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1 DESCRI PTI ON RESI ST MATERI AL FOR LI QUI D | MVERSI ON

LI THOGRAPHY PROCESS AND METHOD FOR FORM NG RESI ST

PATTERN USI NG THE RESI ST MATERI AL 5 TECHNI CAL FI ELD

The present invention relates t0 a resist materia

which 1is preferable for obtaining a resist filmused

for aliquid imrersion |ithography process, in

particular, the liquid 10 i mrersion |ithography

process in which a resol uPESRRIETIRY resist pattern

i s enhanced by exposing the resist filmto light wth

an intervening liquid with a predeterm ned thickness

WRES ESTreATER LAY eFOR dexkQl BD hiMgIER S IGM T 1 THOGRAPHY rPRITESS AND
lower than that _of the resist filmon at |east the

r¥ETEPDt FPR FRRYIPGt RESE SThEATTERN: NodhiGp Y FeXfosinle MATERIAL
light reaching the resist film and a nethod for

formng a resist pattern using the resist material .-
BRERIBROUAD RRELDi t hogr aphi ¢ net hods are frequently

used foyg, 20 manufacturing fine.structures in_yarious. :

el ect r o€ RF&ACHs lné’&é’ﬁq—&& §8&F%8ﬁd%%taoi‘eEé#c%%t%’ﬁjdal which
| igupdeceysbak €eyi 6BEainfbg B ¢eafighr ifgaki QR eds A& liquid
required for resist patterns in |I|tho%paph|c L
ptBBessésnal bhfour BRhYhBTATCEF6 aBhi PALILaFUGRY rddliiecd 1quid

S . I 1.t L.S:possi:hle .t g _f.arm.t.
LB, PR Bt RO MRiaTh o Shaut o5 of the
nrebys t et i d frod sagiih anoed od exipp stiiney thstresdvean€édm to 1ight

are and a finer ttern formation will _be requiyed

i W?]hémr bPE?EVeT—*nggéﬁﬂﬂﬁ i"’%ﬁgarfb PE§IRSEATIOER ‘éh%?{ﬂ%?ss whose
pRbEeRBtiban Hikbx 3¢ AMyhdevel apenlc oF AN @XROSHLEr than that
apparatus and a resist accepted by the apparatus is

the the slegicimél lnon et eepodutbeappatatusilm in a path of the
SPOLEERLN0N 9T o BpBRUELCRILROT Akl HY AQUTEE: 1 HiAR, and a

method for forming a resist pattern using the resist material.

BACKGROUND ART

Lithographic methods are frequently used for
manufacturing fine structures in various electronic devices
such as semiconductor devices and liquid crystal devices, and
microfabrication is also required for resist patterns in

lithographic processes along with the microfabrication of

. device structures.

Currently, it is possible to form the fine resist pattern
having a line width of about 90 nm by the lithographic method
in the most advanced area, and a finer pattern formation will
be required in the future.

For accomplishing to form such a finer pattern than 90
nm, development of an exposure apparatus and a resist accepted
by the apparatus is the first point. In the exposure apparatus,
shortening of a wavelength of a 1light source such as F; laser,

EUV (extreme ultraviolet radiation), electron ray and X-ray,
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EWV (extrenme ultraviolet radiation), electron ray and

X-ray, 2 and increase of nunerical aperture (NA) in a

| ens are conmon devel opnental points. However, the
shorteni ng of the wavel ength of, the |ight source

requi res an expensi ve new apparatus. In the increase

5 of the nunerical aperture, there is a problemthat

even when the resolution is increased, a focal depth
randeinsrdeceecatenumbértaaseaphetuesolNi} oin amdle¢he are common

fqcal ,depth range.are in trade-off relationship.
Rgggﬁ%9§geatﬁitﬁ86ngﬁrled a liquid immersion
| i t hographéder 10thet flog hasiRGEHSE rERO e BSn@th of the light

l'i t hographi c_technol ogy which enables to solve such
PFOBFEABL EEUELSS NoR - PAPERF 1 PBchfEnebPRaFatusyacln gdie increase

potunen e a C A AR pdr s 'SR Bt £hag even when
208&] resdbut pah et iPeoewsdd,3 o Bboadedepyh oing®lEs decreased

Vol . 4691: 459-465, 15 2002]). This thod al | ows ]
PBRFRHER [AEeresPlUtLPHURRT ther ZOCRYe I8 g uALe 1o

(LprBEsher Lhadikdlnsuep.as fluorine-based inert
l'iquid having a predeterm ned thickness to intervene

on at |Rese¢nhlyesi Bethotdmaldiatean iguishsmaadsige 1ithographic
resist filmon a substrate _at the_ _exposure. |.n thi .
TEEhBhe oY BRsl, PBREERE" sR ' 23 sRRRRRRN o se it ogy which
CenyBNEE AR kbY veOSEt b HNLrNeEt g ANSIahh Ben@iDocRent 1 [J.
nitrogen is replaced with a liquid_such as purified

waeer WhdseTEENPALt | Be ﬂﬂd@ﬁ=@§%6r§3oﬁaré@ﬁ9]r Non-patent

T. , »eyen n [ ource 1w th .t Y
SDEEERERE, 2 NPT MED SO SFtHIP IS 19 (d) {26, 2001),
agconphtshedasumeht Hd Privedeadalgsdefit BEIBAGeL | StGfdt: 459-465,

d ed as is the. c with the use of the light .

S ELT o (HESh T GO VR P ER GO DL ERCHT RS G ( AR gHAC
NAerthcBu6l ankkQUindal TREN$ABrkibROGHARAY)T Suksets

the resist pattern which is excellent in high
résapuinenbanddf beart depgpid having a predetermined thickness

to intervene on at least a resist film between a lens and the
resist film on a substrate at the exposure. In this method,
exposure light path space which has been conventionally
occupied by inert gas such as air and nitrogen is replaced with
a liquid such as purified water whose refractive index (n) is
larger. Therefore, even when the light source with the same '
exposure wavelength is used, the high resolution is
accomplished as well as the focal depth range is not decreased
as is the case with the use of the light source with shorter
wavelength or the lens with high NA.

If sucha liquid immersion lithography is used, the resist
pattern which is excellent in high resolution and focal depth
may be formedwith low cost using the lens mounted in the existing
apparatus. Thus, the liquid immersion lithography is now

remarkably noticed.
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30 maybe fornmed with | ow cost using the | ens nounted
in the existing apparatus. Thus, the liquid inmersion
l'ithography is now renmarkably noticed. 3 DI SCLOSURE
OF INVENTION In the aforenenti%ned [iquid inmrersion
l'i thography process, inert water such as purified
wat er and dei oni zed water, and perfl uoroether have
been proposed as the inmmersion liquid 5 used, and the
i REECLRAUBE @Eslgyﬁﬁﬁﬂ@@ to be pronmising in ternms of
cost an h .However.. a resist fi
vadedir b heEP RFBFOESROE Raar B dc SRR ke ddthparanhy
f pkaressdiineotd yateenhagt ad pMrtilt tdibwhBBer&idaclibgizdd water,
at the exposure. Therefore, in order to ut t he

aPBfchent + ¢ ?éfaehléarmw%é?%ﬂihw%@%ﬁég heoippersion liquid
PLach! caly Y3 %Har'tsw CPIRA dpblakbavt %éaﬁ'i:%ﬁi'igiﬁﬁggﬁn terms

materi a capabl e of orn1ng a esi st avi ng
reflscbancmcﬂoeam handﬂarrsg.ongw@med, EhEepﬁ.ESeﬁilm is invaded

nti on has been_nmde in the I| t of t
PYchher IHBEEsaRE LLarehiesast Lo Se 1ot dtib ¢ gtirectly

15&%9&@@ @E}?Qﬁblﬁﬁnéﬁs‘—‘i&{ 178LeH & tWRi &pobSure. Therefore,
suitabl'y used for the liquid innersion |ithography

pi-bowste wicchuf sthaha fisaemen triteamchphivel 1 ebabepRYC earhnology
a nmet hod, f or forn1n A resi st tte S|ng t hi
BT V" FELl S THarar 18170 BN dve PERS b Bt ;o 5t material

negghbve ¢eddximitas ar rablfserf:almZ&x}nogjhdgihnnfessg@ance to the
l'i t hography process of the present invention is
chargEeépPnzédatadeonprising a resin conponent and a

crossli r e | onen n
sai d c?llgg | n%?gc%ﬁn%%ﬁ%ﬁwi%gb%r yﬁlglo g eEP% glght of the

| egaid tmneumsbanceedbumliZSiEhanneth@¢tf@ﬁ”mmanunyantlon to
resi st pattern of the ﬂﬁient i.n [ .S a

. t hod
{BFOP bR AP SIH O £ ST MR ESSAg HPLCGuIS SRhh@PLY gfFed for
| thhogt aphy RHAEEES cEONMRRKhSWRALhY' Piradedls A% d@s the new

lithographic technology, and a method for forming a resist
pattern using this negative resist material.

To achieve the object, a negative resist material for a
liquid immersion lithography process of the present invention
is characterized in comprising a resin component and a
crosslinker component for this resin component and said
crosslinker component is poorly soluble in a liguid immersion
medium.

