersion solvent directly onto the
resi s10fi cendpgteddn which "a process for bringing an immersion solvent, in the form of a

shower for 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. [f 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 resuit 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
(it).

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 inpossible
to determ ne whether any <change in resolution is an effect of a
degeneration in the imersion solvent, a result of a degeneration in the
resi st conposition caused by the i mersgon solvent, or a conbination of
both factors. 20 The fenonena described in (ii) and (iii) above, are two

si de of t fiemedrfeons anew resistoogositien dorasp edthiny am immetsiomlithograpley pretessi or at i on
in the pattern shape of the resist film caused by the inmersion solvent,
and the depgldiberconfifed by aeevliatioh test in\wRieh dh Peickss fol BfihdiNg BA imkdsidnne

factor (iii) described above, incorporates a verification of the factor

(ii). 25 RESE ' S: dl : s S LJity of
a resist g@?ﬁ?ﬁﬂn?%rnedo r%ﬁ%@fﬁgﬁ#égﬁgéFH%§%%¥§@93%%&$§FEE§§§§P?ﬂﬁﬁian

I mrersion. lithograph rocess. .coul.d be caonfirned a aluation.test in
whi ch o BPOtESS SHPRaRPREHER 3 4 Tistand iR exaofbe haking (PEBIcaREhe it e s hover
for exanple, .in contact with the resist filmis conducted between selective
exposu? e d&ilmiinsubseaiently developesh andihe sesolutionlal thy rereiing registipatiesn isesi st 5 film
I S subsequently devel oped, and the resolution of the resulting resist

patt er n i snspectediehtredfier(teforedftod as "evahmtiomtkst b')as "eval uation test 1 "). In
addi tion, confirmati on was al so nade using anot her eval uati on nmet hod t hat

represents a f uly hediti@y, ebifiinPdtion wdshidsoatadeUi OdhotiRe bvAluatidhah&hbd 8t
eval uation test that represents a sinulation of the actual production

bt tut SP et kbR oriPolBEh 181 DR untalient B ) oo

in an actual state.of. i.mersi on_and osed (a doubl.e beam j.nferferen
oposur e HErEaRa ynulaT OF e AenBl proguptipreatobed S5 AR esny potpich Fine " °"°C

10 patterned exposure light is substituted with interference light from a prism, and the
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 monocyclic 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 immersion
sol vent can be ascertained by an "evaluation test 3", using a quartz
oscillator method (a film 15 thickness nmeasurenent nethod using a quartz
crystal m crobal ance), which provides a nethod of measuring m croscopic
variations in filmthickness. In the prgsent invention, the term "nornal
exposure" refers to conventionally conducted exposure in which the region
bet ween t bameegzos apostdakastap umyl absashesprdvitlbe follomding thel aliyadir dedelopimged on t op of
the wafer is filled with air or an inert gas such as nitrogen. 20 The term
"(nmeth)acrylic Agtstding@b ®eSpresen€indveBtio) A%igH pre€ikioRbdist PRHERACIIEN disﬁlﬁjr/]éj and
acrylic acid. The term"structural unit" refers to a nononer unit that
contri but i i r - m - .t refers
fis sm%{?pg el t@@reglst ﬁat@gﬁmgv%ﬁ as tﬂ@ﬁn&%&ﬂ 01J ’ﬁfotrogs%g%éﬂwghems,

to a group in one” hydrogen a as been renoved nocytlic or

pol ycyclic ctone. .A 'lithography pr.acess typically conprises sequenti al
et or S dRRBVSmAmaLdsterorbar [ Bty e Baiff ahd 28 ReaIER 508,
exposure baking and al kali devel opi ng, although in 9 sone cases a post bake
step ndy abtenproffle ean beprofutadowinggminersigh lighagraphye| dgtordinghsbypeingg to t he
present invention, a high precision resist pattern which displays no
surface r essignecmnpositién dfthe prsemtinyatior) resistrteAsfoithatidrothardongprised anl - t op
shaped patterns, and displays mninmal deterioration in sensitivity, little
swel i ng, jaffdrsiéh ﬁ’ﬂ&ﬁéﬂab%ﬂ&teﬁ 8sl Bd carribdbhtiicivay.i | € can be produced using

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

| it hography step can be carried out effectively. BRI EF DESCRI PTI ON OF THE

T Sucns & he” SLEHDBPRRG U B Fine el e 14 FIG2

10 FIG. 1 is a graph showing the results of an exérnple 14,

FIG. 2 is a graph showing the results of an example 15.
FIG. 3 is 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 8.
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.
20
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
showi ng the results of an exanple 17. FIG5 is a graph showing the results
of an exanple 18. 15 FIG 6 is a graph showing the results of a conparative
exanple 7. FIG 7 is a graph showing the results of a conparative exanple 8.
FIG 8 is a graph showing the results ofjga conparative exanple 9. FIG9 is a
graph showing the results of a reference exanple 1. FIG 10 is a graph

showi ng t Whereaswhersa Giim domeddarsenpthe essistpbmpasition?id imEAdet BDwWAESERhEYTI ON OF
THE INVENTION As follows is a nore detail ed description of the present

i nvent i onfollolWRes éxpost@bR &6 b ufekpobed dikte, Fintithe Viifa6oh iPihelthieki¥sS 6£the film
I nvention] As described above, a first aspect of the present inventionis a

. t . . 1 i . | t
resi st COMMfSkkiby Ay SleiloPuicR AR LS SPRIRARE, SEMIAbRAT

conprises an I nmer exposure step, whereiln

the resist conpositi.on js imersed iln water, either follown ure or
i an uncllsBosRndG FEm LiRkneEn gt 1580 oF ORPPRERESLORETE pe A 1 o
nmeasured by a quartz oscillator nethod while in a state of imersion, the
nmaxi min  isferraeredham1.Ome for|beih the expesed filinand thenmespessdddmof comenci ng
measurenent of the film5 is no nore than 1.0 nmfor both the exposed film

and t he unexposaAd if vdryevident feoru eieyexaviptesnthe fcompurdatiee examngléemd thé graphs
conparati ve exanples and the graphs described below, a resist conposition

in which §8RriBéPbAGRIY 1e81REEoMPostid N TnivIGEIE BB AfdrBmentishell MaXithidnGKAES&S A S NO
nore than 1.0 nmis extrenely suitable as a resist conposition for use in

an | Mer shaih] HRRAERRNYo MRCBRR 1.0 fmiEEMrdnRly SiBBle 4% 8§ hgo&ition %r t NE

sol vent
‘, use in an immersion lithography process, is very resistant to the effects of the solvent
10  used in 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 filin 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  and is 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

t hickness is preferably no nore than 0.8 nm and even nore preferably no
nore than 0.5 run, and the closer the increase is to O, - the nore suitable
the conposition is for imrersion |ithognaphy. Specifics of the first aspect
are descri bed below, in accordance with the 15 procedure used for neasuring
t he val ueswmircd foe that partichlac kesist . uséd, "ahd tharéforaveKrkiexcinpet laser(248 Bin) is
conposition” refers to a filmfornmed by using a rotary application nethod

to apply asddrfofeKeF fésikt Chrt AVICdsaRAe 1@%er & 3afh)Sik usedioP an ArPresisd, add afybstrat e
such as silicon wafer, and subsequently drying the applied conposition.

Here, " dLydingr1a& (@57 nf 64\95@& h%}ga l!("&hsrgﬂstt. 0 meée%% g& égrg%g@:e ?&h}eegegsn &g f@ wi thin

the resi st conposition, and e sane as t i

| it hograph rocess. There are no particular .restrictions. t.he

predet er n’fa’%g%mie Oéﬁﬁﬁeélsﬁﬁlggfﬁ??élﬁe’&%‘v&% A 1OPR JIY TR iaﬁ%e,g}g%rigtgctgple t he
present invention, the_ thickness was evaluated as 150 nm_ One of the filns
i s expbsedreagan beexpaspdand devglaped g lithogeaphy seasessapry] thesgingpem dosgrer sed i n
water. This is to determne the variation in filmthickness caused by the
25 ef f ect regfuireditceenable the dewdapisgsttp tnenmive thenexisoSladfromahe tange arélahuost
suitable light 11 source for that particular resist is used, and therefore

a KrF excepiisingahébuistd®, fbd wed.Used for a KrF resist, an ArF excimer |aser
(193 nm is used for an ArF resist, and a F2 exciner laser (157 rim is

used for a F2 raggi e lﬁﬁﬁt ' LG 3 posur e

dose used duri ngﬁlses%gg%n-l{}?’e% g'la t Sg'gﬁﬂgéﬁ ig’?ﬁnﬁﬁ%‘{ggl{é#ﬁ&a gsr'egg ,e Et{l}ﬁlg i ﬁay

det ect abl e rea can. be exposed and devel oped in.a |ithogr.aph r.ocess, and
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resist filmfromthe |arge area, thus_ _exposing the substrate, can be used.
water, and the variation in the thickness of the films is measured by a quartz oscillator

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 least

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 filmwth unexposed sections are
each imrersed in 10 water, and the variation in the thickness of the filns
Is measured by a quartz oscillator nmethod with the substrates in a state of
I mersion. A quartz oscillator nethod i1 a nethod of neasuring film

t hi ckness that uses a conventional quartz crystal mcrobalance. This nethod
enabl es ves smdll ax45amiwdre able to be fdrenefli | m t hi ckness, on the order of
nanoneters, to be neasured for the exposed sections and unexposed sections

of the resist 1Ph®adabé that IPéeconds frofENS@MmencdRieht of hbasufttnddt RasNt
I nvention, the neasurenent device used was a RDA- Z3 devi ce manufactured by

Li tho Tecb%dsm@mggﬁgﬁf&m atthe itiﬁlefar%gtﬁ‘r;'eﬁltfo; m%@qﬁaﬁ ﬁ{ﬂogﬁdggga”p' es

descri bed bel ow a e graphs show ng the resu ese C ative

exanples (FIG .6 to FlI in resists. that ar | nappropriate as resist

conpos &1 BRESIIS vHshpiE i sorsuhtly § iistatiy Mifemen R0 Bpaq bbefSn S 1o o

t he exg)osgd filmor the unexpgsed film that is, either one or both of the
d

filns, ehavigrsvithinthat A} seqond periad | s actval fact, i 2 denognsis magde Mver 20 seconds
of commencing neasurenent that exceeds 1.0 nm In contrast, in the case of
a resist #omger tiinegetiod,tthen the jisdgrenpbedomes furtirer cémoved froran actmml ncr ease in
the filmthickness within 10 seconds of comenci ng neasurenment 25 is no

nor et hanighmersish prétes8 ki theBeRBR M aluel M@ningléssa fine resist patterns
with patterns 12  as small as 45 nmwere able to be formed. The reason that

10 seconds T 1 oyl e GORTRRRSUPH O FIATRASMICEIT o B NP A5 ity e

frame is that the ne require an actu nmersi on ogr aphy ~ process
is very short

ERE R AT RS & G R
' mi(lj(? O\t/l?erva?iation in film thickness along the vertical axis for both the exposed film and the
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 containing (meth)acrylate units of a

25  y-butyrolactone are particularly preferred.



| onger tine period, then the judgnent becones further renoved from an act ual
I mrer si on process, making the neasured val ue neani ngl ess. A nmaxi mum i ncrease
in the filmthickness of no nore than 1.0 nmcan be easily conprehended by
drawing a graph with the immersion tinme along the horizontal axis and 10
the variation in filmthickness along tihe vertical axis for both the exposed
filmand the unexposed film Based on this graph, the maxi mumincrease in
the filmthickness is determ ned fromthe curve representing each of the
films, and this value nust be no nore than 1.0 nm Furthernore, the

i ncrease [Positiie HeslstThitipekitien of the See6RT AdpeerardN9éBafive Re¥isSt Cdmpdididd dfoned
above the 0 reference point of the graph, whereas the decrease in the film

t hi cknesstﬂesﬂ.gﬂtﬁggghr}ﬂqhé PRWA itYi§y oS tioned bel ow the O point. Fromthis
th

type of graph, I'ncrease or decrease in the filmthickness of the
exposed filmang the unexposed filmis preferably.smal.l,.and substantially
or 2ot al i ¢ 15 FEEBET abeye hasconfhaserel of hE BrESH T RDLRA 1Y BRTHG EStonds.
and preferably even after 60 20 seconds, the increase or decrease in the
film thi ckerapasiign vsed ing frsidt gattern fomation method batromntises amimmessiodf er abl y no
nmore than 2 nm As is evident fromthe results of the exanple 17 and the
exanpl e 18xpasari stdp, wheregnoifithé¢ semsitivitpatwheaa lel lineandospaes reaisy pattery 0£130
containing (neth)acrylate units of a norbomane |actone, or a quaternary
pol ymer cap igifornied by BBidhmas et lﬂl%ér%lﬁfpr@cesgﬁsiﬁg RS Hupcelwilea ar e
particularly preferred. 13 [Positive Resist Conposition of the Second
Aspect an | | QFREH I t] ¥e ' ; fy: Pr esent
| nvent i On%b@g e\ssgrlﬁg%ﬁétt)eove, 9§l,é%%%ﬁ%gSé%ﬂ&J@#ﬂﬁ@%ﬁt?@éﬁtln%e%gm ion is

6} positi Vgpacg ?‘és?stt pattern of 130 nm is formed by a simulated immersion lithography process 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 |ithography
process using a light source with a wavelength of 193 nmis ternmed X, and
the sensitivity when an identical 1:1 |ijgpe and space resist pattern of 130
nmis fornmed by a sinulated i mersion |ithography process in 10 which a step
f or bri ngilgh gositive emd négativé resistixmpositions, aidaine piefdrats]y ap myore thancn®.aantd Wi t h
the resist filmis inserted between the sel ective exposure step and the post

exposure  &Kakiriére prifEPabBlRPmefe tha 9 4M8 arEHBRHERT 'gtiméﬁrtbxo RIPRSEHIS. usi ng a
| ight source with'a wavelength of 193 nmis terned X2, then the absol ute

val ue of [(X2/X As ae%: ib&d &%Q/e,i ﬁoxﬂgh% fgglélgs c%fﬁﬁ‘@é'@a‘hpatiogﬁesgg{r%ggfr ffon @stt NI rd

aspect of the present Tnvention I negative resis on used in a
resist patiterp.fornmation netfhod that c ri ses an i mersion .exposur.e step,
Wher o | 13 ERbEGHEREHT 5 fuiEn4ongors Of NHPatrat GSpion sy reg SMAtaFOIT 160
nmis fornmed by a normal exposure |ithography process using a |light source
with a5 wasarnposifion that satifiesthe maxioume ihcygase ingfitlen thivknessdsfined in the fingsn  an
identical 1:1 line and 20 space resist pattern of 160 nmis fornmed by a

si mul at ed aspe®t sadihe labidhag valuey defiredan thel seconthindhthiad sépeptsirespeltivelgiing a
sol vent for the above inmmersion |ithography in contact with the resist film

is inserte t&?ﬁéﬁ??ﬂ@i@aﬁeﬂeﬁ dgx O@fff%ﬁsfﬁa’ri' m%%ggﬁi?%&?%@@%“%m%wgm

baki ng (PEB) step of a norna sure S using a

source with a vel epgt h 1 rimis ternmed X2'...then the absolute val ue
of [ (o ftsiptant Bife SRS pLlns S0 ohe A By 8 i sion inbRialhY PSR “der i ned
above are typically no nore . than 8.0 for 14 _both positive and negative
resi st confieRlpys exesllentsensiiitygndreristimafemarodiee than 5.0, and even nore

preferably no nore than 3, and are nost preferably as close to 0 as
possi blte. The normal exposure lithography process using a light source with a wavelength

of 193 nm described in the second and third 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 is 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 described above, fromthe results of the evaluation test 1, the
evaluation test 2 and the evaluation test 3, the inventors of the present

i nvention discovered that a resist 5 conposition that satisfies the maxi num
increase in filmthickness defined in the first aspect, and the absolute

val ues defined in the second and third gspects respectively, is extrenely
suitable as a resist conposition for imrersion |ithography processes, is
very residesaisipldced bheheddrited axnf adelogarithiniid appsexinartion barve igrehitained

| i t hography process, and displays excellent sensitivity and resist pattern

profile. XynhR plethi¥hig tRX ARy ddsNQ@ERRNY Process using a |ight source
with a wavel ength of 193 nm described in the second and third aspects

refers 1o a nOriRl IO AHNen B 8PPS5u JRRHIY » SIS Aleptliiouor [ e51

;
application, pre I Ng, §d I'VE €exposur exposare i'ng and al kal i
devel opi ng, which is_conducted usjng an, ArF exciner laser with a wavel ength
of 193 nmEAROSUFfedesEghIeRIsishts ,efﬁsmb@?wﬁ%wg & fcengdtr f S with the
regi on between the exposure apparatus |ens and the resist layer disposed on
top of tHermulé esrefrrdnged and converted tor a fomminkeerepregerdinguXh thsfonnuilac§er. I n sone
cases, a post bake step may al so be provided follow ng the al kali

devel opi nExpi'Wh)ad] i9okained. OIf thé \lgAYI=Cl 305(Ri)i$ RitdodGédd\iftofl thisTofa,ah&p be
provi ded between the substrate and the applied |layer of the resist

conpositi : g{)@n ey : nm1:1 |line and space resi st
pattern (%%a&l%?&“% re%ﬁklg%t%z(l;ggny%ggte%&%gg) Is formed by this type of
nor mal exposure.lithogr.aphy .process is the osure dose.f,or. formng a 130
o L&S, “whi ch + IR o R pESeers gt e R ol P dRERE o or y. - To
describe this sensitivity brief I% for the sake of thoroughness, the exposure
25 dose i #Pplieatien ok fhsiTgsitt thensehake tnmprerailies therprposuse pandifionsethgipgtth f or ned

usi ng that exposure 15
10  exposure baking conditions, and the alkali developing conditions can all be set to

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 |logarithm c approxi mati on curve
Is obtained fromthe plot using the nethod of |east squares. The fornula is
represented by Y = aLoge(Xl) + b, wherein Xl represents the exposure dose,
Y represents the resist line width, and a and b are constants. If this 5
formula is rearranged and converted to g fornula representing X, the
formula XI = Exp[(Y-b)/a] is obtained. If the value Y = 130 (nm 1is

I nt r oducedhd pdsoetposarefbaking (REB) kep of h hernidl lekposatelithogaphy poesstwhichi y Xl can
be determ ned. The conditions during this process, nanely the rotational

speed dur iy8g; théRhé $99 hilArfexbifer 188+ @dscribfatiRve AakiR lg@?_ﬁlﬁfr@é. ure, the

exposure conditions, the post 10 exposure baking conditions, and the al kali

devel opi ng condigt | al | set to. conyentionally u cqondi tions, and
re sl t-avi dont PHEBE e RimuBy el pEANE SR pt BR 98" o1 it onal
speed is set to approximately 2000 rpm or pore specifically to

appr oxi ma@BPlcatignprelpking sclediive cxRosWh @ SHPA9R RENIBE His IMTEON XRRSUIGi t hi n a
range from 70 to 140C, and this enables a resist filmthickness of 80 to
250 nnd Tiselvest inxpotactwiti thedesistdils, post ekpasusxirking andtdikaludgvelopimgs k Inusi ng an
ArF excinmer |aser exposure apparatus with a wavel ength of 193 nm

manuf act ursasheleisedl Aokt BalelMERinkPalsebe pfAidyd follewinprthé Bikali dkeeiépidg. 0. 60). A

normal binary mask I's used as the mask in the selective exposure. A phase

shift mask may ahsQoRbeits %hi%h?g%gi&bgﬂﬂgﬁésist%?ﬁ%ﬁgﬁggﬁ@g uses a

tenperature within a rang rom and the ¢ or the

al kali devel opiing_invol ve devel opi.ng by a 2. 38% by wei ght devel opi ng

sol ution #5fF fo@%%?ﬁ%ﬁfﬁ%ﬁgum hydroxi de) at a tenperature of 23C
for a period of 15 to. 90 seconds, and then rinsing the substrate with

wat er. |n addit (I5s sensHivity; %2, whena 13fney b&§resistnaBemdp Fyrmsd sswgdhia&5er | bed in
the second aspect refers to a process in which a step for bringing an

i mrer $0on of sjimndated immersion lithography process is similar to the value of X1 described above

in that it represents 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 resist pattern.

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



25 solvent in contact wth the resist filmis inserted between the selective
exposure step and 16 the post exposure baking (PEB) step of a nornal
exposure |ithography process which uses the sane 193 nm ArF exci ner | aser
descri bed above as the |ight source. Specifically, the sinulated process

I nvol ves sequential steps for resist @plication, prebaking, selective
exposure, a step for bringing the i mersion exposure 5 solvent in contact
with the thepiastdesdribed bplosy, withghe excepticisi afgltermg theleaposudewavegigiyand thesone
cases, a post bake step may al so be provided foll ow ng the al kal

devel opi ngne arddSpace phieth si¥eythb sarie bffevtesh thy sédohe aspeenofthe phReritahiventiohi | m on
the substrate after selective exposure, or by sprayl ng. The sensitivity X2

wh 13Q t 0 of | at ed
when a ?:{‘H%]Ograp ¥ procesgttﬁﬁﬂhé%E 515§%ﬂné‘§ 19is fg%iﬂ% é of simulate

i ner si on s 1s simlar to t e va escri bed above

in that it repr ts th osure_.d far f the mL&S which is
Lk dal y | used Uhptiet mhsD e gire B § R e onsn et kel IeRingatidEb oo
(the rotational speed during application of the resist, the prebake

t enper &t upPOsitive resigh empesitiomunediin agesist méttqm@rr@tlgamthodo&m HEPEBES an
conditions, and the al kali devel oping conditions) are also simlar to the
case of Ximnmesion expodurelstepewhémeirt ifithessensitidityaohen h 1 It Ivee addsphed resivtal ue of
[(X2/X1) - 1] x 100 nust be no nore than 8.0, and this absolute value is

sel f - evi degferhioft1 5@ nmlsmeafb XPncHiAl Stpodire lﬁﬁ‘éﬁﬁﬂﬁygzﬁgcesk ﬂmh@ﬁhgﬁmer
descri bed above. Simlarly, the val ues for X' and in the t d aspect
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10 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 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 light 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 problens arise
such as the resist pattern developing a T-top shape, or collapse of the
resist pattern. 25 In the case of evaluation using a KrF excinmer laser with
a wavel ength of 248 run, 17 then as described below, with the exceptions of
altering the exposure wavel ength and thg |ine and space pattern size, the
sane effects as the second aspect of the present invention can be achieved

by ensuri nmdelgaés 4 tiengea irealkils sdlubititpmaidertheaiction ofdcid, tahd an@cid geheranirher
words, in the case of a KrF excimer |laser, the present invention provides 5

a positi vVeohfpdhsit (kA geASThicl Qéid'éﬁ%ﬂllnéﬂr@aré %?éfé&ed)atMSxﬁy‘oftﬁéé?éHeﬁi%dﬁﬁt hod that
conprises an  inmmersion exposure step, wherein if the sensitivity when a 1:1

ine and SBAfSelSaat b AU A b oRled BRI K ATARIEDY SLBO R SXROSYT ©

| i t hography *process usi ng source W

termed XlI, and the sen5|t|V|t en an jdentical e and space resi st
pattern ofeXpawirs, and there ancng HS‘%]“W? ireinciiong OPMHSBPFOY@I"*HlﬂﬁﬁP@F’iﬁﬂy process
in which a step for bringing a solvent for the above i mersion |ithography
i n conbactrange fior theabpes absolut¢ vatue is satisfmdt ed bet ween the sel ective exposure
step and the post exposure baking (PEB) step of a normal exposure

| i t hography progasthe dftréiflentivnkd gd3in dpobenti\VohdoemvivAkangilible testdSonm i s
termed X2, then the absolute value of [(X2/X1) - 1] x 100 is no nore

t han8. 0. F@élﬁs ﬁgﬁéﬁn‘ﬂe%oﬁ%r&% tb%nﬁfl&fl%ﬁﬁtmeys 9 WHRiCK ehggxc&l?y dsedRhEYRP NOT e

preferably no nore 3, and nost pref era 'y as ¢ as possible.

exposur . BARIG '%&aﬁ?p' i B g eb%w@uﬁﬁsi%ﬁa R a1y

the lithography process,. are |denL1|ttg wi.th those described for the second
aspect, wiNeBai¥reEsiComnOsitionAndthe latterdesarbesApqstiedesisticomPORiti®Rness duri ng
formati on of the line and space pattern to a val ue

In the case of a negative composition, a cross linking agent is added with the

acid 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-(hydroxyalkyl)acrylic 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 alkoxymethyl 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

t he second aspect of the present invention, or the negative resist
conposition of the third aspect of the present invention, 25 although
chemcally anplified resist conpositions conprising a resin conponent that
18 under goes alrtherngse ofra piskbieicomplosikibh, thy rasirdeompdrentis an alkahfinsebible and an
acid generator conponent that generates acid on exposure are preferred.

