1 SPECI FI CATION TI TLE OF THE I NVENTION: LI QUI D CHEM CAL FOR FORM NG
PROTECTI NG FILM 5 TECHNI CAL FI ELD [0001] The present invention relates to
a technique of cleaning a substrate (a wafer) in sem conductor device
fabrication or the |ike. BACKGROUND ART 10 [0002] Sem conductor devices for
use in networks or digital household el etric appliances are desired to be
further sophisticated and nultifunctional, and to be |ow in power
consunption. Accordingly, the trerprEMaEChRg0-patterning for circuits is
continuing. Together with the continuation of mcro-patterning, a pattern
collapse in the circuits has becone a significant 15 problem In

sem conduct or device fabrication, a cleaning step is greatly used for the
pur pose of IFREQRTHEINVENTION: netal inpurities. As a result of this,

t he cl eani P upk, =405 ¢ i conduct or
fabricati o‘ﬂﬁ%@i@.% 1 j&eﬁ@#@ﬁ@&%@%%ﬁ@ﬁ%éﬁ% ep when an aspect
ratio gf pattern is high due to the micro-patterning for sem conductor
device is a 20 pattern collapse, in which a gas-liquid interface that cones
about col 'TERSEENIGAIJAKKIEDNn at the tine of passing therethrough and at the
time of dryin? the wafer after cleaning or rinsing. [0003] .In Patent

Publ i cat i dROPII ¢ hdibe present snvssdipmarelatemte 6ftegluyﬁrle§sficg@amn§ & ENPETAte
col | apse, /..e, -t echni f ERQ. eaniing:4lquid fromwater 25 to
2- pr opanoldab‘g?%efglq ﬁ%‘gbéé’gﬂﬁc‘g" iéc’;e%%?{éar éc%éﬁ%la@;de}% ]#F'ough a pattern.
However, tBASKQREATND ARave sone constraints, for exanple, in that an
adapt abl e aspect ratiro of pattern is not higher than 5. [0004]

Addi t itBnal [0p02Pat SemiPundwdar i devidesdifec [weesn andteatrhi que digitat tlebhsebolt d a
resist pattern,as a.nethod of suppressjng the pattern c?%*apie. This 30 is
a met hod oHee&is splisnres argglesirgdytor ar sophigfdcaied angt wulhimagional,
suppressin h tt .col_| e. ] f: h hS

t echni que El&é& d?or 2(29[ el‘é%?&%aip gwt%%e ccr)rel“géllngél?) Q%glf t le_?x \%@%@én?lyﬁ (%‘Ire E%?Igérl m%ryg;;ﬁgffj
resi st it sgldro-pAtQMAE for Eir6@ls id BdiNulg. r TvRYEbriWHA! RS coMtitudthen bESi St
so as not to need to estimate a process of renoving a treatnent agent after
dryi ng. Theigbgraterrhing, agmtterrbeoliqpie bd the circulte bij decemera sigmficentent

i nventi on. 06] Additionally, there s .set forth in Patent Publjcatipn 3
a cl edm ngp'y[ﬂ%g"c‘@ss Péﬁmlewfiﬂ%@f ﬁawga frBgigatigt o GAGIBE SECR\ gpeatly v

formed havg e e i L.ni Si ki .

oxi dati on (57 pREPRL BRAER PR dd Mol AL SRl i
surface bygHésdlagnitgbe beaQivdBe-40% sfitHawhald ofthedesiibandudtor fbricatégent ;

reducing the capillary force; and preventing the pattern coll apse.
[ 0007] Fur tétepnoAephémorpenemtobpetsicdcin ithecleaning fep twbewr dns agpent| wdidof

techni que for preventing the ttern col] apse conducting a ..

hydr ophobi RFHEGER r’rﬁgtptg ngu? r@a?ﬁ%ﬁ?lqrﬂ'ﬂaﬁj@er&‘ég %r e?emlﬁg?‘iﬂéﬁf’rlq‘?fd?% 194
cont aioi NQ,..a3) .ona : : V: s +1cH ] iyp e
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[0008] PatgitteRubt tisatineoflpastdnatiesetiaight aribat tloatinonoRiling ahe emmfélo. 20
2008- 198958 Pat ent Publication 2: Japanese Patent Application Publication
No. 5-29933fteireleaningrobiingiig.on 3: Japanese Patent No. 4403202

2010. 120039003 ' *Tn PasZP FiIBatch, iR Fhe il pRER AT shBariine

Publ i cati P 3 3 be
ol veq by TEePTGeh fObC U B Bap Y B et o A M L BT

t echniggue foor2-praaimohgbefoselbiid gis-liquithfiatgriade sewkeondirough deypiateern.
fabrication and the |ike, the objective of 3 which is to enhance_the

pr oduct i onHywener,othigeis saisl favhave sivare copptraints, Jar t evamale, 1 ghat an
particularly fi and_hi in _aspect. ratho,, and note particularly to a
wat er-repeﬁ“i/wgf‘? ﬁ%ﬂe&tgggﬂioggﬁg%ﬁﬂ 1?98%:}51 el\/ﬁq’tﬂt? %'he obj ective of

| mprovi ng R)O@)h?an'ﬁflﬂiiﬁBﬁQll%ﬁh!P%eﬁ@'ﬂﬁaﬁc%tioﬂdﬁcﬂis%ld@%eé Ui ditdced
surface an uneven pattern to cause an uneven pattern coll apse.

Hi t herto, tovend dassigepsitail ys hoapthebdf sup@ieesingdhbaatiern colldpsen Hhésrent
at its surface; however, a wafer containing at its surface an_el egent. such
as tit3&hi i ar opefdodn of adesrpasing @ospRillany; dorceana %maén@f)ﬁ%hbfﬁerﬁh?mby
(hereinafter, the S ti be referred to as "netal -based el enment")
has 10 bec%wrﬁg%%g@é&aﬁg%%ﬁ%ptsﬁ‘e di versification of the pattern.
However, in a case where a wafer having at its surface a substance that
does not sufficiently contain reactive functional groups (e g, silanol
groups), such as the wafer containing the above-nentioned netal - based
element at its surface, it is not possible to forma water-repellent
protecting filmfor preventing the pattern 15 coll apse even if the




[0014] A liquid chemcal for formng a water-repellent protecting film
according to the present invention (hereinafter, the liquid chemcal may 25
sonetimes be referred to as "a liquid chemcal for form ng a protecting
film or merely "a liquid chemcal") is ?2 liquid chem cal including: an
agent for formng a water-repellent prot®ecting film (hereinafter, the agent
may sonetinmes be referred to as nerely "a protecting-filmformng agent"),
the agent [bgdsD f Blow el £l thi@becidRalceBAIq Y Rt @5bEtRd {dwddBthe resist
(hereinafter, the filmmy sonetinmes be referred to as nmerely "a protecting
filn') on mttaiemnndf ierfon wfeaning astrepst atsdlhe Widfreovamdtbedorfenailyrhd ng
step for 5 the fer, the wafer having at its surface an uneven pattern and
cont ai ni ngeBovedgebir Rty the aRelt s9f as mokdioupsed Go gstispatean Jroaess of

copper, ti nt al n heni .syrfaces of recessed . portiagns, of the
neven parPEYIE A FhRRF AU hiRE: TRETBion BETRITT MR Bis
on the5surth@%?e&§ of Fige BrdReessRGhtpe tions; and a sol vent, t he

| i quid chem cal being characterized in that the agent for formng a

wat er - r epdD0@8k pAddenonally, fihere iis setcbrfioundPatept cBeblieatidy & heclbahimpni ng
general formula [1]. O Il P -(Ql1 2-a 10 In the formula [1],
1/1 repr e%ﬁ?%ssaf[oﬁ @cmdéwﬁawa%%qﬂ'r%ﬁpwpﬁwgﬁewﬁrfw yeaduEyiBE @ent s
of whi ch rt] b1 T .ace e I i el t(s).
re mut vl e eRabLR R B ke bRk LAGE Ry B ot o S dfs® HBURRY 2

Cl -G s hydr egakbeBpallontp ﬁ&mcﬂmgr fitenoAStled eRiice B MhinghaMawtdaEdlupld y or
entirely be replaced with a fluorine elenent(s). ais an integer of fromO
to 2) 1p00ssrfaRpansiarg at kdape ocautlimgy- 4gdnh fimdricing ddencapdlargs énved dmg t he
above- nenti oned . engr al for rruha liii, it becones possible to forma

wat e_r-repéWrP‘é‘ﬁ"t‘tlﬂg& B OARYNCOHAPSEE- | east on the surfaces of the recessed
BoL Ons  Ao6f, L ey tRibaRas gl MALEE ARG 9 GGk 1 Gl T P00 300N
P- OH group and/ or P=0 group erei nafter, these may sonetines be referred
to as "a fruclohiqueal fowi eirgvintiaye tlonpasadhetd t yeolliabbe a Bubst@rtigtia@nt a ni ng
the nmetal -based el ement. Incidentally, "having conpatibility" means that
Van der WAwidsophelieityampagting | Weatment om othe hase | ké actizedianorenliahid

surfaig of the 25 .substance cont a&%uii&? t he netal -based el enent ,and the
ion = |

f unct r Bnal“Het'8tY8 of t he* prot ety m f orfeR§ age_rltrepﬁ%%eéﬁ§dcausi

adsor pti oryapglQetiNanihbeisdthAcRant; A0 asddded@nce is reacted with the
functional noiety of the protecting-filmformng agent to build a chem cal
bond t her dixyorcAvisDogum@nadsor pti on. Additionally, R is a hydrophobic noiety

of the prqtecting-filmform ng agent. Therefore, when the
protectin Nagent is adsorbed on the netal -based el enent of the

met al - bas fer r [We i-et.] . Iy t

Sur face ot O0RS waf aPoiE PROAGTo L Shlsilstt I QU PRLERELh o,

[ 0016 Hur thoerrpysnsg t is preferable that the protecting-filmform ng agent
is a conmpound represented by the follow ng general formula [2]. O II[ 2]
R3 - P-(OH2 Patent Publi¢ation (%6 Jfapangse FPaent B8pplémtase MublisaGinGl8.
nonoval ent _nggﬁﬁcar bon 10 group the hydrogen el enents of which may

partial l y5o rely be replaced with a fluorine elenent(s).) [0017] As the
met al - based waf erPatént‘PuIﬂ?@fti&ﬂ( §: je&)a dse M‘c%ﬁgcl)\gog%;%@bﬁg at |east one

kind el ement of titanium tungsten, um num er, tirn, tantal um and
rutheni um at the PButdrcPabhitatibie 4 ekgsaRde PRifen@NSpicdther PrdlRAtpAtNe! N,
15 preferably those containing at |east one kind elenment of titanium
tungsgeén, 28010mM#fB82and rut henium and particularly preferably those

containing titani el e . In a _case of e ont ai ni ilico

el enent at the subgg%‘@sr%f%’ccﬁémfleéégi%t@rﬁﬁaf’ﬁgﬂs‘x‘?)?(:h?%éo-"hrﬁ%@ﬁca&é‘m QNH-,

t here arelq)/g{}pigé PHﬂﬁah%t silanol groups (Si OH groups) on the surfaces.
These sil anol groups 'serve as 20 reaction points to be reacted with a

si | ane coGITMNARIEOE THE IN¥ENTEONt er -repel | ent protecting filmcan
easily be formed on the surfaces of the recessed portions. On the other
hand, in &nobiams hradhby bhe dnvewifien, t he surface has fewer reaction
pointg i silanol groups, so that it is difficylt to formthe

pr ot e3P nZ 9{)5@ Wﬂ“ﬁ Pé”e%‘%ﬂFp‘SWﬁBt@HéﬁT%%esttﬁé‘ E%c?xaﬁféu%gqqul?wn&g%ﬁpgstzste
Addi ti onalg,y,..knyt:he i nvent:i he.waf i at,.its.surface an
(neven' par eyl dfcoahfRAlhotoh VibE bRl Fha A RBe Shug ohidkiien6F
pattern has already been fornmed on the surface by etching, inprint or the
| i ke Moreover, it is possible to adopt a wafer on which anot her process

such as 7 metal routing has been perfornmed, as far as the wafer has an
uneven pattern at its surface.




