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

35 half-micron-scale fabrication, which the design rules formerly
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[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
35 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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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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30 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
35 aldehydes such as formaldehyde and paraformaldehyde.
[0016] Either positive- or negative-working chemically



15[ 0021] The thickness of the resist pattern is

properly determ ned according to the ainmed use, but is

in the range of generally 0.1 to 5 Rm preferably 0.1

to 2.5 Rm nore preferably 0.2gto 1.5 Rm [0022]In the
pattern formation nethod of the present 20invention,
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rinse solution, preferably, pure water. The thus-formed resist
35 pattern is employed as a resist for etching, plating, ion diffusion
or dyeing, and then, if necessary, peeled away.
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30 Exanpl es of the am no group-containing
wat er - sol ubl e pol yner include pol yallyl am ne,
pol y-N-net hyl al | yl am ne, poly-N, Nl-di net hyl al | yl am ne,
and pol y(N-net hyl-3, 5-pi peridifediyl nethyl ene). The
pol yneri zati on degrees of those polyners 9 are not
particularly restricted, and can be desirably
del@P2Dded accbhei pgtterrvafdronatioondnetbad sesordinghéo the
t f ot
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mﬂleeereSISheoaﬁhﬁb@r dfcae rdin @by, Yt e ymahlmfé o the invention is

geBFéPérEXSIYF’ Eﬁlnﬁpﬂhe ?{]ﬂﬁa 'Mt%%gtr%p‘i‘\(?g Tgﬁgggnﬁgbable of

I'a Iy am™e’i s ne
SOgl\pnef@r nng 5e5k5t3@attmm,t tsatchi nas, a I|thograph|c process

erdmTEdY xPosurchat S WERIIEREER U 258) il or, shorter with

exanlpght safurs:ter of tarked” amclmrynlmerzaam o@nrlaeigfcegseroﬂaser an

thﬁ lpéf i aFSkiBA! ¥ 19r 2 RPN 5L 9 Iirt‘ﬁogpgéﬁy system.
rs or Xa e,
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n:ﬁg%rﬁlﬂgv%é}’)a %Yte('n dimension in which a line width of the
line-and-space pattern is not more than 300 nm, preferably not
more than 200 nm or in which a hole diameter of the contact
hole pattern is not more than 300 nm, preferably not more than
200 nm.
[0021] The thickness of the resist pattern is properly
determined according to the aimed use, but is in the range of
generally 0.1 to 5 um, preferably 0.1 to 2.5 um, more preferably
0.2 to 1.5 um.
[0022] In the pattern formation method of the present
invention, the resist pattern after development is treated 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
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
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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n n=8-10 (lc) n n=25-30(1d) 15[0024]1f neither RI-

nor R2 in the fornmula (1) is a hydrogen atom nanely,

if the nitrogen atomin the fornula (1) fornms a

tertiary am no group, the effegt of the present
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preflerred, npl esof t hat pol ynmeri ncl ude 10

pol y- N, Ne= di met hyl al [(J) ami ne (nol ecul ar wei ght: 800)

and pol y{ N- net hyl- 3, 5- pi peri di nedi yl met hyl ene)

(ol ggird’arpeei ght: 3000) . Further, various other
derivatives of polyallylanni ne and pol yners havi ng

st ruovhids Ldf amgr dZolese divalepyr Hokingngroups such as single
ac ' ] [ I g nd pf | din ;
SkBPORS, &F VR, Rt MRt YIRS st g particular
gr testridiemi on rdevmenbesl ablcarpony atoms comdapneddm L' and
: “ME%'U‘%“{eaERO%éh%Sﬁ% H Gt 2D o9 CLBlon 'dtohs, more
possi bl'e t0 use the am'no group-containi ng

wap eefesably| @ toobyeaarbomvatogms. 10T kie g noap sl eantak® are not
wej P wepght +of th ol g, i

raBgP% uﬁﬂﬁ%?gksgqbg%jﬁobggo638YtnggeﬁE%ﬁ§aH@boH¥§¢scarb°”
100000ps Hopwaferabsy nakkylraeprgneermp sodecaindengeigyitups, more
de [ in r the 2

