1 SPECI FI CATI'ON TI TLE OF THE | NVENTI ON: LI QU D CHEM CAL FOR
FORM NG PROTECTI VE FI'LM 5AND CLEANI NG METHOD FOR WAFER SURFACE TECHNI CAL
FI ELD [ 0001] The present invention relates to a technique of cleaning a
substrate (a wafer) in sem conductor devjce fabrication and the like. 10
BACKGROUND OF THE | NVENTI ON [ 0002] Sem tonductor devices for use in
networ ks or digital household electric appliances are being further desired
to be sophisticated, nultifuncti oSRECBTCATMNN power consunption
Accordingly, the trend toward micro-patterning for circuits has been

devel oped. As the devel opnent 15 of mcro-patterning proceeds, a pattern

col l apse of the circuits has ] sial. In sem conductor
devi ce fabrication, cleaning @E&B&gﬁlﬁtﬁ:m@i@ﬁ)f renoving particles
and netal lic inpury UFQ @?EMI@ o MEET in a 30-40%
occupation of the &%o e of a sé%¥bon§§€?g?hP§E€?§gp;on g?%ggggﬂby t he
cleaniig step. If t AANDIPEEANINGMBTHODI FORWAEER $SERMCEased with the
trend toward m cro-patterning of the sem conductor devices, the pattern is
to coll apse when a gas-liquid interface passes through the pattern after

cl eani ng RS swphenonenon is referred to as a pattern coll apse.
REov R

[0003] In on 1, there is disclosed a cleaning nethod where

a 25 waf erjphpyj NOTHe MRRYED BRI rdY%tdk fd L O %rﬂfft@ea%h}lg%guﬁ&r

surface-reforned by oxidation and the |Iike and a water repellFent pro?téecti ve
filmis fdamedfephin bemzontactorblevici faricatidneind oheilike, surfactant or a

sil ane coupl i agent thereby reduci nﬁ the capillary force and preventing a
patterlﬂ c AQE%%R REFE | OR ART Pat ent Publication 2
[ 0004] Pat ublkd cati o - Japanese Patent No. 44 3202d§ Y OF, T
| NVENTT o [00B3E] TRe Bkt Diator BRRERfor aieh b ResiTRS o cheat diowerbal ng a

substrat e djgctyRl €hppliindam apRduding dRY¥iS T abiredt i@n pad it the
obj ective of 5 whi iéﬂ s %he product | olrﬁlg%i et;ad g déed\;’?%ééﬂé 831 ng

y

is to enhance
such a ci multifpetivash aadt doweirpagrdwaulcankymipitive. andceorgingly, abpectendat i 0.
The present inyention particularly relates to a |ljiquid chemcal for formng
a water rdpwlare nicke pastarnirg fon cifewtchas baen developedal Asithe deyelopmente a

cl eankRg en. - \Whi. i.ndquce a_wafer Vi ng uneven. paiter,n at its
sur f agé tgotfc%ﬁxé%eb é%%%ﬁggebg%éeﬁgg’t %r K a@%lrflaﬁés}ga}psaena%m’f F*rﬁglrtgl—}l?’ﬁel?‘?e&
there has 1gepeiag | dnberRr¢std B WehtdordRRtA BbMge SubleNo8! EBRInA td]s
surface as the above-nentioned wafer; however, a wafer (hereinafter,

sonet i nes foeftbe maupose af remavengipartiskd awad endtadlic impelrtias ata fvafuent)y t hat
contains a rrﬁteeri al ilh rei naﬁter,, somet i nes referred to as "a netal -based
mat eri al " PORROVE nyhugh | kesultso i 1& nd0d0% | erpmation <@f dbeedvhelemathe

group consj.si:l L I e , 18l 4Nl pp i.n, tantal um and
r ut heni um%ﬁ%b%gggér%%{; E%@g@%@ﬁ@@%ﬁ& hﬂfehéeig]aﬂi\;l—g & %l _cg_f F%% age e%tﬁ%ttboa? ern.
Howevgo, itheapafteenofs anvwkged oRitHithe $re@aewaArgUhdibtd-gaite AN GLT Ofhe
reactive functional groups e.g. silanol groups does not ‘exist (like the
above- mentseoneendmttar doumed, Wed prjterntisito cudlapsesshbha gasfiond anvatfete 20
repel | ent proteﬁji ve fi mforq{glre enting the pattern cg‘ill_ap e even if the
wat er - sol FSEeS hronghy the pattqra aftey fle PREIDGBEL a9igPhenemeaonnis

Pat ent PullLigatd g@aéaie@at‘? d(?&i%ﬂjsev‘hi ch is a problemin that the pattern

col | apse cannot be prevente obj ect of the present invention is to

provide a[0doli d Dheate Phbkicd i@l Nthere Bt AiRIddeda Elehfling ARthé@Wikre a
chem cal being able to forma 25 water re%el | ent protective filmfor
[

i npr o¥Png vealet edriving staap wimevent epatéerrn byduze filne pantanmg okilapse, iy
formng a water repellent prqtective, film.at |east on surfaces of recessed
portions SPHATE™ ﬂg‘ﬁgé’e%"agf@?l %‘bda?be{?éﬁ‘? é’ﬂ@c@ WAlerenedent domatiNeen a
l'iquid retegi,naded r8CE ti f. st r ssed
bort1 ons. BT FoBRedRn GEPRRTMLCRY Ueahg & Bk SoRHIC Biffcind Fa BRGRT

i nterfacecpaphag ddenoublbrétierdiidies Rhatcapll@aty fRc®fand Yrv@ndinked §fattddn 1 S
sai d t hat tﬁe reason
collapse.
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3 thereof is that a difference in height of residual liquid between a part
havi ng hi gh aspect ratio and a part having | ow aspect rati o causes a
difference in capillary force which acts on the pattern. [0007] Accordi ngly,
by decreasing the capillary force, it is expected that the 5 difference in
capillary force due to the difference i2height of residual liquid is so
reduced as to resolve the pattern coll apse. The nmagnitude of the capillary

force is t SO e val "P" qbtai ned t h quat | as shown below It
i s expect e[QSQ?Em tpléitt%ntegﬁgﬁ%tﬁoq ﬁéi]a??l%esc? ?ﬁepgrl\go'f‘g%dé%rbgan be reduced by
decr easi NGRYMWIATPS O GFHBRBIERDION X cose/ S (I'n the equation, y
represents the surface tension of a liquid retained in the recessed

portions, [000&br esBint sreseat toviraidn selgtes ©f a tévhriyquifer clehaimes sibstrag:
recessed porti oqr;; to the surfaces of the recessed portions, and S
r epr esent dat Wafow dihsemiqomduectaredewige gfebricahien) ang fheobigp, Ah¢ idiedivshefi cal

f f ' t | | ent tecti 34 .ei nafter, tines.
ot orrda topgh B driPcer e BPARGHo Gorid, Bt S GiecBertis efihre o ol y

as "a qugjg@t&aqucai b, paFGANdERI f@ LHE Hfg%s_%ﬂta%éb]vc%%?& 2 Jlgihd

chem cal r formng a water repeéellent protective m (her ei naf t'er,

sonet i mes ineéetioepatrocwiarlt yelates't® pligtebthermidal fod forpring avebesr r%?eﬂé’iﬂﬁ has
an uneven pattern at itﬁ@gnf ace and contains at |east one kind of el enent
sel ect ed fYBHRCEIVE uphicaninyid phemicaliaia tmimbues fetleaningnstepnvhedpper

tin, tantal UL henj (hereinafter, sonetinmes referred to as "a
et a1 - bas it b s pAtS SR PERRE" S0 Flexs BB AT e s ShFEERaS sRbse o
patteng, thRveatgittbepebiiapte PhAICG el | HILREHY thofd ®dsated8aRY 9Lk he
surfaces of the 25 recessed portions. The liquid chemcal is characterized
by conpri gisnd aawsderf cottaminghdibborh al ment-hBitsadurdacf a0 tRO hbhdle-acanishddy t o
Giffin's mefl had and i ncl uges, a hydr,ophobi c .noi et¥ havi ng a C6-Cl15
hydr ocar bSHIGF oI a¥RE Gatafel (RAtPIaAbracTaretimesitslenad torme omesntbagddon of
the surfa [ O wcal 1S, nat NE han_ 0, 00001 Ss% and
%%Egnéx?ﬁltg?%lg] dsq&'H Qa%}gm}?a% co'n%al %.a ﬁlrérﬁ',eirl?ig .(}Eere%%af{% S%@giﬁ%&%ﬁ 0 t he

not | ar ger saturate concentration relfatrve
total anousfersdd thes 'k gubthl 20l GahteriA”) PRENinEhe RAGY Bn8RMhd %B%gement

surfactant js a substance containing both a hydrophobic noiety and a

f unct tonalselesiast fronhihe grpiragonsidting eftitaninm, Hangetead, Adasedungtceppal sin,i n a
nmol ecul e. _ The ,functi,on moi ety i,s regarded as hydrophilj.c npiety in_ a
case of h&HHRY A BP@&\%@HW{B sPsg uﬁ%f&?ﬁﬂtge’éé‘ﬂt% tg% YISt 1qadiomel
functi onakyaoiatded @ MYyALeLs, O B ORSS bY )a ' : diL s

water to th(gnq‘ unclii onal noiéty may e%ar%jl gldcfi(ﬂif?% !Hglfl“g}??gbﬁlgﬁ%eg%b%ﬁ é:gerg:fer
Waal s at t mastirdmf rehetiet dohetiaiAtgroupnieas. atiainoh gasufodomt heeaht Gilygiogen
bond or may be an addition established by a coordinate bond with a water

nol ecul e. 2P0V ORRIIfO matalhasaft Wederanit HisB npdl pesgibledrtopfithe i wapsi | e