[0018] The liquid chemcal for formng a protecting film according to the
present invention is used in such a manner as to substitute a cl eaning
liquid 5 with the liquid chem cal during a cleaning step for the

nmet al - based wafer. Additionally, the su(t))&sti tuted liquid chem cal may be
substituted with another cleaning |iqui [ 0019] Furt hernore, a

wat er-repellent protecting filmof the present invention is a

wat er -rep t; teHRg i aesh A frk;akt ol tng:step
for the wa ﬂéi[réﬂalnsgl&gef or éﬂ 5!1 %}%éy%g&lgtep %latﬁgd%g%%r%,ﬁéwggv\g?%{r %ﬁg%}:agbtsat
its surfagattsrnuneven bat particdardyc itieaiamdncigh heastpaenerdisid agldenente of
titanium tungsten, alum num copper, tin, tantalum and rutheni um at

surfaces darfisebgietp porateswspelientniayidahemisat and the dike wighdhe obprativent
protecting,f.ilmbeing forned at |east,on the surfaces of the 15 recessed
bort i ons BY PCRThG: EREE UG R BIRRG AG D 10 HBARERG: BV HEE dr2PBEGT &

pr ot ecki n i J i T er-repel |l ent

pr ot ectBi n%uﬁ%cgﬁui& ar a%%‘fets?fzﬂz(éeﬁggiéﬁﬁlg&?%%ﬁﬁ%gp (gtﬁlca rr%'ound represent ed
by the general foHitHeatd,ldheandhsepsnagliyshem agedta fwafef @ontaigiwe silicon

wat er-repel l ent protecting film Incidentally, the water-repellent
prot ect i n¢l@Dent Rk swHacy eewewer avealr IenheINing afuish susface agpaleamenta

reaction progduct..havin s the prijmary _conponent. a conpound represented by
the_gener SPCP o IPRE, BedsaEn ThRIrtuh Ry e FOTRG A RUERER e
l'iquid Chgﬁbféihaft@f, they Thag sBmRERhEChHS PefelidddMPhS Shetdieh £dcBabMEnED s and
the liquid chemcal is 25 retained at |east in the recessed portions of the
uneveiiQpathieesmeassedi prtbed watlovbe ddvensificashire bf the pattiract iHmvdévdrmin o

formed at | east on the _surfaces of the recesged portions of the uneven
pattern. TR Prhsres Valer hayngratiite sprase arsubsiants thatrdgesgrotigifiiciently

necessari | t] I 0, e i i for f.ormed
tovever,  chnERHCHHENE Yo ctdEEd AUl e iy SARREL bR Rl s e ilger
pr ef er abl @ohtaihoignehd bbvetRehiivged mhdtal-Bakéd bdMabYt ARdtaBLERES] #-is Sot

[0021] In the géesent invention, the protecting filmmeans a filmforned on

t he waf er poasibie éo dormsa twaterdapelletieprasectang filny fof préeentadietheuatttom, | e
, afilminpartin r repellency to the sanme., In th resenf.invention,

he whPor PH3RIT Brk i R EmaBE il o et mRgh aBkRasat i BEE o

article t 18Rty { B LRt i 0 i qui d
and the Sll}ﬁ acet%f&?ﬁlggg ??éﬂ%gg’( :‘ﬂ%&{ chiia ?ﬁbgl?%ﬁ?g‘é’g;@@;ﬂ%g@@gg?%é& ggen
bond, i nt eamabebelpaévdiedes and the |ike. The effect of reducing the

interaction is particularly exhibited with water, but the effect of
reduci ng t he int ePhallpBaes oxtds pressatanyentipnras: i dormes IWajgradeptllenit er

and a liquid other .than water .or \w th a |iquid 10 her than water. With
Such a redtat bR ATnen B Hadt e ran (Bl oallnE of TRSPIEG A% ¢ he
artichg suphanfit@ht RedhRekaasdhlem@B2 3F 18! IRk SateR, SRINRHH Obopletani Ny
a wafer, according to the present invention is a nethod for cleaning a

waf er havithg t@inthtensand accham v etesuniatesesihreredsabpoaiionn @f ahel wastenone

kind el ement of ftitaniym tungsten, 15 alum num copper, tin, tantalum and
r ut heni umb&ttestr hgreinadier, seeds aouaisssomsiimes bereferredda asai wehal mwed

met hod i n¢) udi.n t _|gast. » rotecting-fi formn t where a
liquid chgyn%ﬁgﬁl Q% %lrer?lg’r ] W& f%r )pragtlg%% (%ba%? %Eﬁ%fgsésr %ﬁ alenged:egﬁeq% é%rgfoqsnsop he
recessed RRribiRAScOIntcPEctINe PeiwdA haidliid 3P eaideti iIAGHRtRBe &k AT RFRHEG I qui d
fromthe uneven pattern by drying; and a fil mrenoving step of renoving the
pr ot eBbi nghtisumfaces of the rewdssediportioss ltheueby ohproviag f deahorgwieg which
protectingfilmisa ing an_agent, for formng a

P

liquid chem Cq?{Lﬂ cont ai C

wat er - r epdPRehttopwkuset they Paittern eqltapss &g@ﬁtto pionile 6r Lipgidrichgmacal for

wat er - repel | en t i fidm at | easi suf face f. the s ecessed
portions, %H&ﬁg I%gt rg)ttt%:(})cgn |¢11§n ’rr}é?'hoadﬁﬁ%l?@gcth%h?%%éét@%cgle ]‘lenpcf ﬁ%ﬁmt 3

wat er - r epelhRplrePEINERCHIREcthhs Mlis formed of a conmpound represented by the
general formula Fl] and serving as an agent for formng a water-repellent
pr ot ect i ndMéahsdorFolEfeticsPodblehe | nventi on [ 0023] The protecting film
formed fragmthe Iiquid chemcal for formng a 9 protecting film according

to théOpr 8@HY i nTenmaskeinscelianseligre qcAupathan pBEaT Barid infatlet oresed n a
o o oo HS it A PR S St BB PR G

rut henium at surfaces of recessed portions of the uneven 5 pattern, the
filmreduces the interaction between liquid retained in the recessed
portions and the surfaces of the recessed portions, and by extension brings
about the effect of preventing the pattern collapse. By using the liquid
chem cal, a cleaning step conducted in a nethod for producing the wafer




5 desired uneven pattern. Additionally, the resist having an uneven pattern
can be obtained al so by pushing a nold having a pattern onto the resist.
Then, the wafer is subjected to etching. At this time, the parts of the

waf er surface which corresponding to recessed portions of a resist pattern
are etched selectively. Finally, the redst is stri pped off thereby

obt ai ning a wafer having 10 an uneven pattern. [0029] By the

above- nentq enedips HAisat "eRE 13hEsh theldfoPSS QURE (RAS S MR LRLR Hell 12 y@f er
having at 1ts surface an uneven pattern and contalining at |east oné kind

el ement ofresiduahiligmid tafridye tedeg niakuiguidnbeteeeped pakt haviaphadhiaspad ratio

rut henium at_surfaces of recessed portions of the uneven pattern. 15 [0030]
Exanpl es omd aeaxhbavinmiey agpedmianty taupesd diffedenee theapilery dexasembhiodt ep 2
are water and an a%%ﬁ us sol ution obtained by m xing at |east one kind of
an organi cacg%%éh?, fﬁ(ﬂlogen per oxi de, ozone, acid, alkali and surfactant

W th ter e a | ts1 Jn : I an 10
Tas9% of o okl oy R0 ] SRR Kt o e O Iy Mol B e
- substi t ut idifferdrick inhtmpubiser foves dde tbahnidiffetdrgpei itk imighbef eesidusl Hguiddsce or
nore. The water-based cleanjng liquids to be used in this case may be those
di f f er ent *PABfb AT Raresolang2thg fpatbens swdlapset i chize hmpgnitudenf thiedt h

and projec ortions have,a | arge ect rati nd if the surface is
ol eaned weR Y FfEye BBY deRle G, oD eRtahRe D sREisbiatinines SheRB> an
subsequentyeYod,he gk edxpee&er frdre athildedh b 1ht! B G 1PYrydkNich JefN Ghet hE
like or if water is renoved by drying and the |like after substituting the
wat er 18aseddutahbby dgctdagingly oi tésBrat er, a pattern collapse is to easily
occur. Thi uneven pattern is defined as shown in 30 Fig. 1 and Fig. 2. Fig.
1 is one éR8hpl e Bf &4 *s¥iefif/? perspective view of a wafer 1 of which
surface i s nmade i face I tern 2. ..12. Fig.. 2 .shows
surface 1o, mde_ i SHLRGE IRKHIRAT HOSUEARIAACN o 0 udB i Gapfens
is defi nednl@nea@casé@w@diob@,te/@?@e@exﬁmh@@bﬁ@hmr ©bf fhaaRguidR tRiidgest ed
portion 3, as shown in Fig. 2. The aspect ratio of projected portions is
expr essed thy rdtassdi pgraohetyblie suphcehef theojaseswd portianensnbyS aewiedetits? of
the 5 projected, portions. Th ttern collapse in the cleaning step is to
easi | %gocéﬁf" Wﬁr@ﬁ(’fﬁé‘e F%Q?é%%‘gﬂg M3bns have a width of not more than 70

( | _ .
t”hmanpz,r t :Oggét) ?%]u?lalrlﬁ/hégg}f:&?hp %eﬁﬁlﬁntﬁ?geo’é!?}]%? ] %@&%gﬁ'{l‘fe‘n‘%ﬁgﬁtﬁ%ﬁ? de.ss

ess than 6. e cleanin I qui in
t he pr et r ddimmantlesstepn Iheefiafscdsoofithd Qeassgadimrsiohy esft thea ufibxén R tefrnt he
organi ¢ solvent and a water-based cleaning |iquid, or a cleaning |iquid

i nto whi chivhan peldgwidoraticenepias iacthe regersed pardorw pfigetthatpiosediingdlmi t h
t hese. Funt her nor it.is preferable . .to performa step of retaihing.the
[quid ohdtcotert et i nanavEl Bl R R e b e ibalon Hriefle " niiedtious
porti 0ns QhetdagilNSVRRCPHHIEK Kt HePRIbE4Ed POidIR & §ARENLHOH AtdHd A
with the liquid chemcal for formng a protecting filmof the present

i nvent i on patteenpmobiapst bagprhes diffionlt togpestiep) Adf R30Sk ynthdpraeedaptfilm is

i nvention, % style for cltj]ani ng the wafer is not particularly limted so

| ong as t K@ beitgmayediadtarcthe dwingstal-eaning 1iquid can be retai ned at | east

inthere d peri:i f _1.h ven tern of thewafer. .20.Ex | es of
the styl quggﬁcl e‘gnlhﬂglpf hcgle\i‘vglf: %lr Lf(gfefsr%?@é n%l véracefre%eﬁe}ﬁlﬁngt%%e&é% %t ed
by spin clgadidigg WekRe 2pBRBAE dnkvinkiohi ZRMeahdfeheth MRHAR EBehfat ggyand
cl eaned one by one while supplying a liquid to the vicinity of the center
of t h85r otsatriedneshe rafebeadto a4 i dquhd chemigilfonfortyingfa pwadtertiahddhs ar e
imrersed in a_cleanin ath tQ be cleaned. Incidentally, the formof the
liquid 25 ReREH ca 1%‘?‘9t3ﬁ%méq3é§r’rﬁ ﬁgh‘lﬁ'l@tﬁ%f%]tcal Helwdipg  of suppl ying the
l'iquid chem cal of. t I i.ng-11quj t | t.to the regessed portions of
the uneven !oatter%n_c?r’g%_ir1 glefgﬁgéréjgl Di%8nvggfe%arrepf%gl%flgPF?/‘%C?lrﬁgt ﬁgna ef‘gffla&?r’it i's
in a conditht Qite@t thhfldothe®iméd BB r@terPed 10 JLhRirBgdd {aréteetihgf%ﬁ%ﬁ%mm
portions, and 1s exenplified by liquid, vapor or ‘the |ike. 30 [0035] %he
organi ¢ saigentd, thiei cigesér beisigadoonbraiingher pwetarapeHenkappitesting the

cleaning | jquid A are exenplified by hydrocarbons, esters, ethers, 13
ket ons€, HasksdBater dihenfile oResi ARt IgsVRM retersed to asimesalye(r SBpiashng,

| act one- baged, sol vents, .£arbgnat e-based. sof vent al,cohal s al yal cohol

dor 1 vat 1 vaus hPRATRI At PeRL R SRR TP 2ht SenfPe o B G¥ e pREnY 00k
Exanpl es of hydrocarbons are tol uene, benzene, xylene, hexane, 5 heptane,
octane and the like Exanples of esters are ethyl acetate, propyl acetate,
butyl acetate, ethyl acetoacetate and the |ike. Exanples of ethers are

di et hyl ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and
the Iike. Exanples of ketones are acetone, acetylacetone, nethyl ethyl



5 [00391 Moreover, in a case where the water-based cleaning liquid used in
the pretreatnent step 2 can be substituted directly with the liquid

chem cal for formng a protecting film the substitution with the cl eaning
liquid A (the pretreatnent step 3) may bg omtted. [00401 Fig. 3is a
schematic view showing a condition where“the liquid 10 chem cal 8 for
formng a protecting filmis retained in recessed portions 4 in the

prot ect i ngeifd Ja¥drQ b REh et BRvindSt WalsekrRb athen thfn YhAWoRfaifidk 3t
shows a part of the a-a' cross section in Fig. 1. this tinme, a

prot ecti ngehst oné kiddehedewnof titarsunt, doegstan, themi gaes sepp@oOtin, dastAum
thereby inparting water repellency to the surfaces., 15 [00411 Incidentally,
where the #t trélégﬁwmiatnﬁ%ﬁﬁcweo deneeBypaiens| efuthe Alraviemapatiern hehe

present inveption iys.on_a surfa of a rtion of, the ter containj,ng at
| east one Kind of eg%ﬁ@ﬁ?tegﬁﬁggﬁfﬂe{’%]ﬁﬁ)fﬁjfgleﬁgé?%ﬁge%@?ei %ur&%‘éesu??gbé%
patterms. AgeosfidNtr¥ionkhgn@rotecting filmmy be forned at |east on a part
of the surfaces of the recessed portions of the netal -based wafer. 20
Additional ly, al sa solvemtwafer formed of a plurality of conmponents including
the matter containjng at_|east one kind of elenent of the netal-based
elenents, it is pbBelguad chemarahhenng sharaderiaed 1 thrbrhe pgewtuforfoemuisg t he

Eeanpl eo.of (Her Pl Ract e S B artoRPin ChonsdRaREe by ARRGPISHEEce:

those in whiehal fienfBht[€]. 25 containing at |east one kind of elenment of the
net al - based elenents is forned at |least at a part of the surfaces of the
recessed portions; and thoseg4n which at | east a part of the surfaces of
the recessed portions becone$#the nmatter containing at |east one kind of

el enent of the netal-based ellbnents at the tine of formirgtt fle uneven
pattern. 30 [00421l ngmgn;t_a_l ?,AMimcal for formng a
protecting film accotding té the S \+FRVERE on can easily form an
excel ient water-repellent 17 protecting filmon the surface of an article
containing titaniumelement at its surface. Therefore, it is preferable
that the wafer is(a the éromaba g, BE repressnts acCi-Gns unmsvonlost hepdiwcaribn

containing titaniu | ement, at the surfaces of the.recessed rtions of the
oven paceaih s RSl sie Henin:of Whish Biav PorBY o o SRobr ot R d i | m
is a liquightghem gabric@NtLiRL 1 Prot eqly il ' g fqrmng
a protecting film afl'Eler a cl egﬂisﬁg s]'?ep%dgpalalgné?g%@%gﬂs%%h\?mfg}rmg‘%ﬂ ®bétor e
a dryi ng shepofalent begamicagronps hdvisaf ar CaiCih éadiro@rbohegmupl dee hydtoddie

recessed portions and_an organic solvent, and is characterized in that the

agent 1por alomendy o Whidr -mapepaennlly oopeateeli he replaced withorapdlumdine
represente f ol - N enegr.al_for a[l]. Il 1] R P (0})a(R2)2-a
(I'n the f&r%%l%gh?g] ,é)glgl\rﬁﬁé%%égﬁ?gmgn Iﬁogj'g nonoval ent hydrocarbon group
the hydroden1s] emByt sis@is WHeC rdByctBas-HilaHo¥m®h g RkdiE! pPE&sentPd aBth}Y)é th a
fluorine el enment(s). R2 nutually independently Tepresents a 15 nonoval ent
organi ¢ grahgyehaentigned Ceemmalhyfdrmeda bdH, gitoupedoheshypssaildn aberferths ©of
which may partially or entirel ¥_1be replaced with_ a flyorine elenent(s). a