Many of t kempoediewitk alsbicalléh®id Hissstidtes idédsslufian enHibieing Efdﬂppﬁﬁﬁwﬁ&facﬁtﬁe_ with
KrF, ArF, F2, electron beamand X-ray exposure, and there are no particular

restrictiqnsey Fatéd*ﬁomﬁéf alig _@Er%\sfét?ﬁgmgélgf g@ﬁéﬁﬂo SthiSRAE cdulis &Qﬁgabove

absol ute vafue 1s satis engntioned resin conponent, one or
nore al kal,, salubleg resins, . .or. resins that. can be converted to an.al.kal
ol b otiasactablp dssolfiononilinelfourda dishcintmpRbe e Eieomppen SHdlal | y
anplified resists, can be used. The fornmer describes a so-called negative
resi st3cofp®bleti on, and the latter describes a positive resist conposition
10 In the case of a negative conposition, a cross |linking agent is added
with the acid Repaiksoof whetharthetompdsition dpositige beaegativeahé ssin f or mat i on,
when acid is generated fromthe acid generator by exposure, the action of
this acidceaipefént Efa&ﬁblyldoekhagcoh&wmthmuﬂl iids i(a Wettile@ bEIBH i tkoMponent

and the cross |inking agent, making the conposition alkali insoluble. As
t he al kal i .s: | O ' ﬁﬁ’ﬂi‘%. ' | |V at | east
one conpogrolglﬁlggpjesc{{e:‘gﬁ#%%;rg&gtggap con ?&é??ﬁ%gé'ﬂg%s%né&zﬁx;ﬁ/@%@gg{d& Yacrylic

s 0 o e AP NS i L
OG0 3P R0B) containing a phenolic hydtony! graup (hereafier referted to as ither (a0) or (a0)

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 |inking
20 agent which is essentially insoluble in the i mersion exposure solvent,
such as a glycoluril conprising a nmethylol group or an al koxymet hyl group,
and in particular a butoxynethyl group, enables the formation of a
favorable resist pattern with little syelling in an imersion |ithography
process, and is consequently preferred. The quantity added of the cross

| i nki ng ag€atdidasbquytit ecidband struchiral umits fa0y2) dontaimifg & ph&oljzdryidsoxdbgloppwei ght
per 100 parts by weight of the alkali soluble resin. 19 1In the case of a
posi tive conposili tHitypt D€ positve resisnNEmRRItions when adilf @kherated Glorbihe cormpound
with a so-called acid dissociable, dissolution inhibiting group, and when

aci d_1's, SBABLALRIBS KASLA IR ek dng BRAALOLISIRORRIon I BRAGYES his acid

causes th Ssocl a I ssolutron 1nhibrting group oci at e,
maki ng the resin c nent al kal i . .5 sol uble. Regajdl ess of whet t he
Compos t 1 SAEGeIEfR (e immagiht 4s3ues. senverig e sAtr SmRREUS)y does
not contain any structural units (a0) detailed belowin the positive resist

conposPt i drpnpan alkalifinsoluble Hatgde an alkali selulestaert | nvention, incl uding
structural units (a0-1) containing an anhydride of a dicarboxylic acid, and

structural unit ActOrdiegly, Auriag mésist pasgn domnirtion) bycsdsctivebyyitradiatimgtheher eaf t er

referred to as either (a0) or (a0) wunits). By excluding these structural

uni ts, theyosm®vk FRsSt cHBPEAEch Applid kdiHeMuBURES hroudBSCihdkeshttesh, iRalkdl St aspect
can be maintained at no nore than 1.0 nm and the absolute "val ue descri bed

can b _ . _ - h
la_noF ‘ESSF%g@f&%lﬁ-egfﬁle%'sﬁ&g?&%g%@?@ga Es, bl oStk elsPltiGo Bk cBRERGE T han
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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}-0-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 conponent (A) which 20 contains an acid dissociable, dissolution

i nhi biting group and di splays increasedym@l kali solubility under the action
of acid, an acid generator conponent (B) that generates acid on exposure,
and an organi c §formelatl]( C) capabl e of dissolving the conponent (A) and the
conponent (B), wherein the conponent (A) contains a structural unit (al)
derived froma (neth)acrylate ester containing an acid dissociable,

di ssol ution inhibiting froup, biit 2§ contains np stﬂuctﬂral\units (a0)

i ncl udi ng structural unets a0- %) cantaining ani an de 20 of a

di carboxylic acid, and stryctural units (@0-2) co i a phenolic
hydroxyl group. In this f itive resist cRmQsition, when acid
generated fromthe cormponentV(B) alts on the resi aci d di ssoci abl e,
di ssolution inhibiting group contained within the fonpdanent (A)

di ssoci ates, converting the entire conmponent (A) 5/from¥n al kali insoluble
state to an al kali soluble state. Accordingly,'uw’ Rg resTsl,. pattern
formati on, by selectively irradiating the positive ré@sist é%nposition
applied to the substrate through a mask pattern, the alkali solubility of
t he exposed sections inproves, enabling al kali devel oping to be conduct ed.
10 (Resin Conmpotfosmuta@dl] | n a positive resist conposition according to the
fourth aspect, the conponent (A) nust not contain any structural units
(a0), including structural units (a0-1) containing an anhydride of a

di carboxylic acid, and structural unitsa0-2) aining a phenolic

hydroxyl group (hereafter referred tlo as e jher {a0) or (a0) units). 15 In

this description, a structural unit YaO- conkal ni ng an anhydri de of a

0
0

5 Furthermore, a structural unit (a0-2) containing a phenolic hydroxy! 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 immersion lithography processes, and it is
15  believed that these problems lead to deterioration in the sensitivity and the profile of the
resist pattemn.

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
exanpl es include units derived fromthe nonocyclic and polycyclic maleic
anhydri des shown below in [formula I], 22nd units derived fromthe 20

I taconi ¢ anhydride shown below in [fornmula 2]. 21 ([formula 1] 0 0O 0O 0 0O
[fornul a phrtienlatxeSiricliofs obthewotripenens(A), prowtlediit tcontainsumoi(80)(wmits ajd cont ai ni ng
a phenolic hydroxyl group refers to a structural unit containing at |east

one hydr oxytai@is @sRudtarnt asit teriva fasm aiineth)adtyldicosasr RoMalnimKabattd as a benzene
or napht hal ene ring. Exanples of this type of unit include hydroxystyrene

units and = - - ' ' : onent (A)
does not  AseRIEHNERR RIAGINSE B Thifeb Mt ERRE) ROghigRlalh BPar RO L
resi st co Iti,on.accaording to the fourth aspect is able to forma resist
pattern w ’@g%sf’?@?ifgbé)é’ﬁsi tivity and profile, even in an i nmersion
exposure (inmersion |ithography) process. Resist conposjtions that contain
the abdve type bfterraopf improing fiespolptigpandachieying chamctpsigtiorthataro most t he
resist layer in imersion |ithography processes, and it is

suited to applications in which exposure is conducted using an ArF excimer laser, the

component (A) preferably incorporates at least 80 moi%, and even more preferably at
least 90 mol% (and most preferably 100 mol%) 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 (al) 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



15 believed that these problens |lead to deterioration in the sensitivity and
the profile of the resist pattern. In a positive resist conposition
according to the fourth aspect, there are no 22 particular restrictions on
t he conponent (A), provided it contains no (a0) units and contains a
structural unit derived froma (neth)acryl ate ester containing an acid

di ssoci abl e, dissolution inhibiting group (hereafter referred to as either
(al) or aprddatgs a famotaple rasold@candaesistgatiem shapd.n Kurtheemore, thegertowoi ng t he
resol ution and achieving characteristics that are nost suited to

appl i cat i gigcthral WhitsGltefRKdbPP Bécduhios BNEAE 40 thdl%, BRd é%n%&e@f&br%fy dtd&gf . the
conponent (A) preferably incorporates at |east 80 nol% and even nore

pr ef er abl g()%cf)l"olm f(g,g ﬂ?‘h%{ﬂand nost preferably 100 nol %9 of structural
neth)ac

units derive rom ate esters. 10 Furthernore, in order to
ensure sati sfactor sol utj ry etching resistange nd. an.ultra fine
pattern shape, Eﬁ‘ﬁ Hﬂ%&a??j@(daﬂyg;%a BI% <@ Ay %pﬁf‘g%f’f ‘illy%@m
mononer units with different functions in addition to the (al) units, such
as a cdnbiuns.i on of the structural units described below. Structural units

derived froma (neth)acrylate ester containing a | actone unit 15 (hereafter

referred to as itheatruétazil units daledfront GhethfEiciylatt ¢stals such asthd anity@d) fo om a
(meth)acrylate ester containing a polycyclic group with an al coholic

hydr oxyl @iyt GREmEahbRled @it tRE cdfpdnti A ehp PlorbBARdtidANHieN -

Structural units containing a polycyclic g(roup which differs fromthe acid
6 92051 A0l 9L AP0 B P 3Bl e e P i
h?/dr oxyl %Ear%l‘% f%mtaxqeac&?%% esl,thri itsspreferred, as it enables production of a positive resist
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 vicinity of 65 nm, the vicinity of 45
nm, and even narrower resolutions, and it is envisaged that immersion lithography will
be able to provide these types of resolution improvements.

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



(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 inmproves 25 the resistance to dissolution in the solvent used in
the i mersion |ithography process, and #3 produces a favorable resol ution
and resist pattern shape. Furthernore, these two structural units

pref er abl y accoilmthefcompanentéA3tbydfcorpossting bdthestrmptural neitpderiveddtinyaat | east
60 nol % of the conponent (A). Each of the units (al) to (a4) may al so be

conbi ned wiethnctylite @kl hid/stRcnaliinits @etivediromi dnSicrylate efier, te' dfietteationsd t S
derived from (neth)acrylate esters such as the units (al) to (a4) that are

[ ncorporabg;éﬁ%%mtg&qilcggapgg ol . enploying a conbination which
th's

cont ai ns ructural units derived froma nethacrylate ester and
structural unit erived f.roman.acrylate ester is eferred, as it enables
producti on of a%B'aE?fP}% Ye‘g?quOfan%%ﬁHgﬁW%ﬁ%\ﬁm@Hl% ’ﬁgl‘s’feﬂ ttle surface
roughness on etching, mnimal |ine edge roughness, excellent resolution and
a broadl degstustion effent gan plsp e achipeed; o Amthisdescription, thnferme defestrefargto ng” i s
different fromthe aforenentioned resist pattern surface roughness

(det eri or general problens spelods dcein adussst paytenprokles detected by lisspestiipthat , or
conventional dry etching resistance, and appears on etched resist patterns

15 fol | owidagelgadalesiBl piitteAorh ireBily OVerRéadiiithg £5irfake B¥ebtShspecod her as
di stortions around the hole patterns in a contact hole pattern or as line

cUe | U RO RicoPeY g Al -eyafess oocurs I
[» In this case, there are no particular restrictions 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 (A1).
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



roughness appears as distortions around the hole patterns in a hole resist
pattern or as 20 non-uniformirregularities in the side surfaces in a |line
and space pattern. Furthernore as descri bed above, |eadi ng edge technol ogy
continues to demand ever finer resolutions, in the vicinity of 90 nmm, the
vicinity of 65 run, the vicinity of 45 29m and even narrower resolutions,
and it is envisaged that imersion lithography will be able to provide

t hese typesefafablyssiphaied sorthatmglative trethe sotalrfimhiver afl diols efistrubtucal dwits derivede dept h
of focus range characteristics is also desirable. 24 1In the conmponent (A),

by i ncor paFoa eehaoBlldte ShtetsGind adtyldte bdtérs bk isiractuial eiitsderbd fohya at e ester and
structural units derived froman acrylate ester, the aforenentioned types

of char achihtyiah SRR BuLIRE Y885 FI%NEIeferally foRPRS RAUPHOE, &S, ¢ 1o

types of stru units, a defect reduction eftect can als e achi eved.
In this description, .t te defect .refers to gen rabl e such as
scum and %f@‘ﬁ%&%@ﬁgﬂy%ﬁéwn&éfy&@86‘%?/309}\%‘}:@55 %‘ﬁ%o B’Hg}')” el oped
resist _pattern fromdirectly overhead using a surface defect inspection
appar abus pgfsabliciromed ta$0rna®Fencor Corporation (brand name "KLA"). In this
case, there are no particular restrictions on the formof the conponent (A)
10 provided it ilftherupantiy ef stwectural unitsl devived fodea methdedyiateresterie tdoddgly| at e
ester and structural wunits derived froman acrylate ester, and suitable

fornms for thédifthe QuasRaBhgHndls infjstbwdfent 8ffe AARRINSRE, WH¥rdasiiftheljusdtity be
conposition conprises a copolyner containing structural units derived from

a met hacr J s Aol e ester;
and a m x)egéﬁ%tg{ﬁ?n EA% |ﬁ%&#g{%%ﬁ?é&&n&ﬁg%ﬂﬁﬂé#g‘g&pn sfegsm(gaﬁglgﬂx(gt(? resin of a
15 pol yner, cont ai ni n%_‘at | east structural units derived froma nethacrylate
ester, andCFAKIRIRRI Nt ai ning at | east structural units derived from an

acrylate ester. Either one, ) . . .
10 As follows is a more detailed description of the units (al) to (a4) mentioned

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



or both of the polynmers which constitute this m xed resin (A2) may be an

af orenenti oned copolyner (Al). The conponent (A) may al so contain other
resin conmponents, although 20 conponents forned from an af orenenti oned
copolymer (A1) and/or a mxed resin (A2) are preferred. The copol yner (Al)
and the mxed resin (A2) may each also28ilize conbinations of two or nore
different materials. The relative quantities of the structural units derived
from a nethasibeen rameved from a Bisycloalkaste; atriaychialkané osa thtracyaloblkaneror she lider vl at e
ester within the conponent (A) are 25 preferably adjusted so that relative

to the totHichisritBér @isubRitste®br Sibstifuted with ¥ fiubfindlgohverch flddrinatedaliiacr yl at e
esters and acrylate esters, the structural units derived froma

met hacryl S : : Iﬁr}g, m 20 to 80
mol % and%rntﬁwg S réﬁlgteﬁggahﬁ%ﬁcy%eé?u\}gan%%%n gEH gﬁfe&@g%elyegccount for 5
to 90 nol % an referabl y.from20 tq 80 mol % ,If the quantity of

St uct ur alSHRTRTorB A BRI YFIobene Sishihs cryman it 2omomebSy st 't hen ¢ he
surface roughness i nprovenent effect dimnishes, whereas if the quantity of
st r uct 8r altricksledecanergrietrroyelododacang r yThese typss e polycyche graugican ben there is a
danger of a decrease in resolution. 10 As follows is a nore detailed

descri pt i appwiriately sehictes fiah)the multiadde ofiroupspeoposad foraise pithlArFWesists] An (al)
unit is a structural unit derived froma (neth)acrylate ester containing an

acid di ssqf thédeQrodiss sdumbntyd Eroups] Mirbbgl Sfo@pPand tetracyclododecanyl groups are

preferred in terms of industrial availability.
Ideal monomer units for (al) are shown below in [formula 3] to [formula 11].

10 [formula 3]

2
&~ 0 R (D)

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

alkyl group)



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

al kali dissolution inhibiting effect that causes the entire conponent (A
to be alkali insoluble prior to exposure, but dissociates under the action
of acid generated fromthe aforenenti orddd conponent (B) follow ng exposure,
causing the entire conponent (A) to becone al kali soluble. 20 Generally,
groups whi ch foﬂhnawagslic or chain-type tertiary alkyl ester at the
carboxyl group of (meth)acrylic acid, tertiary al koxycarbonyl groups or

chai n-type al koxyal kyl groups are g he nost widely used. As the acid

di ssoci abl e, dissolution inhibitin group of (al), an acid dissociable,

di ssolution inhibiting gro cont ng an aliphatic polycyclic group is

i deal . 25 Exanples of this group include groups in which one
hydrogen atom 26 has been fron1a bi cycl oal kane, a tricycl oal kane or
a tetracycl oal kane or the I|k "ﬁﬂm is either unsubstituted or substituted

with a fluorine atomor a qu
i ncl ude groups in which one hydr
pol ycycl oal kane such as adanmant ane,

d al kyl group. SpeCI(ﬁ exanpl es
m has been renoved from a
bomane, i sobomane, 5 tricycl odecane
or tetracycl ododecane. These types wcyclic group can be appropriately
selected fromthe multitude of gro: psed for use with ArF resists. O
t hese groups, adamantyl groups, ng gjoups and tetracycl ododecanyl
groups are preferred in terns o d%strEral availability. Ideal nmononer
units for (al) are shown belowin [forrmula 3] to [forrmula 11]. 10 [fornul a
3] R H2

(wherein, R represents a hydrogen atom or a methyl group, and R? and R® each represent,

(
independently, a lower alkyl group})

5 [formula 5}

R

NS

Hz C'-\___ e {I[[)
o 0 COOR*

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

alkyl group)
[formula 6}

10

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



R (1) )tD... (wherein, Rrepresents a hydrogen atomor a nmethyl group, and
R represents a |lower alkyl group) 27 [formula 4] R oj~ .(Il) zR2 ..
(wherein, R represents a hydrogen atomor a nethyl group, and RZ and R3 each
represent, independently, a |ower alkyl group) 5 [formula 5] R CNp /CO
.. (I'11) 0 COOR4 (wherein, Rrepresegs a hydrogen atomor a nethyl

group, and R4 represents a tertiary alkyl group) [fornula 6] R CO0/ H3
/CQ CH3 CH3 10[fonnelastln, R represents a hydrogen atom or a nethyl group)

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

group)
{ 5 [formula 8]

R"\C
HZ

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

alkyl group)
( [formula 9]
R
c
Oz/c\ . )

10

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



28 [formula 7] R R6 H (wherein, R represents a hydrogen atom or a nethyl
group, and R5 represents a nethyl group) 5 [formula 8 RO R6 C HZ
(wherein, R represents a hydrogen atomor a nethyl group, and R6 represents
a lower alkyl group) [formula 99 R ~-iC-"--1 %C-0 0 O 10 (wherein, R
represents a hydrogen atomor a nethyl mroup) 29 [fornula 10]

[formula 10]

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

{formula 11]
/R
c
e |?\
2/(3

R?

(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 industrial 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



R CCU 0%~0 0 (wherein, R represents a hydrogen atomor a nethyl group)
[formula 11] R -CH2 R7 5 (wherein, R represents a hydrogen atomor a

met hyl group, and R7 represents a |lower alkyl group) Wthin the above

f or mul as,

the groups R to R3 and R6 to R7 each preferably represent a
straight chain or branched al kyl group3g 1 to 5 carbon atons, and specific
10 exanpl es include a nethyl group, ethyl group, propyl group, isopropyl

group, n- tert-ginybgroup, alihoughia ydrt-butyligroup evpreforred in tgrmos pf industrigl avgilahility.

| sopentyl

avai l ability, aAsahddl)gniowf atirthaanied degéritgdabove, Strugtaril enite@presertédy nor e,

group and neopentyl group. Fromthe viewpoint of industrial

represents a tertiary al kyl group such as a tert-butyl group or a 30

tert-anyl gef

i ndustrial avail abi

structural
di spl ay p

5

10

15

20
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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
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
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(0)- structure is counted as the first ring. Accordingly, the case in which the only
ring structure is the ring containing the -O-C(Q)- structure is referred to as a monocyclic
group, and groups containing other ring structures are described as polycyclic groups
regardless of the structure of the other rings.

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

e units descri bed above,

LA B Pt LB 1

R



di ssolution in the solvents used in imrersion |ithography processes, and are
capable of 5 formng patterns with excellent resolution, and are
consequently the nost preferred. [(a2) Units] An (a2) unit contains a

| actone unit, and is consequently effective in increasing the adhesion
between the resist filmand the substrale, and inproving the affinity with
the developing liquid, and al so displays excellent resistance to

di ssol ution in {foemslall2¢nts 10 used in i nmmersion |ithography processes. An
(a2) unit of the present invention may be any unit which contains a | actone
unit and is copolynerizable with the gther structural units of the conponent
(A). Exanples of nonocyclic Iacgpne{units i ncl ude groups in which one

hydr ogen at om has been renoved f,rjlom y¥ybutyrol actone. Furthernore, exanples
of polycyclic 15 lactones inc éugs i n which one hydrogen atom has
been renoved froma polycycl oal'kpnel Co

unit, the ring containing the -

ntaining a lactone. In the |actone
tructure is counted as the first

ring. Accordingly, the case in whp€h th ring structure is the ring

containing the -OC(O- structure is r¢g ced to as a nonocyclic group, and

groups containing other ring structures

20 regardl ess of the structure of the @

descri bed as pol ycyclic groups
i ngs. ldeal nononer units for

(a2) are shown below in [forrmula 121 to [fTor

HCO 0 0—C

la 141. 31 [forrmula 12] R H

Q§b

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

[formula 13]

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



0-Q 0 (wherein, Rrepresents a hydrogen atomor a nethyl group) [fornula
13 R HHIL --~0 0 5 (wherein, R represents a hydrogen atom or a nethyl
group) 32 [formula 14] R HH CO0 0 o (wherein, Rrepresents a hydrogen
atomor a nethyl group) O the above structural units, y-butyrol actone
esters of (meth)acrylic acid wwth 5 amzester |inkage at the a-carbon atom
such as those shown in [fornula 14], or norbornane | actone esters such as
t hose shown in [foommiall#]12] and [fornula 13] are particularly preferred in
terms of industrial availability. [(a3) Units] An (a3) unit is a structural
unit derived froma (meth)acrylate esger containing a

o
A
C—0

7

(wherein, R represents a hydrogen atom or a methyl group)
\ Of the above structural units, y-butyrolactone esters of (meth)acrylic acid with
5  anester 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).



