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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 relatesito a resist materi al
which is preferable for obtaining a resist filmused
for aliquid imrersion |ithography process, in

particular, the liquid 10Q. IS l'ithography

process in which a resol%@ﬁgg&g%&?ﬁ% resi st pattern

i s enhanced by exposing the resist filmto light wth

an intervenin uid with a predeterm ned thickness
e

RROLer MAFER HkSUTR POGERS TOW Jnl THOGRAFH R FRQFRSS AND
f
mﬁéntplag FRRlNG REE%F&GE»ME&H {@ﬁ‘igrap TP &3 e MaTER IAL

resi st min a pat y exposure
light reaching the resist film and a nethod for

%ﬁ&#&ﬁ%ﬁﬁcﬁi@éﬁt pattern using the resist material

Li t hogr aphi ¢ nethods are frequently

used feHe 2Q-dwnuf aﬁwht%nf tBEasEEUSS W 885E BEREEOFSa1 which
el ectroni c devices such as sem conduct or devi ces and

is gurefergklal fdevpbbsinand amreslofsagrﬁlda\t used foal o liquid
' f t
LRLEE S RSO LbRITRESERSmof ap, PRABTSR b gdauia

processes a
mmmmslleﬁogmpnpt b¥ockksi Snpabichl a reskaubilhe of the
fine resist pattern having a line width of about 90

TR byt mé;qqqrhéar%rﬁm%C%t%axppﬁ1pﬁet%§fte5aloﬁraﬁééal to light
W @ andfigh &-{EREhg Q@t&ﬁr@wieﬁ@ kgaegb&knm%hfﬁﬂgkﬁsgs whose
in the future. For acconplishin orm suc ner
pafraepivdhdmdEXx 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, 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 accemplishing 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. 1In the exposure apparatus,
shortening of a wavelength of a light source such as F; laser,

EUV (extreme ultraviolet radiatidn}, electron ray and X-ray,
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30 nm devel opnent of an exposure apparatus and a

resist accepted by the apparatus is the first point.

In the exposure apparatus, shortening of a wavel ength

of a light source such as F2 l,aser, EUV (extrene
ultraviolet radiation), electron ray and X-ray, 2 and

i ncrease of nunerical aperture (NA) in a lens are

commpn devel oprent al _ poi nts. However, the shortening

3rdt heciiadee e‘hgtfhu%?r%ﬁéll @@ﬁ%’tug@uﬁ%) rEd rkangrare common

&ép@ﬂé%g%nggmlﬁggﬁggtus In the increase 5 of the

nurmer | aperture, there is a problemthat even when
the r déoverveéon tlse i slooebsringaof odad whept henainyeof sthe light
eased Dbecause the resolution and the focal éﬁgnfhcrease

'F‘%Wé‘ée aF BIFhESF r Ay SR TP eV Gt PO ST P T RelEnt |
setwd cahdedeal | dpeteutaeesepd 14 thagraphde tﬂék even when

met hod has been reported as a |ithographic technol ogy
Whe cresehabl e’ 1 ioeinga sagh apf@@ﬁéndep‘éhgrange is decreased

HOPafeL bhe SB68T ka0 2Re % SREpHERR rasey ave in

Vesde Soff TethtobnsBipl9(6): 2353 2356, 2001]
Non- pat ent Docunent 3 [Proceedlngs of SPIE Vo

4691: BRCRELY 15 DRERPY catried ﬁétwdama%sibaﬁlﬂtéwgrapmc
M@El%doﬁaé Bégﬂ' 9??5%&@05@% % TR g:'e@fﬁ{cﬁd?gr}{ which

1 quid) such uorine-based inert Iiquid havin
frnaidee e rhw ﬁeavemm@wbltama rﬁEegveri‘@)Imp%ttterh’ewCIment 1({J.

esi st _filmbet ween,a and .th resi fil
‘ré%%St%"% ?‘?‘ﬁﬂ% exBOSE?Q%)I'ﬁ'gpﬁi“§3r9\?fh&§592}0 ﬁ%ﬁﬁtee“t
bd)@@the]@atil spacexhigdy haedigen coyvead (analdss-2356, 20017,
occupied by inert gas such as air and nitrogen is

N eR e8P i RAICUREN | il roger HagsupT FREE Wt br 4ftfsed 59-465,
5605 ﬂ:tg IR 4 PLok ! SEFs rI08" FLEE ofVEN 1 MiBla
refractive index medium (immersion liguid) such as
flucrine-based inert liquid having a predetermined thickness
to intervene cn 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 1s 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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exposure wavel ength is used, the high resolution is 25
acconplished as well as the focal depth range is not
decreased as is the case with the use of the |ight
source with shorter wavel engh or the Iens with high
NA. If such a liquid imrersion |ithography is used,
the resist pattern which is excellent in high

égsolutlon and_f ocal a]pth 30 maybe fornmed with | ow
n

StLHSPRE PRe IN¥RYTIONNt ed in the existing appar at us.
Thus, ther) s ayk I a
renarkabl5 %O%|gggﬂggﬁ§bgggl%% R%acgﬁ%ﬁbéﬁ$ﬁoﬁtho%¥aphy
Ei@fﬁ%ﬁénmr{m@dwatqquhmemrorfﬂad h@geapmd dpnonessd water,

uri.fied water and deio
i ot B GPe Bt e RYBEBaeR PropbE o BErEhen Liquid
u s8R} ol thieqUhdrd wisesk hardappeatrBarto Wt ko8& ing in terms
peared to be promsing in terms of cost and eas
gn69$ SRR hang ligyg st HpWeRers anng@eat Pylmhes invaded
[ e []) e S ihrect] y,.

LTRSS, Sk O}, ARURPLENRUEESLAG FRTeL Al bsvectry
Jdomt 2 bed wi tintloe demmetros igurt lilqalafad'r EHerﬁxl;ﬁmﬂdréLSWTherefore,
litho aghlc t echnol o 10, to practical use, it i

is
He & RUDrdis 8Lt ementiongsl ReY ot 1 thegraphl gitechnology
fOPHAt e d eeisyl, ikl M hadgdHogho ?§b§5330§ i ide é':tterlal

i mersion liqu uid. The present i'nvention has been nm

‘FEFPQIPI-bemfngPI@ﬂDH‘Ié repbyle il bawtimgcbighndesistgnan to the
% § #gventlon to 15 provide a negative

reS|s Frat ef Far “Wwhi ch i s suitably used for the liquid

i mrer siton dridswogr aplvenyietessswbeeh nSdehenneMe 1ight of the

l.i t hographic technol ogy, and a nethod for formng a

FRATS (CI R RF AN GRY n@n%ihiLE hegabi okIpeti 8f heedpyention to

provide a negative resist material which is suitably used for

the liquid immersion lithography process which is 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 liquid immersion
medium.