1

is an int SR ﬁpﬁﬁ%‘ﬁﬁ pratectyng tilmpanieast ppdhe surfeas gf bhe reenseed Rertions R2

of th ener.al LS € Lifl Ak toup, al kyl roup,
those2rn Wb HEMTHAe0 dpaled, PLTBL paoBRe B orPigh B B ¥ (GREe R B
with a flugid/ee PI@rEBLpSTherdfithftdie dHeke mh9OdrheAdtlist hoN@bMredl o bE “a
preferable that the above-nmentioned R2 is -OWN (R4 is a hydrocarbon group
havi ng a danbidsnaunbeietyd bave t&npaddbdlity omihl v substangr efoatabliest ttat R4
has a carbon nmber, of 1 to and tigularly 1 to 4, sjnce the water
repel | encW’?@qﬁiﬂsédeéj@@elnént &E)c’gﬁﬁg@alﬁfédp}{q:i’é‘?%wmwmﬁr megng ¢hag Van

ref er abl i - ¢hal . qr . he gompound

Pepr esent gdg?b\y%%%eﬁg%eh gﬁr %a@]?‘girn%ﬁ@éclt)[o% (?lulﬁ}e %gg %@%S ﬁg’w}een ATRHACE of the
possi bhet %ib%@ﬁicek%iﬁéi@ﬁﬁ%ﬁhg 0feth3Dh36 O L1k A 2a B théffﬁ&)&%ﬁ)raoiet%éf the
C81117P(0) (0102, C91-1191)(0) (0102, C 101{21P (0) (0102, C111123P(0) (0102,
C121{ 25P( @ro(@10z-Aln ¥8dh VP 4gpnt( Ohéreby, cudiapl adidfjor Gior ethab 1§31 P

0) (0 102, C16H33P (0) (0 102,C 171{35P (Q). (0 102,C 181{37P.

Eog((()loz, @@Pglﬁe( (@g%)z%u(’f@#@ﬁe( o ( @@%@?ézgﬂa gt})e (yngtiongs Fpigty) of othko2, C
4F9P (O . B . . . : .
R b) (OB SIS BN, R8s Spoptie. o CBERIGH dopdythercby causing
CF3C2HAP(0) (011) 2, C2F5C211413(0)(01)2, C3F7C2H4P (0) (0102, CAF9C2114P (0)
(0102, C5F11C21-1413 (0) (01% C6F13C2H4P (0) (0102, C7F15C 2114P (0) (0102,
C5F17C2HAP(0) (OH) 2, and those obtained by substituting -P(0)(0l-)2 group of
t he above conpounds with -P(0)(OH OCH3 group, 10 -P(0)(01)0C2H5 group,
-P(0) (CCH3) 2 group or -P(0)(0C2H5)2 group. [0047] Furthernore, in the



sane as those that have been applied to the cleaning liquid A 30 [0054]
Additionally, it is preferable to use a nonflammable one as a part or the
entire of the solvent since the liquid chemcal for formng a protecting
film 20 becones nonfl ammabl e or increa(gs in flash point thereby reducing
the risk of the liquid chem cal. Mst of°the hal ogen-el enent containi ng
sol vents are nonflammable, so that such a hal ogen el enent-contai ni ng

nonf | amma nt c raply ;used a 55%3 rn??y r gani

sol vent . %k%ﬁ§ ﬁgﬁnnreqmagﬁgﬁﬁggﬁ gg pﬂgfegabﬁgﬁ%sedlgg the n nf?g HE e
sol vent t qot¢@OsSTilAdBirmingaddent. | Thereforaf whahethe proectingefifn ferming
protection Iam/ it is preferable to _use a solvent having a flash_ point

exceedi ng @¥atals @sortssl onnbhe i BakY" @tﬁe@eﬁlem?m%]th@bﬁﬂe@@ébaﬁ‘»a@c‘@ﬁﬁﬂrﬂg to

d obal | Ha f d L b
Cheﬁigalg; é@ngO]ESHE§%%%gh§ ﬁgggéé %%ﬁtnf QﬂS 3 Pg1ﬁ§nw@§§'ls
def i neg asiicfol) AAFRALAE AUl dHey TheE ol ke suthigg a Sol cont v ng a flash

poi nt exceedin is used he sol vent, the liquid chemical for forning
a protectif0g16] | mfuetldsmharehave prefémdiie phantthe prerdiing IBC femaing bigshe
solvent is not nonflammabl e one. Hence the I|qU|d chem_cal_ hardly 15
applies tads atWP‘P‘&h‘irﬁﬁPr@SPil‘Eﬁ@th ft/\fﬂlwliﬂgw fopmal ﬁﬁ 2)i ew of saf et y.

[ 0057] Additionally, nost of the | actone-based sol vents, carbonate-based

sol vents, al cohols having a hig@@h nol ecul ar wei ght or tmo or nore OH groups
and t he pol yal cohol derivativey have high flash point. f herefore
preferable to use these sol vent's because the risk of the I éh d chem cal

for 20 formng a prot eg?hg-t-le (O pduced. In view of the safety, as
t he above-nentioned solvent, it is re ferable to use those having a
flash point exceeding 70C such as y-butyrol actone, y- vaIeroIactone

y- hexanol act one, t Onep;s CHO)

y- decanol act one, J%cano c@ghgl%88%&%%@%%bpagf%n%m% ﬁ&ﬁ %%%1

6- hexapol %&bﬁﬁ&h&ﬁy@rd@%ha@l@hﬁ@iwQﬁ,wﬁrcmtoﬂﬁﬁobéﬁtﬁ@lmﬁ,oraent‘ijt%‘I

6- undecanol act one, 6- dodecanolactone e- hexanol act one, propy ene carbonate,

hept anol , ‘ﬁﬁh&hﬂﬂomgpw%w@ﬁet Ycol , diethyl ene egcoI 1, 2- pr opanedi ol ,

1, 3- propa prop 1.2-butangdi o butanedlm

L3 proeggial - o tltﬂ*ytfl&ﬁ@e@f?%%ovaf% EIDBYTIRE @ gitti thoth e
glycol, t %é@%&okirﬁf‘gle%éi&%f,m%%%y%ﬁﬁg n, qt]&tff]twt&neo Coly @H&Hﬁwl
et her, diethylene glycol nonoethyl ether, diét ene gl nnhopropy

et her, di etriyhethenihycat thomolfated oiétﬁiﬁfeceséi’éd pbttechinaybiéﬂﬁa ghyeal paoeeset hyl

et her, trlethylene | ycol nonoet hyl ether, trlethylene g!ycol nmonopr opyl
et her 15t r itgefgrpbhe gt%wnwﬁu@w Jeast nare, kangd ﬁ&ewm@fn tgnw@t twpsRiaBt hyl

et her, tetra t-hyl en nonoet h et t.h

monopr opy!? ﬁ:hn}ll § rae tf%lfl %g??gopaﬁgﬁ%]@ﬁi |pr§ é’%ll ﬁlﬂ%ﬁrgﬁwaéﬂglg
gl ycol nonReyges vl eﬁatrﬂ@ﬁti dinP GORYHeC BE a0 kiEe} daaeaatﬂglsﬁ&étﬁreterﬁbﬁt oRyigne
gl ycol nmonopropyl ether, dipropylene glycol nonobutyl ether, tripropylene

g: yco: rmrwmﬁ:td&ylofetzlﬁmepessedmompphermé tb:eyttriﬁvemmuiﬁe:try:thettﬂare at miuptitydd ene
gl yco pt.opy| ether propyl ene gl yc nmonobut yl et her

tetrapr Opﬁ%§H@n8i %BtPSr@h@i%gws ppdhe S@t gne éﬁ%eﬂamlwwwé@waas 10
Gi of noPend el PaRRs| & LE oFesPRChatitia SO OB PLHE ePhE TSt Thincpe

di et hyl eneyglleyge enéh&m)hcomtth)gl fikhh@in e@tlsﬂgrtwé qmngdtmpthéléwydeseéfha{e

di et hyl ene gl ycol nononet hyl ether acetate, diethylene glycol nonoethyl

et her acetratﬁseduiexrtn}bheneogi sheodthen deind, yh setder ofadet meeq!-lhsetlhyhfmetlyd ycol
di acet at e, triethyl ene gI tr|etherne%g%ycol di et hyl

ether, t r|Sé‘tr e gfaFRed) regic flmm%t"sftéﬁe ttlﬁ% |Satiﬁ91 ef?élpgt §¢ bhat iy driouht |
ether, tr ' Stfﬁﬁh%% g?)ol{&ccﬁ I%%Tﬁﬂlﬁ %}tﬁ% co S}tx &%%Eﬁta% t tn%ycloeg)gltt%t%gc o

nDnoethyI er ac hylene nDnobuty ereod

triethgl er}f@dcutmattydhacateab@esetnctfx@ehtawne%egbvmet hcavrtﬁgta/tl i@t B€Fface an
tetraet hyl ene glyco1 di ethyl ether, 20 tetraethylene glycol dibutyl ether,
tetraethyhamweglpaﬁkrnnmmanshyhv@&hewhaﬂehanﬁ.at@mnhbbhyWhaeaghycmheven
nonoet hyl et her acet etraet hyl ene_gl yc nonobut yl et her acetate

t et r aet hyRatEerg hagplrg Pé&i‘@&?éor%‘?%ﬁylt@ﬁe‘s E‘Wy ghchelg.denrigh pr Sy ik

gl ycol apyl :.et her1.di ene coI one et her acet at e,

di pr opyl er%\gxgefosfgal s %%?%b hfﬁggg @et’v go CBIr %%epﬁqﬁ?é%lsuﬁ%n%ut yl
et her acetate, dipropylene glycol d|acetate trlpropylene gl ycol di net hyl
ether, tripropylene glycol diethyl ether, tripropylene glycol dibutyl
ether, tripropylene glycol nononmethyl ether acetate, tripropylene glycol

. monoet hyl ether acetate, tripropylene glycol nonobutyl ether acetate,
tripropyl ene glycol diacetate, tetrapropylene glycol dinmethyl 30 ether,



protecting film the protecting filmcan be fornmed in a shorter tine. A
tenperature at which a uniformprotecting filmcan be readily forned is not
| ower than 10C and | ower than the boiling point of the |iquid chemcal.
Particularly, it is preferable to keep % tenperature of not |ower than 15C
and 30 not higher than a tenperature 10 ‘C | ower ‘than the boiling point of
the liquid chemcal. It is preferable that the tenperature of the liquid
chemi cal iSciegRbutidd Bls bl ?Q%@m@apas 9L dsHBARGEAL MR Mih@vERG dttay d
chem cal is being retained at least in the recessed portions of the uneven
pattern. lamdtdenifatd.y, the boiling point of the liquid chem cal neans the
boi l'i ng p?int of a component having the nost anobunt anopng conponents

cont ai ned PA18lhe Whediqwidpehanaieal £01 fofumime Aamiotenting flwe secorshing to] G561

After the protecting,filmformn tep, .the liquid,chem cal ;that renains at
Least in (RESTECRYERGOROR 1o orudha TIABYER Pact Py Beleting Favids
(herei paf ey {H HiqIRY cRRABLAINBArRG helEARRE bRPATr the YRSRIHERE GhaRRI NY
step")gmﬁﬁﬁ'a gF%a%ingcﬁiqu%dngi?fgrent fr%%%théﬂagbve-nentioned 10 liquid
chem cal (Akhtionallyethe sihstitatedbigugd lcheuiichlnayy denethatestde with anoeldet 0 as
"a cleanig? liquid B"), and may subsequently be brought into a drying step.
Exanpl es *%ﬂﬁégéMEhﬁing liquid B are: a water-based cleaning liquid, an

organic s t; . xture of the,wate ased _cl eani ng.;l | qu# nd_t he
organt ¢ SoPVEM | PuBliHids i SRRk R RASIERR O Y YR e o
sur f act antjip{Sniteon MsX 0w aktbOPEh dl Rt fdtebRRg PHRh € fdrinildl fonl B kRufEE NOr@gent
used for the liquid chemcal for formng a protecting filmis contai ned at
a content chdmng|seprfot hha wafar aofd béferé iagdryinghstap dat thamwafehetid waferrr om
the vi ewpQint of renoving particles and netal jnpuritjes, it is nore

pref er abl QAVRAE athESCFEARTHhGN Pgaven Patteihrad cantadpgighnt leart ene kindy

m xture of d,.t he. o} ggg' SQ 00 rt.her nor .t
subsequenfﬂéﬁégﬁiﬁg g%£§¥g$hé{s g%?%gé%ﬁﬁﬁ%ﬁ%h %ﬁ%§§|§§§iﬁ%ﬁﬁﬁﬂﬁﬁdfﬁﬁkay
be conduct@éhénhee 9f $FScesMAr ersResdd i g@tions betHd Qiiceheuiiteah, ftHe
formng a protecting filmmy be substituted with a first kind of cleaning

| i qui d B, veatdrzepelest pedtecting fly Hanghlermied subsasittan ébe wiurfaces afwdheor
nore kinds of cleaning liquid B different fromthe firs i nd of cleaning
i 408, SefResPl U oS b1 XREnRE bibtighkaTi oChR Gy Y JPepne A
thereaf ter, I irf S CRE - 1048E Cff | heOBBe el NBoPEGEET AE,
exanpl es 8¥a%%géé%é§%?&g%gﬁgﬁﬁ% B, is ef%npl?%ieg bymﬁﬁgro gréons, esters,
et hers, ketaieesepbidémoprvtettng il mciendairactegized|byehdiag forthédxit deobgsachd

sol vents, al cohols, 30 polyal cohol dert atives, nitrogen el enent-cantaining
sol vents, ranerseméed bydhe goBapl farmeulackldtandrampng assin apent foraiormiss|aent |