The method for forming a resist pattern of the present
invention is amethod for forming a resist patternusing a liquid
immersion lithography process comprising forming at least a
photoresist film on a substrate using the resist material;
directly arranging an immersion liquid on said substrate on
which said resist film has been laminated; irradiating
predetermined pattern light onto said resist film through said
immersion liquid and if necessary giving a baking treatment:

removing said immersion liquid from the resist film after said
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photoresist filmon a substrate using the resist
material; directly arranging an imersion |liquid on
sai d substrate on 30 which said resist filmhas been
| am nated; irradiating predetgrnined pattern |ight

onto said resist filmthrough said imersion liquid

and if necessary giving a baking treatnent; renoving

said imrersion liquid fromthe resist filmafter said
4irreddaatipon; aadddeewébQQMmgthhenﬁaﬁsﬁ Fij Yoo fycgmwhich said
whi ch_sai d n uid has reno

obPEPRSERE HHETLE H5h perl L4ue b PRk S TR ik Fnisppattern.
is prefenabhe dup@nhanaatim, rﬁsabupr@me@&bmeweesmls&nce the
pattern by exposing a resist filmto 5 l'ight with_an

i n@épaf@ﬁpﬁg Pfqthel KRtisth patddetre by REQOBHNGkAeEgsist film to

'E’l'?gl%‘t r?tér%\?(%ﬁlﬂg l@q_%{l%h#@ﬁ”ﬁ ﬁP?&Fegrﬁiﬁ aqﬂuckness

esli mon a east e
reﬁbsé ﬁefzﬂacttmm Patdex Df Hilphdr thagr‘ﬂpshsl ofXpbs wrel lower than

¢
| EBEk § e et Fhln rbaimiess b ADENEERi St bt }Beln @ path

ao@remed l&@ho%%%bﬂ?t 'e&@:o%‘ﬁ%le' Rlighld QM itMe tHeeSedist film.
filmused for "th iquid i mrersion |ithography process

as fol |'énsn thd pheSﬁegaunventegnswaﬁam@ﬂﬁalt@aﬂnﬂa§ent

net hod, f or mng _the resist patter u5|n
b seer R VT arerheRape S04 SAP S tibatien of the
apakystsriesubdsd fir that 1iguidnimndesidn Bﬂﬂhé@f@phy process
performance of the resist, pattern formation

th
| puf L doner singhthe e Biors re.ﬂlS.%maEeﬁéﬁae%% thieapethod for
foPkgwﬂﬁgﬁ?ﬁQré@l@'ﬁd ﬁHEE%ﬁ' &8 ncﬁoc %eﬂhgfa¥l%ere51st material

ree nce of an
optreakvaystépr bﬁsbdeohlquedammﬁgﬁ&momdauﬂmgxaphy

nmet hod, ﬁ #) an |nfluenc 20 f the r SISt f|| ﬂ% +
the | mBreFoh®1 i quioF s O(F"’FL§L‘1 < BFF PEPPBREO?P e resis
rgatebrhi EArRYCIBR lbW'?lﬁé'Pfqﬁi&LﬂrﬂnefQIoﬁ hPlthography, it is

performance of the optical system (i) for exanple
asonsiderddnth#¥ orh dssuaragsanhta ﬁh’(ftfdgié@tt tgeidentify the

Pkgi?og‘aﬁgn Wat :éggﬁgg : SHLr f 8h& Je%l’foq:npg}%eog'faaqpobﬁlcal system

I Mmer s
by the liquid immersion lithography method, (ii} an influence

from the resist film on the immersion liguid, and (iii) an
alteration of the resist film by the immersion liquid.

For the performance of the optical system (i), for example,
as is evident from assuming that a photosensitive plate with
waterproof surface for a photograph is immersed in water and
pattern light is irradiated to the surface, it is no doubt in
principle that there is no problem if there is no light
propagation loss such as reflection in a water surface and an
interface between the water and the surface of the
photosensitive plate. In this case, the light propagation loss
is easily solved by correcting an incident angle of the exposure
light. Therefore, whether an exposed subject is the resist film
or the photosensitive plate for photograph or an image formation

screen, if they are inert for the immersion ligquid, i.e., if
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25 pattern light is irradiated to the surface, it is
no doubt in principle that there is no problemif
there is no light propagation |oss such as reflection
in a water surface and an interface between the water
and the surface of the photosensitive plate. In this
case, the |ight propagation |loss 30 is easily sol ved

bg correcting an incident angle of the exposure
Bhy. amhercdt s éecimetiierthen lepgssagnsibfresd and deenot affect

ﬁ' Stm{ellhﬂon(? ﬁ.l‘éqﬁ?tdphoé %%%nk?é tcjo\ﬁ% ﬂae%le% £R%t trhoeg;hgpge occurs

ograp screen,
[ Dﬁrtthé @le riflee-miamioRr Slfdfhé Io@ltlld:,aJJ sgstenfl Orhidweyfere, it is not
not affected by the imersion liquid and do_not affect
t RBCPATBFYi 6R PREEPI™ Pt NEHn SO LIS Fe08d tHat ARt -

change gg Ufrﬁ;lxhéhéé‘%f%hfeofgﬁ.‘%% £f14 e, eRk! ﬁfhgersmn liquid

system Therefore I's not necessary to performa
néwd &xgrerd nenta bly timidd qadierst thet Theompbheaticen dfne hesist film

resist filmon the | on.liqguid i ecifica

i dheea TREroul Gt ni i B8 Paehbe’ BB FLAEL Ve index
dbssehy ad Qtitd | N Tkhes | t1rw ot Deghpasy tden tt efitdchitVBeed of an
index of the liquid. It is theoretically evident

mﬁ%‘ﬁ@@ﬁ-mﬁéédtbﬁt drhe eRferaate me sodatt iome o§ppaERRTN exposure is
ag{ehoi‘foé Qaféﬁ{%t%f’@%ﬁcgei %flc%h%h"i‘g%ﬁ%ﬁl' Ets QEanged on

Fve |n I S chan
pbhmb,potnts $ufﬁscsaﬁfltdemdem0'mﬁdwuiﬂyunnyaaﬁaﬂduaof the

I per sion | QUId conposi tion or t an e of t

r efREEPHPB n‘-ﬂHéQ By PRSI HE SBoPht ‘ﬁ ‘g‘iﬁ% r’%tﬁ]é%ﬂfra‘:tlve
WhgBekNSy sl Sifi skbh Mt ibos, bEMEE S @Aridbridift hin@y gheaf‘é‘smt film
it 1s not necessary to identify 15 the resol ution

amuahmw:wﬁa:m ghiengighédpasnérit lHisghttandcessary to identify

vel opi ng. . Conversely to,this en.the resolution js
R PPr et pgoR BT St e P 1ot Bt TBHIC | PR IOT o Hte 18ant and
r@sivelopihm.in the liquid and developing, it is
possi ble to check quality of the 20 resolution, but it
can notc%"%%?ihdiﬂ $he@ WHeERekhe W@Sqmméé biephefied by

rf?PQHR'&EEnhStI% tﬂal@égﬁ‘g lE%htthEOaEﬂgrlaééloanc %fllm in the liquid
and developing, it i1s possible to check quality of the

resolution, but it can not be distinguished whether the
influence on the resolution is attributed to the alteration of
the immersion liquid or the alteration of the resist material
or both thereof.

For the pecint that the resclution is deteriorated by the
alteration of the resist film caused by the immersion liquid
{(1ii), 1t is sufficient to perform an evaluation test that "the
resist film is showered with the immersion liquid after the
exposure, and subsequently developed to inspect the resolution
of the resulting resist pattern”. And, in this evaluation
method, the liquid is directly sprinkled on the resist film and
a liquid immersion condition is extremer. On such a point, in
the test where the exposure is performed by completely immersing,

it does not become clear whether the change of the resolution
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the imrersion liquid or the alteration of the resist

material or both thereof. For the point that the

resolution is deteriorated by the 25 alteration of

the resist filmcaused by the imrersion liquid (iii)

, 1t is sufficient to perforn1§n eval uation test that

"the resist filmis showered with the immersion

liquid after the exposure, and subsequently devel oped
tbsim&b@ﬁbutéétKe$hbualbarabionhefﬂﬁﬁuﬂmm&gsﬂegiiﬁquidcnrthe
pattern’, i.n this. evaluation 30 nethqd, the . C

R ERAE LoRl PECHR HHT T Fhi SR TRESR oY diid iiiarion Liquid
| bgubdthmaBESEOR . condition is extrener. On such a

point, in the test where the exposure i s perforned by

conpl et"éh? ahaver §hﬁ§0mepﬁ bbbk amet (béédrargplgnomena with two

f{i%e af h@h& rka?ﬂ&e { h%.nrdeﬁlgéfuﬁeof %#%d 2(%151% hlgytletgentlfylng

teratlono e | nmer
ahﬁeaateoatmbntmevee5b$tthewmesu@toﬁlhm b@eﬂnenwﬁqumu

liquid _or both thereof. The above enorrenacgh
(iii) BRSPAHDAURE ANELYERS, B ﬁ,‘gr Pge liquid

Cﬁhﬂer@ﬂQn”@XtHSgE‘hﬁergfo"hl.}leb)fe'SQ%%t 'ffl)ihn%y #he new resist
alteration level "of the resist filmby the [I'iquid.

Bas‘edrenlspchfanabﬂzse§prt heeqaalqmﬁdcawr@nrsfl@m tlhg-hography
uid iymersion |ithogra of _.t he [es ist. filmb "
 RESHEsR  BRF et ST ERRYRY L RN aRi 1 TR e that "the
| FERL stoRilit NogEBPhErid RpieBesschammeen cndantddicedpurified

by the evaluation test that "the resist filmis
steheredaften £he PiRBEYIren RPGuisHPEsaMentdy deitedoped to

?"ifu%e&@e% F%géot{l%tlaéﬁj ?“Eﬁ%qi‘é%hhﬂgvﬁégi’gg pQttern”. The

i nspec tion o e resulting resi st
pattheraionThéquidmesedofioki ghid tsed fas thes;ﬂfﬁnfnnﬂswater

t he |f|ed wat er 15 expected in ter l.ow cost
rEPBEE S dIo Ao SNeCor heind ErRHLBARER iRBcnoRS She other

COPsiiihHl bAMINSEE, t@d%tstﬁrﬂhﬂll&hmefre the ﬁé@@ék‘ﬁellght of
is substituted with interference light by a prism and

atBamgiro suredsosedst atiutgdi Wi thrigrts e anee Bdaht by a prism
and a sample is exposed in liquid immersion (two-beam

interference exposure method)™ was also employed to evaluate.

