; €3eHP[ HYWW Y( TYr Z6ZTP[ hn= ETCHI NG METHOD AND COMPGOSI TI ON FOR FORM NG

ETCH NG PROTECTI VE LAYER Techni cal field The present invention relates to
an etching nmethod of a substrate, etching resistance of whiﬂmmummmmmmwwmﬁd
usi ng an etching mask nmade of a resist, and a conposition f

etching protection |ayer used therefor. Mre in detail, the presghtos
invention relates to an etching resistance inproving nethod of an etching
mask that is used in manufacture of a sem conductor device, formation of a
li qui d Eromstiad METSIODAKN D eyOMESIT 1IN FORI RDRMINEE BrCHINE| BROTHCIINVEPRAEER
manuf acture of a circuit substrate such as a thermal head, an etching
treatnent nmethod of a substrate using this etching mask, etching resistance

of which is inproved, and a conposition for form ng an etching protection
| ayer wheetnicalskee¥br i nproving etching resistance of a resist pattern.

Background ari, I n_various .fiel LN [ uf acture. 14C ugt or
i ntegrated cii%%i?rgﬁgﬂ agnﬂ§P2§P8r%%¥%§%%og§£ %ﬁq%igﬁéﬁ s?gﬁﬁﬁ%ggﬁgyg
devi ce ofpay L Oui & '%tgake9%§9£ﬁé’e(d-fcmli9ﬁnfé A rfRRNERCHH £y Gfn atehhayi t
substrate such as a thermal head etc., photolithography technol ogy has so
far beepasrPhayedofor fredishy Binar eelempoiss tabncdpducorngni ne prebésgi ng.
In the photolithography technol ogy, a positive or negative-working

phot or epistebiasohedayesedused f therafoesi stMoua t énn det@id ,r adheit pgesent
sensitive resin conposition containing an al kali-soluble resin and a

radi at i 6AVeRREPR| YRlakes TG &HcNilsd E6FHPEANAY HREKRHIHE MetEAde c8Rpound
is well-known as sitive-workin hotoresi st. .This. it Js
disclos@HcaéngNﬁvgfg%aﬁeéﬁnV Hﬁh&aBPgiFé%r%dﬁ%guﬁﬁml§§£$ﬁ§$%%?¥?h§e’
formati ;4 n Lge tqPubi d PN Jf Wexajiited Ratkant
publica??gﬁgtégghggstgggﬁggeggggﬁ?géé pafgﬁﬁhgﬁblication . Shg®%4-23570
(US Pat gakpNay 31.CHP6parddB) mrhfdiviret thai cakclit esabaireste Ehich lisnd of
photoresist is applied on a silicon substrate, a substrate coated with a
fil m of themptal hsath aas eakcbinhgurreatmeridaetipdantl & Isubatuaterusindbdisat e
coated with a filmof a nmetal oxide such as ITO by the publicly kno

met hod SGERIRY anasn ebabingt K681S52P6f1 FoatPheh hdé, %“R%V&%oa?nﬁgtahod,
a spray coat nethod, a dip-coat_nethod to for ghin_fi B

ci rcui t SPEPPEHH18Rc IO, goflﬁ%ﬁiiaaq eedtcglﬁnﬁg p§°§°§8?é??oga%%£ch%%€aﬁlJtépgi-%\/e?iol et
light ag.gn; BB%%? SPHASR t REOUOL R dTRK PaklekR. pAtternt he exposure to
light, a developnment Is conducted to forma resist pattern. Further a fine
processi ng can be nade by etching a substrate through this resist pattern
as a mask. In this etching process, a resist pattern that perforns as a
mask redpaickggocanslukfitci ent etching resistance. On the other hand,

m croni zation _of wring wdth and iegaration gﬁdth IS %urther.re ir%g in
the product i oFPprEEdSYS ddensy 125 10A5RM BBRUERE bP Tt ¢ PR bET G RiGh! v
integrated. In.order to.r n t hi Noldle) S [ th
| Tont sdareseeher 58t SHRRE p8r FfmaA TLEER 140000 SRR R,
par ti al lgeutdd ized praglicaldpsthar aaspiabt (ﬁ@DPSEéﬁeEHLkh@rﬂ@fﬁcture &f @
process using deep ultra violet light such as KrF exiner |aser (248 nn) and
Ar F exi marrdudsersydsdFany , sdah tdera Xeheymahdhebh@ceton, bphnsodsthapoaphe

| ight source. As the light source is %ettin in the short wavel ength

t endencytearne legtyeiad sS4 tipheesss GMPLPYRY A ORaferBigenmi egPeheie b o

For exarfTEls Qe ratof: BFOSERCIE a 1onohPCER? so LT B Y e FReP Y Dhsed
oD Par & R S0RN el A el A DLB05LLED foin Kifeh oDt comurse
resist pattern and a radiation sensitive resin composition containing
an alkali-soluble resin and a radiation sensitive resin composition
comprising a quinone diazide compound is well-known as a

positive-working photoresist. This composition is disclosed as

“Novolak resin/quinone diazide compound” having various formations

ABIRTREN

*G00002*

-y



have. | ess etching resistance than the aforenenti oned novol ak resin in
general and require etching condition, particularly etching selective ratio
between a resist filmlayer and a |layer to be etched, i.e. optimzation of
etching speed in each layer (to be slowed for a resist and to be fast for
an etched layer) and further a deterioration of a pattern-transferred form
after etching takes place. Furthernore in order to realize a mcronization,
a mean to nake the resist filmthickness thinner upon coating and exposing
to |ightin thenpf osgambiédnesacheni qaid M catplarfs edir esinsixamg npdi ngpatsat.
This makes the etching process nore difficult . Wen using ArF exiner |aser
| i ght spubticatatons | sugiolagrsiapaaesehekanipedppseen il ifation Nehafhe
cyclic congound is introduced as a materi al ichis traniggrent to the
wavel en§8h238ed (s Pakpptdice 8o G6bght73) RRESRERRT FREPBIGRL & HEEREH “E5 * be
further | ow etchi pg:resistant .,and de, manuf act ure '

devi ce E%%ahﬁw#?ggPPgoﬁﬁP%ﬂéﬁF%Péﬁ%%%%PF&”%ﬁ&?%fé%%?%%ggéggﬂgﬁ&kgke
practi caLLy hi ecHsLng Bal L8 i idin Gl et riiddRkmnasa are
studi ed.” "For "exanpl e i n"Japanese unexam ned patent publication No . He

10- 7 392K rofi BhOSESS subsdeseei bestadariaim aafpahtef i inethar arildéysudie aset hod
so far known using a radiation sensitive resin conposition so far applied,
then a agebyitheapublddlynkhbenrmestisid paichean § omigd coati degeadr & &®liln a
resi st by heating and/ or exposure to light or acid exjsting in % ist is

re
di f f usedorhte thes, ad deaverrabreihedaretP T3y epat MRt hosh: 2 dLPayeptmethod
crosslinked or hardened.by this diffused acid d the, resi tern. i

made t hit€kEPTBYA rté‘ri‘ﬁ\/zlllﬁ'f and riden ianﬁéﬁcﬁb{étpe% HeFtts %%éefﬁaeﬁvar{&toﬁ -
bet ween, rgsi.s ouer G ESHAL 1 ddht @@ bRCekPEsHE &R | On
of resi élégglgt%e?%é%%{ﬁ%%%}% ggggga{t”?ﬁn Si zleg%or hol e gigrrgltler and forma
fine resihsbupat i afidshpdtiera.hi ghesr resobupbearé hes ltiktl,i & dewélo@soitut i on
so far known practically. 3 However, it is not nentioned in the patent
publ i catiisotohdud e dvef amm et chshst pesitsranceFwithkey asfre PYUSGEFSLAE can

ci rcunst ances descri bed above, an object of the present invention is

t
of fer abeenpdd betrPLBIE SLBRLRFLE dNTRUSCENSP L8t BRESPER apsa?t%‘?‘%‘?hat
is f d .th t. hod f lied t t bst
using O FhaCEtRBIng: RESSCRR of CH AP it T e pnPeS Fotnd Y o e
whi ch i g dqmraved. SDeg¢kosHEeepbnihe JdWende As a result of eager study

and exam nation, the present inventors found that the aforenentioned object
can be attai neg fiye foeheirmngasildini teoal Lyt don etfold mhgpwatiebtarahsepgeat havi ng
etching resistance on a photoresist pattern and reached to the Eresent

i nvent i onidtFhdts ifsrthee peqeénedi hvethé arodichien PFogesst ERFRPTAEL RDA of a
substrate which conprises steps of forning a resist. p terg on a substcrlate
usi ng a SABICNEHICIOT APPISH A REBHPLERtY dRtEGraF 6N ?Titf‘gﬁ g it AP
protectioon l.ayer on the resijst pa rn f rm a i 94 ;