{ URERYTAR ke, grdler, TS SBEnNG, RC ang &° may be
anany groapesahgadbnpsg wehere ssinblpartEyar yestriciiimgn the
a aakssut Yr &HOGH Qth%fcbﬂ%aﬁﬁ&?anﬂﬂgggp[Q@ZqﬂuJWﬂey'are
or nore am no group-containi ng wat er-sol Ubl"e pbl yners
cageberalkdgdhiydrogebi retoinos, or f hydeesaabgn groups and hence

| BETh el RRopRRL P 16536 Ehtpentiine, more preferably
wabeto Sotathen atoms. The groups R! and R? are not particularly
restricted, but they are generally hydrocarbon groups,
preferably alkyl groups or aryl groups, more preferably alkyl
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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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. Cenerally, the treating golution containing the
polymer in a high concentration is apt to shorten the
time to conplete the treatnent, and gives large 25
ef BER tN@InpRsticul ardyt restefcted: jand Kare he dasérablyi determined
pa r
co‘tﬁ g&wgn@téﬁﬁéﬂg ccﬂ?rﬁ'l oort\% g‘é’%@e%%ﬁé 'FlgoﬁBbﬁ‘%lL %’Eructure
a smcentrateomoo ahsl eseslstu ﬁsbﬁgra/uerhrqm@gv\aobrtlgmtand the
th rt n a
grrgeu%‘éggénc{@ﬁ?lunr{:& Pﬁf I{;f}éprgI y%éﬁﬁsf ﬁ;ﬁf polyallylamine
pr@‘geneaiatm ate how, rnrefﬁeeamlmhyntlou &0 X}, pifékenusaber of p in
/ id i t

ando g i BRet AT S denefaly £ et PP Eferably 5
i stcpr3eﬁ eand| thatoi rd@ody Ol rieag: thiy: 3 tﬂﬂrelpeqdnmeduylmethylene) is
ch n n od
ool aErell s £ S prere iRy "E8, 18 390 CNAHE, eldfples of
35skustuses @il pedy mmtizaonhdeg rees fof X pieferred polymers
ge a ng 0 e I

55 shgwirt bRENETPITRE, YRwhe MYfisHEE “5Re, Ko fifercially
toauallabiegiﬁtomf ftomeexampde Nibkx Baxsekiread, ildgl.
solution. [0028] The treatnment of resist pattern by use
of the resist substrate-treating solution can be
perfiormed; for exanple, by 5 imersing the resist
In the treating solution or by subjectlng

reHsAN" substrate is treated with the treating
solution, nanely, the treatnent tine is not
ul a y limted. However, to enhance 10 the

n hedUCI Q ¢ ct| ize of the pattern,
the treatnment tlrr—glqJ Spﬁé grab fjD)ﬁot | ess than 10
se ., nore preferably not Iess than 60 seconds. The
uppet limit of the treatnment tine is not particularly
limted, put the treatnment tinme is preferably not nore
econds in view of the 15production
eff|C|e cyN [002HB+D e is al sp R?o particul ar

S\{IC ion on the tenperature of the treating
soI Non. However, in view of the effect on reducing
t he eFfective size of the resist pattern and of
uniformty in the reduced size, the tenperature is
generally in 20 the range of 5 to 50C, preferably 20

to 386G O e resist substrate-treating solution
actdrdi t pr esent |nvenz n conprises, if
necessa sol verit=438-3@| | e af orenment i oned

cont ai ni ng wat er-sol ubl e polyner. There is

no partlc% ar restriction on the solvent, and 25 any
sol vent can be used. However, in consideration of

affinity with the devel oper and the rinse solution,

water is preferably used. However, for inproving
wef0@RHIi ty, afsmebitherp®it wor oRdarinc the veormaoda 168) is a

v n9sh ARER “Teietks FRLEZRBroUR ARAR,IF theyformuta (1)