BEST MQODES FOR CARRYING OUT THE INVENTION

A resist material for the liquid immersion lithography
process according to the present invention is characterized in
that a resin component and a crosslinker component of this resin
component are contained and the crosslinker component is
poorly-soluble in a liquid immersion medium.

In the liquid immersion lithography process of the
invention, it is preferable that the resclution of a resist
pattern is enhanced by exposing a resist film to light with an
immersion liquid with a predetermined thickness whose
refractive index is higher than that of air and lower than that
of the resist film on at least the resist film in a path of the

lithography exposure light reaching the resist film.
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i nterference exposure nethod)" was al so enpl oyed to

eval uate. 20 BEST MODES FOR CARRYI NG QUT THE | NVENTI ON

A resist material for the liquid imersion |ithography
process according to the preseqt invention is

characterized in that a resin ‘conponent and a

crosslinker conponent of this resin 25 conponent are
cont ai ned and the crosslinker conponent is

poor | y-8btubkeinncampogent ahneesisnmokdiimitéd amelong as it

| iquid i -S| lith h f th . .
| idekBeontsip Renpnpors AR Rol Rl G v repist
r eshpbsipabhel Nbhs EHEaNCEbWInEXRAY pEeerePlH. f Al fesin (A)

to Light wth an 30 imersion liquid wwth a
prEdefet fri Acke T HR CROTRREN Sk s + &t rRRIGNRS iHdexl isinsoluble by

higher. - t i | n:th
TeANEE A I o Beh iRl BEpbPR th ke RELoHGLe capable
t bé foimhogreaptar eypoeareihiggbhe raaattian wherneshet groups are
fil 7 The resin conponent above is not_|lim.ted a

| 8ﬁgya§aF€d ?%3tﬁ9efrff &SFnSEbRpor q%@da%ﬁll&aﬁﬁﬁﬁiuble by an
NegabLye f eAbSHci £98RAsLELANS, aRWc il §ehOLE OV NYSnAM @ neously
preferable. Aresin (A) which is a resin conponent

waiddhdber orles zeKkidt matsolisdl é sbprefenabdiyduand.haderein, the
t functi onal roups in_t mol.ecul e. capabl e ., of .

¢ EPn HSL R B e Rrcl LA 8t by reacting
gbadPSn &t Ber dedwitl) atad cadth i1y @ hparester gkeupespita carboxyl
al kali-insoluble by an effect of the acid generated

byTaRPakPH goreid s iRl iaifediey cxdaaBbPrRYLREe ester. In
r §5i i ahyl i | Ogb ¥R
e o B Sty 2 DS L S e 1o E D g B b Ming ene
reattrng Asmudnet hes inparhodomeaaxanpkehpdhyeyeiill group and
group and a c xyl roup for forping carboxylate

JaP Gt oie bk bRare e o fun s b oo RS Epter aroup
the 5vQefBAGEhENBE dr @RS nf Bk 1hoLHNG the areStierable.

such a resin, those having a hydroxyal kyl group and 15 .
aFurthsrmene, of rerdncaepeoRyEnr Gipcomprriedeaf forg L smer having

egtﬁﬁigrgfpdicarboxylic acid monoester is preferable.
The resin component (A) is, in other words, the resin
component having at least a monomer unit represented by the

following general formula (2):

OH

\ (2)

Rz

wherein R, is a hydrogen atom, a Cl to C6 alkyl group or an alkyl
group having a polycyclic ring skeleton such as bornyl,

adamantyl, tetracyclododecyl and tricyclodecyl groups.
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in side chains of a resin main skeleton are

preferable. Furthernore, a resin conponent (B)

conposed of a polyner having a unit of dicarboxylic

aci d nonoester is preferable. Ehe resin conmponent (A)

is, in other words, the resin 20 conponent having at

| east a nononer unit represented by the follow ng

general formula (2): OH O Rz wherein R2 is a hydrogen

atom aExGhmpbe€6o &l kyth grevinsmatn mtkigraldby groulade (A-1) a
hav%gﬁ a ?ﬁléc¥chic ring skel et on_suc a% gorg@,

ARty PP PRPPECYEFEdBlecYPCant®tri CycPdde & gl Bifpdionomer
85 EXEPLESE Um HCHh F B A% 1YL U & F APl 1 P ehkdEn (£ 1191 ester
a polynmer (honopol’ynmer or copol yrner) of at |east one
nenaire(hySebeghedyif aarelichydi axyahdy(AaRY Vi i €o1®€l gher of at
and an al kyl ester of a- (hydroxyal kyl)acrylic acid,
ahda$ - @)e ancoped y eyl apftead frdreast (hombromyredneyl) acrylic acid
sel ected froma- (hydroxyal kyl)acrylic acid and an

atR§areat byl gpter ¢ hydrGwpaiormal katlhhyagry kit achiivi tt at least
I t I I d hyl eni

o L S e S
casabioxyyai € £8i@rand\setithel ol ynRis{tArdgdted e RO} VB ester.
of 10 a- (hydroxyal kyl)acrylic acid and the al kyl ester

of a- (§d %%y%?k¥m§écﬁ§Tiie FReprepel¥BrE, °4nd as the

cop ‘ . usi.n I t _qne..sel ected
e mmidEorrefihiat It RadboR Bha PR AR Reas
aQd (RL4¥bx JBIRGEY ULALEaRE 1 BEr OEORLLELNYVASAI L5 the copolymer
unsaturated carboxylic acid and ethylenic 15

ubdal Uy atkedseanbbdryl ateleasér carespiletérdblfeom acrylic acid,

e hr T o acFut Sh8 Sib ik methaprapate as the

ﬂo%ﬁaﬂr@Fﬁﬁ%gﬁi&aﬁﬁ¥btﬁréﬁbg EEYbe?hQ@eaEQWEbnd ethylenic
roxya
gﬁsatgratgd carboxylate ester are preferable.

Examples of the hydroxyalkyl group in the
o- {hydroxyalkyl)acrylic acid and the alkyl ester of

o~ (hydroxyalkyl)acrylic acid may include lower hydroxyalkyl
groups such as hydroxymethyl, hydroxyethyl, hydroxypropyl and
hydroxybutyl groups. Among them the hydroxyethyl group and the
hydroxymethyl group are preferable in terms of easiness to form
the ester.

Examples of the alkyl group in anh alkyl ester moiety of
the alkyl ester of o-(hydroxyalkyl)acrylic acid may include
lower alkyl groups such as methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, tert-butyl and amyl groups, and crosslinked
polycyclic hydrocarbon groups such as bicyclo[2.2.1lheptyl,
bornyl, adamantyl, tetracyclo[4.4.0.1%°.17-*°ldodecyl and
tricyclo[5.2.1.0%%}decyl groups. Those where the alkyl group
in the ester moiety is the polycyclic hydrocarbon group are
effective for enhancing dry-etching resistance, In these

alkyl groups, particularly the lower alkyl groups such asmethyl,
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groups such as hydroxynet hyl, hydroxyethyl,

hydr oxypropyl and 20 hydroxybutyl groups. Anong them
t he hydroxyethyl group and the hydroxynethyl group
are preferable in terns of easigness to form the
ester. Exanples of the alkyl group in an al kyl ester
noi ety of the al kyl ester of a-(hydroxyal kyl)acrylic
acid may include 25 |lower alkyl groups such as

nethyl, rrogyl andpytyli svpromlerablubpcavsecthasplwhich are
tf{:éiggfx)ﬁ.v% gnar%la 9&9“8%1%%1@ 91%? b%k%%ed as an alcohol
pol'ycyclrc ny uch

rocar groups s
b&@gpbﬂéﬁth&}hfptmhng bhen¢bteadanantyl
tetracyclo[4.4,0.12. 10] dodecyl

an
tricycl bpst be 1 @’Q%fd@%ﬁ’lg? LpE: ?ﬁ5§é‘l\m%§la§lpﬁewélt@ylthe
%9&90§9alﬂyihﬁ'@t% edMILhY Stk e PehYE¥& NS ¢ group whereas

hydr ocar bon  group 'are effective for enhancing
diy-tgte Imsﬁgrr'estbttdm:e:rolsrsluhlé:@ei paﬂkyyc@nodpgdrocarbon, such

ly.th thyl , 9 .
Db e e E bl b ShEsi Bt eoPaluRE, o nlE b gBter witn
\A@h@%ﬁd@slixﬂ@é@m ANt eagirot 2% abl enflB¥dliBed into the
used as an al cohol nponent for formng the ester.

| Fe s ke | bwers @m@ﬁer@éﬂ@r LoesimplpraPHEhYWARE thRe garboxylic
PYECOXY 8hiKhe OLOUR BRGHES A3 He! Belfig carBoxylic group

he ester w t he crosslinked polycyclic
hydr oc avdsawh sueh exﬁmp&eé|@£ﬂﬂhnudthhﬁfeuhyﬂenxr unsaturated
occuy n the esfer with the crossl|

p%?%%ﬁ&crﬁ}b“r ERFRLY e Tht NSt 3 4D R Oxﬁ’ gitf, ester in

'Ehésrégfﬁf%ﬁﬂﬁ)em% §h€§hH€n§RH§EMrQ€¥@ éQEb@ﬁ%PQéYAéfds such
10 group in the side chain of the resin. Meanwhile

exampired iof ache, oweiréacantyiicent édumedairaaedd and fumaric acid,
car box d and. et hyl eni ted car hox
CRREPATKLE BEtea uBh s R ey Ao BEHIA SBr BB W BkE opy 1,
caFibexyl | ciasbdsyslch-hagyachyli 6cagildestetlzaertylthese

acid, maleic acid and fumaric acid, 15 and al kyl

87 % SUERER 2 TRV L @ PIRALS pr BFI L SEopF gRTRaCTY1ate ester
MRV NG theOBHE¥L 11 AxBEXKL19BYREEY hyBFhehtdh B83® such as

bicyclo[2.2.1]lheptyl, bornyl, adamantyl,
tetracyclo[4.4.0.1%°,1" ] dodecyl and
tricyclo[5.2.1.0%%]decyl groups as the alkyl group in the ester
moiety may also be used. Among them, acrylic acid, methacrylic
acid or lower alkyl esters such as methyl, ethyl, propyl and
n-butyl esters thereof are preferable because they are
inexpensive and easily available.

