; e3eHC~>>?t AA@\~B6BTHCX ? SPECI FI CATI ON  AQUEQUS SURFACTANT SOLUTI ON FOR
DEVELCOPI NG: COAT) NG FI LM LAYER Techni cal Field The present invention relates
to a nov® surfactant aqueous solution for devel opment of i yer,
and nore specifically to a novel surfactant aqueous solutﬁﬁwﬁmﬂmmwmmm

devel opment of a coating |ayer, which is used in the neth 0 [ m ng
resist patterns in manufacturing sem conductor el enents V\he,re*ggl%rench
pattern and a hole pattern are effectively made finer by ] si st
pattern, formng a coating |layer on the resist pattern f n@HHM@ﬁ@mmMEhen
t hi ckening the resist pattern, an®ECTFEMPIIBY forming fi tterns

using this surfactant aqueous solution . Background Art |n tHEOKRde field
of manufacturing sem conductor elenents such as LSIs , producing |iquid

o Vhor mal RUEROSHRPRERARE SOTRPET shn ERHLORIYS BORREG b nt e © 1"

substrates for formation of fine elenents or fine processing. In the
formation of resist patterns, a so-called photolithography process has been
enpl oyed Wi Gh 1JIMOIRGS £XPOSi ng by sel ectively irradiating a

phot osensitive resin conposition with an actinic ray such as ultraviol et
ray, deep ultraving §irddbht CXhlERELOAS Felatesdho 04 RbFEL YhARR TN
devel opi ng the resin conposition. I'n the photolithography process,
negative QigueRyst 5¥e8udRbki Ar PIFOBEMRENt \GE 2e8bAtEAGPLEYEF Ondnfdrésed to
formresist patterns. Wth the recent trend of higher integration of

sen condugpeicidfd\valay, 6 antha@rel sefafattantWatilsousqsoletion t for

manuf act uri ng process of the sem conductor device are becom ng finer, and,
i n order deviedspmentwofha tdostineldyesxpwhick Esuigedkdn thelmythod f
short-wavel ength |ight source such as g-line, i-line, or excinmer |aser or
phase shi filormigias aeslisded pat telrnsex das umanuf@edvaringy tsemilgendudtey aphy
t echni que enpl oyi ng the conventional exposure, it is difficult to form
resi st patl@meditshavhere § nErepfhn RHeL 4T £NFr Vi d@debyPRhEeTRY A%Engt h.

el oyi ng SHESEE 10/ l%: RRRGIELARE BYIERIAS STREPLForeatHETRodE I B
ff i vel K ' fl whi ch ' | |
posi 11 ve. SPAIGIR HIRE RSPk ERG T BRI D TRITd, GOMERTE O erdy
convent | on3ld Yol QU AALLSY ol #ITRLER0SOUERIR NG W LML o 3L B iEn
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expensi ve equl pnen ave peen |1 ntensively | nves are discl osed,

for exarrplu%,ié,baptqg ugqfta?itarﬁp I'u&%td' diHtdopen Nos. 5-241348, 6-250379,
10- 73927, and "11- 4%9 . The ms{aﬁio S cfgscr?ibe(? In these publications
involve follow ng steps, that is, enploying a conventional photosensitive
conposition, formng a pattern by conventional nethods, form ng a coating
| ayer on Baekgiuwid pattt ern forned, allow ng an acid generated by heating
and/ or exposure to light of the resist or present in the resist to diffuse
into the coatindn tiyewlderfiissld nfimapufiat buringseniconduchgrledesends t he
action of the :

such as LSIs, producing liquid crystal display surfaces of LCD

panels, manufacturing circuit substrate for a thermal head, and

like use, resist patterns have been formed on substrates for

formation of fine elements or £ine processing. 1Inthe formation

of resist patterns, a so-called photolithography process has

been employed which involves exposing by selectively

irradiating a photosensitive resin composition with an actinic

ray such as ultraviolet ray, deepultraviolet ray, excimer laser,

X-ray, or electron beams and developing the resin composition.

B



2 ~ , acid which has diffused into the coating | ayer, renoving the
uncrosslinked cpating |layer to thicken the resist pattern, and, as a
result, the intervals between the resist patterns are narrowed, and the
separation size or hole aperture size of the resist patterns are reduced to
make resist patterns finer and to effectively formresist patterns which
are fine to a degree below the resolution limt. In the nethods of formng
fine patterns nmentioned above, a water-sol uble photosensitive or

non- phot osensitive resin conposition which can be crosslinked by an acid is
used as a b SPPPBﬂliBPogggﬂbﬁgP%o%%%ﬁi RG9adjaie oORRP Ikt EFe vroBkiR%ed

sol vent vm'Lr{h]water atrrhil an organi c sol \z%g_t is used fo(a devel opnment and
removal ofPRFHEGHRI T BB n§OPROEATIGREN akst ¥5%T LOni TESERE with

0 . . | eed sif

ﬁ’i‘t excess R T S Ehe %ﬁ%?%dcar it Btabetn %%?&r‘%ﬁohﬁ?q;%aﬁﬁi
'y t : {
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in the watjgl +$Q walnG %sciuhg.%gg%gnpk%hﬁg&téégrs?}.au&sér Ygzgéealee as

i nsolubles to the surface o uring t vel opnent, result in

pattern defedminFeLiness and, @8 drder Ad Neegh hpewdthd®mig apkk gum may

be prevented in sone cases by applying existing approaches such as

di schar gi rgkpoduite @quigninad @pleFRhigS ANShYet SaPel¥aith BighansiEsei C
solvent or by increasing the nunber of tines of paddl e developnent, it is
di fficult suwlcast gellinke iepindycobdidxdimeandased ernphisefsiphf t aidsks

di rensi ons made finer. Therefore, there 3 has been required a inprovenent
for hi gherange eiigededs etheoperposune . andawmverst akl th ptheeskl thdgaraphy

wat er - sol ubl e resin conposition which crosslinks by an acid to form an

i nsol ubi | iteshnigus employdpgathe convenitdionad exposureoditi hg diffkculkthe acid
concentration generated in the base resist pattern varies dependi ng on the

| ocati ons i fea¥eEeRhet LAIRITDT that eFAsEheh thar hent 1pht tReFaV efensi ons
2 Hencelly e HavaieRakhar ram gt athis haBdeaEBPACEE CRLLUIERE iR o
_arrangt patt Proset .
ayer . un PHUTEWERR T Bbhfiphlhr I BRBARYARE e 48 Hhitet hlakp e "
pattern. %l@é}&riw.e, ‘x’ﬂ@:g%@ofé’! “hﬁ'egﬁoﬁ‘éc c?‘sef‘fé%fff@egﬂ h‘n%k%” s 14t er and

an organi c solvent whic owWs a solubi Ity towar e coating Iayer

I's used apaA oM OPfler | NEn R SALE! EBAVEALEoNET 19S khbwh D o¥iithQfeer
pattern arrangenents, which results in reduced diimensional controllability
of the residdatlivepatd@iihg SipKStGddedDESvd 0O sEBShaNoalploy1d4end t hira

probl em requires slight changes in the design of the exposure pattern such
as t he patdogrvend imarsli lgnkaosn patttterrm formagtoprequifpntdnet Wathoueaissing thi s
situation is in need of inprovenment in terns of the cost and easi ness of
manuf act urtihgy expensdivéu equd pnenitc chavexbeen ckntgns e ke tine sdfidatred .ng fi ne
resi st patterns nentioned above include use of water or aqueous TMAH