kefarmas s tettiasy acainme rang, et effexdthgf thetpreserdnichvention

o A N o BRSO g U ppucore

acfmh examplasithes posyareresf ahd asbiovadqtiahter ) eparticularly

OEETRE 35 [ 00RRIRIES patthr n Fithmt| BA MRG0 include

accordlng to the



present invention, the resist substrate after
devel opnent is 12 preferably rinsed with pure water,
nanely, is preferably subjected to rinse step,
i medi ately before and/or aftqrptreated with the
treating solution containing the am no
gr oup- cont ai ni ng wat er-sol ubl e pol yner of the present
|npeRthN -dineethyikedlydaspnes (awdlec lamaveigsdt ng®0) vand poly-
th for se

£ R S e A S AN B o ((DTeEUIR0=® weight:
paBD@ﬂa Irudhesr vaolqsmwéhertd@rluavlme@pef prcrlwailylamlne and

I
CCRORIERS Tl ) R0 W BARdele, | KEsigitgydone,
5 soaqtylamldtehéanetdes)t, wirhdpyaidéneoaat eipa@dmapﬁieehetoss can
t t f

FhEEc BB NEERDRBlol, LB 8L nde b PaGlptofaining

stw;ataftsaluglle palgmerin thet present imeemtignsol ution is
( 658 p“fposﬁc% ht6‘ %J?egﬁ?re{rh%ﬁtt' ”Quég:}é’sftéibe to use

ICU ar | ere reatin util on

hat:ha _ahglimoCo@rmmfcmntmnlng1ewaIcerr$0isuh1\g \mqlvmmrr ehaving a
10 WPBREyh FALEURN YL TR ipalécligh el dPRERAE potymer
mais ot thendeggo OlfrgebEGallynSOﬂeteuB@@@l@@nt psetgrably ot 000 to

eX2HBIOR0, SoHto*\}\?évéPesfnrc%aEHBQ F(S’;Bé'F Orﬂﬁlé@u”l%k”{{\%ggﬂf‘ depends

the resist sur
etupongtbeemalnopbam]SrUnectullrsuaTg:I vhheh fpoctionstlegraaps, it is

PSofET Bisibie 19, BT Sy Wibyrt PRSI ndbF soluvle
15 ot petynee haneing asmaetutaroweightiragpetitbe atpoegeange.

Onf 2B, 50 TheaP RS S ol HRREIALS Uparer-soluble

ng rotating rinsing w er c
pepotymeruszsareubtehesedemocen‘mmattcn’r, ifoneoessany. se bot h

{ ind[ ggtﬁﬁ?@fzheg S?égleempémﬁven%l on%?ﬂ{awgm st® the

pacmncenbtfattwn deofel dperer@mirso t rgyatugxt cainthinimg water-soluble

20 gg@g%@ﬁ"@@gg %' Stﬂ%%éhﬂ%SOf%l%Sh ttm:tjbt is,preferred to

theonlamlstthqammemtratmor patoydimg tdrweatatite pattern is used

rotmvernd; ok cEhEC ek oFs' SRl o GRDRFefll tne treating

t r eakuthgn smintaioing the pebkireerpat adrighcaonbentratéan is apt to

or BHAHVE Wb b B RN ELRE TR Slefirh Rt i IR arge

25 ef éHferct 3Gofradecingv &hei effechivebsizdtafi bled. resist pattern. On

o et ER i AT BREPY el (YA flaid SRnEr o Rlsr in @

d| bvet@ndentrativce dtgarkesabl ghost &inde do conglete rinsing with

reBhEG " BlteRy abferd alle ReBhrldht "t RFb e, MBRETIIRE, of the

f i aed nloy g eo ump-edamied mi g i atemsofubla pbiymafr ishendst preferred

30 L PN MRyt aRMebRe o5, g C RRTELR ark, e nr upon

m theat photiosgnsitivéaatesim heonapositicubsndt etheeatdomglitions.

craEkb ity BenoneRbeidArsCRr BRI Lhed Metarmrined that

patherrequsirédnebaractdréspas team ber Ubtamedmhh@d)o]d) bdilance.

