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1 METHOD FOR FORNMATI ON OF M NI ATURI ZED PATTERN AND
RESI ST SUBSTRATE TREATMENT SCLUTION FOR USE IN THE
METHOD 5 TECHNI CAL FI ELD [0001] The present invention
relates to a nethod for formpng a resist pattern, and
also relates to a resist substrate-treating solution
used in the nethod. In detail, this 10 i nvention

rel at eM EEHQErBT(BBdF(f)BNA'BI@Nn@FaM;INtIMMRTfZE@dDM/TERN
chem cal rl\Ftﬁ‘tF(@@f RTE fr@EA?MEﬁ@’rrt%EUTION

enpl oyed for ac ure % sem condu devices

flat panel displ aysFO(RFPJSE ISUCHEMETHWR cryst al

di spl ay el enments, charge-coupled devices (CCDs),

color filters, magnetic heads and the like; and 15 the

i nvent i ohEGHMNIGAL &tlEE D 0 a resist substrate-treating
solution wused in that nethod. BACKGROUD ART 20 [0002]
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hi g processing speed in LSIs have | ed
to deS|gn rules requiring quarter-mcron- or
finer-sc ) cat rat her than 35

hal f - n1c$%§m§%§F%ﬁ§d%$?catlon whi ch the design rules
formerly required. Since conventlonal light for

eXpogyng such f¢ HdiliGe fields including the manufacture of
semiconductor integrated circuits such as LSIs, the preparation
of FPD screens, and the production of circuit boards for color

filters, thermal heads and the like, photolithography has
hitherto been used for formation of fine elements or for
microfabrication. In the photolithography, a positive- or
negative-working photosensitive resin composition is used for
resist pattern formation. As the positive-working photoresist, a
photosensitive resin composition comprising an alkali-soluble
resin and a photosensitive substance of quinonediazide
compound, for example, is widely used.

[0003] Meanwhile, in recent years in manufacturing fine
electronic devices, increased integration density and highly
accelerated processing speed in LSIs have led to design rules
requiring quarter-micron- or finer-scale fabrication rather than
half-micron-scale fabrication, which the design rules formerly
required. Since conventional light for exposure such as visible
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2 light or near W lIight (wavel ength: 400 to 300 nm
cannot fully cope with the design rules requiring
finer fabrication, it is necessary to use radiation
of shorter wavel ength such as $ar UV |light emtted
froma KrF exciner |aser (248 nn), an ArF excinmer 5
laser (193 nnm) or the like, an X-ray or an el ectron
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I'n place conventl on nsi resin
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pa{ﬁ@&c.‘&“ﬁr%@ %% 3 chaLE%lly&r %e?l%é.gse—formation to improve
sensitivity. Since the chemically amplified photosensitive resin
composition is thus advantageous, it has been getting popularly
used in place of conventional photosensitive resin compositions.
[0004] However, although photosensitive resin
compositions have been thus studied and developed to increase
the fineness in fabrication, finer fabrication is still required of
design rules. Accordingly, it is studied from a new viewpoint to
further fine resist patterns.
[0005] For example, Patent documents 1 to 3 describe a
method in which a pattern obtained by a usual process is
further covered with a homogeneous coating layer to narrow the
width of the trench pattern or to reduce the diameter of the
contact hole. This method makes it possible to further fine the
patterns having been already fined to the utmost limit by the
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el o GorueierPhe raRAnRRE. s PRtert CA R oRe
15 st 2p0br3WI8H3 a resi st pattern after devel opnent is
treated with a resist substrate-treating solution
contai ning an am no 30 group-containi ng water-sol uble
pol ymer, so as to PéHUEOIURE off lRVENTIONMe of said
resist pattern forned by the devel opnent.

No.

PROBLEM TO BE SOLVED BY THE INVENTION
20 [0007] In consideration of the aforementioned problem, it
is an object of the present invention to provide a method for
miniaturizing a pattern without seriously increasing the
production cost or impairing the production efficiency.

25 MEANS FOR SOLVING PROBLEM
[0008] The present invention resides in a pattern
formation method for forming a fine resist pattern, comprising a
step in which a resist pattern after development is treated with
a resist substrate-treating solution containing an amino

30 group-containing water-soluble polymer, so as to reduce the
effective size of said resist pattern formed by the development.
[0009] The present invention also resides in a fined resist
pattern formed by the steps of: developing an imagewise
exposed resist substrate with a developer, and then treating the

35 developed resist substrate with a resist substrate-treating
solution containing an amino group-containing water-soluble
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[ 0009] The present invention also resides in a fined
resist pattern forned by the steps of: devel opi ng an
i mgewi se exposed resist substrate with a devel oper
and then treating the 35 devel gped resist substrate
with a resist substrate-treating solution containing
an am no group-containing water-soluble 4 polyner.
[ODQDMnTﬁe present invention further resides in a
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Accordingly, the |ithographic process for prepari ng

e ELEEET HOOR FOREARSEN ST TN

known nmann rom a
conventional positive- or 30 negative- morklng

PhEd eSS ti verp &Sl tfOP O h8honBGh®thod according to the
present invention is described below in detail.