Bal ; X di .1 iffin' d. The HLB |
nccor ang rer gty ritevd, M RE° ShPLPRube: M natletl UM StmitoRe
HLB val uewZfleXsbdlitge soklctSht BPrtHlé'ﬁlaW%iug:h%}%lﬁfg LBEn PV @RPULIS in Patent

noi ety)/ (nol ecul ar wei ght) 15An HLB va ess than 0.001 requires a
| ong hour Fubdichtiom 1 he qnplayetl wehithlin angrobbndsint chibthe thet@moteitipee
filminsufficiently. An HLB value of nore than 10 tends to nmake a water
repel | enc{y‘aﬁl%faﬁg% Preyeriedcr Asnolpet elioapresent ineenideniis bapeevidabekiquid

i nsuffici - ef e = al hs 0,005 t.o 7, .20 012]. The
i qui d ChERLi TR ForP ] BRUEAALE AR YBo affad ?%%]r}é‘?lﬁgt%ge thorkl %
concegs r ak08r @bpélentSPritactiaatilim féxhﬁnt)t&uahg £REMAERE dt8p Whichafgglks dhan
the saturated concentration. The saturated concentration 1s the naxi nal
concent r atnduret thevpiattertheollapst abyaforming « engileetrelpelibat girss@kvediiln 2
solvent. I n a case of exceedi n% t he, saturated concentration, the surfactant

in a nixt w3t sudases dgesessedmardions qfgheaustaldhned wasatsoons b1 rethase

separatioqn..o I. gyl 1 gal ..t hereby, proyi di ng an,i nhonogeneou

i d chom PFPRRdTEbvET BRyig R ah N rcksod R RoRad e, | a
i qui d i nsaffatehoMEeRLes CW ddson can become the cause of particles. A
concentration _not |arger than the saturated concentration is in a condition

wher e3@ he [(0Glact’Bin pasteconpllapet yis 360 odéws aiheedan gasdigiid Setfiad phbes
l'iquid chem cal i.s honpbgeneous and cannot be the cause of particles. 5
[0013] Théhxwghatheanattepe aidds taneyel dpnasicc wsdtet it haviaid thaCthereason
hydr ocar bon group. A carbon nunber of less than 6 tends to make a water
repell ency-inparting effect on the surface of the netal -based wafer
insufficient. Meanwhile, a carbon nunber of 18 or nore nakes the freezing
poi nt higher 5 than roomtenperature to cause deposition, thereby possibly
becom ng particles. The nore preferable carbon nunber is 8 to 18.




10 el ements, particularly preferably one including fluorine el enent.

[0014] Additionally, it is preferable that the surfactant includes a
functional noiety that has an affinity with netal -based nmaterials. In this
specification, "an affinity"” means that the surfactant is adsorbed on a
surface of a netal-based material by Vandder Waals attraction, an

el ectrostatic interaction 15 and the |like that act between the netal - based

mat eri al ard_t he. functi | noiety of, the surf .ant.., [ 0015] Moreover, it is
or et er abl STCRA A AT Pl S r A LN pemperl A et
functi onalnighi &2 A& BN palkf IHYdiXe Wolhab it Bk A E:Qﬁs'%%da”@igﬁ% eSin BY
havi ng one or nore functional noieties in its 20 structure, hydrophobic

nmoi et i es afapiharsintasthact abecanthapatteraadi | y di sposed toward the

direction Bar fromthe substrate so as to enhance the water
repel | encylf? %Lrtﬁ@@oréiﬂ\‘léléft by Wecesnspreftle gppillarasioress it is axpeaipd dhantim  of
t he ef fect,. reventing.the collapse..of ,t.he uneve ttern.. |t s nore
prefer e g [ : , a

ror Bo1 iBRERREE i laty TE® BT RGRE oiReRe ey Relbll of uidetat liedf dta
moi ety 25 paddn@e@hsdbieBblvg theldhitS PRl Alscbasefl ABLSIRlSof thd hyill)
hydr ophobi ¢ noi eties of the surfﬁa]act ant be%%srre much rrgray@ga%ﬁﬂf %‘lpéggééd
t owar d t hefortierisdthiecabsapaetvalne (Pt b tsinedt iatle spuatson asfdiothiebelemhanees t he
wat er repell ency-inparting effect, which preferably results in a further
I nprovene e p¥acodfca urféqene Yern.
i fxpgetedhdraps Bais  sruptienehrath ghehsapidlary fearhebeyrreduneda
30 [0016] itionally, it is preferable that the surfactant includes a
hydrophobﬁcﬁjﬂ%ﬁ%ﬁsg g"ﬁ%\%% a C6-Cls straight-chain hydrocarbon group. The 6
Cs- G 30st {apg8l - clre, aydy eeag/fgon group may be substituted with a hal ogen
el enent(s) at a part of its hydrogen elenments or nay be one having a Cs-Gi s
strai ght - chai n hy{moider &pratym ypreptresegarthe elirfacarteheidnodrbhquithadtasne Si nce

the Cs-C s hydrocarbqgn gr.oup included in the hydrophohic noiety is 5 .

strai ght - dﬁeﬁ{‘ﬁ IgFEseRPAT apRD I terrsPerisddiesonta@ angle st thabiaset sefainatin mor e
dily di ' j h bst r at

Further crnancepd Iokfioht fo Shf BEH0R: BEEE rodsRibd Rl € BPufinld

because t heefillehiof ohe pe@¥esd bogidéhe) col | apse of the uneven pattern is
further i Egroved as a result. 10H[00017] Furthernore, it is preferable that
the stpfadvaeRl i ndl lidssd cchepeicabHobi rminet g WavéngenellentCiproseataicglfitlec hai n

hyd bc . t hat i st f b ) d t Si th
G s st RBp BBk BRSPS RO ST ol ThePudsa s kBN PSP RGBS oty
consi sts QfoERLRANG AR BHrandré 599%n}ighg?nche>ﬁqlg@pﬁ0$ucgr@§egd ¢fie Prebli:

surfactant becone nuch nore 15 readi sposed t'éwar I rection apart
fromthe sobsttiendsso lagid ahkutichefoefhante hheavat espdlrpgl peireytivaPandt | Ng
ef fect. TRLS i_s%ﬁr ef erabl e because the effect of preventi n? the coll apse of
the unevenDPEIPBRAL|somefimgs refarpedviedngsely aesainrotqooyesfilvdr ewviewafehe

l'i qui g~cheql.cal contain sol_vent . en the 20 concentration of wafer
s o0 T ot Basr Y o ER0EB: PhBr R et 5P A cBRER o ehe EoRiod Fea
sol vent, thanbnif kalReadd frohy 104 gwegldoﬁgislénfgﬁsmi@@ﬁmﬁ,, dacsgesednanthhl S 1S
preferable. It is nore preferable that the concentration of water Is not
| ower t haroFPenass %anbalcm ande yhe hewmablherein fleoysrmétiare 8% fomed %o as “a
[0019] Furt hernore, it is,ag,[eferabl e that the Jiquid chemcal is formed of
the 25 suf® e pprtRgiady Hetiaees pleracesgadiperianscel thseuneeen prtierned
not to co [ [.C t e t he Id ke and,t herefore becones
provi ded tB0sRBREhARM TR ohh holRe hiiReEAC 1 U545] B AR Se the
abovegFentbaedd phdloneas erhaval@iid sheffcdlhd Haphdepsedab F%ﬁﬂ%ﬁ%ﬁ% of
the recessed portions of the uneven pattern: at |east one {I nd of 3
el ement sehekrbantf whnelt hes gmoHi. 18 ondus wf g0@K-10idcantding touRgisfials, mathod num
copper, tin, tantalum 1ezngl rTlt heni um pref er abl % at | east one kind of
el ement and includes a hydrophobic moiety having a C¢-Cis hydrocarbon group and
water, and characterized in that the concentration of the surfactant in the
liquid chemical is not smaller than 0.00001 mass% and not larger than the
30  saturated concentration relative to 100 mass% of the total amount of the liquid

chemical.



7 selected fromthe group consisting of titanium tungsten and ruthenium
and particularly preferably ruthenium In a case of a wafer containing
silicon elenment at the surfaces of the recessed portions of the uneven
pattern, there are a nmultitude of silanol groups (Si 011 groups) on the
surfaces. These silanol 5 groups serve ak reaction points to be reacted
with a silane coupling agent, so that the water repellent protective film

can easily or t he surfaces. ¢ he recesse ortions. .On,the other
and. - n J0B30L°0THE BBk IR Suftartif, LS PRl aRRE SoRERniny dalf &
poi nt's sucky dsphbBicS ARG agHONPRREANLIGHETR) & Hal hes i Lipgttl Lo ern the
protective filmwth a conpound such as the silane 10 coupling agent.

Addi t i onalingtalimasedempteasalst in avaolecaty. “Bhevimotidianimgiesy iy peyadefaist £r n
at its surface" neans _a wafer which is in a condition where the uneven
pattern had/ HOPBHIyMead ¥of fate 6h heM s anmapertyywherhpigatarnpplesuloean he

i ke. reoven, ht. i5 akso possible. t opt .a wafer i ch .anot her

pr oces%/b sﬁoc ggge(rirlﬁ) atl%er %_ﬂ%clt 8 é’f&"‘ﬁé%ﬁag@‘?r&ﬂ?éb??%‘?rg r\M;?_ 8 %ﬁf"th‘ﬁa_s
an 15 unevauifight S Wadr o theS BidRfRral [RORY nTh$ bel S iadashes %PAbﬁs%df@F m ng
a protective filmaccording to the present” invention iIs use§ I'n such

manner as Yan sddystWdalseatiratieami nbe | élqoirdstsitich ihteratiiogni or dbemiaciah bh A
step of cl.eaping the netal -hased fer. Additionally, the thus substituted
|iquid cheMERECADPNBL SR ke AR 1pp esteblishadehy 8l wandingte ibguddvith a

