1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON: WATER- REPELLENT PROTECTI VE

FI LM FORM NG CHEM CAL 5 SCOLUTI ON AND WAFER CLEANI NG METHOD USI NG SAME
TECHNI CAL FI ELD [ 0001] The present invention relates to a techni que of

cl eaning a substrate (a wafer) in sem conductor device fabrication or the
i ke. 10 BACKGROUND OF THE | NVENTI ON [Ode]Seniconductor devices for use in
networ ks or digital household electric appliances are desired to be further
sophi sticated, multifunctional, agpREMTOATEWR' consunption, Accordingly,
the trend toward mcro-patterning for circuits has been devel oped. As the
devel opment of mcro-patterning 15 proceeds, a pattern collapse of the

circuits has been becom ng controversial. In sem conductor device
fabricati o'EI,T]eEé%\Ei%Esm\BYg)ENHHpNZhe pur pose of renoving particles and

et oot onATERERRRLERAS CRRTALTPY, SEMRORRHNG. cocPu
cl eani B9 s§ERUTIONENBSRRAFER BLRANINGMEFTHEDUSINGSARAEed with the
trend 20 toward mcro-patterning of the sem conductor devices, the pattern
is to collapse when a gas-liquid interface passes through the pattern after

cl eaning or_rinsi ng. Thi s _phenonenon is a pattern coll apse. [0003]In Patent
Publ i cati OTIE@,HN FEERDsc| osed a techni que of changing a cleaning liquid
erfac asses 25

from wat er -prepanol bef.ore a gascliquid . int rough a
pattern, - A00R 1R EBRE PRiscdf B Endo R Eolae T b PR S BERTRE £ 3ub R
sai d that GheaRrPIEsERIRHdWRtIrAddRESfabrRiatReePIR 1iRe.l i M tation that an
aspect ratio of a pattern adaptable thereto is not higher than 5.

[ 0004]1A8ddi BAOKGROUND 64t THE ENVIENEBIODN 2, there is disclosed a technique
directed toward a resist pattern,, as met hoqd for syppressing,the patiern
30 col | aps[&.()O%ﬁi S Samiconduise Bevisep dPEsesendnt RetIEsePh atﬁbp}w%ﬁoif
decreasin ' f.ar 0SSi . . Ver.;

t echni quege(}lgcstgfcg%%@%%ceg%ggge?%e i ;8@8?215&%%“%)?5%%03%?&@21?@?@ ]lpa%'gl\é)?lr? l’aénlgfi S
for refornoRgim gosdrStorsus@hfion MAEB@EIngld, thedtdRNtowgENImicas phttrahiyg be
renoved together with the resist, so that it is not necessary to estinmate a
pro;:gass of Orﬁ@mmh@ higs bﬁgerd@rehmgi,- tAerféTeodeYehOhhsente@f'unhlgll;l@p@afym01n5 be
o7 e e g SR 2 SR EE FRE b bES A LSE0Y i o
surface- refrpiéﬂlfbgnﬁﬁc%'d%@riée%b‘?fcawaﬁ, lsl'e?ﬁ'ﬁrﬁ'sst% Q%ﬁcﬂf‘éjpﬁ’ﬁfo%e‘éﬁfr@ﬁl vilig ace
provi ded to have an uneven pattern 1by & Fi 1™ contal ni ng silicon and a oat er
repel | ent padtivléesahdrmetchltio itdpririticd ace Hwgqukdtlysémngleyedatmdiich desblte in a

surfactant or a silane coupling agent to reduce the capillary force.
[ 0007] Addi 39-4R% pscupiagiomgeletite Plisle ehaissmsicandweios fabrieataon Pragess| s blae a

techni que qf preventin e pattern.coll apse erformng a.

hydr ophobi GFEbRE Sheur 16 F aBPrentabf B B PRl LA Py the trend

cont aighy NGolwrd $hicd-PhRInAGEHr {(KENESRBAGGctor devices, the pattern is to
byN- di et hyl am not ri net hyl si I'ane) and a sol vent. REFERENCES 'ABOUT PRI OR ART
Pat ent Pubddllzpise onh ¢ @08 sPadent infelfbce ahsos throlghahe gmtRateafteAplelaincag i on
Publ i cati on No., 20 2008- 198958 Patent Publication 2: Japanese Patent

Appl i cat i ofF POBINEZ ath1yA PsnomengyIse paktern cpldpsecati on 3: Japanese Pat ent

No. 440320 tent.. Publ j,cati.on.4; Japanese .Pat ent | i cation
Pub i cat 1 oORE) 2emBateni SR E) Ui iR i osi BT RO B BP BB T e
Appl i cat i ofleRuibla Tigti@RroNe wa@h 43196 r SRR 180 RUNMARYI Qi T HEe - AVENTH GRS
Probl enms to be Sol ved by the Invention

25  through a pattern, as a method for suppressing the pattern collapse. However,

it is said that there are some limitations, for example, a limitation that an

aspect ratio of a pattern adaptable thereto is not higher than 5.

[0004]  Additionally, in Patent Publication 2, there is disclosed a technique

directed toward a resist pattern, as a method for suppressing the pattern
30 collapse. This is a method of suppressing the pattern collapse by decreasing a

capillary force as much as possible.



30 [0009] The present invention relates to a technique for cleaning a
substrate (a wafer) in sem conductor device fabrication and the |ike, the
objective of 3 which is to enhance the production yield of devices having
such a circuit pattern as to be particularly fine and high in aspect ratio.
The present invention particularly rel atles to a |i quid chem cal for formng
a water repellent protecting filmand for inproving a cleaning step which
tends to idese 3 MBLEVeR MRVidHnRlud HECRERALE aBBvHNE ERPEL BWALIO IEAUS®
an uneven pattern coll apse, and t like. Htherto, there has generally
been used mesvafittaodad ¥ fog reforiing aclegintitsedlt Meorepuef, actrpatment agentl
waf er (hereinafter, sonetines referred to as "a netal -based wafer" or
nerely a vegrefinpllya remaved tegether syth thaaerishdsothad) ¥ fotskeceesayy 10 om

the group consisting of ti.taniu tungsten,. 10.al um num. copper, tin

Lant al um aruPaEe R arRon Sl TRRoRTE et Gykematienrioh s IBRaRe calbPbn of
the patst ergp, a{SGM@rY% thé Précn@dBjet. @ wafer on which a sufficient anmount of
reactive functional groups e.g.” silanol groups does not exist, it is not
possi bl e t[@006f m aFwathermoegePhtemnt Puldicdionng distloséon qeanviennt pragesdor

pattern coll apse even if the treatnent_liquid or the treatnment method 15

di scussed PyevPatIagtthpuAtters qodlapse, ingwhichssuzigteotadormig by oxidatiqn ebthenm i n

t hat the ttern collapse cannot he. prevented. reover, the treatnment

| aui d ai SRS SRR 2 £ MR sl S B o B H R ims P TRV

cont ai ni NgRR BhEARLSy SRIVEMn@RdwvhRET RRlIEnAIHIAVE RinRE MY thEREFRY By
ternms of safety or environnental burden. An object of the present invéntion
i s to1Provislegaa 2@atdrepslablehenifaatarftoor faositang @uploigeageny thi tedudehehe
liquid chem Q%| bfi ng for formng a water repellent protecting filmfor

i mprovi ng eprallash HEC-step which tends to induce the pattern coll apse, by
formng a repeh: r J i | eas t r.f a
0T 09 2 BT CRRA SRR A0 I TERlofeaStndl AR ASER0N
bet ween a fecHHiqfhd etodl nF?e\}é'hti r@cesgREtear t icoNapsnd 1P thaferhimces, of
the recessed portions. [0010] Additionally, the present invention relates to
a t echni queydmwphobiestyi ppvadinghigeatinen{ withatiee of iantreetinenh digert @ codtainteg

fabrication and the |ike, the objective,of. which is to.enhance the

b odudD: orf GBI 28ENT e TRaeg Bucy T P e PRI RS gh o and o
parti cul ar%cxvgﬂt@e and high in aspect ratio. The 30 present invention
particularly relates to a process for cleaning a wafer, using a liquid
chem cal fREFERBENUESABOET PRPOR ART protecting filmand for inproving 4
a cleaning_step _which tends to induce a wafer having at its surface an
uneven pa??%frﬂiiltthlde@@@nan uneven pattern collapse. In a case where the
treatment |.i.quid th r.eat nent t hod discussed in Pate Rubl i catj ons 3
tos e ertPBiba, TatsRE rolifaRen 1oTraststor s oo ireS ST e S her o
(the Hooutsigie1ssgg during a treatnment. Moreover, since water or al cohol
(e.g. 2-propanol, 1PA and the like) is used in the cleaning step, there is
a possibility thatPdteattddicsinn i qapanése BatarghApplitatiao fhddicationhNor

m xed with water or al cohol which possibility sonetinmes results in
reducti on ¥R983Wat er repellent perfornance of the treatnent |iquid.

Accordingly, the tgeat t .1 iguid, has 10 been | ' jon to be

di scarded without %%ﬁeﬁgﬂ%’&é?ﬂ&‘}d"' égeg%ggﬁ%rﬁtnlt\)lﬁ] %%{)é%@ the present
invention is to proyede Pumi@HNG: Qégé&@és% PALGT AppRBA ok PEARRRITC R Y
clean a wafer by recycling a liquid chemcal for formng a protecting film
Means 2bor BolG+i2g93he Problens 15 [0011] The pattern coll apse is to occur

when an gas-liquid interface passes through the pattern at_the tinme of
drying a wafer. ThHeateahsBublipafienop: ilatermadionsdt Anplicetier eRublicatipai et of

resi dual Iiﬁgyg%g?g\&e@eg part having high aspect ratio and a part having

| ow aspect difference in capillary force which acts on the
pattern. 20UuNOLRPACTPTHRAINVENTION expect ed, by decreasing the capillary
force, that the difference in capillary force due to the difference in

hei ght of Padilemaltolbedtolded byrthdUnedntibar eby resol ving the pattern
col | apse. The magnitude of the capillary force is the absolute value of P
obt ai #8d bWOORE eqlikg persens iBveitomaelades ta atechnigaetiericlepping Aistbetnase i on
that the capill.ary. force can be 25 reduced by decr,easi y .pr gosQ.

[ 0013] Pooxy WA s S mted oty ARvieRclaiiatioon sny Pipikeudbe FHECHR Phce
tension of a liquid retained in the recessed portions, O represents the
contact angle of the liquid retained in the recessed portions to the
surfaces of the recessed portions, and S represents 30 the width of the
recessed portions.) <First Aspect of The Present Invention> 5 [0014]A
first aspect of the present invention resides in a liquid chemcal for



of a solvent contained in the liquid chemcal is not smaller than 50 mass%
0- P- (Ha(R2)2_"[1] 20 (In the formula [1], R represents a Cl1-C18
nonoval ent hydrocarbon group the hydrogen el enents of which may partially
or entirely be replaced with a fluorine elenent(s).R2 nutually

i ndependently represents a nonoval ent or3gani c group having a Cl-Cls

hydr ocarbon group the hydrogen 25 el enents of which may partially or
entirely | de N i : )devi@ba | i roi @b, £ rom
0 to 2 [ b e o o i e Rty

t he above-paméironsd tganepaktitwlariyt dirfelhndi hidlednnespaeossitii. e The fregent
water 6 repellent protecting filmat |east on the surfaces of the recessed
portions omvehtiopgatichladyirolates to a Haukkchemicad fomgrmingarsaiarigraent |

P- OH group_and/,or RFO gr .(hereinafter,.these oups enerical l.y be
referred tBroAgCting F‘E‘H&%‘gﬁ’gllwpw{)‘ C‘%&W%B‘ﬁé’a‘?\[‘%ﬁpﬁ@g &f ?Iﬁé] % Bvsaifé’f’nce

i ncl uding {Ag,5 APRYQUIBRE! AN eVBL HatBirfMB ause! 46 LARVER!Jaktern@idisbe,
conpatibility” “means that Van der als force, a static interaction or the
i ke acts Hed whenlikbe HitHeaat® tHerthkasgeatedltye hepnl usidhg wadenmebataiabmwyent s

and the functional noiety of the protecting filmform ng agent thereby
causi ng adsbeen | olsmant/ 6 ithasuifpee;shpmarer op Meder Ubsranatiers spREEBES wi t h

t he functi onal i ety. of 10 protecting film faorm, ent._to build a
cher cal - bonaedpay ChelAithARaRuRlsE: bhMbasl R ) ety Aeats
hydr ophobi ¢, d/Rised ¥f eferh &t B10LRAHE fid Brduy BaGst3HETOF tithRALA! @akgstehien
the protecting filmformng agent is adsorbed on the netal elenents of the
met al -1fas ealunaifinem, byplserphohi antalehi &isd aneheniangess batavae dudfedotogdther
surface of the wafer thereby inparting 15 hydrophobicity to the \Naf%é
surface. [Uobehrndiveetibration efithmpattern. aHegreser.dnm eassidq weleraaswhich

ki nd of el = from.t .St of -1 I n,
a1 Ui num S8k ottt SO R <R R Bhlnd Pt s bbERLAT WpRgabe
recessed p&fitd, a0ss Abt hosibIREGERBred Weiter ropaiaitahloyedinpfibh 60 prevdtitigg at

| east one kind of elenment 20 selected fromthe group consisting of

titani um tleupnthem acedlapge hereinuif the teegmedrdr Hghyd @rwkfee traagnteait nineghed

| east qne el enent, .of titan] and ryf hepni.um and part.icul arl referably a
wnter Bont SR dim Bt ahonsi s temepesd feich o Srtb i n bt Lon
el ement atyfh e i h .
there. aro nipFiERacTBRy, [ eeaEee Rty Br Sk B RREMAR MR
These si | adigbugeduts Paesivic Padlicetiohs tPa it & flombeablededed surithirdngi drane

coupling agent, so that the water repellent protecting filmcan easily be
formed on euganzeicplyent agfd thrrefareczliews pbbeinhsmpeavedén deras dfasadetyi ara

case of the netal-base fer, ,its .surf has fewer reacti.on point.s such
no the si IGROTOGPERED. ARETiher Ap oot of EBa Rrrely Sy BRGr det WoOETUREC | ng
30 Tilom W iR ERERUN 0P Uehmts L ProtdcBn ﬁ%p'th@q@%n&herﬁ\%utae@ﬂglfb% in
the present "'invention, the water having at its surface an uneven pattern
means a 7fovafirg awviatér repallena protebtingofilmifer émiplrevimgey eleapdng etep hddch

al ready been forned on the surface_by etching, inprint or the |ike.

Mor eover, tendisstopigliic| thet pptherspeolianes &Y OEMARE ch walet Kepelipdcrecteding as
metal routj has_heen,.perfarned,. as far as..the fer, has an_uneven ttern
2t its surfidnat Magtapntie st TR aPleu @O HAPS Pha nigtedPasER afetan s ab %

pr ot ect i NGrddulcl /PR HcRGE MetlveeRNL1GAYd POtaSRbY BA | thieYrdcBs Wl S6rtidNs and
excessively low solubility nmakes the water repellent protecting film

form iy agert sudifiddscaflthetrecdmsed yfofrtionent |y contained in the |iquid chem cal
for form nrcb a water repellent protecting film which is therefore not

pr ef er abl e[VOPhnwhirAditionally csirrssynhi gesbivabirelatys 1% tenteshnmysy degnt a
difficulty,in inpartin n, eng .wat er. repel |l ency. ta the surfage,of..the
met al - basCHCHRIE @ AT AT ¢ VRGTOrBreTst BRereHares TatidEadeh ABRTReIS
sol ubi |'i t ygif oBiBEMELLHHIAPR {0 h MR el hB8ubtibM i QUM vAG8 Haviflg WRERT 1S
preferably from5 to 100000 mass ppm particularly preferably from10 to
50000 massa pprouitndhtoereh asoioebpredicabhslyf finen dibd thighORD@spactsrppon Thé

[ 0018] Mbreover, the water repellent protecting filmformng agent is

pr ef erdbl yprasepbaryedinn partéeilaglyt radatesdapopingsss Erdeaningr Bplemasing a
oLyt N BENE Serh BBtk Fhng v aRL r FOITRRH DS bASE S a8a thr Riproving



(In the formula [2], R3 represents a Cl-C18 nonoval ent hydrocarbon 20 group
the hydrogen el enents of which may partially or entirely be replaced with a
fluorine elenent(s).) [0019] Furthernore, the water repellent protecting
filmformng agent is nore preferably a conpound represented by the above
general formula [2]. [0020] The liquid cHenical for forming a protecting
film according to the 25 present invention is used in such a nanner as to

substitute i hIU ferd ) fagich a0 h e ORSThE At it s@rfab&Rnl @A

cl eani ng t%gle%l?g?-sg%s@%ﬂa?eer .St% I ?‘For?gﬁ y, the gubslti tSu]E ed | inqui %Iven
chemi cal npyttbe svbatisd ahathavenhpattethesllapseanilng khspiinthere 8hfG2Aqniddnt e
the cleaning liquid is substituted wth the |iquid chemcal for formng a
pr ot ect i nglidwidnpartdiet reatngot dnethodi discupsed an A Hent afublaepdtonsn 3t te 5 1is
recessed portion t.he uneven pattern.as di.scussed above, the,protgcting
[ im s 1 oumBlIER Pha st el absaros e Edeeue i arploGRaBET e
uneven gpat §gife ?Aix;?h‘aqurf%eaCtth&rﬁéﬂtm OMorBS ! SR WaREENbF OflcHBY 'Qé’.%.
necessarily continuously e forned and may not necessarily uniformy Dbe
forned. Hodwvyepandlnilek ded the likgds tusediin threbddrang svaxp,etherepehlpssihility i s
preferable to formthe protecting fil mconti nuousl_g and uniformy. [0022]In
the presenthatiiherrpaimerhlapibiscbiquegtintarrertagt wathk or meiyed wih water or
protecting ,fiJ Lgh is.fqrmed at. .l east t.he surf.aces. of the recgssed
or 1 ons. byiepRitaidhy pofaib ettt ake tRa b rsPREHES I SR REE RN
l'east in the56aL5&EH1 RRE @&t 1iRid.] MeddbditebRninedt il emBRE 8l qlidskss
wafer. The water repellent protecting filmis a filmformed fromthe water
repel l1@nt Bédmid er sitngtiagetit bantscirdad resghbibrbempdacycléedher Hehee anmbther a
filmthat can reduce the 15 wettability of_ the wafer surfaceﬁ_ L‘._e. a film
that can i?Rigst ofiiecrresenfelvendiontis toroxideca cleaning pyecesearhichyesblote t he
wat er repel | enc an ecrease a_surf.ace f u

At ol e rreroselERaarky ¢nanf: By ardYehRECa TR Renle TP IR Rind

i nt er mol ecpibREcth9F 6@%. and the |i ke between water or other liquid and the
surface of the article (i.e., at the interface). The effect of 20 reducing
t he i nt er aMienna foxsSpbnng thé Frbhleamxchi bited with water, but the effect of

reducing t interaction is exhibited also wth a m xt.ure, liqujd of water
ond o T quibB 0] hor T RACigsb GOIBPRES 1 ECTarquPam GEnghs HEMH! VIeBce asb ueh
a reducti [ cty :1 he ongl.e | U t
article sﬁ?’frgggﬁgglﬁ Ig{g&irf?llcért!eézyséetélI.L’GQ”‘Zg | gg’%%A pr%cevgfsle#g%dc gggﬁigfr‘%rqg S\I/avg er,
accor di ng thatth@ifferesenin heisdntof essidaabliguitbsisvdedr a pheathhnighgehighf #dpdaavi ng
an uneven pattern at its surface, the wafer containing at |east_one kind of
el ement setadiq addfa part havipeolow espedtsmtisgcasisesia dHfenence i gevrdharyafayae num

copper, tin,.tantal um,and ruthenium at surfaces of recessed portions of the

uneven pat VBIG a¢HENMEIAEETY 30 characteri zed by includi ng at |east the
steps f : @owejer A&Rehi iPEOL S Hy Q4PrERL5iRENB e TuPRIdry RES hat khaui d
9 cher%y::al E%)f orjfor mgog)g ;@pg’c}t ecting frl r’% ST etlgi?neg a? I erglst in the
recessed pdifferonce nf cipilaupdmen dat teethy difference in Aethtiafgesidel iliguiliish a
liquid is renoved fromthe uneven pattern by drying; and 5a filmrenmoving
step in wieshcefethrisbecrespdvima whespriigsvetollapse. - Theywmagiiideaof] thei d

chem cal for .fjorm.ng a protecting filmipnegl udes a, water repell ent

oot ect | ng TR (s BTt vl of ' S5 U9 g SRORIGE RS shary
repel | ent prgecting Ekbé@t&&rﬁbﬁﬂ tRSCRGubBioal th£@she OBHiASHEAbAG LhANDbe
conpounds represented by the general formula [1] and salt 10 conpounds

t her e, aredlusbéngi decrbssiagraerdos@ti on of the water relative to the total
quantity of a solvent contained in the liquid chemcal is not smaller than
50 mass% [09324] | nPhéxpr 8seas/S nvention, the protecting filmis formed at

| east on the surfages,of the recessed rti ons .of the.uneven pattern en a
| Caui d 1's 15 1 enoudh PPSmUaroly § SaPehey e i et itthot & Nohed belpdYor o

the capil gy phd Qceslhhide! é,r?ﬁég@ﬁté @ffee&ﬁrﬁgctpé’ﬁélie%?thhiiql%?d Ertgﬂdeiﬁég if hat

the pattern coll apse becones di ul't to occur. Additional

prot ect i ngtié tdvebsed podrrsaivobhedsaties dof ke deydésagd gloetion$, (b Pheprbemtst he
process preferably includes a water-based cleaning step 20 in which a

wat er -Bhs ethewedih efthei nggpspedsparsioasned at | east in the recessed portions

of the uneven ttern he wat er -based cl eani ng step bei ng conduct ed

oar | 1er e Aspare DO R 1988 BeR hg i T f o i ng ot op.

[ 0026] Furthernore, in the cleaning process, it is preferable that the water
repellent protecting filmform ng agent is at |east one selected from
conmpounds 25 represented by the general fornula [2] and salt conpounds
thereof, and it is particularly preferable that the water repellent
protecting filmformng agent is at | east one selected from conpounds



15 repellent protecting filmwhich excess occurs during the water repellent
protecting filmformng step, and/or a liquid chemcal for formng a water
repellent protecting filmwhich liquid chem cal has undergone the water
repellent protecting filmformng step is recalled and recycl ed, and
wherein the water repellent protecting fiIlmformng agent is a 20 conpound
havi ng no hydrol yzabl e functional group. [0028] The netal -based wafer is a
waf er cont@aphpjng . i .

Gonsi st i ngCorLL ('t anfits RymeED Bt ok R o pa R il R iRl gor

r ut heni umfatmime asudteacepelddntt frotétngsSira (hexeinaftsr, sbnietim esmferredatiotay n,
preferably a wafer containing at |east one kind of el enent 25 selected from
the group ‘@digwigtahegnieal fortfarining atratpstios, filauen mesekin® Hagidemamicainr e
preferably,a wafe ont.ai,nj ng, at .l east _one el egent of, titanium,rutheni um
Bnd. ¢ ungs i, BAHE SEPEHEUI L BYBE o JBTGT £ SRANER SURTSHHHIEGIEY PEIS A

el ements. | : { Y BBRRL; r s of
Che T eessgd oos B oneT o eNar [ARtiabl At Rhtl RN Eh SORMAirRls Fetrme aRss

si | anol gravpdy (‘8 (ddtetmpf)mOrod hew sfier hacesg af igsaudadeamo lungvenpmts@nve as
reaction points to be reacted with_a silane coupling agent, so 11 that the
wat er r epedndbeantainingcat legst pnenkind ob glamentreledieddiorathergrosnoonssding t he
recessed p rﬁgons. 0] t£~§ other hand, in_a cgse of . the net I-&%sed vvafter,