In the pattern formation method of the invention, a resist
pattern after development is treated with a resist
substrate-treating solution. There is no particular restriction on
the process by which a resist pattern is developed to obtain the
pattern to be treated, and hence any process can be used.
Accordingly, the lithographic process for preparing the pattern
to be treated can be carried out in any known manner of
forming a resist pattern from a conventional positive- or
negative-working photosensitive resin composition. Below
described is a typical process for forming a pattern to be treated
with the resist substrate-treating solution of the present
invention.

[0013] First, a photosensitive resin composition is coated
on a surface, which can be pretreated, if necessary, of a
substrate, such as a silicon substrate or a glass substrate,
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described is a typical process for formng a pattern
to be treated wth the resist substrate-treating
solution of the present invention. [0013] First, a
phot osensitive resin conpositign is coated 35 on a
surface, which can be pretreated, if necessary, of a
substrate, such as a silicon substrate or a glass _
sudetokdiag 30 a@cknamiy c@atamlgndmtb@dt is\rchre@fogpsudtoating
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photosensitive resin composition (which are negative-working
compositions).

[0015] Examples of the quinonediazide type photo-
sensitive substance used in the positive-working composition

comprising a quinonediazide type photosensitive substance and
an alkali-soluble resin include:
1,2-benzoquinonediazide-4-sufonic acid, 1,2-naphtho-
quinonediazide-4-sufonic acid, 1,2-naphthoquinone-

diazide-5-sufonic acid, and sufonic esters or amides thereof.
Examples of the alkali-soluble resin include: novolak resin,
polyvinyl phenol, polyvinyl alcohol, and copolymers of acrylic
acid or methacrylic acid. The novolak resin is preferably
prepared from one or more phenols such as phenol, o-cresol,
m-cresol, p-cresol and xylenol in combination with one or more
aldehydes such as formaldehyde and paraformaldehyde.

[0016] Either positive- or negative-working chemically
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1, 2- benzoqui nonedi azi de- 4-sufoni c acid, 1, 2-naphtho-

gui nonedi azi de- 4-sufoni c acid, 1,2- naphthoqui none-

di azi de-5-sufonic acid, and sufonic esters or am des
thereof. 30 Exanples of the alkali-soluble resin

i ncl ude: novol ak resin, polyvinyl phenol, polyvinyl

al cohol, and copolyners of acrylic acid or
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i rgaoesates wiarh tdwdr adihan orexposed mt® paadétionForand an
eX 3R] Seniiy ENCT Rl dnafTP! igrbfd BBAARARY Ll KesfiEST Nwhich
conposition co_n'prlses ah acl a- ge e_ra |n%oc npound, )
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f ocomypogitiodl iMaylatnerisg anpabualh-sadublemesing a crosslinking

h I iti

congeRY et o RER terftraithg FefmpbERRES ) Pii g
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b & : 9 V) | b
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CrBRBERRSEL BT, THE PREBRKLNG ERIPEFOLHs2 RRR A upon the
cosplvsinti oandbuthé s plegtasensitive 20esia 200Q)position, but s
P SRFEEL224) 0SS o ARy b epgpt st 11
ne@3%81y, by heanshototasisin fdkrpaisbhen subjected to exposure
through a mask, if necessary, by means of known exposure
apparatus such as a high-pressure mercury lamp, a metal halide
lamp, an ultra-high pressure mercury lamp, a KrF excimer laser,
an ArF excimer laser, a soft X-ray irradiation system, and an
electron beam lithography system.
[0019] After the exposure, baking treatment may be
carried out, if necessary, and then development such as paddle
development is carried out to form a resist pattern. The resist
is normally developed with an alkali developer. Examples of
the alkali developer include an aqueous solution of sodium
hydroxide or tetramethylammonium hydroxide (TMAH). After
the development, the resist pattern is rinsed (washed) with a
rinse solution, preferably, pure water. The thus-formed resist
pattern is employed as a resist for etching, plating, ion diffusion
or dyeing, and then, if necessary, peeled away.
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fi harthen i the riékhagraphicepocessoptefieyaplyt peodecasda resist
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10 7} pRBEroHANAT T dareBES BriehKicPi DRt e width of the
palinerandsspacaatierntisogoapnoce 90 ecunpmirsifagably not
ex epgt. 280.n A
7 BT Shah, 20 YR RP IR Mlhiehy al bR Ffieer e the Tontact
| abete paitepn igynadtr reddiecathan 396tmm,gpreferabbetnadnmore than
beQﬂb' |iﬁrpography system Further, the Iithographic
process preferably produces a resist 10 pattern having
15 a pa@Rédn di nehseothicknvdschota theeresidt h pafttetre is properly
[ v C ern, | t.. n 0. Nk
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30 reef erably not nore than 200 nm 15 [0021]
Th@'?@cﬁhﬁgﬁbf the resist pattern is properly
dei@022ned accr dihey pattene &ormatice, mathod ofm thiee present

20 | AfGeVion 98AR" Aldike Babelfh ey M/AbRRhENE 1d tH8afed with a
resist substrate-treating solution containing an amino
group-containing  water-soluble polymer. This  resist
substrate-treating solution reduces the effective size of the
resist pattern formed by the development. As the amino

25 group-containing water-soluble polymer, any polymer can be
used as long as it contains an amino group and is soluble in
water. There is no particular restriction on the number of the
amino groups contained in the polymer. However, in order to
enhance the effect on reducing the pattern size, the number of

30 nitrogen atoms is preferably 5 to 5000, more preferably 5 to
2000 per molecule of the polymer.