The method for forming a resist pattern of the present
invention is a method for forming a resist péttern using 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



10

15

20

25

30

To achi eve the object, a negative resist material for
a 20 liquid imrersion |ithography process of the
present invention is characterized in conprising a
resin conponent and a crosslignker conponent for this
resin conmponent and said crosslinker conponent is
poorly soluble in a liquid imersion nmedium 25 The

pethod for form ng a resi st pattern of the present . . ,
%ﬁ%‘g’c?gho?é snﬁeaﬁaalf)&l% 'endfea?%setsigtel"ga@%%‘i ghich said

Heh88s fohi 106k o hAREE SERT did QY EAPHY L RIRGES resist pattern.
conprising formng at |east a photoresist filmon a

subst r & ehgsiairp ehd wvegiisitornatidy il preferebileyto enhance the

[ ' an.i rsion liguid on i% sug trate on_.3
Srrehisirn Y T et pYeREeEdRd A SaPhornyiin to
pi guetdrtn afd maidesmindg Jhlquadt Wi Shiddpredesbrinih8d thickness
through said  imersion Liquid and if necessary giVving
WPER IGff Hadet HeAndex brdviohe s hani ek siforl §isgd yower than
thomdhanes lidd MNAf oy 3a1date Lheadkaibenti Mdin 2 path

eveloping the resist tilmfromwhich sal I mrer si on
¢f quinel hashbgeaphgnexpdstuoeotight theaatdsigttipattesriret film.
In the_abov inventiog,.it ig. referabl e to_enhance N
the TSR UthBPETSERE FBEPRELRE Fern By ean b8 Ky ox e
18éstots laRd10/zen hingdtthod Eﬁraévéﬁﬁﬁfﬂﬁ?lq‘ﬂﬁa;ﬂi'ﬁl&é%ion of the
with a predetermn ned thickness whose refractive index
Fes ks ghekln hed Hor Sheal iquhd iewersisanlithegraphy process

| Sty £ I t. the resist %' ;|
FEF PR A KO ST L P AR nbhnon ror
foiming Wien relsd spr pseberhnvent g amh wnsenade vet hesist material
present 10 inventors analyzed a _nethod for eval uating
WP i FYRAERbRIOPAERE OPeshSt APALHSUSed SV the | qui d

i mrer spoqy: 14 hagy %Q'E!i)é_rp‘i:808§§lu§§ef?ék@%maﬁeg {Pehe resist
negative resist material and the nethod for
pattern formation by the liquid immersion lithography, it is
considered that it is necessary and sufficient to identify the
following three points: (i) the performance of an optical system
by the liquid immersion lithography method, (ii) an influence
from the resist film on the immersion liquid, 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 liquid, i.e., if
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formng the resist pattern using this negative resist .
material were eval uated based on the analysis

results. 15 That is, in order to eval uate performance
of the resist pattern formati®n by the liquid

i mersion lithography, it is considered that it is
necessary and sufficient to identify the follow ng
{)wee oi nts t he gerformance of an optical system

¢ Mgt af&ﬁ"ﬁéﬁg BY 1he RGeSy et AYdd apd)dgpot affect
ERElueNeSs 26h ﬁ.ﬁ_%)ﬁ‘lhh e; £ esirsbefdddn J?Hbl?}é}? thg'tr_eﬂéfcﬁ gbeyoccurs

liquid, and (iii) an alteration o e resi st
metharmrﬁoamalnqwbd.tlF@ronthe:a]desﬁrsrtmnceTbérEEere. it is not

tem (U for _exanpl e as,_ i s evident from
BBLERRRET! hht Ph halocomst (AP B et ThiR drorbhr
SurfaC‘BhéOInﬂl\ili?IQé@G:fﬁilthel gekHEEl 5€0midh WhleeimABE#s28n 1iguid
isirradiated to the surface, it is no

tt I
&lgabfsrnn%f:l%w%lqbu@drmtqméhétu & CEIReNSAItein| the Fesd st film
15 SPed fYLq MERRITHON 10 167 aRgetHhE EE Pt RiRe index
bﬁethnuﬁxguadﬁf Theisptivtosenscalve @F bdent IwitHuist need of an

case, ,the | rop ation |os 30 is easily solved .
SEREIPERE HAAL DleRRAA T B lsiian o pashesn Sxposure is

J:hﬁlﬁéedThfrﬁ{@rﬁafﬂg@Ef@é ﬁ{H@.\XQQJ_S%eSll@Jq?ﬁtd 1% ER8nged. oOn

resist film or the photosensitive plate
Phbs 0BPAPR/ of tahsi AHEE ifcdemdt iten idsurtdely titfe t¢ie}nf;ﬂ$ eof the

LfeLet 8 Lhay MIRembRREEABY O bnfictmbod ok ofeearactive

m@exrmjertmeaﬂlkssqmud,ldnt o€arhdeadmamsnéier ethdrhahen@esist film
change occurs in the performance of the optica
5y SERRT S8 ridt 6PE, 1 auig, g %’éée"s@é’rtynﬁéeﬁélaﬁdrﬁPaldentlfY

NEY LXPSThAEHL 1t9¥1 ééllﬁ@apﬂznfrrédirgglhg nglgnlggte rltlhﬁ.ght and

resist filmon the inmrerston Tiquid specifica
dendeteapendt hat a conponent in the resist film

Conversely to this, when the resolution is identified by
irradiating the pattern light to the resist film in the liquid
and developing, it is 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 point that the resolution is deteriorated by the
alteration of the resist film caused by the immersion liquid
(iii), it 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 extre.mer. On such a point, in
the test where the exposure is perfermed by completely immersing,

it does not become clear whether the change of the resolution
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is dissolved out in the Iiquid to change the
refractive index of the liquid. It is theoretically
evi dent wi thout need of an experinent that the
optical resolution of patterngexposure is 10 changed
if the refractive index of the liquid is changed. On
this point, it is sufficient to identify the change of

th i mrersion |iquid conposition or the change _of the
Fe et 1t ed fdekByal heraf $eB| ek e drmers iconpdaprd or the

sbepch bheot Snd %106 LRISPELLA PUIL Bt B0 1o

@Etbathytheradfatlng the pattern |light and
he resolution is

devel opi Conversely to, this, when

dont | TREdnR7S PEPRAREPPn Lt thansh ELL h TG RESRGaNS Wit two
segéstofidia |dhrdé1%dllrﬁ,wa91d ﬁ&ﬁ? HSV?:[Q@i“@& oht b§ identifying
possi bl e to check qualltﬁ the 20 resolution, but it

Fand hberapblignsievgdi shefhaheenastt ﬁelma hvm atém:elmuatche

rﬁigigé%%g f%h?gkorgﬁéfgs%?éﬁn? 2%1 e HéE}SPr “the liquid

irmtersabn bithoyhapher edf thEOIresliletptfmlin battHhehew resist
resolpytjion is deteriorated bi the 25 alteration of

RS 831 SPrFf PRPRLABSERE by RENd IaAEr dPBRTsign d ithagyaphy
pobéssUiis %@é}‘i ideef £ LA cﬁ'é@lﬁ\:i&?ttéé@tthat "the
‘the resist filmis showered wt he | nmer si on

I¢ah$ﬁ &ilmrishshoespeduwéfhattiesibweqsérnl y idpiiel oferkified

ect _the resolution of the resulti
SRetEF e s oot nEPRPEUBTal Baet SRDSG HEPHGY, (G Loped to
1mmdt|ﬁmdlrre%@mfcﬁ;m oFK e ﬁ@shhﬁlﬁéstéélfst'%&ﬂﬂélrna The
liquid imersion condition is extrener suc

PoreEsien ligeidedsednbpe thésekpsbuias $hgepfgridfdecdyrater
€L&! M RIS LRI 0w Lo SO cf]%tas%efégﬁal‘ih%qr As the other

mhet%er t e -change of the resolutio
evaluation method, "a constitution where the pattern light of

the exposure is substituted with interference light by a prism
and a sample is exposed in liquid immersion {two-beam

interference exposure method)" was also employed to evaluate.

BEST MODES FOR CARRYING QUT 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
pooriy-soluble in a liquid immersion medium.