10 polycyclic group with an al coholic hydroxyl group. Because the hydroxyl
group of the alcoholic hydroxyl group containing polycyclic group is a
pol ar group, use of the structural unit (a3) results in an increased
affinity for the entire conponent (A) relative to the devel oping |iquid,
and an inprovenent in the alkali solubi3jty of the exposed sections of the
resist, while also providing excellent resistance to dissolution in the

sol vents used 19here dreme paitionlar restristioapbry theraberhelie bydrazylogravpepngaining t he
conponent (A) contains (a3) wunits, then the resolution inproves favorably.
As the polppiystliceroup undifor éxaenplddydioryl groap canthimirgl aida:rma{wgm?h GargbeOUp can
be appropriately selected fromthe various pol ycyclic groups l[isted in the
above desqhiqhbl9Rsed OF the structural unit (al). 33 There are no particular
restrictions on tﬁe al cohol i ¢ hydroxyl group containing polycyclic group,

and for exanple r | yaroup. cont.ai ni n amantyl groups ca :
favorably used. Tﬂﬂ'ysﬂﬂ‘%%ﬂ&]/gw&?ﬁon %ﬂ%a ?@ﬁrﬁrﬂl& é&aﬁ%ﬁ?ﬁ@i”ea?'ﬂﬁfg%% a group
represented by a 5 general formula (1V), shown below, then the dry etching
resi st anc&eneral tovmula (G hshorm bejesy.ithermihg degetghing resisiancedmpraves aad diect i on

i nproves, both of which are desirable. [forrmula 15] (NI OH)n (wherein, n

r epr esent svegticainessegfathe pattam krdase s&tiof imptoses, H8Ih efiwhichrase desirable. uni t whi ch
contai ns an aforenenti oned al coholic hydroxyl group containing polycyclic
group and is copgfrimRyisjable with the other structural units of the
conmponent (A).

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

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

are preferred.



Specifically, structural units represented by a general formula (V) shown
below are preferred. 34 [formula 16] R (V) 14 OH (wherein, R represents a
hydrogen atom or a methyl group) [(a4) Units] 5 1In a unit (a4), a

pol ycyclic group which "differs fromthe aforenentioned acid dissociable,

di ssolution inhibiting groups, the aforgentioned | actone units and the

af orenenti oned al coholic hydroxyl group containing polycyclic groups" neans
that in the coffommeaiil§]A), the polycyclic group of the unit (a4) is a

pol ycyclic group which does not duplicate the acid dissociable, dissolution
inhibiting group of the (al) units, the 10 |l actone unit of the (a2) units,

or the al coholic hydroxyl group dbntalnlng polycyclic group of the (a3)
units, and al so neans that the 4) unit does not hold the acid

di ssoci abl e, dlssolutlon\gghrpﬂhtrg group of the (al) units, the |actone
unit of the (a2) wunits ohol i ¢ hydroxyl group containing

pol ycyclic group of the (a3Wu ts whi ch constitute the conponent (A). 15
There are no particul ar resg s on the polycycllﬁ,group of the (a4)
unit, provided it is selected so as~ot to duplicate any of the structural
unlts used in the units (al) to g ~qr exanple, as the polycyclic group
inthe (a4) unit, simlar aliphat yclic groups listed in the above

description for the structural uni an be used, and any of the
mul titude of materials convention 6H ArF positive resist

(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 hydroxyl 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 polycyclic
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 (a3) units,
which constitute the component (A).

15 There are 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). Forexample, 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



35 materials can be used. Fromthe viewpoint of industrial availability,
one or nore groups selected from anongst tricycl odecanyl groups, adamantyl
groups or tetracycl ododecanyl groups is preferred. 5 The (a4) unit may be
any unit which contains an aforenentioned polycyclic group and is

copol ynmeri zable with the other structurgd units of the conponent (A).
Preferred exanples of (a4) units are shown below in [formula 17] to [fornula
19]. [f or nudteridly¢ande wde@. 10 (wherein, R represents a hydrogen atomor a

met hyl group) [fornmula 18] R HI 0G0 (wherein, R represents a hydrogen

atom or a met hylprgh M ViewPoint 6ChAMtAalLhildbility, one or more groups selected from
amongst tricyclodecanyl groups, adamantyl groups or tetracyclododecanyl groups is
preferred.
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 methy! group)



(wherein, Rrepresents a hydrogen atomor a nmethyl group) In a positive
resi st conposition according to the fourth aspect of the present 5

i nvention, conmponent (A) conpositions in which the (al) units account for 20
to 60 nol% and preferably from30 to 50 nol % of the conbined total of al
the structural wunits of the conponent {¢A) display excellent resolution, and
are consequently preferred. Furthernore, conpositions in which the (a2)
units account f ¢form0latl®]60 nol % and preferably from30 to 50 nol % of the
conbined total of all the structural units of the 10 component (A) display
excel l ent resolution and adhesion, and are consequently preferred.
Furthernore, in those cases where (g@8) units are used, conpositions in which
the (a3) units account for 5 to 50 nmol % and preferably from 10 to 40 nol %
of the conbined total of aN{th ructural units of the conmponent (A)

di spl ay excellent resist 15 pattdr hape, and are consequently preferred.
In those cases where (a4) uni t 82 (B.used, conpositions in which the (a4)
units account for 1 to 30 nol and pkeferably from5 to 20 nol % of the
conbined total of all the structural uRi (s sQnponent (A) offer
superior resolution for isolated patternfs sem - dense patterns,
and are consequently preferred. 20 O the qns, positive resist
conpositions that use either a ternary 3% n which the respective
guantities of each of the structural units a3) in the conponent

(A are from20 to 60 mt% for (al), from20 to 60 ml % for (a2), and from

5to 50 W“%%%H{ég(‘%@gfe‘ﬁ%ﬁgﬁdg%ﬁtg pY aqg@gy%/gjp?p)in whi ch the respective

guantities C ural uni o (a4) in the conponent

9 0
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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 structurat 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 mol%, 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 consequently preferred.

In those cases where (a4) units are used, compositions in which the (a4) units
account for 1 to 30 mol%, and preferably 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 ternary



nmol % for (a4) enable the formation of a resist pattern wth superior
sensitivity and profile, even in the case of inmersion exposure (inmersion
| it hography), and are consequently preferred. Furthernore, in the present

i nvention, a resin conponent of a resist for a F2 10 exciner |aser can also
be favorably used, provided it containsythe aforenentioned (al) wunits and
contains no (a0) units. This type of F2 resist resin conponent includes
copol ymer sopslpimet i which thedespestivdquwangitiesiof dabhof therstractifal anfts ey to@3pihom or a
fluoroal kyl group on the side chain of a (neth)acrylate ester unit. The

resin conpan@mpdnéat (A) akd'RomO fol50aRMES ForQhl )l REMPIR BV MY RR(ADNarkieN be 15
produced easily by a conventional radical pdlynerization of a monomer

cor T eSPOn s 5 AT ISR B o BV B3N R

usi ng a radical | yneri zati,on j.nitiator such as obi si sQhutyronitrile

(Al BN) . F@?F@ﬁﬁ%gﬁwﬂa\a %tsJeiHa (iR e pormmenend A agriom gaan S0 Zos
HS-CH2-CH2-CH2-CXCF3;2-C}L a copolyner in which a -C(CF3)2-COH group has been
20 i nt podder@l hfronhas tedhinetfodonfa), Hrone b ts Ihvmol% dor @B% end fromsktd 25
Furthernore, there are no particular restrictions on the weight average

ol ecul ar molRd fb{(ad)lehsblp teyfointitiicoferiesivigpatttin with weperioh béhsiivitg aad ptofite, t o
subsequent |y nol ecul ar wei ght val ues) of the conponent (A) in any of the
first thr : o [ | ues are
ypi cal |y ot B B o g e (RS ln AE 3 ond s OERHY 2
negative cQ og&tion are from 2,000 to 20,000, and preferably from38 4,000
to 15, 000P"4RE*Tn the case of a positive conposition are fromb5,000 to

30,000, and preferably from@8,000 ,to 20,000. If the nplecu] a jght is
greater than t hi?:é‘n;"%ﬁ&%,ea ip AR pregeng Inysntig), pirgsin S?mpwn&%%%fm\ﬁﬁ”zt he resi st
sol vent may deteriorate, whereas if the

10 excimer laser can also be favorably used, provided it contains the aforementioned (al)

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 fluoroalkyl
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  inthe case of a negative composition are from 2,000 to 20,000, and preferably from



nol ecul ar weight is too small, there is a danger of a deterioration in the
dry etching 5 resistance and the cross sectional shape of the resist
pattern. Up until this point the resin conponent (A) has been described in
detail in relation to a positive resist conposition of the fourth aspect,
but the resin conponent (A) can also bggideally enployed in a positive
resi st conposition according to either the first aspect or the second
aspect. 1@,(06abdSOB6fecarmlt inrthdGasp ofie posi(iB) ¢orhpositiom dre from 3,000teg30,008y addh
aspects of the present invention, as the acid generator conponent (B), a

conpound peFeABIY M6RIR000ab 20108, f IRk WIW # greatethad thidfinge, then_
I e r

generators in conventi onal chem cal | y anpli esi sts can be used.

these pos %ﬂ@%ogulﬂl}'gﬁ?ﬂﬁé'% dHeiit inQAL HiY P é‘&l‘zér*t ‘Pﬁalfehg_?er{g'r(% "RAE&S the

al kyl sul f ona on as € anion are prerer anmpl es of preferred

aci d generat.ors include. oni salts ch | phenyl i.odonium, ..
FLT1 tor omatiFHm e S Smally ek isca B 5o GBI A i Sching

trifluoronmethanesul fonate, Dbis(p-tert-butylphenyl)iodonium

trifl udr onesistanceand thsneross seetionsh shape of thegasisimattemi f | uor onet hanesul f onat e,
(4- met hoxyphenyl ) di phenyl sul fonium 20 trifl uor omet hanesul f onat e,

(4- met hyl pheny!| U ydtid nlyik point teiresin compadidnt 0A phastbeas descfibediinedetail in

(4- met hyl phenyl ) di phenyl sul fonium trifluoronethanesul fonate,

(p-tert - bybliph ey hositivl 1R composition ®f the foluth 9§¢(&B€ bUERE sedid Edtabdhent (A)

di phenyl i odoni um nonaf | uor obut anesul f onate, bis(p-tert-butyl phenyl)i odoni um

Ponal ot SRS B0l PN YL A RO ARE T o1t

tri phenyl sul' f ona

(?_f-trl fl uoarsgcrértstc}pé‘lle%&eo%la)sgé&henyI sul fonium trifl uoronet hanesul f onat e,

10 [Acid Generator Component {B)]

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 trifluoromethanesulfonate,
(4-methoxyphenyl)phenyliodonium trifluoromethanesulfonate,
bis(p-tert-butylphenyl)iodonium trifluoromethanesulfonate, triphenylsulfonium
trifluoromethanesulfonate, (4-methoxyphenyl)diphenylsulfonium

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

25  nonafluorobutanesulfonate, triphenylsulfonium perfluorooctanesulfonate,



(4-trifluoromet hyl phenyl)di phenyl sul f oni um nonaf | uor obut anesul f onat e,
trip-tert-butyl phenyl)sul foniumtrifluoronethanesul fonate, and
tri(p-tert-butyl phenyl)sul foni um nonafl uor obut anesul fonate. 5 O these,
sulfoniumsalts are preferred, and of the sulfoniumsalts, oniumsalts wth
a fluorinated al kyl sul fonate ion with ajgleast 3 carbon atons as the anion
are particularly preferred. As this conponent (B), either a single acid
gener at or (d+triflueromethydphienpl)diphémydsubfonivmm triflaeortlettanesuliorane nmay be used. 10
The quantity of the conponent (B) is typically within a range fromO0.5 to 30

parts by V(ﬂitﬂﬂﬁmoﬁﬁﬂnyﬂ’ﬁlﬁhﬂ)@i?héhﬂsfu%hﬁuﬁ RonkfluBAibutanBdulfRhght . per 100 parts
by wei ght of the corrponent (A).” At quantities less than 0.5 parts by wei ght

pattern f om0 ' rily ereas if the quantity
exceeds 38ﬁ@eh%%&%qyéﬁﬁffo@gﬂlﬁg@ﬁﬂéﬁ%ﬁa&%%fg)rn@rées%rf%?i on becones difficult,
and there i,ER/a anger of gg.deterior tiopn in the storage 15 stability.

[ Or gani ¢ SB(R7HE ltt%yfwwlls PRy UOTOPYANCSHERRHE-ng t o0 any of the first
through fourth aspects of the present invention can be produced by

di ssol ¥i ng t he #&fshesepsuifonturg saltssire\prefermasnand ofthe sulfonyemsalts, opiunusadist he

af orenenti oned conponent (B), together with optional 20 conponents (D)

and/ or conpitig flucfifgted slk elsuliawhtd@novith atresn3 eahon abnids\thdaniiyre The
organi c solvent (C) may be any sol vent capabl e of dissolving the

af or enent i phedi&RShefep@gPonent or conponent (A) and the aforenentioned
conponent = (B) to generate a uniform solution, and one or nore solvents

sel ected from kn . rial fQr i I

cher cal 1y anpl (1) i PHRRbE B), SEEr £3ableto B acBle o eolBAAEh SPOR o

solvent (O incJude ketones , such,as acetone, methyl
E ( 121ore ac{d generators may be used. y

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



40 ethyl ketone, cycl ohexanone, nethyl isoanyl ketone and 2- heptanone;
pol yhydric al cohols and derivatives thereof such as ethylene glycol,

et hyl ene gl ycol nonoacetate, diethylene glycol, diethylene glycol
nonoacet ate, propyl ene glycol, propylene glycol nonoacetate, dipropylene
gl ycol, or the nononethyl ether, nonoet4tyl ether, nonopropyl 5 ether,
nonobut yl ether or nonophenyl ether of dipropylene glycol nonoacetate;
cyclic etethyl ketong; ivyclohekanpnn anethyldseastyd ketoseiafid 2eptandng; pblybydrie, et hyl

| actate, nethyl acetate, ethyl acetate, butyl acetate, nethyl pyruvate,

et hyl pyr dlehéls afié dbsivatives fiereafsad suthiyene g@iebl ssthylbneeglpool\nivoacamat e. These
organi ¢ solvents can be used singularly, or as a m xed solvent of two or

T 0 SR SOMEN, ok RS e BBtk ene
hyd I .| I I I h h
P on SN Sl b ASLERS GHUSL oy PSR 5 ke BFBL Ml

I
stability for positive resist conpositions, and are consequently preferred.
I n cases icHhepnenobptyl ethepprmanophenyiethizaf dinsepylencgiycol mongaentat SEL 15 is
preferably within a range from®6:4 to 4:6. In case where PGQVE is mxed with
PGVEA, t hethees syich as dioxanefand RGksAVEICAMEMEthyL lapiatabthyl lactate, methyl acegmef r om 8: 2
to 2:8, and preferably from8:2 to 5:5. In a resist conposition according
to any of etHy® aédtats!butjlrRuate, iyl gﬁﬁrﬁ@s:étﬁ IGfyrivife, medthylR&RoMyprdpiciiid, on, the
gquantity of the organic solvent ( Is sufficient to generate a solid
fraction | p he i %Fnﬁ:@- IRk d : o0, I ght, and
t he act uaﬁﬂagglg%%@%wg&gg%ﬁl nTg%%g? ance w 1I"I1éaIIIII)gq%ee€|SII‘I§LII§I?‘I{IOI)n¥% IIIIackness of

t I)e res! Sthix élsoII\e/ént%?ItT\B(? or o2 different solvents.

10 In particular, 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 pattern shape and the long term stability (post



Furthernore, in a resist conposition according to any of the first through
fourth 25 aspects, in order to inprove the resist pattern shape and the
long termstability (post 41 exposure stability of the latent inage forned
by the pattern wi se exposure of the resist layer), a nitrogen containing
organi ¢ conpound (D) can be added as a geparate, optional conponent. A

mul titude of conpounds have already been proposed for this nitrogen

cont ai ni ngxposyamstabitityngfabe thtent imdagenferroéd bihthegakternwise exppsuredsf thenesise used, 5
al t hough secondary | ower aliphatic amnes or tertiary |ower aliphatic am nes
are pref ¢4yefya nitesgen contalived orghnib BaipeurdiiD)Rah 6k added 8 aaéépﬂ’aiéyb%ﬁlfnaw kyl

al cohol amne of no nore than 5 carbon atons, and exanpl es of these

Cri o yl P Rpohétt | AKUBHERE chRFH habd MRELD XL AIDRGocel B MG bR
tridodecyl am he trioctylamn ,’ | et hanol am ne, triet anol am ne, and ’

e §oopr osAaI pea PRBauHE and ot PE RPN somipo e RN B B ne ar e
particgl a[glg;}'. preferredl. Furéit{igheﬂ[[,nore,, ni trogen cga;l%gti_ng organi ¢ conpounds
repr esent %‘}gha‘?e@@if@ﬂé ower ig amines of fgtiarydew 1QA[BEB AT qvor abl y
enpl oyed. 15 [forrmula 20] N-(-R'-0-R12-0-R13 )3 (VI) (wherein, R11 and R12
each repr gsefatred.i ndependently, a | ower al kyl ene group, and R13 represents a
| ower al kyl group) R 1, R12 and R13 nay be straight chains, branched chains

or a cyclic stryfdrélradwer Afphati¢ Bau@efeld Biaahiky BRRRS] ABchod b Wthochai ns ar e
preferred. Fromthe viewpoint of regulating the nol ecul ar wei ght, the nunber

of carbon yore than 5 carbon atoms, and examples of these secondary and tertiary amines include

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

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

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

15 [formula 20]

N—R"—0—RZ?—0—R"), 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 1o 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



atoms within each of R11, R12 and R13 is typically within a range from1 to
5 and preferably fromlto 3. The nunber of carbon atons in R', R12 and R13
maybe either the sane or different, and the structures of R11l and R12 may
al so be either the sane or 42 different. Exanples of conpounds represented
by the general fornmula (VI) include tr43s-(2-nmethoxynethoxyethyl)am ne,
tris-2-(2-nmethoxy(ethoxy))ethylam ne, and

tris-(2-(diffwemoxyet hoxy) met hoxyet hyl )anine. O these, 5
tris-2-(2-nmethoxy(ethoxy))ethylamne is preferred. O the above nitrogen

cont ai ni ng or gabxampliRRe dodourtis HEeseeedbyhe gertrdldoriula (VB isclads al fornul a
(VI) are preferred, and tris-2-(2-nethoxy(ethoxy))ethylamne in particular

has m ni PE=21) [ b j S$_S v ] s aphy

b1 ocesses s Ea oy nkitoRy ik s - R R Ry Bl A 2P Y e

si ngul arl y,. | n._10 combi nat i.ons of .two or re conpounds. These am nes are
Cyproart y Hittd et ERR AR eBa e OTRGR 0 01 to 2. 0% by wel ght
relative tqQ the quantity of the resin cqonponent or the conponent (A).

Fur t heP mort@s-2i(g- @@FY(?%OW)&P@HWWSM@T@N ation in sensitivity caused by
the addition of the aforenmenti oned conponent (D), and inprove the resist
pattern shape arfthdsbaveaitrageg containisg edgahictcgmpannds; gempaunda rdpoesghied aci d,
or a phosphorus oxo acid or derivative thereof can also be added as an

opti onal I3 g@;retral(f&)mulEWEX@ﬁe preforred! arlitiil-20{2-fnBoxgRifRFPEthylallingid t he
conponent (E) can be used. anpl es of suitable organic carboxylic acids
el ude : e oid Lo a4, . C D : ¢ acid
and sal | o ufar Bt iyl SIGLEE e ey Qe iEERIH BinBE by BO0ESLS

derivati Vea%dtish gornesgc];uelnﬁ}(} lpyqurred. These compounds can be used singularly, or in

[.

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 pattern 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



phosphoric acid or derivatives thereof such as esters, including phosphoric
acid, di-n-butyl phosphate and di phenyl phosphate; phosphonic acid or
derivatives thereof such as esters, including phosphonic acid, dinethyl
phosphonat e, di-n-butyl phosphonate, phenyl phosphonic acid, diphenyl
phosphonat e and di benzyl phosphonate; &3d phosphinic 25 acid or derivatives
t hereof such as esters,  including phosphinic acid and 43 phenyl phosphinic
aci d, andPignylphesphinisiasith aadpEthgse, phesphonie aridds partigulprly peafersedl.” The conponent
(E) is typically used in a quantity within a range from0.01 to 5.0 parts
by wei ght per 10be pampeneny(E)ds gipicatly usérkbinraapiantiomititinarange froth @, (awponent
(A). 5 Mscible additives can al so be added to a resist conposition

accor di ngSIOQ)a?tB%yQ’frei%ﬁtf]ﬁr 100 partd By weight $fAHE tRirPCRGOnentUr thd\ompRRAN!

i nvention according to need, and exanples include additive resins for
| mprovi ng Are properties of the resist film surfactants for inproving the
ease of agp'ication, di ssolution inhibitors, plasticizers, stabilizers,

colorants and hgl.atjon . .preventi on agents. 10 Production of a.resi st

corrpos? tion acc B‘i‘ﬂ@ap t‘é{ﬁi/caé‘fa??%l? #&Fifom%ww‘%wc foanyx of pe
conducted by sinply mxing and stirring each of the conponents together

usi ng contherfisohegughdewtiaspeets of theareseneiguention aceordingdmpeed, whd axampleal so be
m xed and dispersed using a dispersion device such as a dissolver, a

honogeni z éfcluderadditiveirgdins foo irnprowing/the propehies obthe redialfilmysuréactdnts fog, t he
conposition may also be filtered using a nesh 15 or a nenbrane filter or

the like. yhfabigthe EfeBRaplicaliBh REbINGK inHiBitérs AREticiZls, Qabifikers, Mt hod of
formng a resist pattern according to the present invention.

‘ colorants and halation prevention agents.

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 roli
mill. Furthermore, following mixing, the composition may also be filtered using a mesh

15  or a membrane 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



First, a resist conposition according to the present invention is applied to
the top 20 of a substrate such as a silicon wafer using a spinner or the

| i ke, and a prebake (PAB treatnent) is then perfornmed. An organic or
inorganic anti-reflective filmnmay al so be provided between the substrate
and the applied |ayer of the resist compbsition, creating a 2-I|ayer

|l am nate. Furthernore, a 2-layer |am nate in which an organic

ant | -1 ef | delayerdaminats somprising ey adiionahbetin ver ansi-rafiociexifimagarals be he
resi st conposition can also be forned, and a 44 3-layer |lamnate conprising
an additi demheddottom | ayer anti-reflective filmcan also be formed. The
steps up until this point can be conducted using conventional techniques.

The operating congisidp@np uatiPthly sift @RIbY cfducted \Bffpotddfoni febhdififesmakeup
and the 5 characteristics of the resist composition being used.