[ 0022] Whi | ing liquidis substituted with the Iiquid chem cal for
form ng avgﬁrl%e?g%@legg&fi Imand the liquid chemcal is retained at |east on
the suofades1of tMperpaastedt baktdrPPLBalle (MPeMhiRALIFIPhiRS Bl AP o£d
above, a protective filmis fornmed at |east on the surfacés of the recessed
portions dfomha09% tardy evccpatingrtn. Giiffin’s methode c 83waFiLB onludecqrdiractd ve

filmof t present .invention to be fornmed continuqusly and evenly;
however , irl?rlfénBF%EF%‘PQBF‘é’hff})‘n?é&ﬁ?‘flt&@égﬁPWﬁ%%?aﬁﬂH- evenly in order to
provide a nore exgfglp Tulebg i e C ln.- Fnvent] on,
"a water repellent pr get;ﬁeg?iagg fltt?l%' It(#eggnés{f gg%ga?% lv?nm%g?n%?%%nﬁay%}pgﬁc
surface sane@tinidduciarthdehettability of the wafer surface or to inpart
wat er repellency to the sane. In the present invention, 8 "water

repel féncy" nmeansfa Hédboalwnhobless tharf B lerssrgyesot lang draireslte Hunf thoe

t hereby weakening the intferactjon between ter anot her. | j.qui t he
article sdff gecc w%i flg’g’arﬁ g‘?rﬁﬁs t%?ogp? gﬁg)p,ro ?ﬁ?hveagirﬁy]@rsblgfg"r’reﬁgad, £nfit s

i nt er nol egyhgs of t [ &dﬂﬁ - ' i on
is particul arlg gfogﬁt%gfﬁgﬁgiﬁ%gdgég%ﬁ%%@\%aﬁgre?%%ﬂ(fqﬁ?ﬁl S ef? e(I:IEl ?fsfbge%((ﬁl{ El?t ed
al so agai msirfzaemifthemeethl haked ofafemtrerafficidna | Aqubek ptdferailbailBatdne &

against a |jquid other than water. Wth the reduction of the interaction,
it becomeso-@ 9 ¥l e to increase the contact angle of the liquid to the

the prasent0 T8 nilh it FRRE) hORar RE: SRt BrdenREa REF oY B g
a wat er repabdeRhtibh et verthitaRioh TRE 1Rfes Rk rdibYeN hep 11a1t%é§ tRhhatk
being for cleaning a surface of a wafer that has an uneven pattern at its
surface amdtemicdi nenamtrataen. onthki sdtwfated e ventergestton eds f ttem mbeigabup
consi s_ti n o(f3 titani um lrtl.uggc'ilt@en, al um num co pter, tin, tantalum and
rut[]en![ um 8?%‘1?3%18%@&‘ g saefacianbean gam ‘Pfellﬂﬁbelﬂﬁ%‘ipéﬂedpm ﬁéplﬂeéltthe
protectiv r r es. 0 e recess
portions 2%1 dt %Qeu(ﬁieé\%%ﬁé%a ar n1atpﬁgﬁt§e@hgéﬂﬁgﬁ#§ ’ %ﬁ%rsgéiaech%teﬁl pyeture

conpr 25i n@iquad $o8As af mede@mor@@e%iﬁﬁmm&ﬁo@ow?mge lggpyﬁa}tml af eheRRLID

liquid;, a step of formng a water repellent protective filmat |east on

surfaces 2beoficalethewby providingsnohhohegeneves ligaid ehemioalusidAngidefle drizqui d
chem cal for _f(%rm' né'] a Vl\i'at er repellent pr _tec_éi_ve film .
hquid formed by phase separation, 1.e., a liquid in an inhomogeneous condition
can become the cause of particles. A concentration not larger than the
saturated concentration is in a condition where the surfactant is completely
30  dissolved in water, so that the liquid chemical is homogeneous and cannot be

the cause of particles.



a step of renoving a liquid formed of the cleaning liquid and/or the liquid
chem cal fromthe surfaces of the uneven pattern; and a step
of renoving the water repellent protective filmafter the step 25 of
removing the liquid. [0025] In the method for cleaning a wafer surface
according to the present invention, it i§ preferable to use a water-based
cleaning liquid as the cleaning liquid. The liquid chemcal for formng a

prot ecti verfi o oft he present .inyvention.is supstitutable with the

wat er - base OI&ISZ]anirJ#be 15 Lfﬁ“%?n Jophites; @ ihydsgp i BleHo hawprgva Calstine
by using t 5 cl I | {, Q41 6 r.esent ¢ nvention,

t he prot ec?ﬁ/ﬂg%%i??onﬁpi%z@?%r n%?%g?g? é%g#bglﬁ o%?%g& g{dhs&?@él@g?%o%at fet r“é%té’gsed

portions afepehienuyewgmrpiaktefent vhehe tshefddewfittle e tagMRYEd WAOMihEnERGESSed
portions (in other words, when the liquid is dried); therefore, the

capi | | ary Mepa@hils, ¢h cashon prmhbes ofel? 9getiopomalorsthe fsezimarpobd hizhiert he
pattern coll apse becones difficult to occur.. Additionally, the 5 protective
filmi tothr?é‘p rf@%eﬁer’aw@%uae dyiAYSEt EPO%EPEC@%E&WHEO&? NTHECONMIRG027]
The protegidatr1éd. | mrhar pRg s t [, auL emnd gal, f f or min

protecti vg[s filmof the pr eggﬁe %ﬁ\@g%t%gkb#lsﬂg%%ql iegnt%ait{r)l f)\/\é/a't e?n?leﬁlg\tarﬁgﬂcy.
Ther ef or e, hydroaavtafregrduradisbassedrinwheviefespat (efehtiin s Kelbh@Ena8Gng of
contains at 10 |least one kind of elenent selected fromthe group consisting

of titani fiRrbeRnglenent andnhpdmeesopbementor, mantbd wmeandcludime thalpget
surfaces of_r ssed poriions of .the uneven.pattern, it is possible to
reduce an ell(?]?l%?lgc 1|lcgln e%l\%]élﬁea clhi&?fﬁ{l%l’ E’é‘?’éﬂilﬁ%dlq ng and e’%’@s POHIANEHS

and the swlé@eess qfartitalda68ssRea P9 diPTlud Lo it i's possible
to bring about aS g;a%tern 1§%col I%pge- pr eve%%%%g@%?lﬁééctg% the use of the

liquid chdfDtdl , Addiganally isisepreferxhicthdt the sufaoeestintiRideprofuGt g ad
waf er that has even p&tt_ern_at its surface is inproved wthout

| oweri ng t%?%&l%gﬁg. g or G Withh mutgbbased sratsrigduci hythiswpeeficabian, has

X

chem cal for form rotective fi

excel | ent matPrRdedthidyal HyOVER]derewhiBih grebigsn Cal efe‘a’érgfeslgagﬂg% Fkgte?action

protective film according to the present invention is a to uneven
pat t els g e diredhat act dsterpedhedmtedal-basedrmmeteaizd arnd ehef fomceaapl e,
to an aspect. rati.o of t less than 7, and therefore allows cost reduction
in producirﬂﬁleﬁ%l‘%%é%ﬁﬂ%ﬁaégt ed 25 seniconductor devices. In addition to
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product i ostofctuas,i ons ki ndwrof fiasitienducdioricdelitiag. aBRIFRNFEYPLAMNATLION OF
THE DRAW NGS 30 [0029] [Fig. g A schematic plan view of a wafer 1 whose
surface i Su¢iddasatl omatennisac &Shdviiggasnemayswrpafurstion2] mopktids gn 24 A
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filmis reigidied o drACaRSaHeP9sh 35t From the substrate so as to enhance the
water repellency-imparting effect, which preferably results in an improvement
of the effect of preventing the collapse of the uneven pattern. It is more
preferable that the surfactant includes, in its structure, one functional moiety
25  having an affinity with the metal-based materials; with this, hydrophobic
moieties of the surfactant become much more readily disposed toward the
direction apart from the substrate so as to further enhance the water
repellency-imparting effect, which preferably results in a further improveme.ﬁt
of the effect of preventing the collapse of the uneven pattern.
30 [0016] Additionally, it is preferable that the surfactant includes a
hydrophobic moiety having a C¢-Cis straight-chain hydrocarbon group. The



[Fig. 41 A schematic view showng a condition where a liquid 9 is 5
retained in the recessed portions 4 on which a protective filmis forned.
DETAI LED DESCRI PTI ON [ 0030] A preferable nmethod for cleaning a wafer,
according to the present invention conprises: (Step 1) a step
of making a surface of a wafer into a suiface having an 10 uneven pattern;
(Step 2) a step of supplying a water-based cleaning liquid to surfaces of
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cleaning liquid (A different fromthe above-nenti oned water-based cl eani ng
| i qui d (hesteiighfthain hpdradagbon mgolp quiisdp 414) of lsraswhetlicaebon eheairsed Siace
nerely as "a g{:ﬁe&ni g liquid (A)") thereby retaini ng}g}tr he cleaning liquid
(A) at |edbe s e BifosREROTH! SXAWP (186 iFortheonky dfophinbicy ragisty  1s

patterp; epn4)..a..ste fsubstituti thecleaning liquid (A wth a

P raut a6 20 THERPEE A bER Bl Rl Skdihs, 80T SRTRERas ebie el ies
liquid cheghga} dépdseasbwedithe BHdkREESHt hS NRCESSRH RS é@%flﬂfghé{e
uneven pattern; (Step 5) a step of renoving a liquid forned of the
cl eani ng leindpainde dhel Morter mepéllepdydineprarticakbféctomTiie is préfaesisle dfechitiee tineven
pattern by dryipg; and 25(Step, 6) a step of renmoving a water repellent

prot ect i v@fgﬁ/ Pr*O PW@?Fl%t}}f‘e?‘ﬁ@ﬁsﬁg)fttgé wWreapn Ppagteprols pthertisppryved 96 anaf er
surface iigﬁ%aned. Incidentally, the step 2 or the step 3 nay soneti nmes be
omtted. ﬁe]liquid chem cal for formng a protective film according to
the pueserfpoiTivenFusthdrinciubsit tivt phtRribleh thAe WAL ekubaeesth€! @RNUNME a
liquid, and therefore, 30 the step 3 in particular can be omtted with no
concern. [o03ephatfic anoidiy baemeda Gs-Shbstraight-ohanf Wyldeotdirondgohenihat
retai ned on th 1§1 ur f aces of hhg recessed pgrti O&?ﬁ (éf éhe uneven_pattern
with a cl ESRFISE PF ERERPTGR TR Kt hy AEtEernatom quPiPgen 810 6 RerEERbcham
this cl eanj I (NI W j f : B I ' jauid.(B)")
my be conduer el LhererRarr aentn, EIRLBIRhRI R0y SoRM I LB ERY )
as "a subsedusntrogéeanocng sidepphobiamebigtithef shepubfadtyntigecBfld @ddBAdnore
thereafter. Additionally, after the subsequent cleaning step, the cleaning
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reason, it is nore preferable to directly shift to the step er the
step 4. [®38}In the present invention, it is essential only that the
l'iquid ch inhg ljquid.is retained at |east on the surfaces