[ ts surfacl HECOREheP el GIUBITRTS ORERbaLD: He Lt IR G P BIRET
therefore dyrfd@sdbf frefdiskd! Bodt@iiB LREHY fRebhNBaftiolA) Whe Nwat&OFREENELSUCH
as the silane 5 coupling agent. Additionally, in the present invention, the
waf er 10avipgtatting filmubdiagdonnedraveastpan tthe sunfsers ofl thafrecesshilglori®nsn a
condition where the uneven pattern has already hbeen fornmed on the surface
by et chi ndheilipridmhegriceheippicbaragessed by neludngossi bl e to adopt a wafer

on whi ch anot her process. suchnas, netal .routi. n 0, . far
as the wafer has a% Y)’ﬁe‘;\’/renrefsllﬁré%tglfoﬁe% mél t glﬁ]lgs’lutfgg%lgg%f [ Bg%f]r T@g? gl’na’iléeri
above- mentdopnasimlel Gefedr&d edTh € derb By “d prdtef@na flPhofopaiihBGigkht ) agd used in
such a manner as to substitute a cleaning liquid with the |iquid chem cal
in a step for cl eamateg, t he netal - based wafer. Additionally, the substituted
l'iquid_chem cal may, be.supstituted with another egnhi ng |iquigd. 5 [0030]
Wi | e 1Phe cl eani nd"’h?’i‘f&’i‘&g?é’v@ﬁ%%?‘f @&W?%IQ%Q{IP%EW%‘%PI R atf]](?PLt
formng a pro ' i “ﬁgﬂl L hgp@ S fLetal in

t he receséﬁ%z%%g%%ggzg%ﬁ&q Jﬁgsg#hg%%gggn agﬁ%%g%ﬁgggéﬁg%g%%ﬁk?ﬁgé%&]

prot ecti ngadd baticendpimEd thbrdofashdon the surfaces of the recessed portions
of the uneven pattern. The protecting filmof the ﬁéesent i nvention may not
necessarily conti riuberstiy the chacdrdration of dheayatepreladtiestoattia tptaharantity be
formed. However, in order {o | rt. ore excel | ent ter, repellengy, it is
pr ef er abl PSSP ?cﬁgab‘?ed:{ ’ébt}?r% q’f"lﬁ%’r‘f?ﬁﬁf&%@??a fit tﬁ?ﬁ‘%@rrﬁ?ﬁs 0031] I'n
the present invention, the protecting filmis a water repellent protecting
filmwhich is forned:-at Ieas()on the surfaces of the recessed portions 25
by retaining the liquid chenupal for formng a protecting filmat least in
the recessed portions the i cl ing the netal -based wafer. The
wat er repell ent protect %g’T' ﬁ?ﬁgsgihlﬁgﬁﬁarnedEﬂﬂon1the wat er repell ent
filmformng agent and/or a reaction product thereof, and is a filmthat
can reduce the wettability of the wafer surface, i.e., a filmthat can
mpart water repeldghey fhendth 1110 FaABreddhtl BECPICHS HbndvaYER holtrochioyat er
repel l ency neans to decrease a surface energy of a surface of an article

t her eby wealoapi tig: hdrigurechaitiéms of1¥hsakc nas partiygdy ageenticelig, be replaced
internol ecul ar forces and _the |ike between water or other liquid and the
surface ofwithe ar flueriae( jelement(s).t heR? nuttugdly) invrpendentdy sepresents iy t he

interaction is rticularly exhibited wAt te byt the effect

Feduc ng. CRENPFREPECEEBR Sr@ih PaFIG s i Do terL P 4F doblrogen e
and ady |1 Qe @t NG WHigR Mal fialt Br GerthQly O tRBIadNaR VR £Tludhé
such az%r eductnl%gn of thea?nt erfyg(rr:)??ol%wtﬁre cont g?(’:t ang?ea of tﬁe quulild to the
article swlearat@Gan 1 isnar #asger of LOBR2) Ab 2t)he tine of retaining the liquid
chem cal at |east in the recessed portions of the uneven pattern, the
liquid chel®0dal i sBynussst tee miotecting filon Jorwipe agent zeprespwask dye the
noisture is likely , to he inco rated intg the liquid chem cal. The ter
fopel Lent SroketehtisPen wrgan Abmage il Sehormefosrlledo Pind viers
conpound havi ng no hydrol yzabl e functional group, so that hydrolysis due to
the i ncorporated water does not occur and therefore the perfornmances never
be reduced. Hence the liquid chemical is able to maintain 15 its

performances even after the water repellent protecting filmform ng step.
Accordingly, an excess of the Iiquid chem cal which excess occurs during



contained in the liquid chemcal for formng a water repellent protecting
film 13 used in the process for cleaning a wafer, according to the present
invention is preferably at | east one selected from conpounds represented by
the follow ng general formulas [1] to [6] and salt conpounds thereof. 0 Il
- P-(H,(RR)2_,[1] 5(In the formula [, Rl represents a Cl1-C18

nonoval ent hydrocarbon group the hydrogen el enents of which may partially
or entirel yo@lchepkateednyifith 8t {d440bhNBeth@RBE b8 the Recddbéd8bltions of the

i ndependent 'y represents a nonoval ent organic group having a Cl-Cm

hydr ocar bomegalebgsecidheaferdr hgehe plreteeting fdin Wrinoin gnagerga PHOH Igroop sant/or el y
be replaced with a fluorine 10 elenent(s). "a" is an integer of fromQ0 to
2.) 0 R3 -Pe0. greymj(thereinafter, these rgrones fwarugengriallyl ber@ieedntos as ‘@ - om

nonoval ent ;. hydr ocar bon .group_t he hydr n_elepents of which. artjally
or entirel ?’gCngé‘& Elé’é%‘%’v& S 199 ?tﬁgﬁé}'e%%( g) .Sufgﬁtarné%r é%%ééf]gn% tive
hydroggn gsmsiR-AenBiokéd tRethd JIONENE, €MhcileAE AR RARiY QtRphHBilydnRSes
el enents of which nmay partially or entirely be replaced wth a fluorine

el enent ( s) that( Raoh bdd¥HWaal8]force, a static intefhctidherf drenlika 48%, baRsercaptiesent s

a Cl-C18 nonqgval ent hydrocarbon group the hydrogen el enents of which nay
partial |y 9#riaen iof dihg” pebstapredeglugong, the alqtﬁh&iﬂﬁén'@ﬂ émdnthe funegonak” 5

i nteger of fram Q.3.) Ro(X:{4]. 14 grou r d Set 1§ an

nteger oGt thE ntoleqlhe by rorph R R HerBh  SNIRH S piah alef oup
t he hydr ogghteflRMBFSccObf HH ShbsBNcO I beadtbd Wwithahbki fudlhoR8] heRbacetid th a
fluorine elenment(s), in which the "c" nunber of hydrogen el enent(s) or ‘

f1 uorilfe epetectivis)filng foeplingedgewntt ltot heilk Sgcloapicel Gbdrd Rherely -dddsh@H [ 5]
In the forpula [5], .represe a Cl-C18 nopnoval ent _hydrocarbon gr.o

the hydrog%‘gyoéPE[HELté tigp ¥ lﬁéf}s SaPY AP0 TRRETY Of hEPIEEREdR (h a

fluorine efo?ﬁﬁﬂ%(%(q{ ther%R)re, when tt}xr?eﬁ%o@%(%tgﬁg%gﬁ{éﬁn}ﬁrﬁli%g] %ﬁe}l&meir%g%ﬁrﬁg@@&t S a

C - Cm nonoval ent r‘ocar bon ‘group _ _ enen

partially @f Rt ide€hly eltenéetdl 6 eHe Wnbthldasbaowhna, elydresiidis} . tholR35h Ry
using the protecting filmform ng agent represented by the 15 )
above- ment anegdedevatwprd ofrarhaghp1jsurfacee]of itheperalers thewshiybl enparting m a
wat er _repeJ |l ent .protecti filmat_.least on the surfaces of the recessed
porti dfs ?Py“if hﬁé’tcéqy-fl?a@’g}dw &3S t he protecting filmforning agent,
P- OH group 00?%2 9 PO SR8 G 4R 1 NA‘QYH grue r%n rQURast CHHIADLEUP
and a grouEp re resentértlj by '%he foﬁéovxﬁsng oFrmI a ?19 %herei’aﬁafter, t hese
groups nayel2thagerneiedtad fyorhetheed@ipechrisistase 0 titunnir p t@hggtenehtinhimnane
conpatibility with a substance including the above-nenti oned netal.

el enent s. ¢anpescinatanialumandwthenyam; 43 thierspuriagesod thaaecagsad portipaa s

f , i C i ik .b f f th

e ance A el S B S ef b e o6 B RE RS 85 Bfmble

pr ot egfyi ngsd1bétdlf R6M RHe 3@&5'&&3 E-é}?sﬁ@tti’ﬂg Qﬁuﬁhﬂgiugé, ﬁﬁ?rﬁfrmﬁloﬁnanﬂit%"eni&&ﬁt, t he
surface of the substance is reacted wth the 15

more preferably a wafer containing at least one element of titanium and

ruthenium, and particularly preferably a wafer containing titanium element.
In a case of a wafer containing silicon element at the surfaces of the recessed
portions of the uneven pattern, there are a multitude of silanol groups (SiOH
25  groups) on the surfaces. These silanol groups serve as reaction points to be
reacted with a silane coupling agent, so that the water repellent protecting film
can easily be formed on the surfaces of the recessed portions. On the other
hand, in a case of the metal-based wafer, its surface has fewer reaction points
such as the silanol groups and therefore it is difficult to form the protecting
30 film with a compound such as the silane coupling agent. Additionally, in the

present invention, the wafer having at its surface an uneven pattern means a



functional noiety of the protecting filmformng agent to build a chem cal
bond thereby causing adsorption. Additionally, 1V, 113, R5, R6, R7 and R8
are hydrophobic noieties of the protecting filmform ng agent; therefore,
when the protecting filmform ng agent |C7s adsorbed on the netal elenents of
the 5 netal -based wafer, the hydrophobic noieties are arranged outward from
the surface of the wafer thereby inparting hydrophobicity to the wafer
surface. wafdORBLAH iaddi &1 Qnditifie WRERY thER@lheAt pateke Hasnglrbhliin h&yrm ng
agent is preferably at |east one selected from conpounds represented
by the folfoomiedgpnlthgeudned by @tchingsithBlindod the]likmd Mateovennpasipdssible

t hereof. 11 - P - 2 [7]. (In the formula.[7],.R8 represents
a C-Cs rond teﬁtwﬁgljz%éﬁ‘}%h FrBher tmecwd$t&é’eﬁsem@$?én¥0£¢mg nghe%y
partially or.centijrel e repl it ol.] | eE R10 - NE12( 8]
15 perf rIntrlle ’haesyf%agraﬁut?% v?%t%g hgf@ rhr ‘g%%\ée;h e%%%ggﬁéf?%%r?}%cr%val ent
hydrocgr bopogypup Ithe Br&erass &Ly &vﬁferﬁyg@rneﬂmpr@eécﬁr@ ¥ moforlhirg el y
be replaced with a fluorine elenent(s).) EFFECTS OF THE | NVENTI ON 20

[ 0037] The agesttastdmeghfiving $adubBityfinowatdre Argekebssively dew sobrbitity mhalges
protecting film according to the esent jnvention.is excellent,in ter

r epel | encytheTwates seellggyt prakastang Rﬁm QF A g tage%hﬁffléeeeﬁaw {bﬁeﬁ}gﬁc \%T%r n
and 16 co LI _No: i . r -QLp
consi st 1 noSupbefihd Stk MG HoCtor LR o18 Fiflelfiny TR IRRP
rut heni um ghicUid AeasfRt HRCHSTEADIOT tMRARWDld, ke eRsieBahig BolubiBty i | M
reduces the interaction between a liquid retained in the recessed portions
and tH® suehdsd® Bresent hedificeldydd ipapartiorg ant drerughy waken bepellrpoyhe g ect

of preventing the pattern caqllapse. By usi the Iiquid chenjcal,.a

cl eani ng st'¥ ‘%?on%‘ﬂct&@d ‘?‘ﬁtag'lfﬁsﬁges"%a Gr ‘ﬁgg&h‘uc‘isngtlhgﬁ%[gs\%f B8Pt hRETERGRRIE- i ¢
surface an 1 i

Accor di gy EHETH PO oM fiel BEERY st bR IR g A USNAM ament o,
at its surihawaterciendefirablyvirbm 5%€ 100000 endk8 dpmupartihidatleagirefernblsofiong a
protecting filmaccording to the present invention, is excellent in

product i vi 1§to POPOGaransiomi and meuch merd pepferpbly rowy 15 & ADPG0 anassrBt i ng
fil i t t i ti . th trati f t .

el at et BOORL' ¢ oHaFediein Ee, WBFEn rEBRTeN TeBRRE TR ik Prdind chfdpt is
chem cal |5 ot bHBltI185st! Hia AR tTRSEHn ENRPEARAE reprbsbREe LB tnBSwing

nonaqueous solvent i1s 15 contained, its content is required only to be
smal | (or gwterhhfgerulahahabd satseap@iads thereof.t he total quantity of a
solvent contained in the liquid chemcal). Thus, the liquid chemcal is a
liquid chem cal nore excellent in safety and a liquid chemcal |lower in
environnmental burden. Furthegyore, the liquid chemcal for formng a
protecting film according tg the present inven':)[ir#g can 20 be used
repeatedly, so that a wgfzel Pam_@l_g eaned econ ally.

Additionally, in the process for dning a wafer according to the present
invention, the liquid chemcal for formng a water repellent protecting

cconom cal |y 25 HAMERCOPEERl IO DT PRSTSRAVE bts: FOOSBRFEL PITERA00R w
show ng, on o‘%@%’é@ %oéequf@ﬁérﬁtsp&( FREGH ixﬁ’aéoéia?i’i’a ¢ i?e]f._l. ]’oéjge LEq
surface is°nade INto a Surtace having an uneven pattern 2. FHg. )

schenmati c wi@wﬂmﬂﬂwelgn%&(s?gf a-a' cross section of Fig. 30 17 chemi cal
8 for formng a protecting filmis retained in recessed portions 4 in a

cl eani ng si0§19]  Furthermbirg,. the Matar sehellenti protieeting ok fgrmingagent da in
which a liquidis,retained in the recessed portions 4 forned hayi a

r ot ecti nGFE BECHERBBIH comppIEd S DGR ERITNG 00T FRESTANERT AL

[ 0039] <Fro Fi C . P i:an>e{ 00 ' I,
the pr ssenttOehent Lo Yo etlied PuciiRfRy 4 BEERFIRE LG ARAER £ 18

conducty ngpeseHt iRcentisead BAY ih RakheplOvserdad téldlbstifuteheriedaling Mquid
formng a protecting filmof the present invention, pretreatnment steps are

of t en per f withedhien ligenér adiemicad ir et resep nfort ckepsg bdingnetedripisedli adhiey:
a pretreat t . st 1. of ki ng a.wafer surface ipto sur face, havi ng an
uneven pat fr{éaﬁ,loqaﬁg% [ﬂf’iétsilgg'ﬂ "r‘?ﬁﬂé‘ﬂ‘é‘ﬁ chegnical @may Rg stketifite ng‘r?% ey
using a V\/aélgghpnaésﬁgulc:ieani ng liquid; and



a pretreatnent step 3 of substituting the water-based cleaning liquid with
a cleaning liquid A different fromthe water-based cleaning liquid
(hereinafter, the cleaning liquid A different fromthe water-based cl eani ng
20 liquid is sonmetines referred to as nerely "a cleaning liquid A").
Incidentally, the pretreatnent step 2 ord t he pretreatnent step 3 may be

ski pped in sone cases. [0041]As a pattern-formng nethod in the

pretreatne ep Wi sl i i ; r @eEchdrh all.
Thereafter mOtz EL re\érihélt% t{h% delé%[(l)lsf%dl 5 tlﬁggﬁgwgﬁ%\@@tﬂ%&%a& foll o%cli(f%l;/
conduct i ngfoamigg chiphgtetBnpViilm amd tiee Hxypod eHenmdedlsis wtanreduaek@odan tlesi st
t hereby producing a resist having a desired_uneven pattern. Additionally,
the resi strasassadgoartionsef she paeven pastarnms discussedraveothyPiesing | d
having a patiern,onto the resist. Th the wafer .is suhjected tq chi ng.
A thes o dorind HRaPeet ooy i Thaedit Sy FARs G SR an U PR g
recessed pPRL R0 Bhetik S the RALIATNNIERBh IR rde RELiNellY cofitiRlduly the
resist is strlppeé ofgf t hereby "obtaining a wafer having 18 an uneven
pattern. [BO&IhBA 4hé nadouet metdssaridupiferméabeforimesd.e pHpwievehen@mrdsr to
possible to obtain a wafer (a netal -based wafer) having at its surface an
uneven pat¥epartangre exeedlent imater nepalenehat 16 prelerable dordorm dopdupbertintdm

t he group nsi st.i n of titaniu tungsten, alum num copper, tin,

tantal um a ﬁ“ﬁ&?ﬁ@hﬁgﬂayaﬁn‘%t}?%ﬁ&%’ ‘of recessed portions of the uneven
pattern. Agobbe Weltnalth@%%%ge_ﬂ@iﬁenﬂén,Itﬁepﬁﬁo%b@diﬁgmn@ﬁgea vidtes areplllahted
by coating a surface of "a silicon wafer, a wafer fornmed of a plurality of
conporiént spratedtimig figmsihichas farndédnt $ed st oonthexdwréadeSioi2he recesséd porticas bi de

waf er, a sapphire wafer, various caonpound 10 sem conduct cir wafers,. a
pl astic waPBretriningthe bguid chemical for fosmyag agproteniang dHm ghdeas iy the

east one Jd 08l pSHEIRNL. 3L SEhEhe IS AR LRSI (Wit O'THd (AR

t ungst en, alcam nuﬁl copper, tin, tantaltumFan FUtAenium (Rerei na ter, the

matter 1s syelen otfe@fiﬁlig_rfﬁ% {Da fﬂi_fim"%@hﬁaﬁ-fb@&%e@ht&ﬁé};éllbﬂpﬁmlfarxwlihhglh at

| east one layer of a multilayer filmformed on the 15 wafer is a_ |ayer

formed of agentabodernerepdhen predatt theedfnandeis. a Thien dbet ecame nedwureethe

uneven pattern form'fn step is gonducted..on a I@/er i ncl ud%ngrsea ha er , of
i HoSPe

the metal - BEEM NG ofeie WaRHISUFGItE! 1§, acHE EDal & HEPRHeY2 feh at
| east a Pafile OlmbherYEL 662 linb 0%ti08 CARSRE AP ABRey AloddloStickage oF al
whi ch the uneven pattern’is forned, serves as t met dl - based 20 matter at
the tinme ofuffetdriengrdshef uneweacpalftat nrticROMdrebe wehikénibgstc imtetractios
exenplified by: a matter containing titaniumelenent, such as titanium

nitride, t$ucknpem xdiesenthiongdnintermedeciar forees andridet leke bet egthwiager or
tungsten el gnent, .such, as tungste tungst en oxi an he . li ke tt.er
cont ai ni ngoﬁ%ﬁi%ﬁﬁé}d_eﬂ%%?‘}ﬁgﬁ% ﬂp the ﬁftgﬁlerﬂlﬁ]’ af&?lﬁll ﬁ?rkﬁ?ﬁ)bx:iﬁg egﬁeg% tohe
li ke, gy MidRlcifOThe M RAEIRRE pabliedBRy eRhibtASWHIPREter, BRRREBE FFdct®fand
the like; a matter containing tin elenent, such as tin, tin oxide and the
li ke; a matddarciegbhaimiengetiam iabxivibéleensEnt wishahmastutradicalidrof watetr aindna

oxide, tantalumnitride and the like; and a  matter_containi ngwr%t henLum
el enent, shaniaother hBaRUYRteLReWIthmAokiyE pihex fBan; paterp With such a

0044] Addi ¢ i Iy, i f f d, of | | iqt v .Qf -
000 BB o 0Pl ot SR o LS RL g oS 9MPORAR
met al - baseg,+fS 61888 RhSpreakbdi s pPossible to formthe protecting filmon the

surface of the netal -based nmatter. Exanples of the wafer fornmed of a
pluralddy [028dnpoAgrbeseskfot blennimg h waeer, tavosieling tokhe predemtnmevabtitnasea
matter is formed at |east at a part, of the surfaces of the recessed
portions; BrFeshEcleaning & vader bayiagsan ynguer pefterpatdty sudage, dhewafer
recessed portions seryes,as the | - based i1 at..the ti of. f.ormgng
the. unevencBUETIR S erhaneatnyt Chiere e et dbefgrs Bl Etatif e
by the |iqukshcheMicaks@h, t BRURHASAM cdpPUENtLON thstaalin] €4S ARhAnsuAl age of
a portion of the netal-based matter, 1n"the uneven pattern. Accordingly,

t he prot ectiurfgedd | of ngededs usdrtamst mfbahkorumdeat patdsin,1Ghen propesst 1ef
the surfaces of the recessed portions of the netal-based wafer.

[ 0045]3thci aleatagterized b inglyding ahlanst she stapsiddi ning a protecting film
according to the present inveption can.easi. orm an_excel | gnt, water .
repel l ent protecti ?lgwf’qurrF‘?ﬁ?qP% RYAtPeiRe l%rfoﬁwlil%lséeeo% é{‘ﬁHF]ﬁgatl}qlgﬁi um
element at its surface. Therefore, it is preferable that the wafer is a
waf er having at its 15 surface an uneven pattern and containing titanium
el enent at the surfaces of the recessed portions of the uneven pattern.

[ 0046] Exanpl es of the water-based cleaning liquid used in the pretreatnent
step 2 are water and an aqueous sol ution obtained by m xing at |east one

~ o~



a large aspect ratio, and if the surface is cleaned wth the water-based
cleaning liquid in the pretreatnent step 2 and subsequently the water-based
cleaning liquid is renoved by drying and the like or if water is renoved by
drying and 30 the like after substituting the water-based cleaning |iquid
with water, a pattern collapse is to eaéﬁly occur. The uneven pattern is
defined as shown in 20 Fig. 1 and Fig. 2. Fig. 1 is one exanple of a
schemmal| ¢ REESRRE by Sorthil A pfotdBifE MinPls WRk&iAUAT 368! i TRIGdCBLOA
surface having an uneven pattern 2. Fig. 2 shows a part of an a-a' cross
section i npdrt@nsbf the windi/bn patferngcessed portions is defined by an interval
between a projected portion 3 and the 5 projected portion 3, as shown in
.Fig. 2. The aspec drangsterp 1pvopicbtaaliapyt t5 msoyes &opr Ehe saeyon lafteling a
hei ght 6 q%fthe gro%gcted portions by a width 7 of the projected portions.
The patter QEPP'pé in the cleaning step is to easily occur when the
recessgd portions Naus @nivihf sfp OV fhe HidfedtPhdMmpPahbifvkar |y not
nore than 45 nm and when the aspect ratio is not less than 4, particularly
10 not | ess than 6Gwhé¢f20d3he higduhé cherdedtfor foreningon pratestiylgefiloincel@riang
the wafer is not particularly limted so long as the liquid chem cal or the
cl eani ng |W§tardepaHenerrateding dile formang agant and wateEsed portions of the

uneven pattern of the wafer. anpl f the style f.or cleani t fer
are: a single cl eavﬁﬁ?rgen%tts? & a?ér ?g%eﬁgeg’grﬁrgge%ﬂ}l%%ﬁﬁﬂ faymaiig ?\%e%grge{elgas_
general |y {ef idested! frymh&dipd@i& répreboiRiesl, ane seheaNadranga Y] 2A8 MK | e
supplying a liquid to the vicinity of the center of the rotation; and a
bat ch 16t yl ®@mwmenelstheiresfabntly of wafer sheets are imersed in a cleaning

bath to be cleaned. Incidentally, the formof the liquid chem cal or the
cleaning |iquid atWhexeinthe copcenipation ﬁgthwqtﬁﬁmlétw&ﬁi g1 totl weantily

cl eani ng | j.quj . the 1 e 1.01s tern of
the waf or 12 iy B ERtBlpddin, e BEREERRI AL R0 R i SR80,
liquid at [oope] of Ipefhepriesédl HR@nkiont tite pRABESAE fiDRY Tsi foRBed aBdedst on the
exenplified by liquid, vapor or the [ike. [ 0050] The cleaning liquid A used

in the preturéateseof the erec8ssedf postions af 6 omgaencpatbevenvhen ailxqwideiof

t he organi c sol vept and a.water- ed cl eaning,.liqui or, a cleaning liquid
|t o i CHEROIdaBP OB dRIAHORt ohERe TesaRar poRanEyr T hereme fhS Heidery fh
these. [0 The: i I W e of
the o ol adnennidl 8aRoh (Y HEMeed ol B UP& AR ATRARLES BAAHE oSHARR &
ket ones, 3fechalasodifii@ileteiccennt Additivgadly] Wenbsotestinbokingdés hadedreanbvent s,

al cohol s, pol yal cohol derivatives, nitrogen el ement-containing solvents and
the |ike. afper flgodoingstetental ly, it is preferable that the cleaning liquid

Ais an or L€ salvent a mxture.liquid of . water .and an,ofgani c sol vent
M Vi ow of PBRET cr dhitRke dhe hefrdhantimally thobbadTaFadPadt SIBhE sunt
sol venjy camt giich & Wt@f-bﬁQéd‘Qié%xﬁﬁ@ai%ﬁdfsfé' Y&Rind@ a0l Bt i ttheOfedeBSed

wat er - sol ubl e organic solvent 5 1n water is preferably not smaller than 5
mass part spdryionsigfhthe nalesenviattern] @he peates-bagedveleginting steypbemy doedaesead i t
can be easily substituted for the water-based cl| eaning |iquid.

[ 0053] Addi Gtﬁl%‘ﬁéfth?{l the water sepeliandt protectsreplm fosmpag Ftati on with the

cl eaning i \aypd A be conducted.twi.ce or nore.. More specificall the 10
wator - baseli 8RB an B PEGmOEE L bR op PRl T S BRTS thaf Big Wark!
subst it ut egpeiibht prétetihg KlRAfRMminke@RLHD% hi RakHoRe 3BRcidEfrbh &dmpbingd f
cleaning Iiquid A may successively be substituted with two or nore kinds of
cl eani2bg |deguestntdd diyf fler gaterfal dormnda ddjowrd mabt canpdunteaheraf] axgdiitl 14,

and then the |iquid chemcal for formng a rotectin%_filn1nay be

subst i t ut eRprtialanly prefergblepting] thgowassterepelleni rratectingehlmiipemypg agephsed

cl eaning Il.i qui,d ysed in th retreatment step 2.¢ subst itut ed, did.ectly
Wt che 1ratieaEs aleded AR bR EbEReRrGT Py e MR PLERIALANT
the cl eani f8edondUihedt bf TaeMrREESAIIRMicH:eP 3) may be onitted. |
Substitution with the cleaning liquid A can be omtted with ease because

t he |iqui dOOB&Mm caA deoond crspenig of theop@skhtign2éntioh nnegiddshm pr psaeks for
invention contains water, which can result in sinplification of the
proces¥. [DO®BIE @ wadey Bagingchie ey en wastera it h surfageridier W atericantdingss a
liquid chemical 8 foy. form a protecti fiJmis retained in.recessed
por't1 ons. 44 fedst Sy if R elnfif beleefest Bah thiiduRreamisgtnh &t (ERBRITY o
view of Fig.3 shows 25 a part of the a-a' cross section in Fig. 1. At this
time, a protecting filmis formed on the surfaces of the recessed portions
4 thereby inparting water repellency to the surfaces. [0056] A water
repellent protecting filmform ng agent contained in the liquid chem cal
for formng a water repellent protecting filmwhich liquid 30 chemcal is



exenplified by al kyl group, alkylene group, those in which hydrogen

el enments are partially or entirely substituted with a fluorine elenent(s),
and the like. 5 [0058] Additionally, it is preferable that the
above-nmentioned R2 is -OR4 (R4 is a G -Cis hydrocarbon group).
Additionally, it is preferable that R4 Has a’ carbon number of 1 to 8 and
particularly 1 to 4, since a nore excellent water repellency is inparted
thereby. MynRQUE! . affmirui! @bgpab! tin2 tahtAuahtafdaubREnRINK YAt Ghethes 16X

[ 0059] Furthernore, it is preferable that the water repellent protecting
filmformmgesgdnportonat ofl estneven pettech qlefeinaftennrundder sps@vetiness by
the general forpula [2] and salt conpounds th?re‘of ere ra" of thg gener al
formul a [ 1eferzed tojas or qeetal basadaralery pempetelyiaf evatesjelthgmupcess being

[ 0060] Exanpl es of . | \{,and -Of ral_formulas [1] and [2] are- alkyl
15 group; rgg‘r%n%engzﬁgub ;mﬁﬁgdr%;ﬁfg a%?%%%e(t%%e& %I&é’)gen el ement of which is
substiuted with g kydte8r@pBlleRaphbitéting’ GUR; fdriEne Sedr acarkieR 8 YRR
whose hydrogen el enents are partially or entirely substituted with a

fl uorine ehemict] @erearadtarheorhétimes[rofidtd¢dbr epletiquid chempadfer abmenglat R1
and R3 of the %ener, | for rrul&s [1]. 20 aﬁd [.2]., h?(l)\ée a carbon nunber of 2 to
16, parti cRICARqURS fdmdropmerelyt '@ lauihghamisplpotos forevpg AHWater fgpelientsi nee
a nore exc e r | leencw. i s, J h . i1 Ly: e
nydr ocar ot Y ain TR A EPEALARC A el Spbelted SIS Mn e it S0 lmesS, |
be substi tisf&eeMtbhainidrbBr ¥ pr&deeiBBIII”)iiS c}ﬁbefd%fdaﬂ Yeaith key! th@r wiepssodd
particularly preferably a 25 straight-chained alkyl group. If the

hydr 0dér boportponspfitheawafer 4p dmmdlmamgdraialwnt@TOMﬁlﬂgyﬁfmpm)ﬁietswﬁ"ae@s es

of the protecting filmformng ent tend to he arranged perpendicularly to
Che sur Fact B¢ TREPSF Oy BOUINRG PR nRarE RBCTRHE Gon g PREIEPELEThy
filmso a (i = i f J '-

theref or o Foreare Dugy rhe el P Br ARENDL B REU SRR RS gttt Afim on
formul as [tHe sutthdedf thieivigfegbout a far better water repellency, so that
these are preferably hydrocarbon groups whose hydrogen el enments are 23
partially or enti r\@fiyrqme éub@ﬁqeﬁﬁlt@fijtgﬁthquld |aheniigel dpenermiBg . a[ ves The
protecgting fil.mform ng.agent may.exi st in the fqgrm of salt caq nd, of a
P onpodfd FisseUSbhu R b eSrean aeot Ty he”Fate FERGHER: O

the form of,R-&8hd fAHF %ﬁﬁi@}g@, U8t ta 1R ChedhicaPRek thenlridka. watéP063]