Subsequent,y, . | 1. | . for L Q i I, m of e resist
conposi ti o'llﬁ%i oé‘% gag'gﬁgé{“géo?%%ggfee rtaﬁs(ge{ anuf%aﬁ?ﬁ%e%g}f %‘% "Hkteﬁgglf’%gﬁy t hrough a
desi reg sk pattern. At this tige, .the region between the resist |ayer and
the | eds &haragiernsi F%@Flsb‘a?mﬂosﬁfor‘tlﬁ@géi?ﬁgsure apparatus is filled with a
sol vent which has a larger 10 refractive index than the refractive index of
air, and the exgobsequentty, theoksistdbyer fommadl frors dhe apiplied filmofitheyiesist il | ed with
a solvent which displays a refractive index which is larger than the

refracti veonjpdeiionfis aibjeckadt to Seletties liquidiimmasionditha@aphiethiougha debiréde resi st
| ayer. There are no particular restrictions on the wavel ength used for the

exposur e, q[ag op’%&eﬁr. F A1GIS GRS tﬂe%gbn betwieh tlf@&‘é&igﬁéﬁ @the BnS 4 th@ser, or

ot her radiation such as EW (extrénme 15 ultravi ol , VUV (vacuum
o210 bR SRRt e SR S0 SRR B B, i o
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



ArF excinmer lasers, and particularly effective for ArF exciner |asers. As
descri bed above, in a pattern formati on nmethod of the present invention,
during exposure the region between the resist layer and the lens at the

| ower most point of 20 the exposure apparatus is preferably filled with a
sol vent which displays a refractive ind which is larger than the
refractive index of air but smaller than the refractive index of the resist
conposi t i dlwotiae heseddest liguidninclude bifuidh centainingsnfluerinechased ephpaundsueleds act i ve
i ndex which is larger than the refractive index of air but smaller than the
refracti ve;Hulds, OfF,OidH;; €dio0IC,Ho apd€illiFoas thtprimamgonpedertne! ude wat er and
fluorine based inert liquids. Specific exanples of these 45 fluorine based
inert |iqu ' LA AS; o mall : | such as
carcizrs, PSR R B R BB ol it BB RS 70 e

per fl uoroal kyl . conpouynds .wj boi li n oint wthin a range, from 70 to 180C
and pref @Feﬁgla?fyf 1{;8%%@60 tlgﬁﬁo?f“xa@ﬂ?ﬁﬁq‘é ESSPC%@%QWNPSP%%SI RGPS onpounds

i nclude 5 perfluoroal kyl et her conpounds and perfl uoroal kyl am ne conpounds.

Speci f b calpesfluosoalkylethbt eongmuitisiandopedriiydreslkglaminepaopaiinds.
perfluoro(2-butyl-tetrahydrofuran) (boiling point 102C), and a suitable

per f | uor oal ky| ampaefisallypehichblpdritélonley Ritick Biskapbat Re (boi | i ng poi nt 1740).
Anongst the aforenentioned fluorine based inert liquids, liquids with a

boi l'i ng pqg t i L0 R ki VEhnb the renoval of the
I mer si on%eﬂiqut?&%@fbo ot\?\né%\ﬂd&%ﬁo&r?gll’ Q:folglrlc}fg %?ﬁ)tt 3 gg%ggéggp%bge be perforned using
a sinple nethod, and are consequently preferred. A resist C(%grposi tion of
t he preseerfiupealkylaminescompound if perflyorpwibutamine(boiling poit | M°60i ous ef fect s
caused by water, and displays excellent sensitivity and resist pattern
profile. RAmbiggst theraforem@htionedshyoriaé buseddndrnliqedsidiquidsorigt a beitifg pyint that
envi ronment al
10 falls within the above range enable the removal of the immersion liquid 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



15 friendliness and flexibility. Furthernore, there are no particul ar
restrictions on the refractive index of the solvent, provided it is |arger
than the refractive index of air but smaller than the refractive index of
the resi st conposition being used. Subsequently, follow ng conpletion of the
exposure step, PEB (post exposure 20 b#king) is conducted, and then

devel oping is perforned using an al kali developing liquid conprising an
aqueous alrksastipatiennis pbiained e whichghe filne of thetrbsist compbsitiah hys béenpatiemed h pur e
water. This water rinse is conducted by dripping or spraying water onto the
surface ofintotavhapeistaspoelingivith the mask pavfepi.ed, and washes away devel opi ng

| iquid and those sections of the resist conposition that have been

di ssolved by th j WATRN f: face of
the substrate. 5 SARAR RAst idisiiinIa gl Sedt il Lt HR g fhLindC,
pattern is_.ghtai ned | ich the fil fothe resist co itiop has been

bat t or ned vy B4 EpAdattha e 88 sopee L Dirofin Sk BATBERN 28fe ror i ng
resist _pattern in_this manner, a resist pattern with an ultra fine line

wi dt h, Sandreducgdvithaaedresplytione and space (L&S) pattern with a small pitch,
can be 5 produced with good resolution. In this description, the pitch of a
|l i ne and space pathigdescriptioy¢hepitdhi of@dingiantl @pace patfrnas thesioptbined distamcewi dt h
and a space width in a direction across the width of the pattern 1|ines.
Because a dfasksiét pﬁﬂéﬁﬁﬁiﬂtﬂﬂﬂﬁgﬁ@é WidiB id @ dfrb®iohl dcfidss Gfepeidth 6fthé patdgphesent 10
I nvention has an aforenenti oned maxi mumincrease in filmthickness of no
nmore thanp,L.0 am because a positive resist conposition according to either
the second or third aspects of the present invention displays an absol ute

V?' ue for eit herBekg&é%/a%%gist_co%lpo)s(iti%g ?u:cording 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.



or [(X2'/Xl") - 1] x 100 respectively that is no nore than 8.0, and because
a positive resist conposition according to the fourth aspect of the present
i nvention conprises a 15 resin conponent (A) that contains an aforenentioned
structural unit (al) but contains no units (a0), even if the resist
conposition contacts a solvent which haty a refractive index which is |arger
than the refractive index of air but smaller than the refractive index of
the resist conmbwthetexamplesiand compatative ¢nagiplgsrdeseribedrbeloyg ivptespathenyise can be
obt ai ned which displays no surface roughening of the resist pattern such as

t he for nmatsiaged té sifmileted 2Bmiessidrelithsgrapiydarll thp kénsstivitytheBlred®ngydror ati on in
sensitivity, little swelling, and an excellent resist pattern profile.

EXAMPLES dchédiﬁ"éﬁefo?lo% SGhidet i on of exanples of the present invention,
al t hough the 25 present invention is in no way restricted to the exanples
presented below. 47 |In the exanples and conparative exanpl es descri bed

bel ow, unl ess otherwi se stated the sinulated i nmersion |ithography and the
sensitivity neasurenents are conducted in the follow ng manner. 5 [ Exanpl e
1] A cénpdbxampled), a conponent (B) and a conponent (D) described bel ow were
di ssolved uniformy in a conponent (C), yielding a positive resist

conposi tion 1. Ascaninenn(@inaoompeent (E)GndardomponentsD kescribedbelow were
met hacryl ate-acryl ate copol yner conprising the three structural units shown

in the [fqhgsyived Adifordyas in'a @8mpdfent (€), piciiRE hipBsitvdresiit 8pdsitiin Each of the
structural units used I n preparing the conmponent (A were p=50 nol % g=30

| % and r=20 nyJ4 ' 10d b ' tructural
Hﬁi tsagon[ ai ni %saﬂr}é g%ﬁgﬁ{re%g%fl O(ZB %l-i%sc rﬁg@rﬁa‘é‘gﬁ‘ﬁ,@kﬁﬁg‘ﬁﬂﬁ‘é ruetira

! copolymer comprising the three structural units shown in the {formula 21] was used.

10  The proportions p, q and r of each of the structural units used in preparing the component
(A) were p=50 mol%, g=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.



structural units containing a phenolic hydroxyl group. The wei ght average
nol ecul ar wei ght of the thus prepared conponent (A) was 10, 000. 48
[formula 21] / HB OCO CH3 CHa H-0 O0O0O %0 4 OH As the conponent (B),
3.5 parts by weight of triphenyl sulfonium nonafl uorobutanesul fonate and 1.0
parts by weight of 49 (4-methyl phenyl)gi phenyl sul foni um

trifluoronethanesul fonate were used. As the conponent (C), 1900 parts by

wei ght of a m x¢fbrmalavant of propylene glycol nononethyl ether acetate and
ethyl lactate (weight ratio 6:4) was used. As the conponent (D), 0.3 parts
by wei ght of triethanol am ne was used. 5 Next, using the thus obtained
resist conposition 1, a resist pattern g formed. First, an organic
anti-reflective filmconposition AR 19/(manufactured by Shipley Co., Ltd.)
was applied to the surface of s{licot\w®f er using a spinner, and was then
baked and dried at 215C for 60 sebg dsl a hotplate, thereby form ng an

"2 L~
oZ CH

]
pue o
w

IO&-—I
Cr—C"
n

AN

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

nonafluorobutanesulfonate and 1.0 parts by weight of



anti-reflective filmlayer with a filmthickness of 82 nm The positive
resist 10 conposition | obtained above was applied on top of the
anti-reflective filmusing a spinner, and was then prebaked and dried on a
hot pl ate at 115C for 90 seconds, formng a resist layer with a film

thi ckness of 150 urn on top of the antiggeflective film Next, this |ayer
was selectively irradiated with an ArF excinmer laser (193 nm through a

mask pat t gmethdpRehyidiphepgisulfchianpaflasrometiaRe tB0RRe Wondudedct ured by 15
Ni kon Corporation, NA (nunerical aperture) = 0.60, a = 0.75). Then, a

simul ated i mrer g4y ' @ﬁga{gqg,t &ond | t he
silicon wafer C(?lﬁpqp? E?%g&%ﬁgé%;g%se r sﬁv‘\é‘@ﬁﬁ ayer%?lglgg %‘Jﬁ@%‘ﬁ‘? was

dri pped onto the surface.fo erJ f.5 mnutes. at,23C A,PEB treatnent
was t hen ;E@BF%P}?‘E‘HH‘S{*‘YE‘%EF #cgﬁitfgﬂ{ds%g%lﬂﬁ%t?teéﬂ’ﬁlgﬁ%’@%ﬂp@?)ﬂ” ufﬁd'l ayer was then
devel oped for 60 seconds in an alkali developing |liquid at 23C. As the

al kal i devel opi dY the gemponent (D)3 863 pasts by wrightaf daethanclyning v used.

t et ramet hyl ammoni um hydroxi de was used. The resulting resist pattern with a

1:1 i e and spabxt,pmingghathus obGinedresistcomiposition ti eal rasist pajtean sas forined.
el ectron mcroscope (SEM, and the sensitivity at that point 50 (Eop) was

al so det er m ned FifsgfanoRginieaitiStefle@iROBn ¢dfipkitin ARLI9 (Reaifkrddy Eop val ue
was 12.7 mli/cnR2. This value is X2. Furthernore, the resist pattern was of a

favorabl e %@gfcw tL*?d.?QzaI apfiRd G Hfb%?fa@é‘&é‘ﬁﬁ%rﬂu?%fgﬁ%%%%@gé@%ﬁés- 5O

the other 1 when he resi st conposition _ was used to
the " af or GHEHYIRGR 880 SrFG POTISHC IR SeBA T P B e AP HOE has. not
p?r formed ’anlti?reﬁécqg;: film layer with a film thickness of 82 nm. The positive resist
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, ¢ = 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 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



wor ds, conducting the resist pattern formation using the sane process as

t hat descri bed above but with the exception of not conducting the sinmulated
i mmersion |lithography 10 treatnment, the value of Eop was 12.4 ml/cnR. This
value is XI. Determ ning the absolute value fromthe formula [(X2/X1) - 1] X
100 revealed a value of 2.4. Wen the gptio of the sensitivity of the

simul ated imersion lithography treatnent relative to the sensitivity for
nor mal exgBep)rwasilso dbedraiingdied, the result was 12.7/12.4, or 1.02
Furthernore, the resist pattern was of a favorable shape with no 15 T-top

shapes and no Virg} ieQesist/chafpBsition I VTENS exarhpis MBPES Flud waP TRPRINMA A, 2

conponent (B), a conponent (D) and the other conponent described bel ow were

di ssol ved ~ynj M -4 N one C el din 0Sht i resi ste, 20
compos t1 Aovetidis " SRR rbid el il 8 o TaRRTHE P SRR LA e e
copolymer _conprising _the three structural units shown in the [fornula 22]
was used. shapes and go ypsible swrface rgughagss: of each of the structural units used
in preparing the conmponent (A) were p=40 nol % q=40 nol % and r-20 nol %
respecbdi vel y. TRinsthe ofher hanet, when ttiz nesigt copdpositiont Ir efahisreaampleiwas useditoai ni ng an
anhydride of a dicarboxylic acid, and no structural units 51 containing a
phenol i ¢ty @xesistgamiausfﬁ@anwxhgl‘éx[pfay&éﬁﬂﬁ:gfaﬁhgcp%@&s waiigl tef the thus

prepared conponent (A) was 10, 000. ormula 22] 713 p~C 0 CH3 CH3
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
10 treatment, the value of Eop was 12.4 mJ/cm®.  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, 0r 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 unlts 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 mol% and =20 mol% respectively. This copolymer contained

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



HHo"7~-0 00 73 00 4 OH 5 As the conponent (B), 2.0 parts by wei ght of
52 (4- et hyl phenyl ) di phenyl sul f oni um nonaf | uor obut anesul f onate and 0. 8
parts by weight of trip-tert-butyl phenyl)sulfonium

trifluoronethanesul fonate were used. As the conponent (C), 700 parts by

wei ght of a m xed solvent of propylene gglycol nononethyl ether acetate and
propyl ene glycol nononethyl ether (weight ratio 5 6:4) was used. As the
conponent cofainify 3phenolis hipgrowel grotip.of The weightnelap@iniscleniar wieight of the thus
Furthernore, as the other conponent, 25 parts by wei ght of y-butyrolactone
was used. prddarddconponEmyA)R¥RABI0PA, POSi tive resist conposition 2, a resist
pattern was fornmed in the sane nanner as the exanple 1, including the

simul ated i rmersﬂ- (Pxﬁul]achzhi t hography treatnent. The resulting resist pattern
with a 1:1 line~and space pattern of 130 nmwas inspected using a scanning
el ectron mcroscope (SEM, and the sensitivity at that point (Eop) was al so
determ ned. The Eop value was 20.3 mJ/@Hy2. This value is X2. Furthernore,
the resist pattern was of a favorabl e/shape with no T-top shapes and no

vi si bl e surface roughness. 15 %ﬂhﬁe(:c)t\ier hand, when the resist conposition
2 of this exanple was used to e# resi st pattern using a normal exposure

| i t hography process in which the Hp
o 0
3
CHg
o
NN
i |
C—0
7
0
0 0

OH

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



af orenmenti oned sinmul ated i mrersion |ithography treatnent was not perforned,
I n other words, conducting the resist pattern formati on using the sane
process as that described above but with the exception of not conducting
the sinulated i mersion |ithography 20 treatnent, the value of Eop was 20.1
ml/cnR2. This value is X1. Determ ning tPg absol ute value fromthe fornula
[(X2/X1) - 1] x 100 revealed a value of 1.0. Wien the ratio of the

sensi tivit-mk y?ﬁeﬁylyﬂibl@éxﬁtbulfﬂﬁaﬁﬁn&ﬂﬂhbrbbﬁﬁﬁ@dﬁlﬁinaté aRd0/8akts behRighte to

the sensitivity nor mal exposure was determ ned, the result was
20. 3/ 20. 1, N ng’ foth Yas a favorabl e shape
with no 250%(1%18%92 tg]#‘é&g?] no V|tgi?lgl6e s%]} g‘?@%&ghnegg& 53 [Conparative
Exanmple 1] A co on D). descri bed
bel ow were di s M@tﬁp@,oﬁﬁ S‘Sﬁgﬁé"&#ﬁf’gf‘ﬁl ‘{/T‘If)gYed’it 51("8}’{518@‘? tive
resi st corrp05|t|on 10 5 As the conponent (A), 100 parts by \A/elégt of a
pol ymer fo S use

| f ogliver) monsymeting ether acqiatgand papylens whyse! monemegthyt eher (Wweightratige d.
The wei ght average nol ecul ar weight of the thus prepared conmponent (A) was

10, 000.5 [fedwasu®d] O 0 O CO 10 As the conponent (B), 3.5 parts by
wei ght of triphenyl sul fonium nonafl uorobutanesul fonate and 1.0 parts by

vei ght of  (4- mea@itensa hml(ggemybmwﬁeigmbfmfe{uaﬁmammﬁse\mhfonate wer e

used. As the conponent 0 parts by weight of a m xed sol vent of
propyl ene Furthermore, as the other component, 25 parts by weight of y-butyrolactone was used.

Using the thus prepared positive resist composition 2, a resist pattern was

formed in the same manner as the example 1, including the simulated immersion

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/cm?.  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

E 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 mJ/cm®.  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.



gl ycol nononet hyl ether acetate and ethyl lactate (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 conmposition 10, a pattern was
formed in the sane manner as the exanple 1, including the sinulated
imersion lithography treatnent. The repulting resist pattern with a 1:1
line and space pattern of 130 nmwas 54 inspected using a scanning el ectron
m croscope (SEM, and the sensitivity at that point (Eop) was al so

determ ned. The Eop value was 9.1 nmd/cnR. This value is X2. Furthernore,

al t hough t[bgmg,%{ﬁéggﬁhf,@rp] di spl ayed no T-top shapes, sone surface
roughness was visible, Teaving the resist pattern unsatisfactory. 5 On the

vas used to 1 or feoteEat o). BRRSirbt D 48 ooy TBTRRLANH FefR AR

process in ,whjch the aforenention simul ated immersion |ithography

t r eat ment d\'/ﬁgf"ﬁ@i‘m}g‘é‘ml&ﬂ%ﬂ?mpﬂne”é&gkﬂ‘%?&&lmt%'@ﬁﬁ[ﬁ?ﬁ Fpesgtioneld. st " pattern
formati on using the sanme process as that described above but with the
except fon of notAsshaderoponegt (Ak 160 pattsbeweightref 3 padymeoformed fgmathey
treatnment, the value of Eop was 8.4 mid/cnz. This value is Xl . Determ ning

t he absol ytractifl ufit Shewn irhthe [Rnfula2 3] Weduddd. -ThklweightGVetagy ArlRdlag  val ue of
8.3. When the ratio of the sensitivity of the sinulated i mersion

| it hogr aphRyeiot!: i hbhheyi ty for normal exposure was
determ neg,,yel tg?fﬁgegiﬁl]%pﬁéﬁ&g?ﬁ%})gﬁ’eﬁtk‘%ﬁ%@g%bb%urt hernore, al though the
resist pattern gf[%ﬁ‘l I’ia)r/gﬂ no T-top shapes, 15 sone surface roughness was
visible, |eavindgtHe ist pattern unsatisfactory. Fromthe results of the
exanple 1 and the exanple 2 it was found that using resist conpositions of
the present invention and conparing the senﬂtivity (Eop) for the case of
sinmul ated i mersion |ithography treat e case of nornmal exposure

10 As the component (B), 3.5 parts by weight of triphenylsulfonium
nonafluorobutanesulfonate and 1.0 parts by weight of
(4-methylphenyl)diphenylisulfonium 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, the absolute value described in the second aspect of the present
I nvention was 20 less than 2 in both cases. In other words, it was evident
that a resist conmposition of the present invention showed little
deterioration in sensitivity even when brought in contact wth water, and
di spl ayed excel lent resolution and resigf pattern shape with no T-top
shapes and no surface roughness, making it ideal for resist pattern

f or mat i on inspettey usigg aisvznaing eloctiort mingssappey/(SEM), bnd drersensidvity dtrthanpoiie resul ts
of the conparative exanple 1 it was found that with 55 a resist conposition

that uses (BopPwidal¥d ddtermifiéd. UCTHE Bdp whlid whd 'R nEdthei Mehigvala Ry i de of a
di carboxylic ‘acid, a conparison of 'the sensitivity for the case of sinmulated

| mrer si on j t t W . f e treat ment
reveal ed e?%%@%%’?&em%\l}gl% g%rfq%lgi ﬂa}%‘w&ﬁﬁe&@éﬁ%@%&%s reveal ed
that the deterioration. in sensifivity 5 was |arge, surface roughness had
devel oped Toughmess,was Wsible, leguy W“'\ﬁﬁgpﬁfﬁ?&??%"f‘%fg?tﬁm, maki ng the resist
conposi tion unsuitable for inmmersion |ithography. [Conparative Exanple 2] A
conponént (A), &nthewpdhreshand,Byhendhgiresisteompmsision 0B this sompiwativeoetaowloere 10
di ssolved uniformy in a conponent (C), yielding a positive resist

conposi t i dnwislusedso fort £aBROpHttin (g a hOBnglakpssubyliteg@phy prlocéss dophichmer
conprising 63 nol % of hydroxystyrene units, 24 nol % of styrene units and 13

mol % of t gpd afdrirdriioh¥d ﬁhﬁﬂatb’c!‘irﬁﬁeé%ntlﬁﬁ%g?&ﬁ}ﬂpt}éé&rﬁént%ﬁstrﬁt @g@gﬁ % The

wei ght average nol ecul ar wei ght of the thus “prepared conp was

%lzs(()'(t)gr t -1%) |‘%‘%§“ﬁ§?ﬁ %@%E&%‘%ﬁ%&ﬁﬁgﬁﬂggﬁné?% \éﬁséuﬁl?%ﬁ%f? ErSRE aJ‘cf.t"E)atpar ts by
N O O s CThed Above bt wilk the excapion of not conduching the Smiated immersion - ¢%
10  lithography treatment, the value of Eop was 8.4 mJ/cm®  This value is X1.

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



As the conmponent (C), 600 parts by weight of ethyl |lactate was used. As the
conponent (D), 0.26 parts by weight of triethanolam ne was used, and as 20
t he conponent (E), 0.28 parts by wei ght of phenyl phosphonic acid was used.
Using the thus prepared positive resist conposition 11, a resist pattern was
formed. First, an organic anti-reflectigse filmconposition AR-3
(manufactured by Shipley Co., Ltd.) was applied to the surface of a silicon
waf er usi agesistepmposition tatusm a res2h withersthetoeal umitdhatrcorristan2afgdiderof@0
seconds on a hotplate, thereby formng an organic 56 anti-reflective film

with a fikifgaffoik¢KO8sa, Péorfparidbh oflthe sBRstivityRr (IRTasd o PBREd iferdidn Obt ai ned
above was applied on top of the anti-refléctive filmusing a spinner, and

was theny: %Bﬁlﬁ %ﬁ!i B g A r 0 formng a
resi st |a§/‘§¥° ? ﬂrea Iq‘?%@ﬁﬁ%ﬂ%g?ﬁé&%& nm%%%gg%&or?‘?ﬁ%e%n |§l}] teef | ective
film 5 Next, this |layer _was selectively irradiated with a KrF excjner |aser
(248 nm) Vele éferg{ﬁxaﬂﬂéslé] 300 §.3. udt was @He@;%%w@ dsfspigrationdn fENRISRY 3B
(manuf actured by Nikon Corporation (NA (nunerical aperture) = 0.60). Then,
a si nuf at edsilarpersaiface douglregs hahdeveloped,mad thewesiscpatdrc iveshuizgtisfadtety, ng  t he
silicon wafer conprising the exposed resist |layer while pure water was

dripped Omfakinglfle bd3est SoMnpSsifor Msuftatle Fordthnirsion Mivgkphyat 23C. A PEB
treatment 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 alkali developing liquid, a 2.38% by wei ght aqueous sol uti on of

t et ranet hyl.ammonij.u hydr oxi de was used. 15 The resulting resist pattern
with a 1:i&f"?lﬁga%’(‘ﬁ%h§ﬂég|§%iattern of 140 nm was

4 A component (A), a component (B), and a component (D) described below were
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 moi% 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



I nspected using a scanning el ectron mcroscope (SEM, and the sensitivity at
that point (Eop) was al so determ ned. The resulting Eop val ue was 22.0
ml/cn2. This value is X2. Furthernore, the resist pattern was of a T-top
shape and surface roughness was visible. 20 On the other hand, when the

resi st conposition 11 of this exanple vgs used to forma resist pattern
using a normal exposure |ithography process in which the aforenentioned

si mul at ed ahtareflestive film withor filh thickness ofh2 nma s Thepositivef resistewmposition 1ér

wor ds, conducting the resist pattern formation using the sane process as

t hat descobhittd abboywabapipliet ioh tohef ths aspiréfiietioé fihatusipgadpiiner)@nd has si nul at ed
I mrersion |ithography 25 treatnent, the value of Eop was 20.0 mJ/cnR. This

value | Bln A PO ek RGPS A0 RoLiT RS PR B2/ Y1)

11 x 100 rev a val ue en the ratio o y of the

sinul ated 1, iqn lithography tre nt.re]ative to the sensitivity for
nor mal ex g.{”;éf c@éﬁﬁﬁgﬂéﬁgc’{‘ﬁ@? ?JP‘E“‘W?LW“‘?Z. 20.0, or 1.1.