it is possible to gite the .25 nme as .t;ho t hat have been applied.to the
cl eani hg WraCRTtH0BENEREPELOER TRolREfph e varGrPeReilRutitfy.e
cleanbpg ldigiod tBe fRBUBLRTeAEREhEPDe Qlick B B QbBIhNY rbhbiibh QIrRAcON
the wafer surface by the Iiquid chemcal of the present invention tends to
reduce | i tHdvendyas hize Pprsmbse qpoemporsdrdani cgnpoepd fepo&Ehtddhdre the streral i n
Fig. 4 a schenattﬁ view showing a state where a liquid is retained in the
recessed ﬁEWPPBh 114 provided with water repellency by the liquid chenical
for form ro ti film The. i h [:C Vi of
g 4 shogZoPpat B iale, Be il s BactRecl ik Bnb ol SLEY 11
formed havbpgidde PRRAYEHEINnPFI0E AftdrStieodleading the MPEREUiQEdfdHamitAl by the
|l i quid chem cal thereby being provided with water repellency. Furthernore,
t he pR6t eckiamgefli dtnleddt in thetracesedoportierswefl e snefar @asteen ahdmscukeed

liquid 9 is rempved fromthe uneven pattern. [0067] Wien the protecting
film10 i SHgenderiae W]élggttgéri’rf)%t’é’tﬁ fleds ?Qﬁn%d?ét ESF 888 s fsee PR of
t he uneven_pattarn of th fer I quing. C ] for for

protecti ngre ‘l‘?slsr%a %Orglc())n Sa()?t ‘\‘/}%ng‘f%‘p%‘% tpftllﬁlj(-f)ér#mSO ﬁbe ?g(g;e?@hﬁr@f%rogb@gr%ﬁ%? ﬁ‘é

assunpt i ot Batioweindy b8 K&t abaadalily tdaatEHIFRDE Forhegais® ddienbaiskefily
col | apse becones difficult to occur thereby. The closer to 90 the contact

angl e i s, wihiforsmiyl [fermethe cHpivelary ihopcderadbi mgpant t mere eeesdledtporatenns
beconmes. It is 20 therefore further preferable that the contact angle is 60
to 1280 paieprHenss |y b%é?f@%%ﬁe g5 fogm 1the, qugtecding dilghoatinrpisiy prd
becones furtger ifficult to occur. Furthernore, the capillary force is
preferablyu?f?rqﬁygher than 2.1 MN'n2. The capillary force of not higher
than 2.1 MNVnR is preferabl e because the pattern coll apse becones difficult
to occur. Additionally, a |lower 25 capillary force makes the pattern
col |l apse nore difficult to occur, so that a capillary force of 1.6 MV nR or
lower is further preferable and that of not higher than 1.4 MNnR is
particularly preferable. Furthernore, it is ideal to put the capillary



10 bringing a wafer into a heated atnosphere such as a heat treatnent
furnace, and the |ike. The nethod of bringing a wafer into a heated

at nosphere can easily and uniformy provide the wafer surface with energy
for renoving the protecting film 10 even in a case where two or nore wafers
are subjected to a treatnent. This methdd is operational ly conveni ent,
achieves the treatnent 15 within a short period of tine and has high

t reat ment bhjty ik B Binh S i i hod.
[0076] 1 Re” bh s PRE R i hoh R p O L b B AL B BB el
expose t hehwatfer surfaac eo e tozedecganewattability of theavafel aurface aidd. o4 fidim
using the | ow pressure nercury Ianﬁ, | ow-t enper at ure di scharge using high
vol t ages ompzotgewptaereppilengafte thawante ilny Bt areagniiinrentignt ther whten ed

whil e bei ng exposed to gzone. [00771,.ln the fil.mrenopvi ste t he

ot acts ndepFIae S e s 38 AR edsp Atk ST g GiTRed, Ohat B Bete hereby
conbi nkng | Iy LT, i.at.l 106, AZane, e,
o AN SRR ARG el eoh WA B AP Ho B EARCC EERASS
waf er sur ftheeaitidle (Besustf she iheatifang)asucineren hpdigen Bnddt intetbsldcute a

cleaning liquid retained at | east in recessed portions of the uneven
pattern wifprceanondehecli&ani dge pHeetd chrednemgn the dateragtionaise ppeemlarly
variously studied apnd alread een. est ablj shed, as. di seussed inR.pther,30
(T4 er o up oL palE USSR 4R BRI FC OO RHEE RS uRE TS iR rusd
eval uat i ong;;Afa ehiki Gy Bq&iest Gaked 2hdfOHLNY othd QIBE Walsr bi WRNG! Bgli®i Nl Y
performed. 29 Additionally, as apparent fromthe follow ng equation, a
patteilfl calthepsieamymedtty Wetdendsh anretlnetionnifdbt iatglaetioh, the catteatiangle
liquid to the wafer surface, i.e. the contact angle of |liquid drop, and on
the surfacd the hgad to the prtislecupiang qanges tperspeede yx cos' S (I'n
the equati reprasents. . the rf S| ofra liquikd retained in the
recessed &gg%?gnsﬁgﬁﬁ}%g&ro&a e%tn%gtt%ﬁéiaf(égﬁ{eac n%%g‘ivéfeg‘f JJ‘(%Cﬁ1e'(!‘hlnigqtlﬁ)i t%‘erpgg ?%ed in
the recessadeR9bh i9NS niéthohefosWléAeRs Rfwifee lﬁ@xﬁﬁgsﬂjiﬂé%dﬂf%bs andidsbvan
represents the width of the recessed portions.) 10ln a case of a cleaning
| i qui d retmsitteed iamdr ecetdnihg aitt lemst enofkind elvevert phttitrmuty, tlegdtent act

angl e_of liqui.d drop and the capillary force,acting on the recessed
porti ds (WAPERUTLr EPHE: (SataBtALE AP AHhEPIHE oF FWdapen oér Freettadapse)

are in cor at | 1 r, i . h.Sq:a] ible to derive

t he capiIﬁ%&%shggggm%Pgﬁfgﬁgag%%gtigﬁgéﬁga%ﬁLﬁgggﬁﬁgﬁgsgggﬁade on the 15
contact angl e of hipgotattirgefiliefompi@bagt wih@gré ial Wl cHdmfsdigpd RSmidg a
representative of a water-based cleaning liquid, water, was used as the

cl eani ng Inrgtaciing Gdmojs meianed  af leasheinc dBe 1sressedapertiong phghanuugieren| y
patterned syrface, it is not possible to exactly evaluate the contact angle
of the préF@@FPﬁg film10 20 itself, the protecting film being formed on
the upgvenly pattgrfoth s WdA6LrehOPEG i Al dS¥EIUALd QRePin HhELFANAGE iﬁg,‘J' e
of waterdrop is conducted by dropping several mcroliters of mater&?o on a
surface ofamal sanple (a substrate) and then by neasuring an angle forned

bet ween the waterdrgop and the substrate surface, as discussed in JIS R 3257
(Testing nmethod of flerrempringstep ofzemionsag tha protgeangdilihce) . However, in
t he case of the wafer hawving a. ern: Ahe contact angle is;enornpusl
arge. This is beddute s aniif Bl fr it npfduibd SIS RIS | na
an appare%eﬁﬁ@éla&intﬁﬁﬁhgéﬂa &t MRESHIRPa Wtk PEESARGH prodedtid Bl NEHdience
of a surface shape (roughness) of the substrate upon the contact angle. 30
[ 0081RBN wigewt obeingefcabbweningn at wateresedlendx pngkedngt fibml agleastchanileal is
provided to a wafer. having a smpoth surface to forma protecting filmon
the 30 weflgfaceqef bhereessofhPer19%%, ous eval uations were performed by

di h ing.-fil he [ fyi.l f
of a vt r 1 novi i aleorpat el B Eng BTGkl i 8 R o udue, °°

exanpl es, patdefrfy ilavs Mirded b ﬁ@bﬂipgnhurﬂegeeééﬂtaa Ly @R SSRALE LN i n

Tabl es) which has a 5 titaniumnitride |ayer on a silicon wafer having a
snoot h surdmtesrvime aaharadentifog farnt mggs tvate f-répdlldmtepoesentgefilthy Wi n

Tabl es) which has a tungsten |layer on a silicon wafer having a snooth
surfade, dbldecty ohfbelnyertion a rut heniumfilnm (represented by Ru in

Tabl es) i as rut heni. um..ayer on si | j;con wafer havi,n snmoot h

surf ace vaPBZaleq he Wietsire R $omitd Resteot bl ShePoty e oioaBT RE n |
wi || be discussed below. Hereinafter, there will be discussed: a nethod for
evaluating a wafer to which a liquid chemcal for formng a protecting film
is provided; a preparation of the liquid chem cal for formng a protecting
film and evaluation results after providing the liquid chemcal for 15
formng a protecting filmto the wafer. [0083] [Method for eval uating Wafer




Li ght - Receptor: UM 360 (Light-Receptive Wavel ength : 310-400 nm Peak

Wavel engt h: 365 nn) Measuring Mode: Irradi ance Measurenent [ 00871
(4) Evaluation of Surface Snmoot hness of Wafer after renmoving 10 Protecting
Film The surface was observed ba\fn atom c force mcroscope (produced
by Sei ko Instrunents Inc.: SPI 3700, 2.5+m croneter square scan). Then,
there was obtained a difference ARa (nrr) in the centerline average surface
' oughness Jiddiffle dfind, gc&ﬂah?gcecoo%h% e G L
15 cl eani ng. 1ncidental Rais a't ree I mensionally enlarged one

obt ai ned hypabphayi. ng‘liehrefo@e,nixea i afer h‘ﬁ@[r@@t iteugrfieesardahbned phytedh Srid 0601 -

" to a neasured surface and is cal culated as "an average val ue of absol ute

val ues of cantaigiesnat leassmnetkindalamentoh tdanpume snpgrieadabunfrags; cippst t he
foll 20 100 1YX Ra=f Bf R XdY YTXL
or o "5 158 R Sond SRERS R i tatiesor IEELe SR AARY of Yl @hven

coor di pat oY I e e a t he
B ﬁya%ﬁhﬁ}t [‘ﬁle isheig x‘éH 8lEs t%l[? SRRCALY YhetwRehCRGEIE YeIa 2 d [h?atlfén
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stirred for about 18 hours thereby 10 obtaining a liquid chemcal for
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protecting-filmform ng agent had concentration of 20, S mrelative
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m nut e at eratur d then r ter for 1 m nute.
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(I-3) FromStep of Formng Protecting FiTmon Wafer Surface to Drying Step

As a prot 002 - f Fignlf Bravselp st gp petdpectizb eewaliang afdrel vf waichisnidbeaid ri de
filmwas inmersed in the liquid chemical for formng a protecting film at
20 C for T0ade Mok sukfpee haamgdaewmveamaﬁﬁamn% been prepared in the above

"(1-1) Preparatio f L|q or f rmn otectln ction,
t hereby form ng aﬁ‘pé3 %ec? |Sﬁﬂerfla ! Vlﬁw %ho“(/va p%ur‘f’acé?1 “HavEr 53#1{)&0 %?
waf er having the titanium n|tr|de filmwas |rmersed iniPAfor 1 mnute, as
a 30 subsequent cleaning step. Then, as a drying step, the wafer having the
titanRGm nitri de Fig.nBwas at akleematic efew Fyh,ovsfingl aveahdyionpmaydaragaaliquid
thereon to, 34 remyve_ i PA fromthe surface. rgq?# As a result  of .

eval uat i n@heﬁecelbgg%@a%géﬂ\« prgorgedHE 5 lseém H £9Ge882G PPRHORS 4 WRethner
di scussed clln tIQl gove [ Met hod for evaluating Wafer to which Liquid

Cheni cal for*H0 n% Protecting Filmis provided] section, a 5 wafer in
which an initial F?g‘t@% @%h@m@%{c%%v& %o%iﬁé%%ohﬁ%rﬂ%ﬁex\@aﬁ ByRd &
than 100 was confirned to have a contact angle of 106 after the surface
t r eat nent ,retsinedawrthierededsk é pbrtivis B dihivhiclath@pestecapelfilentyformedr t i ng
effect was excel |l ent Iy exh| b| ted Add| tional |l as_a result of calculating
the cafi| IMADESHOR ARG bHL, hM: itk by 10 using the equation

capi |1 ary L b‘%@ e%ﬁwa“cfav%’sn DL PR e STEH BB

angle after UNT irradiation was snmaller than 100, so that renoval of the
protecting fil mwas achieved. Furthernore, the ARa value of the wafer after
W irradiation was within 0.5nm wth which it was confirned that the wafer
15 was not eroded at the tinme of cleaning and that residues of the

protecting filmdid not remain after UV irradiation. [0094][ Table 1] 35
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coating a surface of a silicon wafer, a wafer formed of a plurality of components
including silicon -and/or silicon oxide (SiOs), a silicon carbide wafer, a sapphire
wafer, various compound semiconductor wafers, a plastic wafer or the like with
a layer formed of a matter containing titanium element such as titanium,
5  titanium nitride, titanium oxide and the like, a matter containing tungsten
element such as tungsten, tungsten oxide and the like, a matter containing
aluminum element such as aluminum and aluminum oxide and the like; a
matter containing copper element such as copper and copper oxide and the like,
a matter containing tin element such as tin and tin oxide and the like, a matter

10  containing tantalum element such as tantalum nitride and tantalum oxide and
the like or a matter containing ruthenium element such as ruthenium and
ruthenium oxide and the like; those in which at least one layer of a multilayer
film formed on the wafer is the layer formed of a matter containing the
above-mentioned metal-based elements. The step of forming the uneven

15 pattern is conducted on a layer including a layer of a matter containing the
above-mentioned metal-based elements. Additionally, there are also included
those in which at least a part of the surfaces having the uneven pattern
becomes a matter containing at least one kind element of the above-mentioned
metal-based elements at the time of forming the uneven pattern.

20 [0027] In general, a surface treatment using a liquid chemical for forming a
protecting film of the present invention mostly undergoes, before it is
conducted, the following pretreatment steps as exemplified by:

a pretreatment step 1 of making a wafer surface into a surface
having an uneven pattern;

25 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
(hereinafter it may sometimes be referred to as merely “a cleaning liquid A”).