pr ot ect it%h r IPERCFES| H%’il%b%lté&fg ‘ﬁg{gl%?/e %%grf%: nt algcr)l?%ggv\g}tglecrzhilnst he
I nterf aCé?#@éﬁWf&PSa A 99RRIdRR 258K oh A dTH PEp 8B @ el Par DI KL BE Lk oDikayer
and the photoresist descfibed above, renovi ng unnecessary parts other than
an et chigweh dridaaty 68rlayeghefeddusuaicosquimeroned . eorppsocesa Yimd deepng
an etching protection layer by a devel oper contai ni ng wat er and _et chi ng a
subst r atel tme vdiolgtaligbtssupatase KFFheyihgr afasieemdrifoRBl e Hinfgexime
protection |ayer thereon as a mask. The, present invention alsao rel to a
conposi t1¥FEF 0@19‘30%)ngfHﬁtBFEh%(ﬁ@aﬁbrad’tde&lfaﬁrf’ﬁyg?alﬂie%s fBP% or;%e%‘éﬁﬁ:oned
etching nethod that is c teri ! A Loegntain ~ e or
o aaRertarsperti e T EARE, SREEECLF, bRPR A TR RS Rt
and/ or = sol i1C vVaRt apE6Fst Neh t B, wdheL g negidvenbi on
wil | bea%ge\@%%%%d %qn%ﬁ&?reyflaiwﬁi%l n the et%ﬂ ng met hod of ﬁg prgesent

i nvent i ope applleslsis patihered birchcompss st sorod £ a fiplremengd osedfitiahdresiistred
on a substrate. Methods to formthe resist pattern and_materials used in

t hese nethddsfaucirample, plideomasesial Sy asoperherieal kiRl HNARGITEE by
which a resist pattern consistjng of a photoresist can bg forned o

subst r at ESSASt PARFE BPRIGE - NY S&lyéeBQeJn%lti r8d ?)gs%at Ve ngltl& Tor
negati ve;warki hot oresi, gt s k f I st
pattern, K\fl\@rl]@r}%ﬁ% grgeéon%%esﬁ%\?%ﬁg%%%g?gﬁgra Q%I ??gﬁﬁ%ﬁﬁﬁggﬁ" as
a novol ak resin and a napht hoqui none di azi de photosensitizer or a
chemcally anplified type resist as representative ones. In the chemcally
anplified type photoresist, a |lot of poSitive-working conpositions are
known such as a conposition conprising a conbination of a pol yner

consi sting of polyhydroxystyrene protected wi th tbutoxycarbonyl group and a
photo acid generator (H Itoh, C G WIIson: Polym Eng. Sci., 23, 1012
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a photoresist is usually nade to be 0. 3 to 1.0 pmor |like as a resist
pattern obtained after devel opnent may be suitably responsive to etching in
an etching process. In order to forma resist pattern which is made of a
photoresist filmon a substrate, a photoresist is applied by the publicly
known met hod such as a spin coat nethod, a roll coat nethod, a |and coat
nmet hod, a spray coat nethod, a dip-coat nethod, etc. on a silicon substrate
having optionally a silicon oxide filmon the surface, a substrate coated
W th a Hdvenlefssaefiehahgsoedi stsaredeuihanmtheod §duckzmnh icnedl covolknyesin
substrate coated with a filmof a nmetal oxide such as | TO and a substrate
on whi cin ageneral t apdt traanige set@ningneerd Bricovi BRETSCHERK 1Y oRBFPPY or med

to f thin photoresist film the coated filmis_haked (f e,
baki ng FEHPRIBELFRCGP DREASSTLAOESIRF EARPPNTHENTT® JBUGE 10 Mot Byt

th [ it t = W i iati h I [ ted
Lo the 1ot el BR SEHRLl A B BREA LA e fEL D ARvERTEF L TE

As the ilg:g%%s%%q{o(:@o ¥a g@fﬂ?éﬂoé\%ﬁe& Pald PNtndai-dH s deeureegacasnbe

used if otoresi st show the sensitivity to the light. Utra violet |ight
such asefal pdtese vrr-tirags féeer duf dida ¥t ©F et chiightt akeshp Bscd<r Frexthermbaser
light, ArF exinmer |aser |light, X-ray, electron beans, etc. can be raised as
a | i ghtiexpmeur €ospeatikze Ao misirsnizatapex pogeknt ol ngke the resist film
post - exposur e- baked (PEB), if necessary (for exanple, baki gg_t%rrper a}t]ur e:
50 to 1B0TykneRs elldpdderandPopt | 6RAFLYIbaRked aF3RGS I eltGpmednEs or the
exanpl e, _baking te rature:. 60 _to.1200), to _for . i p e a
devel op&fOr %V%’e%?‘gﬁg?mtﬁil a%&ﬁ%éﬁa\ﬂ%sé ﬁftclagr:hg%él\t}gl%g%tdf h?rﬁjlsgé@a k€S

phot or et?héte&cﬁiqgﬁﬁld&%rs £OPS IS riFRguoE . amrlrkal L A6 AREUSOIE 1S P8 + QA ghs
usual l y used i n e case using a photoresist conprising an al kali-sol uble
resin apguicOapit ok NesEyik By | A6 (eiirs gnsiddszer whereiahem e@dlibphatic
anplified resist as a 6 photoresist . Furthernore, as a devel opi ng

met hod, cpoyioetdmmburah iseintopdecedvsisch natemseal which devieraypiranends ta
photoresi st so _far applied such as a paddl e devel t. A osition for

f or mi ngthf "AVERERGEPrHIREEPERAPLPEL eIt 4pPhT ed T Ost%rri'éo S(r:g? CHEFMRY a

resist pattern_formed in such,way. As. ti t ho sed
any met E8dt‘°§o LSl I!L%‘d \ﬁ%@ﬁ’lggﬁﬁg%ggéﬁ?gt alﬂg cmgaé{éeg“@s%c %J%ngfnﬂcoat
met hod, a8,$REANLECH §8¢ Nl .mA-difdr3eat1#et hod, a roller coat nethod, etc.
In order to forman etching protection |ayer which is insoluble in a

devel oper confarPhéeg, Watmesthdd ao imatker haceshst wepaht sam doxaripioss Itlivorf iher
form ng an etching protection |layer and the resist, the resist pattern and
t he conpeshui patfern figmimy uudprRnhgsPrife EUPdA Clyy KROWR ea FR e igs -
Thereby a crosslinked layer is forned.in a filmfor formng.an.etchi

pr ot ect FOA S*AFEL ek JABBPFRG UNCEAT-REIRELSIE %%Jt%]aﬂ@%n HS%&'%‘?& 9,
protection_laver is far A Thi i i t 1 yer
may be 80858%%{%%,1% c()jre 5@%%%%&%& g%?laf&gl??%gigref%arﬁ&ie%ngﬁg I@%Err}lﬁ%{gislto?on
for for HngARetSIhee FHALRGIOSed AitSIvede a0 Boflpb b Usion sbhfnugbp heed ) ng
froma photoresist to a filmfor formng an etching protection |ayer. A
conposi then & draviedr isngpphi @d ohi e prextiextt pahtbayefommsst) Brithgeprrtad
invention conprises at |east a water-soluble or_water-dispersible resin, a
crossl i Aki Agregest hdeasiag and/or expepvee- §6) LIkt Agasiie e¥ESehtIddd one
whi ch does npt dissplve a,resist. pattern en_coated thereon ig_u

sai d vvataeF‘?§30?JEJBISe3’oJ1Eg‘\%\%?%rlpzps%‘g?if&rsm% TR EBH g’leﬁgf%yec%’rrlﬁglgi (?%tne(fir
form ng \an <&t £0iNG NS 9P HABhe AR (AUL 40 Hudnpue: ANt & ARebEe fopl | ed
if it s d water-solubple or water- i spersible resin. For exanple, a
homopol YR c@h 2sGRRM WHIcKe: bl s&fbydll &F Lisctos8EInkyd hyaredlayer to
co-pol yneri zing at | east one nonomer conponent selected fromthe group 7
consi st imakeofha@atythbeasiedn ned hacpytterasndrrowaylasageesh] tyitytreal tahol |
et hyl ene i mne, ethylene oxide, styrene, a styrene derivative such as

hydr oxy$ther evieroaigelyepcbifcras bt PEL 8 HY (OX SIRsTeRE 1 Ne BEPEFBEYeNi 31%% nyl
conmpound, mal efic anhydride %sli n%I am ne, al l$/l arrjctner A n%/l met h?(l et her,
and et hyATeP1f yHAme e R ARd LTt ef HoVof 8R! § o sPht t S Nalt BY 1831 Ubl 697%5 i n
cont ai ni n zQline. qgro : ters : lam S| ;

wat er - so]{%stﬂ é’lt(l})régla%rlheagi ﬁgeagng‘gyﬁgrgés?%ﬂ%ﬁrfoﬁ%@de&?mgﬁcPg%ﬁgéga%nlsgf be
used singly or in a mxture of two or nore kinds. A resin produced using a
nononer having an aromatic ring or a heterocyclic ring as a nononer
conponent is favorably used as a wat er -%ol ubi e or wat er - di spersible resin
used for a conposition for form ng an etching protection |ayer froma view
poi nt of inproving an etching resistance in the present invention. As an
exanpl e of these preferable resins, a water-soluble or water-dispersible

o, o, o o .