[0023] The amino group-containing water-soluble polymer
is preferably a polyamine represented by the following formula:
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[0022] In the pattern formation nmethod of the present
20 invention, the resist pattern after devel opnent is
treated with a resist substrate-treating sol ution
containing an amno group-congaining water-sol uble
pol ynmer. This resist substrate-treating solution
reduces the effective size of the resist pattern

fo o e devel opnent. As the ami no 25
gr oup- cong csjﬁl ng vvater sol ubl e pol yner, any pol yner
can be kised as Iong it contains an am no group and

is soluhkle in water. There is no particular

restrpgctiog2on the nunber of the amno groups

cont ai ned in t he pgl ynmer. However, in order to
entmnebiamd-'efmnsk tL oareediraleqtt hekpwt@rcmsszsucln hes single

f 3 f 0
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@Hpﬁcﬁ%asre?tﬂ@{@d baQeEs the yc| ¥ eg{erférpé‘ff}) ?ﬂgldrocarbon

artrcul ar ion o
nug’o@mpsf prafleoabhy oa’dqdenmugf@cmpsw ot andemeLgraups, more

o BrefEaably GBI A,  Fnthr FODRLIR, R 'R, may be
aranyoﬁunqﬂwmabglraupgs.reEhewetuemo marttmdgrmestrlctlon on the
GeRERABLY Y (RPEER Rt eUREiREPTIFT A2 oAl ¥ BlIE they are

groups or ar Yl ene
grgeperallyi hiyel rbgesmulaton®s andhr;tﬁroayrlbenlgraups and hence

f uggth onghe RO URreTBEN O o%%rpo%uggén{sewdr@bggferamy

car OmS contal ne
bu® ltcnhéycarhaon gdoenal | W‘rw@rrogens Bt amd & ayermoatapboticularly

of PR, bR BEY, SaBLe Begbishg SBchpnBl oroups
Thpr@ﬁe{rabi;y FalladngZupseomoaryohrgnoupsar hyore preferably aIkyI
groups. The groups R! and R?> may be combined to form a ring,
or otherwise R! or R? may be combined with carbon atoms in L!
or L?, respectively, to form a ring. In the above formula, p is a
number indicating polymerization degree. If necessary, each of
the groups L!, L%, R! and R? may have a substituent group such
as hydroxyl, a carboxyl group, an amino group, a carbonyl
group or an ether group. In one molecule of the polymer, two
or more different groups may serve as each of L!, L?, R! and R2.
Further, in the case where the groups L!, L?, R! and R? contain
carbon atoms, the number of the carbon atoms is selected
within such a range that the polymer can be dissolved in water
at a predetermined concentration. For example, L! and L? are
preferably an alkylene group and methylene, respectively.
Examples of the amino group-containing water-soluble polymer
include polyallylamine, poly-N-methylallylamine, poly-N,N’-di-
methylallylamine, and poly(N-methyl-3,5-piperidine-
diylmethylene). The polymerization degrees of those polymers
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groups, preferably al kyl groups or aryl groups, nore
preferably al kyl groups. The groups R and R2 may be
conbined to forma ring, or ogherwise RL or R2 may be
conbined with carbon atons in L1 or L2, respectively,
to forma ring. In the above fornmula, p is a 20 nunber

i ndl’%at@h@aﬂitikiyiﬁlﬂb’zléﬂstﬁictédgraﬁd agn e elesarahlyedeermined
(0] V

su%s{:&t%dgﬁt wr%/o%r]m%%c X Rﬂ%drgéfﬂﬁ a ceSIP@%QOP“%r stlbucture

ancgncaatrgatwp o ther useﬁyat sgbsu@t@rt@eatenﬂesob:ta)@p and the

In I f

oSSt Ty REEU HEEHEOSE R hifng¥ dICbRf ddl7aRYlamine

Fuist pengrallythdocs88, ireferably §0otp400. [he runaber of p in

at 8%&@' se ec%edpla\?\}ﬁ nmgc Eéwgﬂadg %r]{% t%?yﬁébBPeferably >

poty 3¢}, and ﬁji'satdinspollvew methyl €3, 5-aiperigirediydmethadene) is

co Lk A2 ar, e

arOSMRrF B S oo  RherRb )y e 0”8 28 ConfliteshRantples of

Exsinpicéeres artk p&leB@Z@tjpnc@ﬁg eees of e prefiredl polymers

po ol ya I .
%aVéTﬁrsrr}gt\/\ﬂ‘fl B%ﬁaoﬂam nJIe'h% a%ﬂ yPolymers are commercially

rreahyllablqnfmmn oraevdarpimlg( Nlh’m Bplsekli@wid]dl di ne-

di yl met hyl ene). The pol yneri zati on degrees of those

polymers 9 are not particularly restricted, and can

be desiraply determned according to various

such as the nonomer structure,

of HhNn polyallylamne 5 is generélly 5to 500,

preferably 10 to 400. The nunber of p in

pol irrethylallylarrine is generally 5 to 50,
pr

poI y(N- thyI 3900 grf1pfay )kij[’brpet hyl ene) is

fox y 5to 50 preferably 10 to 30. Concrete
exan2p es of structures and pol yneri zati on degrees of
the jprefefred polynmers 10 are shown bel ow. The shown
pol re commercially available from for

exanpl e,| Nitto Bes®ki0 Co., Ltd(icyn n=85-90 (la) H2N

N

N n=25-30 (Id)