In the resin (A-2), a ratio of at least one monomer unit
selected from a- (hydroxyalkyl)acrylic acid and the alkyl ester
of a-{hydroxyalkyl)acrylic acid to at least one monomer unit
selected from other ethylenic unsaturated carboxylic acid and
ethylenic unsaturated carboxylate ester is in the range of 20:80
to 95:5, and preferably 50:50 to 90:10 at a molar ratio. When
the both units are in the above range, the ester is easily formed

in the molecule or between the molecules, and a preferable
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15

unsat urated carboxylic acids. Acrylate or nethacryl ate
ester having the crosslinked polycyclic hydrocarbon
group such as bicyclo[2.2.1] heptyl, bornyl,

adamantyl, 20 tetracyclo [4.4.€b12.5.17.10] dodecy!l

and tricyclo [5.2.1 .02-6] dec groups as the al kyl

group in the ester noiety may al so be used. Anobng

them acrylic acid, nmethacrylic acid or |ower alkyl
esteistspahtasnnmeshygbtaénkyl., propyl and n-butyl

esters hereof.arqggrefer blg bgcausg Ehe are 25 Lt
i nexpenSiy et ahi eSXTPOEV 5 ((HbI B2S| ALt 8a¥EsPﬂe(ﬂ9§fﬁer unt
ar&ptbenteat bicaRL @BE1ARAAGELcHBE] Fehaeted Bnomra-(4) :
(hydroxyal kyl )acrylic acid and the al kyl ester of a-
(hydroxyal kfDHacrylic acid to at |east one nononer

unit selecfed from other ethylenic unsaturated

car bof=Xaci d and 30 ethyl enic unsaturated

car boxyl ate\ester is in the range of 20:80 to 95:5,

a prefera 50:50 to 90:10 at a nolar ratio. Wen

t oth unfts are in the above range, the ester is
easi | d in the nolecule or between the
mo| ecul es, \and a preferabl O resist pattern is

oRpi ned. TrR4resi n conponent (B) has at |east one
nononmer uni represented by the foll ow ng general
fornu or (4): OOH R6R3 (3) R 7R4 OORS HO =O R3

R6 H R4
ORs

>:< 4

wherein R; and Ry represent alkyl chains having 0 to 8 carbon
atoms, Rs represents a substituent having at least two or more
alicyclic structures, R¢ and Ry represent hydrogen atoms or
alkyl groups having 1 to 8 carbon atoms. A negative resist
composition using the resin component having such a monomer unit
of dicarboxylic acid monoester is preferable because the
resolution is high and line edge roughness is reduced, and more
preferable in the liquid immersion lithography process because
swelling resistance is high.

The substituent R: in the above general formula (3) and
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O=< OR5 5 (4) wherein R3 and R4 represent al kyl

chains having O to 8 carbon atons, R5 represents a
substituent having at least two or nore alicyclic
structures, R6 and R7 represeng hydr ogen at ons or

al kyl groups having 1 to 8 car 6n atons. A negative

resist 10 conposition using the resin conponent having

such a nmonomer unit of dicarboxylic acid nonoester is
pridfiehablat Beestisewtd her mogsobliicpnlis $ighctmdesi may have two

edge roughness .is reduced, and re r ef er.abl in.the
By AR FEREE RS TRiSao BRELT L B f i tuent,
I 8BdShaP e v thieghin 1D FHhe s8hsdohdemsbriiAgtbe :aBpY .o ring.
general formula (3) and 11 (4) has at |east two_or _ ,
nBrglaymepd! PE steha vt aleHavd thwdarge garbon density is

al. I, t res . d%ﬂﬁﬁgﬁﬂ}l j 4 t -
ah&%f 3 z}\%erb;é %téa%sl%n Ealll orm of “a %eoénl egnérs}gcdES ﬁg{%érg%]aélymer s
Sphhankiedg. Enpl oynment of such a substituent with

| ar ge carbon densit%%is 5 preferabl e because the

et chi ngfr 8RPSH AhE HATR e GfoFyhBr 2 i WP HndiRity haxing at least

S@@%iEECm%&%”%hqd@bf%ﬁjkﬁ%ﬁﬁﬂﬁ¥é§lﬁﬂ“pr%@bef? 4€aBdast one
two or nore alicy€lic structures is preferably Tat

| sadected fyekedhed gnoap tdragrouma arfs i astaman ofne,

adamant ane, 10 tri, | odecane, i.sobornyl, narbornene

o VeI ege Aol S E e cirg Ty, ‘et A Sa1conot,
debirpatrinees theresle, Ay suoh wWitGardoHdeaE] d

nonoest er conpounds, nonoester of fumaric acid and

monoest &F BICh facarbeXydilE af&d prnaesfisg pgmpounds, monoester

PR ESRAL e PSSR B2 Bl IR LS I cutary
npmeéemyba@anaspytifmuﬁeaamplﬁenmhsmbofnmbyfdmmmmda’
monoadamantyl fumarate, monomethyladamantyl fumarate,
monoethyladamantyl fumarate, moncisobornyl fumarate,
mononorbornyl fumarate, dicyclopentenyl fumarate,
dicyclopentanyl fumarate, monoadamantyl itaconate,
monomethyladamantyl itaconate, monoethyladamantyl itaconate,
monoisobornyl itaconate, mononorbornyl itaconéte,
dicyclopentenyl itaconate and dicyclopentanyl itaconate.

As the dicarboxylic acid monoester compounds other than
the above, moncester compounds derived from mesaconic acid,
glutaconic acid and traumatic acid may also be used.

Furthermore, the resin having the unit of the
dicarboxylic acid moncester mentioned above may preferably
include (B-1) a polymer or a copolymer of a dicarboxylic acid
monoester monomer, and {B-2) a copolymer of a dicarboxylic acid

monoester monomer with at least one monomer selected from
aforementioned a- (hydroxyalkyl)acrylic acid, the alkyl ester
of a- (hydroxyalkyl)acrylic acid, other ethylenic unsaturated

carboxylic acid and ethylenic unsaturated carboxylate ester.

In the present invention, these resin components may be
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nmononor bor nyl fumarate, dicycl opentenyl fumarate,

di cycl opent anyl fumarate, nonoadamantyl itaconate,
nononet hyl adanantyl itaconate, nonoet hyl adamant vyl

i taconate, 20 nonoi sobornyl itagonate, nononorbornyl

i taconate, dicyclopentenyl itaConate and

di cycl opent anyl itaconate. As the dicarboxylic acid

nmonoest er conpounds ot her than the above, nonoester
cuspduadsnderr vigd combrbrmdsi@gopifcteci @t mapeit adowedght average

acid and traunatic 1,d may .al so_be used. 25

T RE e ot Rb 2l i EFE1 CREBRRPECo}S (00 to 50,000 and
dpgareexyliyc 29@i0d rRNGESicE0 mMenti oned above nay

preferably include (B-i) a polyner or a copolyner of o
a di carBéxillICFICO%?:lJélk%mﬁ@?%@@@érl,Y“m@eZ)mathe liquid
C9&@£¥§§%n9ﬁeaiﬁhqﬁﬁPBKViéQufﬁ o&q%%%eaéggtq%ﬂ%g%relement of
with at T'east "one nononer sel écted Trom

athee restiistn e tar 1@y dicax yral ek yil i)cacirdy | intneacs ihn t hiethography

al kyl ester of a- ghydrox%alkglgagr lic, acid, other
ePRYCERSc 2GREAEGPSt 88 TRErBBSFFRE SRYEREhE et hY| BhiRreferable
upsatdbabed realNINKA 88T atl N d& HBSENor more

i nvention, these resin conponents may be 12 used al one
ocrpapsdonmbi-fatindmofunabiona iymups weirght legei agad where the

no&gculgr W B ht. of thetnesig congpngntiks 1,n090 Lo .t .
567°500 Tad TopFaPer ARy 20860 £6°38, BBG1nAsdanitrogen atom is
chassbirnkek sGoNpABRFt ofReFEY - s0LURLe 1R il haelriiqditd ved is

I mrersi-on_medi um which is an_ inportant constituent
ePERERT 2B © -t hén Peditdicatter { BIL sfp¥e fpbalpi gficdoe the structure

ePEREREAGH © -t ! _ b e
| 9BBESLR k! BOOLARNE oINS AGRA Nk e

I nventron, 1t Is 1o use a

coa A o s S ORE < oer

H
m ng nal groups per nol ecul e and
where the IN crossWan-forning functional group having

a nitrogery atomTs ne or |less: Anpong others, a

gl yd@=r deri ativ}:iio:)referabl e. In particular,
it is preferablie to e the structure represented by
the foll owNG genefNl forrmula (1):

—ch PN (1)
R1O—(CHy)n (CH2)n—OR4

wherein R; is an alkyl group having 1 to 10 carbon atoms, and
n is 1 to 5 alkyl chains.

As the glycoluril derivative (poorly-soluble crosslinker
in the liquid immersion medium) represented by the above general
formula (1), butoxymethylated glycoluril is the most
preferable.