In the liquid immersion lithography prccess 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 ligquid 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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Is attributed to the alteration of the inmersion

liquid or the alteration of the resist conposition by

the imersion liquid or both thereof. The above

phenomena (ii) and (iii) are phenonena with two 5

sides of the sane coin, and may be figured out by
identifying an alteration |evel of the resist film by

the |iquid. Based on such anal yses, the qualificatjon .

f or thﬂ’quilq%ﬁ]dl FORROREDR APPYegiamst okinlkeed eaf stong as it
i y n ' eli.al ferahl e.f.qr t -

i S o e L

coemd st eonby e whalfcdtliovirtigsarichprefelhableesi Atresin (A)

filmis showered with the inmersion |iqui urifie
BTGP ) P51 e T REUTY: AT Ay arsole by
4R ad NP REM nhRetisseliHbtoBnal gBSUbgsﬂﬁt&m_rﬁ&@é&he capable
pattern". The immersion liquid used for this test was
ehdquriifd egtwat by 1Saekpadtenk ianatdrars whelrewtbesgroups are
a hand! i-n the_ ot her, eval uatjon.netho . a
BN A SRS P  TErPE T pefhReoRtkeli "Ehi8eupa® by an
¢ Bfsebsifi thit adid ¢dneé Nd €68 &veas @ dildodén dya boprdisiil tRitbously
a_sanple is expagsed in liquid inmersion_ (two-bheam )
added gt dhce repdsdume tegtirddys Rasfarablenpreded Horein, the
| . T i
P A St aPrar 1 or The TIGorg [ reer sy eacting
e ogrtdphy mearocdes acaopdieng hgdrbeypresenp and a carboxyl

i nvention is characterized.in hat a resjn c onen

SR oL TG CeoROsHaM D PO €T TP OB bORB R BReT - In
& ige ErAigedhanth tha e a6l Fiker i 6RAPYNpd For forming the
poorly-soluble in a liquid imersion nedium 1In the

¢S eRA d iAmENSPoR Te3HogrEaptie pegdessadtydhexyalkyl group and
éggi%gt‘sttoéhe bl £1%e RAGHRRA! §rolifthr Ple 'OI¥M 1YL LLsBer group

in side chains of a resin main skeleton are preferable.

Furthermore, a resin component (B) composed of a polymer having
a unit of dicarboxylic acid monocester 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)

R,

wherein R; is a hydrogen atom, a C1 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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pattern i s enhanced by exposing a resist filmto |ight
wth an 30 imersion liquid with a predeterm ned

t hi ckness whose refractive index is higher than that
of air and lower than that of the resist filmon at

| east the resist filmin a path of the [Iithography
exposure light reaching the resist film 7 The resin

conponent above t limted as | on it isth
ool 1 IR O 1S eI ARk e ude (A1) a
I%lﬁ@pcpyﬁméf‘eofoééﬁé%?ﬁér?r 8rPLef €eakke o monomer

resin (Ag ch is a resin conponent which becones

s leadtied rf&@mhFQhWIbmlmm aangdy Has alodel Andcih iyl ester
groups in the nol ecul e capable of form ng ester by

Tleget i ey abior hercr whke e, grplipthzdle a d:é:mcdlrmaexd of at
and formthe ester to becone al kali-insol uble

et TOReTES Fegerdest EdOBy *ar é(ar@xg@r%écryat)@\cryhc acid

HLHa AR B ar Wi RakREvad M Favdriconat dgp et Least

cﬁﬁaoatb:lrﬁ:mﬁrf@ém@ﬂea her&at8£hdY EEAGLEAYC QR8atDehRRU
mean, for exanple a hydroxyl group and a carboxyl
Cg?ﬂ%hmﬂf]olrc fast @Ké’d&l}ﬂndtceuél Bdurat eshicasopratlate ester.

ester » ey e functi onal

groups for efgjrbelmw{g{ EA est effﬁé cgg #}6‘% r%gl n, those
&amm@;m@w@&f 1i@rs8pd agdd1bnat ah egst egr&%rot:.ft he
carboxyl group or the carboxylate ester group in side
ochdiysr oyl kek) ancn}alantskm atrosf earab s efaatdild=e the copolymer
Furthernore, a resin corrponent (B) . conpgsed of a
Fo13)merthRsa iEing (af t Lers b el b%ﬂﬁ%egc?aownﬁewtlép acid,

- et rd el ariable.s aThe: £ 631 A LPTPONeMy glﬁcg'lsmetﬂaeI:Pféte as the

- words, the resin 20" conponent havi ng

| east
thﬁnnﬂthMﬂQnIQDﬂESEhmBmt©® té@ebokpl fowengdgendr ethylenic

Jnsa urat(ea 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 an alkyl ester moiety of

the alkyl ester of a-(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 bicycloc{2.2.1lheptyl,
bornyl, adamantyl, tetracyclo{4. 4.0.12'5.17'1°]dodecyl and

tricyclo[5.2.1.0% ®idecyl 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 as methyl,
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O ORZ (2) wherein R2 is a hydrogen atom a d to C6
al kyl group or an al kyl 25 group having a polycyclic
ring skel eton such as bornyl, adanmantyl,

tetracycl ododecyl and tricycl gdecyl groups. 8

Exanpl es of such resins may preferably include (A1) a
pol ynmer (honopol ynmer or copol yner) of at |east one

nmonomrer sel ected from a- (hydroxyal kyl)acrylic acid .
Ay hn RFWBY! erbputyd are @RRkesdR! ®HS@ISH thoge yhich are
= 0 - lea QEY
gﬂ?ééégély?o%gg-E%Eg%?ﬁ%;%ﬁ%%F%%b?%??gﬁﬁc| aﬁj%ﬁ1a1COhOl
adRydnestefoof farmihgdtbey alskyelr).acrylic acid with at

I t ted f her, et hyl.eni c .

inaat uFat o EAPEG S EREL aEF e hna Ot RY e B EiRen Pty e

m@ab@xyhm?lﬁf&ﬁ? oﬁ%utﬂ%eaﬁ%i/ﬂﬁ_rtﬂeAcarbokEﬁi@sﬁ?bﬁ?ﬁﬁhereas
he"al kyl ester :

of 10 a- hydrpx%a kyl)acrylic acid _and th
bt the epferowihhkihy gropsdiiakesl ppéverabie hudboasrkpn, such

-9 i : d .
$O0BLYEPEe (852l DESELNE R | e2Sin R AL ez e

el catdkyd 1 it drdgyo/ll vad vec Jaisc thelroetdidyoretiByifr6duced into the

unsat ur at ed car boxylic acid,and ethylenic 15 ,
TRRLRUrht oF B4 A tesF ERULERNEPUEA Y abREe the carboxylic

| 88 ehet Q%Byeﬁgﬁab%ygw QR ik the
a- (hydroxyal kyl Yacrylic acid and the al kyl ester of

a- (hy dfexyei kit ) argmhplencd @l ey diiedwddgHywaric unsaturated
Sy SRR s SORPR R PO ML BIIEI ot ace estor in
O URSs i AN )t herp theltna@r@ﬂy@thybt@a%@rmﬂ¥1b@ acids such
Eg%g%%gz g%:gg:!fcé?aa,%l{l:%a?:rrifl%rce;ggg?lmealler?ic‘} g(r:jr.rg a%d fumaric acid,
and alkyl esters such as methyl ethyl, propyl, isopropyl,
n-butyl, isobutyl, n-hexyl and octyl esters of these
unsaturated carboxylic acids. Acrylate or methacrylate ester
having the crosslinked polycyclic hydrocarbon group such as
bicyclo(2.2.1lheptyl, bornyl, adamantyl,
tetracyclo[4.4.0.1%°.1"°dodecyl and
tricyclo{5.2.1.0%%]Idecyl 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 o— (hydroxyalkyl)acrylic acid and the alkyl ester
of a—(hydroxyalkyl)acrylid 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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the ester. Exanples of the alkyl group in an alkyl

ester noiety of the al kyl ester of :

a- (hydroxyal kyl )acrylic acid may include 25 | ower

al kyl groups such as nethyl, eghyl, propyl, isopropyl,

n- butyl, sec-butyl, tert-butyl and anyl groups, and

crosslinked polycyclic hydrocarbon groups such as

bi cyc] o[ 2, 2. 1] hept .bornyl , adamantyl,

FefiStybabFarh. 6019bka1R26 Hodeoyl  and

tricycid Sres dn 026k 98R%h 9N BYPHasTHOSE WREN @i @&cAdMdr unit

‘group 30 in the ester noiety is the polycyclic

sereeanbed Brotpeafelletiact gepeierl dfrandiang(3) or (4):

dry-etchin sistance. In these alkyl groups,

particularﬂ? he | ower al kyl groups such as nethyl, 9

et hy rgpyl and butyl are preferable because those

whi chare\ i nexpensive and easily avail abl e may be

used as an\agl cohol conponent for form ng the ester.