[0024] If neither R' nor R? in the formula (I) is a
hydrogen atom, namely, if the nitrogen atom in the formula (I)
forms a tertiary amino group, the effect of the present invention
is enhanced. Accordingly, the polymer having that structure,
for example, the polymer of the above (Ic) or (Id) is particularly
preferred. Examples of that polymer include



)~'n n=1000-1100 (Ib) H2N Yn n=8-10 (Ic) N n n=25-30

(ld)y N1 15 1[0024] If neither R nor R2 in the

formula (1) is a hydrogen atom nanely, if the

nitrogen atomin the fornula (4l forms a tertiary

am no group, the effect of the present invention is

enhanced. Accordin , the polynmer having that

st pabi-iN,&l° dimetrexg?rrfylammlee(mlgzﬁararowveug@tarﬁﬁ@) @rg poly-

or | i I Ex th
I(Irr@etlhﬁ/ «f}a‘f}c?‘ pi%éﬁﬁr%e&& ﬁﬁ@&ﬁﬂéﬁ% I - f‘r‘?ﬁl@ﬁuﬂir Height:

( rrBD@@l)I- arFugheiit vasrm;s @rtrbepmlgrrlvrat\wm@t aglpcﬂylllyim he and
Psgr t h%@gﬁ% Va%@h%fﬁ‘r "%ﬁ" 'ereréPQO) vrrﬁyfﬁyfr‘?f)lrdone

her I VES 0 am tle
5 poaszrrrdammn(a@wtcte)ucvmsdpyo iper andl piperidine skeletons can

‘a’ling@ p)éEIK/Q'n‘thBSkrgﬁ/ achybgm g (g{e deémrr{b”ylsq%ﬁhgéégﬁtammg

pi perirdin tons can ~be advant ageou
aswtater-asﬁlubI@mjynmamrrarthremremtern\s@mtrbne pol ymer

Bﬂgﬁsﬁeese”f%@dﬁ%h' 0 %ﬁ[g%oﬁéhgﬁ"e‘?ﬂ%ﬁitgﬁﬁt ﬁ}% pd&ible to use
gr

'S possi
QoD ngr@mmmtaealngnl walerysaubhavipedyeneriohaving a

desj fintih
10 oREEREATRIGIELLRAr WERiGRE,  Tfe MbREIBE WEIGH o hE Folymer
pr isf énathlg ra@eo ofogemeoabg 59@\/\/@06200@|0€bepreﬁer|@rbd¢e1000 to
o} BERIR]. “ﬁéﬁ\(f%véirepﬁ?r% t’;? gr&?@rqﬂ &E‘I%'r opeight depends

structure an function
pogpdbl Eheomase thaimnstmo ctu e @ rod rithes rﬁungtronal groups, it is

m{)ﬁreﬁﬁoggg gvgértg%%éfﬁpe{ G@a&muzgp Sﬁrlﬂéﬁgn\efe\r\%n:ter soluble
15 gr paprroent b wiingg a\/\mcﬂeestamwleeg hpautnef sheaabdee raage.

I GO8I e Sorwblof BBES itind ST FRS SRl gter-coluble

anpaby yers gsagobeau sedgnwaoerbisaltidn eif necessary.

[0027] There is no particular restriction on the

concentration of the amino group-containing water-soluble

20 polymer dissolved in the treating solution, but it is preferred to

control the concentration according to what the pattern is used

for and how the pattern is used. Generally, the treating

solution containing the polymer in a high concentration is apt to

shorten the time to complete the treatment, and gives large

25 effect on reducing the effective size of the resist pattern. On

the other hand, if the treating solution contains the polymer in a

low concentration, it takes a short time to complete rinsing with

pure water after the treatment. Further, what kind of the

amino group-containing water-soluble polymer is most preferred

30 and how much amount is most preferred are dependent upon

the photosensitive resin composition and other conditions.

Accordingly, the concentration is preferably so determined that

the required characteristics can be obtained in good balance.