Furt hernore, the protecting formng agent contained in the liquid
chemi cal fmpellentn motectpigtfdat iwhichi Liopupd eftemaiehy Hess vadeogaentthat waneof
0.0005 to 2 nass% rel ative . to the total quantity of the |liquid chemcal. A
concent r atiepsllent preterénsdHanfayrypgstemisogoadedandrapirled; pad

wat er-repel l ency-inparting effect inswufficient,. .wide t . et_than 2
10 mass% tends to \rggeﬁlllslo ueblvsé&leﬁ léepseoe\rllen?roé‘(%cﬁctl%?nflélgniﬂgﬁ%‘ﬁgél %i%lgjr?cdlis 41
chem ol . ArEeRERDNhAR LR BEdfbI1PLAbIeFubctiBasPeionpor € preferable, and
0.0015 to 0.8 nmass%is particularly preferable. [0064] Additionally, the
liquid chei®028] fdrhé onetiakdpaaehrvortectisng Wallemaragaining arit beiant ansokirshof

ot her than water. Such a% sol Lgnt can be,exenp%i,fi ed by an 15 organic

sol vent arfleBmtinglerded pBFNseIIYPHRoRSiFtRg AT RHABIIEL tAREHRBe ATHAT YR of

not hi gher S At LhLty [ : i
sol vent, t%@?’gg’c%ﬁ’ %@l{gggjr%?a glc?s ﬁ‘%}g‘?g%%rbba(}n@l,e es? ecreés’ ,OQS?E]gF@SEg%g%{elgﬁg of
hal ogen el giegheFNpatteIMIprefredh} §.wsfdk icoxtdaimaaetbaseloneniiad of element

| act one- based sol vents, carbonate-based sol vents, al cohols, polyal cohol 20
deri va@b vesslectetr frgen tdleegeoip consmtnigh@f sttammns, tangstanyi dumiaum and of
t hese. Exarrptgl'eqs,of hydrocar hons_are tol uene, hepzene, xyl ene, hexane,

hept ane, ORASBIMAd RES | Peserapky | waless centalping it deds ane?%%%e,ntppépw

acetate, b |.. ace .et hy CEL.0 at hke e her s
are diet hy'!f%%/el%lﬁgir%, Eﬁ?‘g‘?%g‘% ée?(ﬁeﬁ},n%a#%%’t yﬁ%@{hﬂagﬁ&ﬁ}%{l&a%%ré%&a%, %aa}fg%(ane
and the 25:ddtkfnin g SenkBitoNes 2ELA6Rh Wier 6EIANhALLEDREN dIBhBYML

et hyl ketone, nethyl propyl ketone, nethyl butyl ketone, cycl ohexanone and

the |ike. &xahplssfafestdfethalrepesedipertinhs cdnthe nineyges glatberrs thege are a
perfl uorocarhons_such as perfl uorgQ ne, perfluagrononane, )

per f | W& oceilBpedr &lﬁeﬁl?%iéﬁfgliﬁ’ﬁpéc%&%ﬁé@ﬁé?) RExERG (SH g&@ﬁzeﬂ‘@e%o&]ﬁ%’é’l

| i ke; hydrofl uarocarbons 30 suchasl, 1,1, 3 . . .

3 pent af | (BrBi e S8t et HoRdR]Boiahe sRacted with a silane coupling agent, so

2, 3-di hydr odecaf | uor opent ane, ZEORORA- H( pr oduced byZEON 24 CORPORATI ON) and
the like; hydrofluoroethers such as nethyl perfluoroisobutyl ether, nethyl
perfl uorobutyl ether, ethyl perfluorobutyl ether, ethyl perfluoroisobutyl

et her, ASAHI KLI N AE- 3000 (produced by Asahi d ass Co., Ltd.), Novec

HFE- 7100, Novec HFE-7200, Novec 7300, Novec 7600 (any of 5 these are



30 nononet hyl ether, tetraethylene glycol nonoethyl ether, tetraethylene
gl ycol nonopropyl ether, tetraethylene glycol nonobutyl ether, propylene
gl ycol 25 nononet hyl ether, propylene glycol nonoethyl ether, propylene
gl ycol nonopropyl ether, propylene glycol nonobutyl ether, dipropylene

gl ycol nononet hyl ether, dipropyl ene gl}%ol nonoet hyl et her, dipropyl ene
gl ycol nonopropyl ether, dipropylene glycol nonobutyl ether, tripropyl ene
glycol 5 nmpperBERYdte®tBFENerit prRASR LA PahClsiIFHORrMEd &1 B8 surfaces of
tripropyl ene glycol nonopropyl ether, tripropylene glycol nonobutyl ether,
t et r apr opythenecgssedoportions e Chy theedthenr hdnd, yh eneasgl ofdble meted ietse| wefemer |
et hyl ene gl ycol dinethyl ether, ethylene _glycol diethyl ether, ethylene
gl ycol di Bt grrfaenbas f@veyreacsion pabts seioat s silanelgroype paddhegeliove dhe

gl ycol nonget.hyl .ether acefate, . 10.e | en lLycal tyl r..acetate,
et hyl ene dﬁf%%ﬁmﬁgégeOﬁPE?E%ﬂEPH§ggﬁé%éPy%§$93I%%Pﬁgﬁﬂgt¥g¥;a§&ggﬁ§ﬁéﬁ%

gl ycol set hyupelsWderRl hAdidb LIy i8RBe Pr¥salt idvehfivh, M Whferd LERYI LM

gl ycol butyl "nmethyl ether, diethylene glycol dibutyl ether, diethylene

gl ycol nonamédeyhneatiwerenagattate mekiret Ayweafee whichols imoacenldytior twisereattet at e,
di et hyl ene gl ycol nonobutyl ether acetate, diethyl ene glycol 15 diacetate,
tri et hyl enelgyiepcprttarmmbanlreadydheen fqrmqsgmﬁ%e §hrfage by %thg, apypgint or
triethyle .Y COl 5 i | ..eth i et ne | I ,
tri ot iyl onbeglibEol MO it Blonib el BT oA Ry SHLOH pEBEIVY AR,
et her acetqlch ad Mahh¥des Ha¥IMlenPOeOUAYd, £ heTanfled Mafer his BhhYhen:

gl ycol diacetate, tetraethylene glycol dinethyl ether, tetraethylene glycol
di et hyll0 20patémer at itetsuatachy| ene gl ycol dibutyl ether, tetraethylene glycol

nononet hyl et her etatfe, tetraethylen | ycol oet hyl et her .acefate,
tetraethyl@ﬁggglyc eg%ﬁﬁbHF?WI FﬂégégégEFakggggﬁP 2REOGCHRg film 18

di acetate,, pr I I | di y r . :glycqal:adicet h her,
propyl ene %$§€g¥ %#%h?y¥ﬁ§¥ﬁér€?gpo%§ eﬁgi%fﬁgg &§§§%§%%§3h2?ﬁ§% gggggte,
propyl ene ¢ieneiehl Mangesdeyl fat BRan?bg atet alctal-pasay [veafergl Yelditionaldiutlyd

et her acetate,_pggf.lene gl ycol diacetate, dipropylene glycol,dinethl

et her, di prusyite éqyuquhemzqaﬂz imagr bpghbetitited vmtgra@mh@mdegny@hqm t hyl
et her,, dip en lL.ycol dibutyl..ether, dipro en | ycol . pononet

et her %cet@gg?ﬂ di p I e&‘é"flﬂ’fé’él 1_1 t"I’I&IS%éP v, f@bﬁ}ﬁlﬁqu%%ﬁa@ﬁg

gl ycol mongbfiyh ae#)?@d'ecﬁﬁgtfﬂtrﬁ’argi PROMYSARKAIMEA it AGBIAL §t 18t in the
tripropylene glycol dinethyl ether, tripropylene glycol diethyl ether,

tri propyl ereegiedcodrtidbngutfthe etrfeeen gattqmopy denesgldyainlverbine pedtleytingtfiier

acetate, 26 tripropylene glycol nongethyl ether acetate, tripropyl ene
gl ycol nonishormed et heastamethe Birfagassi dhy resrssed pesiions alcldiedireven pattern.

tetrapropyhene gl veol @i met.hyl ether,. tetr.apropyl ene al ycol h
bther oot DR Britef PR GisTRs He pFLRST av BRI SRV s Rty R Ry
et her ooputyd giehdll ¥6@ mAPABIRELSa Bl AhiBrRatEhatssmbat YHeRRvEL i rder to
di acetate, glycerine triacetate and the |ike. Exanples of the nitrogen

el ement - coimhparii mgres ekeadldrd waterfrepeancs it M\oifaettily tb dormntiheeprotecting

N, N- di et hy| acet ami de, wéggthy -2-pyrrolidone, diethylamne, triethylam ne,
pyri di ne HH@HEUPPQEQy[ 8P twl¥onsi derati on given to a protecting film
form ng abj. t hat I gul emh,ca forsm cf Ll m
has, it ish%?gyera éﬁgﬁg%thgggggﬁgﬁ%n%%h%g%%égkgn fﬂgsf?gﬁg%?d%ﬁﬁgééI i's
wat er or apgt&tin € filinakh ftholtfeimed abieddtXdhe\alrgscad dfththesbedssed PolEbas

ket ones, polyal cohol derivatives having no hydroxyl group. Furthernore,
with @nsileratdiomgihe hiqued shleutical for fonmiag er pratesohgdmim tad lbastmixébe wi t h
water is preferapbly a polyal cohol derivative; it is 15 partjicularly

pr ef er abl erchssfgigpgrbwsya{éi}ﬁ&pm@eqﬂ GERMNE %aﬁbaﬁﬁ)‘gl”@fﬂ- grf}éﬁjﬁ" P&Eause
of its good ing,.filso form ity it I 3 t he
pol yal coho]Iep(%@%%g;%?t\?gtsmﬁaf\{/ﬂ%gs %;ggglog’?/ _eéir%arﬁlp%geo‘%/’?g%%ﬁ%llsﬁgﬁ glcgﬁ]f) ?fg“?’?? | m
form ng agesdntvhhl/odNa 96668 Wrodkt Rhbidof; aWHeR 8UGImaths@l MaDtredScdISRE as
the solvent contained in the l'iquid chem cal, therefore, the 20 protecting
filmfornm wgttapeity efaihebeaftirsswlfacedi.at, aafilm ghat coc eémpaat waner Sipetlenay Ito qui d
chem cal having a good protecting filmformng ability can be thus easily
obt ai néd, Ehecsames ol éhe PreseenyerboRsthenwated xepetlenbningansdto dearaase 2 qui d

chem cal. [0067] A |larger caontent of water,im the 1iquid chem ¢ ten to
ke e’ 2A0RG CaeBRERE ASRUHRGh S Bl Paby . SERIE T Bheerf0HSn
reduction of the risk. It is therefore particularly preferable that the
concentration of water relative to the total quantity of the sol vent

contained in the liquid chemcal is not |ower than 60 nass% nuch nore
preferably not | ower than 70 nass%



[ 0068] Additionally, in order to accelerate the formation of the protecting
30 filmby virtue of the protecting filmformng agent, a catal yst nay be
added to the liquid chemical for formng a protecting film The anount of
the addition 27 of the catalyst is preferably 0.01 to 50 mass% relative to
“the total quantity of 100 mass% of the pfotecting filmform ng agent.

[ 0069] When i ncreasing the tenperature of the liquid chemcal for formng a
pr ot ect i NGy fdl M a{Hf1:BE G BEhUNhtHhBIEAORrEAY S (he 1keHHIRbIcRh Whil: ¢ O
tenperature at ich a“uniformprotecting filmcan be readily fornmed 1s not
| ower t hanoth@Eliyudd laddethd faifiaddef thel ddtivde (icé. ntt olfie irdterfaceli dlledheffiecadf
Particularly, it is preferable to keep a tenperature of not |ower than 15C
and not hitgidecingtire mtesagitomivupartiolarlyordnbithd withevaier) bl thorHecihe! t he
liquid chemcal. ]t i referabl e.that the t erature,.of .the liquid

chem cal gt e telHETLBVEHRHET Gt ehparae tre i 8 prsdY pligia
chem cal i i i g0 0t r S QNS t ven
T o e e e R S L B
t he pr ot ectddugtibhl of the nintgraztion, rthy dmtaetusedle nf ofheetigaid seqtientarticle
treatnments for wafer. For exanple, in the case of the above-nentioned

si ngl e cl eanifage eanybeinasased.i qui d cheni cal havi ng been provided to a waf er

and then | ef he er.is cpllected and.can he reused,in_ othgr subseguent
waf er trea[{%r(?éai s. ‘K?Qﬁ%r‘i‘%f) fﬁtaﬂ?f@gctg’see 1%‘1"1%1; ﬁéer%]ﬁéi@@?rlr%ﬁti 1Ent ]Be&eéﬁe%l
style, a bahgfbnQl of tAYIth&RaMp&Rerh ! 888 TRIEA! cheéiRREVGE 88 EdhtRct WPRhMEY
bath and then a wafer is taken out thereot; thereafter, a |iquid chem cal
| eft 110 t heutisideahireahdbtaichefoasn nidstusreds Aikdlprto desinoseoprantéd hattocthe liquid

[0071] Incidentally, a reusable |ljquid chem cal may be reused upop .being
partial |y deseigaliedTBe walemserateantuprateetiag Jdlam (fosming agenidused dpathe

liquid chemcal, .Furtherpore, the r abl e | i Qui 1 ed. upon
per'for mt ngboptt YLD bior Rt HEEmCa WLkl EAE, eI BEoltFr o
for 25 exafmitehydplyais HQB816%E83FAERpbRReR, walie$tddel dlot @ac@ndnd RBetdfkes the
removal of contam nants including particles etc., for exanple, by

filtrati onperfmunghees ndver be[1@duz¢d Af Hence thee hruidechdmipal id abledomamtsirep,
the liquid chenmjcal retained at least in th reces%e . or]éio s of the
unevert at%rﬂ‘i’%ﬁ}‘%e%@&?i %fﬁ%re@%“meérﬁi’éé?ﬂtnbrq pefimel TPy fuing $5€8m t he
above- nment j - | Jgul ] r.el : fihi | Lo

di fferent %?%%g%%g’a %\}eg(? %%E&fgl}égqﬁx?(gg%ﬂfg%%lﬁvgg{m}e%céé%ﬁc%??%gh?e e?[%%d to
as "a cl eawhter rdppliestht Brbtddinigetin@af foeminghitsp, 28d < iguiid chendtalndsatrkberred
to as "a subsequent cleaning step”), and then may be brought into a drying
step. Exanphéergohetthe whteantopgllentpreteptiagdiln fopming siepethrcbearealded toui d,
an organi CIPSO| vept; a mxture of the water-based cleaning liquid and the
organi ¢ soP¥EHYl4hose into which at |east one kind of 5 acid, alkali and a
Surfa%oant%%gw xefl; whfieSRrhftdRheihd AR Hﬁ@&éif?g@ﬂerl | hnifOLHage agditeised

for the Ii chem cal for tormnga protecti filmis contained at a
concent r at ¢leinédweritd barfacbatitlofwitee dridjor d demmingaligquiancbrtitheninigk&lcolkslom
t he vi ewpoi nt _of renoyi ngt%grticles and netal_ inpurities, it is_nore

pref er abl elnt the ¢are wheseithg flegning bauddviagess at dhintymgi & sYKe@nvithr on 10
m xture of, water .apd the prganic solv . F0Q73] Fut t her mgr LNy th
subsequent PrEniing vl s Bif Ahemiel idher Bl R ' fahse
conduct ed fi&hﬁfcﬁémi@é’l%b&’%&eﬁ%ﬁbﬁh@% ¥ eatdperHanth £ 6heRd cake fo@melQg M Ng
a protecting filmmay be substituted with a first kind of cleaning liquid B
and t 185 fimskekiwith ahedigadi digrhicglifxbnB theyoultsideuaire s §heeéfpréetisupsddetsit ed
with two or nore kinds of cleaning liquids B different fromthe i
above- ment fossderrEngawaten Repording tof die presenbinvandian i paytisudarly phevdyane
or gani ¢ sol ventb whi. c erves as oncﬁ of. tht pr e%er abggcteexgﬁpl es of dt/he

cl eani ng | 1TAPEOESS APE R AISEER L gAY Oear BishS U U VR iRE AR/ G

ket ones, h = } Qi i :

| act one- ba?ggﬂgg% gltelﬁftﬁg ,%Iclzgéraggﬁgata g@ggg,g%éig%f \%%ﬁt%tfegf&lggﬁ%%f ﬁg%%g?ﬁggﬁmlg?

deri vati vefrntinprsdgen el ement-contai ning solvents and the |ike. [0075]1n

addition, the protecting filmfornmed on the wafer surface by the l'iquid
chem ¢l of0034¢ pradéitionallentheorwater presfedleas prafieefinaniibngaenreinglagent 25

is used as the.cleaning. liquid B.since reduction pof the,water repellgncy by
e sunseqtiieiIEanhg ol chefiftl s OFHyRpTHaRY TereufBhapirhng O
schematic view showing a state where a liquid is retained in the recessed
portions 4 provided with water repellency by the liquid chem cal for
formng a protecting film The wafer as shown in the 30 schematic view of

Fig. 4 shows a part of the a-a' cross section in Fig. 1. The surface forned
having the uneven pattern is coated with a protecting film10 29 by the



5 recessed portions of the uneven pattern of the wafer by the liquid

chem cal for formng a protecting film a contact angle of from50 to 130
is preferable on the assunption that water is retained on the surfaces,
because the pattern coll apse becones difficult to occur thereby. It is
therefore particularly preferable that tBe contact angle is 65 to 1150
because the pattern col | apse becones further 10difficult to occur.

[ 0078] The SYkPRAVENbrlRamNbloihffl; HAYalE SILRRAG folROGRhEinddntidifis
concentration of t content of the protecting filmformng agent 1n the

l'i qui d cheprefatablpratflonst g gelpetedefebinng rhpbumdd réfrespntedeny thaveboworg i s
within the above-nentioned range, residues of the protecting filmare mde
difficult genersl farmuulasdhl tonls] watealseampeends thareal i | m r enovi ng st ep;
therefore it is easy to skip the subsequent cleaning step, thereby allow ng
sinplification of the process. [0079]ln the case of skipping the subsequent
cl eaning step, the higher the water ncentration in the liquid chem cal
for formng a protecting filmis thel 20 | arger the contact angl e of the
liquid chemical for forming a erﬁe‘C‘tPn‘g’(@Hg)(tR)z)me sukflace obtai ned after
formng a protecting filmbecones. Hence the capillary force which is to
act on the recessed portions can be easily decreased. As a result, the

tt |1 b di fficplt,t t ~t ti ' t h
Taut d cher car . WG 8plt EHaty atP R A G T s bR ar o of
vater rel abiog {1 hyarddrablemditsi drywhicH itays ?hi’ﬁgﬂy RNERIRDH YeNrdg18cdd qui d
chem cal for formng a protecting filmis preferably not | ower than 80
mass% noreithr ed eflabkinenatlement(s).t haR?2 9thutasdlt ihA6pa)ddraly eeprdbectsssed in

the drying step, there is conducted a step, of renoving a liquid fromthe
uneven patPEPAVAIEDIErGEATIC EHBIN NGVIRE Beln1s dVAlraTbID groupnEne &yes

SN
portions 4 I.C rotecti Llmi | e Lcal .
A thi st e R SIReR BT Habfally FL el BplatBa il SIS,
l'i qui dchegegaintiged “dnistheinmesséest firogh 6 kd m)f orm ng step, the cleaning
liquid B used in the subsequent cleaning step, or a mxture liquid of
these. The mxture liquid is one in which the protecting filmform ng agent
is contained in the liquid chem cal for rmng a protecting filmat a
concentration |ower than 5 that of the |yquid chem cal, and may be a liquid
which is on the way to substitutioant_IQ$.L' 4d chegjcal with the
cleaning liquid B, or a mxture |liquid obtained by previously mxing the
protecting filmformng agent with the cleaning liquid B. In view of the
cleanliness of the wafer, there is preferably used water, an organic
sol vent, or a mixtdnehsffonauds [2nR% represenis gahin s @Wﬂ&lemtdhy«gmmabw, it
is al so possiblg t ring the cleaning.liquid B retai ned on.the unevenly
bat L er ned SOIPaL BPAEIETh NS TSR PACHA LR RIEH S AP b
surface angifro CONHHLe cmam@atqsﬁer gl t&rest P81 hpalsant %%M%) b A caeg of
performng a cleaning treatnent” after a surtace tfeatnent with the liquid
chem cd (inoeovalernd lpakecarboperroapniheghydegih debeatpiehtvhitleamyngastiely, a
time for this step, i.e., atime to retain the cleaning liquid Bis
pr ef er abl yomhertisHghesiepianed WwihsbHyasise qlomenpst) er ably not shorter than 20
seconds fromthe viewpoint of renoving particles and inpurities fromthe
unevenly patterned surface. In view of the effect of maintaining a water
repel | ent performance of the protectg (R formed t he unevenly
patterned 20 surface, the use of an g?ggni%ﬂg%Pvent[gg the cleaning liquid

B is preferable because the water repellency of the wafer surface is
mai nt ai ned even after conductingbthe subsequent_ cl eani ng ste On the ot her

hand, a too |ong t{rethediormpda dgbhdegrnresen aﬁqpndj@tféﬂn‘é‘éﬁﬂe’figbﬁééoqaﬁbon
producti vit and therefore,the ti Ls preferabl.y,wthin.l i nutes. 25
Fo082) Fur ¢ Rroce nnget, Blaments, S wripEaved sER U o Rty o S Red

obt ai ngf afA#y o TRIJANe RIS Ct 10isfdd [Rtehd 6f frbm 8RLS )0 easily decrease
the capillary force which is to act on the recessed portions, which results
in a lesser occurrence of the pattern col]l apse at the tine of renoving the

liquid chemcal. It is therefore water &&K :E usktll as the cleaning liquid
B. 30 [0083]In the drying step, a liquid retained on the uneven pattern is

renoved by drying. T i ng | ef er apl onduct by a cqnventionally
55 Rnown dryi g wendaedabhot 19, murhARs InfaR b et A B P g,
Mar angoni drying, heating drying, blow ng drying, warmair drying, vacuum
drying and the like. [0084] Then, as discussed in the filmrenoving step,
there is perforned a 5 step of renoving the protecting film In the case of
removing the water repellent protecting film it is effective to cleave CGC
bond and C-F bond in the water repellent protecting film A nethod therefor



32 to induce oxidation-volatilization of the conponents of the protecting
filmby the ozone, since a treatnent tinme is saved thereby. As the |ight
source therefor, the | ow pressure nercury |anp, the exciner |anp or the
like is used. Mdreover, the wafer may be heated while being subjected to
light irradiation. 5 [0087] In the casé4of heating the wafer, heating of
the wafer is conducted at 400 to 1000C, preferably at 500 to 900C. The
heating ti S I pt «for kNupe

pr ef er abl Pgrﬁgéﬁéeg{é@ﬁdémt g’ 10£ m%#ggig%ggﬁﬁrg%a?&f%t hIRS %‘gpg%ge?rléf/ abe
conduct ed CpOspMRbMAEHION WytFocaZzboe 2¥ap tieehydoashvelenteads alfi wWhickc aipna
di scharge or the like. Furthernore, the 10 light irradiation my be
conduct ed pitiadlshenteintiretshbe wapbrced] Wi88: Abuarivee ﬁiaftrh@@lt(ﬁbrmr‘@hﬁii tlge {6
protecting fil mby heating, .there are net hod of bri.nging a water jin
contact wi FRmReRotthysaeel elemani(phar dosie, eﬁber&?wgﬁep 3ied ‘3“&’9319%
atnDspQ@reg§M®§ as a heat treatnent furnace, and the |like. The nethod of
bringing a@wafér into a heated atnnosphere can 15 easily and uniformy
provi de the wafer surface with energy for renoving the protecting filmeven
in a case where two or nore wafers e subjected to a treatnent. This
nmethod i s operationally convenient, dchieves the treatnent wthin a short
period of time and has high trag;nen %gg@#ty. %Eerefo&e, this is an

i ndustrially advant ageous net hod. 20 mQ caselof exposi ng the
wafer to ozone, it is preferable to expose the wafer surface to ozone
generated by ultraviolet irradiation using the | ow pressure nercury |anp,

| ow-t enper at ure di@ahaedermsilafshiRinepotdeages Of-Ghihendridealerfthkydwicarborny be
irradiated with |ight or heated while being exposed to ozone. 25 [Q090]In
the fil m reuesw the Sydpogamelesrentsceli which mmay penaally wrt erdively dre Benlp can
be efficienH%% enoved .b cggﬁgning t he above-nentioned |ight irradiation,
heating, o02bie? 8§§ﬁ§?xﬁp~ i rradiation, corona discharge and the |ike.
[ 0091] <From The Second Aspect of The Present |nvention> 30Next, the present
invention will be discussed fromthe second aspect. Previous to conducting
a surface treatnent that enploys the 33 -nmentioned |liquid chem cal

for formng a protecting film pretreR8 t steps B8k often perforned in
general , the pretreatnent steps being exe iHied by: a
pretregtnment step 1 of making a wafer surfidce into a surface 5 having an
uneve attern; a pretreatnent step 2 of cleaning the wafer
surface by using %%ﬂ&h%rfomwﬁl (6], Enicp@eddr@biadC, @E monovalent hfidrocarbon
pretreatnment step of substituting the water-based cleaning liquid with a
cl eani ng | grpuipdtite dyflifegaaneldmentst sfewhatle mayapedtiellpami entirélyubed raplaced
(hereinafter t?ﬁ@clea ing liquid A different fromthe water-based cl eaning
liquidis wihed fivoxinecss P?%ﬁ«ﬁ as merely "a cleaning liquid A").