[?bthe | owgR3al kyl ester, esterification with the 5

| group occurs as with the carboxylic group

wher €as n the ester mﬁtc}ihe crosslinked pol ycyclic
such esteri ation is difficult to

when the ester with the crosslinked

pol ycycli ¢ hydrocarbon is introduced into the resin,

it erabl e to sinultaneously have the carboxylic

10 group ix the side chain of the resin. Meanwhil e,

exanpl es oK)th ot her ethyl enic unsaturated

carboxylic acid and ethyl enic unsaturated carboxyl ate

ester in the resin (A-2) may include unsaturated

cdq{Oyxylic acids such as acrylic acid, methacrylic

acid,\maleic acid and fumaric acid, 15 and al kyl
ester as nethyl ethyl, propyl, isopropyl,
I

n- butyl, isobutyl, n-hexyl and octyl esters of these

R3 R6

>=:< (4)

R; Rs
O:<
ORs

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, Rg and R; represent hydrogen atoms or
alkyl groups having 1 to 8 carbon atoms. A negative resist
compositionusingtheresincompbnenthavingsuchajmxwmerunit
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 Rs in the above general formula (3} and
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- dodecyl and tricyclo [5.2 . 1.

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 g 0.12'5.1'-10]

% '"61 decyl groups as

the al kyl group in the ester noi ety may al so be used.
Anong thegi acrylic acid, nethacrylic acid or |ower

&t k;haSeéi: LASHAWRS IR RYIa Lt ¥g iC mitapatuirs, may have two
(5‘r st af§&§&§1[:haelfﬁ9ét &s A 9?:{ %ﬁﬂ%@%ﬂsﬁhé%ﬁﬁ:uent,

I nexpensive and ea3| aval e resin
z{md Ay havattloenfimb femtof)aecunderreedummg sehespido ring.

ro a- (hy yl I| Cc Cld nd the al kyl ester
RS e iy ) SEPSLEuBetqvt shat aF88sfaphn Gersity is
PREOSREb LI hecSR5ECERE Efemﬁbhgésggﬂh@:@ ©f the polymer is
unsat urated carboxylic acid and 30 ethylenic

emivaneedt ed carboxyl ate ester is in the range of 20:80

05 R AR 59,505 oA b P o s

te estmére Sabhsytyitostedctubekhesnprederabay ket ieaist one
t he nDIecuIes and a preferable 10 resist pattern is
Fhter Hed. Taom F%%lﬁrEBﬁp6ﬁ§ﬁﬂsFBPgh§§ é@ﬂmﬁﬁﬁaﬁﬁm

ERTN a.%g%éne!69§§58g}§g bXOEBSrBQhEO @%ﬁ%ﬂ?ﬁﬁg alcohol,
RPornene lactone, or derlvatlves thereof

As such dicarboxylic acid monoester compounds, moncester
of fumaric acid and monoester of itaconic acid are particularly
preferable. Specific examples thereof may include
moncadamantyl fumarate, monomethyladamantyl fumarate,
monoethyladamantyl fumarate, monoisobornyl 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, monoester compounds derived from mesaconic acid,
glutaconic acid and traumatic acid may also be used.

Furthermore, the resin having the unit of the
dicarboxylic acid monoester mentioned above may preferably
include (B-1) a polymer or a copoiymer of a dicarboxylic acid
moncester 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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HO=0 R3 R6 (4 R7 RA O== OR5 5 wherein R3 and R4
represent al kyl chains having O to 8 carbon atons, R5
represents a substituent having at |east two or nore
alicyclic structures, R6 and R/ represent hydrogen
atons or al kyl groups having 1 to 8 carbon atons. A
negative resist 10 conposition using the resin

component havi ng such a nonormer unit of dicarboxylic
WEEd FARRe STl SOPPénaraBReCbetiRisy fREe 1 eBoret ¢k average

ﬂnélé‘b@fa?%iél{?ﬁ AR QHQEHeé&nﬂnén.léﬁg%seq oA LBOE§, 000 and

preferable in liquid i mersion Iithography process
beebesablywel PPAgtreSPs8Ace is high. 15 The

subst i uent R5 i.n_the above general formula (3).and 11 . .
(4) h GroF& 1S T FORBPE TR B?BFE‘&’?PHE&& i8, gﬁ%yﬁlqum
h&u@rﬂ\@n 04 10 vt IS VG b6 §ﬁp5§tuh€3céﬁ§|€96{igﬁﬁté}{ement of
in the substituent, and may have themin a formof a

tomdensbat rnaesiaa &pirr hei AdIuiEhpmaprsionofl idikggraphy
I fa
SROSEES Lo Ll 20 YRS o o, €T ldveramae
enhaneed. cﬁospemnkec axatipbe atf leach ahsuhsbﬂnmaﬁe
having, at least two or, nore alicyclic structures js

PFRF2 h%kyf%\%mwasﬁuwmgae} GLOMP S PEMANE G ot pnd where the
ERHSE B hRIr 9 n 848 BALAPEonal group having a nitrogen atom is

one or less. Among others, a glycoluril derivative is
preferable. Inparticular, it ispreferable tobe the structure

represented by the following general formula (1}:

R10‘“(C\|“|2)n (CHz)n““OR1
/

& > (D)
R10 (CHQ)T'I (CHz)n—OR1

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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10 tricycl odecane, i sobornyl, norbornene, adamantane
al cohol, norbornene | actone, or ‘derivatives thereof.
As such dicarboxylic acid nonoester conmpounds,
nonoester of fumaric acid ang-,nonoester of itaconic
acid are particularly preferable. Specific exanples
t hereof may include 15 nonoadamantyl fumarate,
mononet hyl adamantyl fumarate, nonoet hyl adamantyl

plnaRALEN AEnbhIShONAYI ek @y PrRfRr Bor¢lude phenyl
?LBHBB@&E guf¥8xg919ﬁnatr? Hl{%m%a%thy&&Yﬂmffyéulfonlum

unmarate, nonoa ananty
whmoh&ﬁewbadammyttutéamm bowabrm]dtywlgadapanstwchh as methyl,

nat e, nonoi sobor n acona nonor bor ny
F{iﬁggnare@py i g‘s,&quféle]ma Fer a{ggﬁgﬁe aol[?fg lower alkoxy groups

dhedcEaPaBEABYY hhaceRdbky AS the dicarboxylic acid
nonoest er conpodunds ot her than the above, nonoester

conpoumandbnﬂeedas o msauornfbxam@ll kylglaulef@cmtce ion where
nd t raunat aci d al sp

EnrE o R hyaBE Y AB5 Fa Yt kv Broup having 1 to

tdocanbbuyl bEomsi dr@oaqmtte_rtuf@rﬁ waef Aot n@Yatoms is

preferably include %B 1) a polyner. or a copolyner of

araﬁeﬁﬁbé%w prRdaghe IThvRsesddy InsdfmatgnhdiqBwhexe all
ﬁ?ﬁﬁb&gﬁ{ afbmd ghC@ﬁgoéﬂc{if %Ct% dH?GPﬁ tgrtw%@fbon atoms

east one nonomner
afersnipstidnktdd avi t(kh)tdra»f;laidqalr)eaartpmc iacpdeféheble because

kyl ester . of a hydr oxyal kyl) ,acrylic er
Borl afiferyrad: citeen CRaIE s Toda 3 Y daffe s a h B rinatea
Hasab ul 24 efo @ Faxdrate agbalks 1hnam§1rzj t is, the more an
i nvention, these resin conponents may be used

ENbRBSHEYI ASCERBEARLFORCAH fiko lowarsice. A wei ght

ous” SOBBLES LR NEbODh O LUSCElg SomRgEE 1= 2
trifluorometanesulfonate or nonafluorobutanesulfonate of
diphenylicdonium, trifluorometanesulfonate or
nonaflucrobutanesulfonate of bis{(4-tert-butylphenyl}iocdonium,
trifluorometanesulfonate or nonafluorobutanesulfonate of
triphenylsulfonium, trifluorometanesulfonate or
nonafluorobutanesulfonate of tri{4-methylphenyl})sulfonium,
trifluorometanesulfonate or nonafluorcbutanesulfonate of
dimethyl (4-hydroxynaphthyl) sulfonium. In the present
invention, the acid generator of this component (&) may be used
alone or in combination of two or more.