The optimum concentration of the amino group-containing

35 water-soluble polymer is thus not fixed, but is generally in the

range of 0.01 to 5%, preferably 0.05 to 2%, more preferably



20 polymer dissolved in the treating solution, but it
is preferred to control the concentration according to
what the pattern is used for and how the pattern is
used. Generally, the treatingqqsolution containing the
polymer in a high concentration is apt to shorten the
time to conplete the treatnent, and gives |arge 25

efOett ton rifucibmsache emnf ehe vetofpte WRighte rafsi éhe resist
pagt Séﬂat?“tretéiﬁt%s'&% tidgnd, if the treating solution

con ai ns In a |owconcentration, it takes
a EhOZB]ti ne tBhednrpatelmrrﬁ afiragisti pattesorby wseof the resist

af L @btk tfl%%ttrﬁ%%olﬁtﬂfdrﬁ“j%qn V\L‘}‘@tpgif%ﬁin?éd“??r &Athle, by

group- contarnion er-sol e pol 'S no
5 pr E’ﬂmeléﬂnlotbﬁd resistnraghstiradentni t,haotneqctrreg esoktiameor by

de p | 14 V&ip-

SrREBfARIngDAT: (ESRPSARSERNS) ) A ERRRIEPTRTL S, coating
i swiklef Ehabltreatindetsal utiosd thﬁhe tthmer efpuri rellich the resist
Ch?uB&Eu%ftbSHéC &R Pay aﬂr{éedtﬂe%t%’ dsBFHtfi‘{Jﬁe na §|é/, the
optil mum concen 1on O he am no up- cont al ni
watr@ratmelmbltengoisynet pa;rttcmjerh/otlnm‘teéd Hbowv eiver, to enhance

ge a n h 0 rete
10 92058 LlKck "o a5 e CoffbctRs il BFEIAD) Kot the
t otnﬂatmelghttmrfe tise preferablysnost legse thasatlihgseconds, more

SobHeeapl) ORGPLIeTR thaRAEFP U Bhd s FHFFER IRKje of the

resr st rate-troatn ut’l nca
pettfaatnmelnt flomexisnmpriad, [igrtlcsllanhyerlﬂhrt@d hbutes¢het treatment

D& BB PP P, BICHBLR B of the
15 wi prodhetioneefficignsyl ut i on The time for which the

refd);6§9ASUbSt rfh@rét- |§r%§’§@dn"<‘9tha?ﬂEuféleaFéwlctlon on the
sotution, nane he® freatnent "1 ne
patemmﬂratWeIofmthedtreaimgwoluttmmnhdﬂm&eyert e view of the

£1ERSE O M08 2 HIAASHE Uic8 GeeRt JUUsREi B and o
segoifdsMmityriem theefedabéd siae, Itzhzs tehapemwecmdgfnerally in

20 Thﬂwé‘%ﬁgr'bfnst 6’%6%‘%%&"@-@@{) a(? HE%OS not

art m ted ine is
prb@@Baﬁ)l y notTherleastlbhrSLGMram:ctnelatmg gotwtiofh abeording to

15t|?é %‘é%tein%nin%féht%ﬁn&ymprises, if necessary, a solvent as well
as the aforementioned amino group-containing water-soluble
polymer. There is no particular restriction on the solvent, and
25 any solvent can be used. However, in consideration of affinity
with the developer and the rinse solution, water is preferably
used. However, for improving wettability, a small amount of
organic solvent can be added as a cosolvent. Examples of the
cosolvent include alcohols such as methanol and ethanol,
30 ketones such as acetone and methyl ethyl ketone, and esters
such as ethyl acetate. If necessary, other auxiliary components
can be incorporated. For example, acidic or basic substances
and surfactants can be added unless they impair the effect of

the present invention.
35 [0031] In the pattern formation method according to the
present invention, the resist substrate after development is



[0029] There is also no particular restriction on the
tenperature of the treating solution. However, in view

of the effect on reducing the effective size of the

resist pattern and of wuniforngi4y in the reduced size,

the tenperature is generally |n 20 the range of 5 to

50C, tpreferably 20 to 30C. [0030] The resist
supeefieaabdly r cansad switlt i Puirgccwradierig n@amehe pisespreferably

| ”é’?ﬁ@é&?dcf’w h§€~°stg'pf |H’ﬁ‘h%%ﬁ§{':é(ly Bef&lé’ %Wd/%? JRek treated

or ement1oned am no con
waweth §bEutmeetlrmalsyah@tlonm@m'@msn@dh@amlm group-containing

reﬁ@rtbﬁbéd?[]b%‘ Icﬂ?nsré# B"th %‘"r@s%?tqm it id(ﬁ”t tﬁ?se step

conS|der ifon O
5 debefaigetharideatmenthydtis dhet tr@atlmtmlutwmrﬁfcaraleldyout for

us f I
2ok IR oo PSR ('8 HELERA. R dgig!dn the resist
copatt&l‘rﬂt mmrﬂleestcnfprehentcmnmlopaclﬁndm glordiasninating
[{@ e n k NES.:SHC .
acet one an n?#lu"tlm? élqa P O%%%taﬁ'ég E?Selrgg E%ﬁ%?’]raat.g with a
etﬁyhllm&ﬂaamoullﬂt radfc & eatlgeatm@emlautmm,l &he resist substrate

co e Ii: DC e j
10 o IRREPBege MO 1 TR Ab B rinped CHR Sy dfter before
unt@edhwyth wpei trretam'engafsbéutloof ®hetrpe osber hand, the rinse
3 pa r At | h
ncsfhi Biter e teskaiéht WP hE Bre B, S8 {TBA" ¥ for the
supgtpase cszwenshailegandphi&ettmatim;] sphﬂﬂenablRantiG’mdadly in the
W t [ f bLy b
r beef dsve! e JTEPEING sofufems fitor il e ffeditrgtion, the
15 Wl timsimeg Mnblat |pmgesoNateloniscqmefenabg/tharraedn@ut after the