I nci dent al h eat t . .
2 rt e B Ay AL BT
pretr e meabowd Rntionadr gehahl ifsrihulappl] el (6] ithseconier possibRCeo foiifita of

all. Thereafter, the resist is exposed through a resist nmask, followed by
conduct i ngwateretepellegt peoteetingdilm hé lepst oveder vyifaceser tha repesspd Poutipnsi st |

RO R R Rt PSR A0 B Y
hai no @ PRLLPERRLOO[R b, NN A RS be OONHIIEEIA W0d o

t o recessegrquy tdprasededaby €isd $dlldvainigelonmanl € (€] (hedirsdtarthasel groubsmahyy,

the resist is $tripEed of f thereby obtaining a wafer having an uneven
patterd) [g093i®llxt he rafraved veratsi Gn8ongsiaaal gneiebnd avepeompatibdelonwith a
possi bl e to 25 obtain,a,waf (a,netal - based waf er,) having at .its surface
an uneven E)‘é}f%%épﬁ? amhé%‘t’i‘_gaﬁhf’nﬁbﬁ‘t’e'l‘%f‘a’étfo %F_%& &?era?’é nt Igfélisagefae‘ 'from
the group f‘:}Pa{]\rcihgtcbﬁg%acﬁbﬁi't}’aer"é% tth‘dg%tne eor RANTL PUTL, & RRREGE inﬁe’rﬁeti&ﬁ%&?l um
and rutheniumat surfaces of recessed portions of the uneven pattern.

the netal - BaskRe Wefhotwden thefRetddel of the stbb®incklinsltiddbs ehaatbthy cleaddritsy a
surface of a silicon wafer, a 30 wafer fornmed of a plurality of conponents

i ncl udi ng siditbedunetdpwal woidty of thgiptetecBngXiim éorsmngt:@gﬁrdat}/n@ird@’ ordsng a
sapphi wafer, vario coppound 34,sem gonductor wafers, a plastic fer
or the i KEUSHIPHOR PRl RBRAeRCoPUBA%R! Pt iEoRt BItARRY 1t 'PAREs B WhRd of
el ement selected fromthe group consisting of titanium tungsten, alum num
copper, tin, tantalum and ruthenium (hereinafter, the matter i s sonetines
referred to as "netal -based 5 matter"); those in which at |east one |ayer

of a multilayer filmformed on the wafer is a |ayer forned of the
above-mentioned netal -based matter. The above-nentioned uneven pattern



25 components further include: those in which the netal -based matter is
formed at least at a part of the surfaces of the recessed portions; and
those in which at |least a part of the surfaces of the recessed portions
serves as the netal -based matter at the time of form ng the uneven pattern.
I nci dental |y, where the protecting film®ean be formed by the liquid

chem cal of the present invention is 30 at | east on a surface of a portion

of the mtfﬂ#ﬁ?nﬁﬁgy tg’%f’thi% g)g&f[égug,g Gl f itggr erA 46 WuFid@bNemid¥ bond

protecting e suc or e east 35 on a part of the
surfaces ahetélsy rQeesseddeoriticms Aldditiendidy aRl,b&SeRYWaREr R7[ H0Q6R® are
Incidentally, the liquid chemcal for formng a protecting filmcan easily
form an exuaslrophobiganeietiesméthe propctingdilo forming agenththefgfqracwhen e
article containin itaniumelenent.at jts surface. Therefore, it i.s

pr ef er abl @r@?@qﬁg{gg thH'E’“1 3@}" Bing saga?%’fsera%%\a?%‘; O %ﬁ? smfﬁ?lf ggeénéollﬁtsu Sbvie
pattermp a it .al.ni i P : I sgrd
portioﬁs gﬂegﬂgkﬁﬁgvggﬁ%hpﬁgP#ghﬁgggg?E%%%%Fg?rggh%ﬁggaéﬁgf%gggggﬁgleaning
li qui d useghrfacet dfahprveifee ahskbly i9d e tihghpdwphebicitydtcatheasiaferusirfaleut | on
obt ai ned by m xing at 10 | east one kind of an organic sol vent, hydrogen
peroxi de, ozone, acid, alkali and surfactant wth water (the aqueous

sol ution having a water content of | ess than 10 nass% for exanple).

[ 0098] Furthernore, in the pretrqugent step @glsubstitution with the

wat er - based cl eaning liquid nmay be\conducted tw ce or nore. The 15

wat er - based cleaning liquids to be ed in this case may be different from
each other. [0099]1f recessed portions have a snall w dth and projected
portions have a | arge aspect ratio, and jf the surface is.cleaned with the

wat er - basd@08bkanilng adiion the tradeprepebertrprotestiog BlmnfPraupgedgRmt 1Y t he

wat er - based ¢l eani ng 20 |iquid is . renmoved by dkyi t 1 i
water is r %V@%T%?%&?%tnﬁq af‘lege(ftﬁg f??li?ecoe{? P ?né%g%?‘ie? %Qﬁgﬁ X #elg%%ﬁévrd sed
cl eaniypg | ddidird] mrhmm@t{g]ran&[sqaéﬁ@gm%_@fd@masitaefébf.easiIy occur. The
uneven pattern is defined as shown in Fig. 1 and Fig. 2. Fig. 1 is one

exanpl e of a schematic perspective view of a wafer 1 of which surface is
made into a surface having an uneven pattprn 2. 25 Fig. 2 shows a part of
an a-a' cross sectionin Fig. 1. Awdth,5 of recessed portions is defined
by an interval between a projected gorti n_§(§gg t he ?’ojected portion 3,
as shown in Fig. 2. The aspect rati© of rojg d F ons i s expressed by
dividing a height 6 of the projected portions by a wwdth 7 of the projected
portions. The pattern collapse in the cleaning step is to easilg occur 30
when the recessed @orthednsmiida £7]a Rii nephessinta @t Cmbne menayatentnhydrocarbon
particularly no re than 45 nm a n the aspegt ratio i,s,not l.ess,than
4, parti Clﬁ‘éF“IPth%g*yﬁﬁ?gqneE]ser? ‘g.dwpgﬁ'bﬁ]aryn pf"ﬁtgag?’ége?ﬁtq%xet?ﬁ repfaced
style for i e h$ not particularly limted so long as the
l'iquid chéﬁ%%a H%%r%ﬁgﬂc é%%?kz liquid can be retained at least in the
recessed portions of the uneven pattern of the wafer. 5 Exanples of the
style for cleaning the wafer are: a single cleaning style represented by
spin cleaning where a generally horizoq'all held wafer is rotated and

cl eaned one by one while supplying a E(éu the vidBldity of the center
of the rotation; and a batch style where a plurality of wafer sheets are
innerzﬁp in a cleaning bath to be cleaned. Incidentally, the formof the

| iquid 10 chem cal or the cleaning liquid at the tine of supplying the

l i qui d chemi cal or(Ihhtkedbeaniag], Riurebebehtns CitOstrhensedent bgdpmatrbams of
t he uneven pattern of the wafer is not particularly limted as far as it is
in a condigioawp die hiydupgemelamertsos! whicly may panaallyron petirelydae geplaced
portions, and is, exenplifie l'iquid, vapor or the like. 15 [0101] The
cleaning IV ﬂ?uyﬁggge@ﬁu¥ﬁ§5%retreatnent step 3 refers to an organic

sol vent, apft IRRN | vent and a wat er-based cl eani ng

i quid, ornggyggﬁﬁﬁgqFPEU|d |§?§I§ﬁich at | east one kind of acid, alkal
and sud acfod7]i s Thyasovédting fitmeformed henrehe liquidi chamiehbfableniing a
conduct a step of retaining the liquid chemcal for formng a protecting
filmat |ensttegtingofitthe aceewkisedtpaohei phesesit ieniigy dn @meﬂléng 0 veatey

wat er repelle protgcti filmform st ep)., by substituting t cl eani ng
S o A eraetiongy | ikt i schiv o Or PRGRR Ar R SRR EEr R PR G SB The
organi c sol vent, which serves as one preferable exanple of the cleaning
liquid A 1s exenplified by hydrocarbons, esters, ethers, ketones, 25

hal ogen- el enent contai ni ng sol vents, sul foxide-based sol vents, al cohols,
pol yal cohol derivatives, nitrogen el enment-containing solvents and the |ike.
[0103] Incidentally, it is preferable that the cleaning liquid Ais an



37 parts by weight of water) because it can be easily substituted for the
wat er - based cleaning liquid. [0104] Additionally, in the pretreatnent step
3, substitutionS with the cleaning liquid A may be conducted tw ce or nore.
More specifically, the 5 water-based cleaning liquid used in the
pretreatment step 2 may be substituted Wth a first kind of cleaning liquid
A and the first kind of cleaning liquid A may successively be substituted
with tw Q 1 [ i L AU I fehe e O BEsisti £
above- rrentglo(glﬁ%él %g ggﬂ?%gg PIF%SK?IS&%Q eglérllgg{lﬂgﬁléf %g {ri%qui de fgh% cal S1fsolrngf%r m ng
a protectifighdilibdn tRygdiens Wlshiihubgd copesref th, tahfali@d O5hd Mputlmrdum i ot a
case where the water-based cleaning liquid used in the pretreatnment step 2
can be subztrfaagsedf dpeassed ypartiomst ple the qunevesheattean, tbe fbpnradypcgs the
protecting film. sybstitution wth the clganing li,quid A (th r et reat nent
Dt ep ) e i tekivee o BayRlae L (e Teohecd bl o T Ages
procesg fosr §l.ap : i SERPbnt RN Rk O

i ncl udé%s acgfst?1 Sg’gg‘%&gPg’é’%ﬁtﬁgg’tﬁ?{f%ﬁfg’?@?ﬁ?%ﬁe \t?\nﬁt%%boa cl ea%ilng I q}fﬁ{dern

cont ai ni ngeollafpee. aBs/\Bsingltkehiauid abembenl ps eloedhgretdp sdreiucReding Agsrocbss
pretreatnment step 3, earlier than the water repellent protecting film
forming stfep.prpducmprihe wafershavieghatitsi sirfacenar Nowivay Ratéerdis 1BRTOYEdNi ch
a liquid 20.chem.cal 8 f formng a, protecting filmis petained.in
Fecessed pBIPBhaoRerinE Protitiitng MoRiRa iy FESTiE RhrCrein e
schematic ygw Hévi%'[ggtﬁe m%%n?ﬁ%fn ok theBrRe, GHREECRACHIIN usB & the 1-

At this tinme, a protecting filmis forned on the surfaces of the recessed
porti als Aigerdlemicabfortfongingh eroteepielgl ftlne yctordinpetstidd peasnt 2ovdi3idig] A
water repellent _protecting filmform ng agent contained in the liquid
chemical fisrexcellentiq praguctvitye p&lurehermeiss st thegamid shemicad for fymyng a
chemcal is used in,the proeces or _cl eani.n waf er of S

Cvent ; on BOtEee Pl SeRr ARSI e el Rar ta s Do Rns b Bt P bt by
the gener ale15Q08w A% fthl hRahfily 8N4l s6Rleht coRNRAHEd S theTigald cBnidd189h6t
hydrocarbon group contained in R2 of the general formula [1] is exenplified
by al kyl gsmaler dhky|56nmagsByphetdiose inthetdash wiyeheoyaoneheaeuns solvest as e
partially or entirely substituted with a fluori el ement (s), apd the |ike.
[011011&ddi%qnéﬁa}qd;}tSiqomt%ntpHSéﬁaP%quﬁé?tbﬁﬁ@%lE e ﬁf%%@tf’ég F%assc%rz
(13," is : r ) A i1 el hat
Rihas & CSTRORE dante: AR HAReUEP AT st (pinen I thE IRFELCIRREal)
excel I ent yatertie gkl thae@ycdlSs iaiguid dhémed2ordVex@deeit, inRfesy and a
preferably a straight-chained al kyl group. LOlll] Furthernore, it is

parti cul arliguisk ehemagrlelavert inhenvisemmensgle busden.pr Fustharnepriei | thef bamithg

agent is at |east .ong selected from .conpounds represented by the. general
Le HgLAa g e ty

formul a [ 7{PSIREAL IOTI0TBRNE R PERENRE THi Afcar ST YR Eh 641y
formulegy [ " of I ' i salt compounds
t her eof, ?ﬂr)le %yrgge?eqéc%t?& é%?%g‘ﬁ%?{%%ré\%g# c?eeépngdl éec'%g%@lfég%h] Further, it is
preferabl e that theddRierallyepel thenbrqoest dot ichearfinkm fvodfier ngecagting tes thd

| east one selected from conpounds represented by the general formulas [7]
and [8]. 1Brdsent Bywmntitiertherliquidshemical fordpeninme watet sepelient prateetansi ng

agent is ticulayl referab a co und, represent ed by,the gener
Formul - [ TRy 64 aberuinf ShERtdas, o REA " B SRERIE e Mg MSr tile:
general fogrml.asicidd, to [8] are. alkyl group; phenyl group; phenyl group

t he hydrogen elenment of which is substituted with al kyl group; naphthyl
gr oup;25 heBRIEFIDSSCRIDTION OB I EVIDRAVIYGSogen el enents are partially or

entirely substituted with a fluorine elenent(s); and the like. .

[ 0115] Mor e838] i tFigs Ipised stew|shovhag oRre, exmMe ofyschemalic PRSPEAAVEEIQN t he
general formla ] Lo ] have a carbon, nunber of, 2.to0 16, particul arly
pr ef er abl yoggt‘”f?‘sf?g][a‘ﬁdﬁ hﬁgﬁ%@?@ Er@PQFQ\BFQ/aé“&?Cﬂ}aQP%@@ 3“%6%13@ EEtl ent
25 water repellency is inparted thereby. Additionally, the hydrocarbon
group the hydrogen el enents of which may partially or entirely be
substituted with aFfd. @oisimecledeatoiey showinghepanlof aab’kyrbsgsautipraoftiFig.
particularly preferably a straight-chained al kyl group. If the hydrocarbon
group 3& alstrai ght-chai ned al kyl group, hydrophobic noieties of the
protecting filmfogm .agent, tend ta 30 be arranged,.perpendi,cul arly tq the
P tace of the pr oFEs s o PHAERCEHGCR, RESBTIE & SHBPALT PURER d AEIHR) m

so as to enhance a water-repellency-inparting 39



effect, which is therefore further preferable. Mreover, R, Rs, 115, Rs,
R7, Rs, RO and RI of the general fornulas [1] to [8] bring about a far
better water repellency, so that these are preferably hydrocarbon groups
whose hydrogen el enents are partially or entirely be substituted with a
fluorine element(s). 5 [0116] The prot&éting filmform ng agent may exi st
in the formof a salt conpound of a conpound represented by the general
formula [1 ; [ 0, £ are R ¢ . l:+ _such
as anmoni qu}niesI}g %1 Safénl ?I%X[ng)]é’lgtgg%t]e{: ﬂéglf}lﬁgw&%ﬂcﬁﬁr{ %ﬁcfa Et d&%&b@eﬁ%f%g& film
form ng aggeinimysteyi st in the formof a salt conpound of a conpound
represented by the general formula [3], [6] or 10 [8], for exanple, in the
formof a salt sudfigad isax somethetic hyelwohiomanigde cosditiont w1 wWhhds phbgeidaid t he
i ke. [0117] Furthernore, the protecti fi.lmform ng agent .contained in the
liquid chefgtadedsigyt o‘ieﬁ?%?&%an%?;@f’éétfg%&eflih%’agé‘f%‘%&%ﬂ%if‘%\ggmg ereon.
concent.r aty i total quantity of 100
mass% tg’f t@?&%ﬁgﬁéﬁﬁc@%ﬁgﬁ%wgﬂﬁﬁf smal | er than 0.0005
mass% t end[%)()tsgl makeridie T Birst APsddt o Thel PlRaEAt Dvaiti@ct i nsufficient,
while that of lTarger than 2 mass%tends to be insoluble in a solvent to be
used for t[0840] quiBirehefriadlalthepresente myerttiam vall be gdgcussed fmmsthad Sirabr e
preferable, and 0.0015 to 0.8 mass%is particularly preferable. 20 [0118] As
the sol ver®SR§§kd for the liquid chemical for forming a protecting film
there can be suit : ' 1, X1

liquid of water aﬁig!leé?]ags‘r)g%%?%&g%ﬁ%%na?gugiaggg!rrg eéfétigﬁrr% gg&éﬁyﬁeh Pgdani C
sol vento aréhdyidabéar heRfinges bestectifl s of kieé presenthalvegtion, pretreatment

el enent - cont ai ni ng_sol vents, sul foxi de-based sol vents, |actone-based

sol vents, Hapbenavfebpsastorasedi gemrsl, thequiebteatmesit whersobring sxempltiieds
nitrogen el ement-contai ning solvents, and a m xture liquid of these.
[0119] As cohcrete exanples of the organic solvent, it is possible to cite
those discussed i natﬂ}%tlfe'artﬁxtengsﬁggtl%% SRRIRE 65 S fel "MBMdOthto a surface
[0120] Additionally, it is preferable to use a nonflammuabl e one as a part or
30 t he enth#aeingfart haesal pattersj nce the liquid chemical for formng a

protecting fil mbecones nonfl amrabl e or jincreases in _flash, point thereby
reducilfy the risk adfprelpatmenti HgPd2 dHerheaning vhet wafer; gurfage dyetising a

el ement - cont ai ni ng .sQl vent s,.. ar.e. nQRf | ammabl e, so that such a hal ogen
el errent-cOW?E?rR?%%dncg%??lgﬁrié%‘f@’ %g vent can be preferably used as a

nonf | amrabl e organj cpx%@fé&ﬁ{ent%ﬁa%, Rf efubzBitutihel ehabkXtdhdssadcRandng
nonfl ammabl e sol vent, too. 5 [0121]Additionally, nost of the polyal cohol
deri vat i vebqualwith higérringdiqyidi AtdiffecentHfeowf tre wiater-bagadktlenabie ligoidise

t hese sol vents, because the risk of the ljquid chemcal for form a. =

pr ot ect i nglereIRAELET 5&%‘38@%@@. hﬂBl‘%f} W#f%eé’&n Hbrtgﬁi Wﬁgﬂi'}\’/%?‘iﬂ gﬂ*&nmg
prot eciq ngy:fi{m_f ' Lil d Ml ] #ior formng a

P ot ol nalikiddleRENdReg Bbtckhdd bR uletfls LA EIEILER AU, * ostere,

et hers, ketones, pRicyddrxang] t}%ﬂe\tﬁéétﬁ@t%agarrmetm@tmyinegm@t@p 3wadgr or

a mxture liquid thereof, as the solvent. itionally, in consideration of
subst i t ut abé bkippediintsomereases- based cleaning liquid, it is preferable to

use pol yal cohal derivatives having no hydroxyl grou water or a m xture
e P T Relat] Aah i bak Ty Ton e oo P mGr B robRb Slertli SaEr ket T
havi ng hyd o) i t i1Ng iy 1 W

el Lont gifed BOUR: LA SRAe BER! SERING TG ERREE M0 80eE Lo WiBstl |
in thediatiWughen ealist hhwekeffollewetl ey poataetinggahi étehiy rengvapent than be

di ssolved at a high concentration. Since a liquid chen cal having a good

pr ot ect ibngexpd;nﬂf IﬂSﬂStngr iﬁilm uneypesad b@lﬁmdbee&yh l IWOdgcla?ﬁn%cheSfﬁmdha‘angofh vent
may 20 be ysed as the solvent contained in the |iquid chem cal.

[0123] Addi {79 NeVER BFUERY-1 SAABRIATaTL dbE HEstSdr HAVPEn b HHETOPBHEER | ng
added 1o +Filt Pe SheEARR 7 bhEHinld o AT A B3 errufiB ARl EI TR,
thte ?ddl t'(t:?r_[bt szafi%ﬁiz%Sﬁiﬁ'gét)éatto:f%c}]?ifrﬁ] emabd}%is @itr_ﬁé, ﬁlr% t;!@‘f?c?(@ roedfat lstdﬁfab@ t he
otal quantity o mass% o e protecting filmformng agent.

[ 0124]3Menwihnc easierpondeng elvpeeedsse@ pirtidns Iof qui testste patternf ere f gchedg a
Fenper at ur I8¢ o R FROAUIN £ 6F REBPbLCHEIGAra1 A AR SD R ERRE By RGPS not
| ower than 10C and | ower than the boiling point of the |liquid chemcal. 30
Particularly, it is preferable to keep a tenperature of not |ower than 15C
and not higher than a tenperature 10 C |l ower than the boiling point of the
liquid 41 chemical. It is preferable that the tenperature of the |liquid
chenmcal is kept at the above-mentioned tenperature while the Iiquid



[0128] After the protecting filmformng step, the liquid chem cal retained
at least in the recessed portions of the uneven pattern nmay be substituted
with 25 a cleaning liquid different fromthe above-nentioned Iiquid

chem cal (hereinafter, this cleaning liquid different fromthe
above-nentioned liquid chemical is somel®mes referred to as "a cleaning
liquid B") (hereinafter, this step is sonetines referred to as "a
subsequent i "), and then may be brought into a drying step.
Exanpl es o?‘?thﬁgwé%%ﬁ‘fegg' liquid B are: a 30 water-based cleaning liquid, an
organic SOqOV)EIB} ,  Byitke WheveiméitBonal prethasttest s@psNit bé@uial pogkibleeto
organi ¢ solvent; those into which at |east one kind of 42 acid, alkali and
a surf act ashitais anwvafed; (atinetad-hasedhvafery havirmatkttsi sugladel an Lgertn Padtrmmt
used for the liquid chemcal for.form a protecti.ng filmis contained at
a concent riq 60400 Fhieast Aae E‘b‘?‘?f)ﬁﬁpq%i“%ﬂﬁp%??%ﬁghiﬁé‘gp;thﬁtﬁfoflﬂézopﬁ}@él.nazr om
the vi ewpoini:, of - i arti cl a al;.J h8Sind ik BeidR!

pref er g’bl eéﬁpllggﬁlt%@wﬁﬂég%ieﬁ’g alﬁélglllﬁﬁlgnﬁn& lis&/%t ‘élrn i rgé%rt%lr gaﬁa}% g 0 v%ntlﬂgrgta

m xture of sdi®s didcddied pogaohs oStHevenéver] P8 rUr Abehemietal-basédevafer,

subsequent cl eani .n? step, substitution with the cleaning quléu(;qd B nmay be
conduct ed itvis qssiblente sitenbheses ptsiined iyl soatingeal Juglace ehemilieon Weded ¢ ni ng
a protecting.fiJ mmy .be su ituted with a first 10. kind of cl.eanin
BB anateeTRER O A ety ¢f ey ite dur b Bie it dudl SLEGHsathe
substituted:mwyh it . WL N eanl I QLA ifker t he
above- nent églé)é C ﬁﬁ?ﬁ%@%’g"d% gfaf?%l Ica!ow%i(;ks Iggn% hg}ég%;i ﬁaﬁgpgp.&?&c})l%{)%nhe
or ganil® sodemeizbndubioehwafryes plaistisewoafert bie the diler alitle = laym anidl of 4 he

cleaning liquid B, are exenplified bg@hédr ocar bons, esters, ethers,
ket ones, halakgsncentaieme. ednleashiony onderk clemant seietbedalzam dbpyarmup

| act one- based.%ol ve&;sE car bonat e- based ;sol.vent s, al cohﬁl S, E%otla al coho4
der i vat | vePDSHHE o THiARAERY, . HURg Sk nag}uggp\‘}ght SORRE t REb | PaeE Aty #14
addi tion, {heeRhdhetek8GakidrMAOHRLON thRVRI& rabflac® RY “bhaRBabdgui d
chem cal of .the present invention is particularly preferable when an
organi ¢ somaetdr”); shoseih adithatdbastnomg ldyiequifch Brdtibayeerr £dodormadamn the
wat er repellency by the subsequent cleaning step.is little. [0132] There is
shown 1o Fwa.fermsaaslﬁ«ym@ir@e@i e&téﬁwhwg-@egf%dmg@-%%macw?rs re1%i ned
in the rec d £ 1.0RS V] i er |1 th Lgui d
chem cal f%l?&?érp%gﬁlghgap}l gite g'%:lst?i hg&? F%Nng}?ﬁg%vﬁ %‘?plgs Cgﬂg%égl)in%?hea ?g%élﬂati C
vi ew of FihelddinBURyar Rakhe fethNBagedmaAtass eMlifionally) thege ade indheded
surface fornmed having the uneven pattern is coated with a protecti ng film
10 by the thageiid whm%i etileasher pbyt bbtlng sprizeesiedl the tracessedrpartipas] ehtlye
Furthernore, the protectjng film 10 is ret.ained qn the wafer surface eyen
when 30t HEHEReR P b WIch s BRe Yt RAFIRER U dOBRC PR ER. A B1 31 hALRAE

pr ot ecty ng,.f. IS far faces of the 43 recessed
porti gztrgs olf‘m'tt tég%t%gfzﬁ%%a@gﬁlﬁincé ﬁ?i{én%ﬁepggt%%he liquid chem cal for
form ng a woaBgct i Tge f metal-lBasednhantengl exahplifiod b tonlidber soptaihengabl e
on the assunption that water is retained on the surfaces, because the
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is also possible to bring the cleaning liquid B retained on the unevenly
patterned surface after once renoving liquid fromthe unevenly patterned
surface and to conduct drying thereafter. [0135]Incidentally, in a case of
performng a cleaning treatnent after a surface treatnent with the liquid
chemcal (i.e. in a case of perform ng the 25 subsequent cleaning step), a



5 obtained after formng a protecting film water is able to easily
decrease the capillary force which is to act on the recessed portions,
which results in a | esser occurrence of the pattern collapse at the tine of
removing the liquid chemcal. It is therefore water may be used as the
cleaning liquid B. [0137]In the drying $%ep, a liquid retained on the
uneven pattern is 10 renoved by drying. The drying is preferably conducted

by a conveptli I dryi.ng t i ing
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This is therefore preferable. [0140] Additionally, in the case of renoving
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conbi nat i ozone exposure, plasma 1rradi , corona arge or
the |idge. dthwethernore, the light irradiation may be conducted while heating
the wafer. [0142] As the nethod for renoving the protecting filmby heating,
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heat ed whil e bei ng exposed to ozone. 5 [0144]1In the filmrenoving step, the
protecting filmfornmed on the wafer surface can be efficiently renoved by
conbi ni ng the above-nentioned light irradiation, heating, ozone exposure,
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contact angle of the liquid drop to a protecting film 10. In Exanples,

wat er, 30 which is representative of a water-based cleaning |iquid, was
used as the cleaning liquid. On the assunption that water is retained on
the surface of 47 the protecting film the contact angle is preferably
from50 to 130 because the pattern col |4pse beconmes difficult to occur, and
nore preferably from65 to 115 because the pattern coll apse becones further
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Smoot hness of Wafer after renoving Protecting Film 49
30 halogen-element containing solvents, sulfoxide-based solvents, alcohols,

polyalcohol derivatives, nitrogen element-containing solvents and the like.