LoThBLSSitn BY oPah R AN Sh % e BN BkSER Lantaining

35 unmatesesblabea pdlyinher rissthais swotf fiscdanblibrist pahetdidy in the

S b ed apgd, swol |.en_wj t 0 nent of t
tr R0 0 3 B 0”5 a0 dterRla bLA Y 46 2Pk i Bgpliferably
effectlve size thus 15 reduced by the pattern
formati on nmethod of the present invention is then
further processed according to the ained use. The
pattern formati on nethod of the present invention by
no neans restricts the subsequent steps and hence t he

~ N



25 conventional nethod is enployed for. [0037] The

present invention is further explained by use of the
foll owi ng Exanpl es, but they by no neans restrict the
enbodi ments of the present inygntion. [0038]

Conparative Exanple 30An anti-reflection filmformng
conposition (AZ KrF-17B ["AZ" is trade mark, sane as

ab@vk] , taraniffacthased byomz thecttodal c wright alef the resist

\(I\;%E?Q%ralfegtr)ﬁg\ﬁ@?g %%imtigﬂa_lt ed on an 8-inch silicon

nmea a spirn coater (manufactured by Tokyo
El &@28% Li mi tEg, treatmergnoprebtstepatiera bytugaitod e resist

1895?%?{%%%%%@%"&%&& yr‘?iﬁ? ﬁla%ﬂﬁrﬁ*iécﬁ” ?B{E%J(Q?nple, by

The (Nness was” neasur ed _ ess nbni _
5 ( nanoteksingethby resistesubsirate1dn cbthe htraating opokitied or by

: Lect X _ _
SrRUPIE GO R PRI SnSERTeBRRLOBINEL parigle;coating
of with yther éreatikgl eadutionz DXTBe7dmerdiouf aghigtedtihg resist
AnTREE" IS AT ity ) rallig SR EOR, CRARREly, the
set@adsnent 6bnai is aod. mErtmulenickmissdst Howeverheéo enhance

10 ObfRd ”Sﬁ’ercﬁsbgt réghﬁﬁ{?stﬁQGEff%‘é*Bi\Fé”s‘?Qet Of CHPOSHLEdMh, the
meansS Of a reduced projectlion exposure apparatus
( FeeatovemEx3,imaansf aceterad lpy nCantasd nban WA hsa¢ands, more

an 2 t i ne d- 10.

aplftiraBly 78t ks, Hdn' BY SACoRds. "TTRRCLBRAGT 1l of the

r ebiesttnzembtime isan diakpedtioularlyotlirpies , abut3tef sreatment

90;.; onds, e a n Iy

ol Iﬁ\?vlétl% ?rg@é‘%ﬁ_l& @g@e%éﬁesgﬁ%ﬁaﬂ gjric')’@fée&?ﬁd%r{ Wlw of the
15 t epradectiphaefficienawmn hydr oxi de (devel oper AZ 300M F,

ma ur ed El ectr 0Qi L J
Y281 5C TTpER ifLeL R chgr Bk AR oo o the
wi temparatwes eof, thhetrasding selbtiomt e Hmsewprninrviesv of the

to [ resi : I :
aeBE B s ih i Hidken @ tidh SRR Eistpattsn and of
20u Bifarphiéy in the reduagedheizegstihe teohperatieenwis gaenerally in
ri it.h r ' [ yahbeated with

20 t héﬁ?ggwgie gﬁ%s?? \gﬁeﬁ’r @g iéanglEggI%(??én?’@o?' 60 seconds,
or[0030] (b)Thaeresst subsibate-dreating sotutionsadcording to