In the resist material of the present invention, miscible
additives, e.qg., an additive resin, aplasticizer, 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



10

15

20

25

30

As a crosslinker conponent poorly-soluble in the
liquid 5 imrersion mediumwhich is an inportant
constituent elenment of the resist material for the
l'iquid imersion |ithography jgrocess according to the
present invention, it is preferable to use a
crosslinker having at |east three or nor e

cro slink-formn u rou per nol ecul e and

A BRe VES TP %§§-I ﬂ%‘*%?ﬁ?ﬂ ep fiéﬁécegti‘% Rekhyg ethyl
%e'ﬁbhre()g%@ic@b‘?l@ﬁa%on@e ¥t HEIS Si s SHTRPD IS add 2-heptane;
glycoluril derivative is preferable. In particular,

Pplivyadeaterdbpbolls badt HerivatdvesethesppEsanchdabyethylene

A e e L SRR FER b (b B LI LER R e
dhetaiyl eRe lg&ya:ﬁalahdoylloag:fe(tl&t&a\{jﬂg))lléﬁb ]%yecﬂiporpropylene

atons, and nis 1to 5 alkﬁ chai ns.
gLyesluRPRoagrtake va1iPpeBY 9n§ogéﬁpelc%s%mmrlenﬁ glycol

hBﬁolab%l&'a@e' nge nnﬁrﬂﬂ?é"?gyﬁlgtl{e%pr ﬂlgié%ﬂ y {:ngoﬁfl%?opropyl

general 20 “for ut oxyrret ate yco

Ethelre mospbpiefle edbles:. orAmcarop&erlgewtﬂ*rai drheusesit f oeyclic

t ti
EbRs6an R Gh QLAEPaCssoaReRE 8UB) o7 cREravhylagkate’ ethyl

exPeaYEs héfhyl ddetStPHOSH)E AR RN, 0BLLYIeL¥eBRte, methyl
select from and use publicly known aci'd generators

B¥EgVERe, cORbERt PYRAVaERenrebhyYy maphoXyRropbgatteecand ethyl
RORLEReBRIbAALED] andl o ddMAd SUNARS SR s O
N,N-dimethylformamide, N,N-dimethylacetamide and
N-methyl-2-pyrrolidone. These may be used alone or in mixture
of two or more.

The immersion liquid used for the liquid immersion
lithography process using the resist material of 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 lithography method using the immersion
liguid 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
coating layer of the resist composition.

| Steps up to here may be performed using well-known
techniques. 1t is preferable to appropriately set
manipulation conditions depending on a composition and a

property of the resist composition used.
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sul fonate ion as anion is particularly preferable.
Exanples 13 of cation of this oniumsalt nmay
preferably include phenyl iodonium sulfonium and
di met hyl (4-hydroxynaphthyl) syl fonium which may be
substituted with | ower al kyl groups such as nethyl,
ethyl, propyl, n-butyl and tert-butyl, and | ower
alkoxy &%oups 5 such as net hoxy and ethox

Meanwht fesegyenhkeé vanten subsiorazs eyl wb@choth‘ta@ gesgipt film has
ﬂ@@ﬁef% s Tinm%r f?d ivere %@Eé’f@n' rﬁbcé,{l%% AKY a5 minert
group havi ng carbon orrB are su ute

watarf suohi as puarmfllad prafear ahide deginch it Aeed fhatosoadiky | a
grlfonate i on where all 10 hydrogen atons i.n the alkyl

BoprhgvPAGe? S81xelly For s e T Mok AR utaRA wi t h

f;@gfihg%hmg abARkers preferabl e because the |onger
t he carbon cﬁaln is and the smaller a fluorinated

rati o Thbs |1@mﬁra°etchmesn§tafohs amthe keubsgrmais lssseldn:etively
Si t sulfo cidis
%%ﬁ%gﬁ or?)tu c c%/)enslaiarrﬁ $aPeS pr?a 541 ud beref%re, at that time,

théfelxpumuargeﬂu bhesalsetAronghathe dnedetisingsulib@iat €o reach
henyl i odonium trifl uorometanesul fonate or

of
FB%aF? bbbt dMesul fonate of
bi s(4- Zi’t_erﬂhabd“tﬁ.lxrﬁ%“eﬂﬁ@ +998L YA 1 is déutectlguﬁgnta?ted with

trifluoronetanesul’f onate or nonafl Uoro ane onat e
bmeznmm¢¢®m@my1£qmidwnbum tthrd fdesdsdnétidmesal hohad Etered, the
nonaf | uorogutan su f onat

f . .
%Iplp?ﬁsh%]{lh FBH% yllfsap?'o%il%ﬁ]red by the resist film and

tomébyos ey anpsuUbLbeRRRe Ph-opRRal) eiebutanesldanate index
of di net hyl (4- hydroxynapht hyl)sul fonium 1n the

ecept 15 mﬁé‘htalldqu é’e&@‘-@(ﬁgéﬁ@r geei sof fihnsis composed of
fl?gppggfét(ﬂtg??fage Etg:SngL% t%n%h%r f%fsce?hrpll%q}en on and

two or nore & FeSTSC ot et e presen
Tewbsitawre tm shiebimrersion liquid 1nclud1ng the 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 imﬁersed resist film using
the immersion liquid is completed, the substrate is taken out
from the immersion ligquid, 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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additives, e.g., an additive resin, a plasticizer, a

stabilizer, a coloring agent, a surfactant and am nes

commonly used for inproving the performance of the

resist filmmy further be 3pcadded if desired. It is

preferable that the resist material of the present

invention is used in a formof a solution in which the

above  conponents are dissolved in a solvent when ;

Thid. rBEepidd ypter 1§ Rer fosBeddnY dRaPRIRY @fespraying the
Syeh t et h

B aone R Brr Tl P Mo raf i iEne supstrate to

wat iy vaitehh e sleowiaie maddddre vasigéscdimprebf icndisawlved with

t hyl ene | ycol ,, .ethyl ene gl ycol nonoacetate
ERE(TSTSHRO B I the TERHTAe gPvPs SnBRG4GE RREtern where
PROMEANR ghYRHas Be@BYbLPEr9i ¥6QliTRPRA¢EEAR with the mask
dlgropylene gl ycol or dipropylene glycol nonoacetate,
b

kerBNeEhobtadined byodsatimg . et her, nonopr opyl
et her, it h A er er.gof.; .
cycliéB§g¥ﬁ§#§¥ 5@% gésg%gggﬁggggg¥%}ghggdﬁggs]ﬁéﬁﬁy?0551ble
tacpabaucet hyik 18slisct phetearet huviaretat®inetiyne width,
acetate, butyl acetate, mnethyl E ruvat e, ethy] . )
PYF b arbar kit fyf LRet ARy pPRGF ondt e BRdWEERysmall pitch which

§ﬁ@@§y9ﬁgpbggatgésagqtggEQe based sol vents such as
N, N- di net hyl f ormam de, N, N-di nmet hyl acet am de and

N- et ¢ reipyritiotipbheh Mhetke nbindbeand espatorpabtern refers

1 1 ) . h . . - - d d ]
For EhEar, GhPhahact &R CoH FLnbEF ARRY B OERLE MG Hjoce width
ifearpshet wirBtBl Hakeet ibhe ofr @es@Npattasent i on my

i ncl ude water conposed of purified water and
dei oni zed water, and |iquids conposed of

F4M@E1 pe- based 20 sol vents.