The surface was observed by atom c force m croscope (produced by Sei ko

I nstrunents Inc.: SPI3700, 2.5 mcroneter square scan). Then, there was
obtained a difference ARa (nm in the centerline average surface roughness
Ra (nm) of the surface of the wafer between before and after the 5
cleaning. Incidentally, Ra is a three-d2hensionally enlarged one obtai ned
by applying the centerline average roughness defined by JIS B 0601 to a
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the above Tewsllsnay torhesuriases ng Wafer to which Liquid Chemical for fornming

Protecting;fHxl-m i s,p i.d t | I IOk L ct
angl e bef oLdea5t6ﬂ]e s‘ﬁ‘r g%:/éer fr ee%%%%nﬁr%&%%t?%%ﬁfpﬁ{erfb{}ﬁg@ %%ﬁgve‘flg Hg%llrxl’?!drﬁngghgo
have a configaid aRBhBcdl fokOfrafihgr at Watd0 repeliafepidteatinEfilm aFhidho Myuid
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W irradiation was within 0.5nm with which it was confirned that the wafer
was not eroded at the tine of cleaning and that 5 residues of the

protecting filmdid not remain after UV irradiation. 52 [0160]][ Tablel]
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[0057] A hydrocarbon group contained in R? of the general formula [1] is
exemplified by alkyl group, alkylene group, those in which hydrogen elements
are partially or entirely substituted with a fluorine element(s), and the like.

5 [0058] Additionally, it is preferable that the above-mentioned R2? is ~-OR4 (R4
is a Ci-Cis hydrocarbon group). Additionally, it is preferable that R4 has a
carbon number of 1 to 8 and particularly 1 to 4, since a more excellent water
repellency is imparted thereby. Moreover, R4 is preferably a straight-chained
alkyl group.

10 [0059] Furthermore, it is preferable that the water repellent protecting film
forming agent is at least one selected from compounds represented by the
general formula [2] and salt compoundsfhereof where “a” of the general
formula [1] is 2, in order to impart a better water repellency.

[0060] Examples of R! and R3 of the general formulas [1] and [2] are: alkyl

15  group; phenyl group; phenyl group the hydrogen element of which is
substituted with alkyl group; naphthyl group; these hydrocarbon groups whose
hydrogen elements are partially or entirely substituted with a fluorine
element(s); and the like.

[0061] Moreover, it is preferable that R! and R3 of the general formulas [1]

20 and [2] have a carbon number of 2 to 16, particularly preferably 4 to 14 and
much more preferably 6 to 14, since a more excellent water repellency is
imparted thereby.  Additionally, the hydrocarbon group the hydrogen
elements of which may partially or entirely be substituted with a fluorine
element(s) is preferably alkyl group and particularly preferably a

25  straight-chained alkyl group. If the hydrocarbon group is a straight-chained
alkyl group, hydrophobic moieties of the protecting film forming agent tend to
be arranged perpendicularly to the surface of the protecting film at the time of
forming the protecting film so as to enhance a water-repellency-imparting
effect, which is therefore further preferable. Moreover, R! and R3 of the

30 general formulas [1] and [2] bring about a far better water repellency, so that

these are preferably hydrocarbon groups whose hydrogen elements are
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partially or entirely be substituted with a fluorine element(s).
[0062] The protecting film forming agent may exist in the form of a salt
compound of a compound represented by the general formulas [1] and. [2], for
example, in the form of a salt such as ammonium salt, amine salt and the like.
5 [0063] Furthermore, the protecting film forming agent contained in the
liquid chemical for forming a protecting film preferably has a concentration of
0.0005 to 2 mass% relative to the total quantity of the liquid chemical. A
concentration of smaller than 0.0005 mass% tends to make the
water-repellency-imparting effect insufficient, while that of larger than 2
10 mass% tends to be insoluble in a solvent contained in the liquid chemical. A
concentration of 0.001 to 1 mass% is more preferable, and 0.0015 to 0.8 mass%
is particularly preferable.
[0064] Additionally, the liquid chemical for forming a protecting film may
contain a solvent other than water. Such a solvent can be exemplified by an
15 organic solvent and can be used upon being mixed with water at a
concentration of not higher than a saturation solubility in water.
[0065] As the organic solvent, there can be adopted hydrocarbons, esters,
ethers, ketones, halogen element-containing solvents, sulfoxide-based solvents,
lactone-based solvents, carbonate-based solvents, alcohols, polyalcohol
20 derivatives, nitrogen element-containing solvents, and a mixture liquid of
these. Examples of hydrocarbons are toluene, benzene, xylene, hexane,
heptane, octane and the like. Examples of esters are ethyl acetate, propyl
acetate, butyl acetate, ethyl acetoacetate and the like. Examples of ethers are
diethyl ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and the
25 like. Examples of ketones are acetone, acetylacetone, methyl ethyl ketone,
methyl propyl ketone, methyl butyl ketone, cyclohexanone and the like.
Examples of the halogen element-containing solvents are: perfluorocarbons
such as  perfluorooctane, perfluorononane, perfluorocyclopentane,
perfluorocyclohexane, hexafluorobenzene and the like; hydrofluorocarbons
30 such as 1,1,1,3,3-pentafluorobutane, octafluorocyclopentane,

2,3-dihydrodecafluoropentane, ZEORORA-H (produced by  ZEON
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CORPORATION) and the like; hydrofluoroethers such as methyl
perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl ether,
ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi Glass

Co., Ltd.), Novec HFE-7100, Novec HFE-7200, Novec 7300, Novec 7600 (any of

5 these are produced by 3M Limited) and the like; chlorocarbons such as
tetrachloromethane and the like; hydrochlorocarbons such as chloroform and

the like; chlorofluorocarbons such as dichlorodifluoromethane and the like;
hydrochlorofluorocarbons such as 1,1-dichloro-2,2,3,3,3-pentafluoropropane,
1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1-chloro-3,3,3-trifluoropropene,

10  1,2-dichloro-3,3,3-trifuoropropene and the like; perfluoroethers;
perfluoropolyethers; and the like. Examples of the sulfoxide-based solvents

are dimethyl sulfoxide and the like. Examples of the lactone-based solvents

are y-butyrolactone, y-valerolactone, fy-hexanolactone, y-heptanolactone,
y-octanolactone,  y-nonanolactone, y-decanolactone, y-undecanolactone,

15  y-dodecanolactone, 3-valerolactone, 8-hexanolactone, 3-octanolactone,
8-nonanolactone, §-decanolactone, §-undecanolactone, &-dodecanolactone,
e-hexanolactone and the like. Examples of the carbonate-based solvents are
dimethyl carbonate, ethyl methyl carbonate, ’diethyl carbonate, propylene
carbonate and the like. Examples of alcohols are methanol, ethanol, propanol,

20 butanol, ethylene glycol, diethylene glycol, 1,2—propanediol, 1,3—propanediol,
dipropylene glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, triethylene
glycol, tripropylene glycol, tetraethylene glycol, tetrapropylene glycol,
glycerine and the like. Examples of the polyalcohol derivatives are ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol

25 monopropyl ether, ethylene glycol monobutyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol
monopropyl ether, diethylene glycol monobutyl ether, triethylene glycol
monomethyl ether, triethylene glycol monoethyl ether, triethylene glycol
monopropyl ether, triethylene glycol monobutyl ether, tetraethylene glycol

30 monomethyl ether, tetraethylene glycol monoethyl ether, tetraethylene glycol
monopropyl ether, tetraethylene glycol monobutyl ether, propylene glycol
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monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monobutyl ether, dipropylene glycol
monomethyl ether, dipropylene glycol monoethyl ether, dipropylene glycol
monopropyl ether, dipropylene glycol monobutyl ether, tripropylene glycol

5 monomethyl ether, tripropylene glycol monoethyl ether, tripropylene glycol
monopropyl ether, tripropylene glycol monobutyl ether, tetrapropylene glycol
monomethyl ether, butylene glycol monomethyl ether, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, ethylene
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate,

10 ethylene glycol monobutyl ether acetate, ethylene glycol diacetate, diethylene
glycol dimethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol
diethyl ether, diethylene glycol butyl methyl ether, diethylene glycol dibutyl
ether, diethylene glycol monomethyl ether acetate, diethylene glycol monoethyl
ether acetate, diethylene glycol monobutyl ether acetate, diethylene glycol

15 diacetate, triethylene glycol dimethyl ether, triethylene glycol diethyl ether,
triethylene glycol dibutyl ether, triethylene glycol butyl methyl ether,
triethylene glycol monomethyl ether acetate, triethylene glycol monoethyl
ether acetate, triethylene glycol monobutyl ether acetate, triethylene glycol
diacetate, tetraethylene glycol dimethyl ether, tetraethylene glycol diethyl

20 ether, tetraethylene glycol dibutyl ether, tetraethylene glycol monomethyl
ether acetate, tetraethylene glycol monoethyl ether acetate, tetraethylene
glycol monobutyl ether acetate, tetraethylene glycol diacetate, propylene glycol
dimethyl ether, propylene glycol diethyl ether, propylene glycol dibutyl ether,
propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether

25 acetate, propylene glycol monobutyl ether acetate, propylene glycol diacetate,
dipropylene glycol dimethyl ether, dipropylene glycol methyl propyl ether,
dipropylene glycol diethyl ether, dipropylene glycol dibutyl ether, dipropylene
glycol monomethyl ether acetate, dipropylene glycol monoethyl ether acetate,
dipropylene glycol monobutyl ether acetate, dipropylene glycol diacetate,

30 tripropylene glycol dimethyl ether, tripropylene glycol diethyl ether,
tripropylene glycol dibutyl ether, tripropylene glycol monomethyl ether acetate,
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tripropylene glycol monoethyl ether acetate, tripropylene glycol monobutyl
ether acetate, tripropylene glycol diacetate, tetrapropylene glycol dimethyl
ether, tetrapropylene glycol monomethyl ether acetate, tetrapropylene glycol
diacetate, butylene glycol dimethyl ether, butylene glycol monomethyl ether
5 acetate, butylene glycol diacetate, glycerine triacetate and the like. Examples
of the nitrogen element-containing  solvents are  formamide,
N N-dimethylformamide, N,N-dimethylacetamide, MN-methyl-2-pyrrolidone,
diethylamine, triethylamine, pyridine and the like.
[0066] With consideration given to a protecting film forming ability that the
10 liquid chemical for forming a protecting film has, it is preferable that the
solvent contained in the liquid chemical is water or a mixture liquid obtained
by mixing water with esters, ethers, ketones, polyalcohol derivatives having no
hydroxyl group. Furthermore, with consideration given to solubility in water,
a solvent to be mixed with water is preferably a polyalcohol derivative; it is
15 particularly preferable to use a polyalcohol derivative having no hydroxyl
group because of its good protecting film forming ability. Additionally,
alcohols and the polyalcohol derivatives having hydroxyl group provide the
protecting film forming agent with an excellent solubility. When such a
solvent is used as the solvent contained in the liquid chemical, therefore, the
20 protecting film forming agent can be dissolved at a high concentration. Since
a liquid chemical having a good protecting film forming ability can be thus
easily obtained, such a solvent may be used as the solvent contained in the
liquid chemical.
[0067] A larger content of water in the liquid chemical tends to make the
25  liquid chemical higher in flash point, which results in reduction of the risk. It
is therefore particularly preferable that the concentration of water relative to
the total quantity of the solvent contained in the liquid chemical is not lower
than 60 mass%, much more preferably not lower than 70 mass%.
[0068]  Additionally, in order to accelerate the formation of the protecting
30 film by virtue of the protecting film forming agent, a catalyst may be added to

the liquid chemical for forming a protecting film. The amount of the addition
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of the catalyst is preferably 0.01 to 50 mass% relative to the total quantity of
100 mass% of the protecting film forming agent.

[0069] When increasing the temperature of the liquid chemical for forming
a protecting film, the protecting film can be formed in a shorter time. A
temperature at which a uniform protecting film can be readily formed is not
lower than 10°C and lower than the boiling point of the liquid chemical.
Particularly, it is preferable to keep a temperature of not lower than 15°C and
not higher than a temperature 10 °C lower than the boiling point of the liquid
chemical. It is preferable that the temperature of the liquid chemical is kept
at the above-mentioned temperature while the liquid chemical is being
retained at least in the recessed portions of the uneven pattern.

[0070] The liquid chemical for forming a protecting film, used in the
protecting film forming step may be reused in other subsequent treatments for
wafer. For example, in the case of the above-mentioned single cleaning style,
a liquid chemical having been provided to a wafer and then left the wafer is
collected and can be reused in other subsequent wafer treatments.
Meanwhile, in the case of the above-mentioned batch style, a batch of liquid
chemical treatment is conducted in a treatment bath and then a wafer is taken
out thereof; thereafter, a liquid chemical left in the treatment bath can be used
for a subsequent batch.

[0071] Incidentally, a reusable liquid chemical may be reused upon being
partially discarded or may be used with the addition of an additional liquid
chemical. Furthermore, the reusable liquid chemical may be used upon
performing a purification operation such as: removal of metal impurities, for
example, by an ion-exchange resin, distillation and the like; removal of
contaminants including particles etc., for example, by filtration; and the like.
[0072]  After the protecting film forming step, the liquid chemical retained
at least in the recessed portions of the uneven pattern may be substituted with
a cleaning liquid different from the above-mentioned liquid chemical
(hereinafter, this cleaning liquid different from the above-mentioned liquid

chemical is sometimes referred to as “a cleaning liquid B”) (hereinafter, this
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step is sometimes referred to as “a subsequent cleaning step”), and then may
be brought into a drying step. Examples of the cleaning liquid B are: a
water-based cleaning liquid, an organic solvent; a mixture of the water-based
cleaning liquid and the organic solvent; those into which at least one kind of
5 acid, alkali and a surfactant is mixed; these in which the protecting film
forming agent used for the liquid chemical for forming a protecting film is
contained at a concentration lower than that of the liquid chemical; and the
like. From the viewpoint of removing particles and metal impurities, it is
more preferable that the cleaning liquid B is water, an organic solvent or a
10  mixture of water and the organic solvent.
[0073] Furthermore, in the subsequent cleaning step, substitution with the
cleaning liquid B may be conducted twice or more. More specifically, the
liquid chemical for forming a protecting film may be substituted with a first
kind of cleaning liquid B and the first kind of cleaning liquid B may
15 successively be substituted with two or more kinds of cleaning liquids B
different from the above-mentioned cleaning liquid B, followed by the drying
step.
[0074] The organic solvent, which serves as one of the preferable examples
of the cleaning liquid B, are exemplified by hydrocarbons, esters, ethers,
20 ketones, halogen element-containing solvents, sulfoxide-based solvents,
lactone-based solvents, carbonate-based solvents, alcohols, polyalcohol
derivatives, nitrogen element-containing solvents and the like.
[0075] In addition, the protecting film formed on the wafer surface by the
liquid chemical of the present invention is preferable when an organic solvent
25  is used as the cleaning liquid B since reduction of the water repellency by the
subsequent cleaning step is little.
[0076] There is shown in Fig. 4 a schematic view showing a state where a
liquid is retained in the recessed portions 4 provided with water repellency by
the liquid chemical for forming a protecting film. The wafer as shown in the
30 schematic view of Fig. 4 shows a part of the a-a’ cross section in Fig. 1. The

surface formed having the uneven pattern is coated with a protecting film 10
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by the liquid chemical thereby being provided with water repellency.
Furthermore, the protecting film 10 is retained on the wafer surface even when
the liquid 9 is removed from the uneven pattern.
[0077] When the protecting film 10 is formed at least on the surfaces of the
5 recessed portions of the uneven pattern of the wafer by the liquid chemical for
forming a protecting film, a contact angle of from 50 to 130° is preferable on the
assumption that water is retained on the surfaces, because the pattern collapse
becomes difficult to occur thereby. It is therefore particularly preferable that
the contact angle is 65 to 115° because the pattern collapse becomes further
10  difficult to occur.
[0078] The subsequent cleaning step may be skipped if possible. If the
concentration of the content of the protecting film forming agent in the liquid
chemical for forming a protecting film of the present invention is within the
above-mentioned range, residues of the protecting film are made difficult to
15 remain on the wafer surface after a film removing step; therefore it is easy to
skip the subsequent cleaning step, thereby allowing simplification of the
process.
[0079] In the case of skipping the subsequent cleaning step, the higher the
water concentration in the liquid chemical for forming a protecting film is, the
20 larger the contact angle of the liquid chemical for forming a protecting film to
the surface obtained after forming a protecting film becomes. Hence the
capillary force which is to act on the recessed portions can be easily decreased.
As a result, the pattern collapse becomes difficult to occur at the time of
removing the liquid chemical, which is preferable.  Accordingly, the
25 concentration of water relative to the total quantity of the solvent contained in
the liquid chemical for forming a protecting film is preferably not lower than
80 mass%, more preferably not lower than 90 mass%.
[0080] Then, as discussed in the drying step, there is conducted a step of
removing a liquid from the uneven pattern by drying, the liquid being retained
30 in the recessed portions 4 on which the protecting film is formed by the liquid

chemical. At this time, the liquid retained in the recessed portions may be the
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liquid chemical used in the protecting film forming step, the cleaning liquid B
used in the subsequent cleaning step, or a mixture liquid of these. The
mixture liquid is one in which the protecting film forming agent is contained in
the liquid chemical for forming a protecting film at a concentration lower than
5 that of the liquid chemical, and may be a liquid which is on the way to
substitution of the liquid chemical with the cleaning liquid B, or a mixture
liquid obtained by previously mixing the protecting film forming agent with
the cleaning liquid B. In view of the cleanliness of the wafer, there is
preferably used water, an organic solvent, or a mixture of water and the

10  organic solvent. Additionally, it is also possible to bring the cleaning liquid B
retained on the unevenly patterned surface after once removing liquid from the
unevenly patterned surface and to conduct drying thereafter.

[0081] Incidentally, in a case of performing a cleaning treatment after a
surface treatment with the liquid chemical (i.e. in a case of performing the

15 subsequent cleaning step), a time for this step, 1.e. a time to retain the cleaning
liquid B is preferably not shorter than 10 seconds, more preferably not shorter
than 20 seconds from the viewpoint of removing particles and impurities from
the unevenly patterned surface. In view of the effect of maintaining a water
repellent performance of the protecting film formed on the unevenly patterned

20 surface, the use of an organic solvent as the cleaning liquid B is preferable
because the water repellency of the wafer surface is maintained even after
conducting the subsequent cleaning step. On the other hand, a too long time
for the subsequent cleaning step can reduce the productivity, and therefore the
time is preferably within 15 minutes.

25  [0082] Furthermore, since water has a large contact angle to the surface
obtained after forming a protecting film, water is able to easily decrease the
capillary force which is to act on the recessed portions, which results in a lesser
occurrence of the pattern collapse at the time of removing the liquid chemical.
It is therefore water may be used as the cleaning liquid B.

30 [0083] In the drying step, a liquid retained on the uneven pattern is
removed by drying. The drying is preferébly conducted by a conventionally
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[0084] Then, as discussed in the film removing step, there is performed a
5 step of removing the protecting film. In the case of removing the water
repellent protecting film, it is effective to cleave C—C bond and C-F bond in the
water repellent protecting film. A method therefor is not particularly limited
so long as it is possible to cleave the above-mentioned bonds but exemplified
by: irradiating the wafer surface with light; heating the wafer; exposing the
10  wafer to ozone; irradiating the wafer surface with plasma; subjecting the wafer
surface to corona discharge; and the like.
[0085] In the case of removing the protecting film by light irradiation, it is
preferable to conduct an irradiation with ultraviolet rays having a wavelength
of shorter than 340 nm and 240 nm (corresponding to bond energies of C-C
15 bond and C-F bond in the protecting film, i.e., 83 kcal/mol and 116 kcal/mol,
respectively). As the light source therefor, there is used a metal halide lamp,
a low-pressure mercury lamp, a high-pressure mercury lamp, an excimer lamp,
a carbon arc or the like. In the case of the metal halide lamp, the intensity of
the ultraviolet irradiation is preferably not less than 100 mW/cm?2, particularly
20 preferably not less than 200 mW/cm?, as a measurement value obtained by the
illuminance meter (Intensity meter UM-10 produced by Konica Minolta
Sensing, Inc., Light-Receptor UM-360 [Peak sensitivity wavelength: 365 nm,
Measured wavelength range: 310 to 400 nm]). Incidentally, an irradiation
intensity of less than 100 mW/cm? takes a long time to remove the protecting
25 film. Additionally, in the case of the low-pressure mercury lamp, the
ultraviolet irradiation is performed with shorter wavelengths so that removal
of the protecting film is achieved in a short time even if the intensity is low.
This is therefore preferable.
[0086]  Additionally, in the case of removing the protecting film by light
30 irradiation, it is particularly preferable to generate ozone in parallel with

decomposing the components of the protecting film by ultraviolet rays and then
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10 light irradiation may be conducted while heating the wafer.

[0088] As the method for removing the protecting film by heating, there are
a method of bringing a wafer into contact with a heat source, a method of
bringing a wafer into a heated atmosphere such as a heat treatment furnace,
and the like. The method of bringing a wafer into a heated atmosphere can

15 easily and uniformly provide the wafer surface with energy for removing the
protecting film even in a case where two or more wafers are subjected to a
treatment. This method is operationally convenient, achieves the treatment
within a short period of time and has high treatment ability. Therefore, this
is an industrially advantageous method.

20 [0089] In the case of exposing the wafer to ozone, it is preferable to expose
the wafer surface to ozone generated by ultraviolet irradiation using the
low-pressure mercury lamp, low-temperature discharge using high voltages or
the like. The wafer may be irradiated with light or heated while being
exposed to ozone.

25  [0090] In the film removing step, the protecting film formed on the wafer
surface can be efficiently removed by combining the above-mentioned light
irradiation, heating, ozone exposure, plasma irradiation, corona discharge and
the like.

[0091] <From The Second Aspect of The Present Invention>
30 Next, the present invention will be discussed from the second aspect.

Previous to conducting a surface treatment that employs the
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a pretreatment step 1 of making a wafer surface into a surface
5 having an uneven pattern;
a pretreatment step 2 of cleaning the wafer surface by using a
water-based cleaning liquid; and
a pretreatment step 3 of substituting the water-based cleaning
liquid with a cleaning liquid A different from the water-based cleaning liquid
10  (hereinafter, the cleaning liquid A different from the water-based cleaning
liquid is sometimes referred to as merely “a cleaning liquid A”).
Incidentally, the pretreatment step 2 or the pretreatment step 3 may
be skipped in some cases.
[0092] As a pattern-forming method in the pretreatment step 1, a resist is
15 applied to the wafer surface first of all. Thereafter, the resist is exposed
through a resist mask, followed by conducting an etching removal on the
exposed resist or an unexposed resist, thereby producing a resist having a
desired uneven pattern. Additionally, the resist having an uneven pattern
can be obtained also by pushing a mold having a pattern onto the resist. Then,
20 the wafer is subjected to etching. At this time, the parts of the wafer surface
which corresponding to recessed portions of a resist pattern are etched
selectively. Finally, the resist is stripped off thereby obtaining a wafer having
an uneven pattern.
[0093] By the above-mentioned pretreatment steps, it becomes possible to
25  obtain a wafer (a metal-based wafer) having at its surface an uneven pattern
and containing at least one kind of element selected from the group consisting
of titanium, tungsten, aluminum, copper, tin, tantalum and ruthenium at
surfaces of recessed portions of the uneven pattern. As the metal-based wafer,
it is possible to cite: those obtained by coating a surface of a silicon wafer, a
30 wafer formed of a plurality of components including silicon and/or silicon oxide

(SiOg), a silicon carbide wafer, a sapphire wafer, various compound
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semiconductor wafers, a plastic wafer or the like with a layer formed of a
matter containing at least one kind of element selected from the group
consisting of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium (hereinafter, the matter is sometimes referred to as “metal-based
5 matter”); those in which at least one layer of a multilayer film formed on the
wafer is a layer formed of the above-mentioned metal-based matter. The
above-mentioned uneven pattern forming step is conducted on a layer
including a layer of the metal-based matters. Additionally, there are included
those in which at least a part of the surfaces of the recessed portions, of the
10 surface of at which the uneven pattern is formed, serves as the metal-based
matter at the time of forming the uneven pattern.
[0094] The metal-based matter is exemplified by: a matter containing
titanium element, such as titanium nitride, titanium oxide, titanium and the
like; a matter containing tungsten element, such as tungsten, tungsten oxide
15 and the like; a matter containing aluminum element, such as aluminum,
aluminum oxide and the like; a matter containing copper element, such as
copper, copper oxide and the like; a matter containing tin element, such as tin,
tin oxide and the like; a matter containing tantalum element, such as tantalum,
tantalum oxide, tantalum nitride and the like; and a matter containing
20 ruthenium element, such as ruthenium, ruthenium oxide and the like.
[0095] Additionally, also in a wafer formed of a plurality of components
including the matter containing at least one kind of element of the metal-based
elements, it is possible to form the protecting film on the surface of the
metal-based matter. Examples of the wafer formed of a plurality of
25 components further include: those in which the metal-based matter is formed
at least at a part of the surfaces of the recessed portions; and those in which at
least a part of the surfaces of the recessed portions serves as the metal-based
matter at the time of forming the uneven pattern. Incidentally, where the
protecting film can be formed by the liquid chemical of the present invention is
30 at least on a surface of a portion of the metal-based matter, in the uneven

pattern. Accordingly, the protecting film may be such as to be formed at least
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on a part of the surfaces of the recessed portions of the metal-based wafer.
[0096] Incidentally, the liquid chemical for forming a protecting film can
easily form an excellent water repellent protecting film on the surface of an
article containing titanium element at its surface. Therefore, it is preferable
5 that the wafer is a wafer having at its surface an uneven pattern and
containing titanium element at the surfaces of the recessed portions of the
uneven pattern.
[0097] Examples of the water-based cleaning liquid used in the
pretreatment step 2 are water and an aqueous solution obtained by mixing at
10 least one kind of an organic solvent, hydrogen peroxide, ozone, acid, alkali and
surfactant with water (the aqueous solution having a water content of not less
than 10 mass%, for example).
[0098] Furthermore, in the pretreatment step 2, substitution with the
water-based cleaning liquid may be conducted twice or more. The
15  water-based cleaning liquids to be used in this case may be different from each
other.
[0099] If recessed portions have a small width and projected portions have
a large aspect ratio, and if the surface is cleaned with the water-based cleaning
liquid in the pretreatment step 2 and subsequently the water-based cleaning
20 liquid is removed by drying and the like or if water is removed by drying and
the like after substituting the water-based cleaning liquid with water, a
pattern collapse is to easily occur. The uneven pattern is defined as shown in
Fig. 1 and Fig. 2. Fig. 1 is one example of a schematic perspective view of a
wafer 1 of which surface is made into a surface having an uneven pattern 2.
25 Fig. 2 shows a part of an a-a’ cross section in Fig. 1. A width 5 of recessed
portions is defined by an interval between a projected portion 3 and the
projected portion 3, as shown in Fig. 2. The aspect ratio of projected portions
is expressed by dividing a height 6 of the projected portions by a width 7 of the
projected portions. The pattern collapse in the cleaning step is to easily occur
30 when the recessed portions have a width of not more than 70 nm, particularly

not more than 45 nm and when the aspect ratio is not less than 4, particularly
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not less than 6.