(t et r anet ARG ARSI HFFRASK FOTr SslamRlsh fTAPanaRs akent dprlicaddiany | ayer
ot ont - ApOiARARAR L0p S Rpedd 1B 4 G5 730897, 1834538 el aBfert A0 A bt  ng
conpr i o1 n e PadE aREGF SupR T Gt BRRATEHAAS YR BrE ST o

ol ubi 11 13 T8 he eatpob t | SrEiCaRiat! 40, EaHTnEodes SRR ent.
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describes the solution wth a high solubility contains a surfactant,

nei t her Sl&e@b‘a*tgngxﬂaﬁéﬁsorpfth"ehﬁe§yéf%@Eﬁrrﬂcﬂoﬁm,eéﬁ.%hiﬁﬁ dhQcid
surfactant are described. These conventional nethods may result in

devel opnerjendafatdd dydheat ieg ramibfac expoisheet termimgit dfmengi veeist or
controllability of the resultant fine resist pattern. Under the present

ci rcunst apoesserdoain nghkeaymssi stantowt db€fhioendohtiondependeating tlayedi,mensi on
and arrangenent of the base resist pattern and w thout influencing the base
resi st patar@sslamking asdrowkineding coattlagnlaved bhdhgi aehsoomeff the
controllability of the resultant resist pattern cannot be significantly

i nproved. Furthernore, Japanese Patent Application Laid-Open No. 11-204399
describes that the devel oper contains a surfactant, but there are problems
in such a case that air bubbles are fornmed when a devel oper is discharged
onto a wafer in devel opnent, and all of the generated air bubbles do not

di sappear in the devel oper, which nakes the devel opnment uneven and produces
a pattern with | ow di mensional controllability. Therefore, a | owfrothing

Y o Y T T N Y o o,



It is an object of the present invention to provide an surfactant aqueous
solution for devel opnent of a coating |ayer which is free fromthe

above- nENt i oned probl ens and a nmethod of formng fine resist patterns which
enpl oys this surfactant aqueous solution .- Accordingly, the object of the
present invention is to provide an surfactant aqueous sol ution for

devel opment of a coating |ayer, which can prevent formation of bridging
caused by excessive crosslinking, generation of devel opment residues such

as scum and reattachnment of insolubles, and whi ch_does not influence the
base resi fcighpthdich &as; AdEfuses: ipiot Ehp RRABIRGNEAYEHr XOMARKYY thed

whi ch ks ind f the di ' d t t of th

base ool SRR §OR LR CHHTo oGtk SIh ChET TRV BRRERER a1 but abl e
to froths of the dei/elo er, .and Whi.LCh C%& irrprt ve thﬁ\&ims i onal

control | i i% y* o9t he bRt &PRETYRALEHBEREERB &Sty P2 i ifhere a
t h t tt i i vel fi d

e nch PSR BalhRe PRI FIARD oI5 ChERELY Hka A B of Yy Jo0r e

and t hi Ck%s’(ﬁstte E&r‘é]trt%ijn%t aR8l L& ﬁ‘c?&% el Dad gl @8‘:%995{ %%&Fef SHSt

patterns whi oyS thrs surfactant aqueous Solution . osure of the

I nvent i on (&5 e Fe@ 419! £6Ph OFEd 16t ip!&\ﬁf%%trjn@aﬁhfﬂ?h APE £iNECRLOA dirdund

t hat, when an aqueous Solution containing a surfactant wth a specific

struct ur e el g dheA e dlamalaparinit t he nethod of formng a pattern where a
resist pattern is made finer by 6 formng a coating |layer on a resist

pattern forned lnn the mothveds iodnabrmth § ofti red phaftter nishneékehongd tdtveesi St
pattern, generation of devel opnment defect and pattern defect such as

bri dgi ng andvattam sslshilpr phetdseansit iree d ome monephlo tosensdltiizie Ingsin n t he
m niaturization of patterns isinproved, thus having achieved the present

i nvent i on aempes igd arhavhiliahdicag. baccyedsAdniedt h¥ pheaehd Isvwsrd @s a are

surfact ant
composition for forming a coating layer, and water or a mixed

solvent with water and an organic solvent 1s used for
development and removal of uncrosslinked coating layer. When
water or a mixed solvent with water and an organic solvent is
used as a developer and the coating layer 1s excessively
insolubllized, there arise such problems that bridging mdy be
formed 1n the resist pattern after development, development
residues such as scum may be generated, and components
containing hydrophobic groups 1n the water-soluble resin
composition for coating layers may adhere as insolubles to the
surface of wafer during the development, which result in pattern
defect (see Figs. 1 and 2). Although the bridging and scum may
be prevented in some cases by applying existing approaches such
as discharging a lot of developer comprising water or water and
an organic solvent or by increasing the number of times of paddle
development, it is difficult to control the reproducibility and

uniformity of pattern dimensions made finer. Therefore, there



aqueous solution s for devel opnent of a coating |layer and a net hod of
formng a pattern conprising the follow ng constitutions. ( 1) An
surfactant aqueous sol ution for devel opnment of a coating |ayer conprising a
surfactant and water or a mxture of water and an organi c sol vent, wherein
the surfactant conprises at | east one selected froman N-acyl sarcosinate,
an N-acyl - N-net hyl al ani nate, an N-acyltaurinate, an

N-acyl -Nmrethyl taurinate, a fatty acid al kylol am de, and a fatty 'acid

al kyl ol am de pol yoxyet hyl ene adduct. (2) The surfactant agueous sol ution
for devel &gfernked? #HegvarrAg a adBPra¥eBelt ngoro AL nEhel8ne#dsiLY) (
wherein the nunber of carbon atons of the acyl group of the surfactant is

10 to 14.°@$Faﬁﬁ9n§uﬁpﬁhpﬁﬁﬁ éﬂﬁﬁ%kﬁ;ﬂﬁﬂQﬁﬁson for devel opment of a coating
2750 Teast one EBPLBCHE TS (i SHE R (e PPeBLF ARpamtkh botBITHsCl A
N-1aur oyl 5 gﬁgt%%.lr@t%nkgg et:?.n ?%M}ﬁxe‘iﬁ% tad"{tég?;:eis %qadags a mater (?rl

N- | aur oyl - t aurinate surtac aqueous sol ution

devel opment, @loch & BoSP2hb"JalbaYer +ACOREM Mbd e SR YN da 1) (

wherein the counter ion o acyl'sarcosinate, t
N-acyl - Nmi‘tthh*y*b%'s%nh:%&%t phetBraCyhiaEs §8bEnafh§ dithe locations in

N-acyl -Nmethyl taurinate ~s an organic amne or an organic amne salt . (5)

The surf agladtls REELEWe v dil baktbehsdeyveh QpFERiredft PatPéih @nleddlons
according to above-nentioned ( 1) or ( 2 ) , wherein the nunber of carbon

atons of tdie fpréyenti dnoftlidebhskt yrewigk apkytekrnaniale pattéenéatdre acid
al kyl ol am de pol yoxyet hyl ene adduct is 6 to 22 , and the nunber of carbon
atons of tdomfdlduded spasseliyhandofienselyt coB,a ek tdin mudsrgexientedat i ng
units of the pol yoxyethylene chain of the fatty acid al kyl ol am de

pol yoxyet iheepatigdocisipreasent. | &hls pppvehaesarpredunes aaveqiatdenut i on
for devel opment of a coating |ayer according to aniaone of above-nenti oned

( 1) to @ theheresmlimelngdeafitat Aonthe coqting La¥ernt Which lovers 10.0 %

b ight. (7)_.Th fact ant | uti f d | t . of ti
Plyor. Sccam GRERSHAThoCon AT BEARAEYofa (Me. FORULESRT) BathERu n t ho.