These water-soluble or water-dispersible resins may be used singly or in a
m xture of two or nore kinds. Furthernore a m xture of at |east one kind
selected fromthese resins and at | east one kind selected fromthe group of
a water-sol uble resin containing an oxazol i ne group, a water-soluble
mel am ne resin, a water-soluble urea resin, an alkyd resin, sulfonamde is
rai sed as a favorable one. These resins having aromati c or heterocyclic
rings have rigidity required for an inprovenent of etching resistance

besi desubheyeaf ei devel mpahientiidiedvahether paatet - mdb it at iomgami dmpabvent
even though provided for the above purpose since they are nade watersol uble
or wat eandesphisgbtesifmmhederf tsherasdlsécul ar wei ght of water-sol ubl e or

wat er di spersible resins is preferably 1,000 to 10,000 by wei,ght ayer ge

mol ecul ar wei §hgernbhe phErepabR)Cces” 008CEEPe] dbove: Tﬂé ePaRFFi P 8}% a
coated fil m dependi on,time i s deteriorated besides _[is. i IS
deteri oP&F@&“Erﬁd“fﬂgﬁqn{ l?st%é)tr%ieﬁgad‘ﬁ%oaf? Jtl%@roqltealelﬁgjglga?%or?ltggtg)r%gous
coati ng fd grB}}(oftot & gQEk@{*nV@{agéﬂ'ris' Bo LSS by BRe e t3UY 3BAfA PR pPLAicROY
phenomendn t'akes pl ace or honbgeneous coating fil mcannot be obtained with
a smal | ;aaosnetBbddPBPEAG SUBStHiYe 956G tHeréebst pas teeh spaaact cningy
resist surface if the nol ecul ar wei ght exceeds 10,000. As a crosslinking
agent usedk,nthecetiphshyi vasistador mihgihdichetishiingrprvedecti on | ayer of the
present invention, there can be raised al koxyal kyl ated am no resins such as
al koxyal kyl at ed nel am ne resins, al koxyal kyl ated benzoguanam ne resi ns,

al koxyal kyl ated urea resins besjdes | ow nol ecul ar nel am ne, guanam ne and
urea demhBgiopese PhebBCafRESYE®Y1 ated anino resins can be exenplified
wi t h nmet hoxynet hy. 1N re§iﬁ§7 y h I r 3y
propoxynethyriﬁef%nggégggsﬁgs, tox§%2%§yﬁﬁﬁe%§ﬁﬁﬁgg?%§5hs3§§?§?§§§§th
benzoguanaEmne rsesbifd FREBOKNEES hytertad dresi BB eethexymeehyttatesd rgsi ns,
propoxymet hyl urea resins, butoxymethyl urea resins, etc. Low nolecul ar

mel ani nefomuiagarddud tamshallya ateretelting prateaiom|idyead Witinaettehdnet hyl
mel am ne, ethoxynethyl ne|am ne, propoxynethyl nelan%ne, butqﬁgnetq¥l

mel ani né;esri@t@mehwfblan’éhﬁﬁPﬁé?’l%’éePéﬁgéﬁ%nﬁﬁg, rg8AR§Gudani e, Present

met hyl benzogyanam ne, nononet hyl ol urea, di nethyl ol urea, al koxynet hyl ene
urea,lV%ﬂWé%&H%%hylene urea, ethylene urea, ethylene urea carboxylic acid,
etc. These cf aald nigl Ngra0BRLSCARN; REcHERth SINUte Ok Brdclbritgentndano of
more kinds and the ifcorporated quantity thereof is 1 to 70 parfs by

wei ght, o ef enBbkyad wioi &0 doaiprs sky weeghtod €baning 4 addGtpartseby awi ght
of a water-soluble or water-dispersible resin. Surfactants nmay be added in
a conposi tsulrstiratef osimap @hosbrhisagt pranmiotinenal egposit ioke fipreferping
invention in order to inprove_its coatability. Acet Ieneﬁalcog{)lf acetglene
gl ycol , 3ol SHmg PREestion layest §rehae of ,Paa)éefé‘t GXYFEr e 1BFTT
acetylene glycol, etc. can.be exenplified as_e f ithe s .
AforeneﬁF?oﬁgﬁﬁéE%t§F@ﬁ§c5388h§ai§}eﬁéﬁy e%% éﬁ%@gﬁgégnjﬁg %xgﬁg??%?gg by
3- et hyl 5 Y& ors - s he composition for formin

3, 6- di ne?‘g?yi*g-%&@%Eﬁ%&?%%@%ﬁ%&%ﬁﬁ?hy| o decyne-4. 7-diol, ®

3, 5- di meshyétdhey nerSecadtich Stalidetdnd -thehehoter2sisti described above,
2,5-dinetyl -2, 5hexanediol, etc. These surfactants can be used singly or in
a n xt ureewdving wmemrssdingantiseosber ahban t 2N | SIHIET AReF PN £§YPE 50

to 2,000 ferably 100 to .1, 000 i, jti f f, '

an of chi A 10 PSEEPBANE AGBPIOTRS (EBAL | IRATHEIOAS YRLBHS Bt SHEEE0PT ng
et chi Al Fa 1R A" Wirer”d o in

ot csont - FAVBREDoR Y LREELR T TER RarEr elrarig e B e gt e

from whi gh QEgaRi ¢aitWRYN RS nan G fBedlent 9BSear etehiRyehrdy edicsbnl llaeen,
ion exchange treatnent, filtration treatnment, a various kind of absorption

treat mentheetén 45 Prieisgkable. Furthernore a water-sol uble organic sol vent
may be used together wth water aimng at inproving coatability of a,
conposi ti on f ofhé pmesegtaineenthionaprotEdiEites taperomyes ridblabI e gani ¢
solvents may not be limted pirticularly if it is dhssolved in.mate& %ﬁ 0.1
wei ght 9@Br EHERENT AP HIRTOTCARYEE BReMpiq AEQTAMEDREPECE uTh- Ak FlHy

al cohol , _ethyl, al cohal,. isopr.opyl ohol , ,~KetLo u cet.one,
nethyletﬁsﬁgeﬁgnéﬁuﬁgﬁ%ﬁ?ﬁﬁgﬁethy€$%%e§%n%§%€a%?%.% g%?g?sggagﬁlgs%%eg%yl
acetate, ethyl acetate, etc., ethylene glycol nonoal kyl ethers such as

et hyl ene gl ycol nononet hyl ether, ethylene glycol nonoethyl ether, etc.,

et hyl ene gl ycol nonoal kyl ether acetate$ such as ethyl ene glycol nononet hyl
et her acetate, ethylene glycol nonoethyl ether acetate, etc., propyl ene

gl ycol nonoal kyl ethers such as propyl ene gl ycol nononethyl ether,

propyl ene glycol 11 nonoet hyl ether, etc., propylene glycol nonoal kyl

. o o . o



12 _resist pattern nmay be attained by the optional nmeans. An uncrosslinked
conposition for formng an etching protection |ayer is devel oped and
renoved by a devel oper subsequently and then an etchi ng mask havi ng an
etching protection layer on a resist pattern is fornmed. A devel oper which
is used for developing a conposition for form ng an etching protection

| ayer nmay be anyone which has a sufficient solubility needed for dissolving
and renovi ng the aforenmentioned uncrosslinked conposition for form ng an

et chi ngvdtof -edidpwrdidyer rbsinwa chosahimkint sgehtearthaterove a felvent
crosslinked protection | ayer. This devel oper includes water or a m xture of
wat er aamd &b cholat esurste L let haAeniandcl ¥epf opanol , organi ¢ ani nes such as
triethylam ne, organic am ne salts such as,tetraggthgl nnoniugiSM1; éf
these, water REwPaHibatur &N6f PRAPERT AV etdoRor S Lk pcflee?%rﬁbee ' a8t o be
used for a developer may not be limted particularly if it is water. And
wat er f?%ﬂ?hﬁich organic inpurities, netal ions and chlorine ion are
removed by di f bhlalddind AOCR3SBENGR bEEALIIhyehtlbhld p8s1seabiRaln 2
various kind of ‘absorption treatnent, etc. is preferred. It is preferred
that a {keahenbikeE of & pABYakeslst MU Id eSrmsd descsubetr atoy e Meshods
conducted for a developer itself and then one containing no solid substance
of quarterfeincitde sesésbrpanrern angspatasialgaagdbpar these detdisls sych