W t .and_ i i ately it
rebive Gt vy B e AR I pERSME Lt Thik Rt s well
t has theasadforemierntioredabenirforgidupecmmdsEning water-soluble
ot ' . | st I at rj
i BEIIRE Thsreajsuio @afsistiof weBthehiod By ¥ s8RRht, and
25 subsyr avkranteaannbgesotadi oHdweved, 30 censiddsatiomd of affinity
t hen, rinse i i p ter for.. S S,
o] R A ARaBeP alhIhE R, rofiludh, \aRERTs PPérerably
t reaedent Hoorenaemefb rt henprnoviinggmaipabdittyai ai signall amount of
wa - SO I [ rjiQus_c rati
PORSATE BIeBh T be, AdHR, AL R CRERVERR: o iXa RIS, of the
Coapsolamante 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
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35 Exanpl e and that obtained in each Exanple were

nmeasured by neans of a highly-preci se apparent

di mensi on neasuring 15 system S-9200 (manufactured by
Hitachi, Ltd.), to obtain thedjfference of the

pattern wdth (in ternms of A between the fornmer and

the latter. The results were as set forth in Table 1.

[ oprafierpbép! d’il1§5e¢ab\rvéthl Rueuanaderof npanektn s dpreferably

di £
eél Q{&%}r eaF&Wsol ute?)bnﬁﬂ%:‘e?gégayega grr#td/or afterftreated
rewl'é't theetsrenaﬁmgcspwtlon CONLaining dhe a%m% gve8ps coaaining

deyaltap-sollibf@p Ayh FIFARLYrBsER MeVentfod.  The rinse step
before the treatment with the treating solution is carried out for
the purpose of washing out a developer remaining on the resist
pattern. In order to prevent the developer from contaminating
the treating solution and to treat the resist substrate with a
minimum amount of the treating solution, the resist substrate
after development is preferably rinsed with pure water before
treated with the treating solution. On the other hand, the rinse
step after the treatment with the treating solution is for the
purpose of washing out the treating solution. Particularly in the
case where the treating solution has a high concentration, the
rinsing with pure water is preferably carried out after the
treatment with the treating solution so that the resist pattern
may not undergo troubles in the subsequent steps, for example,
so that the treating solution remaining on the resist surface may
not cause problems in the etching step.
[0032] The rinsing with pure water can be carried out in a
desired manner. For example, the resist substrate is immersed
in the rinse solution, or otherwise the rinse solution is dropped
or sprayed onto the substrate surface while the substrate is
being rotating. The rinsing with pure water can be performed
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
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
of the invention can be obtained.
[0034] According to the present invention, the resist
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pattern is so fined that the line width or the hole diameter is
reduced generally by 5 A or more, preferably by 10 A or more.
In the pattern formation method of the present invention, the
resist pattern is fined by a mechanism different from that of the
conventional method in which the pattern is covered with a
composition containing a crosslinking agent for miniaturizing.
In fact, the resist substrate-treating solution of the present
invention contains no crosslinking agent. The mechanism by
which the resist pattern is fined in the pattern formation method
of the present invention is yet to be revealed clearly. However,
it is presumed that a layer be formed on an unexposed area of
the resist surface and/or that the resist be soaked and swollen
with the component of the treating solution.
[0035] The resist pattern having an effective size thus
reduced by the pattern formation method of the present
invention is then further processed according to the aimed use.
The pattern formation method of the present invention by no
means restricts the subsequent steps, and hence the resist
pattern can be processed in known manners.
[0036] The pattern formed by the method of the present
invention can be employed for manufacture of semiconductor
devices, flat panel displays (FPDs) such as liquid crystal displays,
charge-coupled devices (CCDs), color filters, magnetic heads
and the like, in the same manner as the pattern formed by the
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

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
60 seconds to obtain a 800 A-thick film. The thickness was
measured by a thickness monitor (manufactured by Prometrix).
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On the thus-obtained anti-reflection film, a 248 nm-exposure
type chemically amplified photoresist containing a polymer of
polystyrene skeleton (AZ DX 6270P, manufactured by AZ
Electronic Materials (Japan) K.K.) was spin-coated and then
prebaked on a hot-pate at 125°C for 90 seconds to obtain a
0.67 um-thick resist film. The obtained resist film was then
subjected to exposure by means of a reduced projection
exposure apparatus (FPA-3000EX5, manufactured by Canon
Inc.) with 1/2 annular at 248 nm, and thereby a line-and-space
pattern of 150 nm width was formed. Thereafter, the resist
substrate was baked on a hot-pate at 130°C for 90 seconds, and
then paddle development was carried out with 2.38 wt.%
aqueous solution of tetramethylammonium hydroxide (developer
AZ 300MIF, manufactured by AZ Electronic Materials (Japan)
K.K.) at 23°C for 1 minute. Successively, after rinsed with pure
water, the resist substrate was spin-dried to obtain a resist
pattern.