[0100] In the present invention, a style for cleaning the wafer is not
particularly limited so long as the liquid chemical or the cleaning liquid can be
retained at least in the recessed portions of the uneven pattern of the wafer.
Examples of the style for cleaning the wafer are: a single cleaning style
represehted by spin cleaning where a generally horizontally held wafer is
rotated and cleaned one by one while supplying a liquid to the vicinity of the
center of the rotation; and a batch style where a plurality of wafer sheets are
immersed in a cleaning bath to be cleaned. Incidentally, the form of the liquid
chemical or the cleaning liquid at the time of supplying the liquid chemical or
the cleaning liquid at least to the recessed portions of the uneven pattern of the
wafer is not particularly limited as far as it is in a condition of liquid at time of
being retained in the recessed portions, and is exemplified by liquid, vapor or
the like.

[0101] The cleaning liquid A used in the pretreatment step 3 refers to an
organic solvent, a mixture of the organic solvent and a water-based cleaning
liquid, or a cleaning liquid into which at least one kind of acid, alkali and
surfactant is mixed with these. Furthermore, it is preferable to conduct a
step of retaining the liquid chemical for forming a protecting film at least in
the recessed portions of the uneven pattern (i.e. a water repellent protecting
film forming step) by substituting the cleaning liquid A with the liquid
chemical for forming a protecting film.

[0102] The organic solvent, which serves as one preferable example of the
cleaning liquid A, is exemplified by hydrocarbons, esters, ethers, ketones,
halogen-element containing solvents, sulfoxide-based solvents, alcohols,
polyalcohol derivatives, nitrogen element-containing solvents and the like.
[0103] Incidentally, it is preferable that the cleaning liquid A is an organic
solvent or a mixture liquid of water and an organic solvent in view of the
cleanliness. Furthermore, it is preferable that the organic solvent contains a
water-soluble organic solvent (a solubility of the water-soluble organic solvent

in water is preferably not smaller than 5 mass parts by weight relative to 100
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parts by weight of water) because it can be easily substituted for the
water-based cleaning liquid.

[0104] Additionally, in the pretreatment step 3, substitution with the
cleaning liquid A may be conducted twice or more. More specifically, the
water-based cleaning liquid used in the pretreatment step 2 may be
substituted with a first kind of cleaning liquid A and the first kind of cleaning
liquid A may successively be substituted with two or more kinds of cleaning
liquids A different from the above-mentioned cleaning liquid A, and then the
liquid chemical for forming a protecting film may be substituted therefor.
[0105] Moreover, in a case where the water-based cleaning liquid used in
the pretreatment step 2 can be substituted directly with the liquid chemical for
forming a protecting film, substitution with the cleaning liquid A (the
pretreatment step 3) may be omitted.

[0106] Additionally, it is preferable that the process for cleaning a wafer,
according to the present invention includes a step of cleaning the wafer surface
with a cleaning liquid containing water and/or alcohol, as the pretreatment
step 2 and/or the pretreatment step 3, earlier than the water repellent
protecting film forming step.

[0107] Fig. 3 is a schematic view showing a condition in which a liquid
chemical 8 for forming a protecting film is retained in recessed portions 4 in a
protecting film forming step. The wafer of the schematic view of Fig.3 shows
a part of the a-a’ cross section in Fig. 1. At this time, a protecting film 1is
formed on the surfaces of the recessed portions 4 thereby imparting water
repellency to the surfaces.

[0108] A water repellent protecting film forming agent contained in the
liquid chemical for forming a water repellent protecting film which liquid
chemical is used in the process for cleaning a wafer of the present invention is
preferably at least one selected from compounds represented by the general
formulas [1] to [6] and salt compounds thereof.

[0109] A hydrocarbon group contained in R2 of the general formula [1] is
exemplified by alkyl group, alkylene group, those in which hydrogen elvements

cL
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are partially or entirely substituted with a fluorine element(s), and the like.
[0110] Additionally, it is preferable that the above-mentioned R2 is —OR1!
(R is a C1-Cis hydrocarbon group). Additionally, it is preferable that R1! has
a carbon number of 1 to 8 and particularly 1 to 4, since a more excellent water
5 repellency is imparted thereby. Moreover, R1! is preferably a straight-chained
alkyl group.
[0111] Furthermore, it is particularly preferable that the water repellent
protecting film forming agent is at least one selected from: compounds
represented by the general formula [7] where “a” of the general formula [1] is 2

10 and the general formula [8] where “b” of the general formula [3] is 1; and salt
compounds thereof, in order to impart a better water repellency.

[0112] Further, it is preferable that the water repellent protecting film
forming agent is at least one selected from compounds represented by the
general formulas [7] and [8].

15 [0113] Furthermore, the water repellent protecting film forming agent is
particularly preferably a compound represented by the general formula [7].
[0114] Examples of R1, R3, R5, R6, R7, R8, R® and R0 of the general formulas
[1] to [8] are: alkyl group; phenyl group; phenyl group the hydrogen element of
which is substituted with alkyl group; naphthyl group; these hydrocarbon

20 groups whose hydrogen elements are partially or entirely substituted with a
fluorine element(s); and the like.

[0115] Moreover, it is preferable that R1, R3, R5, Ré, R7, R8, R9 and R10 of the
general formulas [1] to [8] have a carbon number of 2 to 16, particularly
preferably 4 to 14 and much more preferably 6 to 14, since a more excellent

25 water repellency is imparted thereby. Additionally, the hydrocarbon group
the hydrogen elements of which may partially or entirely be substituted with a
fluorine element(s) is preferably alkyl group and particularly preferably a
straight-chained alkyl group. If the hydrocarbon group is a straight-chained
alkyl group, hydrophobic moieties of the protecting film forming agent tend to

30 be arranged perpendicularly to the surface of the protecting film at the time of

forming the protecting film so as to enhance a water-repellency-imparting
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effect, which is therefore further preferable. Moreover, R1, R3, RS, Rs, R7, RS,
R¢ and R0 of the general formulas [1] to [8] bring about a far better water
repellency, so that these are preferably hydrocarbon groups whose hydrogen
elements are partially or entirely be substituted with a fluorine element(s).

5 [0116] The protecting film forming agent may exist in the form of a salt
compound of a compound represented by the general formula [1], [2], [4], [5] or
[7], for example, in the form of a salt such as ammonium salt, amine salt and
the like. In addition, the protecting film forming agent may exist in the form
of a salt compound of a compound represented by the general formula [3], [6] or

10  [8], for example, in the form of a salt such as carbonate, hydrochloride, sulfate,
phosphate and the like.

[0117] Furthermore, the protecting film forming agent contained in the
liquid chemical for forming a protecting film preferably has a concentration of
0.0005 to 2 mass% relative to the total quantity of 100 mass% of the liquid

15 chemical. A concentration of smaller than 0.0005 mass% tends to make the
water-repellency-imparting effect insufficient, while that of larger than 2
mass% tends to be insoluble in a solvent to be used for the liquid chemical. A
concentration of 0.001 to 1 mass% is more preferable, and 0.0015 to 0.8 mass%
1s particularly preferable.

20 [0118] As the solvent used for the liquid chemical for forming a protecting
film, there can be suitably adopted water, an organic solvent, and a mixture
liquid of water and an organic solvent. Preferable examples of the organic
solvent are hydrocarbons, esters, ethers, ketones, halogen element-containing
solvents, sulfoxide-based solvents, lactone-based solvents, carbonate-based

25 solvents, alcohols, polyalcohol derivatives, nitrogen element-containing
solvents, and a mixture liquid of these.

[0119] As concrete examples of the organic solvent, it is possible to cite
those discussed in the first aspect of the present invention.
[0120]  Additionally, it is preferable to use a nonflammable one as a part or

30 the entire of the solvent since the liquid chemical for forming a protecting film

becomes nonflammable or increases in flash point thereby reducing the risk of
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the liquid chemical. Most of the halogen element-containing solvents are
nonflammable, so that such a halogen element-containing nonflammable
solvent can be preferably used as a nonflammable organic solvent. -Also,
water can preferably be used as a nonflammable solvent, too.

5 [0121] Additionally, most of the polyalcohol derivatives have a high flash
point and therefore it is preferable to use these solvents because the risk of the
liquid chemical for forming a protecting film can be reduced.

[0122] With consideration given to a protecting film forming ability that the
liquid chemical for forming a protecting film has, it is preferable to use
10 hydrocarbons, esters, ethers, ketones, polyalcohol derivatives having no
hydroxyl group, water or a mixture liquid thereof, as the solvent. Additionally,
in consideration of substitutability with a water-based cleaning liquid, it is
preferable to use polyalcohol derivatives having no hydroxyl group, water or a
mixture liquid thereof. Additionally, alcohols and the polyalcohol derivatives
15 having hydroxyl group provide the protecting film forming agent with an
excellent solubility. When such a solvent is used as the solvent contained in
the liquid chemical, therefore, the protecting film forming agent can be
dissolved at a high concentration. Since a liquid chemical having a good
protecting film forming ability can be thus easily obtained, such a solvent may
20  be used as the solvent contained in the liquid chemical.
[0123] Additionally, in order to accelerate the formation of the protecting
film by virtue of the protecting film forming agent, a catalyst may be added to
the liquid chemical for forming a protecting film. The amount of the addition
of the catalyst is preferably 0.01 to 50 mass% relative to the total quantity of
25 100 mass% of the protecting film forming agent.
[0124] When increasing the temperature of the liquid chemical for forming
a protecting film, the protecting film can be formed in a shorter time. A
temperature at which a uniform protecting film can be readily formed is not
lower than 10°C and lower than the boiling point of the liquid chemical.
30 Particularly, it is preferable to keep a temperature of not lower than 15°C and

not higher than a temperature 10 °C lower than the boiling point of the liquid
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at the above-mentioned temperature while the liquid chemical 1s being
retained at least in the recessed portions of the uneven pattern.
[0125] The liquid chemical for forming a protecting film, used in the
5  protecting film forming step is reused in other subsequent treatments for wafer.
For example, in the case of the above-mentioned single cleaning style, a liquid
chemical having been provided to a wafer and then left the wafer is collected
and can be reused in other subsequent wafer treatments. Meanwhile, in the
case of the above-mentioned batch style, a batch of liquid chemical treatment is

10  conducted in a treatment bath and then a wafer is taken out thereof; thereafter,
a liquid chemical left in the treatment bath can be used for a subsequent batch.
[0126] Incidentally, a liquid chemical to be reused may be used upon being
partially discarded or may be used with the addition of an additional liquid
chemical. Furthermore, the reusable liquid chemical may be used upon

15  performing a purification operation such as: removal of water molecules by an
absorbent, i.e. a molecular sieve and the like, distillation and the like; removal
of metal impurities, for example, by an ion-exchange resin, distillation and the
like; removal of contaminaﬁts including particles etc., for example, by
filtration; and the like.

20 [0127] After the water repellent protecting film forming step, a liquid that
remains in the recessed portions of the wafer is removed by drying (hereinafter,
this drying operation is sometimes referred to as “a drying step”).

[0128]  After the protecting film forming step, the liquid chemical retained
at least in the recessed portions of the uneven pattern may be substituted with

25 a cleaning liquid different from the above-mentioned liquid chemical
(hereinafter, this cleaning liquid different from the above-mentioned liquid
chemical is sometimes referred to as “a cleaning liquid B”) (hereinafter, this
step is sometimes referred to as “a subsequent cleaning step”), and then may
be brought into a drying step. Examples of the cleaning liquid B are: a

30 water-based cleaning liquid, an organic solvent; a mixture of the water-based

cleaning liquid and the organic solvent; those into which at least one kind of
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acid, alkali and a surfactant is mixed; these in which the protecting film
forming agent used for the liquid chemical for forming a protecting film is
contained at a concentration lower than that of the liquid chemical; and the
like. From the viewpoint of removing particles and metal impurities, it is
5 more preferable that the cleaning liquid B is water, an organic solvent or a
mixture of water and the organic solvent.
[0129] Furthermore, in the subsequent cleaning step, substitution with the
cleaning liquid B may be conducted twice or more. More specifically, the
liquid chemical for forming a protecting film may be substituted with a first
10 kind of cleaning liquid B and the first kind of cleaning liquid B may
successively be substituted with two or more kinds of cleaning liquids B
different from the above-mentioned cleaning liquid B, followed by the drying
step.
[0130] The organic solvent, which serves as one of the preferable examples
15 of the cleaning liquid B, are exemplified by hydrocarbons, esters, ethers,
ketones, halogen element-containing solvents, sulfoxide-based solvents,
lactone-based solvents, carbonate-based solvents, alcohols, polyalcohol
derivatives, nitrogen element-containing solvents and the like.
[0131] In addition, the protecting film formed on the wafer surface by the
20 liquid chemical of the present invention is particularly preferable when an
organic solvent is used as the cleaning liquid B since reduction of the water
repellency by the subsequent cleaning step is little.
[0132] There is shown in Fig. 4 a schematic view showing a state where a
liquid is retained in the recessed portions 4 provided with water repellency by
25  the liquid chemical for forming a protecting film. The wafer as shown in the
schematic view of Fig. 4 shows a part of the a-a’ cross section in Fig. 1. The
surface formed having the uneven pattern is coated with a protecting film 10
by the liquid chemical thereby being provided with water repellency.
Furthermore, the protecting film 10 is retained on the wafer surface even when
30 the liquid 9 is removed from the uneven pattern.

[0133] When the protecting film 10 is formed at least on the surfaces of the
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cl eaning and that 20 residues of the protecting filmdid not remain after
WV i rradi afigid. chemical used in the protecting film forming step, the cleaning liquid B
used in the subsequent cleaning step, or a mixture liquid of these. The
mixture liquid is one in which the protecting film forming agent is contained in
the liquid chemical for forming a protecting film at a concentration lower than
15 that of the liquid chemical, and may be a liquid which is on the way to
substitution of the liquid chemical with the cleaning liquid B, or a mixture
liquid obtained by previously mixing the protecting film forming agent with
the cleaning liquid B. In view of the clea»nliness of the wafer, there is
preferably used water, an organic solvent, or a mixture of water and the
20 organic solvent. Additionally, it is also possible to bring the cleaning liquid B
retained on the unevenly patterned surface after once removing liquid from the
unevenly patterned surface and to conduct drying thereafter.
[0135] Incidentally, in a case of performing a cleaning treatment after a
surface treatment with the liquid chemical (i.e. in a case of performing the
25 subsequent cleaning step), a time for this step, i.e. a time to retain the cleaning
liquid B is not shorter than 5 seconds, preferably not shorter than 10 seconds,
more preferably not shorter than 20 seconds from the viewpoint of removing
particles and impurities from the unevenly patterned surface. In view of the
effect of maintaining a water repellent performance of the protecting film
30 formed on the unevenly patterned surface, the use of an organic solvent as the

cleaning liquid B is preferable because the water repellency of the wafer
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15 Moreover, the wafer may be heated while being subjected to light irradiation.
[0141] In the case of heating the wafer, heating of the wafer is conducted at
400 to 1000°C, preferably at 500 to 900°C. The heating time is preferably
kept from 10 seconds to 60 minutes, more preferably from 30 seconds to 10
minutes. Additionally, this step may be conducted in combination with ozone

20 exposure, plasma irradiation, corona discharge or the like. Furthermore, the
light irradiation may be conducted while heating the wafer.
[0142] As the method for removing the protecting film by heating, there are
a method of bringing a wafer into contact with a heat source, a method of
bringing a wafer into a heated atmosphere such as a heat treatment furnace,

25 and the like. The method of bringing a wafer into a heated atmosphere can
easily and uniformly provide the wafer surface with energy for removing the
protecting film even in a case where two or more wafers are subjected to a
treatment. This method is operationally convenient, achieves the treatment
within a short period of time and has high treatment ability. Therefore, this

30 is an industrially advantageous method.

[0143] In the case of exposing the wafer to ozone, it is preferable to expose
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the wafer surface to ozone generated by ultraviolet irradiation using the

low-pressure mercury lamp, low-temperature discharge using high voltages or

the like. The wafer may be irradiated with light or heated while being

exposed to ozone.

5 [0144] In the film removing step, the protecting film formed on the wafer

surface can be efficiently removed by combining the above-mentioned light

irradiation, heating, ozone exposure, plasma irradiation and corona discharge.

EXAMPLES

[0145] A technique of making a wafer surface into a surface having an

10 uneven pattern and a technique of substituting a cleaning liquid retained at

least in recessed portions of the uneven pattern with other cleaning liquid have

been variously studied as discussed in other literatures and the like, and have

already been established. Accordingly, in the present invention, evaluations

concerning a liquid chemical for forming a protecting film were mainly

15 performed. Additionally, as apparent from the following equation, a pattern

collapse greatly depends on the contact angle of a cleaning liquid to the wafer

surface, i.e. the contact angle of a liquid drop and on the surface tension of the

cleaning liquid.

P=2x yx cosdS

20 (In the equation, y represents the surface tension of a liquid retained

in the recessed portions, & represents the contact angle between the liquid

retained in the recessed portions and the surfaces of the recessed portions, and

Srepresents the widths of the recessed portions.)

In a case of a cleaning liquid retained in recessed portions 4 of an

25 uneven pattern 2, the contact angle of a liquid drop and the capillary force

acting on the recessed portions (which force is regarded as being equal to the

pattern collapse) are in correlation with each other, so that it is also possible to

derive the capillary force from the equation and the evaluations made on the

contact angle of the liquid drop to a protecting film 10. In Examples, water,

30 which is representative of a water-based cleaning liquid, was used as the

cleaning liquid. On the assumption that water is retained on the surface of
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the protecting film, the contact angle is preferably from 50 to 130° because the
pattern collapse becomes difficult to occur, and more preferably from 65 to 115°
because the pattern collapse becomes further difficult to occur.
[0146] However, in the case of a wafer having an unevenly patterned surface,
5 it is not possible to exactly evaluate the contact angle of the protecting film 10
itself formed on the unevenly patterned surface.
[0147] An evaluation of the contact angle of waterdrop is conducted by
dropping several microliters of waterdrop on a surface of a sample (a substrate)
and then by measuring an angle formed between the waterdrop and the
10  substrate surface, as discussed in JIS R 3257 (Testing method of wettability of
glass substrate surface). However, in the case of the wafer having a pattern,
the contact angle is enormously large. This is because Wenzel's effect or
Cassie’s effect is caused so that an apparent contact angle of the waterdrop is
increased under the influence of a surface shape (roughness) of the substrate
15 upon the contact angle.
[0148] In view of the above, in Example I that relates to the first aspect of
the present invention, the liquid chemical is supplied onto a wafer having a
smooth surface to form a protecting film thereon, the protecting film being
regarded as the protecting film 10 formed on the surface of a wafer 1 having at
20 its surface an uneven pattern 2, thereby performing various evaluations. In
Example I, there were used as the wafer having a smooth surface: “a wafer
having a titanium nitride film” formed of a silicon wafer having a smooth
surface and having a titanium nitride film thereon (this wafer is indicated in
Tables by TiN); and “a wafer having a ruthenium film” formed of a silicon
25 wafer having a smooth surface and having a ruthenium film thereon (this
wafer is indicated in Tables by Ru).
<Example I>
[0149] Details will be discussed below. Hereinafter, there will be discussed:
a method for evaluating a wafer to which a liquid chemical for forming a
30 protecting film is supplied; preparation of the liquid chemical for forming a

protecting film; and results of evaluation made after supplying the liquid
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chemical for forming a protecting film to the wafer.
[0150] [Method for Evaluating Wafer to which Liquid Chemical for forming
Protecting Film is provided]
As a method for evaluating a wafer to which a liquid chemical for
5 forming a protecting film is provided, the following evaluations (1) to (3) were
performed.
[0151] (1) Evaluation of Contact Angle of Protecting Film formed on Wafer
Surface
About 2 pl of pure water was dropped on a surface of a wafer on
10  which a protecting film was formed, followed by measuring an angle (contact
angle) formed between the waterdrop and the wafer surface by using a contact
angle meter (produced by Kyowa Interface Science Co., Ltd.: CA-X Model). In
this evaluation, a wafer whose protecting film has a contact angle within a
range of from 50 to 130° was classified as an acceptable one.
15 [0152] (2) Removability of Protecting Film
Under the following conditions, a sample was irradiated with UV
rays from a metal halide lamp for 2 hours, upon which an evaluation of
removability of the protecting film at the film removing step was made. A
sample on which waterdrop had a contact angle of not larger than 30° after the
20 irradiation was classified as acceptable one.
« Lamp: MO015-L312 produced by EYE GRAPHICS CO., LTD.
(Intensity: 1.5 kW)
- [lluminance: 128 mW/cm? as a measurement value obtained under
the following conditions
25 + Measuring Apparatus: Ultraviolet Intensity Meter (UM-10
produced by Konica Minolta Sensing, Inc.)
- Light-Receptor: UM-360 (Light-Receptive Wavelength:310-400 nm,
Peak Wavelength: 365 nm)
* Measuring Mode: Irradiance Measurement
30 [0153] (3) Evaluation of Surface Smoothness of Wafer after removing
Protecting Film
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The surface was observed by atomic force microscope (produced by

Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan). Then, there

was obtained a difference ARa (nm) in the centerline average surface

roughness Ra (nm) of the surface of the wafer between before and after the

5 cleaning. Incidentally, Ra is a three-dimensionally enlarged one obtained by

applying the centerline average roughness defined by JIS B 0601 to a

measured surface and is calculated as “.an average value of absolute values of

deviation from standard surface to designated surface” from the following
equation.

10 [0154]

Ra= —— [ "® [ %= [FX.Y)—2,| dXdY
So Yr X
where X1, and Xg, and Yp and Yr represent a measuring range in the
X coordinate and the Y coordinate, respectively. So represents an area on the
assumption that the measured surface is ideally flat, and 1s a value obtained
15 by Xr-Xp)x(Ys-Yr). Additionally, F(X,Y) represents the height at a measured
point (X,Y). Zo represents the average height within the measured surface.
[0155] The Ra value of the wafer surface before the protecting film was
formed thereon and the Ra value of the wafer surface after the protecting film
was removed therefrom were measured. If a difference between them (ARa)
20 was within +1nm, the wafer surface was regarded as not being eroded by the
cleaning and as not leaving residues of the protecting film thereon, and
therefore classified as an acceptable one.
[0156] [Example I-1]
(1) Preparation of Liquid Chemical for forming Protecting Film
25 A mixture of: 0.002 g of octadecylphosphonic acid [Ci1sH3z7P(O)(OH)z]
that serves as a water repellent protecting film forming agent; and 90 g of
water and 9.998 g of propylene glycol monomethyl ether acetate (hereinafter
referred to as “PGMEA”) both of which serve as a solvent was stirred for 18

hours thereby obtaining a liquid chemical for forming a protecting film, the
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liquid chemical having the concentration of the protecting film forming agent
(hereinafter referred to as “a protecting film forming agent concentration”) of
20 mass ppm relative to the total quantity of the liquid chemical for forming a
protecting film and the concentration of water (hereinafter referred to as “a
5 water concentration”) of 90 mass% relative to the total quantity of the solvent
contained in the liquid chemical for forming a protecting film.
[0157] (2) Cleaning of Wafer having Titanium Nitride Film
As a pretreatment step 2, a wafer having a smooth titanium nitride
film (a silicon wafer formed having on its surface a titanium nitride layer of 50
10 nm thickness) was immersed in 1 mass% aqueous hydrogen peroxide for 1
minute, and then immersed in pure water for 1 minute. Furthermore, as a
pretreatment step 3, the wafer was immersed in isopropyl alcohol (hereinafter
referred to as “1PA”) for 1 minute.
[0158] (3) Surface Treatment of Surface of Wafer having Titanium Nitride
15  Film, using Liquid Chemical for forming Protecting Film
As a protecting film forming step, the wafer having the titanium
nitride film was immersed in the liquid chemical for forming a protecting film
at 20 °C for 10 minutes, the liquid chemical having been prepared in the above
“(1) Preparation of Liquid Chemical for forming Protecting Film” section,
20 thereby forming a protecting film on the wafer surface. Thereafter, the wafer
having the titanium nitride film was immersed in iPA for 1 minute, as a
subsequent cleaning step. Then, as a drying step, the wafer having the
titanium nitride film was taken out of iPA, followed by spraying air thereon to
remove iPA from the surface. "
25 [0159] As a result of evaluating the obtained wafer having the titanium
nitride film in a manner discussed in the above [Method for Evaluating Wafer
to which Liquid Chemical for forming Protecting Film is provided] section, a
wafer in which an initial contact angle before the surface treatment was
smaller than 10° was confirmed to have a contact angle of 106° after the
30 surface treatment, as shown in Table 1. With this, it was confirmed that a

water-repellency-imparting effect was excellently exhibited. Additionally, the
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contact angle after UV irradiation was smaller than 10°, which means that
removal of the protecting film was achieved. Furthermore, the ARa value of
the wafer after UV irradiation was within +0.5nm, with which it was
confirmed that the wafer was not eroded at the time of cleaning and that

5 residues of the protecting film did not remain after UV irradiation.
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[0161] [Examples 1-2 to [-53]
Upon suitably modifying the conditions employed in Example I-1 (.e., the
protecting film forming agent, the protecting film forming agent concentration,
the solvent for the liquid chemical for forming a protecting film, the
5 temperature of the liquid chemical for forming a protecting film, and the
subsequent cleaning step), a surface treatment was conducted on wafers,
followed by evaluation of these. The results are shown in Tables 1 and 2.
Incidentally, Examples I-8, I-12, 1-13, I-16, 1-20, I-21, 1-23, 1-27, 1-28, I-32, [-33,
1-38, 1-39, 1-43, 1-44, 1-46, I-47 and I-49 to I-53 did not undergo the subsequent
10 cleaning step. In other words, the wafers having a titanium nitride film were
taken out of the liquid chemical after the water repellent protecting film
forming step, followed by spraying air thereon to remove the liquid chemical
from the surface.
[0162] Incidentally, in the Tables, “Ci12H2sP(O)(OH):” means
15 dodecylphosphonic acid. “CioH2:P(O)(OH)2” means decylphosphonic acid.
“CgH17P(0)(OH)2” means octylphosphonic acid.  “CeF13—CeH4—P(O)(OH)2”
means perfluorohexylethylphosphonic acid. “CeH13P(O)(OH)2” means
hexylphosphonic acid. “C4HoP(O)(OH)2” means butylphosphonic acid.
“CeHs5P(0)(OH)2” means phenylphosphonic acid. Additionally, “DGEEA”
20 means diethylene glycol monoethyl ether acetate. “PGME” means propylene
glycol monomethyl ether.
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Protecting FilmForm ng Agent Protecting Film Form ng Agent Concentration
| mass?% Sol vent before Treatnment C ] 1st Batch 5th Batch Exanple 11-41
Cali1rNB2 1 PA Ti N PA <10 BO 80 Exanple 11-42 CA rbl1H2 1 DGEEA Ti N PA <10
80 80 Exanple 11-43 Cal -11711H2 1 DGEEA/ Water TIN i PA <10 82 82 Exanpl e
11-44 C21-1, 7NFI 2 55

[0164] [Example 1-54]

As a pretreatment step 2, a wafer having a smooth ruthenium film (a
silicon wafer formed having on its surface a ruthenium layer of 300 nm
thickness) was immersed in 1 mass% aqueous ammonia for 1 minute, and then

5 immersed in pure water for 1 minute. Furthermore, as a pretreatment step 3,
the wafer was immersed in iPA for 1 minute. The procedure of Example I-1
was repeated with the exception that a protecting film was formed on the
surface of this wafer.