. . | |
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al cohol W'atn% ggot%r%aa r &'EB’ﬁ(rlenerQHPnla’sl%vﬁﬁé%{féﬁgo%bﬂﬁ%?%ﬁf’% ﬁ{(ﬂéﬁ\’n Ll

amnevjﬂ1 on atons , a a saturat®d or unsat .
anmine W t ol 40,3 LAFNON At QP8 48) aTREvEYbhaE! aRhea @URRYI utAlon! ix@it f OF

devel opnent of & coating |ayer according to any one of above-nentioned ( 1
) to (7 JarMhenai thovali@ir ettt Pat 0 gANMEr Attt <) @hlickefesil €s al i 0 8
reduced dimensional controllability of the resultant pattern.
Since attempts to substantially avold this problem requlres
slight changes in the design of the exposure pattern such as.
the pattern dimension and pattern arrangement of the base resist,
this situation is in need of improvement in terms of the cost
and easiness of manufacturing semiconductor devices.
Examples of the method of forming fine resist patterns
mentioned above include use of water or aqueous TMAH
(tetramethylammonium hydroxide) solution for development of a

coating layer comprising a water-soluble resin composition as

disclosed in Japanese Patent Application Laid-Open No.10-73927



of water to the organic solvent of 80:20 to 99:1. (9) A nethod of formng a
pattern comprising formng a coating |layer on a resist pattern, thickening
the resist pattern by crosslinking of the coating |ayer, and renoving the
uncrosslinked coating |ayer with a devel oper to effectively nake the
pattern finer, wherein the surfactant aqueous solution for devel opnment of a
coating |l ayer according to any one of above-nentioned (1) to (8) is used as
a devel oper. The present invention will be described hereinafter. In the
surfactant aqueous solution of the present invention, an N-acyl sarcosinate,

an N acyl 2R EERPLAPRRNGaPE 2 £PaL IR LAY6E RAPRT1g4ng a water-soluble

N kT o1 e U D L b e St i govaneE . Shio Ay,
ool o SEARSSTHaR s heRRaied atfe BoaRotLa£Y TR Ene P Rbns et ant
raveror ovnddhelnd e (Frating VAP, U LT G 13PN BALIRY B5 ey, BUCh
o eSS S AN W A Merl B NARIS AfS Such
| 'aur oyl net et PatEnt RP SEOW 164 hyhal-opehats. 1 80504399, Although

ol eoyl met hylal ani nate; N-acyltaurinates such as, for exanple,

N- | aur oyl el i 86t 6x phiteniti V1 ¢ b a8 crandsNeaph badbh At a high
N-acyl - N-net hyl tauri nates such as, for exanple,

N- | aur oyl si1unilytiyadohbtalrs dNsopfastak- Méithereispelcdific ensrpleandE

N-ol eoyl -N-nethyltaurinate; fatty acid al kylol am des and fatty acid

al kyl ol artih#espoEgotanthydertheadfifiers sfidtheasurfactensingte deswodingd .oi |
fatty acid nonoet hanol am de, coconut oil fatty acid di ethanol am de,

| auri c aciThesenoenviemblonad e thosis hay &gsuldi bu idevs lanvedd) defecttand aci d
nonoet hanol ami de, nyristic acid diethanol anm de, stearic acid nonoet hanol
ani de, st @attersncidgfars: natbruineaeudhAinensioral R NARN LI @f

pal mtic acid diethanol amde, ol ejc_acid nonoethapol amde, oleic acid

di et hanol 3§ d&eSHAtAPEer htNCoi FefbRbe RN Bmi deVP e m n&rFE Y atty
aci d diethgnol amide, |auri [ i sQn 0 1de istl i d
nonol sopr gggﬁéﬁmsarprﬁ%gg,s 's ?’ 85&9@%@?@9% Nor's o%’?%%a%g?ﬂ%% %ne({g%%f#'ﬁ (;%%aci d
nmonoi sopr nel ' [ ' I Sep ] oi |
Farty ol Qb A G B T et VT ey
Among t hesg tHydtCiiien h g\ @ity | 525€£ 086885 €, pattbraCuhaNtiR! @i nat e,
an N-acyltaurinate, or an Nacgl-N nethyltaurinate with its acyl group
being a | asaWt Paterds, Ried etRO! @1mangd1anhat tyndeodi1abkyhel awt dmeor a
fatty acid al kylol am de pol yoxyet hyl ene adduct with its aryl group of the
fatty aci desiltearet rasiet porttiern canmeite meblsd gnaifd capediyf ilaglrdowed .

N- | aur oyl sarcosi nate, N | auroyl-Nnethyl al ani nate, N auroyltaurinate, or
N- | aur oyl - N- net Funtherimoates, PVapenesgci BatenbetAppblcatiae, Iexdd-Qpenc aci d
di ethanol am de is nore preferable. Anong these surfactants, any counter

i on can bd&ouddd 204399 describes thafthe ApyRLOPEE cantains p syrfasitaite, an N

10 I - N- hyl al ani , N- | i :
N acy |- bty FREEP AFA BEOBTEmS,LFBekio- CARP Ha 2L DIRPAAS BRSPS « i o
f bl e. Specifli I f.th ' ] d t [ f
the surfadPiEit o GEYRORT o a8 B LFFRRRFPS PHURC AT 4P RUnfrRnetltyahd
. resent ' Pbeht E. 51 or | ! |
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monoet hyl qdibpdt Cubilortiiaf@s: thb BEVELBYheAt! ey @R fivdicdda
organic amne salt include, tor exanple, tetranethylamoni um hydroxi de and
t et r aet hylebn MaRHI N dBtmeieseh £UTd ot 2ol FabBy1 Be. USRdreifodey, & N
conmbi nation wth one or nore of them and nmay be bl ended in any anount
provi ded ilow-FretiA ngishieaFaca@ndovs aosutfactadbewisich acighlly idefolamaded at
0.01 to 10.0 % by weight in view of the effect, and nore preferably 0.1 to
5.0 % by wieghtlfbdsednoa fihethotwy iznmoequicfed he sustnficrantidficeouse
solution of the present invention. The surfactant used in the present

i nvent i on irs gprasverlaper freed of organic inpurities, netal ions, chlorine
ion and so on by neans of distillation, salting out, recrystallization, ion
exchange treatnent, desalting by ultrafiltration, filtering treatnent, and
various adsorption treatments. However, preservatives such as paraben may
be used in order to inprove rot proof properties.




Al t hough the sol vent of the surfactant aqueous solution of the present
inveption s desirably water, a water-soluble organic solvent my be m xed
when the solubility of the 11 surfactant is |low, or the surfactant
aqueous solution is highly frothy, or resi'sts spreading over a pattern.

Al t hough any wat er-sol ubl e organi c sol vent may be used, saturated or
unsaturated al cohb,ls with 1 to 8 carbon atons such as net hanol, ethanol,
propanol, or isopropanol, saturated ponvaIent al cohols with 2 or 3

hydr oxyl groups uch as e hylene ol , diethyl ene col | ycerol,
saturated or l}rsataé’do Qlﬁg ﬁg"? REefent; nﬁeﬁﬁgﬁéntﬁt Bﬁ%vg@%ha%s

nnnonethyl

ani ne, ot T “SaFR ftihp E%‘ﬁﬁ*fﬁg%@ﬁ”&?"f %aa%?‘n”?ia%%ﬁ? um
Sal U5 ( angh T & gl 9RO 0L UISLERT B8 USEA. 10T o erg,g e&fect

The or gani c sol vent™ ‘may "hierfdd at any concen |on provi

m sci bl e wggt I r gﬂggﬁ

to 20.0 % y WE|&ﬁbvfgg%d£§%%g£ Eﬁ% rb%P§l§§% 895¥5§LWE|9 ased
on the tot rgoﬂjtig}g surfact ant aqueous sol ution of, the present

i nvention. spe0|f|c imtation is set on the quality of water to

di ssol ve the surfcdsdiin fyjtﬂﬁé(BH¥EUﬂ3d%okh@nbrbgehheiﬁﬁéﬁﬁﬂén'Dyeﬂﬂ'On
but water is preferably freed of organic inpurities, netal ions, and

chlorine ipfovyderediSsff £btsdnit | ffuddus | SO EXLHRANDEr tdaaémﬁeni ids efing
treatnment, various adsorption treatnents etc. Furthernore, the surfactant
aqueous satedting dfaytehe phésbntannvesxtern ficrmatdiosr alfl hrsdgirgtadhdead a
treatment to renove inpurities as described above, and is desirably free
from sol i dYrgecessdveqoneselinkingn generatiomofedevebopmant cesldpe®ent of
the coating |layer with the 12 surfactant aqueous sol ution of the present

i nvent i on,SY¢e & BEUTbt #8ds TaetitpshreRfcrfi dREPLYPARASWNARIE ér LgledRe et hods
of the resists can and develo ment  equi pnment conventlonally

Used for tHRE &Ei?éP&BﬁﬁnaneoPgFSs’?esft’ssEBﬁ BETacK) tREFRRLE T PALABTBINARRNL i s
duct ed d | f | b ddl
PPN L EEER (3t T R g‘a%??&%iaﬁﬁﬁﬁ?ﬁﬁn?pw? NPT on

th f d t t
vater A ran 3’%5%?“ St"%“égﬁ‘eéﬁsé 804 Fed b RESLBIRY ARl
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t et ranet hyl ammoni um salt may be used I nstead of pure water for rinsing.