Examples of the present invention will be described below,
but these Examples are only exemplifications for suitably
describing the invention and do not limit the invention. In
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 ha'ving

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

OH
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Subsequently, the nethod for form ng the resi st
pattern by the liquid imersion |ithography nethod
using the inrersion liquid of the present invention
wi Il be described. First, the;aforenmentioned resist
material is applied on 25 a substrate such as silicon
waf er using a spinner, and subsequently pre-baking
(PAB treatnment) is perfornmed. Abilayer |am nate may
al so be made byproviding an organi c or inorganic

Lot ef t§ i n _
AbieLESELLond e B YeEn L0e Sy e P detar-poory
solhzie ongsbbipkefocomdoasidng fndleltriabonmex vimedtimi lgutesd

l1 is.preferable to a opri ately.set manipul ation
%%%%?%ﬁﬁﬁi’d %eﬂgiﬂ§1§ﬁ£a850ﬁﬁo§FﬂﬂoHe£ﬁJ o, cpqsed of
©of iphén esh 3ok OMOBbHLENUBEBSuthResBURSRA¥RNHRE ¢ by
substrate on which the resist filmhas been forned is

werekrt od iﬂﬁ_alm_fiélei APBPSnent| ¢ asedoff 4sphemelpyridine based
SHchnas,RLih LI 88 yaLeLoaifl dehBlhaRd YA gL BN R g1ycol

sed solvent "such as-periluodro

moatidrheroh phl &yhani ne”. This imersed resist filmon the
substrate is selectively exposed through a desire

ug i red .
mask o (€ OtRREr BRBFe, 2RO 2R 1¢ 3Rt 1 -kl @kpblRdfilm with

[ So hg he E [ L i~cLti :

T ravcRRESEToL 8200 L8 EDTREA B, pEBlyInkd i dtganic

attecrefleoniont Edlmi YAR-1A8 i(tmredsi namei, qeigplhiwd then
Imis,not alt

PSP sy eRer i fEf Mol unt oreeobahEIiF s spinner
AR el gl AP N 6YC WS JRIACbhPhbRATA L DIPLRYL 18 resist
not altered because the resist filmis conpose f
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.

Tmmersion 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 aqueous 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

cbtained in this way was observed by a scanning electron
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15 the resist material according to the present

i nvention and resistance to the immersion |iquid

including the water is high. 1In this case, the

wavel ength used for the exposyge is not particularly
limted, and the exposure may be perfornmed using

radi ati on rays such as ArF exciner |aser, KrF excinmer

| aser, 20 F2 _laser, EUV (extreme ultraviol et

PAGE2ECERT, (B (\PaclGRPSEAERKLY ethe RfitdiganyWas preferable

Bbeghsan,§ @att?%%r?@%ebq:ts %ql%hxégaywelirfﬁg iquagc@tcjbvs%rved in its

resist materia present | nventlon
prefédebl e particularly when using the ArF exci mer
| aser as the exposure light. 25 When an exposure step
of the immersed resist filmusing the inmersion
Eqeingl1es2¢onpl eted, the substrate is taken out from
the inmersion liquid, which is then renoved fromthe
subst rét BesSTRENPAPEBI Ppues- ekadmes bakiemplaysing wdre
e, fil i.ch, J,S subsequent .
450EPHEROREN FLERIRh YRR B " B 1
ah&ae Fedgubth stiso | intnenrs icih e ipAsild gppesfiedoalkited) after the
gg%ggu iven follow ng to the devel opnment. Preferably,

BOSHbSt ARt SPESEISES LisPRYCLABSPUT? AsPerdt Ehe nesolution
dhiend IS W il Walsrs ?ﬁﬁ%{@ﬁ?ﬁ%i@&ng ?HQ' Q%F?%ure using a

spraying the water on te s ace
papatrage tiicts Ulist same tonstashtion dbheird@wxamgder laadd using

resist.c osition_dissolved wt t he devel oper
%ﬁgt%%%%ugégggP39u¥HSn?5alPe?F?Fl éigérﬁ I b the
pesl led Wandingobeean patbanRri, zagd isrﬂlb%%ééﬁﬂ p¥EBrming the
Yy

the mask pattern i's obtained by drying. orm ng
PR Y t@epanng deve lopmentayn fhejsappssbes inokExample 1.

producgd he 4 £5 $a PSR TELPAYE M@ i NE Ad NG M A Dee 26 111
obtained in this way was observed by the scanning electron
microscope (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/cmZ.
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

a repeat unit representedby the following chemical formula (6) :
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particularly a line and space pattern with small pitch
which 10 shows the good resolution. Herein, the pitch
in the line and space pattern refers to a total

di stance of a resist pattern y4dth and a space width
inaline width direction of e pattern. 15 EXAMPLES
Exanpl es of the present invention will be described
bel ow, but these Exanples are only exenplifications
for suitably desgrlibing the invention and do not
l[imt the inventio In the follow ng description,
Conparative Exanpl g\ s also 20 described with
Exanpl es. (Exanp A negative resist materi al

.1% by wei ght was prepared by

by the fbllomﬁng chemcal formula (5): OH
Mn O O OfHO 15) C%Qﬁ?B 17, wherein mn is 84:16

(nol%% r%r-poorly sol ubl e
crossti nker r abut oxynet hyl at ed
gl ycolufil,

of \an aci d generat or conposed
of 5 ty¥phen

| uor obut anesul f onat e and
0. 6% by* wei m' am he'tonponent conposed of

4- phenyl pyr i{di the weight of the resin
conmponent i rproPy Fere @l e+ 0 nononet hyl et her.

wherein l:m:n is 12:44:44 (mol%), 10% by weight of a
water-poorly scluble 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-reflecticn film with
a thickness of 82 nm was formed by applying the organic
anti-reflection film "AR-12" {(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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On the other hand, an organic anti-reflection film
with 10 a thickness of 82 nmwas fornmed by applying
the organic anti-reflection film"AR- 19" (trade nane,
supplied from Shipley) on a gilicon wafer which was a
substrate using a spinner and baking at 215C for 60
seconds on a hotplate to dry. Aresist filmwth a

thi ckness of 250 nmwas formed on this 15 _ _
APpRrabRsestPPAiLdl Frop Hpkon ferregadfigrgneitidnedinulated

BEPRSISpeEE Rk, TRHRS' B, S0, SBLHThl USSR Beronce

1 bght yehdouwr &ipd @ipasdnes ivg pgirdei ddowh ber alxovhe immersion
substrate using "a twp-beam jnterference exposur

Lipat diand AofperrABREatas9b Widfhravayedappthert fi%#m as the
N gpp {@w@é at i;0R) WinCB St ial At ey Pal ttﬁ'é”aﬁ??ig?ﬁ%:‘ﬁ% used was

['1ght i rradi ati ng two-beam’i nterference
ctinbaghed witbnthandeadstg fadm fthedught dheapuarified water.
imrersion liquid and ArF excimer |aser wth

navel HEERE SheISHPRSHE & 2abER itgiaatanicat 12 056t iakbgrseconds
S8 ST cHie PRRSL 0l 03 20 500 8| bl

EXPASUI e val HiEEr tAed IPeNt ot 68196chAlSs 00 m%ltp_ftﬁausy\/aﬁolution
given to the resist film which was then devel oped

OF th- 3% Ry kegighfevad dsdir ame tiead groronmpun dustigexicde was used
u S [ 38% by wei ght of