[0165] As a result of evaluating the wafer having a smooth ruthenium film
10 on which the protecting film was formed, in a manner discussed in the above
[Method for Evaluating Wafer to which Liquid Chemical for forming Protecting
Film is provided] section, a wafer in which an initial contact angle before the
surface treatment was smaller than 10° was confirmed to have a contact angle
of 72° after the surface treatment, as shown in Table 2. With this, it was
15 confirmed that a water-repellency-imparting effect was exhibited.
Additionally, the contact angle after UV irradiation was smaller than 10°,
which means that removal of the protecting film was achieved. Furthermore,
the ARa value of the wafer after UV irradiation was within +0.5nm, with which
it was confirmed that the wafer was not eroded at the time of cleaning and that
20 residues of the protecting film did not remain after UV irradiation.
[0166] [Examples I-55 to I-61]

Upon suitably modifying the conditions employed in Example I-54
(i.e., the protecting film forming agent, the protecting film forming agent
concentration, the solvent for the liquid chemical for forming a protecting film,

925 and the temperature of the liquid chemical for forming a protecting film), a
surface treatment was conducted on wafers, followed by evaluation of these.
The results are shown in Table 2.
[0167] [Comparative Example I-1]
First of all, a mixture of: 0.01 g of
30 N, N-dimethylaminotrimethylsilane [(CH3)sSiN(CHas)z] that is a silane coupling

agent and serves as a protecting film forming agent; and 50 g of water and



1 PGVEA Ti N Water <10 78 78 Exanple 1E45 C81-1,7NH2 1 i PA Ti N Water <10 80
80 Exanple 11-46 C8H17NH2 1 DGEEA Ti N Water <10 80 80 Exanple 11-47
C8F117NH2 1 DGEEA/ Water Ti N Water <10 82 82 Exanple 11-48 Cl ABSH 1 PGVEA
TIN i PA <10 78 76 Exanple 11-49
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49.99 g of DGEEA both of which serve as a solvent was stirred for 18 hours
thereby obtaining a liquid chemical for forming a protecting film, the liquid
chemical having a protecting film forming agent concentration of 100 mass
ppm and a water concentration of 50 mass%. Then, cleaning and a surface
5 treatment were conducted on a wafer having a titanium nitride film, by the

same method as Example I-1. From the evaluation results as shown in Table
2, it was confirmed that the contact angle after the surface treatment was 10°.
The water-repellency-imparting effect was therefore not observed.
[0168] [Comparative Example [-2]

10 With use of the liquid chemical for forming a protecting film of
Comparative Example I-1, cleaning and a surface treatment were conducted on
a wafer having a ruthenium film, by the same method as Example I-54. From
the evaluation results as shown in Table 2, it was confirmed that the contact
angle after the surface treatment was 16°. The water-repellency-imparting

15  effect was therefore not observed.
[0169] In Example II that relates to the second aspect of the present
invention, the liquid chemical is supplied onto a wafer having a smooth surface
to form a protecting film thereon, the protecting film being regarded as the
protecting film 10 formed on the surface of a wafer 1 having at its surface an

20 uneven pattern 2, thereby performing various evaluations. In Example II,
there were used as the wafer having a smooth surface: “a wafer having a
titanium nitride film” formed of a silicon wafer having a smooth surface and
having a titanium nitride film thereon (this wafer is indicated in Tables by
TiN); “a wafer having a tungsten film” formed of a silicon wafer having a

25 smooth surface and having a tungsten film thereon (this wafer is indicated in
Tables by W); and “a wafer having a ruthenium film” formed of a silicon wafer
having a smooth surface and having a ruthenium film thereon (this wafer is
indicated in Tables by Ru).
<Example II>

30 [0170] Details will be discussed below. Hereinafter, there will be discussed:

a method for evaluating a contact angle of a protecting film formed on a wafer;



COH 7COOH 1 PGMEA TIN PA <10 76 76 Exanple 11-50 C81-117C001-1 1 PGMVEA Ti N
Water <10 76 76 Exanple 11-51 O abl 37P(0) (0F)2 11002 PGVEA Wi PA <10 68 68
Exanpl e 1-52 Cr2H20P(DXOH), 0.005 PGVEA W Water <10 60 60 Exanple 11-53
CoF73- C2H4- P(0)(01-)2 0.01 PGVEA W Water <10 70
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preparation of a liquid chemical for forming a protecting film; and results of

evaluation made after supplying the liquid chemical for forming a protecting

film to the wafer.

[0171] [Evaluation of Contact Angle of Protecting Film formed on Wafer
5  Surface]

About 2 pl of pure water was dropped on a surface of a wafer on
which a protecting film was formed, followed by measuring an angle (contact
angle) formed between the waterdrop and the wafer surface by using a contact
angle meter (produced by Kyowa Interface Science Co., Ltd.: CA-X Model). In

10 this evaluation, a wafer whose protecting film has a contact angle within a
range of from 50 to 130° was classified as an acceptable one.
[0172] [Example II-1]
(i-1) Preparation of Liquid Chemical for forming Protecting Film
A mixture of: 0.002 g of octadecylphosphonic acid [C1sH37P(O)(OH)z]
15 that serves as a water repellent protecting film forming agent; and 99.998 g of
propylene glycol monomethyl ether acetate (hereinafter referred to as
“PGMEA”) that serve as a solvent was stirred for 18 hours thereby obtaining a
liquid chemical for forming a protecting film, the liquid chemical having the
concentration of the protecting film forming agent (hereinafter referred to as “a
20 protecting film forming agent concentration”) of 0.002 mass% relative to the
total quantity of the liquid chemical for forming a protecting film.
[0173] (i-2) Cleaning of Wafer having Titanium Nitride Film

As a pretreatment step 2, a wafer having a smooth titanium nitride

film (a silicon wafer formed having on its surface a titanium nitride layer of 50
25 nm thickness) was immersed in 1 mass% aqueous hydrogen peroxide for 1

minute, and then immersed in pure water for 1 minute. Furthermore, as a

pretreatment step 3, the wafer was immersed in isopropyl alcohol (hereinafter

referred to as “1PA”) for 1 minute.

[0174] (i-3) Surface Treatment of Surface of Wafer having Titanium Nitride
30 Film, using Liquid Chemical for forming Protecting Film

As a protecting film forming step, the wafer having the titanium



70 Exanpl e 0-54 CoF"'- C2F14- P(0)(01-02 0.01 DGEEA Water <10 70 70 Exanple
11-55 CBF13- C2H4- P(OXCH)2 0.1 DGEEA/i PA WWater <10 74 74 Exanple 11-56
Gong- 02110- 13(0)(OH) 2 0.01 PGVEA Wi PA <10 70 68 Exanple |1-57 CaFlt- C2H4-
P(0)(01-)2 0.01 DGEEA WPA <10 70 68 Exanpl e R-58 C8F13- C2F14- P(OXOH) 2
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nitride film was immersed in the liquid chemical for forming a protecting film
at 20 °C for 10 minutes, the liquid chemical having been prepared in the above
“@i-1) Preparation of Liquid Chemical for forming Protecting Film” section,
thereby forming a protecting film on the wafer surface. Through this
5 operation, iPA was incorporated into the liquid chemical for forming a
protecting film in an amount of 1 mass%‘relative to the total quantity of the
liquid chemical for forming a protecting film. Thereafter, the wafer having
the titanium nitride film was immersed in iPA for 10 seconds, as a subsequent
cleaning step. Then, as a drying step, the wafer having the titanium nitride
10  film was taken out of iPA, followed by spraying air thereon to remove iPA from
the surface.
[0175] (i-4) Evaluation of Reusability
An operation where a surface treatment was conducted by
immersing a wafer in the liquid chemical for forming a protecting film which
15 liquid chemical had undergone the above [(i-3) Surface Treatment of Surface of
Wafer having Titanium Nitride Film, using Liquid Chemical for forming
Protecting Film] section was carried out 4 times, the wafer being of a batch
different from that used in (i-3). With this, iPA of 5 mass% in total, relative to
the total quantity of the liquid chemical for forming a protecting film, was
20 incorporated into the liquid chemical for forming a protecting film.
[0176]  As a result of evaluating the wafer having the titanium nitride film
which wafer was obtained upon being subjected to the surface treatment in the
first batch, in a manner discussed in the above [Evaluation of Contact Angle of
Protecting Film formed on Wafer Surface] section, a wafer in which an initial
25  contact angle before the surface treatment was smaller than 10° was confirmed
to have a contact angle of 106° after the surface treatment, as shown in Table 3.
With this, it was confirmed that a water-repellency-imparting effect was
excellently exhibited. Additionally, a wafer obtained upon being subjected to
the surface treatment in the fifth batch had a contact angle of 106° and

30 therefore confirmed to be reusable.



0.1 DCGEEA/i PA PA <10 74 74 Exanple 11-59 G141-129NH2 0.1 PGVEA Wi PA <10
84 84 Exanple 11-60 Cr2H25NH2 0.1 PGVEA Wi PA <10 80 80 Exanple 0-61
C5F13- C2H4, - NH2 0.1 PGVEA W Water <10 104 106 Exanple 11-62 CsFi a- C2H4- NH2
0.1 PGVEA Wi PA <10 104 104 Exanple 11-63
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[0177] [Table 3]
. . . ) . Contact Angle after
Liquid Chemical for Forming Protecting Film Solvent Contact “
N incorporated into]  Angle Surfage Treatment [* ]
Protecting Fim ';'0 otocting ’1’;‘ Wafer | Liquid Chemical | before S
Formin i ent Conc‘efmiion Solvent for Forming Treatment { 1st Batch | 5th Batch
E A [mass¥] Protecting Film 1
Example lI-1 | C1gHy;P(O)XOH), 0.002 PGMEA TiN PA <10 106 106
Example -2 | C(,H,sP(O)XOH), 0.005 PGMEA TiN Water <10 98 98
Example [I-3 | CyoH,P(O)OH), 0.005 PGMEA TiN Water <10 96 96
Example -4 | C,gH,P(OXOH), 0.005 iPA TiN Water <10 64 64
Example -5 | CyoH,P(OXOH), 0.005 Water TiN Water <10 96 96
Example -6 | CgH,;P(O)(OH), 0.03 PGMEA TiN Water <10 94 94
Example I-7 | CgH,;P(O)OH), 0.03 iPA TiN Water <10 63 63
Example -8 CgH,;,P(0XOH), 0.03 Water TiN Water <10 94 94
Example I-8 | C;H,;P(0)OH), 0.03 PGMEA TiN iPA <10 94 90
Example 1-10 | CgH,;P(O)OH), 0.03 iPA TiN iPA <10 63 63
Example I-11 | CgH;;P(O)XOH), 0.03 Water TiN iPA <10 94 94
Example II-12 C;fg)_(gﬂ;" 0.01 DGEEA TiN Water <10 108 108
2
- H —
Example 1-13 C;?‘Osxgio‘ 0.01 PGMEA TiN Water <10 108 108
2
Example 1-14 C;fg)'(gﬂ;" 0.01 PA TiN Water <10 96 96
2
Example 0-15 C;'(:g)'(gg‘_ 0.01 Water TiN Water <10 110 110
2
F —f -
Example 116 C;( (’;Xgi:‘ 0.01 DGEEA TiN iPA <10 108 102
2
Example II-17 C;fg)”(gﬁ‘_ 0.01 PGMEA TiN iPA <10 108 104
2
Example 118 C;fg)—(gﬂ;" 0.01 PA TiN iPA <10 96 96
2
F pu -
Example 11-19 C;(g‘)(gi;‘ 0.01 Water TiN iPA <10 110 110
2
Example [I-20 C;?g)—(gﬂ;‘" 0.1 iPA TiN Water <10 100 100
2
e — CoF 13- CoHem i )
xample 11-21 P(O)OH) 0.1 DGEEA/IiPA TiN Water <10 104 104
2
c _ CeF15-CoHg— )
xample 1-22 P(OYOH) 0.1 DGEEA/Water TiN Water <10 110 110
2
CgF13~CaoHy .
Example 0-23 P(OYOH) 0.1 Water/PGME TiN Water <10 110 110
2
e - CoF13~CoHs~ . i
xample 1-24 P(OYOH) 0.1 Water/iPA TiN Water <10 110 110
2
Example [-25 C;fg)_(gi{';‘_ 0.1 iPA TiN iPA <10 110 110
2
E - CeF1a=CoHy . . .
xample 1-26 BOYOH) 0.1 DGEEA/iPA TiN iPA <10 104 102
2
Fra—CqHe
Example 11-27 C;(g)(oz’:;4 0.1 DGEEA/Water TiN iPA <10 110 108
2
= CeF15~CoHam . .
Example 0-28 P(OYOH) 0.1 Water/PGME TiN iPA <10 110 108
2
Example 129 C;*(:(‘;)'(gﬂ;‘_ 0.1 Water/iPA TiN iPA <10 110 108
2
Example =30 | C¢H,;P(O)XOH), 0.05 PGMEA TiN Water <10 88 88
Example I~31 CgHy;P(O)OH), 0.05 Water TiN Water <10 90 90
Example [1-32 | CgH;P(O}OH), 0.05 PGMEA TiN iPA <10 88 82
Example 1-33 | CgH3P(O)OH), 0.05 Water TiN iPA <10 90 88
Example I-34 | C,HP(O)OH), 0.1 PGMEA TiN Water <10 64 64
Example 1-35 | CgH;P(OXOH), 0.1 PGMEA TiN Water <10 62 62
Example [I-36 CyyHzoNH, 0.1 PGMEA TiN iPA <10 88 88
Example 1I-37 CioHzsNH, 0.1 PGMEA TiN iPA <10 84 84
Example 138 | CoF15~C,Hy~NH, 0.1 PGMEA TiN Water <10 66 65
Example -39 | CgF13~C,H~NH, 0.1 PGMEA TiN iPA <10 66 66
Example I-40 CgH;NH, 1 PGMEA TiN iPA <10 78 78




Gehl, 7NH2 1 PGVEA WWater <10 70 70 Exanple 0-64 CoHuNH2 1 i PA WWater <10
70 70 Exanple 0-65 CB81-11751H2 1 DGEEA WWater <10 70 70 Exanple 11-66

CeHr 7NH2 1 DGEEA/ Water WWater <10 70 70 Exanple 11-67 C51117NH2 1 PGVEA W
PA <10 70 70

60

[0178] [Examples II-2 to I1-50]
Upon suitably modifying the conditions employed in Example II-1
(i.e., the cleaning liquid of the pretreatment 2 or 3 (the cleaning liquid is
indicated in Tables by “a solvent incorporated into the liquid chemical for
5 forming a protecting film”. The case where the solvent is water means that
the pretreatment step 3 was not performed and that the protecting film
forming step was performed after the pretreatment step 2), the protecting film
forming agent, the protecting film forming agent concentration, and the
solvent for the liquid chemical for forming a protecting film), a surface
10 treatment was conducted on wafers, followed by evaluation of these. The

results are shown in Tables 3 and 4.



Exanpl e 11-68 GSH'NH2 1 PA Wi PA <10 70 70 Exanple 11-69 CS5F11719H2 1 DGEEA
W PA <10 68 68 Exanple 11-70 CoH 7N112 1 DGEEA/ Water W PA <10 70 70 Exanpl e
11- 71 Gi 0l f 32PODX0OF02 0. 002 PGVEA Ru i PA <10 72 70 Exanple 11-72
Girlf25R(E1)(01-02 0005 PGVEA Ru Water <10 64
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[0179] [Table 4]
) Contact Angle after
Liquid Chemical for Forming Protecting Film Solvent Contact o
5 — incorporated into]  Angle Surface Treatment [* ]
. ’ rotecting Film Wafer Liquid Chemical before
Protef:tmg Film EommgtAi.ent Solvent for Forming Treatment | 1st Batch | 5th Batch
Forming Agent o?fnzr;::] fon Protecting Film 1
Example I-41 CgHyyNH, 1 iPA TiN iPA <10 80 80
Example 1-42 CgHy;NH, 1 DGEEA TiN iPA <10 80 80
Example §-43 CyHyNH, 1 DGEEA/Water TiN iPA <10 82 82
Example lI-44 CgHy;NH, 1 PGMEA TiN Water <10 78 78
Example 1-45 CgHy;NH, 1 iPA TiN Water <10 80 80
Example 1-46 CgHy;NH, 1 DGEEA TiN Water <10 80 80
Example 1-47 CgHyyNH, 1 DGEEA/Water TiN Water <10 82 82
Example [-48 Cy;HpsSH 1 PGMEA TiN iPA <10 78 76
Exampie 049 CgH,;;COOH 1 PGMEA TiN iPA <10 76 76
Example 1-50 CgHy,COOH 1 PGMEA TiN Water <10 76 76
p
Example 1-51 CgH3;P(O)OH), 0.002 PGMEA W iPA <10 68 68
Example 1-52 | C;,H,sP(O)OH), 0.005 PGMEA W Water <10 60 60
CoF3-CaHy— ’
- £ <10 70 70
Example 0-53 P(O)OH), 0.01 PGMEA w Water 1
- Cef1y=Oahy~ <10 70 70
Example 0-54 P(O)(OH), 0.01 DGEEA w Water
- CoF1smCaly i <10 74 74
Example [I-55 P(O)OH), 0.1 DGEEA/iPA w Water
Example 56 C;fg)-(gﬂ‘* 0.01 PGMEA w iPA <10 70 68
2
Example [1-57 C;fg)—(gi;‘_ 0.01 DGEEA w PA <10 70 68
2
_ CgF 15 CaHym g i <10 74 74
Example [1-58 P(O)OH), 0.1 DGEEA/IPA w iPA
Example B-59 C4HagNH, 0.1 PGMEA w iPA <10 84 84
Example 0-60 CyHy5NH, 0.1 PGMEA w iPA <10 80 80
Example I-61 CgFy5~CoHy~NH, 0.1 PGMEA W Water <10 104 106
Example 1-62 | C¢F13~CoH~NH, 0.1 PGMEA w iPA <10 104 104
Example =63 CgH,NH, 1 PGMEA w Water <10 70 70
Example 1-64 CyH,y;NH, 1 iPA W Water <10 70 70
Example H-65 CgHy;NH, 1 DGEEA W Water <10 70 70
Example [-66 CgHy;NH, 1 DGEEA/Water W Water <10 70 70
Example 1-67 CyHyyNH, 1 PGMEA il iPA <10 70 70
Example [[-68 CgH,y;NH, 1 iPA W iPA <10 70 70
Example [—69 CgHy;NH, 1 DGEEA W iPA <10 68 68
Example 1-70 CgH,;NH, 1 DGEEA/Water W iPA <10 70 70
Example I-71 CgH3,P(OXOH), 0.002 PGMEA Ru iPA <10 72 70
Example 1-72 | Cy;HysP(O)OH), 0.005 PGMEA Ru Water <10 64 62
8 Oef1g~ oty <10 78 74
Example 0-73 P(O)OH), 0.01 PGMEA Ru Water
CqF15CaHy~
— t <10 78 76
Example 1I-74 P(OXOH), 0.01 DGEEA Ru Water
. CeF13~CyHy~ <10 60 60
Example I-75 P(O)(OH), 0.01 Water Ru Water
Example 176 C;fg)'(gf)‘_ 0.1 DGEEA/iPA Ru Water <10 78 76
2
CoFy3-CaHy—
Example B-77 P(OYOH) 0.1 DGEEA/Water Ru Water <10 74 74
2
Example [I-78 C;fg)‘(gﬁ" 0.1 Water/iPA Ru Water <10 62 62
2
Example =79 Cg'(:g)'(gi:;‘" 0.1 PGMEA Ru iPA <10 78 72
2
| H - .
Example 1-80 C;f‘o“)(g;)‘ 0.0t DGEEA Ru iPA <10 78 78
2
: : « »
[0180] Incidentally, in the  Tables, C12H25P(0O)(OH)2 means

5 dodecylphosphonic acid. “CioH2:P(O)(OH)2” means decylphosphonic acid.

“CsH17P(O)(OH)2” means octylphosphonic acid.  “CeF13—-C2Hs—P(O)(OH)2”



62 Exanple 11-73 C6F13-C21-1,- P(OX01-)2 0.01 PGVEA Ru Water <10 78 74
Exanpl e a- 74 C5F, 3- C2H4- P(C)(01-)2 0.01 DGEEA Ru Water <10 78 76 Exanpl e
I1-75 CaFi a-C2H4- P(0)(01-)2 0.01 Water Ru Water <10 60 60 Example 11-76
GaFi a- C2H4- P(0)(01-)2 0.1 DGEEA/i PA Ru Water <10 78 76 Exanple 11-77
CB6F13- 021- 14- P(0) (01- 02 62
means perfluorohexylethylphosphonic acid. “CeHisP(O)(OH)?” means
hexylphosphonic acid. “C4HoP(O)(OH)2” means butylphosphonic acid.
“CeHsP(0)(OH)2” means phenylphosphonic acid. Furthermore, “C14H20NHy”
means tetradecylamine. “Ci12H2sNHy” means dodecylamine.
5 “CgF13~CeHs~NHs” means perfluorohexylethylamine. “CsHi7NH2” means
octylamine. “C12H25SH” means dodecanethiol.  “CgH17COOH” means
" nonanoic acid. Additionally, “DGEEA” means diethylene glycol monoethyl
ether. “DGEEA/iPA” means a solvent obtained by combining DGEEA and iPA
at a mass ratio of 95:5. “DGEEA/water” means a solvent obtained by
10 combining DGEEA and water at a mass ratio of 95:5. “Water/PGME” means a
solvent obtained by combining water and propylene glycol monomethyl ether
at a mass ratio of 70:30. “Water/iPA” means a solvent obtained by combining
water and iPA at a mass ratio of 70:30.
[0181] [Example II-51]
15 (ii-1) Preparation of Liquid Chemical for forming Protecting Film
A mixture of: 0.002 g of octadecylphosphonic acid [C1sHs7P(O)(OH)z]
that serves as a water repellent protecting film forming agent; and 99.998 g of
PGMEA that serves as a solvent was stirred for 18 hours thereby obtaining a
liquid chemical for forming a protecting film, the liquid chemical having a
20 protecting film forming agent concentration of 0.002 mass%.
[0182] (1-2) Cleaning of Wafer having Tungsten Film
As a pretreatment step 2, a wafer having a smooth tungsten film (a
silicon wafer formed having on its surface a tungsten layer of 50 nm thickness)
was immersed in 1 mass% aqueous ammonia for 1 minute, and then immersed
25  in pure water for 1 minute. Furthermore, as a pretreatment step 3, the wafer
was immersed in iPA for 1 minute.
[0183] (ii-3) Surface Treatment of Surface of Wafer having Tungsten Film,
using Liquid Chemical for forming Protecting Film
As a protecting film forming step, the wafer having the tungsten film
30 was immersed in the liquid chemical for forming a protecting film at 20 °C for

10 minutes, the liquid chemical having been prepared in the above “(ii-1)



0.1 DGEEA/ WAter Ru Water (10 74 74 Exanple 9-78 C6Fir-C2B4- P(0)(01-)2 0.1
Water/i PA Ru Water <10 62 62 Exanple 11-79 CEF,s-C2H,- P(0)(01-)2 0.01
PGVEA , Ru PA <10 78 72 Exanple 1-80 Corm CA-Lc P(0)(0h)2 0.01 DGEEA Ru i PA
<10 78 78 [0180]Incidentally,intheTables,"CLl2H25P(0)(COH) 2"neans 5

dodecyl phosphoni ¢ acid. "Cl0H21P(0) (OH) @38 neans decyl phosphoni c aci d.
"C81117P(0) (OH) 2" neans octyl phosphoni c acid."C6F13- C2H4- P(0) (OH) 2" 62
means perfl uorohexyl et héaphosphonl c acid. " CGHlSP&PO)( OH) 2"

hexyl phosfispiatatiend of - 19 (Shemicaly) for nformingy Wﬁiﬂ‘f&‘é’}ghﬁ’@ aéegtion.