conposition for formng an etching protection |ayer,. Devel opnent of .a
conposi & @Ph??%@ﬁ?ﬁlgfﬁﬁi\éﬁ%@ﬁ’% EF?I’ &Y B qrﬁé:g‘rm@anb%é’?‘r%g‘ea irr?stlﬁig sane
way as a _devel opment nethod. for_.a. photores e SR opi ng
equipneﬁ?ggﬁr?agb%ﬁﬁﬁ§¥ﬂplﬂﬁﬂ?z?qggyéfggﬁgnkgéfgg %ﬁ%?%?é??é% in E%§¥§fesent
i nventi 9p. - V. t trd i tBAe } i VESRY nt
nozzl e ggc ngéglrégétgﬁf drrcgge?teogggrz%xeédgﬁgfqgg I%éh§el met hggsr&sﬂ%h@as a Sggglge

devel OPFEBEoiésisﬁ)é wh Showerva eeehopsedt so afut thefioanr a nsesist medtteent, f or
t he photoresist is taken using pure water. In this stage, rinsing may be

nmade wi fhraexampilagal coupesithah danpispagedl byl adapiweke ofest e siitiis @Such
as et hanol and isopropanol, organic ami nes such.as trietgglanine Q%%%nic
e

am ne sal Pevelak ASSiRtanGed MANMRAAURCES F161 08 BRI NRYRF2S Fut tHer
baki t t, ; i it i k
orter CaGDETOR oY BYPRTACENGtYPaataEnet b CRRME B ee A difed 20 8 (RS

patter “cﬁq'aa\fic'ailg%mﬁﬂibfmeaheyge@ypﬁs{é@fwﬁs@,boa/el@_@ &f MBSk t Ase-afbitiohy ng
nmet hod, there are two nethods; that is, a dry etching nethod and a wet

et chi ng comieedtithe difey kabehisighes kodomsosisuiadn gomppi § Bulg faocomb froar e on
of a finer pattern. In the dry etching nethod, etching is conducted using
reacti vefgas polhgwmer dorsiefing 2of opobyhydraryss weneo PERHEqtesd tithadk when

the dry etching is conducted. wever as an etching.resista rotectd on

| ayer i PULRYLRALEGNYH lgﬁéuPeﬁré'o ané@\?tion FHE FEE tolrnv@#it ir%tno,%'a Cre'e tction
of mask _f.i.l.-m thi ¢k S LS. .a &iitl esindes f @k ¢l S grade
and the“é&&&qﬂ'n%°g§§éeg§?hgé%%h’Eggnggg? é22?9ﬁgﬁgq%%§&§?§§??§iﬁg t he

I nvent i gpoEhe JRILGSER nigNVeRdh i Miy | aRpWM bee dlesspichephas e speci tanaldey by
reference 1o Exanpl es whi ch, however, are not to be construed to limt the
present d;ugltiifded widhyaveympdsdanpre compEds heg i on agfkad iresilsblgaresih) A
posi tive-wor ki ng photoresist produced by Cariant Japan K K, AZ 7900,
(i-1ine hesimahoxAz me kami regR§t & ceFaTHdeFang. )29HY cBldted Yy acid

o AR 2E, R0 B RB.OE. P ke Lieirog. and
W. Legenza: Polym. Eng. Sci., 26, 1101 (1986) tobe referred). Of these,
a positive-working chemically amplified type photoresist is inferior
in etching resistance usually to a negative-working chemically
amplified type photoresist. The etching resistance of the
positive-working chemically amplified type photoresist can be

favorably improved by the present invention. The film thickness of



Japan Co. , LARC ULTI MA-1000 . The coated silicon wafer was prebaked at
100C for 60 seconds on a hot plate and was prepared to forma resist film
of 1 umin thickness. The filmthickness was neasured with the equi prment
for filmthickness neasurenent produced by Dai-N ppon Screen Co. (Lanbda
Ace) . Next it was exposed to light using a stepper having i-line (365 nm
exposure wavel ength (produced by N kon Co., NSR 1755i B, NA=0.54) by

st epwi se changi ng the exposure quantity through a reticle for a line and
space patgrestorefsi@t3ismaiadilly mibde expesed3sid ilcOnumafrelikasahearesisht ed
on a hot plate at 100C for 90 seconds. This was devel oged wi th an al kal i
devel opeatpevruckth bied afitemtdengiapmentkmay k2 3udfRPlpe¥EFBRRFLIYS tO38
wei ght s tetrangethyl a ni um hydr oxi de aqueous sol uti on) under the

condi t i 8hchine3E qrbre%%tp 6y Spaddl e devel opment to obtain a positive

s . . o . . (
Payery Each comsanEt et R basoher t e rHLGh 13 fade ik Phokesbiase
stirr edf%&'#ﬂs&"f‘@ is%%%%raﬁgd_ digploreds sAf L gragdiated by €RARAMILEIAY WaASwN

filtrated through umfilter to prepare a conposition A for formng an

et chi ngmpepbeCEh@N dAvekpiRoapaDanéti®d f & pllecght metlyvdnyd laincokoky 2.0
Met hoxynet hyl ated nel am ne 0.5 2-propanol 2.5 Pure water 95.0 (Formation of
an et chinaghpdpt acspoay | eyedr ek ompddbt-coat Anébixod oretithg Uh etsdRilrgn

protection |ayer was, coated on _the posjitive-worKi line and s e pattern
whi ch waybssratephay g ot 1988dhybads hbbve g5 Egéﬁ‘a?%rgb? o%ﬁ%%&eﬁya

Lit hotech Japan Co. . (LT-1000) ...prebake t . 0] ot

pl ate ;SPBFEBQEE Cé%at%& ?ﬁ%l|‘?é)fgi_lgicf%aoqlg@a_lsﬁ%giafnsof[ﬂ%izglkﬁg@é%n@ e e?agﬁ},t he
composi LHan f 0gm{ ghm %Aﬁﬁt‘ita%@ RYaPEQL #ELH D Fiavebs Eunébel nexRid haceoat ed
resist pattérn was baked at 110C for 90 seconds on a hot plate to
facilitakertoassd ankubsacit®pnavhi br aelighbdti pat tewa oof atswnicompbsitioiron

for formng an etching protection |ayer. After that a deve[g{gma_nt t r eat ment
was madeewsicrgipuaddittaralinddiormed tonfeEM oh tin2BboEere3ist ntt ¥t Fheenmove

uncrosslinked area and to obtain a crosslinked, insol uﬁl e | e Qf nltcf;bec

conposi gk efof 1B riH Rgkad bﬁ%iel’f@mﬁﬁ& M ESPRPLS ufﬁeoaﬁ/i Qe &nd s pace
attern.__Fur.t her norg. baki r eat ; na or cnds on a
Eot pl af&% d?aqﬁ‘r’%ﬂ ngl.m? E@g?t?%tofe‘l%nrﬁe(;%let C ?)ngg?ezllteggeégggg'Tﬁil%glatsc“tier n \&;t\n th

an et chijag A RLee ko Ayt e beoth Ohtidiened sndeted bedt rabeweivestilm
etching-treated under the condition described bel ow using an etcher

NE- 5000N hyicedic @ dndipk HbYASkgasumndot higlet chichgas esiet aote. ofAsathet kighig
mask was eval uated by the decreased thickness (um of filmthickness after
the et chiovuycer saedeftr [exadsaitentei highal @Yol 1088 SRUFGEIMAH BRNBESY LT

Ot i zodk BRPRPEFSASEUn 508 SHRST GHON D (TededBee. Thad Seated Wihs
shown | nsu-lz:eflbla% g;'—-line, i-line, deep ultra violet light such as KrF eximer
laser light, ArF eximer laser light, X-ray, electron beams, etc. can
be raised as a light exposure source. A resist film exposed to ligh't
is post-exposure-baked (PEB), if necessary (for example, baking
temperature: 50 to 140°C), developed, and optionally baked after
development (for example, baking temperature: 60 to 120°C), to form
a resist pattern. As a developer, any developer can be applied which
can develop the used photoresist. A developer consisting of an
alkaline aqueous solution is usually used in the case using a
photoresist comprising an alkali-soluble resin and a naphthoquinone

diazide photosensitizer or a chemically amplified resist as a



Et-chi ng condition Rf power . 1000W (1SM/300W (Bias) Gas flow .