[0039] Examples

After developed in the same manner as in Comparative
Example,

(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
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system S-9200 (manufactured by Hitachi, Ltd.), to obtain the
difference of the pattern width (in terms of A) between the
former and the latter. The results were as set forth in Table 1.
[0041] [Table 1]

Table 1 Evaluation of pattern width difference according
to concentration of resist—treating solution

Procedures Concentration of resist—treating solution

0% 0.01% | 0.1% 1% 2% 5%
develop — treat 8 melt. | melt. | melt.

(Ia) |develop — treat — rinse 0 6 8 7 9

develop — rinse — treat — rinse 6 7 7 7
develop — treat 8 melt. | melt. | melt.

(Ib) |develop — treat — rinse 0 6 7 7 8

develop — rinse — treat — rinse 5 6 6 7
develop — treat 15 melt. | melt. | melt.

13 13 15 17
12 13 15 16

(Ic) |develop — treat — rinse 0
develop — rinse — treat — rinse

10 melt. | melt. | melt.
12 11 14 14
12 12 13 15

develop — treat
(Id) |develop — treat — rinse 0
develop — rinse — treat — rinse

B OO O AW N O WOl

Remark) melt.: the resist surface was melted.
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CLAIMS

[1] 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 group-containing water-soluble polymer, so
as to reduce the effective size of said resist pattern formed by
the development, further where the water-soluble polymer is
selected from a group consisting of poly-N-methylallylamine,
poly-N,N’-dimethylallylamine and poly(N-methyl-3,5-piperidine-
diylmethylene).

[2] The pattern formation method according to claim 1
wherein said resist pattern is treated with said resist
substrate-treating solution for 10 to 300 seconds.

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

[4] The pattern formation method according to claim 1,
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.

[5] 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, further where the water-soluble polymer
is selected from a group consisting of poly-N-methylallylamine,
poly-N,N’-dimethylallylamine, and poly(N-methyl-3,5-piperidine-
diylmethylene).



develop - rinse - treat - rinse Remark) nelt.:
the resist surface was nelted. 16 CLAIMS [1] A
pattern formation nethod for formng a fine resist
pattern, conprising a step in vifdich a resist pattern
after devel opnent is treated with a resi st

subst Bgt €- Al 6lsidtg é%éﬁéfﬁlbfé%’ﬁﬁ n'sB‘ﬂJt%‘n a'beO Jeducing  the

group-contal ni ng wat er-so ¥] SO as
P edu@dfaaiive-Srace! o resish RAte, WhEd §P”|H?i't'$%$ 7 solvent and

for megh BFhthQgrQﬁMﬁlcéﬁf@ﬂing lfwa"ttehgs"%mb@r BolytBer and with which
\(/:vgtnglras?é)ﬂé &%t&;r&j?&%a S\{eéjleq(\:/t rg\rtn |g tgeaygd to reduce the
po: y -elffedtiva thehtghemelof,l fumther ambre the water-soluble polymer is
poly Yy oS- y

Pt SFICRBRTdretgn ol AFFting"pEY BNy diamine,
sal d podgiN;N pdmrm@mvlaléyltamaneedanﬂt poky4Ndmetdiyst3, 5-piperidine-
subsidi@irget y&}@ﬁé?g solution for 10 to 300 seconds.