1cal or_ the cleanip
of the reZ@é@d POL & etﬂ%“’t‘i]né SRR MEn coptainea viplegnt. t N henothe a

cl eaniRg . i t rticul arby |, mted. anpl es of the
cl ean?Qg g%%(}egl%%timlgo\%g‘?a\é?} g% Ié!:)tslé) S re@%%#@?rﬁ%& 5?19‘%7 e&ggh&g@@aﬂ%ﬂfs pi n
cl eani ng WhEk& canit@hed sbehit eiedRMemBYi193Cof theSlHehidcHERRET 18 dr@adiFpose
the wafer generally horizontally and rotate it while supplying a liquid to

t he vi ci nianyl thfis tsheraderatde. oft sheoreopeafemahle dhdt dhbavatemtrylien Wiergenis
plurality of .the fer7 are cl eaneﬁ in a 20 cl eiani ngf bat h by being imrersed
t herei n.  PREIQREHE a1, 70 Rasss, mush mege presesably momlewer shan §8 wAEHAI ng

liquid at ti Vi QUi i t hg .cl-eani i quid
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being retained in the recessed portions, and may be |iquid, vapor or the

li ke, 25 tontainsmarngani¢ 8034ht Thehes likk acidatiterpfort dreatings iprovidddsode one

functional nmoiety having an affjnity with netal -based nmaterials. Exanples
of the fui%‘??roﬁ’a n%?@‘%nﬁgl/g}‘rﬁi% affinity with netal -based nmaterials are
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surfaces of the recessed portions of the uneven pattern: at least one kind of
30 element selected from the group consisting of titanium, tungsten, aluminum,

copper, tin, tantalum and ruthenium; preferably at least one kind of element



30 group, isocyanate group, -(C=0)-Wbond,-(C=0)-X-Y bond, -(C=0)-2z-(C=0)-
bond, -SH bond, -OH bond and the like, in which W 12 represents fluoro
group, chloro group, brono group and iodo group. X and Z represent oxygen
atomor sulfur atom Y represents hydrogen atom al kyl group, aronmatic
group, pyridyl group, quinolyl group, sukcinimde group, naleinde group,
benzoxazol e group benzothiazole group and benzotriazole 5 group, in which
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As exanpl és of su a surfact ant, it is possible cite: conpounds suc?‘n as 10
C61- 113NH2leGéhil AahHDe ChifHceNHT, tmsﬂecééﬁﬂﬂﬁorwaﬂm&,u&&éﬂwt&n there
C12H23NH2, C131127N112, Cl4H231\TH2, C13H31NH2, C161133N112, C17H33NHZ,
C181137NLE2e acemritiige ofsilarmepounsfSieNd gzou @er@ﬁsclilﬁwmzﬂanol

CBC117NH2, GBBr 13NH2, . G7Br.13NH,  CsBr17NH2 1\ TH2, G711
B 17N 1> SRR TR ORI PEANT 15 DRRe B SR SasberpepbRggieent, so

CeBr nH2NHZj1 51 8h £831td B nt%%ééf@%"ﬁlm Q%Bséﬂ%ﬂli%e forilel 3d th¥lsurfaces of
(Gr71-1102NH, (C81-117)

( C311102Nihé @&&ﬂ@@l Z}I‘dhdtl@ﬁ:él 1 023N HEEIRID 5h 20k d e 13k R} 2N sed wafer,
(C14H29) 2NH, (C 31) 2NH, ( C16H33) 2NH, (C171135) 2N11, ( CL8HS7) 2NL1, C3F1O2NK
( CTF15) 2NAfS § me7 W IR tiop N Ints et &5 Pl @@m@pmﬁnd(@m 33 20NH,

C7Br 15) 2 NL1 C71102 C8 2Q
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(C81117)3N. [C31-119) 3N, (CloH21) 3N, (CT1H23) 3N, (0121125) 3N (C13193%) 3N,
(C141129) 13NV8(I®P$’&61‘3116)13IIK$ sareea] ﬁ@)am a WeIIWREIBN, in(CEAHETIBNYhe E6EES3) 3N,
( C7F15) 3N, CSFM 3N, cec 13)3N C7C115) 3N (C8§.117 3N, (C6Br.13) 3N,

( C7Br 15) 3N1EVeR @t Hr fﬁé@r@ee gmedien the sprage by epching dmprint i F
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(SR AR e pattom At ith shetave.
[0021]  The liquid chemical for forming a protective film according to the
present invention is used in such a manner as to substitute a cleaning liguid
with the liqguid chemical in a step of cleaning the metal-based wafer.
Additionally, the thus substituted liquid chemical may be substituted with
20  another cleaning liqud.
[0022] While the cleaning liquid is substituted with the liquid chemical for
forming a protective film and the liquid chemical is retained at least on the
surfaces of the recessed portions of the uneven pattern as discussed above, a
protective film is formed at least on the surfaces of the recessed portions of the
25 uneven pattern. It is not necessary for the protective film of the present
invention to be formed continuously and evenly; however, it is preferable to
form it continuously and evenly in order to provide a more excellent water
repellency.
[0023]  In the present invention, “a water repellent protective film” means a

30 film formed on a wafer surface so as to reduce the wettability of the wafer

surface or to impart water repellency to the same. In the present invention,



(C8F117) (CH3) NH, (C31-110( CH3)NH, (CLlOH21)(CH3)NH, (C121125) (CHO NH, (C
3H27) (CHONH, (Cl4H29) (CHO NH, (C161133) (CHO NH, (Cl7H35) ( CHONH,
(C181-137) (CHO NH, (C7F15)(CH3)NH, ( C8F17) ( CH3) NH, ( C61- 110( OH3) 2N, ( CsHi f)
(CHO 21\, (C3HI 9) (CHO(C 10H21) (CH3) 2N, 13 (Cl1H23)(CH3) 2N, C121{25)

( CH3) 2N, ( C13H27) ( CH3) 2N, ( C14H29) 1CH3/ 2N, 8

( C15H31) ( CH3) 2N, ( C151- 133) ( CH3) 2N, ( CL7H35) ( CH3) 2N, ( Gi sH37) ( CH3) 2N,

C6F13) (CH3) 2N, (C7E15) (,CH3) 2N, F17 2 d the like; i i i d
Celts bt tRECE" EHEICEY” T b taTuckish Qb F BrdeEnebty phbBeartiile PhFiace and
the 5 |ike; LG i . i t es,
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sal t, the stidacuaicept ef eitabhey ihasfan) Hiklyak Ug@bgéh W@, 88 rt1dQ hef or e
formng the salt. [0036]1t is also possible to cite, for exanple, conpounds
such as Céeraer3nad, tho likeH1 SNeDeffest -of LMoo ngIHE ONTer a@idHad NEDticularly
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( NCO) C81116NCO, ( NCO) COHL5NCOB ( NCO) CLOH20NCO8 ( NCO) C11H22NCO,
( NCO) C12HAPREOntagiarals pi thabiariq KotheaatgRNOTEIEeNCO) C15H30NCO,
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possible to cite, for exanple, conpounds such as C6H1L3COF, C7H15COF,
C81- 117 Ccomurige1dlsoratertbap hosran cueeaopFtexty 2HASOsRrfaca 3epl @oftains at

Cl141126C0 1 1.C0F, 161133C0F, 1 5CO0F, C15H37C0F,. 25 C6 F,
Corisenr. Teast BRE HNG oF SEAERE Rulo 8 B0 he cERiSD CobiisTpECREfTanium,
08111900Cun 142 0l in G LGARDE i CIEHRERET  FLATALONCA, E144R000CHe
Cl15H31C0C1, 16Hé3CDC1, 07H3 Cl, C181137C0C1, CoH5C0C1, CoF13C0C1,
C7F15¢hC ,TGME@IQ@@E—,OD@S(}#]_M Bneves §ikit6aoBrthe Qﬂﬂf@dﬁ%ﬁlﬁﬂjmmed at

O 2H25C0Br,, C13H27C0Br, Cl 4H26COBr, C151-131CQBr, 30 Clef 133CORr,

C17 FB5OOBr1?a~‘€§1‘§I-éﬁﬁB?f?C‘?@6<#T F‘?SS@%PB@@B? %%‘Fll?l@w@ patierpptepmethod

C12H25C01 1, . . . .C151131C01, C16H33C0I, 14 C17H35C0I,
015113700%’,99@@@%&%%%%%%%%'700 and the like. [0038]It is also
possi bl e to cite, afs@sp eRel@Rheng & GIPOLRAS Swalerasy @@ilrzglééﬁé@grh G4 id;3C00H,

C51i 17COCH, C3FI 19CO0H, CloH21COO0H, C11H23CO0H, C12HZ25000H, 31127C0011,
Cl4H23C00H, C13H3acbap! Hroisg regatdHepelrnt paaeckye G18141312a806h sOBiHEEGO0H,
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forming a water repellent protective film;

a step of removing a liquid formed of the cleaning liquid and/or the
liquid chemical from the surfaces of the uneven pattern; and
a step of removing the water repellent protective film after the step
25  of removing the liquid.
[0025]  In the method for cleaning a wafer surface according to the present
invention, it is preferable to use a water-based cleaning liquid as the cleaning
liquid. The liquid chemical for forming a protective film of the present
invention is substitutable with the water-based cleaning liquid, so that it is
30  possible to improve tact time by using the water-based cleaning liquid.

[0026]  In the present invention, the protective film is formed at least on the



C91113000C113, C10H21C00CH3, C11H23C00CH3, C12H25000CHS,
C131127C00CH3, 0l 4H29000CH3, 0151131000CH3, Ci cH33C00CHS,

C171335000CH3, C15H37C00CH3, C6H500001- 13, C6F33000CH3, 10

C7F13000CH3, C5F17000CH3, C61113C00C2H3, C7TH15C00C2113,

C8H17000C2H3, C31L90C00C2H5, C10112100002H39 C11H23000C2113, C12H25000C2HS,
C131127C00C2H5, Cl4H23CD0C2H3, C15H31C00C2HS, ) .

C161133000C2H3. C17H35000C2H3,. C15H37C0 Col | 3000C2
CBF13000CoTE T E¢AE1 Siohberage S(%élﬁ%@@éfl—@%‘a 1S8R tters when the liquid is

11113000051 S, BT Ao 5P sy AR o g is dried)

C15H31C00Gikt&foed, 6:hik33GANAH Idrc€3Hit B 3009 68 HheGedded d H3.is @B3HRPRRLH113,
06F1300008113 C7F35000(:6115 C3F17000C6115, C61113COSH, C71135COSH,

C81117C0sHhagothe 1pTtern cilbmwse? beasres CAfERBB0$H, 0aoirCl 2ABEa08kA1Ly, the

C131127ZCOSH %411 OOSH C15H31 C1611 3300511 C171135C0SH,
C18H37E0SsProt 18 & ?‘Lé‘@é@He &t DZSER-700SH, C61- 113COSCHS,
C71113COSGr PR (G BHOPEGEH CH3, G 0H21COSCHS,
C11H23COSCH3, C121125C08CH3, C1 CH3, C161133COSCH3,

d 3H27C0s(BB2 T4 1 T2 GRGEHDveQilhl fRaeEBbH1 A 8 thd HAQRPChBmicad To bk hHiHeSCH3,
C6F130C0SCH3, C7F15Q0SCH3, C5F17COSCH3 and the Iike, [0039]1t is also
possi bl e tREOEGte UM ofaihs eresetpourertioncis ascellent in water repellency.