CHF3/ Ar =90/ 80sccm Pressure . 0.7 Pa Back heliumtenperature: -10C Etching
time: 200 seconds 16 Exanpl e 2 A positive-working photoresist (KrF
resi'st) consisting of the conposition described below was coated on a 6
inch-silicon wafer having a oxidized filmof 1 umin thickness thereon and
treated with HVDS, by a spin coater (Mark 8) produced by Tokyo El ectron Co.
The coated silicon wafer is prebaked at 90C for 60 seconds on a hot plate
and waspipsepessikt 0 Fargharnesé stasf aldewfldpingmetod hiaoyresthodlsanthe m
t hi ckness was nmeasured with the equi pnent for filmthickness neasurenent
lpr oﬂgceak_id:gt@bahmbbd@u&d don Cdevelappeanat Afed Phofpxesist pasfakpBRLYEeY 0

ig usi ng a stepper. having 248 nm exposure wavel ength roduced by Canon
Co., FPAZODOEXH 9@@4&@$ﬁﬁvﬁa°§m§ﬂﬁ-se changi ng t he exposﬁ?e quantitz

t hr ough tjcle for | d . ; j

oxpocin 1| chiefath e A SRS RS e S o
seconds i th : j L€ i
P L R L S v o it it b et

hydr oxi dga 8046 GMSL IS UtdHe HAJEbe lhiged aiitl} tiehodt s@3faf arprll ikdhwhenby
paddl e devel opnment to obtain a positive pattern. [Positive-workin

phot or eshstdré&spet ymecoated shygtioxy st spianecahdnathodyua yﬁR?Wc‘é@%‘bW%@?yr ene
12.57 parts by weight Triphenyl sulfoniumtrifluoronethanesul fonate 0. 4
parts bg depgheatrarethind hy ZeABREURPAY FRRXIYY G163 pﬁ’?t%rcz?r %rm an

Propyl ene gl ycol nononethyl ether acetate 87 Parts ] . 1

a thin FFF%?‘%‘F H%%&??Y%w 8% 6Pﬁ?ﬁ‘§ba% let%ﬁf%ﬁé@%gg%e%n&%%rﬁlg 21r ngn
the poSLLLYE-MOLKI dd A AP0 5080 SN LohPodll dh Y65 i AL cilng! | bed
above in~the 'same manner as Exanple 1, an etching protection |ayer was
formed pRotBetsane rmer add the resist, the resist pattern and the

composition for forming an etching protection layer are heated up.
Thereby a crosslinked layer is formed in a film for forming an etching
protection layer neighboring with the resist pattern and an etching
protection layer is formed. This formation of the etching protection
layer may be conducted, for example, by crosslinking or hardening
a composition for forming an etching protection layer by acid
diffusion through heating from a photoresist to a film for forming
an etching protection layer.

| A composition for forming an etching protection layer used in
the present invention comprises at least a water-soluble or
water-dispersible resin, a crosslinking agent and water and/or a
water-soluble organic solvent and one which does not dissolve a resist
pattern when coated thereon is used. As said water-soluble or
water-dispersible resin composing a composition for forming an
etching protection layer, any publicly known one can be applied if
it is a water-soluble or water-dispersible resin. For example, a
homopolymer or a copolymer is raised which is formed by homo- or

co-polymerizing at least one monomer component selected from the group



as Exanple 1. Then it was etched in the same manner as Exanple 1. An
etching resistance of the resist mask was evaluated. The results were shown
in Table 1. Exanple 3 An etching nmask having an etching protection |ayer
was fornmed in the same manner as Exanple 1 except using a conposition B for
formng an etching protection |ayer prepared as described bel ow i nstead of
a conposition A for formng an etching protection |layer. This substrate
havi ng an etching mask thereon was etched in the same manner as Exanple 1
and an ebsbisgingsostanne iaf adid,r mekbacmpdke wasidyatimtledceTiad ,r ¥dovis
were shown in Table 1. (Preparation of Conposition B for formng an etching
prot ect baohayer etBudencompeient veshvisnal &xitke f8FYHM%Pg rPat SGYIEPFrred

substantially, dissolved. After this, the conposition was filtrat hth
0.2 um ﬂ?F%E?f%‘éeplsélﬁgr@SaA}& %ﬁ%ﬁfﬁ%rmﬁ%imﬁ " 8F8’i‘}i"%bgp?’§P§’%ti on
| ayer. Copol r of Lacrylic acid and p- rane | ar: tio)
2.0 Met ﬁ8§99€gﬁy| at Qagﬁ%?%ﬁ Co‘.”s“gl- Fﬁ%ﬁ}gﬁ%ﬂz%ﬁ% a\(f\‘g’%ﬁggoy&ﬁpl e 4
An et chi S [ an, et.ehiAg ctd ayghgwashipeRedghpcbhne game
manner é@ggggn%ﬂg§; g%gg%? J@?hg'éﬂ%gﬁgbs???ﬁh Bﬁé%r fo?ning gnpgtcﬁing

pr ot ect kaRekay81uEEE ChbYETa RbAYEI 1 NS4 erdh ©f - $o M IRDYdsion chhtaifihgr an
formng an etching protection |ayer. The substrate having an etchi ng mask

t her eonowagoétinherraup,t Awasenesohnnke ned amiagpiesin, anasaresehihge urea
resi stance of the resist nmask was evaluated. The_ results ggre shown i.n

Tabl e 1reBtanphl Sy eshnngSWhERNSRIIdRy &iCet cTRFRF PRt BELYORY IS Yuas

formed in the sane,_manne s Exanple 1. ept using a conposition C for
forningoénlBtéhPﬁﬁtBFStgﬁtf%% ?%&@F*b%%%ggbd as descri bed bel ow i nstead of

a conposi ti Onﬁf‘rfeg'inf EEH%L@Se@rhﬂrﬁﬁi:ﬁgzlo‘?lroﬁ{e%chial‘}@nbaé(ﬁrarJrh@tﬁélbﬁsitr[@tcﬁ
havi ng an etching mask thereon was etched in the sane manner as Exanple 1

and an et %Ié:*t@&obg&ilibaﬂﬂﬁgoéstdﬂ&ndrﬁﬁrleﬂ:t cmploneas exafaadeablThesedsad tes

were shown in Table 1.
water-soluble or water-dispersible resin used for a composition for
forming an etching protection layer from a view point of improving
an etching resistance in the present invention. Asanexample of these
preferable resins, a water-soluble or water-dispersible resin
comprising a copolymer of at least one monomer selected from the group
consisting of acrylic acid, methacrylic acid, vinyl acetal, vinyl
alcohol, vinyl pyrrolidone, ethylene imine, maleic anhydride, vinyl
amine, allyl amine, methacryl amine and vinyl methyl ether and at
least one monomer selected from the group consisting of styrene, a
styrene derivative, a polycyclic aromatic vinyl compound, a
heterocyclic vinyl compound, a water-soluble novolak resin, etc. can
be raised.

As the styrene derivative described above, hydroxystyrene,
4-methylstyrene, 4-ethylstyrene, p-isopropylstyrene, 4-
butylstyrene, 4-hexylstyrene, 4-methoxystyrene, 4-ethoxystyrene,
4-propoxystyrene, 4-butoxystyrene, 4-pbutoxymethylstyrene, 4-
butoxycarbonylstyrene, 2,5-dimethylstyrene, 2,4,5-trimethylstyrene,

4-phenylstyrene, 4-fluorostyrene, 2,5-difluorostyrene, 2,4-



(Preparation of Conposition C for form ng an etching protection |ayer) Each
conponent descri bed bel ow was m xed at the followng ratio, stirred
substantially, dissolved. After this, the conmposition was filtrated through
0. 2 umfilter to prepare a conposition C for formng an etching protection
| ayer. Conponent parts by wei ght Pol yvinyl alcohol-co-N-vinylcarbazol)
(90/10 nolar ratio) 2.0 Methoxynethyl ated nelamne 0.5 2-Propanol 2.5 Pure
water 95.0 Exanple 6 An etching mask having an etching protection |ayer was
fornmed gnriherseteramanerchtofxanplend, éxaeptylst yiere cofipesdylory@rfar
formng 19 an etching protection |ayer described above instead of a
conposi #bnorosoyréme m aniaoseyedriarg pioykcbebroiayacidrhivéngybdengedc
havi ng an etching nmask thereon was etched in the sape manner as Exanple 2
and an EBERrRg atesi araF@dsel -t hE £BE| S{YHANKIARASY BYHY fratedne thyd ST Ees

were sho Lp Table 1..Conparative EXx l.e ;1 The substrate having a resist

Eitte[naﬁﬁtﬁgﬁtg%f%Yﬁ?&y?ﬁ(ﬁgﬁnﬁ%ﬁ? I %ggdgﬁéreon whi ch was described in
anpl e 1 wasshregte ehghaNgp! SANEr SRS A X 8RR uhaand

et chi ng reS|stgnceEo§t?%£ reE?s?pgg%iﬁﬁés g%%luated. Tﬁgxreséﬁ?g mergeshomn

in Tabl @xémﬁ@ﬁp@aahsveegxagﬁh@aeﬁéleorswswm evhayl ngaph ttediesie, patitngrin

w t hout etching protection |ayer thereon which was described in Exanple 2

was treafléglbyaphtid hené n iy lsanehmaoeee, asiridamplky 12anbr a¢eres c hiiny 1

resi stance of the resist nmask was eval uated. The results were shown i

Tabl e 1phgganthrene,vinyltetracene,vinylpyrene,etc.andthosecompoundé
but replaced vinyl group with isopropenyl group. Furthermore
heterocyclic vinyl compounds are exemplified with N-vinylcarbazol,
N-vinylpyrrolidone, 1l-vinylimidazol, 4- or 2-vinylpyridine, 1-
vinyl-2-pyrrolidone, N-vinyl lactam, etc. and those compounds but
vinyl group being replaced with isopropenyl group.