[3] The patt'ern tormation nethod according to claim1,
characterized by further conprising the step of

}Aﬁshlt[vg; }M‘rheptyaﬁerm efornmte@?ah%uwtdwzacwﬂrngf &er claim 1,
e treatnenf, w esl S upstra .
ol VB ER [ ¢ did: Beo B GnRINEY Mtk Qbbb rotymer 1s

t o clpailynN;metieylellpasdnd. resi st pattern has a pattern
di mension in which a line wdth of the |line-and-space
pattern or_a hol e dianmeter of the contact hole pattern

i s ndBlnorEhendatbym nfarmatign Amethad racexdingt ter elaim 1,
for W%éhénﬁhawétsmn@f r@'@ﬁﬁidmbﬂﬁngnwa’fw%lﬁﬁle polymer is

exposeg r@i\gs{&f Q'B’ @Ie with a devel oper, and then
treat©® Nefybelyleging: substrate with a resist
substrate-treating solution containing an am no

grou\rﬁaﬁg?tﬁgg Eai%é: errilatile Rok aé&grtcpﬁ@ \M}e 'Faim 1,

t he ymer 1S selec
cons.vd'ter@noth@oalyumprrgmlypeﬂqf}taanﬂgewater soluble polymer is

pol y plI\NN-Gh BB ykaéJpYﬂ)é‘HHﬁ%d@ﬁﬁethylen ).
pol yPN— net hyl- 3, 5- pi peri di nedi yl net hyl ene) 17 [6] A
resi st substrate treating solution for reducing the
[10] The pattern formation method according to claim 5,

wherein the amino group-containing water-soluble polymer is
poly-N-methylallylamine.

[11] The pattern formation method according to claim 5,
wherein the amino group-containing water-soluble polymer is
poly-N-N’-dimethylallylamine.

[12] The pattern formation method according to claim 5,
wherein the amino group-containing water-soluble polymer is
poly(N-methyl-3,5-piperidine-diylmethylene).

[13] The composition according to claim 6, wherein the
amino group-containing water-soluble polymer is poly-N-methyl-
allylamine.



effective size of a resist pattern, which conprises a
sol vent and an am no group-contai ni ng wat er-sol ubl e
pol ymer and with which a resist pattern fornmed by
devel opnent is treated to reduck8Bthe effective size
thereof, further where the water-soluble polyner is
selected fron1a group consisting of

N—neth l'al Iyl am ne, y-N, N -di net hyl al | yl am ne,
and ;ié tmpgsmcm @egcpadwsdtmq#@m eWhErein the amino
The @&bh?taoﬁt% OWdeFMual‘éCObdlyﬂﬁeWsﬁbﬁLfN—'N’ dimethyl-
mherelal he am no “gr oup-cont ai ni ng wat er-sol u
pol yRWIF@IRG v N et hyl al | yanine. [8] The pattern
formati on nmethod according to claim1, mherein t he

gg};?&ﬁafuﬁhﬁé&ﬁﬁbgﬁﬁ@?ﬁ%&%@raQFbF$%ﬂe Batt éﬁ#ﬁeu1the amino

f or maroop-eentadainge c watengolvble apelymenie pely(Nimwethyl-3,5-
amn er-sol ubl e polyner is

pol y h@%@?ﬁﬁ-@n{rlgﬁ@ﬂ erel‘\%? nedi yl net hyl ene). [10] The
pattern formati on nethod according to claim5, wherein
the am no group-containing water-sol uble polyner is
pol y-N-nethyl al lylam ne. [11] The pattern formation
nmet hod according to claimb5, wherein the am no

gr oup-cont ai ni ng wat er-sol ubl e polyner is

pol y-N-N -di methyl al l ylam ne. [12] The pattern
formati on nmethod according to claimb5, wherein the

am no group-containi ng water-sol uble polyner is

pol y( N- net hyl - 3, 5- pi peri di ne-di yl net hyl ene). [13]
Theconposi ti onaccording to claim®6, wherein the am no
gr oup-cont ai ni ng wat er-sol ubl e polyner is
poly-N-nethylallylamne. 16 [14] The conposition
according to claim6, wherein the am no

gr oup-cont ai ni ng wat er-sol ubl e polyner is

pol y-N-N'-di net hyl al | yi am ne. [15] The conposition
according to claim®6, wherein the am no

gr oup- cont ai ni ng wat er-sol ubl e polymer 1Is

pol y(N-net hyl - 3, 5- pi peri di ne-diyirnethyl ene)