30 Incidentally, either the pretreatment step 2 or the pretreatment step

3 may be omitted in some cases.
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[0028] In the pretreatment step 1 as a pattern-forming method, a resist is
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,
the wafer is subjected to etching. At this time, the i)arts 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.

[0029] By the above-mentioned pretreatment step 1, it becomes possible to
obtain a wafer having at its surface an uneven pattern and containing at least
one kind element of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern.

[0030] Examples of the water-based cleaning liquid used in the
pretreatment step 2 are water and an aqueous solution obtained by mixing at
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).

[0031]  Furthermore, in the pretreatment step 2, the substitution with the
water-based cleaning liguid may be conducted twice or more. The
water-based cleaning liquids to be used in this case may be those different from
each other.

[0032]  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
liguid 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.

a,
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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 F 1g. 2. The aspect ratio of projected portions
is expressed by dividing a4 height 6 of the projected portions by a width 7 of the
5  projected portions. The pattern collapse in the cleaning step is to easily occur
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
not less than 6.
[0033] The cleaning liquid A used in the pretreatment step 3 refers to an
10 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 perform a
step of retaining the liquid chemical for forming a protecting film at least in
the recessed portions of the uneven pattern upon substituting the cleaning
15 liquid A with the liquid chemical for forming a protecting film of the present
invention (the protecting-film-forming step).
[0034] 1In 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.
20 Examples of the style for cleaning the wafer are’ a single cleaning style
represented 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
25 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.
30 [0035] The organic solvent, which serves as one of the preferable examples

of the cleaning liquid A, are exemplified by hydrocarbons, esters, ethers,
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ketones, halogen-element containing solvents, sulfoxide-based solvents,
lactone-based solvents, carbonate-based solv-ents, alcohols, polyalcohol
derivatives, nitrogen element-containing solvents and the like.

[0036] 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
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; hydrefluorocarbons
such as 1,1,1,3,3-pentafluorobutane, octafluorocyclopentane,
2,3-dihydrodecafluoropentane, ZEORORA-H (produced by ZEON
CORPORATION) and the like; hydrofluoroethers such as methyl
perfluorcisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl ether,
ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi Glass
Co., Ltd.), Novec 7100, Novec 7200, Novec 7300, Novec 7600 (any of these are
produced by 3M Limited) and the like; chlorocarbons such as
tetrachloromethane and the like; hydrochlorocarbons such as chloroform and
the like; chlorofluorccarbons 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,
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 Yy-butyrolactone, vy-valerolactone, y-hexanolactone, y-heptanolactone,
y-octanolactone,  y-monanolactone, y-decanolactone, y-undecanolactone,
v-dodecanolactone,  d-valerolactone,  d-hexanolactone, d-octanolactone,
d-nonanolactone, &-decanolactone, O&-undecanolactone, ©-dodecanolactone,

e-hexanolactone and the like. Examples of the carbonate-based solvents are

co
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dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, propylene
carbonate and the Iike. Examples of alcohols are methanol, ethanol, propanol,
buthanol, 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
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
monomethyl ether, tetraethylene glycol monoethyl ether, tetraethylene glycol
monopropyl ether, tetraethylene glycol monobutyl ether, propylene glycol
monomethyl ether, propylene glycol momnoethyl 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
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,
ethylene glycol monobutyl ether acetate, ethylene glycol diacetate, diethylene
glycol dimethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol
diethyl ether, diethylene glycol buthyl methyl ether, diethylene glycol dibutyl
ether, diethylene glycol monomethyl ether acetate, diethylene glycol monoethyl
ether acetate, diethylene glycol monobutyl ether acetate, diethylene glycol
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

Ca
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éther acetate, triethylene glycol monobutyl ether acetate, triethylene glycol
diacetate, tetraethylene glycol dimethyl ether, tetraethylene glycol diethyl
ether, tetraethylene glycol dibutyl ether, tetraethylene glycol monomethyl
ether acetate, tetraethylene glycol monoethyl ether acetate, tetraethylene
5 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
acetate, propylene glycol monobutyl ether acetate, propylene glycol diacetate,
dipropylene glycol dimethyl ether, dipropylene glycol methyl propyl ether,
10  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,
tripropylene glycol dimethyl ether, tripropylene glycol diethyl ethef,
tripropylene glycol dibutyl ether, tripropylene glycol monomethyl ether acetate,
15  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 glycbl dimethyl ether, butylene glycol monomethyl ether
acetate, butylene glycol diacetate, glycerine triacetate and the like. Examples
20 of the nitrogen  element-containing  solvents are formamide,
N, N-dimethylformamide, N N-dimethylacetamide, Nmethyl'Z"ﬁyrrolidone,
diethylamine, triethylamine, pyridine and the like.
[0037] 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
25  cleanliness. Furthermore, it is preferable that the organic solvent contains a
water-soluble organic solvent (so as to have a solubility of not smaller than 5
mass parts by weight relative to 100 parts by weight of water) because it can be
easily substituted for the water-based cleaning liquid.
{0038]  Additionally, in the pretreatment step 3, the substitution with the
30 cleaning liquid A may be conducted twice or more. More specifically, the

water-based cleaning liquid used in the pretreatment step 2 may be

Ni |
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kind of cleaning liquid A may be substituted with two or more kinds of cleaning
liquid A different from the above-mentioned cleaning liquid A, and then the
liquid chemical for forming a protecting film may be substituted therefor.

5 [0039] 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, the substitution with the cleaning liquid A (the
pretreatment step 3) may be omitted.

[0040] Fig. 3 is a schematic view showing a condition where the liquid

10 chemical 8 for forming a protecting film is retained in recessed portions 4 in
the protecting-film-forming sfep. 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
is formed on the surfaces of the recessed portions 4 thereby imparting water
repellency to the surfaces‘.

15 [0041] Incidentally, where the protecting film can be formed by the liquid
chemical of the present invention is on a surface of a portion of the matter
containing at least one kind of element among the metal-based elements, in
the uneven pattern. Accordingly, the protecting film may be formed at least
on a part of the surfaces of the recessed portions of the metal-based wafer.

20  Additionally, also on 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 matter containing at
least one kind of element of the metal-based elements. Examples of the wafer
formed of a plurality of components further include: those in which the matter

25  containing at least one kind of element of the metal-based elements 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 becomes the matter
containing at least one kind of element of the metal-based elements at the time
of forming the uneven pattern.

30 [0042] Incidentally, the liquid chemical for forming a protecting film,

according to the present invention can easily form an excellent water-repellent
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10  protecting film is a compound represented by the following general formula [1].
i [1]

R! —P W(O}Da(Rz)zaa |

(In the formula [1], R! represents a C1-C1s monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s). R2? mutually independently represents a
15 monovalent organic group having a Ci-Cis hydrocarbon group the hydrogen
elements of which may partially or entirely be replaced with a fluorine
element(s). a is an integer of from 0 to 2.)
[0044] A hydrocarbon group contained in R2 of the general formula [1] is
exemplified by alkyl group, alkylene group, those in which hydrogen elements
20  are partially or entirely substituted with a fluorine element(s), and the like.
[0045] Additionally, it is preferable that the above-mentioned R2is -OR4 (R*
is a hydrocarbon group having a carbon number of 1 to 18). Additionally, it is
preferable that R* has a carbon number of 1 to 8 and particularly 1 to 4, since
the water repellency i1s more excellently imparted thereby. Moreover, R? is
25  preferably a straight-chained alkyl group.
[0046] As the compound represented by the general formula [1], it is
possible to cite CH3;P(O)OH):;, CoHsP(O)(OH);, CsH/P(OXOH)s,
C4HsP(0O)(OH)s, CsH11P(O)(OH)e, CsH1sP(O)XOH)y, CrH15P(0)(OH)s,
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C12HasP(O)(OH)s, Ci1aHzP(O)XOH)2, Ci1aHzoP(O}OH)2, Ci5H3:P(O)OH)s,
Ci1sH3sP(O)(OH)2, CiHssP(O)(OH)z, CisH3P(0)(OH)2, CeHsP(O)OH)e,
CFsP(O)(OH)s, C2FsP(O)(OH):, CsF7P(O)(OH)s, C4FoP(O)(OH)2,

5 CsFuP(0)(OH)q, CeF13P(OXOH)s, C7F1:P(0)(OH)2, CsF17P(O)OH)s,
CF3C2HP(O)(OH)2, CaF5sCoHLP(0)(OH)s, C3F7CoHP(O)OH)s,
C4FyC2HP(0)(OH)s, CsF11C2HP(O)OH)s, CeF13C2H/P(O)OH)s,
C7F15CHAP(O)(OH)3, CsF17C2H4P(O)(OH)s, and those obtained by substituting
-P(O)(OH)z group of the above compounds with -P(O)(OH)OCHs group,

10 -P(O)(OH)OC:H; group, ~P(0)(OCH3): group or ~P(O}OC2Hs)2 group.

[0047] Furthermore, in the protecting-film-forming agent, it is preferable

that a of the general formula {1] is 1 or 2 in order to impart a better water

repellency. The protecting-film-forming agent is more preferably a compound

represented by the following general formula [2] in which a is 2.

T (21
R3 — P —(OH)2
15
(In the formula [2], R? represents a C;-Ci1s monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s).)
[0048] Examples of R} and R? of the general formulas [1] and [2] are: alkyl
20 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.
[0049] Moreover, it is preferable that R! and R? of the general formulas [1]
25 and [2] have a carbon number of 2 to 16, particularly preferably 4 to 14 and
much more preferably 6 to 14, since the water repellency is more excellently
imparted thereby. Additionally, it is preferable that the hydrocarbon group

whose hydrogen elements may partially or entirely be substituted with a
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fluorine element(s) is alkyl group and particularly a straight-chained alkyl
group. If a straight-chained alkyl group is used as the hydrocarbon 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
5  protecting film thereby more excellently imparting a
water-repellency-imparting effect, which is further preferable. Moreover, R!
and R3 of the general formulas [1] and [2] bring about a far better water
repellency so as to preferably be a hydrocarbon group whose hydrogen
elements are partially or entirely be substituted with a fluorine element(s).

10 [00501 Additionally, the protecting-film-forming agent may exist in the form
of a salt represented by the general formulas [1] and [2]. The salt can be cited
by ammonium salt, amine salt and the like.

[0051] TFurthermore, the protecting-film-forming agent contained in the
liquid chemical for forming a protecting film preferably has a concentration of

15  0.0005 to 2 mass% relative to the total quantity of 100 mass% 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
mass% tends to be insoluble in an organic solvent. A concentration of 0.001 to
1 mass% is more preferable, and 0.0015 to 0.8 mass% 1s particularly

20 preferable.

[0052] As the organic solvent used for the liquid chemical for forming a
protecting film, it is preferable to use, for example, water, an organic solvent, a
mixture liquid of water and an organic solvent. The organic solvent is
exemplified by hydrocarbons, esters, ethers, ketones, halogen-element

25 containing solvents, sulfoxide-based solvents, lactone-based solvents,
carbonate-based solvents, alcohols, polyalcohol derivatives, nitrogen
element-containing solvents, and a mixture of these.

[0053]  As concrete examples of the organic solvent, it is possible to cite the
same as those that have been applied to the cleaning liquid A.
30 [0054] Additionally, it is preferable to use a nonflammable one as a part or

the entire of the solvent since the liquid chemical for forming a protecting film
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becomes nonflammable or increases in flash point thereby reducing the risk of
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.
5 Furthermore, water can be preferably used as the nonflammable solvent too.
[0055]  Additionally, in view of safety under the fire protection law, it is
preferable to use a solvent having a flash point exceeding 70°C as the
above-mentioned solx}ent.
[0056] Moreover, according to “Globally Harmonized System of Classification
10  and Labelling of Chemicals; GHS”, a solvent having a flash point of not higher
than 93°C is defined as “a flammable liquid”. Therefore, when a solvent
having a flash point exceeding 93°C is used as the solvent, the liquid chemical
for forming a protecting film tends to have a flash point exceeding 93°C even if
the solvent is not nonflammable one. Hence the liquid chemical hardly
15  applies to “the flammable liquid”, which is preferable in view of safety.
[0057]  Additionally, most of the lactone-based solvents, carbonate-based
solvents, alcohols having a high molecular weight or two or more OH groups
and the polyalcohol derivatives have high flash point. It is therefore
preferable to use these solvents because the risk of the liquid chemical for
20 forming a protecting film can be reduced. In view of the safety, as the
above-mentioned solvent, it is more preferable to use those having a flash point
exceeding 70°C such as y-butyrolactone, y-valerolactone, y-hexanolactone,
y-heptanolactone, y-octanolactone, y-nonanolactone, y-decanolactone,
y-undecanolactone, v-dodecanolactone, &-valerclactone, 8-hexanolactone,
25  d-octanolactone, O-nonanolactone, O&-decanolactone, &-undecanolactone,
d-dodecanolactone, e-hexanolactone, propylene carbonate, heptanol, octanol,
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,
30 glycerine, diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol monopropyl ether, diethylene glycol monobutyl ether,
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triethylene glycol monomethyl ether, triethylene glycol monoethyl ether,
triethylene glycol monopropyl ether, triethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, tetraethylene glycol monoethyl ether,
tetraethylene glycol monopropyl ether, tetraethylene glycol monobutyl ether,
5 dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether,
dipropylene | glycol monopropyl ether, dipropylene glycol monobutyl ether,
tripropylene glycol monomethyl ether, tripropylene glycol monoethyl ether,
tripropylene glycol monopropyl ether, tripropylene glycol monobutyl ether,
tetrapropylene glycol monomethyl ether, ethylene glycol dibutyl ether,
10  ethylene glycol monobutyl ether acetate, ethylene glycol diacetate, diethylene
glycol ethyl methyl ether, diethylene glycol diethyl ether, diethylene glycol
buthyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol
monomethyl ether acetate, diethylene glycol monoethyl ether acetate,
diethylene glycol monobutyl ether acetate, diethylene glycol diacetate,
15  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 ether,
20  tetraethylene glycol dibutyl ether, tetraethylene glycol monomethyl ether
acetate, tetraethylene glycol monoethyl ether acetate, tetraethyleme glycol
monobutyl ether acetate, tetraethylene glycol diacetate, propylene glycol
diacetate, dipropylene glycol methyl propyl ether, dipropylene glycol
monomethyl ether acetate, dipropylene glycol monocethyl ether acetate,
25  dipropylene glycol monobutyl ether acetate, dipropylene glycol diacetate,
tripropylene glycol dimethyl ether, tripropylene glycol diethyl ether,
tripropylene glycol dibutyl ether, tripropylene glycol monomethyl ether acetate,
tripropylene glycol monoethyl ether acetate, tripropylene glycol monobutyl
ether acetate, tripropylene glycol diacetate, tetrapropylene glycol dimethyl
30 ether, tetrapropylene glycol monomethyl ether acetate, tetrapropylene glycol

diacetate, butylene glycol diacetate, glycerine triacetate and the like.
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Additionally, as the above-mentioned solvent, it is much more preferable to use
those having a flash point exceeding 93°C such as ybutyrolactone,
y-hexanolactone, y-heptanolactone, y-octanolactone, y-nonanolactone,
y-decanolactone, y-undecanolactone, y-dodecanolactone, &-valerolactone,