H*é%}tﬁ‘?é‘ﬁ?f@itﬂgth&’a{ @%&@tfo‘e}#%’ gk H\‘& PGS Battern

venti on erlnses etrea ment  w
t henay ewtti ngdeog attiron bules dartieedubsequent stepguiqpossample,

oSSR ey AG SUPRED, FEETAPIAR 5 1BBST435) Slirface may
conbhrdansstel pgobldrastinethé mcbmgltstep and to treat the
20 FEO0323 051 o1 bt oS, SR AR 0 Bgrried out in o
dedetopademansepr eFer m@rnpllas¢heweslsb!sud9stmta is immersed
gf{]rg:tﬂﬁa ingat ﬁgld’ﬂéﬁ ot &AL 8! Hhs8NsoldtidN8s dropped
or sprayed onto the substrate surface while the substrate is
being rotating. The rinsing with pure water can be performed
25 either before or after, or otherwise both before and after the
treatment with the treating solution.
[0033] In the present invention, the resist pattern after
development is treated with the aforementioned treating
solution. After the development or after the rinsing with pure
30 water, the resist pattern is normally not dried and immediately
treated with the treating solution. However, if necessary,
before treated with the treating solution, the resist pattern can
be dried immediately after the development or after the rinsing
procedure subsequent to the development. Even so, the effect
35 of the invention can be obtained.
[0034] According to the present invention, the resist



step after the treatnent with the treating solution is
for the purpose of washing out the treating sol ution.
Particularly in the case where the treating solution
has a high concentration, the{k rinsing with pure
water is preferably carried out” after the treatnent
wWth the treating solution so that the resist pattern

rrapatﬁﬁmuiﬁjéfgcflned)lmaisthﬁ tine widtentheshope, diaaneter is

t |
Ehieduced GEneraly 'HF o KR! Bibrag feieRabBHY 11 Br more.
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capadier GRttLAY | ?Lﬁnéé‘l‘ By adﬁﬁ*ééﬁgnfﬁﬂfkﬁmeriéﬁ’ﬁsg%mh%t of the

the resi'st substrate is inmersed _ _
5 socomventlomalometh@@em hahi¢mskheopattiesn iis devpped with a

su%st r[?c%/sqglo?ﬁt r{t%‘?nﬁg%bsz% falo%s‘mﬂ&ﬁpe agudie f{)E miniaturizing.

e 1S nsing
walrer factn breepeeskﬂtnsdbBSranet—hleeaUmegorseI@tloaf toefr ther present

b h

naRegFn EORARTR PBs3ihRind  Raehtcocnie mtécanism by

| nwénch dine re@steﬁatserrpamfmend anttdre pastetropowmatien method
10 7 BRIRE MO AR} PR, BTN DReeRALgL, towever

30|tvm presuimed dhiasta dayesrbe ifo rmedredn yarnmne:brp@ﬁedirarea of

[ [ h | Ut

TR (SR syl MO AE LhECRLISE (P90 and swollen

t r wath rtbestmmmoment h’éthestreatpm setutioan be dried

Lf@@g%ﬁe' y altge P?&s@epﬁg{’%glﬁ%\g@eﬁféﬁreh%%tf\)é“%ﬁg thus

e subsequen
15 efr@imceastxyf the ipatkatnofocanatienobnathed. ¢f008#¢ present

St g R HRREL ARLEREa actPfbE gk pimed use.
duﬁhet enalttern rfedmaidiogermelﬂndw afy tbeApoesemt énvention by no
eI YesttictpeCndl TR quet '{ReR7, BHA AEATBLIRE resist
| spatteza Oanabermbaessetldlnf kepam nhaomersat of the 5

20 \‘;\f&@g% ggﬁ%ogﬁ%?g{ga% ﬁg%&ﬁnéaebgaé 8“91 ﬂﬁ)%l% tfffe present

Ining a sslin
f omvemtianucani bg. empldyed , farhenaasifacture of semlconductor

Suaé{/fcaése,'ﬁéf"f}rainréq oﬁ%b&ﬁ&&%ﬁbst)h&&% eas’s,enhuid crystal displays,
charge-coupled devices (CCDs), color filters, magnetic heads
and the like, in the same manner as the pattern formed by the

25 conventional method is employed for.
[0037] The present invention is further explained by use
of the following Examples, but they by no means restrict the
embodiments of the present invention.
[0038] Comparative Example

30 An anti-reflection film-forming composition (AZ KrF-17B

["AZ" is trade mark, same as above], manufactured by AZ
Electronic Materials (Japan) K.K.) was spin-coated on an 8-inch
silicon wafer by means of a spin coater (manufactured by Tokyo
Electron Limited), and then prebaked on a hot-pate at 180°C for
35 60 seconds to obtain a 800 A-thick film. The thickness was
measured by a thickness monitor (manufactured by Prometrix).
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i nvention contains no crosslinking agent. The

mechani sm by which the resist pattern is fined in the
pattern formation nethod 10 of the present invention

is yet to be revealed clearly.qtowever, it is

presuned that a | ayer be formed on an unexposed area

of the resist surface and/or that the resist be
soQitedhgndhegod beai new! tanti treftesthonefitmof at R4 & myarengosure