COHLO00OTUTHE D e B TEAIB050T 063 B H PSRRI s surface and contains at
C12H23600GR4d 2 bR, Khal b2 A Ikl e £11603 PR QG L Srisisting of titanium,

tungsten, aluminum, copper, tin, tantalum and ruthenium at surfaces of
recessed portions of the uneven pattern, it is possible to reduce an interaction
between a liquid retained in the recessed portions and the surfaces of the
recessed portions, and by extension it is possible to bring about a pattern
15 collapse-preventing effect. With the use of the liquid chemical, a cleaning step
conducted in a process for producing a wafer that has an uneven pattern at its
surface 1s improved without lowering throughput. Accordingly, a process for
producing a wafer that has an uneven pattern at its surface, which is
conducted by using the liquid chemical for forming a protective film of the
20  present invention, is excellent in productivity.
[0028]  The liquid chemical for forming a protective film, according to the
present invention is adaptable to uneven patterns having aspect ratios
expected to rise more and more, for example, to an aspect ratio of not less than
7, and therefore allows cost reduction in producing more sophisticated
25 semiconductor devices. In addition to this, the liquid chemical is adaptable
‘without considerably modifying conventional apparatuses, which results in
being one that can be applied to production of various kinds of semiconductor
devices.
BRIEF EXPLANATION OF THE DRAWINGS
30 [0029] [Fig. 1] A schematic plan view of a wafer 1 whose surface is made

1nto a surface having an uneven pattern 2.



30 C15H31000C0C15H31, C161- 133C00COC1sH33, C17H33C00C0C171133,

C13H37C00C0C15H37, 06113CO0COC6H3, CBF13CO0COC8F13, 15 C7F15C00C0C7F15,

C5F17CO0OCOCBF17 and the like. [0040]It is also possible to cite, for

exanpl e, compounds such as Cal -1135H, C7H15SH, C8FI 17SH, C91-119SH,

C10H21S11, Cl11H23SH, C12H25SH, C13H27SH10Cl4H29S11, C15I-131SH,

Clel -133S11, C17H35SH, C15El 37SH, C6F13SH, C7F15SH, 5 C8F17SH, C61112(S1)2,

071114(SH)2, C81116(SH)2,, C91118(SH)2, C101120(S11)2, C111122(SH)?2,

C121124(S102, C131H¥EsEEHyDVieH 4hqwgigsEpart @%'fllsﬁ(sgﬁﬁgtm@?éﬁ%z?(-sm 2,

C17H34(S1)2, Ci18 S1Y 2,4 ( 4, ( 71114SH. {.SH) C8%- 116SH,. .

(SH) C91118SEl, (S %1@1%3%%%?%@??%%%}“% st ﬁ’éﬁé@éﬂ By &1 98k,

(SMC141128pbhich CBSGLREA3ASH, phosbbtSIOALAAS e t4inEY G Thdadollp o Bbh 481136 SH,

10C81115(S11) 3, C9H17(S11)3, Cl101119(SH)3, Cl111121(SH)3, CI2}123(S1)3,

C131-125(31-) 3, ClRiE12Y( 21 £ matib dMiee( SivineCa Gidddii$bh 3yhat74 1RRHS1)S,

C181135(S103,. (SH) 2C101118(SH) 2,. (S1-) 2C11H20( SH) 2, . (SH) 2C121122( SH) 2,

( SH) 2C231 Fektigeylin tgsméﬁf@am(féﬂ)lé 4 qswiveh g proseasiyentiim g1 formest 130( SH) 2,

(SH) 20171%¢§§L§}Dp%@@§}§ﬁ§ SH) 2 and the like. 15 [0041] In the case
rtract an

where the su ofms a salt, the liquid chemcal for formng a

protecti vdpohaom mMayp B8 hbthefdradbaning 8 §atdr, hbendhg t8NHedpfBskht!l €
of these. [0042] The surfactant preferably 1ncludes a hydrophobic noiety

havi ng a Coventibpdrogardesh group. As exanpl es hydrocarbon group, it is
possible to 20cite,CSI~117-, %gl -119-, Cl0H21--, Cl11-123-, C121125-,
C131-127-, Cl41- 154eP R psitehof malgpgd sarfaceqfa wedsr intepaiyface bgping an
C8C11 a ' .[0043] As the surfactant that includes a hydrophobic
noi etgoha\r}ﬂlnetgvlaglﬂéstl-é%fé hydr ocarbon group, it is possible to cite, for

exanpl e, conpound&Stepcd) @stepifsibpide LML NHR:d @e@hﬁﬂ%‘hﬁ%ﬁd G btiBlsd 112,
C12H25NH2, C18l-127NI 12, 25 C14H?29N112, C151-131N112, C161133NH2,

C17H35NH2 of the raTeNeR pacsrryef-the waleritinreby raggnimvntze wagatBadadcleaning
C8F15FI 2NH2, . 151121\ 1 C813r 15H2N112, C8115112NH2, 1117) 2NH,
(C91119) 2&%‘%1&}(3%16%% 5 ?‘éisdif}liﬂrf%ﬁ ,Of%@fﬁ%’é}iﬁmﬁ"eﬁ%%%))an,
C141129) 2N11, - ) : , 7 : 7)1 ,
EC8F17) 2?\IH, (cs(c%%% 3@113) g1!(8 OBﬂr%)g %lﬁ‘]i‘%%%ﬂé%ﬁ#q5?@%{&%%&%%%
( C8CL15H2)chddHhing GBRIiASED) Aiffdre (i C8idkh HAR2 N v et £ hllofedNva GO 4 SHLER 3N BN

(CL2H25) 3N, (C13H27)3N, (CL4H29)3N, (C151H31)3N, (C 1.61133)3N, 16
(C171 - 1359%153(@@1&@@9&&@@@31@2&, lqueg & palemetisms reieaned tomerglaae “a

C8F15H2 . H2),3N, 15H2) 3N, ,{ C81151- 12) 2N, 1117) (CH3),NI I,
(D1 112) COrafiE RIS Pk TR by e b RSl i the

( C13H27) ( GiePddes 0EHd 2266448 BHioﬁ&éﬁtW&ﬁé@#%Merﬁﬁwl- 133) (CH3) NH, 5

( CL7H35) ( CH3) NH, ( C181- 137) ( CH3) NH, ( C8F17) (C113) NH, (C81117) ( CH3) 2N,

(Step 4) a step of substituting the cleaning liquid (A) with a liguid
20 chemical for forming a protective film thereby retaining the liquid chemical at
least on the surfaces of the recessed portions of the uneven pattern;

(Step 5) a step of removing a liquid formed of the cleaning liquid
and/or the liquid chemical from the surfaces of the uneven pattern by drying;
and

25 (Step 6) a step of removing a water repellent protective film.
[0031] By perfoming the step 2 and/or the step 3, the wafer surface is
cleaned. Incidentally, the step 2 or the step 3 may sometimes be omitted.
The liquid chemical for forming a protective film, according to the present
invention is substitutable with the water-based cleaning liquid, and therefore,
30  the step 3 in particular can be omitted with no concern.

[0032]  After the step 4, a substitution of the liquid chemical retained on the



(C21-112) (CH3) 2N, (010H21) (CH3) 2N, (C11H23) (C113) 2N, (C121125) (CH3) 2N

(C13H27) (C113) 2N, (C141120( CH2) 2N, (G 5H31) (CH3) 2N, (C161433) ( CH3) 2N, .
(C171125) (OHB) 2N, (ClsH37) (CH3) 2N, (C8F17)(Cl13)2N and the like; inorganic
acid salts of these, such as carbonates, hydrochlorides, sulfates, nitrates
and the 10 like; and organic acid saltslbf these, such as acetates,

propi onates, butyrates, phthalates and the like. [0044] It is also possible
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portions of the uneven pattern of the wafer; therefore, a cleaning style for a

15  wafer is not particularly limited. Examples of the cleaning style for a wafer
are: a sheet cleaning style represented by spin cleaning where a wafer is
cleaned one by one in such a manner as to dispose the wafer generally
horizontally and rotate it while supplying a liquid to the vicinity of the center
of the rotation; and a batch style where a plurality of the wafer are cleaned in a

20 cleaning bath by being immersed therein. Incidentally, the form of the liquid
chemical or the cleaning‘liquid at the time of supplying the liquid chemical or
the cleaning liquid at least to the recessed portions of the uneven pattern of the
wafer is not particularly limited as far as it becomes the form of liquid at time
of being retained in the recessed portions, and may be liquid, vapor or the like,

25  for instance.

[0034]  The surfactant preferably includes a functional moiety having an
affinity with metal-based materials. Examples of the functional moiety
having an affinity with metal-based materials are functional moieties
including one or more element with unshared electron pair, such as amino

30 group, isocyanate group, —(C=0)-W bond, -(C=0)-X-Y bond,

~(C=0)-Z~(C=0)- bond, -SH bond, ~OH bond and the like, in which W



5 C18H37C0011, CBF17COCH, C5FI 17CO0OCH3, C91-119CO0CH3, Cl10I1-121CO0CE1S3,
C11H23CO0OCHS, C121- 125C00CH3, C13H27COOCEI 3, C141129C00CH3,