As an acid generator used for the resist material of the
present invention, i.e., a compound which generates an acid by
receiving the exposure light, it is possible to appropriately
select from and use publicly known acid generators used in
conventional chemically amplified negative photo resists, and
an onium salt containing alkyl or halogen substituted alkyl

sulfonate ion as anion is particularly preferable. Examples
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R10- (CH2)n (CH2)n-ORL NN O~ "-4-"- N N N R10-(CH2)n
(CH2)n-OR1 15 (1) wherein Rl is an al kyl group havi ng

1 to 10 carbon atons, and nis 1 to 5 al kyl chains.

As the glycoluril derivative (jpgorly-soluble

crosslinker in the liquid inﬁ§$sion medi um

represented by the above general 20 fornula (1),

but oxymet hyl at ed gl ycoluril is the nost preferable.
Asfanatitdbd génthatopnisadshit mhy pesifetratdtyedingilugfe phenyl

th d whi
ot 88 m LEVETbY T BiRe g 11 fe U o PeRR L) S fondun

| $h PO S} Betduphprapidateky Povselaklyif §osmpedudstas methyl,
publicly 'known acid generators used in conventiona

ch’élmfbalplgpwﬁavl in-bad ylegadi v phiot oy F egingd dowgndal kexy groups
$|un1§gl gﬂn%glnhage@hgxk_or.halogen substi tuted
0

Fona 'on as anron is particularly

pr ef er aéenwirxdaplaes tha &ﬁl@lﬁu ifdniofodlnel enildonsdkt ion where
may preferably_include |odon|un1 | f oni um and

a LTS 10 L BT It ORYRRSHERyA omE| oy HAsA ki HEREB RSV ing 1 to
ot ﬁy%aw&ﬁda%ﬁ@ EQXQBEuBLsEXItuQ%@uQﬁt%U%hu%%ﬂIFet Wtons is

propyl, ut yl tert-butyl, and | ower
abkeRgrgbbapsand Shehf&someaﬁ¢y9 and femladey ion where all
the a oroal kyl sul f

P aREoosR Pt Tar A ol CRR Rt TR af igpeoon atoms
04 P Ps et DEufled Gri thD teRY BONCRiRRS a8bRAsSLHPid tdetble because
m%ég {éggéénghglggﬁbég chain is and the smaller a fluorinated
ratio (ratio of fluorine atoms in alkyl group) is, the more an
intensity as sulfonic acid is lowered.

Examples of such onium salts may include
trifluorometanesulfonate or nonafluorobutanesulfonate of
diphenylicdonium, trifluorometanesulfonate or
nonafluorocbutanesulfonate of bis(4-tert-butylphenyl)iodonium,
trifluorometanesulfonate or nonafluorobutanesulfonate of
triphenylsulfonium, trifluocrometanesulfonate or
nonafluorobutanesulfonate of tri(4-methylphenyl)sulfonium,
trifluorometanesulfonate or nonafluorobutanesulfonate of
dimethyl (4-hydroxynaphthyl) sulfonium. In the present
invention, the acid generator of this component (A) may be used
alone or in combination of two or more.

In the resist material of the present invention, miscible
additives, e.g., an additive resin, a plasticizer, a stabilizer,
a coloring agent, a surfactant and amines commonly used for
improving the performance of the resist film may further be
added if desired. ‘

It is preferable that the resist material of the present

invention is used in a form of a solution in which the above

components are dissolved in a solvent when used. Examples of
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preferable, and the fluoroal kyl sul fonate ion where
all 10 hydrogen atons in the alkyl group having 1 to 5
carbon atons are substituted with the fluorine atons
is preferable because the |onger the carbon chain is
and the smaller a fluorinated “ratio (ratio of
fluorine atoms in alkyl group) is, the nore an

intensity as sulfonic acid is | overed. 15 Exanpl es of
s@@@%ﬁusmvw& maveyndlivde getonesfswh @ﬁeafemié@mw eyl ethyl

onaf |y t ul f onat f 0
ftl UGY ot tc;l%gls%a%ona ‘e ortei“ﬁlona%jcfzﬂgr?l g%@%u onat aeptane’

obohy&@4ehﬁrhlh@hbﬂﬁhanwlheed@atuﬁEs thereof such as ethylene
trifluoronetanesulfonate or nonaf | uor obut anesul f onat e

oI 1¥G i &ﬁé‘ﬁ%eﬁﬂ fgdtﬁ’% RO FASRIrdrt She ¥ bRe egbycol,
ngﬁ%im#gth$f%ﬁényl sulfcﬁﬁﬁgate' propylene glycol, propylene
tgﬂ@h@drmnabaue$atbondupropydenafbwgcobuban@sprbpmaEBe glycol

o POBRE S TAhsen T SO O EhR ¢t oot yinetA&r, monopropyl
C @P@I§NtnchydbuTaN RE HESeh 2o 0] | deonbinaté®n; cyclic

of two or nore. In the resist material of the present
| REBRTiSoRUCH §6i Blexangdi epvess sugh, agnmellyli vactate, ethyl

r_eL%ic 2 ph?%hkg' é@éta@eSté‘Hﬁljr%ecreta CRLRLANGBYERL, nethyl
a SUT Ct'an am nes 60 use or rnprovi ng
tb@rm&mﬁ@nW&mhgloﬁytheameSlﬁétﬁyﬁnmﬁﬁyoﬁyptbpiohateBQnd ethyl

added if desired. It is preferable that the resist
BPHIPTOPIORG tiresa®t aMitfe AR i L UERF S PR o? Fn

oly, ﬁ—%ﬁh%@ﬂylﬁd}ﬂﬂmfaét'N3Nﬂﬁ%ﬁétﬁgﬁﬁ%%ﬁﬂﬁfﬁé”éhd
di $sol'ved in a sol vént ‘when used anpl es of 14 such

aNsolerdytl Zep vimoludenest ofibsssushy ds dcetonkoneaptthyn mixture
etgy ket one, cyclohexanone nmet hyl i soanyl ketone
aff f ﬁeﬁfaﬁg ‘pol yval ent al cohol s and derivatives

t her eof TReChmasretibyl eneuid yeeld fRirhend ighiielimmersion
nonoacet ate, di ethyl ene glycol, 5 diethylene %I yco
MBAGREEEAPEY PrepfSenEsingchhe’ ﬁﬁéwrteméterla 0f the present

invention may include water composed of purified water and
deionized water, and liquids composed of fluorine-based
solvents.

Subsequently, the method for forming the resist pattern
by the liquid immersion lithographylnethod.using the immersion
liquid of the present invention will be described.

First, the aforementioned resist material is applied on
a substrate such as silicon wafer using a spinner, and
subsequently pre-baking (PAB treatment) is performed.

Abilayer laminate may also be made by providing an organic
or inorganic anti-reflection film between the substrate and a
ceoating layer of the resist composition.

Steps up to here may be performed using well-known
techniques. It is preferable to appropriately set
manipulation conditions depending on a composition and a

property of the resist composition used.
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gl ycol nonoacetate, dipropylene glycol or dipropyl ene

gl ycol nonoacetate, or nononethyl ether, nonoethyl

et her, nonopropyl ether, nonobutyl ether or

nonophenyl et her thereof; cycli$ et hers such as

di oxane; esters such as nethyl tTactate, ethyl 10

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

nmet hyl pyruvate, ethyl pyruvate, nethyl

met hoxygulopéguat el gnd-let fsybs tetatex pprdpi omdthee rgsdst £ilm has

am de pased, sol vents such N, N- di net hyl.f or.nam de, "
CRE TTPA Ao tFRERS Sand NESTRAL S QG GhRECE as "inert

THeserMBYcheadspdralrore Qatied Bt WeloniZze®f WaMerOrand a

nore. The inmersion |iquid used for the I|gU|d

i frepsiva-brpeHogpaFRR tpEYEhs & suFierd liles &t and

| resant invention may include water
gﬁ%%gggérg%l%gﬁFEﬁgg wat er and deioni zed water, and
i qui dsTeDsResRd Gfd Fegasitne: hasadt RO sstlswenitse is selectively
Subsequently, the nethod for form ng the resi.st

pakPeFAd T Queh PidRA T SHMRFE PG 19T hog FRERG TRECHAE that time,
aftﬁgﬁé é%%?ﬁ%gg?ﬁasgb%UtHrSEgﬁh@hé”fﬁﬁ@ﬁsﬂcﬁyﬁﬁth& to reach

First, the aforenentioned resist
maher rabiss dpphi.ed on 25 a substrate such as silicon

waf er usj i_nner, and .sub uent | r.e-bakin .
(PAB t rBhthaT LT pERPoF RBHST TbH dyeP FARE MGt o REpeTed Wit
akge beEndBdechY1 DEEVa ditgr aheOr@3ist F1lN@Egadt Caltered, the
anti-reflection filmbetween the substrate and a

cdarprglipay el aufict R nedi sl tedwpodint ithe 130 isttegds! 1ip and
t e.per us,i l) - t J Ok ;
 oRELEERY, U2 chEr LOUTEA0SHABaIRY) As LEPURR inae
cohdirkbonss depe ndi ey ed e czorqeotinlel arsdnd &1ilpr bpecomyposed of

OB 2o bR 2R8I Yot o ana
| paBE SednkR tHeNdMRASEENhI U fh SYaR 1881 nigheké water is high.

In this case, the wavelength used for the exposure is not
particularly limited, and the exposure may be performed using
radiation rays such as ArF excimer laser, KrF excimer laser,
F, laser, EUV (extreme ultraviolet radiation), VUV (vacuum
ultraviolet radiation), electron ray, X-ray and soft X-ray.
The negative resist material of the present invention is
preferable particularly when using the ArF excimer laser as the
exposure light.

When an exposure step of the immersed resist film using
the immersion liquid is completed, the substrate is taken out
from the immersion liquid, which is then removed from the
substrate.

Then, PEB (post-exposure baking} is given to the exposed
resist film, which is subsequently developed using an alkali
developer composed of an alkali aqueous solution. The
post-exposure baking may be given following to the development.