5 & hexanolactone, d-octanolactone, d-nonanolactone, d-decanolactone,
d-undecanolactone, 8-dodecanolactone, e-hexanolactone, propylene carbonate,
ethylene glycol, diethylene glycol, 1,2-propanediol, 1,3-propanediol,
dipropylene glycol, 1,2-butanediol, 1,3-butanedicl, 1,4-butanediol, triethylene
glycol, tripropylene glycol, tetraethylene glycol, tetrapropylene glycol,

10 glycerine, diethylene glycol monomethyl ether, diethylene glycol moncpropyl
ether, diethylene glycol monobutyl ether, triethylene glycol monomethyl ether,
triethylene glycol monoethyl ether, triethylene glycol monopropyl ether,
triethylene glycol monobutyl ether, tetraethylene glycol monomethyl ether,
tetraethylene glycol monoethyl ether, tetraethylene glycol monopropyl ether,

15  tetraethylene glycol monobutyl ether, dipropylene glycol monopropyl ether,
dipropylene glycol monobutyl ether, tripropylene glycol monomethyl ether,
tripropylene glycol monoethyl ether, tripropylene glycol monopropyl ether,
tripropylene glycol monobutyl ether, tetrapropylene glycol monomethyl ether,
ethylene glycol diacetate, diethylene glycol buthyl methyl ether, diethylene

20  glycol dibutyl ether, diethylene glycol diacetate, diethylene glycol monomethyl
ether acetate, diethylene glycol monoethyl ether acetate, diethylene glycol
monobutyl ether acetate, triethylene glycol dimethyl ether, triethylene glycol
diethyl ether, triethylene glycol dibutyl ether, triethylene glycol butyl methyl
ether, triethylene glycol monomethyl ether acetate, triethylene glycol

25 monoethyl ether acetate, triethylene glycol monobutyl ether acetate,
triethylene glycol diacetate, tetraethylene glycol dimethyl ether, tetraethylene
glycol diethyl ether, tetraethylene glycol dibutyl ether, tetraethylene glycol
monomethyl ether acetate, tetraethylene glycol monoethyl ether acetate,
tetraethylene glycol monobutyl ether acetate, tetraethylene glycol diacetate,

30 propylene glycol diacetate, dipropylene glycol diacetate, dipropylene glycol

monomethyl ether acetate, dipropylene glycol monoethyl ether acetate,
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dipropylene glycol monobutyl ether acetate, tripropylene glycol dimethyl ether,
tripropylene glycol diethyl ether, tripropylene glycol dibutyl ether, tripropylene
glycol monomethyl ether acetate, 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 diacetate, glycerine
triacetate and the like.

[0058] Furthermore, from reasons of imparting a more excellent water
repellency, it is preferable to use: hydrocarbons, esters, ethers, ketones,
lactone-based solvents, carbonate-based solvents, polyalcohol derivatives
having no hydroxy group, water, or a mixture liquid of these. Additionally, in
consideration of substitutability with the water-based cleaning liquid, it is
preferable to use: polyalcohol derivatives having no hydroxyl group; water; or a
mixture liquid of these. In order to more greatly dissclve the
protecting-film-forming agent, the above-mentioned solvent may contain some
alcohols. In this case the concentration of the alcohols is preferably not larger
than 10 mass%, particularly preferably not largef than 5 mass%, much more
preferably not larger than 3 mass% relative to 100 mass% of the liquid
chemical for forming a protecting film.

{0059] Additionally, in order to accelerate the formation of the protecting
film due to the protecting-film-forming agent, a catalyst may be added to the
liquid chemical for forming a protecting film. The added amount of the
catalyst is preferably 0.01 to 50 mass% relative to the total quantity of 100
mass% of the protecting-film-forming agent.

[0060] 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 liguid chemical is kept

Yd!
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at the above-mentioned temperature while the liguid chemical is being
retained at least in the recessed portions of the uneven pattern. Incidentally,
the boiling point of the liquid chemical means the boiling point of a component
having the most amount among components contained in the water-repellent
liquid chemical, in mass ratio. ‘

[0061]  After the protecting film-forming step, the liquid chemical that
remains at least in the recessed portions of the uneven pattern may be
substituted (hereinafter, this may sometimes be referred to as “a subsequent
cleaning step”) with a cleaning liquid different from the above-mentioned
liquid chemical (hereinafter, this cleaning liquid may sometimes be referred to
as “a cl.eaning liquid B”), and may subsequently 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 acid, alkali and a surfactant is
mixed; those 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 mixture of water and the
organic solvent.

[0062]  Furthermore, in the subsequent cleaning step, the substitution with
the cleaning liquid B may be conducted twice or more. More specifically, the
Lquid chemical for forming a protecting film may be substituted with a first
kind of cleaning hiquid B, and successively, it may further be substituted with
two or more kinds of cleaning liquid B different from the first kind of cleaning
liguid B. The hquid chemical may be brought into the drying step thereafter.
[0063] The organic solvent, which is one of the preferable examples of the

NLL
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cleaning liquid B, is exemplified by hydrocarbons, esters, ethers, ketones, -

halogen-element containing solvents, sulfoxide-based solvents, alcohols,
polyalcohol derivatives, nitrogen element-containing solvents, and the like.

[0064]  As concrete examples of the organic solvent, it is possible to cite the
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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
schematic view of Fig. 4 shows a part of the a-a’ cross section in Fig. 1. The
10  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
the liquid 9 1s removed from the uneven pattern.
[0067] When the protecting film 10 is formed at least on the surfaces of the
15  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. The closer to 90° the contact angle is, the
smaller the capillary force acting on the recessed portions becomes. It is
20  therefore further preferable that the contact angle is 60 to 120°, particularly
preferably 65 to 115° because the pattern collapse becomes further difficult to
occur. Furthermore, the capillary force is preferably not higher than 2.1
MN/m?2. The capillary force of not higher than 2.1 MN/m? is preferable
because the pattern collapse becomes difficult to occur. Additionally, a lower
25 capillary force makes the pattern collapse more difficult to occur, so that a
capillary force of 1.6 MN/m?2 or lower is further preferable and that of not
higher than 1.4 MN/m? is particularly preferable. Furthermore, it is ideal to
put the capillary force close to 0.0 MN/m? as much as possible by adjusting the
contact angle to the liquid to around 90°.

30 [0068] 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
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Renovabi | iliguid chemical used in the protecting-film-forming step, the cleaning liquid B
used 1n the subsequent cleaning step, or a mixture liquid of these. The
5 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
that of the liquid chemical. The mixture liquid may be a ligquid 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

10  agent with the cleaning liquid B. In view of the cleanliness of the wafer, it is
particularly use water, an organic solvent, or a mixture of water and the
organic solvent. Additionally, it is possible to bring the cleaning liquid B
retained on the unevenly patterned surface after once removing liquid from the
unevenly patterned surface. Drying may be conducted thereafter.

15 [0069] Incidentally, in a case of performing a cleaning treatment (the
subsequent cleaning step) after a surface treatment with the liquid chemical, a
time for this step, i.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

20 surface. In view of the effect of maintaining a water-repellent performance of
the protecting film formed on the unevenly patterned surface, if an organic
solvent is used as the cleaning liquid B, the water repellency of the wafer
surface tends to become easily maintained even after conducting the
subsequent cleaning step. On the other hand, a too long time for the cleaning

25  treatment can reduce the productivity, and therefore the time is preferably
within 15 minutes.

[0070] In the drying step, a liquid retained on the uneven pattern is
removed by drying. The drying is preferably conducted by a conventionally
known drying method such as spin drying, IPA (2-propanol) steam drying,

30 Marangoni drying, heating drying, warm air drying, vacuum drying and the

like.
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[0071] Then, as discussed in the film-removing step, there is performed a
step of removing the protecting film 10. 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, and
exemplified by: irradiating the wafer surface with light; heating the wafer;
exposing the wafer to ozone; irradiating the wafer surface with plasma;
subjecting the wafer surface to corona discharge; and the like.

[0072]  In the case of removing the protecting film 10 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 bond and C-F bond in the water-repellent film, ie., 83
keal/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 preferably not less than 200 mW/cm?2, 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
nml). Incidentally, an irradiation intensity of less than 100 mW/cm? takes a
long time to remove the protecting film 10. 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 10 is achieved in a
short time even if the intensity is low, which is therefore preferable.

[0073]  Additionally, in the case of removing the protecting film 10 by light
irradiation, it is particularly preferable to generate ozone in parallel with
decomposing the components of the protecting film 10 by ultraviolet rays and
then to induce oxidation-volatilization of the components of the protecting film
10 by the ozone, since a treatment time is saved thereby. As the light source

therefor, the low-pressure mercury lamp, the excimer lamp or the like is used.

a -
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Moreover, the wafer may be heated while being subjected to light irradiation.
[0074] 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
5 minutes. Additionally, this step may be conducted in combination with ozone
exposure, plasma irradiation, corona discharge or the like. Furthermore, the
light irradiation may be conducted while heating the wafer.
[0075] As the method for removing the protecting film 10 by heating, there
are a method of bringing a wafer into contact with a heat source, a method of
10 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
easily and uniformly provide the wafer surface with energy for removing the
protecting film 10 even in a case where two or more wafers are subjected to a
treatment. This method is operationally convenient, achieves the treatment
15  within a short period of time and has high treatment ability. Therefore, this
is an industrially advantageous method. '
[0076] 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
20 the like. The wafer may be irradiated with light or heated while being
exposed to ozone. _
[0077] 1In the film-removing step, the protecting film on the wafer surface
can be efficiently removed by combining the above-mentioned light irradiation,
heating, ozone exposure, plasma irradiation and corona discharge.
25 EXAMPLES
[0078] To make a wafer surface into a surface having an uneven pattern and
to substitute a cleaning liquid retained at least in recessed portions of the
uneven pattern with another cleaning liquid are techniques that have been
variously studied and already been established as discussed in other
30 literatures and the like. Accordingly, in the present invention, evaluations of

a liquid chemical for forming a protecting film were mainly performed.
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Additionally, as apparent from the following equation, a pattern collapse
greatly depends on the contact angle of the cleaning hiquid to the wafer surface,
1.e. the contact angle of liquid drop, and on the surface tension of the cleaning
liquid.
5 P=2x yx cosb/S

(In the equation, y represents the surface tension of a liquid retained
in the recessed portions, 6 represents the contact angle of the liquid retained in
the recessed portions to the surfaces of the recessed portions, and S represents
the width of the recessed portions.)

10 In a case of a cleaning liquid retained in recessed portions 4 of an
uneven pattern 2, the contact angle of liquid drop and the capillary force acting
on the recessed portions (which force is regarded as an equivalent of 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

15 contact angle of liquid drop to a protecting film 10. In Examples, a
representative of a water-based cleaning liquid, water, was used as the
cleaning liquid.

[0079] However, in the case of a wafer having an unevenly patterned surface,
1t is not possible to exactly evaluate the contact angle of the protecting film 10

20  itself, the protecting film being formed on the unevenly patterned surface.
[0080] 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
substrate surface, as discussed in JIS R 3257 (Testing method of wettability of

25 - glass substrate surface). However, in the case of the wafer having a pattern,
the contact angle is enormously large. This is because Wenzels 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
upon the contact angle.

30 [0081] In view of the above, in the present examples, the liquid chemical is

provided to a wafer having a smooth surface to form a protecting film on the
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wafer surface, on which various evaluations were performed by regarding the
protecting film as the protecting film 10 formed on a surface of a wafer 1
having at its surface the uneven pattern 2). In the present examples, “a wafer
having a titanium nitride film” (represented by TiN in Tables) which has a
titanium nitride layer on a silicon wafer having a smooth surface, “a wafer
having a tungsten film” (represented by W in Tables) which has a tungsten
layer on a silicon wafer having a smooth surface, and “a wafer having a
ruthenium film” (represented by Ru in Tables) which has a ruthenium layer on
a silicon wafer having a smooth surface were used as the wafer having the
smooth surface.

[0082] Details will be discussed below. Hereinafter, there will be discussed:
a method for evaluating a wafer to which a liquid chemical for forming a
protecting film is provided; a preparation of the liquid chemical for forming a
protecting film; and evaluation results after providing the liquid chemical for
forming a protecting film to the wafer.

{00831 [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
forming a protecting film is provided, the following evaluations (1) to (4) were
performed.
f0084] (1) Evaluation of Contact Angle of Protecting Film formed on Wafer
Surface

About 2 pl of pure water was dropped on a wafer surface 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 this
evaluation, a wafer having a contact angle within a range of from 50 to 130° to
the protecting film was classified as an acceptable one.