Furthernore, the resist pattern was of a favorable shape with no T-top 5
shapes3and no viNekbithis ayer weesalentiyalydmadiafedoriffoa KiF excimenlapird248 nin) conponent
(A), a conponent (B), a conmponent (D) and a conponent (E) described bel ow

wer e di ssohreagh &bk pateyn, using @0eRponea bppaatus NSR-§203B @anuficturydby esi st 10
conposition 12. As the conponent (A), a mxed resin containing 70 parts by

vei ght  of Ngkof @BRloYdRN (RADRubHES értﬁggkg_/@ggo)‘hydr oxystyrene units and 36
nol % of  1-ethoxy-I-ethyl oxystyrene units, and 30 parts by weight of a

copol yrer COMDY i, &hulaff Rl SRS B e cBRitd byRbEAL
( the silicon wafer 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 m¥/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.



15 structural units was used. The wei ght average nol ecul ar wei ght of the

t hus prepared conponent (A) was 8,000. As the conponent (B), 4 parts by
wei ght of bi s(cycl ohexyl sul fonyl ) di azonet hane and 1 part by wei ght of
tert-butyl phenyliodonium trifluoronethanesul fonate were used. 20 As the
component (C), 600 parts by wei ght of &7m xed sol vent of propylene glycol
nononet hyl ether acetate and ethyl lactate (weight ratio 6:4) was used. As

t he conponent ( Deterfiridg firrdbsolite vahiedfitdm dlie formulad@XDPANR Ol fril 08 revesled aed,
and as the conponent (E), 0.54 parts by wei ght of dodecanoic acid was used.

Using the vélglg ¥f R0 EPARA thORib oY the! s%ﬁéxﬁhéf?féﬂé@ §§rﬁdl§i@? IAmeRsidiiths %r tern was

25 formed First, an organic anti-r tive m conposi ti -44 (a

B Bl B eSS PSR bR RO o "5 o

225C for 90 seconds on a hotpl ate, ther eby fornmng an _organic
anti - r ef | @&&0{2f0.far 1gh. wl"tlﬁtham?mnm@m%&tn&%egno\rﬂsegamorﬂ%s}@ps@gﬂmw’étqpes. st

conposition obtained above was applied on top of the anti-reflective film
usi ng & sphapeenand nodisitdes surfee roughnessed and dried on a hotplate at 90C for 90
seconds, formng a resist layer wwth 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 e@g K} f ctured by 10 Ni kon Corporation (NA (nuneri cal
aperture) [: p@%@ gFF& g}lm mul at ed i nmrer 5| on | |thogr aphy treatnent was

conduct od by 1oLt Geebl1ok LGSt 2 SR 09 4105 SRRRER S o 1 aver
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.



the surface for a period of 5 mnutes at 23C. A PEB treatnent was then
performed at 110C for 90 seconds, and the resist 15 | ayer was then devel oped
for 60 seconds in an alkali developing liquid at 23C. As the alkali

devel oping liquid, a 2.38% by wei ght aqueous sol ution of tetranethyl anmoni um
hydr oxi de was used. The resulting resisf§gpattern with a 1:1 |line and space
pattern of 140 nmwas inspected using a scanning electron m croscope (SEM,
and the sensi ti \Hist; anborganixt anpisteflectivedilikmm)posaiond) S ¥-4ddh draridrethe, The
resulting Eop value was 26.3 mJ/cnR2. This value is X2. Furthernore,

al t hough trhanifRshirsd bp BréwérBoidiee TR, 13d.J wad BpSIRARG theb4iirfadé 6f 4 SUGHNRafer Wa s
visible. On the other hand, when the resist conposition 12 of this exanple

was used . forek resi t h F I |i aphy
process i i eCips B3 vl A SeRET PR R 23 Ry SSRGS B o BT By
treatment was ngt perfornmed, in other _words, conducting the resjist pattern

f or mat i on thaebylormingamersame aptisefleetive Gim gt filge thicknsss f Gaamy The t he

exception of not conducting the sinulated i mersion |ithography treatment,
t he vabue pokitiFe pesish sothfosition pltaed 3oz wasl appliedoxiop of thesrdi-raflectie file
absolute value fromthe fornmula [(X2/X1) - 1] x 100 revealed a value of

56. 5. Wiensiriaen dphiried, #All Wl thenetebaked ahd dREd 6408 héiplai AL RICI 1BFDH ScBhds,

| ithography treatnent relative to the sensitivity for normal exposure was
det erm ne the resul,t was. 26, 3/.16. 8 .57. Furthernmore.-the Si st

oot tern wdRrbPE s e bR Ao lodss &' 2sb o po I 4136 Bk Fens Ve iR e
surface roughness. 1t8i From t he result_s of the, cogarat_i ve examle 2 and the
conpar ati ve exaryf*é thisilayer wis seleciivgh imadiatad with g ok gxcimes jaser (348 ngp)n

formati on was conducted using a KrF exciner
( through a mask pattern, using an exposure apparatus NSR-S203B (manufactured by

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 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 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



| aser rather than an ArF exciner |aser, using resist conpositions that
enploy a resin conprising structural units containing a phenolic hydroxyl
group and conparing the Eop values for the case of sinulated imrersion

l'i thography treatment with the case of normal 15 exposure treatnent, the
absol ute values of [(X2/X1) - 1] x 100 sgere 10 and 56.5 respectively. It
was evident that the conpositions displayed a |large deterioration in

sensi ti vi aforementiohed sinngdatdd inmepiahlithegrapimytreatnmfeatwas w plrfessed, im other r esi st
pattern, making them conpletely unsuitable for inmmersion |ithography.

Fur t her moRsrdd, Benduiceifly etie resfl Jattelh foir@icdChsing the 8ame PraeadsaRthdt dberiege 1 20
mentioned in the description of the related art is simlar to the positive

resist c A Jy. ) ' D and 3
Feapect i vars it oREg b ABlod 8 i n g tnE AL It TR0
groups within the, resin..Ln the anples I..and . 2, . t he conparative
exanpl es %’e tneqt, the, B?/%%%‘N”Bﬁlgﬁé@cm 'm@‘%ﬁﬂﬂ%&a}gﬁ in which a sinulated
i mrersion |ithography treatment was 25 conducted by sinply dripping water
onto the resist) emmltangawtabawutemamesﬁmﬂwf@mulad(%@mokrli;‘edQOmealeda

| i t hography) was not perfornmed. However, this evaluation test | involves

rotating tvRieifls6S0N Widnethe Ydtio (ﬁ't]i&lfefhsmtt?bfﬂﬁ: sivhiRRAdm@iErsion lithogtuphace for
a period of 5 mnutes at 23C, and actually represents nore severe

condi t i 0N‘3reb it IS 1R seniVRS R WemANKpEARE HANABebrtnd, (HOrRHRRETS Of

sensitivity or pattern shape are observe In thrs evaluation test 1, then

| mor overo 3 1648 I Hhroneh BFh DG Faphy e SRR B e T BPe ailopt o

focus range can be realized. [Exanple 3, Conparative Exanple 4] 10 Using the
sane resi gfttoééh%iaﬂgéﬂvlﬁlkﬁgsﬂfﬁ@eémpﬁ-l, but with the exception of

10 From the results of the comparative example 2 and the comparative example 3 it
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



altering the resist filmthickness to 140 run, the sane nethod as the
exanple 1 was used to provide a filmof the aforenentioned AR 19 of

t hi ckness 82 run on top of a substrate (a silicon wafer) and then forma
resist layer on top. Then, as an evaluation test 2, inmersion exposure was
conducted with a test 15 apparatus manggf actured by N kon Corporation, by
carrying out a test using a prism water and the interference of two beans
(a doubl e (inemessiontizhégraphy) evas ast perfofimed s aHewever] thisceviahuatios edspb évolves t he

af orenmenti oned non-patent reference 2, and this nmethod is wdely known as a

si npl e methadn®iheQllicah Water ﬂnwﬁr@ ate? ig\driipeli RAtd AL QHTAR f¥r 4 BMRld ofln t he

i mrer si on exposure of the exanple 3, a water solvent |ayer was formed 20

bet ween the_resi er _surface .t he as. t he i mrersion
ol vent . THEREE AEs o i i ToaRLis 8 SpBUibRORE 3REN, o hat fon of
L&S pattern Furtherrmre followi ng formati on of the resist fllmontop of
the anti- imezdon, @ad consequentlyifp pqsg‘btln&@aspnsx@vr&ewraaﬁ;tem shappargobperved y 1
hour was introduced, and follow ng exposure, a PED (post exposure del ay) of
at | eaSt 3Pthis thiommJﬂhemﬁds cl2ar that wleniacaesl inwnetsion lithograplat isve exanpl e
4, with the exception of not using the 61 water solvent as an inmersion

sol vent,  Rehdictdd)8h iBproRehBt ih AR iR{h&Soh Mtk bl reswmtﬁﬁtandw Brbadeh BeptRS! St

| ayer, a test was conducted in the same manner as the exanple 3. Devel oping
was condu 43 er as described for the exanple 1 Thi s
eval uati o?t)tf lf'?af gaﬁg &pl nvestigating the effect of the water sol vent

5 layer on the resist layer, the resolution of the resist pattern, and the

pattern profile. Accordingly, if the results obtained for the exanple 3 are

the sane as those obtained for the conparative exanple 4, which uses air,

t hen t hi s [ExanplaBeSompaxativeEsampledt] of that resist |ayer is possible

w t hout the water solvent having any effect on the resist layer, and that if
10 Using the same resist composition 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



i mersion |ithography is used, then an inprovenent 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 Exanple 3
Conmparative Exanple 4 Solvent Pure water Pure water none (air) Target line
width (nm 90.0 65.0 90.0 Target pitch6(mm 180.0 130.0 180.0 Line wdth
of obtained pattern (nm 91.5 65.3 90.0 Pitch of obtained pattern (nm

184. 5 128.%atef7Folgent M {rhunexsicachglvent; byhrathes bringing shecprisnainzdifect Epadur e dose
(mi/cm) 3.7 6.2 3.7 As is evident fromthe results shown in Table 1, the
exanpl e 3 whhthdiesisclayer, a kst wasSionduatedrinnthe sarne mhnAér s ke & 1, and with
this type of resist conposition, when a |ine wdth of 90 nmand a pitch of

180 nmwere tar %E\eeqjopiﬁ%"@ai &&ﬂuweémﬁmgrnehﬁaﬁﬁef&ﬁd&é&edq@; ﬁk%ﬁ&ngl)é(il(‘g pure

water were the sane as the results obtained for the conparative anple 4

using air. Wen al.ine,w.dt .65 nd a. pi.tch ofy 13 m were .t argeted, 62
the conparative f‘é‘éFsﬂgﬁ“}%‘q%sﬁEdg}‘seﬁgaﬁ?%eﬁ}égh‘ﬁ%p’eégﬁ%ai?g‘ttﬁ%, a ﬂtwl(g?/lgn when
wat er was _ used, ~val ues close tq Lhe@;ctﬁrget wer e achi eved, indicating

resol uth onlayeronsbe ssstt davgy, the reeplutien elcthe resist palterpyandithe paftepprofilezyr t her nor e,
the profile in both cases was good. In addition LER (line edge 5 roughness)
was | ess oAceorgingly, Hithé resultssobtzined fon thwhéxainpbi3 erevth¢ sameessthosecabtaihedhforhe

the comparative example 4, which uses air, then this indicates that resolution of 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 resclution and a broader

10  depth of focus range can be reaiized, enabling the production of an ultra fine pattern.

The results are shown in Table 1.

15

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 (nm) 180.0 130.0 180.0
Line width of obtained pattern (nm) 91.5 65.3 90.0
Pitch of obtained pattern (nm) 184.5 128.4 177.3
LER (line edge roughness nm) 5.5 44 7.5
Exposure dose (mJ/cm’) 3.7 6.2 37

As is evident from the results shown in Table 1, the example 3 used the same

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,




conparative exanple 4 in which air was used. Furthernore, in this double
beaminterference test, the test environnent is such that control of
contam nation by amnes or the like is far | ess satisfactory than the type
of clean roomused for nornmal resist patterning evaluation, but even under
t hese poorer 10 environnmental condition®2 and even all ow ng an approximately
one hour PCD and a PED treatnent of at |east 30 mi nutes, the favorable
resul ts de8hercopwdrative jest uring an air medsizn siap agt condueted.diun gven when waeswasesi st
conposition is applied to an i mrersion |ithography process, then it is clear
t hat resol usedpwalued dlodedo tieestarget eerbmochieved, lindieatitigdetslutidn wagppossiblengitiehy 50
run and pitches of approximately 100 nm 15 [Conparative Exanples 5 and 6]

In the conpAéds éaBeEyPiHRsBlvent.t he sanme resist conposition 10 as the
conparative exanple I”" was used, and with the exception of altering the

resist film thi 0,14 . d .af | exanpl e
1 was used to prgdé{&%zﬁ?&’ggef@ Pmpol%’%p ﬁe&g@%%o%? i ozlgaadiﬁgrﬁgﬁgﬁ[@%l&aé%ness 82
nm on top of substrate (a sj]icon, wafer) and then forma resist |ayer on
top. Then, FqUEhpEss) W Stk mrobleen e wa%%él@,p%wawrmwﬁ'ﬁmﬁwest 2,

i mrersi on exposure was conducted with a test apparatus nmanufactured by

Ni kon Cor peerapirative ¢xampdewt iy vhish@inwas usedt using a prism water and the
interference of two beans of 193 nm 25 In the inmersion exposure of this

conpar ati ve exanpithermoy® frethisddublbeahpinesrfebehce texs, thotesshvirohnvestis blivh r esi st
| ayer and the | ower surface of the prismas the imrersion solvent, in the

Z?g‘;l gapgfghaat@ié%ﬁntﬂg fo? %@aﬁon B EmBPaeR 9% tHeTikdas fartes sRRRGSGIharthe tyfedbral | ow

' clean room used for normal resist patterning evaluation, but even 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 is 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
comparative 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



pattern. 5 In contrast, in the conparative exanple 6, with the exception of
not using the water solvent as an inmersion solvent, but rather bringing
the prismin direct contact wth the resist layer, a test was conducted in
t he sane manner as the conparative exanple 5. Devel oping was conducted in

t he sanme manner as described for the cogparative 10 exanple 1. The results
are shown in Table 2. Table 2 Conparative Exanple 5 Conparative Exanple 6
Sol vent Puwas fatmed bétwren (heiresist Tayegend therdewer sirfacé nfithe9fisth BohOimmlersigat pi t ch
(nm 180.0 180.0 Line width of obtained pattern (nn) pattern collapse and

T-top 85. Zsolwdng e the saimicendtinepds the Bkiripledf obtai ned pattern (nm) as above,
unresol vable 179.9 Exposure dose (mJ/cm calculation inpossible 3.7 From

the above resul U @boldiedGARA Rt 13 MPUIRTY StaBtTofmarkoOragiRay ali ve | 15

exanple 1, the exanp and 2, the exanp e conparative exanpl e
4, it is egi dent that provided the absolute value of the result of the
formula [ ( 5{"1) - 1] x 100 is no nore than 8.0, a favorable resist

pattern can be qobtai ned even using,imersion 64 exposure, whereas if this
val ue ids exceedd# coptrasbdndhe ¢ompasitiveexamplad), ayith the greeptipp Bf Bot using the

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.
i | 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/cm®) calculation impossible 3.7

From the above resuits 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



usi ng i nmersion exposure. [Exanple 4] 5 A resin conponent conprising a
repeating unit represented by a chem cal fornula shown below [fornula 24]
011 H3 CH2 H22 m22 n C=0 1=0 iH2 | CH3 (wherein, mn is 84:16 (nol%),
10% by weight, relative to this resin conponent, of a 10 water insoluble
cross linking agent forned fromtetrabutéxynet hyl ated glycoluril, 1% by

wei ght of an acid generator formed fromtriphenylsul fonium

nonaf | uor chppsteswhareasdf this valuelisexeeedpy, avesistpattom iawompietaly vofopwablat f or ned
from 4-phenyl pyri di ne were dissolved in propylene glycol nononethyl ether,
yi el di ng assimgpiaimersionexpssurcconposition wth a solid fraction conponent of
8.1% by weight. 15 Meanwhile, an organic anti-reflective film conposition
AR- 19 (manufactured by Shipley Co., Ltd.) was applied to the surface of a
silicon wafer using a spinner, and was 65 then baked and dried at 215C for
60 second hat pl ate, thereby formng an anti-reflective filmlayer
wth a fi ﬁrl;-‘?(tiﬁ@:ekﬂess of 82 nm The negative resist

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

formula shown below

[formula 24]

OH

" CH3 CHs

/é ﬁz 7 ﬁz\(:/)n/

(= ¢ =0

OH 0

CH,

CHa

(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 nonafluorobutanesulfonate,
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



conposition obtained above was applied on top of the anti-reflective film
using a spinner, and was then prebaked and dried at 110C for 60 seconds,
forming a resist layer with a 5 fil mthickness of 250 nmon top of the
anti-reflective film Using the sane doubl e beaminterference exposure
apparatus (a test apparatus manufactur@&l by N kon Corporation) as that used
in the exanple 3 and the conparative exanple 5, which sinulates pattern
exposur e |thgshkakisg and dried att3143C dortfl dscendsemrn hsftplatenthsrebyferminglanght t hr ough a
prism and using pure water as the imersion solvent and an 10 ArF exci mer

| aser of wauabfeagive filAJayonvath 4 filn tHiGkiesSE820Em. | Theh&dative fesposure (the
eval uation test 2) was conducted. The | ower surface of the apparatus prism

contacted ki85 odlaidel! | i )| b i : osure,
cont act ed cobatES oBlidellab A fod RO I8 Ahe oFRLIMO TR SRR S FnhsEOSL!
L e el S DR 0480 S o285 i SRAERTE b o
t et ramet hyl anmoni um hydr oxi de was used. The resulting resist pattern with a
1:1 i fe diloh hizkoesspd 6@ nm @f top@f therantiersfledtiveddox ed using a scanni ng

el ectron mcroscope (SEM, and the pattern was favorable wth little

surface roughnedsiy thes@ht doghle bedrh ntordérefderexposire hpparadls (Fsapparabls The
same procedure as the exanple 4 was conducted, but rather than perform ng

t he i mer SXRR : | : [ '
I ncl uded t éé}*ﬂlsfame &g' ?nﬂ{(ﬁggfb?}dm@?)s%%ﬁaﬁ% ggtrhg%%/ﬁ#eja?{r?reiﬁ% bé}gpt e eexarrpl e

| was conducted.. 25.Specificall first an aragani,c..anti,-reflective film
CONposi t | Oelzfa.lRﬂi_elﬁa c SImuiates pattan exposure ?ight%ygﬁrradlatmg a'double beam of

{ interference light through a prism, and using pure water as the immersion solvent and an
10 ArF excimer laser of wavelength 193 nm as the light source, immersion exposure (the
evaluation test 2) was conducted. The lower 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



(manuf actured by Shipley Co., Ltd.) was applied to the surface of a silicon
wafer using a spinner, and was then baked and dried at 215C for 60 seconds
on a hotplate, thereby formng an anti-reflective filmlayer with a film
t hi ckness of 82 nm The negative resist conposition used in the exanple 4
was applied on top of the anti-reflectige filmusing a 5 spinner, and was
then prebaked and dried on a hotplate at 110C for 60 seconds, formng a
resi st | ayoranuiactured by ShiplelyiCkiletds vods appliechio the surfase of ashiisommaferusingact i ve
film Next, this layer was selectively irradiated with an ArF exciner |aser
(193 nm s?)ﬁm@t!@ﬂd ab fikacbakéd did diesikat 205 Gord0 seEdnds vAATSSate HBereBY US

NSR- S302B (manufactured by N kon Corporation (NA (nunerical aperture) =

0. 60, 2/ 3 dar il Uk nad ) ' ' | . aphy
Cr eat ment Atgan sabt Ry b leyet S £ R pRLELEHRE ATO TR Rltalld (08
exposed resist |ayer I | e pur ter s, dripp onto the, surface for a
peri od of SSTRCSHP gs%}kgfwﬁg‘éaquggp pn Wé’é%t%%ﬂ"b@&lﬁm‘ﬁéﬁma‘ﬂsnﬁgﬁ)c for
60 seconds, and the resist |ayer was then devel oped for 30 seconds in an

al kal i 5de\spirmgr, agd Wiag thed patbakaCand\driedhen a hétpldtk atl 11088 farl Gsenonds] fpainthg a

2. 38% by wei ght aqueous sol ution of tetranethyl amoni um hydroxi de was used.