"CeH5P( 0 2" h
neans 'E e% g Iharrﬁlﬂ%%eO ereé‘%)ﬂg %aggvoﬁr%g{hc%%ég@ egy Irlgl%g Ltg}% r gqm(ﬁéﬁé&%%il zL(%HZ"
means per fft%ﬁﬁ%e&()ﬂr%%?ﬂ '1‘1% in G -2k S0P of TBANEsP%! MlatTve o thd 24dZRISH"

means dodecan 011" means nonanoic acid. Additionally,

" DGEEA" neanmtityesfriHechiguigl q&mhlcablﬁmefommmgtdqproteémm Pﬂ‘hereaftsr,athe
sol vent obtai ned by caonbi ni ng DGEEA and i PA at a, maf)z t[at o of 9

" DGEEAPwatwafer nhanagatha tyagstespiithnnwas blynmersed in 1 or 10 seconds, as a

subsequent cleaning step. Then, as a drying step, the wafer having the

tungsten film was taken out of iPA, followed by spraying air thereon to remove
iPA from the surface.
[0184] (1i-4) Evaluation of Reusability
10 An operation where a surface treatment was conducted by
immersing a wafer in the liquid chemical for forming a protecting film which
liquid chemical had undergone the above [(ii-3) Surface Treatment of Surface
of Wafer having Tungsten Film, using Liquid Chemical for forming Protecting
Film] section was carried out 4 times, the wafer being of a batch different from
15 that used in (ii-3). With this, iPA of 5 mass% in total, relative to the total
quantity of the liquid chemical for forming a protecting film, was incorporated
into the liquid chemical for forming a protecting film.
[0185] As a result of evaluating the wafer having the tungsten film which
wafer was obtained upon being subjected to the surface treatment in the first
20 batch, in a manner discussed in the above [Evaluation of Contact Angle of
Protecting Film formed on Wafer Surface] section, a wafer in which an initial
contact angle before the surface treatment was smaller than 10° was confirmed
to have a contact angle of 68° after the surface treatment, as shown in Table 4.
With this, it was confirmed that a water-repellency-imparting effect was
25 exhibited. Additionally, a wafer obtained upon being subjected to the surface
treatment in the fifth batch had a contact angle of 68° and therefore confirmed
to be reusable.
[0186] [Examples II-52 to I1-70]
Upon suitably modifying the conditions employed in Example II-51
30 (i.e., the cleaning liquid of the pretreatment 2 or 3, the protecting film forming

agent, the protecting film forming agent concentration, and the solvent for the



10 conbi ni ng DGEEA and water at a mass ratio of 95:5. "Water/PGVE"' neans a
sol vent obtai ned by conbi ni ng water and propyl ene gl ycol nononethyl ether
at a nmass ratio of 70:30. "Water/i PA" neans a sol vent obtai ned by combi ni ng
water and i PA at a nmass ratio of 70:30. [0181][Exanple 11-51] 15(ii-1)
Preparation of Liquid Chemcal for forngpg Protecting Film A

m xture of: 0.002 g of octadecyl phosphonic acid [ CL8H37P(0)(011)21 that
serves as a water repellent protecting filmformng agent; and 99.998 g of
PGVEA t hatligerdvekemicad fwl emminga grppactider dimg ahsuwrkacen sresiinesit as ng a
liquid chemcal for formn rotecti dlm. the liguid chem cal , having a
20 pr ot ectSORGUEIGdPR &%@Fﬁ;%ﬁ%ﬁ?%&%@ﬁ?ﬁ?%ﬁ t&?‘PSPO. Orgl?e RESUGE 2fR BROTER i - 2)
C eani ng aof Mafjery having Tungsten Film As a pretreatnment step 2,
a wafer having a snooth tungsten film(a silicon wafer formed having on its
surface a [puBgpt erfEkauasledf-730 nm t hi ckness) was imersed in 1 nmass%

aqueous ammonia for 1 mnute, and then imersed 25 in pure water for 1
ni nut e5 Furt her nords a asetreptoentstepshta watsy Isvinga spgash rippbeniwme fidey(g n

i PA for 1 m.nute. JO183](i4j-3).Surface Treat nent Sur f ace of r_having
Tungst en Ifiqilﬁ?n d’g?é‘?ﬁ qu}[mddhé%fb‘}ﬁ OR 1tfsorsu’f%f3?ri %J“@E%’?I&? ?lcﬁé'eﬁi (ff\rﬁgég qm
protectingyfi ] 1 he r i t i
T i e B S R R
10 m nut esimmbesdd i@uperecherdrdat 1haitiutg. b&Femtipsrepaesds apreheatinene stép B; 1)

63 Preparation of Liquid Chemcal for formng Protecting Filni' section.
Thr ough t Hihe waker avascimmepgedisiBAfur beviantel | Wit wsreol this ventenénswdnce or

form a protecting filmin an a n 1 % relative to the total
quantiq?)y 0 e?%e’llé ?{%?d’ec‘ffgé"meégﬁlml rﬁl¥%?§{xﬁén‘g%§i'§;1ecti ng film Thereafter,
the 5 waf ep1Rgyi ngad Q%e&ﬁﬂ@%%ﬁglﬁfétir@ VRS wiaFateh SR gitReirBfhéOund Gl5e60NdS, as

a subsequent cleaning step. , as a drying step, the wafer having the
tungst en fwhferwass bhksdnedutponf béiRg, subjédtodd thy sspfaagitmgatanent hetkofirso
remove i PA fromthe surface, [0184] (ii-4) Evaluation of usabi |l ity 10An
oper at i on hitfehein &maneer discabsachin he %W&uw\éﬂ}uﬁyopn‘héﬁgpﬁtﬁﬁﬁeﬁ in

the |1 qui cal. t or i i . . o ool had
under gone iaeanag &R o SpTGIP YRR Skl el o el b R ERctical he
Tungstign Fédn%cﬂkﬁil%l_g Helfsidi tthe Gu@raceaked t9fi etk HE B aPle@ttREHI 109 Whd ddnfEeeéd on

was carried out 4 times, the wafer being of a batch different from 15 that
used in (itolBve Mcohntachiangle BA7T aentlss stiface treatmensg) 28 shevnantTeble dt al

quantity of .the lLiquid chemgal for formng a prqtecti.ng fil S

i ncor por at ¥ath dbés:t He W%SqGP’EJﬁE‘H@ﬂi that for 9&8?%&?8{35’0?5?15&@&1 e‘%fef%was

[ 0185] As . of, ' f ' ' Lch
haf or was BUPaitedy oSiApA, ek s MReBoT INLASAIE SHLRERER W Pithe
first 20 bgkstmehbimth@AMd balichduss gdohtadthagdbdol 20 Endlthatéfore ednfGonsdct

Angl e of Protecting Filmformed on Wafer Surface] section, a wafer in which
an i ni20 al toclemrewstabdmgl e before the surface treatnent was snmaller than 100

shoun 1 TRURE) 2. aRRIRLL R o Bon i red that & oo o 8
wat er - r epel | ency- i (1Rah iR} FB6d; i bhs bmAdsed EQMakdmplaTiont er
obt ai ned upon bei nngﬁbgjdg%bg% nt?g&ltfﬁg s%rr%f aceltreat rrrnep;?tgi n the fi Pt h bat ch
had a cont@ed, theglleanihgdiqwddbttheraboreatoent i oresl the meteciusgalile. forming
[0186] [ Exanpl es 11-52 to 11- 701r Upon suitably nodifying the conditjons

enpl oyed | agedatipe pratecingdoing foraning agend] eonfenigatioguraddhetsebvesitdor éhe nent

Sgent HoncEaRIbREHICE dot HerSury o STOFcting TuR Rosiathetredlmehh; Vs
formng a proheLd Bg \;Jb%efrx%,t %o?lo%d-érdf evhlEAINEDE tHER. Cmufés%‘ljtlsoﬁrev‘@{&ﬁﬁy

foll owed by evaluation o ese. The results are shown in Table 4.

[ 0187] [ ExajpTebles-47ddd BAS a pretreatnment step 2, a wafer having a snooth
rutheniumfilm(a silicon wafer fornmed having on its surface a ruthenium

| ayer of 300 nmthickness) was i Mmersed in 1 mass% aqueous amonia for 1

m nute, and then imrersed in pure water for 1 minute. Furthernore, as a
pretreatnment step 3, the wafer was imersed in iPAfor 1 mnute. Wth use
of this wafer, a surface 10 treatnent was perfornmed simlarly to Exanple
11-51. [0188] As a result of evaluating the wafer having the rutheniumfilm
whi ch waf er was obtai ned upon being subjected to the surface treatnent in
the first batch, in a manner discussed in the above [Eval uation of Contact
Angl e of Protecting Filmformed on Wafer Surface] section, a wafer in which
an initial 15 contact angle before the surface treatnent was snaller than
100 was confirnmed to have a contact angle of 72 after the surface
treatnment, as shown in Table 4. Wth this, it was confirnmed that a



65 [0190][Tabl e 5] Liquid Chem cal for Form ng Protecting Film Wfer

Sol vent incorporated into Liquid Chemcal for Form ng Protecting Film
Contact Angle before Treatnment r 3 Contact Angle after Surface Treatnent r
| Protecting Film Form ng Agent Protecting Film Form ng Agent
Concentration [mass% Sol vent 1st Bagsh 5th Batch Exanple 11-81
C5F13-821i4- F (0)(OH) 2 0.01 Water Ru i PA <10 60 60 Exanple 11B2 11-82 P

(0)(OH), 0.1
[0190] [Table 5]
- . , . . Contact Angle after
Liquid Chemical for Fo.rmln.g Protecting Film incoriz:r\;::; o CAO::l’eCt Surface Treatment [° ]
Protecting Fil zmte."t'"i Film Wafer Liquid Chemical before
Fro ¢ mi 'T CZ::’:fmgt?;: Solvent for Forming Treatment | 1st Batch | 5th Batch
orming Agen [mass%] Protecting Film [N}
Example =81 2,5%;'%:)‘; 0.01 Water Ru iPA <10 60 60
_ CsF};‘CzH(‘ . .
Example 1-82 P(0) (OH), 0.1 DGEEA/IPA Ru iPA <10 78 78
CoFry G- .

Example 1I-83 PG((‘))3 %}3‘2 0.1 DGEEA/Water Ru iPA <10 74 74
Example 1-84 Cpsf(‘)f'm‘; 0.1 Water/iPA Ru iPA <10 62 62
Example -85 CyaHaghH, 0.1 PGMEA Ru iPA <10 96 96
Example 1-86 C1oHosNH, 0.1 PGMEA Ru iPA <10 94 94
Example 1-87 CgF13~CoHyNH, 0.1 PGMEA Ru Water <10 104 104
Example 1-88 CgF13~CoHy~NH, 0.1 PGMEA Ru iPA <10 104 104
Example 1189 CgHy7NH, 1 PGMEA Ru Water <10 90 88
Example 1-90 CgHyzNH, 1 iPA Ru Water <10 92 90
Example 1-91 [T 1 DGEEA Ru Water <10 90 88
Example -92 CqHy7NH, 1 DGEEA/Water Ru Water <10 88 86
Example 1-93 CaHoNH, 1 PGMEA Ru iPA <10 90 30
Example 1-94 CgHiNH, 1 iPA Ru iPA <10 92 92
Example 11-95 CgHy7NH, 1 DGEEA Ru iPA <10 90 90
Example [-96 C4Hy NH, 1 DGEEA/Water Ru iPA <10 88 38
Comparative . .

Example -1 (CH3) 3SiN (CHy) , 5 PGMEA TiN Water <10 18 <10

[0191] [Comparative Example 11-1]

5 A mixture of: 5 g of N,N-dimethylaminotrimethylsilane
[(CH3)sSiN(CHs)z] that serves as a protecting film forming agent; and 95 g of
PGMEA that serves as a solvent was stirred for about 5 minutes thereby
obtaining a liquid chemical having a protecting film forming agent
concentration of 5 mass%. The procedure of Example II-2 was repeated with

10  the exception that this liquid chemical was used as the liquid chemical for
forming a protecting film.
[0192] As a result of evaluating the wafer having the titanium nitride film
which wafer was obtained upon being subjected to the surface treatment in the
first batch, in a manner discussed in the above [Evaluation of Contact Angle of

15 Protecting Film formed on Wafer Surface] section, a wafer in which an initial
contact angle before the surface treatment was smaller than 10° was confirmed
to have a contact angle of 18° after the surface treatment, as shown in Table 5.
With this, it was confirmed that a water-repellency-imparting effect was not
sufficient. Additionally, a wafer obtained upon being subjected to the surface

20 treatment in the fifth batch had a contact angle of smaller than 10°, in other



DGEEA/ i PA Ru i PA <10 78 78 Exanpl e 11-83 CEF13-C284- P (0)(OH) 2 0.1

DGEEA/ Vater Ru i PA <10 74 74 Exanple 11-84 egF13-C2H4- P (0) (ON) 2 0.1
Water/i PA Ru PA <10 62 62 Exanple 11-85 Ch41129NF12 0.1 PGMVEA Ru i PA <10 96
96 Exanpl e 11-86 C121125t1H2 0.1 PGVEA Ru i PA <10 94 94
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words, a contact angle equal to the initial one, which did not exhibit the
water-repellency-imparting effect. Therefore, it was confirmed that this
liquid chemical was not reusable.
EXPLANATION OF REFERENCE NUMERALS
5 [0193] 1 Wafer
Uneven pattern of a surface of the wafer
Projected portions of the pattern
Recessed portions of the pattern

10 Heights of the projected portions

2

3

4

5 Widths of the recessed portions

6

7 Widths of the projected portions

8 Liquid chemical for forming a protecting film, retained in the
recessed portions 4

9 Liquid retained in the recessed portions 4

15 10 Protecting film



Exanpl e 11-87 C5Fi 1-C254-NH2 0.1 PGVEA Ru Water <10 104 104 Exanple 11-88
C6Fu- C2114-N82 0.1 PGVEA Ru i PA <10 104 104 Exanple 0-89 C8H178112 1 PGVEA

Ru Water <10 90 88 Exanple 11-90 Cgl110112 1 i PA Ru Water <10 92 90 Exanple
11-91 88110N112 1 DGEEA Ru Water <10 90
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CLAIMS
[Claim 1]
A liquid chemical for forming a water repellent protecting film, the
liquid chemical for forming a water repellent protecting film being for forming
5 a water repellent protecting film on a wafer having at its surface an uneven
pattern and containing at least one kind of element selected from the group
consisting of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern, the water
repellent protecting film being formed at least on the surfaces of the recessed
10  portions, characterized by including:
a water repellent protecting film forming agent; and
water,
wherein the water repellent protecting film forming agent is at least
one selected from compounds represented by the following general formula [1]
15 and salt compounds thereof, and
wherein the concentration of the water relative to the total quantity

of a solvent contained in the liquid chemical is not smaller than 50 mass%.

7
R' =P —(OW),®?),, 011

(In the formula [1], R! represents a C1-C1s monovalent hydrocarbon

20 group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s). R2? mutually independently represents a
monovalent organic group having a Ci-Cis hydrocarbon group the hydrogen
elements of which may partially or entirely be replaced with a fluorine

(g

element(s). “a” is an integer of from 0 to 2.)
25
[Claim 2]
A liquid chemical for forming a water repellent protecting film, as

claimed in Claim 1, characterized in that the water repellent protecting film



88 Exanple 11-92 88144[ 12 1 DGEEA/ Water Ru Water <10 88 86 Exanple 11-93
C81111M12 1 PGVEA Ru PA <10 90 90 Exanple 11-94 C811179%42 1 i PA Ru PA <10
92 92 Exanple 11-95 CATNE12 1 DGEEA Ru PA <10 90 90 Exanple 11-96 881-10F12
1 DGEEA/ Water Ru i PA <10
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forming agent is at least one selected from compounds represented by the

following general formula [2] and salt compounds thereof.

O

il [2]
3 e P —
R3 — P —(OH),
(In the formula [2], R3 represents a C;-Cis monovalent hydrocarbon
5 group the hydrogen elements of which may partially or entirely be replaced

with a fluorine element(s).)

[Claim 3]
A process for cleaning a wafer having an uneven pattern at its
10  surface, the wafer containing at least one kind of element selected from the
group consisting of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern,
characterized by including at least the steps of:
a water repellent protecting film forming step in which a liquid
15 chemical for forming a protecting film is retained at least in the recessed
portions of the uneven pattern;
a drying step in which a liquid is removed from the uneven pattern
by drying; and
a film removing step in which the protecting film is removed,
20 wherein the liquid chemical for forming a protecting film includes a
water repellent protecting film forming agent and water,
wherein the water repellent protecting film forming agent is at least
one selected from compounds represented by the following general formula [1]
and salt compounds thereof, and
25 wherein the concentration of the water relative to the total quantity

of a solvent contained in the liquid chemical is not smaller than 50 mass%.



88 88 Conparative Exanple 11-1 (CH ai N (CH3) 2 5 PGVEA Ti N Water <10 18
<10 [0191][Conparative Exanple I1-1] 5A mxture of: 5 g of

[V, N-di met hyl am notrimethyl silane [(Cl-13)3Si N(CH3)2] that serves as a
protecting filmform ng agent; and 95 g of PGVEA that serves as a sol vent
was stirred for about 5 minutes therebyggbtaining a liquid chem cal haying
a protecting filmform ng agent concentration of 5 mass% The procedure of
Exanple 11-2 was repeated with 10 the exception that this liquid chenm ca
was used as the liquid chemical for formng a protecting film [0192] As a
result of evaluating the w@¥er having the titaniumnitride film which wafer
was obt ai ned upon being squected to the surface treatnent in the first

batch, in a manner -v\gpm ngag%é[ Evagq?tl on of Contact Angle of

15 Protecting Fllmforrred on ] se a wafer in which an
initial contact angle before the surface treatnment was smaller than 10 was
confirnmed to have a contact angle of 18 after the surface_ treatnent, as
shown in Table 5. (W tthetfhimuld {1]w&Re représented Chbus alonovalent hydrocarbon

wat er - r epel | enc rting effect not suffici onal | fer
obt ai ned ﬁ@ﬁpbé}%ggg{ﬂﬁe@c?l«?m%s (ﬁﬁ Qlf?’f qey Eﬁrtfgli‘étoﬁe%ﬂ 15ely {ger %l?‘f‘?ﬁw
batch had g;.cont a I $h i cont act
angl e equa‘?lt?l or% hghpﬁﬁg | &%ﬁg i/\/n Pﬁ d?gltr%g%lyegﬂeﬁgf%%erggr wﬁ%seﬁs o
wat er - repehbaseytenbRAEhh Iz &fdpe bhvinkhar €f-0h e hyidroswabonogfoupntee hiydrogdr s

| iquid chem cal was not reusable. EXPLANATI ON OF REFERENCE NUMERALS 5

[ 0193] 1\Wafadempute veh widch emayopastiglly f e ensirelshdenapplacedr witde fe dlying ons
of the pattern 4Recessed portions fgtf tkt? é)ghtern 5Wdt hs of the recessed
portions 19 s Gt FRE EEFEMLIOWT I 6ds 7W dths of the proj ect ed
portions 8L|qU|d chemcal for formng a protecting film retained in the
recessed portions 4 9Liquid retained in the recessed portions 4 1510

Prot ecti ng[(lalm4]67 CLAI M5

10 A process for cleaning a wafer, as claimed in Claim 3, characterized
by including a water-based cleaning step in which a water-based cleaning
liquid is retained at least in the recessed portions of the uneven pattern, the
water-based cleaning step being conducted earlier than the water repellent
protecting film forming step.

15
[Claim 5]

A process for cleaning a wafer, as claimed in Claim 3 or Claim 4,
characterized in that the water repellent protecting film forming agent is at
least one selected from compounds represented by the following general

20 formula [2] and salt compounds thereof.

O
[

[2]
R3 —P —(OH)2

(In the formula [2], R3 represents a Ci-Cis monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s).)

25



[Claim1] A liquid chemcal for formng a water repellent
protecting film the liquid chemcal for formng a water repellent
protecting filmbeing for forming 5 a water repellent protecting filmon a
waf er having at its surface an uneven pattern and containing at |east one
ki nd of elenent selected fromthe groupygonsi sting of titanium tungsten,

al um num copper, tin, tantalum and ruthenium at surfaces of recessed
portions of the uneven pattern, the water repellent protecting film being
formed at [(daish 6bn the surfaces of the recessed 10 portions, characterized
by including: a water repellent .protecting fil.mformn , er,
wherei n the wat er Bfﬁﬂelsgﬁr Foreed W&tf?li’ %ic?admﬁ g %@gﬁf@?&{s‘ﬂ%t{)’ %Igg%s one
sel ected fg QpLeQ ﬁ%@é%nrtgaf EEENLEE 1Va el BAAtAMIRG AE88ERbNE TdRba: b1 15
and salt compounds thereof, and wherein the concentration of the
wat er rel aifargutroahdeutlpdralingatidast wt ehe ausfaces nf tlvortissetiporticreeof thyui d
chemcal is not smaller than 50 mass% O Il R1L P -(OH a(R2)24,[1] (In the
formul & [ Ynevrh patpesents a C -G s nonoval ent hydrocarbon 20 group the
hydrogen el enents of which may partially or entirely be replaced with a
fluorine element(s). R2 nutually independently represents a nonoval ent
organi c gr[@qgilﬂaypri ng a Cl-C s hydrocarbon group the hydrogen el enents of
which may partialfly or entirely be replaced with a fluorine elenment(s). "a"
is an integer of fAqmobfedsofcr. plednifglaaiwaldl hB8ngonmi muevegephtiesnast libast
one sel ected from conmpounds represented by the foll ow n% g neréll formul a
[2] and saurfasmsbanuafer ronsaiming at|legst pne (kapglool eloment selected frop the pe

f La [2], R3 ..a_Cl - L ent . .
hodrodBn: donBeckSBiiRe Bt Rienim FRARABY W Rlbillll BRIAONE EbehRuh Mhd
fluorine ehgrepfdE) -at [&i@hdBs3]ofA RIBERTS H¥tidseadt Nghed WAEREN h@wtignan

uneven pattern at its 10 surface, the wafer containing at |east one kind of

el ement seallecheidrizedrst irelgtingmtdeasti Bie stgpodfti t ani um tungsten, al um num

copper, tin, tantal um and ruhheni um at, sur, s of recessed Bo ti ops o({ t he
e 1iche a liqui

uneven pattern, cHar&iEEiePELehY Hrﬁﬁcﬁ’d}%éﬁ’g’f PIBNE FHR L PLIG
a vater reRelhnt il ALRRHLND WAL ST RAERIAE A S pRodilBl il 18st to
a pr at

chem cal for formng tecting mis retaln ast 1n the recessed
portiams ofhel RestRaVdrtiddistdrthe wafer to formaa @raten gesdlbmti provdutody filmi qui d
is renmoved fromthe uneven pattern by drying; and a filmrenoving step in
whi ch the f}ifteo&eufati:%goffﬁhaﬁéc§8$@m0@mn826%ﬁél@nd gheanicpl fergfor HERE ca Water

formng a protecting filmincludes a water repell.en rotecti fdlm

form ng ag’g’rﬁ’ﬁhﬁﬂ p%gtteéi;l,ng fift Congam\’ﬂ%fle‘fvﬁtetrh’ge 8% P?%%éﬁn nﬁﬂﬁr%p@&?g ng
filmform i | RRCHMBOERE Ol B eeAaEedf by
the foll owé%éﬁg\gﬂ%acrha @%rf?mﬂ?g{% %]n@%ﬁég Igegefﬁgggr?pounds there(?f, and 25wherein
t he concengeahfsy, of the water relative to the total quantity of a sol vent

contained in the liquid chemcal is not smaller than 50 rrg;s% 69 0 Il RI
- P - @01) A2) 2- a[ 1]Wherein an exqesst pk ther hguad [ djemigal fopr WyaHPE 8 ®atens

nonoval ent_hydr ocar bon gro t he, hydr ogen el enents o i C riially
or enti rellgﬁl%glepgp?ré’g%‘&%@ F@% FRIGE i 576 et s) - V@rll?jt Pjva i y Rl

i ndependen%weeét% B0 SRy TRANVAhERE LNGARHCHKERIA] ToY I Bfnn &£l Gldter
hydr ocar bon group the hydrogen el'enments of which may partially or entirely

be repl aceskpsileht apfotecting efileh ewhith( d)quidathemicah hat eggiergbne‘: rtdra Gvater 2. )

[Claim4] 10A process for cleaning a wafer, as clained xn Claim 3,
char act er i tangllent protecting film forming step is recalled and recycled, an

25 wherein the water repellent protecting film forming agent i1s a

compound having no hydrolyzable functional group.

[Claim 8]
A process for cleaning a wafer, as claimed in Claim 7, characterized
30 Dby including:

a step of cleaning the surface of the wafer with a cleaning liquid



by including a water-based cleaning step in which a water-based cl eani ng
liquid is retained at least in the recessed portions of the uneven pattern,
t he wat er- based cl eaning step being conducted earlier than the water
repellent protecting filmformng step. 15 [C ai m 5] A process
for cleaning a wafer, as clainmed in Claym 3 or Caim4, characterized in
that the water repellent protecting filmformng agent is at |east one

sel ected from conpounds represented by the follow ng generﬁl 20 formula [2]
and salt compeumng wakereand/op aleotmd, eapier( tharp the pwater repellent prpfecting
formula [2], R3 represents a Cl-Cl8 nonoval ent hydrocarbon group the

hydr ogen ﬁlé’ﬁé‘?ﬁn%”%f&\‘ﬁﬁl ch may partially or entirely be replaced with a
fluorine elenent(s).) 70 [C aim 6] A process for cleaning a
wafer, as clainmed in any of Claim3 to Claimb5, characterized in that the
waf er is gClafrgr9]contai ning at |east one elenent of titanium and ruthenium
at least at the surfaces of the recessed portions of the 5 uneven pattern.
[ O ai mb7] A proeesselor deanisigearwaighaanataameadait fdatn (198VedBadt er n
at its surface, the wafer cgntaining at,least one Ki.nd of t .selected
fromthe 1G8GABEEZEGNH gkﬁfi‘thﬁ‘%iw E{%ﬂ gﬁ?‘f}?ﬁnect %ﬁ?é%‘?“érr\% fgfnu?ﬁrﬁ% krﬁ%n% BHel® & in,
tantal um apgsf WRCRERAL P B68DoRRAE SREISEEhHRA! by Ofife ADIIWIAINEYRRaL
pattern, characterize y 1 ncluding at |east the steps of: a water
repel | ent foretudes [Ygof[6] mé et cugnsdepds thesbofch a i quid chemical for
formng a water repellent protecting filmis provided at |east to 15 the
recessed portions of the wafer to forma water repellent protecting filmon
the surfaces of the recessed portiond) the liquid chemcal for fornmng a
wat er repellent protecting filmcontallning a water repellent protecting
filmforning agent which is for Rérm Rg—oQHEgiRY)gpel | eft] protecting film
on the surface of the wafer, 20wherein an excess of the liquid chem cal for
formng a water repellent protecting fil mwhich excess occurs during the
wat er repellent protecting filmformng step, and/or a |liquid chem cal for
form g a water rdpelthedpr Pkﬂg]gt %%d%??%ﬁ%%%&rﬂ '1&6?‘&1%‘??2‘?1‘%}3&’ W?rﬁon
under gone the ek I ] t i E i : [ i and
recycl ed, %rr%l p\é\@{vﬁély g?(?ﬁeet%gﬁ\t/r\n/a@ét% &g%’g?%e%lfé}g}%? trelgltlyﬁogrs ‘%I?qqlﬁ(%l?ogréran? gllagg%nt
is a conpoypgh havingrine hlemehy@nbl eREuncitaliy @dependérdlpi mlesents a

A process for cleaning a wafer, as clainmed in Caim?7, characterized 30 by
i ncl udi ng: mansvalentforghniminenn having Bafe (o hkrooritbon graup hhe hyshpgen
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R7 — C —NH —OH [51]
10
(In the formula [5], R7 represents a C1-Ci1s monovalent hydrocarbon

group the hydrogen elements of which may partially or entirely be replaced

with a fluorine element(s).)

RS %Nj [6]
N

15 (In the formula [6], R8 represents a C;-Cis monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced

with a fluorine element(s).)

[Claim 10]

20 A process for cleaning a wafer, as claimed in any of Claim 7 to Claim
9, characterized in that the water repellent protecting film forming agent is at
least one selected from compounds represented by the following general

formulas [7] and [8] and salt compounds thereof.
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R — P —(OH), [7]

(In the formula [7], R? represents a C1-C1s monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced

with a fluorine element(s).)

RI0—NH, (8]

(In the formula [8], R10 represents a C1-Cis monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced

with a fluorine element(s).)

10 [Claim 11]
A process for cleaning a wafer, as claimed in any of Claim 7 to Claim
10, characterized in that the wafer is a wafer containing at least one element of
titanium, ruthenium and tungsten at least at the surfaces of the recessed

portions of the uneven pattern.