[0085]  (2) Evaluation of Capillary Force
The capillary force (the absolute value of P) was obtained by

calculating P by using the following equation.

a
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P=2x yx cost/S
(In the equation, y represents the surface tension of a liquid retained
in the recessed portions, 6 represents the contact angle of the liquid retained in
the recessed portions to the surfaces of the recessed portions, and S represents
5 the width of the recessed portions.)
Incidentally, the present example was made on the assumption that
a wafer formed having a line-and-space pattern the line width (the width of the
recessed portions) of which was 45 nm, as an example of a pattern shape. The
pattern having a line width of 45 nm tends to cause its collapse in a case where
10  a cleaning liquid used when a gas-liquid interface passes through the uneven
pattern is water, while the pattern collapse tends to be difficult to occur in a
case of 2-propancl. If the wafer surface is titanium nitride, tungsten or
ruthenium, for example, the contact angle of 2-propanol to the surface is 0.5° in
either case, and similarly the contact angle of water 1s 2° in either case. Also
15  concerning the other matters containing titanium element, tungsten element
or ruthenium element (such as titanium, titanium oxide, tungsten oxide and
ruthenium oxide), the degree of the contact angle is as much as the above. In
a case where the pattern width is 45 nm and the wafer surface is titanium
nitride (the wafer having the titanium nitride film), tungsten (the wafer
20 having the tungsten film) or ruthenium (the wafer having the ruthenium film)
and where the cleaning liquid is 2-propanol (Surface tension: 22 mN/m), the
capillary force is 0.98 MN/m?. On the other hand, in a case of water (Surface
tension: 72 mN/m) having the largest surface tension among liquids other than
mercury, the capillary force results in 3.2 MN/m?2.
25 [0086]  (3) 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
30 irradiation was classified as acceptable one.

* Lamp: MO015-L312 produced by EYE GRAPHICS CO. LTD.
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- Light-Receptor: UM-360 (Light-Receptive Wavelength : 310-400 nm,
Peak Wavelength: 365 nm)
* Measuring Mode: Irradiance Measurement
[0087] (4) Evaluation of Surface Smoothness of Wafer after removing
10  Protecting Film |
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
15 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
difference from standard surface to designated surface” from the following
equation.

20 [o088]

Ra= — [ '® [ % |FXY)—2,| dXdY
So Yr X
Here, X1, and Xg, and Yg and YT represent a measuring range in the
X coordinate and the Y coordinate, respectively. Sp represents an area on the
assumption that the measured surface is ideally flat, and is a value obtained
25 by Xp-Xp)»(Ys-Yr). Additionally, F(X)Y) represents the height at a measured
point (X,Y). Zo represents the average height within the measured surface.
[0089] 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)
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in a manner discussed in the above [ Method for evaluating Wafer to which
Liquid Chemcal for formng Protecting Filmis provided] section, a wafer
in which an initial contact angle before the surface treatnent was snaller
than 100 was confirned to have a contact, angle of 68 after the surface
treatnment, as 25 shown in Table 4. VWth3ﬁhis, t he

wat er-repel l ency-inparting effect was exhibited. Additionally, as a result

of cal cul atdnn@-d 18 &R thaEYrfharce at the tinme of retaining water by using
t he equation discussed in the above "Evaluation of Capillary Force"

section, t[0e98hpi Asanyrdsaiicef washeaisgrahe agaimederafer HVWIR® . thAddidrianal |y,
the contact, angle after UV irradiation was 30 srmller than 10, so that
renoval oftigRHdedilst er v mgnner fisessad AndhedboralMathad for evalasime Wafee of

the wafer after .drradiati.o wi t hi 42 0.5 w th i i t.was
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a result of calculating the capillary force at the time of retaining water by

10  using the equation discussed in the above “Evaluation of Capillary Force”
section, the capillary force was so small as to be 0.9 MN/m2. Additionally, the
contact angle after UV irradiation was smaller than 10°, so 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

15  was not eroded at the time of cleaning and that residues of the protecting film
did not remain after UV irradiation.

[0094] [Table 1}
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[0095] [Examples 2 to 84]

Upon suitably modifying those used in Example 1 (ie., the
protecting-film-forming agent, the solvent for the liquid chemical for forming a
protecting film, the protecting-film-forming agent concentration, the time for

5 the protecting-film-forming step, the temperature of the
protecting-film-forming step and the cleaning liquid for the subsequent
cleaning step), the surface treatment was conducted on a wafer. Then,
evaluations were performed thereon. The results are shown in Table 1 to
Table 3.

10 [0096] [Table 2]
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[0098] Incidentally, in  the  Table, “C12H25P(OXOH)s” means
dodecylphosphonic acid. “CioH21P(O)(OH)2” means decylphosphonic acid.
“C10H21P(OYOCsHs)2” means diethyl decylphosphonate. “CsH17P(O)(OH)g”

means  octylphosphonic  acid. “CoF13~CeH4~-P(O)(OH):”  means
5 perfluorchexylethylphosphonic  acid. “C4Fe-C2Hs~P(O)OH)?” means
perfluorobutylethylphosphonic acid. “CeH13P(0)(OH):” means

hexylphosphonic acid. “C4HeP(0)(OH)2” means butylphosphonic acid.
“CeHsP(O)(OH)?” means phenylphosphonic acid.  Additionally, “PGME”
means propylene glycol monomethyl ether. “DEGME” means diethylene
10  glycol monomethyl ether. “DEGDEE” means diethylene glycol diethyl ether.
“DEGEEA” means diethylene glycel monoethyl ether acetate. “GBL” means
y-butyrolactone. “PGDA” means propylene glycol diacetate. “TPGDME”
means tripropylene glycol dimethyl ether. “13BGDA” means 1,3-butylene
glycol diacetate. “14BGDA”  means 1,4-butylene glycol diacetate.
15 “DPGMEA” means dipropylene glycol monomethyl ether acetate. “TEGBME”
means triethylene glycol butyl methyl ether. “TEGDME” means triethylene
glycol dimethyl ether. Furthermore, “PGMEA/IPA” means a solvent obtained
by combining‘PGMEA and iPA at a mass ratio of 99.5:0.5. Furthermore,
“DEGEEA/IPA” means a solvent obtained by combining DEGEEA and iPA at a
20 mass ratio of 99.5:0.5. “DEGEEA/iPA/water” means a solvent obtained by
combining DEGEEA, iPA and water at a mass ratio of 94.9:0.1:5. “GBLAPA”
means a solvent obtained by combining GBL and 1PA at a mass ratio of 95:5.
“GBLAPA/water” means a solvent obtained by combining GBL, iPA and water
at a mass ratio of 95:4:1. “PGDA/iPA” means a solvent obtained by combining
256  PGDA and iPA at a mass ratio of 99.5:0.5. “PGDA/iPA/water” means a solvent
obtained by combining PGDA, iPA and water at a mass ratio of 94.9:0.1:5.
“TPGDME/iPA” means a solvent obtained by combining TPGDME and iPA at a
mass ratio of 99.5:0.5. “13BGDA/iPA” means a solvent obtained by combining
13BGDA and iPA at a mass ratio of 99.5:0.5. “13BGDA/iPA/water” means.a
30 solvent obtained by combining 13BGDA, iPA and water at a mass ratio of
94.9:0.1:5. “14BGDA/iPA” means a solvent obtained by combining 14BGDA
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5 obtained by combmmg TEGBME and iPA at a mass ratio of 99.5:0.5.
“TEGBME/iPA/water” means a solvent obtained by combining TEGBME, iPA
and water at a mass ratio of 94.9:0.1:5. “GBL/DPGMEA/iPA” means a solvent
obtained by combining GBL, DPGMEA and iPA at a mass ratio of
49.75:49.75:0.5. “GBL/DPGMEA/APA/water” means a solvent obtained by

10 combining GBL, DPGMEA, iPA and water at a mass ratio of 47.45:47.45:0.1:5.
“GBL/PGMEA/IPA” means a solvent obtained by combiniﬁg GBL, PGMEA and
iPA at a mass ratio of 49.75:49.75:0.5. “GBL/PGMEA/iPA/water” means a
solvent obtained by combining GBL, PGMEA, iPA and water at a mass ratio of
47.45:47.45:0.1:5. “DEGEEA/PGME-3" means a solvent obtained by

15 combining DEGEEA and PGME at a mass ratio of 97:3. “DEGEEA/APA-2”
means a solvent obtained by combining DEGEEA and 1PA at a mass ratio of
98:2. “TEGBME/PA-2” means a solvent obtained by combining TEGBME
and iPA at a mass ratio of 98:2. “GBL/DPGA/iPA/water” means a solvent
obtained by combining GBL, DPGA, 1PA and water at a mass ratio of

20 47.45:47.45:0.1:5. “GBL/13BGDA/iPA/water” means a solvent obtained by
combining GBL, 13BGDA, iPA and water at a mass ratio of 47.45:47.45:0.1:5.
“GBL/TEGBME/iPA/water” means a solvent obtained by combining GBL,
TEGBME, iPA and water at a mass ratio of 47.45:47.45:0.1:5.
“GBL/DEGEEA/iPA/water” means a solvent obtained by combining GBL,

25 DEGEEA, iPA and water at a mass ratio of 47.45:47.45:0.1:5.
“DEGEEA/PGME-10" means a solvent obtained by combining DEGEEA and
PGME at a mass ratio of 90:10.
[0099] [Example 85]

(II-1) Preparation of Liquid Chemical for forming Protecting Film
30 A mixture of 0.002 g of octadecylphosphonic acid [C1sH37P(O)(OH):l

serving as an agent for forming a water-repellent protecting film and 99.998 g
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exhibited. Additionally, as a result of calculating the capillary force at the
time of retaining water by using the equation discussed in the above
“Evaluation of Capillary Force” section, the capillary force was so small as to
be 1.2 MN/m2. Additionally, the contact angle after UV irradiation was
30 smaller than 10°, so that removal of the protecting film was achieved.

Furthermore, the ARa value of the wafer after UV irradiation was within
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of cleaning and that residues of the protecting film did not remain after UV

irradiation.

[0103] [Table 4]
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[0104] [Examples 86 to 109]

Upon suitably modifying those used in Example 85 (.e., the
protecting-film-forming agent, the solvent, the protecting-film-forming agent
concentration, and the temperature of the protecting-film-forming step), the

5 surface treatment was conducted on a wafer. Then, evaluations were
performed thereon. The results are shown in Table 4.
[0105] [Example 110]
(IT1I-1) Preparation of Liquid Chemical for forming Protecting Film
A mixture of 0.002 g of octadecylphosphonic acid [C1sHz7P(O)(OH):]
10 serving as an agent for forming a water-repellent protecting film and 99.998 g
of PGMEA serving as an organic solvent was stirred for about 18 hours thereby
obtaining a liquid chemical for forming a protecting film, in which liquid
chemical the protecting-film-forming agent concentration was 20 mass ppm.
[0106]  (III-2) Step of Cleaning Wafer (Pretreatment Step)

15 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 at room
temperature, and then immersed in pure water for 1 minute. Furthermore,
as a pretreatment step 3, the wafer was immersed in iPA for 1 minute.

20 [0107] (III-3) From Step of Forming Protecting Film on Wafer Surface to
Drying Step

As a protecting-film-forming step, the wafer having the ruthenium
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 “(IJI-1)

25 Preparation of Liquid Chemical for forming Protecting Film” section.
Thereafter, the wafer having the ruthenium film was immersed in iPA for 1
minute as a subsequent cleaning step. Then, as a drying step, the wafer
having the ruthenium film was taken out of iPA, followed by spraying air
thereon to remove iPA from the surface.

30 [0108] As a result of evaluating the obtained wafer having the ruthenium

film in a manner discussed in the above [Method for evaluating Wafer to which
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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 5. With this, the water-repellency-imparting effect was

5 exhibited. Additionally, as a result of calculating the capillary force at the
time of retaining water by using the equation discussed in the above
“Evaluation of Capillary Force” section, the capillary force was so small as to

be 1.0 MN/m2. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the protecting film was achieved.

10  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 residues of the protecting film did not remain after UV

irradiation.

[0109] [Table 5]
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[0110] [Examples 111 to 136]
| Upon suitably modifying those used in Example 110 (G.e., the
protecting-film-forming agent, the solvent, the protecting-film-forming agent
concentration, and the temperature of the protecting-film-forming step), the
5 surface treatment was conducted on a wafer. Then, evaluations were
performed thereon. The results are shown in Table 5
[0111] [Comparative Example 1]
- The procedure of Example 1 was repeated with the exception that the
liquid chemical for forming a protecting film was not provided to the wafer
10  having the titanium nitride film. In other words, the present Comparative
Example was such as to evaluate a wafer the surface of which was not coated
with the protecting film. From the evaluation results shown in Table 6, 1t was
confirmed that the contact angle on the wafer was so small as to be 14° and

that the capillary force at the time of retaining water was so large as to be 3.1
15  MN/m2.
[0112]  [Table 6]
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10 wafer after the surface treatment was 18°. The water-repellency-imparting
effect was not observed. Additionally, the capillary force at the time of
retaining water was so large as to be 3.0 MN/m2.

[0114] [Comparative Example 3]

The procedure of Comparative Example 2 was repeated with the

15 exception that hexamethyldisilazane ({(CH3);SiloNH) was used as the
protecting-film-forming agent. From the results as shown in Table 6, it was
confirmed that the contact angle after the surface treatment was 20°. The
water-repellency-imparting effect was not observed.  Additionally, the
capillary force at the time of retaining water was so large as to be 3.0 MN/m2.

20 [0115] [Comparative Example 4]

The procedure of Comparative Example 2 was repeated with the
exception that trimethylsilyl dimethylamine [(CHs)3SiN(CHs)s] was used as
the protecting-film-forming agent. From the results as shown in Table 6, it
was confirmed that the contact angle after the surface treatment was 20°.

25  The waterrepellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as to be 3.0 MN/m?2,
[0116] [Comparative Example 5}

The procedure of Example 85 was repeated with the exception that
the liquid chemical for forming a protecting film was not provided to the wafer

30  having the tungsten film. In other words, the present Comparative Example

was such as to evaluate a wafer the surface of which was not coated with the
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protecting film. From the evaluation results shown in Table 6, it was
confirmed that the contact angle on the wafer was so small as to be 14° and
that the capillary force at the time of retaining water was so large as to be 3.1
MN/m?2.

5 [0117] [Comparative Example 6]

First of all, a mixture of 3 g of trimethylsilyl chloride [(CH3)3SiCl] (a
silane coupling agent) serving as a protecting-film-forming agent and 97 g of
toluene serving as a solvent was stirred for about 5 minutes thereby obtaining
a liquid chemical for forming a protecting film, in which liquid chemical the

10 protectiﬁg'film'forming agent concentration was 30000 mass ppm. Then, the
cleaning and the surface treatment were conducted on a wafer having a
tungsten film by the same method as Example 85. From the evaluation
results as shown in Table 6, it was confirmed that the contact angle after the
surface treatment was 14°. The water-repellency-imparting effect was not

15 observed. Additionally, the capillary force at the time of retaining water was
so large as to be 3.1 MN/m2.