C15H31C00CH3, C161 433C00CH3, C17H35CO0CHS, C181-137C00CHS,

C8F17C00C113, C81-117000C2H5, C91419C00C2H5, C101-121CO0C2H5, C iiH23C 0 O
C2H5, Cl2H25C0 0 C2H5, C13H27C00C2H5, C 1121- 129C00C21- 15, 10
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C10rnO(SH) 2, C11H22(SH) 2, CI2H24(SH)2,” C131-128(8H) 2, Cl4H28(SI1) 2,
0151130( SH}2H:=4298%, 1G2(EHNH 2, CLAHF40EHp 2, C GIBHIGSHCAsH ¢3¢ s Hi 6Bt N Ha,
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(CoHi9)aNH,  (C1oHzp)eNH,  (C1iHzs)eNH,  (CizHas)oNH,  (Ci3Hzp)2NH,
(CiaHze)oNH,  (CisH3z)oNH,  (CigHag)eNH, (Ci7Hgss)eNH,  (CisHa7)aNH,
(CeF13)2NH, (CrF15)2NH, (CsF17)2NH, (CsClig)eNH, (CrClis)eNH, (CsClin)oNH,
(CeBris)eNH, (CsBris)eNH, (CsBrin)eNH, (Cel1a)eNH, (Crli5)2NH, (Cgli7):NH,
20 (CeFuH)eNH, (CsFisHa)oNH, (CeCluHz)oNH, (CsClisHg)2NH, (CeBruillz)oNH,
(CsBrisHz)oNH, (CslnnHa)2NH, (CslisHa)oNH, (CsHig)sN, (C7His)sN, (CsHinsN,
(CoH19)sN, (CioHz1)3N, (C1iHas)sN, (CiaHas)sN, (CisHer)sN, (C14Hezg)sN,
(C1sHsz1)aN, (C16H33)aN, (C17Hss)sN, (CisHsnsN, (CeF1a)sN, (CrF15)sN, (CsF17)aN,
(CsClis)sN, (C7CLis)sN, (CsClinsN, (CeBris)sN, (C7Bris)sN, (CsBrin)sN, (Cel13)sN,
25  (Cilis)sN, (CelinsN, (CeFuHosN, (CsFisH2)sN, (CeCliH2)sN, (CsClisHo)aN,
(CeBruHa)sN, (CsBrisHz)sN, (Celunllz)sN, (CslisHz)sN, (CeHia)(CH3)NH,
(CTH1sMCHy)NH,  (CeHiXCHaNH, (CoHig(CHz)NH,  (CioHz)(CH3)NH,
(C11H2a)(CH)NH, (Ci2Hes)(CHINH, (C13Hon)(CH3)NH, (CuaHa2e)(CHs)NH,
(C1sHa)(CH3)NH, (CyHs)(CHoNH, (Ci7Hss)(CHa)NH, (CisHs)(CH3)NH,
30  (CsF13)(CHa)NH, (CF1)(CH3)NH,  (CsFi7){CH3)NH, (CsH13)(CHa)2N,
(C7H15)(CHs)2N, (CsHin(CHs):2N, (CoH19)(CH3)2N, (C10Hz1){CH3)2N,



[00491 O these surfactants, one that includes amno group as the
functional group having an affinity with netal -based naterials is
preferable. [0050] Moreover, in the liquid chemcal for formng a
protective film the surfactant is contained to have a concentrati on of not
smal l er than 0.00001 10 mass% rel ative tI3 100 mass% of the total anmount of
the liquid chem cal and not | arger than the saturated concentration. Wthin
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acetate, diethylene glycol diacetate, triethylene glycol dinethyl ether,
triethylene glycol diethyl ether, dipropylene glycol dinethyl



5 ether, ethylene glycol diacetate, ethylene glycol diethyl ether, ethylene
gl ycol dinethyl ether and the |ike. Exanples of the nitrogen
conmpound- cont ai ni ng sol vents are formanm de, /V, N-di net hyl f or mam de,

[V, N-di net hyl acet am de, Nmet hyl-2-pyrrolidone, diethylamne, triethylan ne,
pyridine and the |ike. [0052] Hereinafterl4 the step 1 will be discussed.
First of all, a resist is 10 applied to a surface of a wafer and then the
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[0039] It is also possible to cite, for example, compounds such as
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20 netal -based material, in the uneven pattern. Accordingly, the protective
filmpmay be such as to be forned at |east on a part of the surfaces of the
recessed portions of the netal -based wafer. [0056] The wafer surface is

cl eaned with the water-based cleaning liquid in the step 2, and then the
wat er - based cleaning liquid is renoved B$ drying or 25 water is renoved by
drying or the like after substituting the water-based cleaning liquid with
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et hyl acetoacetate and the anples of ethers are diethyl ether,
di propyl d0643], dAbihylsuefaetant thettriatipdicsfapdroptiobicmeidnhaavheg a Cs-Cis
hydrocarbon group, it is possible to cite, for example, compounds such as
CsHisNHp, CoHiaNHa, CioH2aNHs, CiHzsNHgz, CiaHosNHs, CizHorNHo,
25  CisH2NHs, CisHsiNHz, CieHzaNHe, Ci7HzsNHz, CisHaysNHz, CsF1oNHo,
CsCli7NHg, CsBri7NHz, Cgl17NHa, CsFisHoNHs, CsClisHaNHjz, CsBrisHe:NHo,
CslisH2NHo, (CsHi7)eNH, (CoHyo)o:NH, (C1oHz1)oNH, (C11Hag)oNH, (C12Has)2NH,
(C1sHzn)oNH,  (CiaHao)oNH,  (CisH3aNH,  (CigHsp)eNH,  (CirHss)oNH,
(C18Hs7)2NH, (CsF17)2NH, (080117)2NH, (CsBr17)eNH, (CsIH)ZNH, (CSF15H2)2NH,
30 (CsClisH)eNH, (CsBrisHz)eNH, (Csli5H2)oNH, (CsHi17):N, (CoHi9)sN, (CroHa1)sN,

(CuuHas)sN, (Ci2Hzs)sN, (CisHan)sN, (C1aHoo)sN, (Ci1sHsz)sN, (CieHas)sN,



23 like. Exanples of ketones are acetone, acetyl acetone, nethyl ethyl

ket one, nethyl propyl ketone, nethyl butyl ketone, cycl ohexanone and the

| i ke. Exanpl es of the hal ogen el enent-containing solvents are:

per fl uorocarbons such as perfluorooctanﬁg per f | uor ononane,

perfl uorocycl opentane, 5 perfluorocycl ohexane, hexafl uorobenzene and the

| i ke; hydrofl uorocarbons such as 1, 1,1, 3, 3-pent af | uor obut ane,

oct af | uor o¢@elFDBRN, anéCsB;BsMi, hy (T RIgeN( | u@:anaNane, (CEBRGRAH ((GEH@@Ned by
ZEON CORPORATI and the |ike; hydrofluoroethers such as

per f | uor oi 6D}, helCsChatindN, petGaBrordaNy | (Sshelly) st h%CsHer){(DHe}l‘éHut yl

Asani | @ as OB 9@@@ Harat i N@?Aﬂ et 056, NGB NG o

Zﬁgﬁ ggnt/et?c? achl or orryertqﬁgn %%gg)ﬁn{?%ﬁl ﬁmﬂ@@mﬁﬂ l I@IGH%M@HQW o

ochlorocarbons such a

chl or of ®r M@REEHINE,  cHCabH) CHTHNEL, bo n(ﬂsﬁuﬁtcm)NH (CSH17)(CH3)2N,
di chl or odi f 1 uor pnet hane and the ike 15 hydroc 3 quorocarbonE such as
1, 1- di chl ofgeEiofCH s, perdCasiia Pane, (Cr1Hzs)(CHs)oN 012H25) CHa)2N,

1 2-di onl of bR G, Do CRARRRCT: (MG o D RE

per f | uor opm;mgt) By, cgmﬁ Gd‘f?gkzﬁxﬁﬁ'é‘l‘*t@%CHfs)zN‘ﬁnﬁ%@%&emla?éﬁﬁcsa&?d’ent S
yl f ox

are dineth | es of al cohols are nethano
et hanol , psalpandithedn)tamhl as eahlydreries, ghydmlchlohcﬁasplsuﬂi?ammjlmltrsa:ed drite the ke.
Exanples of .t he pol yal cohol derlvatlves are di ethyl ene glycol nonoet hyl

et her , 1%t hlikenan W%mm@ﬁeltsw thepersuck; &y pesfates. wroPiGhte IR Yyrateser |

propylene nDno et her, propyl ene glycol nonoethyl ether,
di et hyl enegé?ﬁ%?g%\tesn%}n t/q‘ et her acetate, ethylene glycol nononet hyI et her

acetate, efgmagne 129 Slls¥ GRssTNODELY, fof bR&MpAS, %ﬁt;ﬁ)uﬂs%tle&ec@{YMO

nononet hyl et her acetate, propylene glycol nonoethyl ether acetate,
di et hyl enngH{yMOdl(BrmH&yNCél h€nHaN€l Dy 1GapB 2N G001 Cathyy Nt Iﬁ}ahH@Nﬂé@

ccct at e, oPBRNRS Croonadurtid!Cor FoRmiD. fEoNCnce R
R e s T S AT e e L A

di met hyl eChel,s@ndodhe dlgﬂi&(N@@QP'@I%PEE(N(U@)z”' CEM(NG@TPOLGH}]H%RN@G)H' ng

24 sol vents are fornanide, |nethylfornan1de yl acet am de,

/ V- et hy 1-N@Q)CH M08, W@@%%M@Q t KN@OMl@I‘IthCODyI(Nd]ODGmHQbN(h@

chon cal AP aHmNES TR ol et (Sediiaipbierans 4

i he 5 | h
Bceceq ANCORHEIILH A RIESRIINGO, " BobieRLNCor URRiRG G, ©
form ng a OPLANCOR, fCEéPIz-Et‘NC@‘}.erCﬁHz&(BR’J@)%heGﬁHﬁ(NC@’aP“Oﬂﬂﬂs(?@@@B"VS a

part of the a-a cross section in Fig. 1. fhis tine, rotective film
i s formed @mHgt(N@O)at ace@mHai(hE@bcess@thﬂig(NC@)s, 4 t(}}é(r)@ isHpa NGO,

[T aui o chaNGalXngiABiag a. prOTRUGARRNGOS, | ncr AR CrbagrBiabt | ve
pr of ect ?331‘#@9%% HEEOD DGCRGRR N AEREL R o 10 15 1600

Par ti cul arfbyask hetﬂ isCt1s6l peBEBIC R cits, fBF 8kanae YCdn%@\h&Féjs@éh &9 CLP1, 5 Q0 F20C.
It is preferable that thé tenperature of the [iquid chemcal is kept at the

above2ientCdhetORmiaHbi1C@Fev €mHdCIOF, t K& Hes(LOH, cBesHe8I0F,s Cathij@ed, at
| east on the_surfaces of the recessed@%prtlons of the uneven pattern.