Furt her norgavdIvpdesi StanBy R@iilkdkedcha refmpLovat erthd t hpimaideyduef ter
t he devel opnent step. Furthernore, in order to use the surfactant aqueous

sol uti on diordtwoYYasiskity Eenthenpabteref f eat ithel ethod ioFf FoTimisly e to
control the solution tenperature, the discharging pressure and tine from
t he nozzl epatarekrt hehéuei di tty:eamh tpapeezn urpdofa thelelepat bprentaocordei ner
in the appropriate range. No specific limtation is set on the resin
conposi t i GHEfentieky madeafdnesnton deanee bedprcthatrespiwiton diimiton for
devel opment of a coating |ayer of the present invention works effectively

provi ded iRY @rg%PnCEBFrfaﬁgll-?Wf% 58614 PayEeTARG thickandndkyer
i e TRyrERRE SRS a%ﬁh'aiﬁa%pn?arf“a’sgrwiger ReESRapF oSk ¢ )
B ot DosCR T YO i AR ARl HoadhBH 101 ¢ pat tern
observed under m croscope, on mhlch developnent reS|dues are present.
Disclosure of the Invention
As a result of intensive investigation, the inventor has
found that, when an aqueous solutlon containing a surfactant
with a specific structure is used as a developer in the method

of forming a pattern where a resist pattern is made finer by



Fig. 2 shows a line and space pattern observed under m croscope, on which
devel opnment residues are present. Best Mdde for Carrying Qut the Invention
The present invention will be described in nore detail with reference to
exanpl es and conparative exanpl es hereinafter, but enbodi nents of the
present invention are not limted to these exanples. Pre&-arati on of
surfactant aqueous solution s Conponents were mxed in the followng ratio
(weight ratio), stirred thoroughly to dissolve, and the resultant solution

fil dwthaQ 1 pmfil f | ut |
Aand B (U o SaaBABEs 1ayiert i &) SREFa: BprLar BoSTOaY 1 nORBI an ne
5.0 Mater [Surf t | .95 0. N | - N-pret hyl al ani
{7 i et hanol SRR 6L 07 C088 ot h by et BhF clea 188 RabRGF L\,
the above hBnllongsh Sé'fff&é‘f%%ﬁé’ﬁ@%‘%{éé’{ u%\%clﬁ)g%étféfr?dd oY, Hecieyg! oper

14 ( an Organi € sol vent agueous So I on does not contain a surf

actant ) GRS (&l | vak}ah!l ejkro ( a K sed.
As ot her conpar%?veé(%gve%%@rs,itsAZ@éJ?gl\i/lrelF %tr?d Aa%ﬂﬁqr}&il’%R %%?%%ﬁ?gd by

A ari ant (c&@mmaﬁ&nis{]1nwtﬂé:miﬁistagmeau;a:oﬁQJﬂJba@ﬂérﬁQri_t@irﬁgbfv@ved,
surfactants other than the surfactant used in the present invention were
used. thus having achieved the present invention based on the finding.

Accordingly, the present inventions are surfactant
aqueous solution s for development of a coating layer and a
method of forming a pattern comprising the following
constitutions.

(1) An surfactant agqueous solution for development of a
coating layer comprising a surfactant and water or a mixture
of water and an organic solvent, whereln the surfactant
comprises at least one selected from an N-acylsarcosinate, an
N-acyl-N-methylalaninate, an N-acyltaurinate, an N-acyl-N-
methyltaurinate, a fatty acid alkylol amide, and a fatty‘:acid
alkylol amide polyoxyethylene adduct.

(2) The surfactant aqueous solution for development of
a coating layer according to above-mentioned (1), wherein the
number of carbon atoms of the acyl group of the surfactant is
10 to 14. |

(3) The surfactant aqueous solution for development of
a coating layer according to above-mentioned (1) or (2), wherein
the surfactant 1s at least one selected from an N-
lauroylsarcosinate, an N-lauroyl-N-methylalaninate, an N-

lauroyltaurinate, and an N-lauroyl-N-methyltaurinate.

(4) The surfactant aqueous solution for development of



An HVDS-treated 6-inch silicon wafer was coated with a positive-working
phot osensj tive resin conposition, AZ DX5400P manufactured by Cariant (
Japan ) K. K. , by using a spin coater (MK-V) manufactured by Tokyo

El ectron Ltd. and pre-baked on a hot plate at 90 C for 60 seconds to forma
resist layer of about 0 . 54 umin thickness . The wafer was then exposed
through |ine and space patterns with various space w dths by using exposure
equi pnent havi ng an exposure wavel ength of KrF |aser ( 248 nnm) (FPA-3000EX5
manuf act ur / C = 3o e t.-\eX baking
(PEB) on agﬁco tpllqg]g%a{er}ﬁ‘ﬁ&%grgngoéosecon sﬁﬁegﬂt és?lh‘%j?z(clt)édgpggégpagﬁ%addl e

deve OPMENLo WA L an s ghkaldne @3&.{6' fR8kyisa 20athEdevel gper ns cguRo

sol ution contar ning % wel g t et ramet hyl anmoni um roxi de )

manuf act uriggllys £ 81 dake (I0RD) NCaby1¥aB3Gi, OBAT BHbe NoaOPL 2D

positive resist pattern. Formation of contact hole yattern An HVDS-treated

6-inch silhsoy BA€FiNG@Ee COARDoWghAia RAShéi yL-ADdtgagipham®aensaltye
resin conposition, AZ DX3200SC nmanufactured by Cariant ( Japan ) K K
by using a spin cOptEie (SdcHic it iaguicsied sy utdloyo folredévebopihdnt aos

pre- baked 15 on a hot plate at 80C for 90 seconds to forma resist |ayer
of about Oaé¢oatimgnldyer kecessdifigetavabevewmentheonedx(dosed (2Hr,oulyérdibhe
patterns with various hol e dianmeters by using exposure equi pne~i ~

( FPA- 3000BX8e mamlieat ofr edrbpnGahoms |afc theNfaQtg33chdvehdhenfakpysactd
wavel ength of KrF |laser (248 nn), subjected to post-exposure baking (PEB)

on a hot phbkelel amiglecoppithgofattpmisid adkydd) apide Polyp¥ystwbemne

devel opnment _with an _al kal i ne devel oper g:AZ 300M F devel oper, an_aqueous
Sol ut i on CHHFRFRiTy 6 Xad % By e REMBET: & CATRIM REARS M Fhe A EL o)

fact db i ant K. K t 23 f Lnute t bt aj
posi t1ve resodd (R 1iORR B ana e nianar g FoptaldhG) BOAPHIEH Do
d I i t.h
manu hot ur B oo ar AR A b e5R, Bt o PlG CERCHRY SRSl AfipEL)

manuf actur&?%f%/%{gggm%flgﬁgc &ﬁﬁgcftgs:l@%%f%%g on a hot plate at 85C for 70

seconds to, er-soluble resin about 0.4 pmin thickness.