SO#&Q‘%&%O& r[rﬁgéﬁ{/h Iiféé Eh%@éf'%&@ Egﬁ!hf%tn"f‘ﬂ% a polymer of

Ive Sl ze
f opaiptstynenet rﬁicelcfcoﬂhe(ppZes[é)ﬁt 62 A0Bnt nma]nufaacttwﬂd by AZ

f“f;[é&?oﬁfc“ﬂ%?@ﬂai’s“ﬁfaﬂié}?) 'R khe \ﬁég‘egPH?ecoat-'élae and then

ern tormati on net t he present nvent
nopred@ahedregt B dod-pate sabsledp®at fast &k, seqanderice obtaln a

th t

8 GBS IBL LRI ope PAREGREATEY sRRIS: RATSHSS then

pr egkjrcteidnvemt emosanebebyénphe@ad fof eamediuaad epobjection
' tq d

seakpaatye! AppdIatleeSrrA Sodiiert AaBhBYSCUBE )by Canon

demcéswqtd:CDd)Z aaolud>ar fatl ZéBSnnnagndtthserreé:adg Ilaﬂdanldespace

i
88D che S L b SoRe: " TR S N resis
Prs&batratevwmtmked drue het mad;ﬂ atie30 By foseO0 sfeaomads, and
Lot BRI el dithehb WY PALTEANTUESHitE! 2138 we.%

esen |nven I on
Coafteauisveo IBtioplof tmra\maﬂnyllanvﬂoenunmﬂnwdnomlder(ndexgaloper

CoRposOORtE! Heliattod B A7 KRR oA Uapan)
(JKplérD) akK.239C fias :lspnmnuteat eduoeessively,naftersiinsedrwith pure
j d T k .
redtebn tTENTRalt SBePatn s, sPT ACY KB oBplP oy Oresist
18peatiferin.35 60 seconds to obtain a 800 A-thick film

h ' nmeasured by a thickness nonitor
NERh cic i i

Pronetrix). 14 On the thus-obtained
anti - r ef ABetri deveidped airc48ensaexposarenet \gse in Comparative

chg%ﬁ%ll anplified photoresist containing a polymer
of ~"pol'ystyrene skel eton (AZ DX 6270P, manufactured by
(a) the resist substrate was not rinsed with pure water

and immediately treated with the resist substrate-treating
solution for 60 seconds, or

(b) the resist substrate was not rinsed with pure water
and immediately treated with the resist substrate-treating
solution for 60 seconds, and then rinsed with pure water for 15
seconds, or otherwise

(c) the resist substrate was rinsed with pure water and
treated with the resist substrate-treating solution for 60
seconds, and then rinsed again with pure water for 15 seconds.
The resist substrate-treating solution used in each treatment
contained the amino group-containing water-soluble polymer in
various concentrations shown in Table 1.
[0040] The width of the pattern obtained in Comparative
Example and that obtained in each Example were measured by
means of a highly-precise apparent dimension measuring



El ectronic Materials (Japan) K K. ) was spin-coated and
then 5 prebaked on a hot-pate at 125C for 90 seconds
to obtain a 0.67 pmthick resist film The obtained
resist filmwas then subjectqd;to exposure by means
of a reduced projection exposure apparatus

( FPA- 3000EX5, manufactured by Canon Inc.) with 1/2

anﬁ‘ﬂ$fe&ma{5 920 hrimanufactarresly by IHitachhdlepaeetambtain the
P:él s %]?Pa?'e@ Waéjcttgake gﬂﬁg?hott@ﬁ{sgaéﬁ%[ Oﬁé\‘r?/veen the

90fcs"@nencamd ahe Iafctgn pﬁwelr@scnétﬁeweeas sgasfogsinrinetiable 1.

outomwﬁ—ﬁ%ﬁ%evf % aqueous sol ution of

rame amoni um hydr oxi de (devel oper AZ 300M F,

rmﬁ'glgléq:t Waﬁgtlmof%ttgln%&tﬁQime?enly@tagédr@mgs (Japan) 15
ato oHeehtPltion omégfé{-@rea@é%%% vely, after rinsed