[0118] [Comparative Example 7]

The procedure of Comparative Example 6 was repeated with the
exception that hexamethyldisilazane ([(CH2)3SiloaNH) was used as the

20 protecting-film-forming agent. From the evaluation results as shown in Table

~ 6, it was confirmed that the contact angle after the surface treatment was 8°.
The water-repellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as to be 3.2 MN/m?2.
{[0119] [Comparative Example 8] |

25 The procedure of Comparative Example 6 was repeated with the
exception that trimethylsilyl dimethylamine [(CH3)3SiN(CH3)s] was used as
the protecting-film-forming agent. From the evaluation results as shown in
Table 6, it was confirmed that the contact angle after the surface treatment
was 10°. The waterrepellency-imparting effect was not observed.

30  Additionally, the capillary force at the time of retaining water was so large as

to be 3.2 MN/m?Z.
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[0120] [Comparative Example 9]

The procedure of Example 110 was repeated with the exception that
the liquid chemical for forming a protecting film was not provided to the wafer
having the ruthenium film. In other words, the present Comparative

5 Example was such as to evaluate a wafer the surface of which was not coated
with the protecting film. From the evaluation results shown in Table 6, it was
confirmed that the contact angle on the wafer was so small as to be 14° and
that the capillary force at the time of retaining water was so large as to be 3.1
MN/m?2.

10 [0121] [Comparative Example 10]

First of all, a mixture of 3 g of trimethylsilyl chloride [(CH3)SiCl] (a
silane coupling agent) serving as a protecting-film-forming agent and 97 g of
toluene serving as a solvent was stirred for about 5 minutes thereby obtaining
a liquid chemical for forming a protecting film, in which liquid chemical the

15  protecting-film-forming agent concentration was 30000 mass ppm. Then, the
cleaning and the surface treatment were conducted on a wafer having a
ruthenium film by the same method as Example 110. From the evaluation
results as shown in Table 6, it was confirmed that the contact angle after the
surface treatment was 14°. The water-repellency-imparting effect was not

20  observed. Additionally, the capillary force at the time of retaining water was
so large as to be 3.1 MN/m?.

[0122] [Comparative Example 11]

The procedure of Comparative Example 10 was repeated with the
exception that hexamethyldisilazane ([(CHj3)3SilaNH) was used as the

25  protecting-film-forming agent. From the evaluation results as shown in Table
6, it was confirmed that the contact angle after the surface treatment was 20°.
The water-repellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as to be 3.0 MN/m2.
[0123] [Comparative Example 12]

30 The procedure of Comparative Example 10 was repeated with the
exception that trimethylsilyl dimethylamine [(CH3z)sSiN(CHz3)2] was used as
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the protecting-film-forming agent. From the evaluation results as shown in
Table 6, it was confirmed that the contact angle after the surface treatment
was 22° The water-repellency-imparting effect was not observed.
Additionally, the capillary force at the time of retaining water was so large as
to be 3.0 MN/m?2.

Explanation of Reference Numerals

f0124]

Wafer

Uneven pattern of a surface of the wafer
Projected portions of the pattern
Recessed portions of the pattern

Width of the recessed portions

Height of the projected portions

Width of the projected portions

O =1 & T e W N

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

10 Protecting Film
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[0113] [ Corlprmmille Exdnbfeiddhemical for fornnsg ofvasét repellvnttproteatingfitm of

trimethylsilyl chloride 113).3Si C1] (a silane coupling agent) serving as a
protecti n&i‘@ﬁF%IH&?‘ﬁmfﬁagg@ﬁ{‘il&Hd 97 g of toluene serving as a solvent was
PLirred or sbout b ML 65, KSR, CRAPLALGRIBLR oot el Lok

pr ot ecti NGydihg Hof BrMing 29Q0Er- S RME: bERinas 18 AR0H Wwilss abfeia Jleghingd he

cl eaning and the surface treatnent were conducted on a wafer having a
titani um ratep faethe Wafeyyandieeforme dypitimstenadoEidmmpater] théwadet haviegaituts i on
results as shown in Table 6, it was,confirned that the co%tagt angl e OP t he
surface an uneven pattern and containing at least one kind element o
titanium, tungsten, aluminum, copper, tin, tantalum and ruthenium at
surfaces of recessed portions of the uneven pattern, the water-repellent
10  protecting film being formed at least on the surfaces of the recessed portions;
and
a solvent,
the liquid chemical being characterized in that the agent for forming

a water-repellent protecting film is a compound represented by the following

15 general formula [1].

O
I | [1]
Rl — P W(OH)a(RZ)Zma

(In the formula [1], R! represents a C;-Cis monovalent hydrocarbon

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

with a fluorine element(s). R2 mutually independently represents a

20 monovalent organic group having a C:-Cig hydrocarbon group the hydrogen
elements of which may partially or entirely be replaced with a fluorine

[{ g1

element(s). “a”is an integer of from 0 to 2.)

[Claim 2] A liquid chemical for forming a water-repellent protecting film,
25 as claimed in Claim 1, characterized in that the agent for forming a
water-repellent protecting film is a compound represented by the following

general formula [2].



10 wafer after the surface treatnent was 18. The water-repellency-inparting
ef fect was not observed. Additionally, the capillary force at the tinme of
retaining water was so large as to be 3.0 MV nR2. [01141[ Conpar ati ve Exanpl e
31 The procedure of Conparative Exanple.2 was repeated with the 15
exception that hexanethyl disilazane ([( )3Si | 2NH) was used as the
protecting-filmformng agent. Fromthe results as shown in Table 6, it was
confirned that the contact angle after the surface treatnment was 20. The
wat er -repel | ency-i nparting ef t was not observed. Additionally, the

capillary force at the time of jjretaining water was so |largesag to be 3.0
M\ n2. 20 [0115][C0rrpaﬁ§ ve anpl The procédure of.

Conpar ati ve Exanple 2 r'ep ea (?Qe exception that trimethylsilyl
di met hyl am ne RCH3) 3Si N(Cl - 13) 21 was used as the protecting-filmformng

agent. Fromthe results as shown in Table 6, it was confirned that the
contact angle aft€m thefawitlRCP]! Reatiesdente@s 20-Ci2mofi®alent hydrocarbon

wat er -repel | ency-inparting effect was not observed. Additionally, the

capi | | ary gronpethat hythewgenneleofentetedi whinh wetvepaviaslly orl entgeelndet refdeceat 0
MV n2. [011 arative | e 5] The procedure of Exanple 85 was

r epeat ed ﬁfgﬁ*{ﬁgggﬁﬁé%ﬂp8ﬁgéﬂgP the liquid chemical for fornming a
protecking filmwas not provided to the wafer 30 having the tungsten film
In other words, the present Conparative Exanple was such as to evaluate a
wafer the [€laine@d of whineitewaspelddntC pastedtinkt Hihhrnk@ phok eghidigaftet A
From the eval uation results shown in Table 6, it was confirned that the
contact arfdtaniog sthp fonfthe walsr snd hafdre s drpingestep fandhetmaferhthe apifer ary
force at the.tine of retaining water so lafge as to b .1 MV nR.

[ 011717 CorlBRAAE! Ve ExETRES Tt uheven BARpRT arthfonfiinide i art e By of
tri met hyl $hbiplneNlopr tEnh b O)aR AL, (Ruphidf, COHENG AT taRELY Il 35 2
protecting-filmformng agent and 97 g of toluene"serving as a solvent was
stirréd fauthboitm5ati suifecest hér edaesedd aporitivmsa offi the duehem qaittdrer, e m ng
a protecting film_in which liquid chemcal the 10 protecting-filmfaormng
agent condedierzerelenherapotns e e frrmed ahdeasteomithy afdacaseofsthe ace
t r eat ment rmgésesefciond %tngdo on ta-I\{\ll%f er lih%\i'%n% a L ungst 1[1m'fi I mvt?%t t he SAIE,

met hod as Exanp & BE IR O TRE eval T o restl 1S a8 CHEwA Y ATa5PE 8" i t
was - conf i ryreeediiiad il @sCOainded i@ 00hRn af dtleakhfh SW fae8sdd SRR Was 14.
The water-repellency-inparting effect was not 15 observed. Additionally,
the capillary for thke avatdrerepelenbfpmoteding fgmatangwalsaisotéazae s bembe
3.1 n2.. [01181[ Conpar atj ve Exanple 7 Th rocedur e of

Conparat i fohmg r?il["’éog)%gldr %ﬁ%%ﬁp%%mth%%eweé&wﬁat Aggnd serving as an
hexanet hyl _di s | (ft I , the 20
protectin§g¥$#g§%§E§F% %§ﬁ§é§%4§%##¥ﬁ%§g%§%'a Ion results as shown in
Table 6, it was confirnmed that the contact angle after the surface

treatnment was 8. The water-repellency-inparting effect was not observed.
Addi ti onallCjaina & capid method dox eleamingie wafar, bhe veafar havengvat ebs seefaso

| arge as to be 3.2 ng. 1191 [ Conparatiye EXx l,e 81 25Th rocedure
of Conpar 4t etehnB Hors bl FEREATERE s com, GUBR AT OF hanhu,

tri mebhyl § #&Fteﬂ#, MBI N@ohp GEBHAS NG lafi\@Sr&l:Tl%ﬂlixﬁﬁ LB€surfaces. of
protecting-firTmformng agent. Fromthe evaluation results as shown in
Tabl e 6, irecosedquitionsedthdanetrbe paotiracth@angtbodfiheludihg aslsdface
treatnment was 10. The water-repellency-inparting effect was not observed.
30 Additional |y, eHEotegsing iy emieg sten mheremelighid ehernidad donftraringes so
| arge as to be 3.2 n2. 51 [[01 ative anple 91 . The
procedur e %‘)?ﬁéﬂﬁ) Iﬁgrl}:'vl 1 r\%?smfa&pfééxv%%f%\?\}?&{l? & CBXE gB’f)tﬁmE%é’tf thge UPPYRA d
chem cal Iﬁttéx?f;m ng a protecting filmwas not provided to the wafer having
the ruthentumfilm In other words, the present Conparative 5 Exanple was
such as to eval uahelwin@ktsp bheedovinackqald Mt thiasehoh pe@airatbywiyinkhe

protecting film Fromthe evaluation results shown in Table 6, it was
confirmed attht the contact angle on the wafer was so small as to be 14 and

that the capillar orce at.the ti of retajnin ter.was so |large as to
be 3.1 M . 10 POASYT SR NP e BatipE Sha ofolethng BITSE r oy of al |, a

m xture of 3 g of i | i [ - j : il . l'ing
agent) serving as“;aﬂelgfg%% E%ét ?ﬁgﬁ Fﬁgﬁéélﬁﬁﬁég%éﬁgﬁg%%lﬁg?gl&t%Inaﬁlelﬁgiﬁ)
serving as a solvent was stirred for about 5 mnutes thereby obtaining a
liquid chemcal for formng a protecting film in which liquid chem cal the
15 protecting-filmform ng agent concentrati on was 30000 nass ppm Then,

the cleaning and the surface treatnent were conducted on a wafer having a
rutheniumfilmby the sane nethod as Exanple 110. Fromthe evaluation




the Iiquid chem cal being characterized in that the agent for formng a
wat er-repellent protecting filmis a conpound represented by the foll ow ng
15 general forrmula La Il P -(OH a(R2) 2a (In the formula [1], R
represents a C -C s nonoval ent hydrocarggn group the hydrogen el enents of
which may partially or entirely be replaced with a fluorine elenment(s). R2
mutual |y i ndependently represents a 20 nonoval ent organi c group having a

G -G s hydteasichbrorgaoningtdrea byt g €orel 8N e M s eoropbllaitt pRYcaaid Hihl Yhor
entirely be replaced with a fluorine elenment(s). "a" is an integer of from
0 to 2.) [MWeaitnbang findouniigen satel sepdlbmti pyotachagefilmepe|leestt on the
protectin med i.n Jaim1l, characterized in that the agent

ng film i?has cl ai . . .
f or fornlgﬁw§“W§P he 26easPedPOBieRScting filmis a conpound represented by
the foll ow | = | has . .

e 1ollowng gengpa clefa‘?ﬁﬁrél n"i%%x_%glbselﬁé c&1%1'f15%rﬁﬁ§§%t the v&aterpre&vhgeﬁpe

formula [2], R3 represents.a noval ent rocarbon grou

hydrogén gheseiine Aifmvibifedmedyf pabipalind @presdritedhy e sarkatfEmMILT1R
fluorine elenent(s).) 5 [Claim31A water-repellent protecting filmforned
on a waf erans} seaving aF camgrptdoe foriwingt thwaker eeped ahtlpgbtrasing fihyi ng step for
the wafer, the wafer having at its surface an uneven pattern and contai ni ng
at |l east one kind elenent of titanium tungsten, alum num copper, tin,
tantal um and 10 ruthenium at surfaces of recessed portions of the uneven
pattern, the water-repellent protecting filmbeing fornmed at | east on the
surfaces of the recessed portions by retaining a |liquid chemcal for
formng a water-repellent protecting filmas clained in CCaiml at least in
the recessed portions, the water-repellent protecting film being
characterized by being 15 formed of a conpound represented by the general
formula [1] and serving as an agent for form ng a water-repellent
protecting film [C aim4lA nethod for cleaning a wafer, the wafer having
at its surface an uneven pattern and contai ning at | east one kind el enent
of titanium- 20 tungsten, alum num copper, tin, tantalum and ruthenium at
surfaces of recessed portions of the uneven pattern, the nmethod incl uding
at | east: a protecting-filmformng step where a liquid chem ca
for formng a protecting filmis retained at |l east in the recessed portions
of the uneven pattern; 25a drying step of renoving liquid fromthe uneven
pattern by drying; and 55 chem cal containing an agent for formng a

wat er-repellent protecting film the agent being for formng a '

wat er-repell ent protecting filmat |east on the surfaces of the recessed
portions, t he cl eaning nmet hod being characterized in that the

wat er-repellent protecting filmis formed of a conpound represented by the
general fornula [1] and serving as an agent for form ng a water-repellent
protecting film