The patterns werggj hfe Sl Aqiesuad sBakk® 18R 2oROlePLBbSmeht 145C for

70 seconds to pronote the crosslinking reaction of the water-soluble resin
film and & hesatiidy aayed 46cpadihg e adlyopnens £ Wddvd-endionedren)i boed
surfactant aqueous solution A or B, and AZ R2 Devel oper at 23C for one

m nute to ¢(Eypvehéheinnthessobncértiratlen ¢oH the nsarfactant nked).01 to
insolubilized layer on the |ine and space pattern and the contact hole
pattern. The.pattkyreelght. baked on a hot plate at 110C for 70 seconds to
dry them The resultant shrunk patterns were _eval uated for di nensional
shrinkage and 16(7) geerstgiRcigmtyamesysefeligdoauéer dpeelepnent efe

shown in Table 1. [Di nensional _shrinkage eval uation] The space width in the
e and SHRSATRG dATR ACPREILBE L0 ARTeobe Oh AN ST IIBCIRTES: ALhcte

i tacht Lok idbsRanthe RCARSFRGRAI CHPPERBor AP BRF o064 EePda an
e o " EEn G EEuEE £ 63 G A b AGF ARELABL WA (IR £} ARG e 2 and

used for the evaluation o I mensi on rinkage. Shrinkage rate

[{(di mensi grns @i €ed YoWVORrH aesdbubivhtEes dRyLhyarokdiNgRsups, aat er
formati on of insolubilizéd |layer)} / (dinmension before formation of

i nsol ubi | i gggutayed )dr xnk@ ulrataldual kD HiigeRatdl Lovo &f cdeyehoprdns,
resi dues] A hundred points on the whole surface of the silicon wafer
and a saturated or unsaturated alkanol amine with 1 to 3 carbon
atoms.
(8) The surfactant aqueous solution for development of

a coating layer according to any one of above-mentioned (1) to

(7), wherein water and the organic solvent are mixed in a ratio



wer e observed by using S 9200 Advanced CD-neasurenent, SEM manuf act ured by
Hitachi Ltd. before and after formation of the insolubilized | ayer, and the
nunber of the points where devel opnent residues such as bridgi ng and scum
were present was counted and used for the evaluation of generation of

devel opment residues. Incidentally, exanples of a contact hole pattern and
| ine and space pattern where devel opnent residues are present are shown in
Figs. 1 and 2. In the above-nentioned eval uation of generation of

d | t .wh | t d f d
Count et 2@ oatssl e tin e, Fol %&Eg%eéd B LS s O
f Ex | Kl P
Cevalopert ot t AS1onoABLRRA, SEZEERM 84 4 WIBEL M Nomprising forming a

t ed /
gener a g\f t'ég%}%gfgﬁpw Q'ee. St Pég&t%g{t ”Eﬁié?éhihb‘%ﬁé”r&&i@@ pattern

sBefore ageshri nkag

1A0. 2190. %%73Zr699§hhﬂilhgﬂ&ﬁx%m| ec8§91331QLa1y’e%35 4460 PahediYgRdhe
Devel oper 0.72190. 15131. 148Exanpl e 1Li ne andExanpl e

1A0. 2210. 1124 sehIpRePddaiig akRled #BEn2 20 @eka24d 0 GoeFrfalctueddy
Devel oper 0. 2200. 14235. 5100Exanpl e 1 Tabl e 1 above shows the surfactant

agueous s@lake the fpart té&RteE OREE Niwheired ncthé isuyr flatem toagtéeuprsedartiion

i nvention can prevent the generation of pattern defect and has superi or

di mensi on&ors tevedaypmerdntod| & advatiyg Eapepl easc8rdhng4tp Gogpanet iofe
exanples 2 , 3, and 4 ( evaluation of frothing properties 1) The line and
space pat adovexmenddiomest (Hol eopdittledis alsiesl @ed a detvied opledvse- nent i oned
manner were coated with an water-soluble resin by using a spin coater

(MK- V) manuf act dhed Pap seaity d nveadd ogn widd. b&n@e@ﬁé@e@nh&rﬁapaﬁrt&tre at 85 C
for 70 seconds to forma water-soluble resin %i of a%out 0. gﬂp %&t
thi ckness. The g&t tEhfis SRt sABPEEPEd ¥ 1 akthgy &Fes pl ate
at 115 C f,or (%e%enﬁo%q to Oaﬁ%:té)es th cros |nk|lngl1l re%t%ylt% a%inaq:eé

wat er - sol JO1VE eerfe?i?lone surfac aqueous

| h
;gt 'ltjfalrgg %OBSQEY gﬁgﬁ%ﬁe ub%rllesa%g’q' tf’meet'il hlgésqt%eqﬁﬁwere i nspect g‘?'(abgne;eg
The resyqt a?mw b Iabgetg féoéﬂftgoi”é?i)f‘dé I3 YRy erfed! UMM,

The eval uatl ot hi ng proper was nade according'to’the foI | owi ng

criteria. aﬁaﬁ:d‘trpé 'ﬂis%@l&éﬁpéiﬁfd?@ta/ﬁe "TileCAb P grBugiin whenurifa tain't
bubbl es were seen all over the wafer, "nediu when fine air bubbles were

present atprdferegs afad heo val ard4 (Csirdon tonis. bubbl es covered | ess than
10% of the whol e surface area of the wafer), and "l ow' when few fine air
bubbl es were pr &pealfikxarphmplBsandf 6 theCospafacitaatExwhpths gan de and 7
( evaluation 19 of frothing properties 2)
preferably used in the surfactant aqueous solution of the
present invention include N-acylsarcosinates such as, for
example, coconut oil fatty acid sarcosinate,
lauroylsarcosinate, myristoylsarcosinate, and
oleoylsarcosinate; N-acyl-N-methylalaninates such as, for
example, coconut oil fatty acld methylalaninate,

lauroylmethylalaninate, myristoylmethylalaninate, and

oleoylmethylalaninate; N-acyltaurinates such as, for example,

N-lauroyltaurinate, N-myristoyltaurinate, and N-
oleoyltaurinate; N-acyl-N-methyltaurinates such as, for
example, N-lauroyl-N-methyltaurinate, N-myristoyl-N-



The frothing properties of the surfactant aqueous solution s were eval uated
by a.different nmethod fromthe above-nenti oned eval uati on of frothing
properties 1. Approximately 12 g of the above-nentioned surfactant agueous
solution A or B, R2 Devel oper, AZ 600MF, and AZ AQUATQR were respectively
placed into a 50 mM transparent glass container, and the contai ner was
agitated by using a touch m xer for 30 seconds, and the air bubbles were

i nspected by eyes to nmeasure the tine taken till all the air bubbles

di sappear gk t ke duSiHd 1% Argh & V8L d dy 1allfe thy1 t SeF A48 0 fUOREIdé e after
shaki ng" colum. Kind of surfactant aqueous sol ution sFrothing properties

on the wafgdgefdl MY QR tf L6t afdera rIsn (dietde AP d Ferdd 0- 5
(exanpl e 5)BLow (Exanple 4)1.0 (exanple 6) Devel operNi |I” (Conparati ve

Exanpl e 2)daduatspanshiass Ex@damplle\Zc 666t £loaw £4prpacadinchdaeiansl 3) 0. 5
(Compar ati ve Exanpl e 6) AZ AQUATARH gh (Conparative Exanple 4)24.0