vvi t n pure Wat elp,olddGreL €51 ST

UD G dnedriera¥ierd ofSRBSiSt—HEAtRE solution

to obtain a resist pattern. [UQ)%QJ eples N Ger [ 2%

5%

2

su
ri

(c

devel opeqaéRicbParss@e manner as 1 n [Cogpaf agl VE medld | melt. | melt.
Exfanulag, [(&kiobParda€Slrimte sUDSt jat@ Wassnot i nsedg Wit hy 9
pure wat gheve®B AndbEdrat €hilsd eated weth| thge fesist 7 7
substr at gddveRpH ARGt Sol ution ffor o6(J secondsy, Omd®) melt. | melt.
he resi JieslobSitrat e rines not 1i nged wpt hl pyre|wat e 7 8
and i nMeBelopt-ainge Lrat €dns® tth theg resifst 5 6 6 7
bst r at §dédvept-Ithgt Sol ut1 on ffor 60 seconds; ametit MeRelt. | melt.
nséd) Wi [Hévepurarasdt-eisd or 15| secdnds, pr 1Dt hendi se 15 17
) the rlesiekb Sibstrabe-was I[i nsed wbt h| pu e[ waserl 15 16
and tredtediopi-ttheathe resi st gubstrfaté-tye#li Ngnelt. | melt. | melt.
sal utlidon |Heelob G tre3® -si@eONds, and0t Hené6ri pseéd again| 14 14
Wit h pur gdevetopr- rinee —1aseeioseds. The rdsist 12 12 13 15

subfRematke kit et ireist Sotfartei voas nuetted i N each treat nent
contai ned the am no group-contai ni ng water-sol ubl e
polymer in various concentrations shown in Table 1.
[0040] The width of the pattern obtained in
Conparative 35 Exanple and that obtained in each
Exanpl e were neasured by neans of a highly-precise
apparent di mensi on neasuring




15 system S-9200 (manufactured by Htachi, Ltd.), to
obtain the difference of the pattern width (in terns

of A) between the former and the latter. The results

were as set forth in Table 1. {40041] [Table 1] Table

1 Evaluation of pattern width difference according to
concentration of resist-treating solution Procedures
Concentration of resist -tre@Liédg’l_%ol ution 0% 0.01%
0.1% 1% 2% 5% develop - treat 5 8 nelt. nelt. nelt.

(la) develop - treat - rinse 0 3 6 8 79 develop -

ri bkk - Arpattern i fwenation7 methodeferoformingata Fime resist

It ik b -wHigat 4 [ 7
gegétﬁé(@\’/elcgplmbhrsilﬁée)a- dferé?a?m- ‘erg@ ? 5Fé6§l§{378a't’t<§'n after
dedeveopmiendais trasdtatiwithnal tesisklsubstrate-desatiog solution

t = [ . 2 - i -
" EGhainih g St oy chhaiififf SPaterl i1 p6RRher, so
meds . tonseducelth)e eeffectipe- sizeeaf saidi resisb matterniformed by
14th<9‘?§/e‘?}é1ppméﬁﬂ.se - treat - rinse 4 12 12 13 15 5

Lot

Remar K) ™ me e resist surface was nelted. 16
CLAIMS [1] A pattern formation nethod for formng a

fi r esy n [ Si en A [ ch :
rbEL; ol AR ol ARG, Bethdd PRCLBLAME S claim 1,
r esihetresmbstthat e-ameadi nggrlut | gontaomedi niing «aid  amino
amnj r -G i ny 18,0l I : : .

£ PSR Y S BIbIE SO nBE HET o FPARP amino
fognedpby the devel opnent. [2] The pattern formation

met hod according to claim1, wherein the am no group
contained in said ami no group-containing

wal 2} - sol'bbl patt@rpntormatian enethod acdarding to claim 1 or 2,

wherein said resist pattern is treated with said resist
substrate-treating solution for 10 to 300 seconds.

[4] The pattern formation method according to any of claims
1 to 3, characterized by further comprising the step of washing
with pure water immediately before or after the treatment with
said resist substrate-treating solution.

[5] The pattern formation method according to any of claims
1 to 4, wherein said resist pattern has a pattern dimension in
which a line width of the line-and-space pattern or a hole
diameter of the contact hole pattern is not more than 300 nm.

[6] A fined resist pattern formed by the steps of: developing
an imagewise exposed resist substrate with a developer, and
then treating the developed resist substrate with a resist
substrate-treating solution containing an amino
group-containing water-soluble polymer.

[7] A resist substrate-treating solution for reducing the
effective size of a resist pattern, which comprises a solvent and



group. [3] The pattern formati on nmethod according to
claim1l or 2, wherein said resist pattern is treated

with said resist substrate-treating solution for 10

to 300 seconds. [4] The pattern, formation method

according to any of claims 1 to 3, characterized by
further conprising the step of washing wth pure

wadBr anmheei greup- beﬂbamlag awaéerﬂﬁ)éUbP%apﬁb\ﬁme tand with

%IERS?SH@g& :gf fﬁﬂ%ea S)L{{é\%‘lo ]F ?s Lreated to
tern Tornma od accordi 0 an

torelqluvméheu ﬁffgatloveréb'd%th@lé&Qfern has a pattern
dimension in which a line width of the |ine-and-space
pattern or a hole dianeter of the contact hole
pattern is not nore than 300 nm [6] A fined resi st
pattern formed by the steps of: devel oping an

i magewi se exposed resi st substrate with a devel oper,
and then treating the devel oped resist substrate with
a resist substrate-treating solution containing an
am no group-containing water-soluble polyner. [7] A
resi st substrate-treating solution for reducing the
effective size of a resist pattern, which conprises a
solvent and 17 an am no group-contai ni ng

wat er - sol ubl e polyner and with which a resist pattern
formed by devel opnent is treated to reduce the
effective size thereof.