The resul t4 RestBPrshitPa LR iickesS o300 Amloni6p 8Nthe ARAGENREAVE B, of 160 nm was
i nspected using a scanning el ectron mcroscope (SEM, and the sensitivity at

that point (Eo . L1 . . .| |

conposition of t ?X\é\ﬁglfgé%?é&? tﬁgle@)%ﬁg%aégat%&sm@gﬁ fﬂ?%%dg‘éﬁia%%ﬁ:lgﬁ %Pue S
X2'. Furthernore, the resist pattern _was of a favor e e .th n

Vs bl o s RhEh SmbERA L ek s ATE PRSI APBEHEY NYRAH AR et RBhat f ve
resi st conposition of this exanple was wused to forma resist pattern using

a ‘normal  explkenEarparatien b ynyMericak apariwrg)t €604 annular illumination). Then,

S

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
mJ/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



67 aforenentioned sinmulated i mersion |ithography treatnment was not
performed, in other words, conducting the resist pattern formation using

t he sane process as that described above but with the exception of not
conducting the sinmulated i mersion |ithography treatnment, the value of Eop
was 30.1 m)/cn2. This value is XI'. 5 D8Term ning the absolute value from
the formula [(X2'/XI') -1] X 100 revealed a value of 2. Wien the ratio of

t he sensi taforemgntipnad fimylatad imneersiophithography tieatmayt Mo pot perfosmedin other at i ve
to the sensitivity for normal exposure was determ ned, the result was

30. 7/ 30. 1,waends,kobductiagrthdimsisd pattern Fematien sting titetsame precesods thatfdesaibteld] e shape
with no visible surface roughness or swelling. 10 Fromthe results of the

exanpl es %banébi with theaskcRIvh dfiREcindattian sinfillated iMA@AIdNIRh6SapISE
conposition, if the above absolute value 1s no nore than 8.0, such as the 2

obser ved i g Ry YRR of EobNER 51 AMRe FREUALAIXINE resul ts of the

eval uation test the exanpl'e 4, a favorable resi st pattern can be

formed using i rsiaon, exposure. 15 [Exanple 6 (target resolution 60 nm and
55 nm P Using ?E%sm@fun@&ﬁi)wof%ﬁglm@ Eﬁwﬁﬁaﬁq@wﬁ @)@Hﬁléa xaébméalpési st
conposition | of the exanple 1 with the exception of having altered the
conponent Bjlud ofiln Whertheantd afithesensitiGtyas thasinmldigd insinedstondithography
tris-2-(2-nethoxy(ethoxy))ethylam ne, and wth the additional exception of

havi ng al ttedatflertielafive 1 the bedsRBGE fbEndrftfdl BxPostifeyaaRrAthedbih @buftSvdshe
exanple 1 was used to forman 82 nmfilmof the aforenentioned AR-19 on top

of a SUbSti@?@o.(lsbxli.Sg.” F@hﬁe&ﬂmrea{l% rEéi%’b WA draShvdrable¥hdpe Wit #P-  The
sane eval uation test as the exanple (ian i nrer si on exposure test
conduct ed usibp t est Elg%)aratu .manuf actured by N kon Corporation, by
carrying ot e¥pLuIoRe 'Sﬁarﬁw%‘}lpg'm water and the interference of two

beans of 193 nm_was_then .
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 compenent (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. Inthe same manner as the immersion exposure of the example 3, a water



25 perfornmed. In the sane manner as the imrersion exposure of the exanple 3,
a water 68 solvent |ayer was forned between the resist |ayer and the | ower
surface of the prismas the imrersion solvent. The exposure dose was
selected so as to allow stable formation of a L&S pattern. Devel opi ng was
conducted in the sane manner as the exaggple 1. The results are showmn 5 in
Table 3. [Exanple 7 (target resolutions 50 m and 45 nm] Wth the

except i onsobentlayesrwasforthed betwberkibe resty dayat emdbthe lowéresurfacewpf the prisro as 125C and
altering the resist filmthickness to 110 nm the sanme nethod as the exanple
6 10 was thsisintBidnasolweat.r esi st | ayer on top of an 82 tun filmof AR-19
provided on top of a substrate (silicon wafer). Then, follow ng conpletion

of the sane evafHatif3uleivhe %a@&]e%@lﬁgrcﬁaéatmhlﬁw@taﬁ’e fo%hﬁ&n bed L&rsgﬁ%ﬁl.f or med

in the sane manner as the exanple results are shown 1 n Table 3. 15

[ Exanpl e target resol.utioens,60 nmand 55 I ng resi st _conposition
()T whinyeftpi e S kiet e Balf oS S Mapls 17 fnf LB arf SFRA ) O
t he ex%ept,i gn. of having altered the conponent (B) fromthe m xture of

tri phenyl duilablgi3um nonaf | uor obut anesul f onat e and

(4- met hyl phenyl ) di phenyl sul fonium trifl uoronmethanesul fonate to 5.0 parts by

wei ght of 20 tri phenyl sul foni um perfl uorooctanesul fonate, and wth the
addi ti onal exception of having altered the filmthickness to 140 nm the

sane net hqexasaplelE(taxaiTedctutfond39 nas 8t 4Pnfr m a resist layer on top of an
82 nmfilmof AR-19 provided on top of a substrate (silicon wafer). Then,

fol | owi ng conpl eWitH?}n xck ?on§ﬁﬁglt?§%letﬁﬁg}egﬂkét%%e nite of fife eﬁﬁmﬁg& a

resist pattern was forned int nner as the exanple 6. results

ar).e shown 125°C and altering the resist film thickness to 110 nm, the same method as the example 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 1
of the example 1 with the exception of having altered the component (B) from the
mixture of triphenylsulfonium nonafluorobutanesulfonate and
(4-methylphenyl)diphenylsulfonium trifluoromethanesuifonate 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
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

25 in Table 3.



25 in Table 3. 69 [Exanple 9 (target resolutions 50 nmand 45 nn)] Wth the
exceptions of altering the prebake tenperature of the exanple 8 to 125C and
altering the resist filmthickness to 110 run, the same nethod as the
exanple 6 5 was used to forma resist |layer on top of an 82 nmfil m of
AR-19 provided on top of a substrate (s6%icon wafer). Then, follow ng
conpletion of the sane evaluation test 2 as the exanple 6, a resist pattern
was formed in the same manner as the exanple 6. The results are shown in
Table 3. 10 Table 3 Exanple 6 Exanple 7 Exanple 8 Exanple 9 Sol vent Water
Wat er Wat dEx#aplerd (targetgesolitions SQinh and45 bfm)b0 45 60 55 50 45 ( resol ution
nm Target pitch 120 110 100 90 120 110 100 90 () Line width of obtained

pattern 59.9 57.Withthelexedptions f AltéringIhe firebakdieth fdhﬁ'é@'ﬂﬁeiéiﬁm?léii @3 tch of
obt ai ned pattern 121.5 109.7 101.6 2%7.7 119.4 1{)8. 1 102.5 94. (m LER 2.1

3.8 3.8 4. 13,6 i r hne sure dose. 3.2 4.6
29256 I?SEC %né ?%eré%thg ﬁﬁls]t @@?ﬁicﬁggg to PHANR RS SA]HZ metdd 3 e g& ple6
5  wasused 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.

10 Tabie 3
Example 6 Example 7 Example 8 Example 9
Solvent Water Water Water Water
Target line width 60 55 50 45 | 60 55 s0 | 45
{ resolution nm)
Target pitch 120 | 110 | 100 90 120 | 110 | 100 90

(nm)

Line width of obtained pattemn| 9o | 579 | 568 | 513 | 507 | 579 | 545 | 509
(resolution nm)

Pitch of obtained pattern
{ (nm)
LER

(line edge roughness nm)

1215  109.7 | 1016 87.7 1194 | 110.1 102.5 94.7

2.1 3.8 38 44 29 21 27 3.6

Exposure dose 32 4.6 79 2.5 6.4 4.6 5.3 50
(mJ/cm®)

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



As is evident fromthe results shown in Table 3, it becane clear that by
applying resist conpositions of the present invention to inmersion

| i t hography, resolution was possible down to target |line widths of 45 ran
and pitches of 90 nm 15 70 [Exanple 10] A conponent (A), a component (B)
and a conponent (D) described bel ow werd0 di ssolved uniformy in a conponent
(O, vyielding a positive resist conposition 3. As the conponent (A, 100
parts by wWHMPI®&I0 net hacryl ate copol ymer 5 conprising the four
structural units shown in the [fornula 25] was used. The proportions p, q,
r and t of each Afcompeneiti(Agtagomiponantt(B) anda compeonenp 8D} degctibed bebowpveent  (A)
were p=40 nmol % =40 nol % r=15 nol % and t=5 nol % respectively. This

copol yner giesgledd@dformlyin dicdnipotlent(T)] Feldbip Dpdtithe redistanfpdsition 30f a

di carboxylic acid, and no structural units containing a phenolic hydroxyl

U ves 10, 000 1 HEFRHntR OB, R0l it o p hfadk s BOOBREE L o
5  comprising the four structural units shown in the [formula 25] was used. The
proportions p, q, r and t of each of the structural units used in preparing the component
(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,

t and no structural units containing a phenolic hydroxy! group. The weight average

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



|l C Z 00 CH3if HO OOO ~-COHCH3 HH HCOAs the conponent
(B), 5.0 parts by weight of triphenylsulfonium 72 nonafl uorobutanesul fonate
was used. As the component (C), 1900 parts by weight of a nixed solvent of
propyl ene glycol nononmethyl ether acetate and ethyl lactate (weight ratio
6:4) was used. As the conponent (D), 0.Jlparts by weight of triethanol am ne
was used. 5 Next, using_the thus obtained positive resist conposition 3, a
resist pattern m[afgrrn%a fbd in the same manner as the exanple 1. In other
words, first an organic anti-reflective filmconposition AR- 19
(manufactured by ShipleycHg., Ltd.) was used to forman anti-reflective film
| ayer with a fllmthlc ness of 82 nmin the sane nmanner as the exanple 1.

The positive res\i C\}\p
Ha

/ 0 CH3

OH

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



10 conposition 3 obtained above was then used to forma resist layer wwth a
filmthickness of 150 nmon top of the anti-reflective film using the sane
prebake process as the exanple 1. Next, this |layer was sel ectively
irradiated with an ArF excinmer |aser (193 nm through a nmask pattern, using
an ArF exposure apparatus NSR-S302B (nmafiif actured by 15 Ni kon Cor poration
(NA (nunerical aperture) = 0.60, a = 0.75). Then, a simulated i mersion

| i t hogr apHipnaflurebutanesylfonate wasBtedd by rotating the silicon wafer conprising
t he exposed resist |ayer while pure water was dripped onto the surface for a
period of 2 mi rAxthe campa®@t (C) 1 0 Epatsdypiveight oftambied solypintraf prepyleanent i nued
for 5 mnutes, but it was discovered that there was no tinme dependency
regar dl essglgdol wivpbhirthyl Bhetideridé Al dRyMacate ¢wbipghtRtiofed) Wasdsedit es or 5

m nutes, and so for the sake of efficiency, atinme of 2 mnutes was used. A

PEB treat nent wg@s : D?QJ].] : resi st

| ayer was then ev%ng%gGé%l?t%%%éﬁ%%ﬁqﬁvéﬁ&gn a ﬁ%@%@i‘)@%i“ﬁ%ﬁ Il quid at
23C. the alkali developin Lgui d,.a 2. 38% by wei ght aqueous sol uti on of
t et raﬁét hyl amo |%US%th?ﬁ}"ﬁgpkf@%fs’ﬁ’é'gﬁm?ﬁommu?'ggﬁ’Ee?‘ﬁ #‘ﬁg}g?s pattern
with a 1:1 line and space pattern of 130 nmwas inspected using a scanning
el ectron nitEpedsindpe sgsEmpnne g theexampleslti vity at that point (Eop) was al so
determ ned. For the resist conposition 3 of this exanple the Eop val ue was

14. 32 ml/ cnR. 5 Idlokler valrdss firs aikdrgahio dantiereftecteve filmecongwisktionpR18rn was of a
favorabl e shape with no T-top shapes and no visible surface roughness. On

the other (@amdfachenby BRiple§UWd! LEAYWRAIUstd & ¥oRn ah ahflirsfl@GRamBlE 1R wied t o

film thickness of 82 nm in the same manner as the example 1. The positive resist
10  composition 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, o =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. In the 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.



forma resist pattern using a normal exposure |ithography process in which
the aforenentioned sinmulated i mersion |ithography treatnment was not
performed, in other 10 words, conducting the resist pattern formation using
t he sane process as that described above but with the exception of not
conducting the simulated i mersion |ithdgraphy treatnent, the val ue of Eop

was 14.37 mi/c Thi ﬁ value is X1. tl})letlejlm ni ng the absol g&s val ue fromthe
formul a [(Xx2/ x )The repulting frsist pajtern witha 1:], Iipg and spage patteFg of 13¢,0mWas o of ¢ he
sensitivity of the sinulated inmrersion |ithography 15 treatnent relative to
t he sensi tingpeciediusingrroycapning gleston @m@%@(@gﬂ'@{?@d,m@ srasitizisyijat thakpoint
14.32/14.37, or 0.997. Furthernore, the resist pattern was of a favorable
shape wi t h(Eop) wis alsp dsteapmedand no vi si bl e surface roughness. [ Exanple 11]
20 Wth the exception of altering the conponent (D) of the positive resist

conposi tion 3 ofpdrhiRe RXARPBIBposRidiy POT this Kafproha Fop Yalue wasA%.3230)/6mBY Wei ght

of tripentylamne, a positive resist conpoSition 3-(1) was prepared in the

Safme nann Ieglu? Salub ri]s.eXQX aﬂ%ﬁrﬁmg}'en H?Sfagstt &‘?&c&o@‘iﬁ ('.)fv aefa(r&%.b f[shg]?mﬁﬁ hB :’I(ét?g 3 -(1)

pr epar éd hi's  nanner ormation |1 ncorporating a sinmu

I mrer sion Lithography treatent s conducted in 74 the sane manner as the
exanpl e 105.ha??ﬁe§qdé&‘f1§‘&’[?gs a4¢ TQURRANeStd space pattern of 130 nm was

i nspected using a scanning el ectron mcroscope (SEM, and the sensitivity at
that point (EopPnkesothérdwndecwhenithesesist Dempesition hof thive@nple whsiuseddoeal ed a
value of 12.79 m)/cnR. This value is X2. Furthernore, the resist pattern
was of a fformradekist pteprusing s hdwniad eXpdsare lithagraghyapadcess iy vhidblthe sur f ace

roughness. On the other hand, when the positive resist conposition 3-(1) of
thi's exanpifdrementioned 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.

[Exampie 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



was used to forma resist pattern using a normal exposure |ithography
process in which the aforenentioned sinmulated i mersion |ithography
treatment was not perfornmed, in other words, conducting the resist pattern
formati on using the sane process as that 10 descri bed above but with the
exception of not conducting the sinulatédd i nmersion | i t hography treatnment,
t he val ue of Eop was 12. t?xl mJ/cn?. This value is X Det er m ni ntglthe

absol ut e vﬁqelfemmmnﬁh%s spm%!e[lﬁlxzmgesultmgllhmaqdewe%ﬁwteaw WPeui 0. 9.
Wien the ratio of the sensitivity of the simulated inmersion |ithography

treat nent we$ ispected wsingha sewningtelagtroy nficnosenpe(BEM)xaukthe eensitivityat dhati ned,
the result was 15 12.79/12.91, or 0.991. Furthernore, the resist pattern

was of a fpsiar@oppwabalee deiciined. Defetintipthe Eopndluraevdatddd ealadsff EXH
roughness. [Exanple 12] Wth the exception of altering the conponent (D) of

the positiyf/d@s Shis vl B@S'thﬁéi-nfbn?fthé Fé%ls?ﬁ&fg?ﬁ%aggfﬁfﬁ%‘r&b'iéﬁfa gnol am ne

to 1.05 parts by welght of tridodecyl dm ne, a positive resist composition

3-(2) S pr the nner, t.he exanple 10. Using the positive
esi st "SonSABRR Elor!Rabdt iph SR M toubIRRE,  attern formation

I ncorporating a sinulated rmersmn |'i thogr aphy treat nent. was, conducted in
25 the sane man nép thesothgrhandy wherth 0’051’11%“?5%,5& E?@P‘Pﬁjtl‘lni(lhq{éhléﬁﬂmgﬂﬁce
patternof 130 nm 75 was inspected using a scanning el ectron m croscope
(SEM, andwabeseslgndonmm air¢sist patterh aising patormal(eEppjuredithograpby grescessiinrveuch

Determ ning the Eop val ue revealed a value of 13.81 nd/cnR. This value is

X2. Furt hegigiféremeRgornicdsimblapdtin@iotsiv@thopraphy déatmedt @asherRrionwhtd) imo T-top
shapes and no visible surface roughness. 5 On the other hand, when the

po?' tive rgflef iofRMRARIME S th Téstst pBtterh FbrindtATBINg the same process as that
10 described above but with the exception of not conducting the simulated immersion
lithography treatment, the value of Eop was 12.91 mJ/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



was used to forma resist pattern using a normal exposure |ithography
process in which the aforenentioned sinmulated i mersion |ithography
treatment was not perfornmed, in other words, conducting the resist pattern
formati on using the sanme process as that described above but with the
exception of not conducting the sinulatéd i mrersion 10 |ithography

treatnment, the value of Eop was 13.93 mJ/cnP. |S V e is. X1l er m ni ng
theabsol e Pabaued vihe ¥ reonaHirop Resctpe CEM, e bt 3ot va e of
0.86. When the ratio of the sensitivity of the sinulated i mersion

| i t hogr aphpoint tRos) v elsp determinsd; o Deteamining theiBpprvpluegeveptadmyalugpbidle was
determ ned, the result was 13.81/13.93, or 0.991. Furthernore, the resist

pattern wamlain’a fThisovahi is XohaFarthemioredhe fiesisT pattgon staa ps favodabboshapei bl e
surface roughness. [Exanple 13] Wth the exception of altering the conponent

(B) of thewadsiolT-4p sh@dshd noQIBISishifiR rugiinebie exanple 1 from the mixture
of triphenyisul fonium20 nonafl uorobut anesul fonate and

(4- et hyl phenyl ) g opj [ : parts by
e gnt (o et OURESHECinar Rhine okiive RERTESHBASEH S8R R Bmle?
positive resist conposition 1-(3) was prepared in. the same nmanner, .,as the
el o 1. WS BB Lo paterd brbR S aBRB R PP BHE HORyaPgY BpeEatin Hhich o
manner, pattern 25 formation incorporating a sinulated inmersion |ithography
treat ment WWeafersmentdened simulpted immersioprdithegraphy trgatment wex aofiesforped, he
resulting 1:1 line and space pattern of 130 nm was inspected using a

scanni ng ebtet nmordsptanrdastimgpihe &Sidpattarn dorriaeion ewsiigithe sdnye priocésbas thapoi nt  ( Eop)
was al so determ ned. Determining the Eop val ue reveal ed a val ue of 22.18

gﬂg ggﬂ Thigéscyibkdifbdve b withUhd HREPRGiLof dob GokdiRtifg tHRAIhBRkdMAMéion favorable
10 lithography treatment, the value of Eop was 13.93 mJ/cm?®.  This value is X1.
Determining the absolute value from the formula [(X2/X1) - 1] x 100 revealed a
value 0of 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



5 with no T -top shapes and no visible surface roughness. On the ot her hand,
when the positive resist conposition 1-(3) of this exanple was used to form
a resist pattern using a normal exposure |ithography process in which the
af orenenti oned sinmul ated i mrersion |ithography treatnent was not perforned,
in other words, conducting the resist gattern formation using the sane

process as_ that 10 descrj bed ove but with the exception of not_, conducting
the simul a@‘éd@ﬁﬂ%‘ﬂ@?‘cﬁ#d‘??’i ?&%hymwa'elﬁeatl 1 lingand space patternyof 140am o> 56
ml/cnR2. This value is XI. Determning the absolute value fromthe fornula
[ (X2/ X1) -waqingpertdl usingsmscanning electren sficros@pe (S¥M), andehe senisibivity at thet
sensitivity of the sinulated imersion |ithography treatnent relative to

t he sensi tpoing Eoppvasnslsordétemnined.ur Peteafiniigy the Fop edluetrbcaledu N dlue/6f2. 185
22.18/22.56, or 0.983. Furthernore, the resist pattern was of a favorable

shape wi t hyBm?T- TR vﬁﬂé%ﬁza“f*uﬂﬁeﬁﬂ&é RhreSidt patetn {vﬁyeﬁé‘%rabﬁr&%é he

results of the above exanples 10 to 127t was clear that even If

quater al was _u Qsi tion was still swtedtommarsion

l'i thogra phvlq‘g?%gytggégapel&&?‘iﬁ%y%bﬁ %%r’??'l’%é’% %sults of the exanple 1 and

the exanple 20 1 s cI t even wih a dlfterent[ozlmd gen rator,
\alpwﬁ

t he conposition ?11 hap e positiugresist compasiionl-(3) FSW
processes. [ Exanpl e 14] The positive resist conposition 1-(2) used in the
exanpl e 8 wasusgdtd fath 1 wsist pBtermusing agownaliexposunalithograghyl pracess inediidd at
115C for 90 seconds to forma resist filmwith 77 a filmthickness of

150nm  Thetht hestembitiingd diniated imfriersion Hthograpky traim¢hewpos@petfotriizd, @ t he
ot her hand, a large, visibly detectable area (approximately 10 mm) of a

resi st : f '59'36‘&9{&&% eSbnitBertfian@ RAKE pHRRR $rmiRen SXRE MRkatid foddds A faf X Ci MET

10 described above but with the exception of not conducting the simulated immersion
lithography treatment, the value of Eop was 22.56 mJ/cm?.  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 the sensitivity for normal exposure was determined, the resuit 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 if a
quaternary copolymer was used, the composition was still suited to immersion
lithography processes. Furthermore, from the results of the example 1 and the example

20 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 applied to a

25  rotating silicon wafer, and then heated at 115°C for 90 seconds to form a resist film with



nm using an exposure apparatus NSR-S302B (nmanufactured by N kon Corporation
(NA 5 (nunerical aperture) = 0.60, a= 0.75). The exposure dose was 6 mJ/cn®.
A PEB treatnment was then conducted at 115C for 90 seconds. This is terned
an exposed film Subsequently, the aforenentioned unexposed fil m and
exposed filmwere imersed in pure wate?7that had undergone ion exchange,
and with the filns in a state of imersion, the variatjon in the thickness
of the fil#ilmthicknessef Bfnmer Thethys ehtginadresistlilm istammed anynsypesed S
seconds, using a RDA-QZ3 device manufactured by Litho Tech Japan

Cor por at i on, whiQithesotberfhiandna laigekvisibly detersable arga daprreximetelpi 0 simf)y ofia quar t z
crystal mcrobal ance (hereafter referred to as a QCM. Fluctuations in the

frequency refist filen preépéired irstheaiboad Payisr SvagRRpobea tvithadmOA iF ecim@alel (193 dat a was
processed with the provided analysis software to create a imersion 15 tine

vs. filmthi | [ - | G

D i or dur SRR APl obbiafls AR 53028 Uhn EAae By 18KA CBfifald RA™ 1
exposed an unexposed sa es, h rve in the gra S,ref ced

aggi nsg th&‘“ﬂepﬁét%ﬁPWﬁigz)%ﬁ°=aﬁ9$}mgﬂ’§ie5ﬁost‘¥r oﬁ‘ig‘@%}ﬁ%”’?heﬁ@n ation in
filmthi ckness fromthat point was displayed and plotted. In other words,

i f the thitdateest wischansesluttedat 1158Cifor 90 sdcohdd. mThis iskeremd aR@xpdeed fidm.
negative value is displayed, whereas if the filmthickness increases, a

positive val ue_slﬂ;seti@ahf,miafomﬁ'en@feﬁém{@xbb&emﬁlm ANRPSscddnAéren i n the
positive direction and he maxi mum variation in the negative direction were

et eyl FHIDRPURLE okt DR BRMRUSTR L hnP Gl e 1
IR N TN -SRI, R =S SR e T
and t hl% exr?iggs?xger:leinlt r;?cﬁnd of 300 seconds, 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 immetrsion 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 maximum 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



wher eas the maxi mum decrease in the filmthickness wthin 10 seconds was
1.16 rimfor the unexposed filmand 0.66 nmfor the exposed film 5

[ Exanpl e 15] A positive resist conposition 1-(4) was prepared in the sane
manner as the positive resist conposition 1-(2), with the exception of
replacing the triethanolamne wth O.4@gparts by weight of tripentylam ne.
Subsequently, the variations in the filmthickness of an unexposed fil m and
an 10 expmsastréndntofithedilms veasOaun ficriboth the @okkposed fitm sadtherxposed fidm, t he
exanple 14, vyielding a simlar graph of imersion tinme vs. filmthickness.