(Conpar at iarel dxampeonit Tabl efdt spoasihdisthhaolammisigyeQaurdd Weon of

t he 20 present invention shows frothing properties and deform ng

properti egmonaogtinanclr amddeal lavrbc dainkdietdandle anddes myonhatidemldpers.
Effect of the Invention As described above in detail, use of the surfactant
aqueous sdopqelhagol; ppideedeyirls e aciddethanel amise, steapieagid
formati on of devel opnment residues and pattern defects, and can forma
coating | BpRoefinanal apifentstraniz peHd diekkarnel Anide. Paimihic aadd of

pattern mniatyrization, in thc?L attern formatjon pethod where a trench

pattern aftP™® aémﬂalal"\;frdr‘? c BRI tAL QEilfvaiL?tPrﬁB@lf?’H%?e by ¥otdiarid
Coa1 19, | I Slos Vel dioREhe o4t O ALSR b7 SRS RTR RN
L L SR A Bt e 50, 05 A A i RukE UL
lauric acid monolisopropanol amide, myristic acid
monolisopropanol amide, stearic acid monoisopropanol amide,
palmitic acid monoisopropanol amide, oleic acid
monolsopropanol amide, pralm kernel oil fatty acid
monolsopropanol amide, and polyoxyethylene adducts thereof.
Among these suffactants, an N-acylsarcosinate, an N-
acyl-N-methylalaninate, an N-acyltaurinate, or an N-acyl-N-
methyltaurinate with its acyl group being a lauroyl group is
preferable, and a fatty acid alkylol amide or a fatty acid
alkylol amide polyoxyethylene adduct with its acyl group of the
fatty acid being a lauroyl group is preferable, and specifically,
N-lauroylsarcosinate, N-lauroyl-N-methylalaninate, N~
lauroyltaurinate, or N-lauroyl-N-methyltaurinate, lauric acid
monoethanol amide, or lauric acid diethanol amide is more
preferable.
Among these surfactants, any counter ion can be used,

provided it is a basic ion, for an N-acylsarcosinate, an N-

10



21 CLAIMS 1. A surfactant aqueous solution for devel opnent of a coating

| ayer conprising a surfactant and water or a m xture of water and an
organi ¢ solvent, wherein the surfactant conprises at | east one sel ected
froman N acyl sarcosi nate, an N-acyl -N net hyl al ani nate, an N-acyltaurinate,
an N-acyl-Nrethyltaurinate, a fatty acid alkylol amde, and a fatty acid

al kyl ol am de pol yoxyet hyl ene adduct. 2. The surfactant aqueous sol ution
for devel opment of a coating |layer according to claim1, wherein the nunber

of car bon ATy Gfe dxhe A1 QP I N e PLEd IR | Sorl b O Iéby .y The

surfactant aqueous sol ution evel opnment of a coating |layer daccording to

claiml om&hpelEihdthe sutf aftdaric anin@ast ANQryehaet 8dihe WALt
N- | aur oyl sarcosi nate, N | auroyl-N-mnet hyl al ani nate, N-lauroyltaurinate, and

N I aur oyl -i¥ peelrirhddel. Nagpec f£1d ki T bENtha Biafuisl S amihieOliséaras
devel opment of a coating |ayer according to claim1l1, wherein the counter

i on of the dbasyesdionosf fAesutfwc ot Yh-thaproyent dniveattdont ixeclude,
N-acyltaurinate, and the N-acyl-N-nethyltaurinate is an organic am ne or an
organi ¢ arfioxre exlample., ThAtkanolacimiresiqueols 8sl unonoetbanodkbveaniment of a
coating |layer according to claiml1l or 2 , wherein the nunber of carbon
atons of tdietfhanol arismeof triethanpy awmitdeal Nymethuhethaneltaminet tqr aci d
al kyl ol am de pol yoxyet hyl ene adduct is 6 to 22 , and the nunber of carbon
atons of tNrethiydgtdianploapinperans akkyl amineg gugh ag;poppethyaning.
repeating units of the pol yoxyethylene chain of the fatty acid al kyl ol

anm de pol yEh&tdtHy pBhRe o @ 1?51‘31% aglnessExgmpiag @u??%ngﬁPigcﬁI%%lﬁ

RPN L KA S R T s ST A e
wei ght.. tetraethylammonium hydroxide.

These surfactants may be used singly or in combination
with one or more of them, and may be blended in any amount
provided it forms a uniform aqueous solution. The surfactant
is blended at 0.01 to 10.0 % by weight in view of the effect,
and more preferably 0.1 to 5.0 % by weight based on the total
amount of the surfactant aqueous solution of the present
invention.

The surfactant used in the present invention is
preferably freed of organic impurities, metal ions, chlorine
ion and so on by means of distillation, salting out,
recrystallization, ion exchange treatment, desalting by
ultrafiltration, filtering treatment, and various adsorption
treatments. However, preservatives such as paraben may be used
in order to improve rot proof properties.

Although the solvent of the surfactant aqueous solution

of the present invention is desirably water, a water-soluble

organic solvent may be mixed when the solubility of the

11



7. The surfactant aqueous solution for devel opment of a coating |ayer
according to any one of clains 1 to 6, wherein the organic sol vent
conprises at |east one selected froma saturated or unsaturated al cohol
with 1 to 8 carbon atons, a saturated polyval ent alcohol with 2 or 3
hydr oxyl groups, a saturated or unsaturated alkyl amne with 1 to 3 carbon
atons and a saturated or unsaturated al kanol amne with 1 to 3 carbon
atons. 8. The surfactant aqueous solution for devel opnment of a coating
| ayer accojghiflfsn@ny 10E 6F tHletdiBrdct &n¥ agaehd &b 1ot £8n aNG ﬁb@x%gam c
solvent are nmixed in a ratio of water to the organic solvent of 80: to
99:1. 9. Areipd of tes1Ps appahlehy GUERH iaSi gt f¥ il N B HARKH Neny ayer
on a resist pattern, thickening the resist pattern by crosslinking of the
coati ng | ayetfer -sullulEI®Voiigahhe uscIvesti Mesd Beatidwn | agatuwatBda or
devel oper to effectively nmake the pattern finer, wherein the surfactant
aqueous soindaturdisd ddcehopsewithfl docdaiarbyn ayemns andr dsnge tivawely, one of
claims 1 to 8 is used as a developer. 23 .Ayr.Ay2. A (y.A(.A A
E. A32. AFyletirancls. ApSoManalS. ABrA( BsopSopandl,c. #¢furateéd. /polyvalent

.A(NCG-4u' g! W~| w |l ga\ W ca] calU] ca] cal] ca] ca] ca] ca] ca] cal] cal] ca] cal caU] ca]
cal] ca] cal@keghely sditdaRcay] & 1% GguRsUssighc re) ethykene gglycol, | "p" "%
’7% &I &&&&

- & ((GARfiyHiens 8&]5’88]1368’6Q]lé’ﬂet?é"]lcaféﬁ?€ﬁf%ﬁ]@aP§§@FE§Pé&Fc@ﬂl‘éﬁé} ca] ca]

‘éz‘]aéglzii‘La 5308 Gt Bb1 ] Fonro SNtk ELTES] SaPbaPEAORONERHSA TR cal oa
cal gal.c ca al ?' @Ok B DDJKKKLLL
?%%&?]NW @%P&%f]igﬁt%eé] %ﬁ?%%q%&r%%ﬁ T ot D
c

'I‘8 FEd%al cal
et o o

’\G(‘aaﬁggbb{ qu@énﬁcx] qu.fcca] caﬁ ca]ca]c

a] ca] ca] c%&@&@ﬂﬂ&ﬂ&ﬁhﬁ@k&@k@al sahc,ﬁlﬁe&f@]&@kw 62l et Al sl cal ca

] ca] ca] ca] cal b%ccvcxccecc! dTdde@eef ggg” ghhfigi <j j k

nCol o] wr mxeY My | ot ] ebdw A £ | €8 €& calmrd cb&lda;-ﬂ]oc%alwﬂtcaaa:}a]w@] calc
a] calU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca

| oco008py A gt GHsxSont &N rat Mwivp oo \ded it g Mwivdld ghkhokdtead cal cal c
aU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] caU] ca] caU] caU] cal] cal] c
al] cal] caljutajtbe] cnganiczedIN€nt 1i-s) pAdEXrpblyybhehdbd \&ic/AY D gb]2€Lh ca] ca] ca
] cal] ca] caU] ca] ca] ca] ca] ca]] ca] ca] ca] cal] caU] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca
] cal] ca] c &t #edghdaNaciyone mogferablmli®ge §)0 % by welght based on

L109% & ()-I z10% & ()-M 109% & (1? 109% & () $10% (& ()-CQu' dE)

M 109% & () C| ltg)))((ag} (gmqunt of the surfactan%/ aqueous solution of, the
(10% & () - &109% (’)§1 # ]3?9/(& O)-:1T10% & ()-M10% & ()-'dYNC M 10% & 10(
10( 10(f; ‘% n() 23'10%{&() S&0' 1 10% & ()-f,:110% & ()-y{|}~_@
M 109 M 10%{ & (

10<f <s 10%<&’ () - Ne, ¥ éQ{? ’1'5%)'1%’(3}9;1%@% 2B S PSP E) VAL Fohe () - *

10( 10( dissolve the surfactant and the organic solvent in the present

-

invention, but water is preferably freed of organic impurities,
metal ions, and chlorine ion by means of distillation, ion
exchange treatment, filtering treatment, various adsorption
treatments etc. Furthermore, the surfactant aqueous solution
of the present invention is preferably subjected to a treatment
to remove impurities as described above, and is desirably free
from solid matter of quarter micron size or larger.