%%t?gﬁe ?g%g%nggyﬁggﬁéafoxide was used 30 as the

al kal iA devel opepatBereshatripngt ber nmhavnegafd-8Pace at 1:1

|.i ne-and- space 1 obtained in this way was

.at 1 y ‘
Ypsetned by BhéEanAvnyas eeprsyetsbynitbeostapa ingEglectron
RCEr£9RSEIUATHM Y, ahRecPHRLLGhEN VRS, ANES Bhakken RPESSEerable
no pattern defect such as sSwelling was observed in its
bepofi$e no pattern defect such as swelling was observed in its
profile.
A line edge roughness (LER) of this resist pattern

similarly 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 cobserved 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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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) after,fhe exposure, and
subsequent |y devel oped to inspect the resolution 10 of
the resulting resist pattern”, giving the exposure

using a substrate with the same constitution as in
Exanplfs Hegualrisédgint biee sahevei ghtcovding 49 ithe present
Example 1, showering with the purified water for 120
%ﬂ%éﬁkﬁfnand subsequent|ly perforning the PEB

treat ngint t&@dngﬁﬁﬁheéf@ééiéﬂ P SPiByivaYy hadghi Pesolution may
Exanple 1. 15 The resist pattern having 160 nm

bg pblajnesdiay appl ving thptedrldl Yo resis gtemsal containing
: . :
0 E55I0 b BfeRE A RAPLECLERIn L RRAPHS pobtlysotuble
o fied t Eigquilef bahe sgtbnanedivetnl itng thes ldlgdry echmar 5 itcn
égﬁfile. The sensitivity at that tinme was 30.7 ml/cn®.
YPTARBRSA resist pattern was forned using

the regist rH@teedMived EKaIRtepdtb¥rhhanegryanhbenals
formati on nethod “w t hout giving the showerin

preteminte makebscristainedyimdde 3dguiduimmpersyon difitqiography
of the sensitivity in the.li.quid,.i. i.on .
rositen auny o LbY e shes i iRyF FriEet Sy sotuble in the
1eghid qieneesior5md@iufd; (Exanple 3) A negative resist
materi al whose solid weight was 7.0% by weight was, | ,
pr epar Edt by 1di $8 P HHP B ey icerEERdoRgRELhaVihy vaHLation in

#kg%) ﬁfﬁ%&{%; in e&[_%?%rlllt g%'tgggg:gghgroltEOWi%%i%h%@%c %Jor the
sensitivity in the standard dry process; and

(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 phenomencn 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 pattern using 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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0 OO0 mJIJnO OHOCH3 0 (6) wherein I:mn is 12:44:44
(nmol %9, 10% by weight of a water-poorly sol uble
crosslinker conposed of 5 tetrabutoxymnethyl at ed
glycoluril, 1.5% by weight of ,3n acid 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

fhe welgRENBL ofh¥afsym Sedpsitert Tarhnodmaefe(ppykbshed in
me I h.. 2 r hand, an organic

gﬁtﬁ"ﬁ)-'rgp éc??g%)f'izl%%?’v(abt%g’ée’acgt@ckness of 82 nm was

Bor neirbyeadphybsngf SREEO(an] Cshadtin- USR] c¥ilan4 691 M1 59-465,

"ﬁR—lg" (trade nane, supplied from Shipley) on a

&’PPcon wafer which was a substrate usi ng the spinner

and baking at 215C for 60 seconds on the hotplate to

15 dry. Aresist filmwith a thickness of 150 nm was

formed on this anti-reflection film by applying the

af orenenti oned negative resist material on the

anti-reflection filmusing the spinner and baking at

140C for 60 seconds to dry. |nmersion exposure was

given to the above substrate using 20 "a two-beam

i nterference exposure apparatus (experinental 20

appar atus supplied from N kon Corporation) which

simul ated pattern exposure light by irradiating

two-beaminterference 1light through a prisnf and

using purified water as the imersion liquid and ArF

excimer |laser with a wavel ength of 193 nm as the



5 light source. A bottomof the prismin the apparatus
used was contacted with the resist filmthrough the
purified water. After the exposure, a PEB treat nent
at 130C for 60 seconds was given to the resist film
whi ch was then devel oped wig$h an al kali devel oper at
23C for 60 seconds. An aqueous solution 10 of 2.38%
by wei ght of tetranethyl ammoni um hydroxi de was used

as the al kali developer. A resist pattern having 90 nm
| i ne-and-space at 1:1 ol@laAIM& in this way was
observed by the scanning electron mcroscope (SEM,
and consequently, the pattern was preferable 15
because no pattern defect such as swel | i ng was

. observed Ny idise mtaial gor A& Nigoid

of reS| st pattern simlar observ @g&@%&w
r?ﬁ%@t R e8I st patter

vin 160 nm I i ne@%&?g )l (Meshe TointilawdRiand Ry
ﬁ‘ﬁ’@g erlal as’in Exan'EIelbut
#L,ﬂgggﬁy PesAInG Ha®HROs o8 epHanaatees,
inf1ne supplied from Ni kon Cor porat | &ﬂ&ani
HE%""}E@F%?" ng '

|Strmer3| on e suraE %%Q_ﬁﬁ%@ﬁsel ?\Mm}:
A28 s 5. afative Exanpl e
g at%t to be fg?ned E}Tdthe sa
RS RERER SR SR e o 2

aﬂudqe:eant
trimet hoxyrret hyl ated nelam ne, but intensive pattern
S YT 1 As described in the above,

according to the present

_ RG)‘-:—{ | @




invention, (i) the negative resist pattern with high
resolution may be obtained by applying the negative
resist material containing 5 the resin conponent and
the crosslinker which is poorly soluble in the liquid
,imrersion mediumto the liqeyd i nmersion |ithography
“process; (ii) the negative resist pattern whose shape

is preferable may be obtained in the liquid inmersion
i thography 10 process by using the crosslinker which
is poorly soluble in the [liquid inmersion nmedium

(iii) it is possible to control sensitivity variation

in the liquid imrersion |lithography to within 5% for
the sensitivity in the standard dry process; and 15
(iv) it is possible to further reduce the |Iine edge
roughness conpared with the resist pattern formation

by the 1%icAnE3sciwE 2e8SEt hlebri sl fReCOREiTIGid ifRersion
present 1 nvention, the resist filmwhich is highly

r esi bitthegraphyhpronessshoaoriing dte relatmnt, WX the

. be for.med, . , | ; b8
D herd AR PR 1 REELERE prol8hE Lol Saploting &

sur fragespiFan G tdé Neghtswithpai iacervendngsimmdesbpn liquid
shape, fluctuation of the pattern and spinnable . ]
pheWéib ropredet aemined th ickmess o at) Ledsh thsyesist £ilm
Pr O£SS nabilor ' | 1 N Yrrching th
seﬁ%??? |x?’gﬁh1%&%%?%#%%uﬁﬁ%§ﬁﬁﬁg%%xcé?rent in re!%iste
pattesint Fidfm, e Mafraecdbeaimdsk oficeaidi hghgrsion dhquid

" enea graner Fhan i 16 aly erredenes Fig Hiafeof the
Lfggggggafif&guféfngnﬁgﬁchﬁguhdreéafﬁﬁ§bﬁnof'&hggéﬁﬁhy

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.
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resist naterial for aliquidi icn fit ly Ix- s a
resin oarpaxt bx&V at least n=ter wits ;Jill acid
moester dntc by hula (3) or (4) (in the fionm as, Ra
and R4 rent- alkyl chins tavizg O to 8 and abaJu, Re
LVPLeSer*S a a .itus t xvug at least t or nae
al.i,cccl-= swt~, art R6an3 RT ~ ab or al kyl gds
having 1 too 8 wbai abars) , an a glynludl. da
ivaltive vUidi is a c linker ccnponlt of md resin
capnait, and nein said csosslidcer ampnert is plY

sol§le inpRe héGut tve NPekietitmiigefthl Tor €8 1RFUBIRS

immersion lithography process according to claim1 ,
wherein said glycoluril derivative has a structure

represented by tl}e following general formula (1):

R{O—"(CHz)n (CHz)n‘—OR1

T

R1O—-(CH2)n (CHz)n—-OR1

wherein Ri is an alkyl group having 1 to 10 carbon atoms,

¢

anmdm-is 1 to 5 alkyl chains.
5. The negative resist material for the liquid immersion

lithography process according to claim 4, wherein said
glycoluril derivative having the structure represented by

the general formula (1) is butoxymethylated glycoluril.