Preferably, the substrate is rinsed using the purified water.
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wat er such as purified water and dei onized water and a
fluorine-based sol vent such as perfluoroether and 5
perfluoroal kyl am ne". This imersed resist filmon the
substrate is selectively expo§§d t hrough a desired

mask pattern. Therefore, at that tine, the exposed

i ght passes through the immersion liquid to reach

the resist film 10 At that tinme, the resist filmis

dThéet finsemidt ed beirt hs paeformed Sivdroppiing ouspraging the
resist filmis not altered,.the .i rsion Liguid i.s
NBRERF L &P by HRE TS SUHTAGH HitD BORagAldnty THEStrate to
ophkB&utPtBRIdwe 19y asdrefd aeki¥e ddidexsitiwi a9bsbsved with
not altered because the resist filmis conposed of 15

t hBer @8V 8L ORAr e?? dthacedhadinfigao Thempr aseRfiFhvRaEToRL Where
a q [ 1

wie 519k TT5R 44 bRerl GIELERRD, i LB Ed fdF the mask
t patexpasiseobsanakedpdnt ideyliaml.y |imted, and the

exposure be formed usin radi atjon rays .such
ce ATF SO 1 ERe TR FbyRA et T ddofhLS HAF, itaggrpossible
ELY pextinene thkt Fawighebaftadial 1aRing/dV {MACUUMRe width,

ultraviolet radiation), electron ray, X-ray and soft .
XepayicuThelyegalive pedi spanateatbrofwibe prabbmitch which

i nyenti IS referable particularly when using the
Afgogﬁcgﬁsrgpggefeggﬁﬁﬁéogéxposure light. 25 When an
exposurgesken, ofthéhgitonerseths esisd dnd apisc@patthern refers
imrersion liquid is conpleted, the substrate is taken .
olie 2 fhodialt Ad starErsP bR Iegdisd, PAREERN ¥igRHa Rk ApFegce width

Fegmyt E?nes%QEEﬁaﬁgrezgqggo%%Btﬁ'l%ofb%.l' Hgsu & baki ng)

IS given to the expose resi st which is
subsequent |y devel oped using an al kali devel oper

C of an al kali aqueous solution. The

pgggﬁgigésure baki ng nay be given following to the

devel oprBb1es et Beabtdsedhe nsehsticat Ri1 5 Hd A8EHribed below,
using the purified water.

but these Examples are only exemplifications for suitably
describing the invention and do not limit the invention. 1In

the following description, Comparative Example is also

described with Examples.

(Example 1)
A negative resist material whose solid weight was 8.1%
by weight was prepared by dissolving a resin component having

a repeat unit represented by the following chemical formula (5):




10

15

20

25

30

16 This rinse with water is perforned by dropping or
spraying the water on the substrate surface with
rotating the substrate to wash out the devel oper and
the resist conposition dissolved with the devel oper
on the substrate. Then, a resi pattern where 5 the
resist filmhas been patternized in accordance wth
the mask pattern is obtained by drying. By formng
the resist pattern in this way, it is possible to

pr.oduce the resi st patiern havj a fine.line w dt _

SR Einapry £\ Phelantiehibe TPy webat St Yabespoorly
Whb Thib140csbewsihkergeefipbesal bifi @t rEBL@ickymiche iidtey

in the line and space pattern refers to a total

desyantersl, aldebisvepghtepd @nderishgeacspies wampesed of

e P91 LA a1 b RS omi S IR by
be¢ bayht dduantdrese: Exapphestareanprd yd exXedrpphéhghpiypndine based

for suitabl descrj bing the invention ,and do not
| PP Ehe h@e?-%k}énf’if ohPe| ﬁgSiLﬁe CPBPPEGPhg LBe BEPPYESHE Jlycol

Geomarethye Exagple is also 20 described with
Exanpl es.” (Exanple 1) A negative resist material whose

solid v dghte waheg. hemdhyanedyheniasampriepee tedyion £film with

di ssol vi ' havi 25.a. it
CLoPBLengas.HEThE FOTRE TRl PR, BRaR TR Py Wiansc
GREH3rd7F1ubeiehNfMln "BR849%6 ((rakd) nak% Byiptaiight from

of a water-poorly soluble crosslinker conposed of ,
t Zrtabay oeyhe shylisoadva §ey ¢diih vas RS hWer §RUDMGA SPinner

S PRIRRE P SR B ot dd BN Wiy mresios
film with a thickness of 250 nm was formed on this
anti-reflection film by applying the aforementioned negative
resist material on the anti-reflection film using the spinner
and baking at 110°C for 60 seconds to dry.

Immersion exposure was given to the above substrate using
"a two-beam interference exposure apparatus (experimental
apparatus supplied from Nikon Corporation) which simulated
pattern exposure light by irradiating two-beam interference
light through a prism" and using purified water as an immersion
liquid and ArF excimer laser with a wavelength of 193 nm as a
light source. A bottom of the prism in the apparatus used was
contacted with the resist film through the purified water.

After the exposure, a PEB treatment at 110°C for 60 seconds
was given to the resist film, which was then developed with an
alkali developer at 23°C for 40 seconds. An adqueous solution
of 2.38% by weight of tetramethylammonium hydroxide was used
as the alkali developer.

A resist pattern having 90 nm line-and-space at 1:1

obtained in this way was observed by a scanning electron
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wei ght of an am ne conponent conposed of

4- phenyl pyri di ne based on the weight of the resin

conmponent in propylene glycol nononethyl ether. On

the other hand, an organic antj-reflection filmwth

10 a thickness of 82 nmwas fot¥ed by applying the

organic anti-reflection film"AR-19" (trade nane,

supplied from Shipley) on a silicon wafer which was a
smbstoatepas{3EMa spdnoensequenbaki nheapal2t®Cnfeasglreferable
seconds on a haotplate to, dry. Aresist. . filmwih a .
CRPCRABE O PaGE T HEREEt! SHRR B HeH LA wWas obselved in its
apthrieklection filmby applying the aforenentioned

negative resist material on the anti-reflection film

usi ng the spinner and baking at 110C for 60 seconds

t? Ly é rsion exposure was given to the above

su%s?r%}e using "a two-beaminterference exposure

appar ataMsréexperpaentah wi0 appatiakdsbyuppbilegihmonhe

Ni kon CbrEoration) whi ch sinul ated pattern exposure

| 2EpreBOREEPRAFAEVAGUERS OB ARSIENTBAter dhCe FoSigiit f1im 1s

t 1S g i G i 4l ;

 TROUEPed P S N R k(PR CEi B @Rter) after the
waxped enge h aofd £9Bsemuantdy deghlosedrice inApkott bne gfesolution
thg $%i5n1ig1the appar at us %sed“mas.ZS cogﬁacted W th

the TeSiTES i H Y rec?&g’% PREVEEF i 4VhaPe e HFRRPUTRISINT @
expesStl 8t e v BB tHLabmeNtoAbt 180€1 6Ara G rSekangS e WasSnd using
given to the resist film which was then devel oped

wrhe aamegl kght geverepas an B3empde 40 sbewgdsngawith the

e i f 9 ' f I -
SO SR Lo 2 AR, U SRl BB Bt Bbming e
denBl opestmeéh tt esids depatlbpmentavhngh®Gaime way as in Example 1.
| i ne-and- space, at 1: obtained in this way was

observéﬁh%yr%ﬁ%ﬁﬁnﬁﬁéEFQFeﬁﬂ?%ﬁﬂ]kﬁQﬁQchﬁﬂﬁﬁ?WQ§§@?ce at 1:1

a@@t&?ﬂéSQYﬁnﬁhYs i8¢ Rakt spBeWeaPHf ehablseanP8GRUA ectron
no pattern defect suth as swelling was observed inits

pro¢idecope (SEM), and consequently, the pattern was preferable

because no pattern defect such as swelling was observed in its
profile. The sensitivity at that time was 30.7 mJ/cm®.
Meanwhile, when a resist pattern was formed using the resist
material in Example 2 by the conventional formation method
without giving the showering treatment, the sensitivity was
30.1mJ/cm?. A ratio of the sensitivity in the liquid immersion
lithography to the sensitivity in the standard technique was
101.9.

(Example 3)
A negative resist material whose solid weight was 7.0%
by weight was prepared by dissolving a resin component having

a2 repeat unit represented by the following chemical formula {(6):
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5 (Exanple 2) A resist pattern was obtained by

enpl oying the aforenentioned eval uation test that

“"the resist filmis showered with the inmmersion

liquid (purified water) afterhgge exposure, and
tt

subsequent |y devel oped to ins he resol ution 10 of
the resulting resist pattern”, giving the exposure
using a substrate with the same constitution as in
Exanple 1 and using| the same |light source as in
Exanple 1, showering with the purified water for 120
seconds, and subseqpiently perform ng the PEB
treatment and develfeprngnt in the sane way as in
Exanple 1. 15 Thé pattern having 160 nm
Iine-and-spa?- L™ _0obtained in this way was
observed by jhe scanning el ectron mcroscope (SEM ,
and consequ¢ntly, the E§£tern was preferable because
no patter ef ect suc S @Hing was observed in its
profil@~The ')22y at/that tinme was 30.7 ml/ cn.