For the development of the coating layer with the

12



10(f=s10% & ()-:!10% & ()-n'l 10% & ()-3#U& (4~ @
M 109 1M 10%0% ()-[M 109%0% ()- 10b 10b

10bf <s109%& ()-3' ! 10%& () -s! s! 10%bé& () - *4gg! i1jIKII!1!I I~ @M 109%F
& 10% & ()- 10% & ()- 100 100
100y=s10%08' () - *t ! 10008 ()-151M 10%CzO& ()-[!"]"p"" - & &dE~ @

M 109 . 1109% & ()- L!10% & () -
&10% & () - 3F10% & () - 3&! 10% & ()-33s9! 10% & ()-1&8&& ' =" > 2' @ dYNC M 10%

10( 10( 104 yrpdthss @qudotts! 9%t &thbn 6F't¥1Qa(y§)§‘e§Ent5ir¥M1§ic§ﬂ lthe same
310% & ()- @2 & ((K) dEYNC M 10% 39! 10%

10%& () - Alshd OB )q&%ﬁé%éﬁ;ﬁodé fﬁl&n)o@&hé@%obheiﬁ:aét?ﬁdd“@%‘f%&/‘ 10% F
C109& ()-1319110%& ()-3!'9!110%& () - 3f 9! 109&

109%& ()-3108& §1s ++¥an, . , be d Yimp Yol RH, 10a11@ 1@eE1%pniet  equipment
conventionally used for the development of resists can be used.
Generally, developrﬁent 1s conducted with a development nozzle
such as a soft impact nozzle by paddle development or shower
development, and subsequently the surfactant left on the
surface and inside of the resist pattern is rinsed away with
pure water. A mixture of water and an alcohol such as ethanol
or l1sopropanol, an organic amine such as triethylamine, or an
organic amine salt such as tetramethylammonium salt may be used
instead of pure water for rinsing. Furthermore, the resist may
be baked to remove water in the pattern after the development
step. -

Furthermore, in order to use the surfactant aqueous
solution of the present invention more effectively, it is
desirable to control the solution temperature, the discharging
pressure and time from the nozzle, and the humidity and
temperature of the development container in the appropriate
range.

No specific limitation is set on the resin composition
for coating layer on which the surfactant aqueous solution for
development of a coating layer of the present invention works
effectively provided it is a resin composition for coating layer
which has been ever reported, and commercially avallable
examples thereof include AZ R200 ( 'AZ' is aregistered trademark,

and this applies to the following part) manufactured by Clariant
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L9109%& () - F5! 109&' ()-31& 109%& ()- /10%& ()---"./00P2}[ <YNC

M 109%Y(:{ 109 ()-!F: ! 10%

L& ()-"TF: 1109 ()- F:110% ()-!|Fy:!10%6& ()-zFy:!10% ()-zP23
3333B34d6~\: M 10! nM 10%b&’ ()- 1! M 10%b& ()-1M 1098& ()-1 10 10
10<s10%& ()-!FY(: ! 10%& ()- d6888887Z<<<~ = M 10! ! S& $109%6OHO8 ()-Y

$10%08' ()-S ! 10%0& ()-9 10b 10b

L0bf <S10%g ()-! | M 10°/dob&' () - 1<~>>>>>>>AAxmbC M 10! | SM 10%<& ()- 100 100
1oo<10%3& 9! 10ty OF 37‘%0%3& -f}gsl 10%%)& }g% AABBODDDDDDZ[ PE: M 10
10< 10< 10 J1B-QPEBIRALES . | | SM 109p<p<& () -

| SSM 109%x<& () DI—L]KKKKKSN}rg\— M10 1 SL!10% & ()-9 100 100

100<109%08' () -1 f110%0g08’ ()- 1! ! 10%008' () - 1f ! 10%08' () - 15Ni N> COQQQQQ} ~

M 10 Brief Description of the drawings
Fig. 1 shows a contact hole pattern observed under
microscope, on which development residues are present.

Fig. 2 shows a line and space pattern observed under

microscope, on which development residues are present.

Best Mode for Carrying Out the Invention
The present invention will be described in more detail
with reference to examples and comparative examples hereinafter,
but embodiments of the present invention are not limited to
these examples.
Preparation of surfactant aqueous solution s
Components were mixed in the following ratio (weight
ratio), stirred thoroughly to dissolve, and the resultant
solution was filteredwitha 0.1 pm filter to prepare surfactant
agueous solution s A and B.
[Surfactant aqueous solution A]
N-lauroylsarcosine triethanolamine 5.0
Water 95.0

[Surfactant aqueous solution B]

N-lauroyl-N-methylalanine triethanolamine 5.0
Water 95.0
Comparative developer

As a comparative developer to compare with the above-

mentioned surfactant aqueous solution s A and B, AZ R2 Developer
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1 10( 10( 10(@&10% & ()- / '10% & ()-F ! $9110%@ @& () - $9! 10% & () -
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(an organic solvent agueous solution which does not contain a

surfactant) commercially available from Clariant (Japan) K.K.
was used. As other comparative developers, AZ 600MIF and AZ
AQUATAR manufactured by Clariant (Japan) K.K. which are aqueous
solutions containing surfactants other than the surfactant used
in the present invention were used.
Formation of line and space pattern and contact hole pattern

An HMDS-treated 6-inch silicon wafer was coated with a
positive-working photosensitive resin composition, AZ DX5400P
manufactured by Clariant (Japan) K.K., by using a spin coater
(MK-V) manufactured by Tokyo Electron Ltd. and pre-baked on a
hot plate at 90°C for 60 seconds to form a resist layer of about
0.54 ym in thickness. The wafer was then exposed through line
and space patterns with various space widths by using exposure
equipment having an exposure wavelength of KrF laser (248 nm)
(FPA-3000EX5 manufactured by Canon Inc_. , NA=0.63), subjected
to post-exposure baking (PEB) on a hot plate at 110°C for 90
seconds, and subjected to spray paddle development with an
alkaline developer (AZ 300MIF developer, an aqueous solution
containing 2.38 % by weight of tetramethylammonium hydroxide)
manufactured by Clariant (Japan) K.K. at 23°C for one minute
to obtain a positive resist pattern.
Formation of contact hole pattern

An HMDS-treated 6-inch silicon wafer was coated with a
positive-working photosensitive resin composition, AZ
DX3200SC manufactured by Clariant (Japan) K.K., by using a spin

coater (MK-V) manufactured by Tokyo Electron Ltd. and pre-baked
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of about 0.76 pm in thickness. The wafer was then exposed

through hole patterns with various hole diameters by using

exposure equipment (FPA-3000EX5 manufactured by Canon Inc.,

NA=0.63) having an éxposure wavelength of KrF laser (248 nm),

subjected to post-exposure baking (PEB) on a hot plate at 110°C

for 60 seconds, and subjected to spray paddle development with

an alkaline developer (AZ 300MIF developer, an aqueous solution

containing 2.38 % by weight of tetramethylammonium hydroxide)

manufactured by Clariant (Japan) K.K. at 23°C for one minute

to obtain a positive resist pattern.