These water-soluble or water-dispersible resins may be used
singly or in a mixture of two or more kinds. Furthermore a mixture
of at least one kind selected from these resins and at least one kind
selected from the group of a water-soluble resin containing an
oxazoline group, a water-soluble melamine resin, a water-soluble urea
resin, an alkyd resin, sulfonamide is raised as a favorable one.

These resins having aromatic or heterocyclic rings have
rigidity required for an improvement of etching resistance besides
they are developable with water or water-soluble organic solvent even
though provided for the above purpose since they are made water-
soluble or water-dispersible.

And then the molecular weight of water-soluble or water-
dispersible resins is preferably 1,000 to 10,000 by weight average
molecular weight, more preferably 2,000 to 5,000. The stability of

a coated film depending on time is deteriorated besides its

coatability is deteriorated and then it is gettingdifficult to obtain



Table 1 N N Resist filnFilmthickness in non-exposed*Qantity of**Form
of thi cknessarea (except pattern)filmthicknessoxidizedRi t id ies s spec
esre uct onfilmafterlinitial val ueBefore etchingAfter

et chi nget chi ng(~) (~) (um (um Exanpl e 1i-line resistl. 001.060.590.41~o0Exanple
2Kr F resi st0. 700. 780. 280. 4200Exanpl e 3i-Iline

resi st1.001. 080. 660. 34~oExanpl e 4KrF resist0.700.760.350. 35(] oExanpl e
5i-line resistl.001. 070. 6S0. 35~0oExanpl e 6KrF

resi st 0 a7R6ndgéh&Al 3660mmaraitlinv et -tiHenmol esi b4 4 weight0Ds 3285488 ip080
1Conpar ativeKrF resist0.700.700.140. 56Exanple 2 * [Initial value of Resist
fil m t hiaokinese] st r{Reyraihanegehionnt e ke e knaze sm bemegenrags coatify fidfle of

section form of an oxidized filmon subst r at fter,etching..s shown O
shows aC@@ﬁétréétaﬁéﬁkﬁ?da%HUE5%HHW§%h§WPH§tsP?gﬁf°88¥%%tqum%f¥%%5¥f@%ness

of Invention As nentiqned_abqgve in _detail...] e i i
et chi ng ng?éﬂdﬁdeﬁhspégﬁ tO%ﬁ%%egggkb%u#ﬁ%%%sgg&gé @%%%?%ggéﬁggﬁgﬁing
protect%&%eggge&ooaog resist pattern, which is formed by the nmethod so far

applied, “using a ¢tonposition for formng an etching protection |ayer,

thereby etchi pg gopghtspimkay heyemdassaven ea congeed tiant éon farmbey an
transferred on a substrate in a shorter time. Because of this,

senm conditethdngi pt@gzatiash tayenidfstiet present baveatdpacttiaae ean hegirdaed d
and in shorter time in the present invention. Industrial Applicability The
et ch:c ng angico@ 1y Leke dpredent o3 Hve b F A Sial ksed 14y 188 il‘te&@i?‘&“ﬁelfeh%’d‘ en
manuf act urin sem conduct or device, formation o jQu t i spl
devi ce df HQQ$§i§Y§F§§3a?eHF%?W%SFT%ﬂﬁjfeBéﬁér,a¥kﬁ%¥%3ﬁ*ﬁ%ﬁﬁ§ g£§?r€%ﬁékéﬂj i

e R e i A e
prot ect if{edAy N kRfixyhl®kyPaesant ahiwentiasins can be exemplified with
methoxymethyl melamine resins, ethoxymethyl melamine resins,
propoxymethyl melamine resins, butoxymethyl melamine resins,
ethoxymethyl benzoguanamine resins, methoxymethyl urea resins,
ethoxymethyl urea resins, propoxymethyl urea resins, butoxymethyl
urea resins, etc. Low molecular melamine, guanamine and urea
derivatives are exemplified with methoxymethyl melamine,
ethoxymethyl melamine, propoxymethyl melamine, butoxymethyl
melamine, hexamethylol melamine, acetoguanamine, benzoguanamine,
methylbenzoguanamine, monomethylolures, dimethylolurea,
alkoxymethylene urea, N-alkoxymethylene urea, ethylene urea,
ethylene urea carboxylic acid, etc. These crosslinking agents can
be used singly or in a mixture of two or more kinds and the incorporated
quantity thereof is 1 to 70 parts by weight, preferably 10 to 50 parts
by weight relative to 100 parts by weight of a water-soluble or
water-dispersible resin.
Surfactants may be added in a composition for forming an etching

protection layer of the present invention in order to improve its

coatability. Acetylenealcohol,acetyleneglycol,polyethoxylateof

10



22 \Wat is clained is; 1. A nethod of etching a substrate, whi

ch

conprises the steps of formng a resist pattern on a substrate by use of a
phot oresi st, applying a conmposition for form ng an etching protection |ayer

on the resist pattern forned, formng an etching protection |aye

r insol uble

in a devel oper containing water in the interface between the conposition

for formng an etching protection |ayer and the resist, renoving
unnecessary parts other than the etching protection |ayer of the
conposi atenylene faradhgl apcdiyelhngypave ect iaretydyere byyché, weter
devel oper, and etching the substrate by using, as a mask, the re

-azonbei ni ng
Si st

p?t L ern ehampiggfm@ aet @harmgélw ofedte snrfageant heAdoxementipaedaasdylene
etching a substrate according to claim1, wherein.t t chi t '
Layer i 31rehatd By ?ﬁ@ﬁY%ﬁP?hElY%gisFaBaﬁFérﬁxﬁﬂgl% geioﬁygggpﬁéﬁuﬁ%ﬁLon
orm ng,an etchin r,otection.l D] t : hj t
accor di RGTYBCGr AP B 1 o eenYanbr BERCYRE 3okt g Br ot BeERoh TR T med

e etchi ng’ protec

I's formed

by crosglibakingz 4,7, 9-tetramethyl-5-decyne-4,7-diol,  3,5-dimethyl-1-

hexyne-3-0l, 2,5-dimethyl—3-hexyne-2, 5~-diol, 2,5-dimetyl-2,5-
hexanediol, etc. These surfactants can be used singly or in a mixture
of two or more kinds thereof and its incorporated quantity is 50 to
2,000 ppm, more preferably 100 to 1,000 ppm in a composition for
forming an etching protection layer of the present invention.

Water for dissolving or dispersing a composition for forming
anetchingprotectionlayerofthepresentinventimqmaynotbelimited
particularly if it is water. Water from which organic impurities and
metal ions are removed by distillation, ion exchange treatment,
filtration treatment, a various kind of absorption treatment, etc.
is preferable.

Furthermore a water-soluble organic solvent may be used
together with water aiming at improving coatability of a composition
for forming an etching protection layer. Water-soluble organic
solvents may not be limited particularly if it is dissolved in water
by 0.1 weight % or more, and there can be exemplified alcohols such
as methyl alcochol, ethyl alcohol, isopropyl alcohol, etc., ketones
such as acetone, methylethylketone, 2-heptanone, cyclohexanone, etc.,
esters such as methyl acetate, ethyl acetate, etc., ethylene glycol
monoalkyl ethers such as ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, etc., ethylene glycol monoalkyl ether
acetates such as ethylene glycol monomethyl ether acetate, ethylene
glycol monoethyl ether acetate, etc., propylene glycol monoalkyl

ethers such as propylene glycol monomethyl ether, propylene glycol

11



the etching conposition for formng an etching protection |ayer by an acid
contained in the vicinity of the surface in the resist. 4. The nethod of
etching a substrate according to any one of clains 1 to 3, wherein the

wat er - cont ai ni ng devel oper consists of water. 5. The nethod of etching a
substrate according to any one of 23 claims 1 to 3, wherein the

wat er - cont ai ni ng devel oper consists of a m xture of water and al cohol. 6.
The conposition for formng an etching protection |ayer used in the nethod
of et chpBaocatBybsthatre eaeor grogylenagyyoad mahoell&yise thewasetakgshuch
conprises water-soluble or water-dispersible resin, a crosslinking agent,
and sol eentpropywiener gnd/adr monenarhygol ether orgak ke soP¥erylene ?&&COl
conposition for form ng an etching protection |ayer accord