20 Meanwhi | e, il si st pattern was forned using
t he resi a e 2 by the conventiona
formatfokh ne t/Rdut 0i A ng the showering

treatnment, tHe sensitivitylwas 30.1 mJ/cnR. Aratio
of the sensitpwitg ia=t® i | mer si on
lithography tlo the sensitijvity in the standard

t echni que Wagyy 25 101. 9. anpl e 3) A negative resi st
mat eri al whose sol i OCHRI g was 7.0% by ﬁﬁight was
prepared by dissolving a/resin conponent ving 30 a
repeat unit represented by the follow ng cheni ca
formula (6) : 19 OH OCH3 O(6) wherein l:mn is

12: 44: 44 (nold), 10% by weight of a water-poorly

sol ubl e crosslinker conposed of 5
t@hg@@ﬂﬁoxymhhxgaq@d 4@l: a0l wbirky ,119% By, WRiigHt off an
aci

water-poorly soluble crosslinker composed of

tetrabutoxymethylated glycoluril, 1.5% by weight of an acid
generator composed of triphenylsulfonium
perfluorobutanesulfonate and 0.2% by weight of an amine
component composed of triethanolamine based on the weight of
the resin component in propylene glycol monomethyl ether.
On the other hand, an organic anti-reflection film with
a thickness of 82 nm was formed by applying the organic
anti-reflection film "AR-19" (trade name, supplied from
Shipley}) on a silicon wafer which was a substrate using the
spinner and baking at 215°C for 60 seconds on the hotplate to
dry. A resist film with a thickness of 150 nm was formed on
this anti-reflection film by applying the aforementioned
negative resist material on the anti-reflection £film using the
spinner and baking at 140°C for 60 seconds to dry.
Immersion exposure was given to the above substrate using

"a two-beam interference exposure apparatus (experimental
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generator conposed of triphenyl sul foni um

per fl uor obut anesul f onate and 0. 2% by wei ght of an

am ne conponent conposed of triethanol am ne based on
the weight of the resin conpo @nt in propyl ene glyco

nmononet hyl ether. 10 On the ot hand, an organic
anti-reflection filmwith a thickness of 82 nm was

formed by applying the organic anti-reflection film
"APRpaPat(sr adpphasd, fruppNi&dnf CompoShitiloey) wirich simulated

silicon wafer which substrat .using t spi
2Rt ERKPnGXBPSBESCLE BRE6BYS SEAIS 26t iehe ?ﬁ dntpe ference

1§1§ﬁ¥ trﬁ:dﬁﬁ;ﬁ{ atpif i dnm %th@lﬁcﬁ‘bﬁ'fﬁﬁ%cp&aﬂéﬁ arBTtM@Smeer51on
f or imed is anti-reflection film by applg t he

al brergrandded enedacirvbasesivitimat eavalepat 193 nm as the
ti-reflection film u5|n t-he spi r d t
Q ?o?l%ﬁ %écg%gg 9 e P Ne Al ?égkggug used was

rSI on exposu

gtMﬁeatzeeahelahowesubsﬁsat eluml R roAGh’ ithteV\@dJﬁaiDed water.
i nterference exposure apparatus (experinental

appar atAEtenpble eﬂprﬁmneMakBEBctmqmﬁﬂmntoﬁ}t BT 1 @hfor 60 seconds
si nmul at ed attern expos [ i rradiat,in

CUBSLERR Aorre ERGESEI o (RTIONAY SReefeandoped with an
ust ugLfl t | [ E :
DAL, 2 8 DR | ML o
| bght . 38%rise. wei diot tafn toft taves fry sammaon iire fapbaratids was used

used, was %%ontacted with the resist filmthrough the
pBFfi Fledah&Rer. deAPLEPEhe exposure, a PEB treat nent

at 130@\fPés§9t3§§956§nV\ﬁ§v9h§egot Amt Nenkeshst-sbiald® at 1:1
whi ch was then devel oped with al kal i devel oper at

2@1@ta@ne601setbmds waynwaQu@b@@réf@lduthmrthelca:C@fnr@r%%lectron

ok LB O0be ! (S OB ATUBDL U DY 6,408 W B or b

| bBeaaBE- ﬁ@q;cae;wénﬂdlafe@ht 8i10R0a % rsﬁd]]l.‘sm@yua\wsbserved in its
observed by the scanning el ectron mcroscope (SEM,

aR8cEdhSequent |y, the pattern was preferable 15
because nflﬂétégﬁg dgfighhesuChiaR)SWel khRG YRS ist pattern

observe
51m11arly observed by the SEM was 4.2 nm.

(Reference Example 1)

A resist pattern having 160 nm line-and-space at 1:1 was
obtained by using the same resist material as in Example 1 but
giving dry exposure {(exposure apparatus: NSR-s302 inline
supplied from Nikon Corporation) through a standard mask
pattern without performing the immersion exposure. The line

edge roughness observed at that time was 5.2 nm.

(Comparative Example 1)

A resist pattern having 160 nm line-and-space at 1:1 was
attempted to be formed by the same way as in Example 1 except
that the crosslinker was changed to trimethoxymethylated

melamine, but intensive pattern swelling occurred.
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profile. A line edge roughness (LER) of this resist

pattern simlarly observed by the SEMwas 4.2 nm 20
(Reference Exanple 1) A resist pattern having 160 nm

| i ne-and-space at 1:1 was obt.aj ned by using the sane

resist material as in Exanple but giving dry

exposure (exposure apparatus: NSR-s302 inline

supplied from N kon Corporation) through a standard

mask 2FApai¢scnibed hbot ther fbowengatcherdamgr $bothe present
exposure. The |line edge roughness observed at that
t+MESRRLCB, 2 nm (Conparative Exanple 1) A resi st

patter n(fﬁ‘ﬂﬂ&né?@tﬁ@e' +881 30 SPasEn ati th hidhWassoBRtion may
attenpted to be forned by the same way as in Exanple 1 =
elxe optt aimieat by Rerdnoid F%Ré’re%’fsl‘@léﬁ@éﬁttféaterla containing
tri et hax £ d h.an Lt ensiv

SR Tt EEhp b e A ATk B sotb cE L S RS F1Y solub1e
ate otk nygifyai ihempeesenh medvent itonthei ) ikfne dndgaeined on
resist pattern with high resolution my be obtained

by BpPPyRRBYt RECRBJAfi ve resist material containing 5

t he resin; t sski i [ i
T T T

| pyefdrapirensiobel obhagnaghin fhecksgpidiinmeheion lithography

DEBLLE MEELALPB L LD SNORR ShRE o SIS i e

Progess byméskngnthedenass! i nker which is poorly
soluble in the liquid imersion nmedium (iii) it is | .
possi bl El1b} ddntpaposehlleita cpnfacilabebRiFAvViEHevariation 1in

LA ST SRS LLLAODLARL L aM LD BHEOL NG cne
| £eh81P098LD! ent enbUEthRRaFAdHEG bRBCEisRG adae

{iv) it is possible to further reduce the line edge
roughness compared with the resist pattern formation by the
standard process.

That is, according to the present invention, the resist
filmwhich is highly resistant to the immersion liquid including
the water may be formed. Therefore, there is no defective
phenomenon such as roughness of the resist pattern surface where
the resist pattern becomes a T-top shape, fluctuation of the
pattern and spinnable phenomenon in the liquid immersion
lithography process. Thus, the resist pattern with high
sensitivity and precision which is excellent in resist pattern
profile may be obtained. Accordingly, by the use of the
negative resist material of the present invention, it is
possible to effectively form the resist patternusing the liquid

immersion lithography process.

REFERENCES
1. Journal of Vacuum Science & Technology B(published in

USA), Vol. 17(6}:3306-3309, 1999
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roughness conpared with the resist pattern formation

by the standard process. That is, according to the

present invention, the resist filmwhich is highly

resistant to the imrersion quyéd including 20 the

water may be formed. Therefore;"there is no defective
phenonmenon such as roughness of the resist pattern

surface where the resist pattern becones a T-top

shape, fFbuchaat obnVaetutheScpatter A FrndhspilpgabBdpublished in

p mepon in_t LLqui d . r.si.gn |ithography
pjﬁgggsﬁ#hui?(?ﬁézbg§i“g?5g;?12§|9ﬁ with high 25

sensi t b¥bt¥e@NHg B ECEBIRN PMY G Hesd eXQBIHN)ENYoIL N 4638l 459465,
pattern profile may be obtained. Accordingly, by the
ugela8f the negative resist material of the present
invention, it is possible to effectively formthe
resist pattern using the liquid imrersion |ithography
process. 30 REFERENCES 1. Journal of Vacuum Science &
Technol ogy B(published in USA), Vol. 17(6):3306-3309,
1999 22 2. Journal of Vacuum Sci ence & Technol ogy
B(published in USA), Vol. 19(6):2353-2356, 2001 3.
Proceedi ngs of SPIE (published in USA), Vol.

4691: 459- 465, 2002. 5 10 23 CLAIMS 1. A negative
resist material for a liquid imersion |ithography
process, wherein a resin conponent and a 5 crosslinker
conmponent for this resin conponent are contai ned and
sai d crosslinker conponent is poorly soluble in a
liquid
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I mrersion medium 2. The negative resist material for

the liquid imersion 10 lithography process according

to claiml1, wherein the liquid inmersion |ithography

process conprises exposing a rffiSt film to light

with an intervening imersion fTquid with a

predeterm ned thickness on at |east the resist filmin

a path of Iithography exposure |ight reaching the

resist film a 15 refracti veCimidéx of said i mrersion

l'iquid being higher than that of air and | ower than

that of the resist film for enhancing a resolution

of ,a resigéqRAIVE PesBst ThetBegali ¥8rr @Sl stuAEt ghhdlrsion

for the liquid imersion 20 lithography process
attohdyngrhy prarass, wherein garesdnosompekrent and a

c i I e, 4. T |V .
SEPEREThREF, PRPateRR Pt i R ot fpntaine
p&nEessi aceos g DPnker ctampoBenivhes epdosBy dbuble in a liquid
wat er - poorly sol ubl e crosslinker conponent has at

| ¥HREL FhPReMCGL URpr e crosslink-forning functiona

groups per nolecule, one or |ess of said functiona

groups being a crosslink-formng functional group

havi ng Bhaiteggehvat vesi80 HBat&heahefari ther édigutid immersion

terial _for the liquid.i rsion i  hagr aph I OGESS . ..
SiEbafraphl RFSrReS SCRRFaTnT oo low o gl s B 1iquia
SOhHBE 81 65 OSSR &I pIcP BRORRRE tSmPrIb¥SQltfdding a resist film
derivative. 24 6. The negative resist material for the
| Fqui dghmmeishoAan LPtREYEAPRY pRBEESS cacddMilgy Wdh a
cl aj [ ' I i hyat| as. -
pFL G be LS thilklesd A U tda fOENKELER B 0R1 P in 2 patn
fofnui BhédyrapRy 8xpEbiAye (CLBENrEeRch@ng the resist film, a
refractive index of said immersion ligquidbeing higher than that
of air and lower than that of the resist film, for enhancing

a resolution of a resist pattern.