Examples 1 and 2, Comparative Example 1

The line and space pattern and the contact hole pattern

were coated with AZ R200 manufactured by Clariant (Japan) K.K.

by using a spin coater (MK-V) manufactured by Tokyo Electron

Ltd. and baked on a hot plate at 85°C for 70 seconds to form

a water-soluble resin £1ilm of about 0.4 pm in thickness. The

patterns were then subjected to mixing bake on a hot plate at

115°C for 70 seconds to promote the crosslinking reaction of

the water-soluble resin f£ilm, and then subjected to paddle

development with the above-mentioned surfactant aqueous

solution A oxr B, and AZ R2 Developer at 23°C for one minute

to remove the uncrosslinked layer to form a crosslinked,

insolubilized layer on the line and space pattern and the

contact hole pattern. The patterns were baked on a hot plate

at 110°C for 70 seconds to dry them. The resultant shrunk

patterns were evaluated for dimensional shrinkage and
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generation of development residues. The results are shown in
Table 1.
[Dimensional shrinkage evaluation]

The space width in the 1line and space pattern and the hole
diameter in the hole pattern were measured by using S-9200
Advanced CD-measurement SEM manufactured by Hitachi Ltd.,
before and after formation of the insolubilized layer, and the
shrinkage rates were calculated according to the following
formula and used for the evaluation of dimensional shrinkage.

Shrinkage rate (%) = [{(dimension before formation of
insolubilized 1layer) - (dimension after formation of
insolubilized 1layer)} / (dimension before formation of
insolubilized 1ayef)] x 100
[Evaluation of generation of development residues]

A hundred points on the whole surface of the silicon wafer
were observed by using S-9200 Advanced CD-measurement, SEM
manufactured by Hitachi Ltd. before and after formation of the
insolubilized layer, and the number of the points where
development residues such as bridging and scum were present was
counted and used for the evaluation of generation of development
residues.

Incidentally, examples of a contact hole pattern and line
and space pattern where development residues are present are
shown in Figs. 1 and 2. In the above-mentioned evaluation of
generation of development residues, even a point where a slight
residue was found was counted as one point regardless of the

degree of generation.
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Table 1 above shows the surfactant aqueous solution for
development of a coating layer of the present invention can
prevent the generation of pattern defect and has superior
dimensional shrinkage controllability.

Examples 3 and 4, Comparative examples 2, 3, and 4 (evaluation
of frothing properties 1)

The line and space pattern and contact hole pattern
obtained in the above-mentioned manner were coated with an
water-soluble resin by using a spin coater (MK-V) manufactured
by Tokyo Electron Ltd. and baked on a hot plate at 85°C for 70
seconds to form a water-soluble resin f£ilm of about 0.4 pm in
thickness. The patterns were then subjected to mixing baking
on ahot plate at 115°C for 70 seconds to promote the crosslinking
reaction of the watér—soluble resin £ilm, and the above-
mentioned surfactant aqueous solution A or B, R2 Developer,
AZ 600MIF, and AZ AQUATAR were spread on the patterns at 23°C,
and air bubbles formed in the step were inspected by eyes. The
results are shown in Table 2, "Frothing properties on wafer”
column.

The evaluation of frothing property 1 was made according
to the following criteria.

The frothing properties were rated as “"high” when fine
air bubbles were seen all over the wafer, "medium” when fine
air bubbles were present at the edge of the water (when the air
bubbles covered less than 10% of the whole surface area of the
wafer), and "low” when few fine air bubbles were present.

Examples 5 and 6, Comparative Examples 5, 6, and 7 (evaluation
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of frothing properties 2)
The frothing properties of the surfactant aqueous

solution s were evaluated by a different method from the
above-mentioned evaluation of frothing properties 1.
Approximately 12 g of the above-mentioned surfactant
aqueous solution A or B, R2 Developer, AZ 600MIF, and AZ AQUATQR
were respectively placed into a 50 ml transparent glass
container, and the container was agitated by using a touch mixer
for 30 seconds, and the air bubbles were inspected by eyes to
measure the time taken till all the air bubbles disappeared.
The results are shown in Table 2,

"Deforming properties after

shaking” column.

Table 2
Kind of Frothing properties on Deforming properties after
surfactant the wafer shaking ¢
agqueous (hour)

solution s

A Low (Example 3) 0.5 (example 5)

Low (Example 4) 1.0 (example 6)

R2 Developer

Nil (Comparative Example 2)

0 (Comparative Example 5)

AZ 600MIF

Low (Comparative Example 3)

0.5 (Comparative Example 6)

AZ AQUATAR

High (Comparative Example 4)

24.0 (Comparative Example 7)

Table 2 shows the surfactant aqueous solution of the
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present invention shows frothing properties and deforming
properties, which are equal to or lower than the conventional
developers.
Effect of the Invention

As described above in detail, use of the surfactant
aqueous solution of the present invention as a developer can
prevent formation of development residues and pattern defects,
and can form a coating layer with excellent dimensional
controllability in the step of pattern miniaturization, in the
pattern formation method where a trench pattern and a hole
pattern can be effectively made finer by forming a coating layer
on a resist pattern formed by the conventional method and
thickening the resist pattern. Furthermore, fine processing
can be effected with a high yield without the need of larger
facilities in the recent manufacture of highly integrated

semiconductor elements.
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comprises at least one selected from an N-acylsarcosinate, an
N-acyl-N-methylalaninate, an N-acyltaurinate, an N-acyl-N-
methyltaurinate, a fatty acid alkylol amide, and a fatty acid
alkylol amide polyoxyethylene adduct.

2. The surfactant aqueous solution for development of
a coating layer according to élaim 1, wherein the number of
carbon atoms of the acyl group of the surfactant is 10 to 14.

3. The surfactant aqueous solution for development of
a coating layer according to claim 1l or 2, wherein the surfactant
1ls at 1least one selected from N-lauroylsarcosinate, N-
lauroyl-N-methylalaninate, N-lauroyltaurinate, and  N-
lauroyl-N-methyltaurinate.

4. The surfactant aqueous solution for development of
a coating layer according to claim 1, wherein the counter ion
of the N-acylsarcosinate, the N-acyl-N-methylalaninate, the
N-acyltaurinate, and the N-acyl-N-methyltaurinate is an
organic amine or an organic amine salt.

5. The surfactant aqueous solution for development of
a coating layer according to claim 1 or 2, wherein the number
of carbon atoms of the fatty acid of the fatty acid alkylol amide
or the fatty acid alkylol amide polyoxyethylene adduct is 6 to

22, and the number of carbon atoms of the alkylol group thereof
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the concentration of the surfactant is 0.01 to 10.0 % by weight.

7. The surfactant aqueous solution for development of
a coating layer according to any one of claims 1 to 6, wherein
the organic solvent comprises at least one selected from a
saturated or unsaturated alcohol with 1 to 8 carbon atoms, a
saturated polyvalent alcohol with 2 or 3 hydroxyl groups, a
saturated or unsaturated alkyl amine with 1 to 3 carbon atoms,
and a saturated or unsaturated alkanol amine with 1 to 3 carbon
atoms.

8. The surfactant aqueous solution for development of
a coating layer according to any one of claims 1 to 7, wherein
water and the organic solvent are mixed in a ratio of water to
the organic solvent of 80:20 to 99:1.

9. A method of forming a pattern comprising forming a
coating layer on a resist pattern, thickening the resist pattern
by crosslinking of the coating layer, and removing the
uncrosslinked coating layer with a developer to effectively
make the pattern finer, wherein the surfactant agqueous solution
for development of a coating layer according to any one of claims

1l to 8 is used as a developer.
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