{'__n t;L[% | ai m 6,
wher ei nmEReeiRY bretdEIruBFat B e natér-+ di3pRES SHItE T PSR 28 BE }I‘gja C%ﬁ ®frenber
selected {r the gro consistin f a ho I r

wat er - s GFE‘HEgl %%%qgea(k léEé;s i p?’l:%lﬁl%&%f i éira 6 gggg%%{ﬂgélhn %r? QE%‘%%%@’E&{IY dere! .
resin, WRLer - st bl ook Al Ne N-ehen(aLRLTaghiBL e Wik R PElVbraAliidel oSt n
and sul fonafii de, “sai d honopolyner or copol yner being fornmed from at | east

one nonaner sqleehbads! Mht e 9 AR tGeBshetbRE, 0btacr ¥hiC sacioh. naidwaerylic
acid, vinyl "acetal, vinyl alcohol, ethylene imne, ethylene oxide, styrene,

a styreng ddebilgahualeas angudiyicyttolto by erhyl @ hdayll sudpsordopslpdicahedycl i c
vi nyl conpound, mal efic anhydride, vinyl amne, allyl_amne, neth crh(ll
4 -

am ne, wtmyllemst hylvecder eenrPratiilene18iol . eBY Thelé6hpbsi ti 8A% o

f ' hi tecti I, di t | ai m, 7, '

it o1 - SIRTEVREOF AL SRR SR BF Fadiy e R RAFS ot TS SaheeTht R
sel ect eqief hgght Qﬁ\}\%{g& GANSI St 'qI%eOBfW&fde%&!E' @iﬁ?ypl ak rh-@sk-Ni @nithe

wat er - sol ublhe “or rdi spersi resin consisting of a copolyner between

at | eastc LREWABDRORY o 64 €LE 8 1eam el gaAL seNsiesbnhy aof uacrysslciraad,

met hacrylic acid, vinyl acetal, vinyl alcohol, vinyl pyrrolidone, 24

et hyl enendtéme] felreiformnhydandet clvimy pratiastioal LpveanPre, nabt BbeIsdveani ne
and vinyl nethyl ether and at |east one nononer seJyect ed fr omﬂé{he grou
consi st ihgest s§t PreRINa SEPAERBL IR T WD &Y oty \I9a0 %G SRat PR I
conpound and a_ heterocyclic vipyl conpoun a m xt .Qf | eastipne of
these re¥ ndS§hd2§t 3 e%og]tvedhte ﬁ%’ﬁb%r %EE‘ 8%%‘5%5%5%% h%rrgnrlglgpa%nonm stjl'ﬁr% of

oxazol i S QUR-GoNLalRi ng wat er sol ubl e resin, water-soluble nelam ne
resin, \?éi r-sooﬁlbl e?urea resin, alkyd resin and sul fonam de. 9. The

conposi tion famn berskngo afb@i Gl 88chind gridterctliayelapecadindithg fotenfaome of
clains 6 to 8, wherein the water-sol uble crosslinking agent is at |east one
nenber Sedcdad 4roesisie gebtercoasiisthagasprament hened derpoaitiel BT urea
derivative, benzoguanam ne and gl ycol wuril. 10.

The copposi tion for_form ng
an et chi FRETp 8BEtER INGRFORTOIU NEYED! AP R 5?55ng%r?§t§rpolsggeﬁ£%?ei n
e s Tl RS P LBl Ryt L 88 eI s o
lact at e, gthybsacet il el NTRBLBYY ftYEEell d9N€or example, diffused from
a resist pattern to the composition for forming an etching protection
layer, a crosslinking agent is activated by the function of this acid,
the composition for forming an etching protection layer neighboring
to the resist pattern is crosslinked or hardened, and an etching
protection layer which is insoluble in a developer containing water
and is excellent in etching resistance is formed. Acid in the resist
patternmay be generated by heating and/or exposing to light the resist

pattern, or it may be contained in the resist pattern by treating

the resist pattern with an acid solution. Existence of acid in the
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[ " d$f mPEHPE VR R HEE ]o SEc SPPSPEUPRET ¥aPRE] ERFRaTRa] ca]
cal cal calop] o5 hed E‘L L ] Sl 3 sabeal cablahl s 10% & st gl Sl - L2l
10% & ( , Z#10% & () -#&10% & () -0 $) dE*! 10% & (4#10% & () - 2#10%
& ()-s- %/ %&%&z (#10%&'()-ILf&- 10%&'()-$110%&'()-ij(kln1—l 0

uS4$#10% o&' (A - @éﬁ‘é— v\(ﬂléfiQLé afdd -fok0 devkQoping a composition for
10" 1 8<10% " & () - " 6#10% & () -

10M3=t 1088MRi{ - $#1(¢%®1@; 3111@%3&@9):‘&0(11) -1 GMVRNE Y - b 0'apyDD'eo which has a
10' 0Y=s10% o0& () - 2NR=gE

10M | #300FHRI gL - $'0I1IP#1%4:|M& ngedagl # £09% &40k AR 1 BUAHEE Y HFDUHRE ()
ig%ﬁg%%&‘emnﬁ% /Eh%%;/ ggég%egz_ég%%ﬁ_p%%n()fﬁﬁ‘ﬂ;ﬂ‘g{&ﬁ%(én &9&41918“
protection layer but which cannot dissolve and remove the crosslinked
protection layer. This developer includes water or a mixture of water
and alcohols such as ethanol and isopropanol, organic amines such
as triethylamine, organic amine salts such as tetramethylammonium
salt. Of these, water and a mixture of water and alcohols are
preferred. Water to be used for a developer may not be limited
particularly if it is water. Andwater fromwhich organic impurities,
metal ions and chlorine ion are removed by distillation, ion exchange
treatment, filtration treatment, a various kind of absorption
treatment, etc. is preferred. It is preferred that a treatment for
a removal of impurities as described above is conducted for a developer
itself and then one containing no solid substance of quarter micron
size or more is used as a developer for developing a composition for
forming an etching protection layer.
Development of a composition for forming an etching protection
layer can be made in the same way as a development method for a
photoresist and by use of same developing equipment so far applied
upon a development of a photoresist in the present invention. Usually
the development treatment is made using a development nozzle such

as a soft impact nozzle etc. by the method such as a paddle development
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photoresist is taken using pure water. In this stage, rinsing may

be made with a rinsing liquid which is prepared by addition of alcohols

such as ethanol and isopropanol, organic amines such as triethylamine,

organic amine salts such as tetramethylammonium salt to pure water.

Furthermore baking treatment may be made in order to remove water

in the resist mask after development or rinsing treatment.

Etching is made using the resist pattern that is formed in the
way describe above as a mask. As an etching method, there are two
methods, that is, a dry etching method and a wet etching method. The
dry etching method is usually applied for a formation of a finer
pattern. 1In the dry etching method, etching is conducted using
reactive gas plasma. Therefore a lot of load is put on the resist
mask when the dry etching is conducted. However as an etching
resistant protection layer is installed on the resist mask in the

present invention, a reduction of mask film thickness is a little

besides a good pattern transfer is made and the good fine processing

can be made.

Best mode for practicing the Invention
The present invention will now be described more specifically
by reference to Examples which, however, are not to be construed to
limit the present invention in any way.
Example 1
(Formation of a resist pattern)
Apositive-working photoresist produced by Clariant JapanK.K.,
AZ 7900 (i~line resist) (“AZ” is a registered trademark.) was coated
on a 6 inch-silicon wafer having a oxidized film of 1 pm in thickness

thereon and treated with HMDS, by a spin coater produced by Lithotech
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& ()-9ffgfij~jklkdkxVv7/ T 10 -
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10\ 4k8kWkT kvkkkdE7/ T 10 - ,8- 10% & ()- "610% & ()- 2910% & () -
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| Algpgyiaqaa@@bm§$sf+ﬁgw[§#lmothickness was measured

10\ Y=10%¢ &1 6% - DDIm 1
with the equipment for film thickness measurement produced by
Dai-Nippon Screen Co. (Lambda Ace) . Next it was exposed to light using
a stepper having i-line (365 nm) exposure wavelength (produced by
Nikon Co., NSR 1755iB, NA=0.54) by stepwise changing the exposure
quantity through a reticle for a line and space pattern of 0.3 pm
width. The exposed silicon wafer was heat-treated on a hot plate at
100°C for 90 seconds. This was developed with an alkali developer
produced by Clariant Japan K.K., AZ 300MIF Developer (2.38 weight %
tetramethylammonium hydroxide aqueous solution) under the condition
at 23°C, for 1 minute by paddle development to obtain a positive

pattern.

(Preparation of Composition A for forming etching protection layer)

Eachcomponentdescribedbelowwasndxajatthefollowingratio,
stirred substantially, and dissolved. After that the composition was
filtrated through 0.2 pm filter to prepare a composition A for forming

an etching protection layer.

Component parts by weight
Poly(vinyl alcohol) | 2.0
Methoxymethylated melamine 0.5
2-propanol 2.5
Pure water 95.0

(Formation of an etching protection layer)
The composition A for forming an etching protection layer was

coated on the positive-working line and space pattern which was
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10% & ( §o100als 100041 maebakedkaly 5 'C for 70'seconds on a hot plate to prepare
as obtaining a film of 0.1 pm in thickness made from the composition
for forming an etching protection layer. Furthermore the coated
resist pattern was baked at 110°C for 90 seconds on a hot plate to
facilitate crosslink reaction at the neighboring area of the
composition for forming an etching protection layer. After that a
development treatment was made using pure water under the condition
at 23°C for 1 minute to remove uncrosslinked area and to obtain a
crosslinked insoluble layer of the composition for forming an etching

protection layer on the line and space pattern. Furthermore baking

treatment was made at 110°C for 120 seconds on a hot plate for drying.