[0062] Af tlasHseOk: eb1edlssk&iBi rriglash uaglds eFrEOH, o GabhgCRCL,

Preven 20 oGO STk EnHOBRES R R CEREREEAEY oM ubOCr
the surfaggsHoiCOLE cme@bpmmm@m tﬁtﬁmmyen @ﬁtltr@OCl”@ém?COBr

substituted with the cleaning liquid (B) different fromthe [iquid
cheni cal , (abtis€COBrs CequCOBnﬂansféOlHqutsz‘sGOﬁd GafHeHEOBE e@fﬂhwomw d

and/ or the liquid_ch fromth rfaces_of he un attern b
dryi n80 ( t kasHe OBy, %Q%t,f%‘rfk@gé égzﬁﬁét ﬁ QBE £ e COT

cl eani ng | ) ter eani qui I

wat er - bas ddqﬁaﬁ(bcﬁfoném ﬁag¥%3n|0c14 etg/te)tr:it ééﬁ}f‘nﬁgtb uIteij hod@@m@ﬁ%‘a?@&
cleaning liquid and an organic solvent, a |liquid obtained by adding at

| east one kind of acids, alkalis and surfactants to these, a liquid into
whi ch the surfactant contained in the liquid chemcal for formng a

protective filmis 30 incorporated to have a concentration | ower than that
of the liquid chem cal, and the |iKke.



25 [0063] Moreover, as exanples of the organic solvent which is a
preferable exanple of the cleaning liquid (B), it is possible to cite

hydr ocar bons, esters, ethers, ketones, hal ogen el enent-containing sol vents,
sul f oxi de- based sol vents, al cohols, polyal cohol derivatives and nitrogen
conpound- cont ai ni ng solvents 5 and the [tifke. [0064] Exanples of

hydr ocar bons are tol uene, benzene, xylene, hexane, heptane, octane and the

like. e r re acetate, propyl acetate, -butyl acetate,
et hyl ace@é@f@@é é’iﬁ‘ 92 (ﬁéheyjélfﬁrml es of ethers are diethyl et her
di propyl gpbgs} dibulyyls1€ hebesiBigt rah¥aeof Wragxaﬁéﬁﬁsr&rﬁﬁ%ﬁ{%t el r’ret hyl

Exanpl es of ketones are acetone, acetylaceton

propyl ketQuie,;CODHy! OslfplC@ihneC¢HaiCiekanofe adQOH, | i ReHERaMHes of
t he hal ogen eI errent contai ning sol vents are: perfluorocarbons such as

per f | uor odes BHLf | GorBnbHAE, dersHaePsdycl 6pdasdifeOH, Ci7HssCOOH,

T R e

2, 3-di hydr®y beerepent ansH,4EOEHs H ( @@)d{y EON @Fﬁf and
the i ke; h?ﬁ?% uor ogt he?%gsﬁch as net hyI pg}rL | uor oll%obut Ether rret hyl

per f | uor ol il @OREEH3,et hyT1sHsE OO TEHbuUt v CefheCOGTHY) peCfldPI}QCO)@@Hl;JI yl
et her, ASAH KLI N AE-3000 oduced It31y Asahi _d ass 20 Co., Ltd.), Novec
HFE- 7100, (M“ue@oﬂiﬁigoo w&0Q6eHsNov e Es a0 D4iAs0f  t KasHzdrQ0OERBduced

Che 1 ket PYAASERPS b Ear borE RO en o RGPl | eehinCO0 ™

chl or ¢f| uay, gH@{@@@wﬂch f&emmg@ﬂéfl U@lcm@&d@%md t%ﬂ;&f@oo oH,

hydr ochl or of | uor ocarbons such as 1,1-dichloro-2,2, 3,3, 3-pentafl uoropropane,
251 3- di ﬂBIPbV(BOOIJszpz ZCBHlﬁé@fde{th Opl(bﬁlchOCGHs, CloH21COOCGH5,

v EZ i F? CeipilaPlsther s CptraRopr 5561 yebgﬁ'fg%(ﬁﬁﬁfefkg | et uo@éﬁ@ﬁo B o
E)f eaisgohgl doar é%g{r)lsb?/e@?ﬁg{@éldgr%%panguﬁﬁmngsmét h;lgfeéhépf% ﬁ;}) =

1,3- propamlmommﬁe @émﬁcm{ExamaHé@OgHt heC el yabsehol mﬁiégmﬂsmes
are diethyl ene 86%(:0' nmonoet hyl ether, ethyl ene glycol nononethyl ether,
$

et hyl &he ¢hybo fbbufydHe b, pr@pﬁzeﬁ@SfZG 1ydel COE o me ChoHl32 €0,

o OPY, S eSSt LR LRSS BLYES et gt ISt o,

monobut y| cﬁ};ﬁ@{(;@%‘}ﬁte 8%&@@@(@1&’00' coie %@U%H?t her (;agﬁ%@cﬁsgﬂgt hor

propyl ene gl'ycol nonoét hyl er acetate I"ene gl ycol

5 di et hyl €heHgd YOS hyl mﬁﬂayﬂloswm, di eadH/dgem&S@Hycol mlﬁi&ﬂo@@mr,
di et hyl ene_ gl ycol npnonethyl ether acetate, diethylene glycol diacetate,

triethyl ergawgbifé@sc&ﬁ'rgﬁﬁwc@@ﬁﬂi’» ang F]éQ Mﬂleene gl ycoI di et hyl et her,

di propyl e et hyl eng gl ycol ,di acetate eth Lene

gl yco?éfdl Eﬁ%gl(]y Lt 18 I%“?ﬁgk@Fyég foﬁy e¥( é? APPEP LS | hEx%Fn*pI es
of the ni oD cont ai are f

N, N- di et E{/%fﬂo?nam dg}éPIHiIT’N- di m?ﬁ%gggg%bﬁmlﬁl met hqu? - pyrrgg)lqct)jghoeHm’

dlh et hylhamr?leﬂzi(EG)@tGQGaHzme ] yrr?ldﬂlrz@@@@@ﬁ@}[zs,lée [%%7%@(&0@@3%

t hr t itution th t n B) ther retainin

wat (Ca)lrj?]basc-,(f;l %E@i‘épﬁg)l b?@[ﬁ\gﬂd forr%éle CI@fea IQ@@ ﬁ'@)@se((:l )S@M%SEE)(H&Q e@&%@%SSgna

th f 1 t 5
iy bo porrHGOBROEREES 0 L ERIS AR LIS CREYCO RIS EEE Pt fkEner of

the ppoteqooys i [Msf Aerpdsamld h@c&er tﬁcsﬁa@{ﬂé REMPIRNER RAN! £ GSHJSHS
preferable to shift to the step 5 af ter substituting the 1iquid chem cal

ret ai ned d&lsHiedstk, (Bn)Hzln‘éHsL(E]f1éba%HofCizzhb5$Hcei§1$H§7$)Hr tC bk 9, t(h@Huﬁ\I;en

pattern h the cleaning liquid di fferent fromthellqwd che
Alternati \fiuef)isa » i tC1rdlsppbe phes w ble tepfdr$let | GeBmBDeo Goblis

HEALTT ARSI e ST .%w@'z%@ﬁa&ﬁﬁﬁw@ﬁ%

pattern (iciersieeng)  COMBAKIBramRsIRlsHe WaRIchansdLc! aarhogH g

are water and Tiquids containing water as the primary nponent

exanpbe, I(SEﬁ)CdasHiaSH d@}@@ﬂ{%m&z&@rﬁmga \@@CWHEHS&N {SHICeH:43H] ds
bei ng obtg n é% m Xi rzg east_one_kind_of an oaganl c solvent, acid and
al kal i Hﬁ&n 305k, HSQMH@@I%H%BC@TI@&M&S GeeHswdEhbr CadlnidD:,

wat er - based cl eaning liquid, since the contact angle to a liquid retained
at least on the surfaces of the recessed portions of the uneven pattern

whi ch surfaces are provided with water repellency by the 30 above-nentioned
liquid chemcal is so increased as to decrease the capillary



force "P" and since stain cones to hardly renmain on the surface of the
wafer 27 after drying. [0067] A schematic view showi ng a case where a
liquid formed of the cleaning liquid and/or the liquid chemcal is retained
in recessed portions 4 provided with vvah]%r repell ency by the liquid
chemcal for formng a protective 5 filmis showm in Fig. 4. The wafer as
shown in the schematic view of Fig. 4 shows a part of an a-a' cross section

?f Fi g. 1dCﬂi17($§)ﬁtﬁleﬁ¢SIﬁﬁ, @nmﬁl@ﬁl | N, QH%H@{(%)@ GA@IEMSH)?(,G?MH@SI@)_Q, S
ornmed and_prov Wi t ter repellenc iquid chemical for forming a
prot ect i veclfoﬁ}fASI%ﬂe &@Hggsme f%\l”rrn‘la_ 3,¥e9a%i%8sléha t HeTH e fodbe( Bt %e
waf er eve the dHqui i d f 1 ev tern 068
e v SPE EIY SRiS RETRIS, T[N ARSI AR
recessed PSH)LONHAISHNE (YARGIHRABEDS, N(SH) AW BY,, t@s}%msﬂsg(@}@z%hﬂﬂ cal
for formng a protective film a contact angle of from50 to 1300 is

pref er &bl ethenlikdre assunption that water is retained on the surface, because

the pattern coll apse.15 beconmes difficult to occur, The closer to 90 the
cont act an@PéBj s, Yiitbesn apriastante @wpﬁ}atdpgilw%s@én&%&roa@t@ the fumetiprakbssed

ti whi t | : ifficult t
bocur and aparuil A RIS I A BR LA CH SRR LRRARELE, 1l ar 1y
pr ef er abl 00AdHi t MAables, ihhshecBRULd @lwnﬁ@alcﬁ)roforﬂﬁﬁ% m;jlg?@t_recﬁbarﬁl%n,ltw e

is preferable because the pattern col | apse beconmes 2 ficult to occur.
Addi t i onaldurfactahbwe contgined doyhdwer eecarskesrativn phinbersmalbdy Hpse X.0OQ0Er

di ffigyl " i | f f higher. than 1.1 MV np
s padDl P8RS S 461100 PartRCH Ot Aot theolpakd CHemiaEiAn y

force clo t i b just | he contact angl e
to the Ii csfﬁ)ltdpdtr egr%{t%d %ag%%%(g%é%%?ﬁg% g)rrllt’ )altlvlvgcl,hﬂ? hé’é‘fE gu%scgodiﬁgﬁ%ragfo&n?ng
step may hengk PhePrbfechiesiilh @s rhbrd Readibnad! sirlpTophelNg Raki 3at A I N

the liquid chemcal for formng a protective filmof the present invention
i s within suréacesofsheweacdssad portinge of the udeven gphattdre. pVéhes the euifactaar e

de difficult t i) th f f ft t f. Vi
he kb S BT VD Bl S B
resu | (0] (0] S X n e
subs etcl]ﬁen'?’v %‘iegg#%ég égricgp?ot E}éé hlﬁbﬁ%(?eot%fe tﬁ%%\,\%@ lei)gg%(flg‘g%e%att?g%g?{eq ati ve
to the totiabuffigientt Ofhd EsheatMaRdn &0 Merengebfém bR a0t i v 1te:C tiedn eabodoy