HO >=7--0 R7 1 R5 24 2. The negative resist materi al
for the liquid imrersion |I|ithography process
according to claim1, wherein the |Iliquid imrersion
it hography process conprises exposing a resist film
to light with an interveningg nmersion liquid wth a
predeterm ned thickness on at least the resist film
in a path of Iithography exposure |ight reaching the
resist film a refractive index of said imersion
liquid being higher than that O air and | ower than
that of the resist filmv_for enhancing a resol ution
of a resist pattern. 3. The negative resist nmaterial

for the liquid imersion |ithography process
according to claim1, wherein said crosslinker
component is poorly soluble .in water. 25 .. The

neg#-i ve The lnﬂgataﬂ@rr%lﬂélmqqﬁ?llq]q@lo@ thmmzﬁlmersmn

o RSP SSRRAR RSO Bt M i
) n- ORTtﬁ?esﬁerﬁluﬁ@tnﬁfadi&&rbakﬁﬂﬁe ayid wmonoester is

>==,-0'N RIO(CH)n (CH2)n-OR1
( 1)a copolymer of the unit of dicarboxyli¢ acid noesfer with

at least one monomer unit selected from

a- (hydroxyalkyl)acrylic acid and

a- (hydroxyalkyl)acrylate ester, and other ethylenic
unsaturated carboxylic acid or ethylenic unsaturated

carboxylate ester.

7. 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.

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

solvent.



wherein R is an alkyl group having I to 10 carbon
atons, ahd-'n- is 1 to 5 alkyl chains. 5. The
negative resist material for the liquid imersion

l'i t hography process according to claim4, wherein said
glycoluril derivative havin@7the structure represented
by the general fornmula (1) is butoxynethyl ated
glycoluril. 26 6. The negative resist material for
the liquid imersion |ithography process according to
claim11l, wherein said polyner having the unit of

di carboxylic acid nonoester is a copolyner of the
unit of dicarboxylic acid nonoester with at |east one
nmononmer unit selected froma- (hydroxyal kyi) acrylic

g.acid asfhod- EBYdrexMehdiyh) 2EETEEL pattbeh, usifgothdiquid
ethylenic_ unsaturated carboxylic acid_or ethylenic

unsttmensien Lithesyaphe precess qomgrishagalpywing a
U IR eI 'Y L IR AO N +LL100T @80Yria1
prdcess according to claimT, erern id " rmrersion

| i quintadinim et demsds ed refsipuddsshamtt diaving at least
dei oni zed-water. 8. The negative resjst material for

t hBORPHEEd WnAker efoficarbREyldsh p i mewestal iy Py

g oﬁrr%os e %{a\gﬁgs#-mgﬂjﬁlegzgas ed S o?%/le (r#tél 5 5§" gfbA_%et t:o%llkyl
f arhd hingi hgvingesi 66 Patdebonuatomsy Ri qepresertsion

li t hogr aphy process conprising formng a photoresi st
f TR Guerh hawing (&% ntPast eVt ofaligrpaplicyclic

structures, and R¢ and 6y represent hydrogen atoms or alkyl

groups having 1 to 8 carl;gé’on atoms), and a glycoluril

derivative which is a crosslinker co@onent of said resin
component, and wherein said crosslinker component is
poorly soluble in a liquid immersion wedium; 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 liquid and if necessary giving a baking treatment;
removing said immersion liquid from the resist film after
said irradiation:; and developing the resist film from which

-8aid liquid has been removed to obtain the resist pattern.

OH " HQ
o b
Rs R "Rg RG
| H @) )= )
Ry R4 R7 R4



containing at |east a resin conponent having at | east
nmononer units of dicarboxylic acid nonoester shown by
Formula (3) or (4) (in the formulas, R3 and R4
represent al kyl chains having O to 8 carbon atons, R5
represents a substituent hapgng at | east two or nore
alicyclic structures, and R6 and 67 represent
hydrogen atoms or al kyl groups havinv 1 to 8 carbon
atons), and a glycoluril derivative which is a
crosslinker conmponent of said resin conponent, and
wher ei n. sai d crosslinker conponent is poorly soluble
inaliquid inmersion nedium directly arranging an
imersion liquid on said substrate on which said
rigist filmhas been | am nated; irradiating

Y

det er nhHe @gtdhad foxt Eghmiont theardsiet phtte® according to

tRT 5 ho  SGi Lqui_d . Jf necessary_ giving a bakin

trea%hgqe%f ;ahrggjﬁ%gﬁ ﬁ%liﬂ&%ﬁfirw%%m aigh@mﬁ process
TP sEE| expds 3 Ghelghpdicdt i OR, opkNQ . .
&&ﬁsresist fiInf?%pnwmhichgﬁsg?ghl?%d?gﬂﬁggﬁgghﬁheglnter"“ung
F ENBVELOR ol P ithe ar prieleteattined. thitkiess Tt least the .

: #77 B4 R7T R&A O O= - R5 OR5 28 O
%Bﬁ‘éﬁ% f%’?) ?g@?ntﬁg"fz-h 519'3@*9953% terppattter bightt veaching

theairne stBI B Sakerthobidel TRRES VF JP ARV s on 1iaui
b ocet[ss COCRri ses exposing tehe resi g’?f f’%ﬁl??%"%’é‘fﬂon liquid
Wt ‘I@?‘ht‘-’é}a&brﬁhﬁ@ of air and lower than that of the resisgt

film, for enhancing a resolution of a resist pattern.

5

11, The method for forming the resist pattern according to

claim 89 , wherein said glycoluril derivative has a structure

represented by the following general formula (1) -
R1O—(C\H2)n (CH2)n—OR;
NN
o~ T 0o
N N
RO—~CHn  (cH W
{O—~CHzn  (CHy)n—~OR

wherein Ri is an alkyl group having 1 to 10 carbon atoms, and n
is 1 to 5 alkyl chains. ' -



imersion liquid with a predeterm ned thickness on at
| east the resist filmin a path of |ithography
exposure light reaching the resist film a refractive
i ndex of said imersion liquid being higher than that
of air and lower than that aigthe resist film for
enhancing a resolution of a resist pattern. 11. The
nmet hod for formng the resist pattern according to
claim9 , wherein said glycoluril derivative has a
structure represented by the foll ow ng general
formula (1): R10--( CH2)n (dH2)n-ORL N [~( O=( >==p
NNRO(CN2)n (CH2)n-ORL (1) wherein Ri is an al kyl
group having 1 to 10 carbon atons, and n° is 1 to 5
12al kyl criee meeclZSd flor fOieninRf kbe kesiker phtgeiheaccording to
resist pattern according to . Caim1l, wherein said
CLatPc bl ur Mhededny f3id gEkycolenid ndesjvatdyeyliygol uril .

b EJ%/me] d LNg the resist pattern
uac or d%fg{:gacgg?ﬁog%ér ein said imersion |liquid

is water conposed of purified water or deionized

water, 14. The nmethod for form ng the resist pattern
A3-accor ity Merhad £z fromine tdie xesist npatsiesm according

to Ls:%?gigg?', SwiekbIH a5 PAnEHs1Sh fi&tl.lf rig e@géé%dcouposed of

purified water or deionized water.

14, The method for forming the resist pattern according to
15 claim 9, wherein said immersion liquid is a liquid composed

of a fluorine-based solvent.