(Evaluation of etching resistance)

The pattern with an etching protection layer thereon obtained
as described above was etching-treated under the condition described
below using an etcher NE-5000N produced by ULVAC Co. and the etching
resistance of an etching mask was evaluated by the decreased thickness
(pm) of film thickness after the etching treatment [ (the initial value
of resist film thickness) - (remaining film thickness after etching)]
and a sectional form of an oxidized film of a substrate after etching
treatment. The results were shown in Table 1.

Etching condition

Rf power : 1000W (ISM)/300W (Bias)
Gas flow : CHFy/Ar=40/80sccm
Pressure : 0.7 Pa

Back helium temperature: -10°C

Etching time: 200 seconds
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A positive-working photoresist (KrF resist) consisting of the

composition described below was coated on a 6 inch-silicon wafer
having a oxidized film of 1 pm in thickness thereon and treated with
HMDS, by a spin coater (Mark 8) produced by Tokyo Electron Co. The
coated silicon wafer is prebaked at 90°C for 60 seconds on a hot plate
and was prepared to form a resist film of 0.7 pm in thickness. The
film thickness was measured with the equipment for film thickness
measurement produced by Dai-Nippon Screen Co. (Lambda Ace). Next it
was exposed to light using a stepper having 248 nm exposure wavelength
(produced by Canon Co., FPA3000EX5, NA=0.63) by stepwise changing
the exposure quantity through a reticle for a line and space pattern
of 0.3 um width. The exposed silicon wafer was heat-treated on a hot
plate at 110°C for 90 seconds. This was developed with an alkali
developer produced by Clariant Japan K.K., AZ 300MIF Developer (2.38

weight % tetramethylammonium hydroxide aqueous solution) under the
condition at 23°C for 1 minute by paddle development to obtain a
positive pattern.
[Positive—workiﬁg photoresist]
Copolymer of 4-hydoxystyrene and 4-t-butyloxycarbonyl styrene
12.57 parts by weight
Triphenylsulfonium trifluoromethanesulfonate
0.4 parts by weight
Tetramethylammonium hydroxide 0.03 parts by weight
Propylene glycol monomethyl ether acetate 87 Parts by weight
After forming a thin film of the composition A for forming an
etching protection layer on the positive-working line and space
pattern which was obtained as described above in the same manner as

Example 1, an etching protection layer was formed in the same manner
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as Example 1. Then it was etched in the same manner as Example 1.
An etching resistance of the resist mask was evaluated. The results

were shown in Table 1.

Example 3

An etching mask having an etching protection layer was formed
in the same manner as Example 1 except using a composition B for forming
an etching protection layer prepared as described below instead of
a composition A for forming an etching protection layer. This
substrate having an etching mask thereon was etched in the same manner
as Example 1 and an etching resistance of the resist mask was evaluated.

The results were shown in Table 1.

(Preparation of Composition B for forming an etching protection layer)

Each component was mixed at the following ratio, stirred
substantially, dissolved. After this, the composition was filtrated
with 0.2 pm filter to prepare a composition B for forming an etching

protection layer.

Component p_ar_ts_bwj.ghl
Copolymer of acrylic acid and p-hydroxy-

styrene (85/15 molar ratio) 2.0

Methoxymethylated melamine 0.5

2-Propanol ' 2.5

Pure water 95.0
Example 4

An etching mask having an etching protection layer was formed
in the same manner as Example 2 except using a composition B for forming

an etching protection layer described above instead of a composition
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A for forming an etching protection layer. The substrate having an
etching mask thereon was etched in the same manner as Example 2 and
an etching resistance of the resist mask was evaluated. The results

were shown in Table 1.

Example 5

An etching mask having an etching protection layer was formed
in the same manner as Example 1 except using a composition C for forming
an etching protection layer prepared as described below instead of
a composition A for forming an etching protection layer. The
substrate having an etching mask thereon was etched in the same manner
asExampLa1andanetchingresistanceoftheresistmaskwasevaluated.

The results were shown in Table 1.

(Preparation of Composition C for forming an etching protection layer)

Each component described below was mixed at the following ratio,
stirred substantially, dissolved. After this, the composition was
filtrated through 0.2 ym filter to prepare a composition C for forming
an etching protection layer.

Component parts by weight

Poly(vinyl alcohol-co-N-vinylcarbazol)

(90/10 molar ratio) 2.0

Methoxymethylated melamine 0.5

2-Propanol 2.5

Pure water ' 95.0
Example 6

An etching mask having an etching protection layer was formed

in the same manner as Example 2 except using a composition C for forming
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an etching protection layer described above instead of a composition
A for forming an etching protection layer. This substrate having an
etching mask thereon was etched in the same manner as Example 2 and
an etching resistance of the resist mask was evaluated. The results

were shown in Table 1.

Comparative Example 1

The substrate having a resist pattern without etching
protection layer thereon which was described in Example 1 was treated
by etching in the same manner as Example 1 and etching resistance

of the resist mask was evaluated. The results were shown in Table

1.

Comparative Example 2

The substrate having a resist pattern without etching
protection layer thereon which was described in Example 2 was treated
by etching in the same manner as Example 2 and an etching resistance

of the resist mask was evaluated. The results were shown in Table

1.
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Effectiveness of Invention
Asnentionedabovejjldetail,lethepresentinvention,etching
resistance of a resist mask can be improved by forming an etching
protection layer on a resist pattern, which is formed by the method
so far applied, using a composition for forming an etching protection
layer, thereby etching condition can be made severe, a good pattern
can be transferred on a substrate in a shorter time. Because of this,
semiconductor integrated circuits etc. can be manufactured at high

yield and in shorter time in the present invention.

Industrial Applicability

The etching method of the present invention is used as a suitable
method when manufacturing a semiconductor device, formation of a
liquid crystal display device of liquid crystal display (LCD) panel,
manufacturing a circuit substrate such as a thermal head. In these
methods, etching resistance of the resist mask is improved by using
the composition for an etching protection layer of the present

invention.
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What is claimed is;
1. A method of etching a substrate, which comprises the steps
of:
forming a resist pattern on a substrate by use of a photoresist,
applying a composition for forming an etching protection layer on
the resist pattern formed,
forming an etching protection layer insoluble in a developer
containing water in the interface between the composition for forming
an etching protection layer and the resist,
removing unnecessary parts other than the etching protection layer
of the composition for forming an etching protection layer by the
water-containing developer, and
etching the substrate by using, as amask, the resist pattern having

the etching protection layer thereon.

2. The method of etching a substrate according to claim 1,
wherein the etching protection layer is formed by heating the resist

pattern and the composition for forming an etching protection layer.

3. The method of etching a substrate according to claim 1 or
2, wherein the etching protection layer is formed by crosslinking
the etching composition for forming an etching protection layer by

an acid contained in the vicinity of the surface in the resist.

4. The method of etching a substrate according to any one of
claims 1 to 3, wherein the water?containing developer consists of

water.

5. The method of etching a substrate according to any one of
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7. The composition for forming an etching protection layer
according to claim 6, wherein the water-soluble or water-dispersible
resin is at least one member selected from the group consisting of
a homopolymer or copolymer, water-soluble novolak resin, oxazoline
group-containing water-soluble resin, water-soluble melamine resin,
water-soluble urea resin, alkyd resin and sulfonamide, said
homopolymer or copolymer being formed from at least one monomer
selected from the group consisting of acrylic acid, methacrylic acid,
vinyl acetal, vinyl alcohol, ethylene imine, ethylene oxide, styrene,
a styrene derivative, a polycyclic aromatic vinyl compound, a
heterocyclic vinyl compound, maleic anhydride, vinyl amine, allyl

amine, methacryl amine, vinyl methyl ether and ethylene glycol.

8. The composition for forming an etching protection layer
according to claim 7, wherein the water~soluble or water-dispersible
resin is either at least one resin selected from the group consisting
of water-soluble novolak resin and water-soluble or water-
dispersible resin consisting of a copolymer between at least one
monomer selected from the group consisting of acrylic acid,

methacrylic acid, vinyl acetal, vinyl alcohol, vinyl pyrrolidone,
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ethylene imine, maleic anhydride, vinyl amine, allyl amine, methacryl
amine and vinyl methyl ether and at least one monomer selected from
the group consisting of styrene, a styrene derivative, a polycyclic
aromatic wvinyl compound and a heterocyclic vinyl compound, or a
mixture of at least one of these resins and at least one member selected
from the group consisting of oxazoline group-containing water-
soluble resin, water-soluble melamine resin, water-soluble urea
resin, alkyd resin and sulfonamide.

9. The composition for forming an etching protection layer
according to any one of claims 6 to 8, wherein the water-soluble
crosslinking agent is at least one member selected from the group
consisting of a melamine derivative, an urea derivative,
benzoguanamine and glycol uril.

10. The composition for forming an etching protection layer
according to any one of claims 6 to 9, wherein the water-soluble
organic solvent is at least one member selected from the group
consisting of C,, fatty alcohol, propylene glycol monoethyl ether,
lactate, ethyl acetate and N-methyl pyrrolidone.
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