3. The negative resist material for the liquid immersion
lithography process according to claim 1, wherein said

crosslinker component is poorly soluble in water.

4. The negative resist material for the liquid immersion
lithography process according to claim 3, wherein said

water-poorly soluble crosslinker component has at least three
or more crosslink-forming functional groups per molecule, one
or less of said functional groups being a crosslink-forming

functional group having a nitrogen atom.

5. The negative resist material for the liquid immersion
lithography process according to claim 4, wherein said
water-poorly soluble crosslinker component is a glycoluril

derivative.
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N---"N RLO-(CH2)n (CH2)n-OR, (1) wherein Rl is an

al kyl group having 1 to 10 carbon atons, and nis 1
to 5 al kyl chains. 10 7. The negative resist nmateri al
for the liquid inmrersion Iithggraphy process
according to claim®6, wherein id glycoluri
derivative having the structure represented by the
general formula (1) is butoxynethylated glycoluril. 15
B. The negative resist material for the liquid

' ' lith h ' l.aim.1, .

whor ci rEesi BEFRETRE BYREBhCNE LPELA LpoPgntP ondd g cat mmersion
Iﬁﬂﬁho@ﬁspﬁlt,)npﬁe&egei bceelaghed tof HQ@im 5, wherein said

a- (hydroxyal kyl )acrylic acid and 20

agtngatexyal Rerjderyrat Basseeptryctpre Aepaeseatessivs the
n?gfiéakn&?éeégg?%:?gkaﬁhgnﬁﬁ§50n i thography process

accordi ng erein'said resin conponent is

S R O, AN BRI ¢ et d and.

a-(hydroxyq“kyl)acrilate ester, and at | east one

nonomer I'e m ot her et hyl eni ¢ unsat ur at ed
car ¥c acid and @yl eni c unsaturat ed
car boxyl abhe estler. . The negative resist materia
for the i §Nid i sion lithography process

accordingsAo claim} wherein said res&ﬂDS conponent

hﬁlﬁgg?gpﬁ?}havi ngrg_;ggﬂ)h.o{)p;{ﬁar box c acid

The ve resist material for the
liquid imersion |ithography process according to
claim 10, wherein said polynmer 10 having the unit of
dvlkaresryRi d sacind akbivdesreppi baxipgpsl frekt0 carbon atoms, and

n is 1 to 5 alkyl chains.

7. The negative resist material for the liquid immersion
lithography process according to claim 6, wherein said
glycoluril derivative having the structure represented by the

general formula (1) is butoxymethylated glycoluril.

8. The negative resist material for the liquid immersion
lithography process according to claim 1, wherein said resin

component is a polymer having at least one monomer unit selected
from a- (hydroxyalkyl)acrylic acid and
a- (hydroxyalkyl}acrylate ester.

9. The negative resist material for the liquid immersion
lithography process according to claim 1, wherein said resin
component is a copolymer having at least one monomer unit
selected from o- (hydroxyalkyl)acrylic acid and

a- (hydroxyalkyl)acrylate ester, and at least one monomer

selected from other ethylenic unsaturated carboxylic acid and
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of the unit of dicarboxylic acid nonoester with at

| east one nononmer unit selected from

a- (hydroxyal kyl Yacrylic acid and

a- (hydroxyal kyl )acryl ate ester2 and ot her ethylenic

unsat urated carboxylic acid or %thylenic unsat ur at ed

15 carboxylate ester. 12. The negative resist materi al

for the liquid imersion |ithography process

aetbyilenjct onehtinimatednwherbonydaite eisteer.sion |iquid

is water conposed of purified water or 20 deioni zed

water. 13. The negative resist material for the liquid

| PUer siphe héfhograph¥spEecRSSeaeq0r gbrgthe ¢lhauidl.immersion
wherein said imersion liquid is a liquid conposed of )
alithesraphibaBEdcess aefQEALNT120 Al#ERhbd WhATSHR Mad resin
a ' attern ' a,Li.quid_ i rsj A :

P BiRbEtaE b e YT PR T WETE B R e RHARY acid
subsbeaterusing a resist 30 material containing at

| east a resin conponent and a crosslinker conponent

which is poorly soluble in a |iquid inmersion nmedi um

dhgsect | ¥narg %f@ﬁafeémrﬁb@@r&!aﬁ]ufgro@héa'l(iquid immersion
substrate on ich said resist filmhas been

| anthavedph2@®iaaesl atcngdpngdes edriimelo pathtegrain sghd polymer
ogto.sai@hresist 5fil.mt ro%%h sai d I% uid %nd i f copolvmer
nBe&LRYr\Pqi Wiy OF FAkPAG XY 4t RSAL; “PBROGFRG £33 coPoLlym

| gEeEBE Ofinl £ Qb A fdomdbpl {esdsid fidmbeéter whtisaitd least one
irradiation; and developing the resist filmfromhich
smpdoheguidihasebeehedr Emove d-tibyolroaiva likyd Jeesiysitic acid and
pattern. 15. The method for formng the resist pattern
agcohufrgxyelkyd) earavhate, offrérei Alshiodherg@tdylenic

R PR BEpaR0Y B SRS cCOTBITER BB
carboxylate ester.

12. The negative resist material for the liquid immersion
lithography process according to claim 1, wherein said
immersion liquid is water composed of purified water or

deionized water.

13. The negative resist material for the liquid immersion
lithography process according to claim 1, wherein said
immersion liquid is a liquid composed of a fluorine-based

solvent.

14. A method for forming a resist pattern using a liquid
immersion lithography process comprising:
forming a photoresist film on a substrate using a resist
material containing at least a resin component and a crosslinker
component which is poorly soluble in a liquid immersion medium;
directly arranging an immersion liquid on said substrate

on which said resist film has been laminated;
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imersion liquid with a predeterm ned thickness on at

| east the resist filmin a path of |ithography

exposure |ight reaching the resist film a refractive

i ndex of said imersion |liquid a5 bei ng hi gher than

that of air and |lower than th % of the resist film

for enhancing a resolution of a resist pattern. 16.

The nethod for formng the resist pattern according to

claim m;rm?eaéingsraneﬂmremirpﬁbpra\ytgmnubi@ht onto said resist
crossl Lpker 20 _c nent has | east three ar

cFOLE | FRESPERPAGY Pauronat a0t e o5Sr Nol Y okgking
otrteasment;said functional groups bei ng a

crosslink- fornlng functi onal group having a nitrogen

at om 25eM9Vingeaid fBgersiop hﬁ‘{lhbd frem Bhe e gt i pm after

?QEdEPQaBQatEEE .M 16, wherein said water-poorly
SO er

| e crosslin conmponent is a glycoluri
deri vatdeeeldBingrheretbbdt fiorlef Sromnduitdiesaédilsiquid has been
pattern accor wherein said

F?@BVﬁglFongt9gpl th5§5&5§tPﬁgFﬁFQ represented by

the followi ng general formula (1): 27 RL 0-(CH2)n

(CH2)n-ORL 0 ,NN>0 NN~ R10-(CH2)n (CH2)n-OR1l

(1%- wheFle meihed ﬁchrafqml@q oupe heaa it Patd-an agdwrding to

forgim ?Hd wﬁﬁreln sg E%hdcqﬁhg§31%nl%1fﬂ%§¥%§ﬂ¥“ﬁrocess

Ormh e resi S t"ern accor
MbGM§rmsémeigﬁsMH§Uhek6§ﬂ9w5ilmexjSlghthththe1nterven1ng

bgrtmgé}:/ggctazqylllaéueldd %ll %ocl?l uprJ:‘ieleetermined thickness on at least the
resist film in a path of lithography exposure light reaching
the resist film, a refractive index of said immersion liquid
being higher than that of air and lower than that of the resist

film, for enhancing a resclution of a resist pattern.

l6. The method for forming the resist pattern according to
claim 14, wherein said water-poorly soluble crosslinker
component has at least three or more crosslink-forming
functional groups per molecule, one or less of said functional
groups being a crosslink~forming functional group having a

nitrogen atom.

17, The method for forming the resist pattern according to
claim 16, wherein said water—-poorly soluble crosslinker

component is a glycoluril derivative.

18. The method for forming the resist pattern according to
claim 17, wherein said glyccluril derivative has a structure

represented by fThe following general formula (1):
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10 20. The nethod for formng the resist pattern

according to claim114, wherein said imersion liquid

is water conposed of purified water or deionized

water. 21. The nethod forfcnr%yg the resist pattern
€

according to 15 claim 14, whetrein said imrersion
liquid is a liquid conposed of a fluorine-based
sol vent .

R1O—(CHzn  (CHN—OR;

/

R1O— (CHy)n— (1)
1 (CH2)n (CH2)n OR1

wherein R; is an alkyl group having 1 to 10 carbon atoms, and

n is 1 to 5 alkyl chains.

19, The method for forming the resist pattern according to
claim 18, wherein sald glycoluril derivative is

butoxymethylated glycoluril.

20. The method for forming the resist pattern according to
claim 14, wherein said immersion liquid is water composed of

purified water or deionized water.

21. The method for forming the resist pattern according to
claim 14, wherein said immersion liquid is a liquid composed

of a fluorine-based solvent.