The graph Whéreidthe makinaidi|declegsedh AR filn (Hick@esd Withid)10 setorids &2 16 nifigin t he
maxi mum i ncrease in the filmthickness within 10 seconds of comrenci ng

neasur enmenf, Fﬁé’g‘%@ﬁ‘(ﬁ‘ﬁ‘?‘?ﬂ%gfﬁ’bﬁ’ﬁ?ﬁpgﬁa%h as the 15 exanple 14, the

result vva e unexpo m and t he exposed film whereas

t he maxi mnum decrease in the filmthickness within 10 seconds was 1.00 rim
for the unexposed filmand 0.52 run for the exposed film [Exanple 16] 20 A
positive resist conposition 1-(5) was prepared in the same manner as the
posi ti e rEesplebilposition 1-(2), with the exception of replacing the
triethanolamne wth 0.71 parts by weight of trioctylam ne. Subsequently,
the vari ations iApbiitvé tesist tdmpdsitéas] -0f) vas prepax@abimabe dmemametr amtheexposed
filmwere neasured using a @QCMin the same nanner as the exanple 14, 25

%/ihiels d;gg ag(&sﬁtmele@flgtgﬂg??gsiﬁtm iy gggrvﬁupme tescéeiomsﬁ of fdpIaBiAdHhe HA&Rsholaliige 97 @ph for
with 0.46 parts by weight of tripentylamine.
i 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 is 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  yielding a similar graph of immersion time vs. film thickness. The graph for this



Furthernore, when the maxi mumincrease in the filmthickness within 10
seconds of commenci ng neasurenent was determned in the sane nmanner as the
exanple 14, the result was O nmfor both the unexposed filmand the exposed
film 5 whereas the maxi num decrease in the filmthickness within 10 seconds
was 0.81 nmfor the unexposed filmand79.75 nmfor the exposed film

[ Exanpl e 17] A positive resist conposition 4 was prepared in the same manner
as the posixample is gaphek(sse FK@@dosition 1-(2), with the exceptions of
replacing the triethanolamne with 0.71 parts by weight of trioctylam ne,
and repl aci ng t Furthenpemewher the muxihum increade)imhie filnithiekness Wwitlint0l a 26] . The
wei ght average nol ecul ar wei ght of the copolyner was 10,000, and the

proporti oNgeghd %f%&ﬂnfen@i’ﬁé%e%@ur@&'exﬁwiodéi&hﬁ’ﬁ% tROsdiRe ahfeeRSRfel Vel y. 1 80
[formul a 26] 73 H2 OO CA oc-o0 o0-C

example 14, the result was 0 nm for both the unexposed film and the exposed film,
5  whereas the maximum decrease in the film thickness within 10 seconds was 0.81 nm for

the unexposed film and 1.75 nm for the exposed film.

[Example 17]
A positive resist composition 4 was prepared in the same manner as the positive
10  resist composttion 1-(2), with the exceptions of replacing the triethanolamine with 0.71
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.



H2 00 4 OH Subsequently, the variations in the filmthickness of an
unexposed filmand an exposed filmwere neasured using a QCMin the sane
manner as the exanple 14, 81 yielding a simlar graph of imersion tinme vs.
filmthi ckness. The graph for this exanple is graph-4 (see FIG 4).

Furt hernore, when the maxi mumincrease BA the filmthickness within 10
seconds of commenci ng neasurenment was determined in the sane manner as the 5
exanpl e 14, the [fersnla 2@kas 0. 02 nm for the unexposed filmand 0.13 nm for
the exposed film whereas the maxi mum decrease in the filmthickness wthin
10 seconds was 0.26 nmfor the unggposed filmand 0.15 nmfor the exposed
film [Exanple 18] 10 A positive‘yeéist conposition 3-(3) was prepared in
the sane manner as the posjtiveskesist conposition 3 used in the exanple
10, with the exception of‘?%gkaﬁiagﬁ&he triethanolamne with 0.71 parts by
wei ght of trioctylam ne. Subggequently, the variations in the film thickness
of an unexposed film and an gépﬁsgg filmwere neasured using a @CMin the
sane manner as the exanple 147 15 yT@| di nQ,H similar graph of immersion tine
vs. filmthickness. The graph for thi8 Axapple is graph-5 (see FIGY5).

Furt hernore, when the maxi num i ncrease (I mthickness within 10
seconds of commenci ng neasurenent was ( in the sanme manner as the
exanple 14, the result was 0.50 nm for osed filmand 0.44 nmfor

t he exposed

OH

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,



20 film whereas the maxi num decrease in the filmthickness within 10
seconds was 0.04 nmfor the unexposed filmand O nmfor the exposed film

[ Conpar ati ve Exanple 71 A conmponent (A), a conponent (B) and a conponent (D)
descri bed bel ow were 25 dissolved uniformy in a conponent (C), yielding a
positive resist conmposition 13. 82 As 8he conponent (A), a copol yner
conprising 64 nol % of hydroxystyrene units_ and 36 nol % of .

1- et hoxy- | Yielding asupalag grapl of immersion timevs filmdhigkngss.unTeegraph fardhly. The

wei ght average nol ecul ar wei ght of the thus prepared conponent (A was

8, 000. Asxamplecioppapheh(seé¢ BIG. 4. parts by wei ght of triphenyl sul fonium5
nonaf | uor obut anesul fonate was used. As the conponent (C), 1900 parts by

wei ght of a m xethrthetrivére] whén he i iMm inledseh tHOMaBidkssobitgh 19cet at e and
ethyl lactate (weight ratio 6:4) was used. As the conponent (D), 0.71 parts

by wei ght i ki -her nQsd L Eﬁ,&lr' onposi tion
13 was app ?%ﬁ stog%g%%%?g?l gr%@ig?féﬁlggtnwwa e?@ﬂ%olﬂgﬁ%gﬁeg‘ﬁ eafa%a at 90C for
90 secq@nds to fo a resist filmw.th a filmthickness..of 150, nm This is
Cer med San RIS LB fF S0 0 Bt ekncRel HE BEV T n R e kst o
area (approximately 10 nmmR) of a resist filmprepared in the above manner
was expos eiilm,whereas the maxigaiydecrease i the Fm thieknessiwithim H0 ssconduives &gdar at us
NSR- S203B (nmanuf actured by N kon Corporation (NA (numerical aperture) =

0. 60) . Thenmef@ohe urexpbSediftieand@. 13 Amnfidt dreRxpdsedEBnt. r eat nent was t hen
conducted at 110C for 90 seconds. Subsequently, the variations in the film
t hi ckness of the unexposed filmand the exposed fil mwere neasured using a
QLM in the same nmanner as the exanple 14, vyielding a simlar graph of

[ m*rer si on fﬂx@EpYeSlS]fi | mt hickness. The graph for this

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. 5).

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 16 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.



conparative exanple is graph-6 (see FIG 6). 20 Furthernore, when the maxi num
increase in the filmthickness within 10 seconds of comrenci ng neasurenent
was determ ned in the sane manner as the exanple 14, the result was 0O nmfor
t he unexposed filmand 1.55 run for the exposed film whereas the maxi num
decrease in the filmthickness within 182seconds was 0.27 nmfor the
unexposed filmand O nmfor the expOfed film, 6 25 83 LCorrparative Exanpl e 8]
A conponent (A) ,Authesapprasat (An)a copglynes sampHaing 64 mpolaeldnidsaysyeansw wer e

di ssolved uniformy in a conponent (C), yielding a positive resist

conposi t i ownitsand 36 meigo elblhrphosnt! -gthgloxystyremoinitsas theostpichuralnmits vaswbed of

hydr oxystyrene 5 units, 15 nol % of styrene units and 25 nol % of

tert - but yl Bl weightaverddesmélscilinewsightisitthé eus ptopaied c‘oﬂfpouéxﬁQA; wae 8,000 ght
average nol ecul ar wei ght of the thus prepared conponent (A was 12,000. As

t he conponent (B 5 | fordi py}eﬁq%ﬁ j:

nonaf | uor obut ane%sfj (?Eg{tpg ?Alg)s(B?}?e%}fslbg‘Xéél%the C rfe%gir?félﬁ?ﬁly@ 1900 parts by
wei ght of a m.xed,sol ve of pro ene glycol nononethyl ether acetate and
et hyl Sgct'é? P%PBWP‘*%“EPP%‘%’&&“Q%S used. As the conmponent (D), 0.71 parts

by wei ght of trioctylam ne was used. Next, the gosi,tive resi st caonposition
14 was applied tds tiecomponens (€). 1988 partmbyveight atia prved sodventof prepylemC f or 90

seconds to forma resist filmwith a filmthickness of 150 15 nm This is
ternmed an glyedposmandthyletheDacdtite and lethyl laatatt; (veeighdratin 6:¢) wabliseddet ect abl e
area (approximately 10 nmmR) of a resist filmprepared in the above nmanner
was exposed As the component (D), 0.71 parts by weight of trioctylamine 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 mJ/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 FIG 6).
20 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 ¢ 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



with a KrF exciner |aser (248 nm using an exposure apparatus NSR-S203B
(manuf actured by N kon Corporation (NA (nunerical aperture) = 0.60). The
exposure dose was 12 mJ/cnR2. A PEB treatnent was then conducted at 115C for
90 seconds. 20 Subsequently, the variations in the filmthickness of the
unexposed fil mand the exposed filmweB88 neasured using a QCMin the sane
manner as the exanple 14 lelding a simlar graph of imrersion tine vs.
filmthi ckﬁ%@mﬁw&%@mﬂﬁr this conparative exanple is graph-7 (see FIG
7). Furthernore, when the maxinumincrease in the filmthickness within 10
25 seconds of cofwemppment (i h sucomponent(B3 antba eomponedt (D) deseribedrbelovawarer  as
the 84 exanple 14, the result was 1.13 nmfor the unexposed filmand 0. 22

run for thdissstvedamdfortly ita chgropast ((eyidldidgniposiiBeresis&ompotitien gl m
t hi ckness within 10 seconds was O nm for both the unexposed filmand the

exposed film 5 ﬁg{g‘% ' (Al ' p(gg,gﬁ, l.on 10-(1)
was prepared inl‘f& e Sa&@%ﬁ%ﬁéé’f}?&;@p?nzﬂer?g@?ﬁ@g%r@engrlﬁzgl[§ff:h3ﬁpo [ Fééfr? 10 used
in the conparative,ex le 10. w t he, exceptions .of replaging the
trieth noln'].if'f’r{snlé Woll‘ﬁ Ogggie At %@93&0‘3"6‘15‘3?’?'{"?1%33&{%}?‘3&\“%?5 gﬁdﬂpgﬂﬂ]ﬂci ng
the m xed caonponent (B) with a single conponent containing only 5 parts by
wei ght of unity wasiysednyThe weight aneragsinelpadaroneight i dhe thys prepared chmpansait | v,
the variations in the filmthickness of an unexposed filmand an exposed

filmwere (#asasrBd00dsi ng a QCM in the sane nanner as the exanple 14,
yielding a simlar graph of imrersion tinme vs. filmthickness. The graph for

this conparati vgs theasaiponk® (BY, vyseéight dBitrifhenyfsulfokighmor e, when the
maxi nrum 15 increase in the filmthickness wthin 1% seconds of commenci ng
measur emenfoififiorobutanesulfonate was used.
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. Thisis 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



determned in the same manner as the exanple 14, the result was 0.61 nmfor
the wunexposed filmand 1.49 nmfor the exposed film whereas the nmaxi num
decrease in the filmthickness within 10 seconds was O nm for both the
unexposed filmand the exposed film 20 [Exanple 19] A positive resist
conposition 2-(1) was prepared in the s8fe manner as the positive resist

conposition 2 ys | n the exanple 2, th the exceptions of altering. the
conponent ?’B}mﬁ? i%ﬂ‘bﬁéﬂsmtk‘faérleud?n itl\gf?ﬁl%‘?}lpf)? grand .23 amdonthsiexpesed, 5 0

parts by 25 wei ght of triphenylsulfoni um nonafl uorobutanesul fonate, renoving
t he y- but yfilsh,axheyens themaxumun de¢ragse in ¢@ fay thickbessweaithin il 0 sécoadsrivae @ ngol vent

of propyl ene glycol nononethyl ether acetate and ethyl |actate (weight

rati o 6: 4) for buthsthe uaekpoyed filne ahidithe eppewdd €ib@l. posi tive resi st conposition
2-(1) was used to forma resist pattern. 5 First, an organic
anti-reflective filmconposition AR-19 (manufactured by Shipley Co., Ltd.)
was applied to the surface of a silicon wafer using a spinner, and was then
baked d | ed atﬁ ﬁ‘.%lSC fob 60 seconds on a hotplate, thereby form ng an
anti - r et | eCrTURAPHYS )faégpé? 1/\/ith a filmthickness of 82 nm The positive

resi st conposition 2-(1), obtained apove was applied on top of the

anti-reflective APORHYSresipt somposiiorh His(1) wasgprepaced indhe samaympaner amthedri ed on
a hotplate at 115C for 90 seconds, formng a resist layer with a film
t hi ckness pésitd@Oresist enmpaosjionf] Otused imthe comphrative excaniplé b0, withthe exbipgionayer was
selectively irradiated with an ArF excinmer |aser (193 mm) through a mask
pattern, usfepladihgdl® ithoRpiind AithD. NSRS Akightad wictiianar, Ayd replacing
{ the mixed component (B) with a single component containing only 5 parts by weight of
iO 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 nin 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 onium salts used in the example 2 to 5.0 parts by

25  weight of triphenylsulfonium nonafluorobutanesulfonate, removing the y-butyrolactone,



Ni kon Corporation (NA (nunerical aperture) = 0.60, 2/3 annul ar
illumnation). Then, a 15 sinmulated i mersion |ithography treatnent was
conducted by rotating the silicon wafer conprising the exposed resist |ayer
while pure water was dripped onto the surface for a period of 2 mnutes at
23C. A PEB treatnent was then performed8at 115C for 90 seconds, and the

resist layer was then devel oped_.for. 6 econds in an al kali devel opi ng

| Cautd at scsE A Fars Y Sradi of adtixrbisivigt ol BropHlenasBeatmpngmeiay et
aqueous sol ution of tetranethyl anmoni um hydroxi de was used. The resulting
resi st patacetafe audathyl lactate (waighbraiodice pattern of 130 ri mwas i nspected
using a scanning electron mcroscope (SEM, and the sensitivity at that

poi nt  (Eop) wasSubssquedtly,eherthme groddbed pasitivieresistesinposition2ed ) Wapnsed-t61) of
this exanple the Eop value was 18.77 mJ/cn2. This value is X2. Furthernore,
the resi stfopatalsis pygerf a favorabl e shape with no T-top shapes and no
vi si bl e surface roughness. On the other hand, when the resist conposition

2(1) of this exaupls dosapsslrccli i BApb SHPARR CELAERGHR nor o

exposure |ithography process in orenenti’o St mula

I mer sion Ji.thography . treatnen s not perforned, .in other, words,
conduct i ng hlﬁ@ﬂfs@ﬁsﬁ-)w@agﬁﬁ@r fyrbxe g ?ﬁ@wwa%wémgmg@gnaﬁtvﬁat
descri bed above but with the exception of not conducting the simulated

i mrer si on then bakpdagold\driet me2t 5€hfor 69 keroudd orea bétpladg therebylfordihgaiy cn2. Thi s
value is X1. 10 Determning the absolute value fromthe fornmula [(X2/Xl) -

1] x 100 rgaxprifesiv fildlayer with & fm tMERAest BLSZ Al O Tk poli@ive gzt tivity of the
sinmul ated i Mmersion |ithography treatnent relative to the sensitivity for

nqr mal  ex p&ﬁﬁﬁo@itmsz-ﬁ%to‘ﬁ{aﬁﬂéaqli)ové R&s Eﬁﬁféhton"i@ﬁ of the anti-reflective film using a

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.



19.03/18.77, or 1.01. Furthernore, the resist pattern was of a favorable
shape with no T-top shapes and no visible surface roughness. 15 [ Exanpl es
20 to 25] Positive resist conpositions were prepared in the sane manner as
the exanple 19, with the exception of altering the conponent (A to each of
the resins shown in Table 4. 20 Subseq8@&ntly, with the exception of
altering the prebake and PEB tenperatures to the values shown in Tabie 4, a

sensitivity val fertee f%%t&PWESlB?“ 3&#139@@13@3@P51%58P€61“3W357| dpl/cm

|'i thography treatnment, and a sensitivity value Xl obtained w thout

conduct i nghhis Malue isi2.at Euttliemmores therresisttpfatgmapdsyoftarfavdrabla tshaperwitiohe Titoed f or
each exanple in the sane manner as the exanple 19. The absol ute val ue was

t hen det ergkia Hmervidible sefad<o s§.(X2/ XI') - 1] x 100. The results are
shown in Table 4. Furthernore, en 87 the sinulated i mersion |ithography

treatment was Cctgﬁj Het et h@h(?],*l%&*}ﬁ% Pegsg?g%%iﬁéési%{?glf)'l}fﬂ% ei(ﬁﬁ%l@%a%?ed the

resi st pattern shape I n eac a conpar tivel

vl R L AR08 SR B R G LS ©

[formul a at] Exanpl e 20 wei ght average nol ecul ar weight 10,000 115/115 11.87
11.51 3.1 gren'q:ntlpnefl i) amglmmger@ﬁm ) WW@%P“ 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 19.03 mJ/cm?.  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]
E 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

1o 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



Exanpl e 21 wei ght average nol ecul ar wei ght 10,000 90/85 26.25 25.86 1.5 p,
g, r = 40, 40, 20 (nmol% [fornula 29] Exanple 22 wei ght average nol ecul ar
wei ght 10,000 130/130 10.57 10.51 0.6 ©p, q, r = 40, 40, 20 (nmol% [fornula
30] Exanpl e 23 wei ght average nol ecul ar wei ght 10,000 90/80 21.21 21.49 1.3
p, g, r = 40, 40, 20 (ml% [formula 3187 Exanpl e 24 wei ght average nol ecul ar
wei ght 10,000, 95/90,17.54 17.02 3.0 p, q, r = éo, 30, 30 (nmol% [fornula
32] Exanplthe sigujgied O%watmaame&ewwn veted glthoughithere f¥ere some) 36
1.6 p, q, r =50, 30, 20 (nmol% 88 [formula 27] CH3 H2 01 EOCH3 H3 H2
CQ O 0 0 midor variations, the resist pattern shape in each of the examples was of a comparatively

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

5 Table 4

Component (A) polymer

Prebake/
PEB (*C)

X1

Absolute

value

Example 20

[formula 27]
weight average molecular weight 10,000
p, . T = 40, 40, 20 (mol%)

115/115

11.87

11.51

31

Example 21

[formula 28]
weight average molecular weight 10,000
P, 4, r = 40, 40, 20 (mol%s)

90/85

2625

25.86

1.5

Example 22

[formula 29]
weight average molecular weight 10,000
p, 9, r = 40, 40, 20 (mol%)

130/130

10.57

10.51

0.6

Example 23

[formula 30]
weight average molecular weight 10,000
p, q, r = 40, 40, 20 (mol%)

90/80

21.21

21.49

1.3

Example 24

fformula 31)
weight average molecular weight 10,000

p, q, r = 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
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[ Exanpl e 26] A conmponent (A), a conponent (B) and a conmponent (D) descri bed
bel ow were dissolved uniformy in a conponent (C), yielding a positive
resi st conposition. As the conponent (A), 100 parts by weight of a

met hacryl ate copolymer 5 conprising the three structural units shown in the
[formula 33] was used, in which HS CH29¢H2- CH2- C(CF3) 2- OH had been used as
a chain transfer agent to introduce -C(CF3)2-OH groups at the term nals of
t he copol yner. THermmlapBOltions p, g and r of each of the structural units
used in preparing the conmponent (A) were p=40 nmol % g=40 nol % and r=20 nol %
respectively. This copol yner cont?%ned no structural units 10 containing an
anhydri de of a dicarboxylic acid Ad no structural units containing a
phenol i ¢ hydroxyl group. The wei ght average nol ecul ar wei ght of the thus
prepared conponent (AQ @ 5 [forrmula 33] CH3 H2 C 0~ 0 &Q2Hs /
HB H2 0~-C0 00O

/ A0 Ol

e

é? \\

{ r
C/T
Hy |
o o

OH



4 OH As the conmponent (B), 3.7 parts by weight of triphenyl sulfonium 96
nonaf | uor obut anesul fonate and 1.0 parts by weight of triphenyl sul fonium
trifluoronmethanesul fonate were used. As the conponent (C), 900 parts by

wei ght of a m xed sol vent of propylene glycol nononethyl ether acetate and
ethyl lactate (weight ratio 6:4) was us@d. 5 As the conponent (D), 0.8 parts
by weight of tris-2-(2-nmethoxy(ethoxy))ethylam ne was used. Next, using the
t hus obt ai ned pofomwla3itksi st conposition, a resist pattern was forned
First, an organic anti-reflective filmconposition DUV-42 (a brand nanme, 10
manuf actured by Brewer Science Co., Ltd.) was applied to the surface of a
silicon wafer using a spinner, and was then baked and dried at 185C for 60
seconds on a hotplate, thereby fgrm ng an organic anti-reflective filmwth
a filmthi ckness of 65 n e ifive resist composition obtained above
was applied on top of the aggi-reafiettive film using a spinner, and was
then prebaked and dried on a'Rotplate at 125C for 90 seconds, 15 formng a
resist layer with a filn1thii£ﬁ€§§‘eb 350pngL on top of the anti-reflective
film Next, this layer was Selectiveh\y iffadliated with a KrF exciner |aser
(248 nm through a binary mask pattern—gsfng.an exposure apparatus

NSR- S203B (manufactured by N kon Corpofdtion (NA (nunerical aperture) =
0.68, 2/3 annular illumnation). Then, |4 simulajed i mersion |ithography
treatment was conducted by rotating t i
exposed resist |ayer while pure wate CpPed onto the surface for a
period of 2 mnutes at 23C

I —
/

OH



A PEB treatnent was then perfornmed at 110C for 90 seconds, and the resist

| ayer was then devel oped for 60 seconds in an al kali devel oping liquid at
23C. As the alkali developing liquid, a 2.38% by wei ght aqueous sol ution of
t et ranmet hyl ammoni um 97 hydroxi de was used. The resulting resist pattern
with a 1:1 line and space pattern of 15®3ri mwas inspected using a scanning
el ectron nlcrosco e NL and the sensitivity at that point (Eop) was al so
determ ned. 5 Fo[ nmda@ itive resist conposition of this exanple the Eop
value was 33.2 ml/cnR. This value is X2. Furthernore, the resist pattern
was of a favorable shape wth no T:top shapes and no visible surface
roughness. On the other hand, when™e positive resist conposition of this
exanple was wused to forma reS|sv/pattern using a normal exposure

| i t hography process in whi éjuyc Opaforenentloned si mul at ed i nmer si on

|'i thography treatnment was nqt perk d, in other words, conducting the
resist pattern formation usi t same process as that described above but
with the exception of not co 7u}d
treatnment, the value of Eop was 32.1

t he absolute value fromthe fornula [ (X%
of 3.4. Wen the ratio of the sensitivi t helsi nul at ed i mrer si on
lithography treatnent relative to the 9 S|t|V|-y for normal exposure was
determ ned, the result was 33.2/32.1, Furt hernore, the resist
pattern was of a favorable shape wt cﬁfrshapes and no visible
surface roughness. Furthernore, when a contact hole pattern was fornmed in
the sane manner with 20 the exception of replacing the mask with a half
tone nmask, then regardl ess of whether the

he s qplated i mrersi on |ithography

2"5This value is Xl. Determ ning

LI —
7
0—¢
\o
H
O
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simul ated i mersion |ithography treatnent was conducted or not, a hole
resist pattern wth a hole dianmeter of 160 ri mwas fornmed, and the resist
pattern was of a favorable shape with no T -top shapes and no visible
surface roughness. 25 98 [Exanples 27 to 31) In each of the exanples 27 to
31, a positive resist conposition was ppgpared wth a conmposition shown in
Table 5, and with the exception of altering the conditions as shown in
Tabl e 6, ilkxemple2blexposure (the eval uation test 2) was then conducted using
5 the sane nethod as the exanple 4, nanely using a double beaminterference
exposure appar ahgsmpandnt$A), appmpohets (Brand acémipatnbiD)Nekaibedbear aieteon)

that sinul ates pattern exposure light by irradiating a doubl e beam of

i nt er f er engigedivedhinifolnRLan &ngj'ohélm(cﬁ{}ﬁeldﬂgsdpqdﬁﬁia\fegeﬁéircsm ifibn.as the

i mrersi on solvent and an ArF excimer “1"aser “w wavel ength of 193 nm as
the light source he r |t r.e-sh in.Tabke 7. 10,99 Tgble 5 Conponent
(A Component  ( o5 EiS bRl ey RgTRARH B bishf O Rt tatd eopdfieds 5,
tri phenyl sul fopi,um ] nonafl uorobut anesul f gnat.e IIE}kJPGVEA = 4/6 V\ﬁl%ﬂ%ht aver age
mol ecular $SMERRMRS the thyep strycturgl unyis;shawn in the; [formulad3loyasiised ap @sha i ne
wei ght 10, 000 27 4-met hyl phenyl di phenyl sul foni um (2400 parts by (0.3 parts
by wei ght )HS-CH,-CH;-CH;-C(CF3),-OH had been used as a chain transfer agent to introduce
-C(CF3)2-OH groups at the terminals of the copolymer. The proportions p, q and r of
each of the structural units used in preparing the component (A) were p=40 mol%, q=40
L mol% and r=20 mol% respectively. This copolymer contained no structural units
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,



p, q, r =50, 30, 20 (nmolar ratio) trifluoromethanesul fonate weight) (100
parts by weight) (1.0 parts by weight) Resin of [formula 331
tri phenyl sul f oni um nonaf | uor obut anesul f onate EUPGVEA = 4/ 6 wei ght average
nmol ecul ar tris-2-(2-nmethoxy Exanple (3.5 parts by weight) (weight ratio)
wei ght 6,400 (ethoxy))ethylam ne 28 trBphenyl sul fonium (2400 parts by p, q,
r = 40, 40, 20 (nolar ratio) (1.2 parts by weight)
trifluoronet handfemidmdile wei ght) (100 parts by weight) (0.75 parts by
wei ght) Resin of [fornula 21] EUPGVEA= 4(6 Exanpl e wei ght average nol ecul ar
tri phenyl sul foni um (weight ratio) trapctylam ne 29 weight 10,000
nonaf | uor obut anesul fonate (2400 partgS3py (1.42 parts by p, q, r= 50, 30, 20
(molar ratio) (10 parts by weight) ight) weight) (100 parts by weight)
Resin of [formula 34] EUPGNEAfﬁ,4f npl e wei ght average nol ecul ar
tri phenyl sul foni um (wei ght ra go) /i s- 2- (2-met hoxy 30 wei ght 8, 900
nonaf | uor obut anesut f onate (240 igchE\by (et hoxy)) et hyl am ne

0

CoHs

OH

As the component (B), 3.7 parts by weight of triphenyisulfonium



p, q, r = 40, 40, 20 (nolar ratio) (7 parts by weight) weight) (1.0 parts by
wei ght) (100 parts by weight) Resin of [formula 34] EUPGVEA = 4/6 Exanple
wei ght average nol ecul ar triphenyl sul fonium (weight ratio) tris-2-(2-methoxy
31 wei ght 14,000 nonafl uor obut anesul fonate (2400 parts by
(ethoxy))ethylamine p, gq, r =50, 30, ®8 (rmolar ratio) (7 parts by weight)
weight) (1.0 parts by weight) 100 parts b ht) 100 Table 6 Organic
Ant i - r ef | esenafisobytanesuliopaterand (hmrtS-hyefwle%ttqf\mghmmv}f@mm ion film PAB PEB
Devel oping filmconditions thickness Exanple 8 inch silicon ARC29 (film
205C 60 setriflubtd@ineth&@salforfato®ereis8®8%TMAI -1 27 waf er thickness 77 nm) 90
sec. 90 sec. (23C/60 sec.) Exanple 8 inch silicon ARC29 (film 205C/ 60 sec.

110nm 125C  115CAs the3R t4€) Vgf0sarts ibi %"Qﬁ%fi?mﬂéﬁ S&Oe:ﬁef:pmsgleﬁec
(23C160 sec.) Exanple inch silicon A (film9ooCd 115C 8% VAH

Examplo 5 FXe o cgﬁﬂﬁiﬁ%é%t%@'aﬁﬁ%8%@%&@@6@%%’6 ¥pEE o > 0
“nch Si3 1 con ARCHS UG GOMTAOERDIP-SERrt B BRRLB0G 115G/ 2. 38TVAH 31 whier
t hi ckness 77 n 90 sec. 90 sec. (23C/60 sec.)
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



Tabl e 7 Exanpl e Exanpl e Exanpl e Exanpl e Exanple 27 28 29 30 31 Sol vent

Wat er Water Water Water Water Target line width (resolution nm 55 55 55 55
55 Target pitch (nm 110 110 110 110 110 Line width of obtained pattern
(resolution nm 47.9 54.5 56.7 71.8 56 Pitch of obtained pattern (nnm 109.5
111.5 110.8 111.6 108.7 LER (line edge9youghness) 3.6 3.1 2.4 5.4 3.8
Exposure dose (mJ/cm 3.2 6.4 3.2 3.2 3.2 5 As is evident fromthe results
shown i n Thdrexide wakused hese resi st conpositions were applied to i mrersion
l'i thography, it was clear that resolution was possible dowmn to |ine wdths

of appr oxi mat el yTtebresultingrdisppitenesiithfa BP fihe XadEiace patietd) oN D50 hmirvwdser nor e,
the resist pattern shapes al so di splayed good | evels of rectangularity, and

the LER V"aiﬁspe%{eﬁ%sflﬁvéjicﬁﬁﬁiﬁ% eljegtréipﬁlicr[)@ég@@kmi?ahd% %sﬁibﬁy ‘éf@tg%tﬁéoint

conposi tion ‘'of the exanple ut wth the excéption of not ng the

anti-reflective film resikst filmwith a filmthi ckness of 150 ri m was
for med in@"ﬁg"‘@% Oﬁﬁﬁﬁgﬁ%g@ the exanple 1. Wth this resist film

conpletely inrersed in 5 water, a sinple _exposur ppar at ys VUVES4500
(manuf &ct ured b qzitb%aomwe@atpc&mpoe&wa@fmwﬁ&&em% Wet 12 m open

frane exposure (exposure without a mask) with anArF exciner |aser (193 nm.
A PEB t r eamdfent. whbistviale ipE2f o Fusthermore theotesistpastent 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 valueof 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, or 1.03. Furthermore, the resist pattern was of a favorable shape with no
T-top shapes and no visible surface roughness.
Furthermore, when a contact hole pattern was formed in the same manner with
20 the exception of replacing the mask with a half tone 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



115C for 90 seconds, and the resist |layer was then devel oped for 60 seconds
in an al kali developing liquid at 23C. As the alkali developing liquid, a
2.38% by wei ght aqueous 10 sol ution of tetramethyl anmoni um hydr oxi de was
used. The sensitivity was 4.5 mJ/cnR, and the sections exposed by the |ight
were conpletely renoved. [Conparative E®8nple 10] Wth the exception of not
imrersing the resist filmin water, the sanme nethod as 15 the exanple 32
was used tExaomples27tosilgt film expose the film conduct PEB treatnment, and
then develop the resist. The sensitivity was 4.5 mJ/cnZ, and the sections
exposed by the In@bh ofheexamples @Uad §1 repasitha. resistaonipogition sk pepafedt he
exanpl e 32 and the conparative exanple 10 it was evident that the exposure

Wi th the It coniBEefidhdhiin 1T ae 5 ittt RxBehidRio blcthetthé bEAGAGR%S oM

t he normal expos Accordingly, 1t can be expected that 'even when an

actual i [Sion osuyre rat iS5 US .t he resjst, shoul.d neot .be

affect ed bYPRLE Tebies e PG bihoptire (hexvioationtest s theh hmalieed hyine
conmponent ﬁy%) and a conponent (D) described bel pw were 102 dissol ved

uni form y s sameamgihorbas the example 4, pamely ysigg & double heawy IBterigRER  FRASWE. As t he
conponent (A), 100 parts by weight of a methacrylate copol ynmer conprising

t he three sppanatisi(atestiapparstus manmfdotired\by NikdneCrporatioh pthavsimulates pattetn The
proportions p, g and r of each of the structural units used in preparing the
conponent  &¥poshreiRihe b fif4idtiig’4 doibi bdan] S@iﬁﬁerefeaaaligmlt%w%ﬁa%unym/- Thi s
copol yner contained no structural units containing an anhydride of a

di car boxyl | 4 ] b Q8 { ¢ hydroxyl
hlso : gpu?c”s%t@f)assthfe g@m%gsfdn V\%%e%lfa%c?é}?%g’ %@eﬂa@%ﬂ{ d

group. The wei average no

wavelength of 193 nm as the light source. The results are shown in Table 7.

10



prepared conponent (A) was 8, 900.
10 O As the component (B),

OH

et hyl

and suffici

15 gononet hyl
ent quantity was

[formula 34] Pqgr
5.0 parts by weight of triphenyl sulfonium
nonaf | uor obut anesul fonate was used. As the conponent (D),
wei ght of triethanol am ne was used. As the conmponent (O,
| act ate and propyl ene gl ycol
ratio 4:6) was used,
solid fraction chehtrati on of 4.3% by wei ght.
obt ai ned positive resist conposition,

Next ,
a pattern fornmation

00O
0.

0<:----

3 parts by

00O

a m xed sol vent of

et her acetate and (wei ght
added to generate a resist

usi ng
t

t he t hus
hat

I ncor por at ed

a sinmulated i r si clmpondnhidyr aphy tr eedmpomndt (Bhas pdr Cowpamat (€)n| t Cupporga (™
manner as 1 le_exceptions of alltering thel prebake (PAB)
to 90 103 secor]{(glszf,1 @ffon:,l,,gpz(ﬁ and gihepisioguT he PEB tlo 90 seconds at 110C. [The
resultingjresisf glR vvi g ndhaflhorbhiutasulfypele s padEL/PAMEART 46 of 130 ri m was
. . wgl avell',aﬁf mr?lec ar . d c L
| nspect ed Hfainplg lp‘)stclza eI eqgt r ona. A HSERHe (S EMght ra@igd t @unssRehd | Vi|ty
at that poin, (|26 W8 aI so detler m ned. NG kE g,?nyézt M}??slgop \\@ e Was.ngd- 3
Idiph ul (s 4 A b
ml/ cnZ. Thi s valpugr+ 5, 3K20 (ol dathbgr MO ,J"p Mg lt} 70 a ghg)
favor abl e {shape| Wi {15 s }{h&%ﬁ' e qu%@“FSHf?%ess X he other hand, when
the resistf conposition o i's gxanpk-epately weighd t Q forma riesi st pattenn
using a ngrmal ExXposur e I11Nnogr driphenybultai@ms | N wWhi[ch T ne
Resin of [formula 33]
. nonafluorobutanesulfonate EL/PGMEA = 4/6
weight average molecular tris-2-(2-methoxy
Example| (3.5 parts by weight) (weight ratio}
weight 6,400 . . (cthoxy))ethylamine
23 triphenylsulfonium (2400 parts by
p: g, r =40, 40, 20 (molar ratio}{ (1.2 parts by weight)
. trifluoromethanesulfonate weight)
(100 parts by weight) .
(0.75 parts by weight)
Resin of [formula 21]
EL/PGMEA = 4/6
weight average molecular triphenylsuifonium trioctylamine
Example (weight ratio)
weight 10,000 nonafluorobutanesuifonate (1.42 parts by
29 (2400 parts by
P, 9, =50, 30, 20 (molar ratio} (10 parts by weight) ieht) weight)
wei
(100 parts by weight)
Resin of [formula 34]
EL/PGMEA = 4/6
weight average molecular triphenylsuifonivm i tris-2-(2-methoxy
Example {weight ratio)
weight 8,900 nonafluorobutanesulfonate {ethoxy))ethylamine
30 (2400 parts by
P, g, T = 40, 40, 20 (molar ratio} (7 parts by weight} ight) (1.0 parts by weight)
W¢El
(100 parts by weight)
Resin of [formula 34}
EL/PGMEA = 4/6
weight average molecular triphenylsulfonium . tris-2-(2-methoxy
Example {weight ratio)
weight 14,000 nonafluorobutanesulfonate (ethoxy))ethylamine
31 (2400 parts by
P, q, r =50, 30, 20 (molar ratio) {7 parts by weight) ight) {1.0 parts by weight)
wei

(100 parts by weight)




af orenmenti oned sinmul ated i mrersion |ithography treatnent was not perforned,

i n ot her

wor ds,

conducting the resist pattern formati on using the sane

process as that described 10 above but with the exception of not conducting
t he value of Eop was 14.7

the sinulated i nmersion |ithography
ml/cn2. This value is X1. Determ ning tH® absolute value fromthe formula
1] x 100 revealed a value of 4.0. Wien the ratio of the

sensitivity of tFl&bnul ated i mersion l'i t hogr aphy

[(X2/ X 1)

treat nent,

treat

ment

relative to

the sensitivity for nornal exposure was determ ned, the result was 15
15.3/14.7) or 1. 04. Fur[Chkeriqror e, |Ahterefleetize gResiat ttern was jof a fayorabl e shppe
with no T-top shepes Jad-&ecivd Si|bindormitiot ase royghness. ([ Regere C@e\El\Sﬁﬁ’Qiﬂ e
] Using qguarjt z subst e W thng.anpli eg{ic]:ngéi st conpagsition,
measur enent 20 u_si ng- ACM was conduct ed | he dane nmanner as thaf descri ped
in the exafpgmee|inch S'EFP'?%I AR Emgriag C{GFC _ ﬁ?)nm [[Re¥2&€Fende BXShpl &38% TMATNG
sol uti ons|gexergat e’dfeby dhiﬂts«sdwmlg sanpl es |of poI ys&towcene' aaodecx-tPuzm/eozac)
net hacr yl #EELpE ﬂnci?&ﬁ:c\f M ARCIE@RDT [ETET S UsT Ty QEM 8seE Unﬁ'gng el if3§n/°TM§}{b me
manner 104 s t hat t%l be , tW&Caxanpl 8odd | yi el di ng a.gr aph, (Fl G 10 :
There was [liftlk v‘?F"’T at ﬂm"issn f"f‘)l m t hi ckness a |r e¥itt \M‘ll Ohel| & <@
the findi ﬁgslplgf itch glicpr je SARERY (filmyv gn %?i '@él’ F{IS) tthesresullt sigft/ alf [2.38% TMAH
exanpl es andkyconpa.at i vah.&x@mah@s 2 PTef)e %c Vegg sichat i@,secf rorajo&)@sgcgt Al
Of t he eVuEuatll gm 'Ir'lgcf ol anrl 1 -t D\Ll rlnl t + lctaf + n/l( e 3B|y
i nventi on | STBkL ‘“"m%Y“’“ sl ngdﬂa{ |mr65§egr 1o hdaagr 3 m lfg eror g
enbodi nents ¥f thé”afehver’fk'?kmﬁsﬂa’w been descri beq affdee- 905°° (23°C/60530-J
Example | 8 inch silicon| ARC29 (film 100°C/ 115°C/ 2.38% TMAH
205°C/60 sec. | 110 nm
31 wafer thickness 77 nm) 90 sec. 90 sec. (23°C/60 sec.)
Table 7
Example | Example | Example | Example | Example
27 28 29 30 31
Solvent Water Water Water Water Water
Target line width (resolution nm) 55 55 55 55 55
Target pitch (nm) 110 110 110 110 110
Line width of obtained pattern (resolution nm}) 47.9 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 3.1 2.4 54 38
Exposure dose (mJ/cm’) 32 6.4 32 32 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.



10 illustrated above, it should be understood that these are exenplary of
the invention and are not to be considered as |imting. Additions,

om ssions, substitutions, and other nodifications can be nmade w t hout
departing fromthe spirit or scope of the present invention. Accordingly,
the invention is not to be considered allbeing limted by the foregoing
description, and is only limted by the scope of the appended clains. 15

| NDUSTRI AL[Bxapiple 38| LI TY The present invention provides a resist conposition
which is stable against solvents used in imersion |ithography steps, and
excel | ent in senWUking vhe i¢sistnsbnipesitioh of ftdxampledl, blut with theekception ofasta resi st
pattern formati on nmethod using the above resist 20 conposition. 105 CLAINMS

1. A posi tfotmidgmb ahti $ONRATE HlR h KSREGIMwith 268 iSth; dkabdsrN 50 AhTREd RPmBRt hod
that conprises an | nersion exposure step, conprising: a resin conponent

i eplaye 1 gk peg i BB £, FindpS I s RTpeg) RReediR 0 210 o
Caphbl & of Vel Sopa AP RERBBRSL Y KA DL G R AR TecbyaP e oi

said conmponent (A) contains a structural unit (al) derived froma

( met h) acr yCatperaipng was vsedap perfgrmanpercirame dxposors (akposuredividlsmit amask) withi bi ti ng
group, and a structural unit containing a polycyclic group (a4) which

di ffers framihexdimetlasdrg$9Thmhl eA PEBSHaktntofasithét pirformgd ohaptplatetabe  (al )
units, a (a2) unit derived froma (nmeth)acrylate ester containing a | actone

unit and ay; 4o, g is%}coﬂ&i |2} thel e Q50 18y e Fols RAACHV L RPED Fot'60'se Mt M Afar?
pol ycyclic group wth an

! developing liquid at 23°C.  As the alkali developing liquid, a 2.38% by weight agueous
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 then develop the resist. The sensitivity was 4.5 mJ/cm’, and the secﬁops 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



al cohol i ¢ hydroxyl group, but contains no 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. 2. A positive
resi st conposition according to claiml, which is used in a resist pattern
formati on nethod, wherein in said i mrers)pn exposure step, a region between
a resist layer formed fromsaid resist conposition and a lens at a

| oner nost  gissolvedunifmmleinreampongptid ayieldingsa positiedresist domposisionent  whi ch has
a refractive index which is larger than a refractive index of air but

smal l er than a rAftecéonv@nemd@y, D) patis byrves gisttoflaayethacrflateAopolyiner ve resi st
conposition according to claim1l, wherein said conponent (A) conprises said

struct ural céipfisih@ihe thedisfudthfal Ghitd showrHelow ffithe [ﬁ)‘i‘ﬂu&m%w&@ THit (a2)
derived froma (neth)acrylate ester containing a lactone unit, but contains

Qﬁeiii X ?2%@8{‘.‘033)%;5%? ??f%?h:okﬁi%sf’éﬁé@%‘ Pﬁ@?ﬁ?ﬂ%ﬂ iﬁ; et dio?f%g&%@h T2
it hi [ A 60 % , |, 30
ol % 1 0F (81 B TP O TR MAET-o0 At Emechae b S ERBSLYDE CuAiBed uni 1<

constituting the conponent (A). 5. A positive resist conposition according
to cl ai m 3nownaetaiahurits epniainipg ae athydayde of adidachoxyliepeidsand no structuealamits  uni t
(a3) derived froma (nmeth)acrylate ester containing a polycyclic group with

an al cohol centhinitigaxpiengliohypdroRyl glowns iThieweeigliRtsiveiage aiadamldr vaight of thedhiyg t 0
claim5, wherein respective quantities of said structural units (al) to

(a4) wi thi Bre?ﬁieﬂc‘éﬁiﬁ@ﬁ&ﬁghg@ﬁis,@b@from 20 to 60 mot% for (a 1), from1l to

30 nol % for (a4), from?2 o 60 nol % for (a2), and fromb5 to 50 nol % for
(ag). [formula 34]

10 0/ ° @OH

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 monomethyl 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



7. A positive resist conposition according to claimb5, wherein respective
quantities of said structural units (al) to (a4) within said conponent (A)
are from25 to 50 mol % for (al), from25 to 50 nmol % for (a2), from10 to 30
mol % for (a3), and from3 to 25 nmol % for (a4). 8. A positive resist

conposi tion according to claim1, whereil®B said conponent (A) conprises both
structural units derived fromnethacrylate esters and structural units

deri ved f r sevonds atl 1Q0C catlalterin®the PER i 4 seeondssit 41 0D npliw resudtingiesistr di ng t o
claim1l, further conprising a nitrogen containing organic conpound (D). 10.

A resist CRARS withQ : 2368 afld SShck Pattéraiol 20 nihWicinspefiddisi@ a/RAAniHgI ch has a
refractive index which is larger than a refractive index of air but smaller

than a ref (AGkhY iorlbQBX (M3 Al e SnShivisAethal SoilESE) whdalsdaliBHRGh ©f

formng a resist p nYusi g a resist compositiiron according to any one of

claiml through ¢Jaim 10, whic onpri,ses.,an i nmersj on, exposure, step. 12. A
et hod of | 0% ReHiR Bopsbie W T5f ROREEs, Ghitgy A P Pttt aheresht s o
107 i mmrersion exposure step, followi ng formation of a resist |ayer

conpr i s¥ ngpatiara was of 8 favosahlpshape iwith noavigiblyl synfapetongbressai d resi st | ayer and
a lens at a | owernost point of an exposure apparatus is filled with a

sol vent whi ch ha®nahe etherleindy evhem thexesidticompositiba b this exanpgpie was afedact i ve

i ndex of air but smaller than a refractive index of said resist |ayer.
form a restst pattern using a normal exposure lithography process in which the
aforementioned simulated immersion lithography treatment was not performed, in other

f words, conducting the resist pattern formation using the same process as that described
10  above but with the exception of not conducting the simulated immersion lithography
treatment, the value of Eop was 14.7 mJ/em®.  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
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as that described in the example 14, yielding a graph (FIG. 10).

There was little variation in film thickness, a result which helps confirm the

findings of the present invention.

From the results of all of the examples and comparative examples described
above, that is, from the total of the evaluation tests 1, 2 and 3, it is evident that the

present invention is extremely suited to immersion lithography.

While preferred embodiments of the invention have been described and
illustrated 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.

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

composition.
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CLAIMS

1. A positive resist composition used in a resist pattern formation method that
comprises 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, and a structural unit containing a polycyclic
group (a4) which differs from the acid dissociable, dissolution inhibiting group of the
(al) units, a (a2) unit derived from a (meth)acrylate ester containing a lactone unit and a
(a3) unit derived from a (meth)acrylate ester containing a polycyclic group with an
alcoholic hydroxyl group, but contains no 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.

2. A positive resist composition according to claim 1, 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.

3. A positive resist composition according to claim 1, wherein said component (A)
comprises said structural unit (al), said structural unit (a4), and a structural unit (a2)
derived from a (meth)acrylate ester containing a lactone unit, but contains no said units
(a0).

4. A positive resist composition according to claim 3, wherein respective quantities
of said structural units (al), (a4) and (a2) within said component (A) are from 20 to 60
mol% for (al), from 1 to 30 mol% for (ad) and from 20 to 60 mol% for (a2) based on the
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total units constituting the component (A).

5. A positive resist composition according to claim 3, wherein said component (A)
further comprises a structural unit (a3) derived from a (meth)acrylate ester containing a

polycyclic group with an alcoholic hydroxyl group.

6. A positive resist composition according to claim 5, wherein respective quantities
of said structural units (al) to (a4) within said component (A) are from 20 to 60 mol% for
(al), from 1 to 30 mol% for (a4), from 20 to 60 mol% for (a2}, and from 5 to 50 mol%
for (a3).

7. A positive resist composition according to claim 5, 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 to 25 mol%
for (a4).

8. A positive resist composition according to claim 1, wherein said component (A)
comprises both structural units derived from methacrylate esters and structural units

derived from acrylate esters.

9. A positive resist composition according to claim 1, further comprising a nitrogen

containing organic compound (D).
10. A resist composition according to claim 2, 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.

11. A method of forming a resist pattern using a resist composition according to any

one of claim 1 through claim 10, which comprises an immersion exposure step.

12. A method of forming a resist pattern according to claim 11, wherein in said
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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.