formng a protective filmis, the larger the contact angle of the liquid
cheni cal fmass%yr mi Hg the prancentiation i ¢xmeedst hlee ssathaatedo boacemttationer the
formng a pretectjve fil mbecones. nce the pillary force which is to
act on 5 Pﬁ‘é%%@éﬁ%&%é%%% EE&HF’@ E“gnﬁ%lﬁ Wcégﬁ%ﬁ@é%e. e%ﬁ%‘ﬁrcé?ﬁpt‘?r the
pattern c i.f {1 t 13 i the
Tur o cherreap i cepEits e i pnase §56Hie & cohBraiBadl def Tiledulal
vat er 20el aheveathitateldecdnebatradivpuahd of phiage 56! waith clonkarfethhiedies hiqui d
chem cal for formng a protective filmis prefera_blﬁ not | ower than 70
mass% nohsghresheenishyionowlich imakes thadi@sd mhestica Fintohen iohemogenésus

particularly preferabl.e that the solvent js fully forned of er. [0Q071]
As di scus?@é' ab t@rflﬁgv?ltﬁ'e it 8?3“5;?0‘%4’@ éi“\?vi fausse of oRATIAGIEH o Hewge othe

removi ng LOUWL 0 F or i I, 0Lkl / |.i. qui hem cal
fromthe corfarsdublefite thukidfst RORMRkbivhth BE' RbultEs ch A TLFUER 1
the 15 redtasecbpar liganh chbmli®iiSthdt"Bastdauded tplendel Sbfitha€RMhGa)! betiged

cleaning liquid (B), the water-based cleaning liquid or a mxture liquid of
t hese25 | ndipgarexiirhsting ondy the @hiaisediaviog mt edmientratie: efinbhdareger thenathd qui d

in which th t ant tained j.n | i qui i.cal h A
0 i en MBS ant, SOl 0G0 S A ool hee ot
LS Chamenl | S0ty Moy HEt ) D B ELAAP RIS by

surfact antostdin 4 heledtasibey (HaalinhieB) - ItHOPbédiBlevieWRel tHe 8blveheafdnness
of the wafer, it is particularly preferable to use water, an organic

sol vent omiximg it wyith ofateatter havel 2asonregdratéon alotdargevbhan tbe, sairated he
liquig,i . th | t.t d surf , It is 25
posst 8 o BEBHET n « Fisableoaatip eFquiia the) R enBCaRERER sFopranternginde

f , i 7 h i . | Equi d of
The of cant g rfHHoR, GEHO0p DY eldhds llblo LIS BBy cblfainpl 1N > ©

retai ned on the unevenly patterned surface is renpved by drying. The drying

step is preferably conducted by a 30 conventionally known dryi ng nethod
such as spin drying, |PA (2-propanol)



steam dryi ng, Marangoni drying, heating drying, warmair drying, vacuum 29
drying and the like. [00731Next, there will be perforned a step of renoving
a protective film as discussed above (as the step 6). At the tine of
removing the water repellent protective { Im it is effective to cleave CC
bond and C-F bond in the water 5 repellent protective filmA nethod
therefor is not particularly limted so long as it is possible to cleave

t he above- renfoixtdeebladroh denlvand, exlenhdlisf i palybicohiol r ddiiabtings t hadwafiefogen
surface with light; heating the wafer; exposing the wafer to ozone;

i rradiati nGOPROUREr eantaiping ceolygnts. wngds mixtaim lssidn @ftthesoar Exampleacd t o

di - i ke 743 n t f ing th

oot eot 1 ve HaracsbBR sk tehidif LeRaknS, ke, PErEREh P ieber B At 1a, the

i rradi ati onike, t IEadhpREicBlsters aYs eﬂgmia{tﬂtﬁe‘!\@i‘@ﬁ%fhﬂéf bﬁf}ﬂr&cﬁfaﬁegéfhﬁm
n ond,

nm and 240 nm (corresponding to bo energies of C-C bond and CF
i.e., 83 kesbVomeetadeandiibelvs./ finamplespf ethers arp. didkhyl leehés, diyiropglietieer,

therefor, there.,is us tal haljde lanp, a |Low pressure 15 nercury

| anp, a hi é‘hhb‘b?Yégglﬁre%%ég%ﬁv?v%,dl%r&%ﬁl ebli(ﬁp (Ea&aérwls@ﬁf ketongs arpe
like. Int e I h I C anp, el ngity of the

ul travi ol etIa g?@?%ﬂiagﬁ%%&#gn%’r &égﬁggleﬁﬁo? g?%ﬁses egfrlﬁl%% %W?‘le’ me{hyl
parti cul ar bytyr kétwhapkyclobtxdmae dh@Rhe AkdIWELLnphS ¢ (RABRHIREBNleNRAME
obtai ned by the illumnance neter (Intensity nmeter UM 10 produced by Konica
M nol ta 20 ®ariginige | sedventsi ghte’Repexfluoroth#l®ss [ Pedk sensiperflivgooctane,
wavel epgt h; ?1?5 nm Measured vvavrzilr&rxlgth rar}&e: 310 to 400, ninD

I nci dent al PGTHENOPPRAEPat i on i PR ‘;‘th].)‘?pﬂ 888t han 1@%@‘}@99%@1&@@@4 ong
time to reﬁ@%&ﬂﬁ&%b@h%ﬁ&lt' ved ! md0. jhdditi 9&[{}% b%r%gﬁscassgl}c?lf usi ng

the | owpressure nercury |lanp, the ultraviolet*irradiatiron’is pe or &8

wi th short &1, wayebengifhtorebutdial, renoval 25 of the pratsfihbdRytlobBhisne,
achieved in a_short tinme even if the intensity is low, which i1s therefore

pr ef er abl 2.3 dipsradenafivonepentanen t HEEQRERAFHr embiviadgicethe pbpt ecEEONTI | m
by light i LAL G~ 1S particularly. preferable to generate ozone in
paral | el \/\PW%@M%%Q CR A éfi?rpg]r\g‘?ft shg’fir?fﬁ‘éorﬁfa&%ti $8ch i 188 pynethyl

aral lel . O eREOTSBREEL | GECl 145 by
Compornt P ReRPUIARIYS PRI R HARLL Sk i PR o, ¢

saved t herefhyl pésflibmibilgity! sthire ASATITKNENEARBF30000&rb@cdd B Al hi TEIaGH Y
| anp, the excinmer lanp or the like is used. Mdreover, the water may be

heated whi £e- BéddgNowps EBTET 108, Noyae HFE SR09;, iNovec[18006 Novac (7660dasg ofher e
th f i.S heated, th ti f th f i dycted at 400 to 700C,
Che Vet cr 1 IEGkES e OB LAY, P LS encsted B 400 £ 00C
60 m nut esﬁetfﬂ&ﬁoﬁn@ét‘hﬁg@l ¥nd Phe ke & oéﬂl@%c‘?ﬁboﬁgghﬁ-h %atgﬂl&o%ﬂgts?xi%ep

may be conducted in co nation wth 0zone exposure, plasma irra

cor on20di siteatiffe; ehldrbBubidearbény sheh ey dicklbeodiflgbiorblaticabhdnt ey kee
conducted whil e heating the wafer. [007gdA met hod for renoving the

pr ot ect i vehyduoghlpyoflueracagbens evashplist lektdidhlono-2, 2% Bifopentafhrarngropgre,

f i nt tact wi h , th f tti f i de i
& heat ed. abnuaphire okl adeRtaditiobrning s nade oo ot rbiorantonene,
like. | nC'ﬂ?‘ﬁi@llﬂloi‘o-32@9-’53’&39@%&{3&3&@ tipgga Wacfhgr agjide in 83{@@3%}%%]?%1@“ ve

at nosphere can easily an y Inpart energy for removin

filmto therfabespayefires ax@rthenlikbie Eaampdés bf ahbi idfdxide-Bhdd@lsokansbeet s
of wafers, and therefore serves as an industrially advantageous nmethod wth

si npl 8dopearat Ansthyd swietide rand rbet likene Exadnplesi gh alcodelneme mephansly
[0078] In the se of exposing,the fer to gzqgne, it is preferahle_to
expose t h@tﬁ;ﬁ’f@f B’{}}Pfaé‘@)g ?’Bt%‘g(&neet&é‘ atgiﬁécog’y lwaRrQP?BP@PEi a0 ihgr ik
using the }{E’EH@ | A4tk ' i ng hi gh
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whi | e bei rghekmpesgigicélomonomethyl ether, ethylene glycol monobutyl ether, propylene

glycol monomethyl ether, propylene glycol monoethyl ether, diethylene glycol
30  monoethyl ether acetate, ethylene glycol monomethyl ether acetate, ethylene

glycol monobutyl ether acetate, propylene glycol monomethyl ether acetate,



[0079] In the step of renpbving the film the protective filmon the wafer

surface can be efficiently renoved by conbining the |ight irradiation, the
heati ng, the ozone exposure, the plasna irradiation, the corona discharge

and 25the |ike. EXAMPLES [0080] A techni que of making a surface of a wafer

into a surface having an uneven pattern2@ind a techni que of substituting a
cleaning liquid retained at least in recessed portions of the uneven
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liquid to the surface of the wafer, i.e. the contact ang
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film10. resiBkamledoliomedby wmidicting apmtelbion smyealodn ahavakeosdhsedst
cleaning liquid, was used as trlgeﬁcbeani g liquid. It had been confirnmed
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therefore, on the assunptidn that water etained on the surrace
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obtained by coating a surface of a silicon wafer, a wafer formed of a plurality of
20  components including silicon and/or silicon oxide (Si02), a silicon carbide wafer,
a sapphire wafer, various compound semiconductor wafers, a plastic wafer or
the like with a layer formed of a material containing at least one kind of
element selected from the group consisting of titanium, tungsten, aluminum,
copper, tin, tantalum and ruthenium, more preferably at least one kind of
25 element selected from the group consisting of tungsten, aluminum and
ruthenium; those in which at least one layer of a multilayer film formed on the
wafer is a layer formed of the above-mentioned metal-based material; and the
like. The above-mentioned step of forming an uneven pattern is conducted in
the layer containing a layer formed of the metal-based material. Additionally,

30 there are also included those in which at least a part of the surfaces of the

recessed portions of the surface of the uneven pattern serves as the



30 Cassie's effect is caused so that an apparent contact angle of the

wat erdrop is increased under the influence of a surface shape (roughness)
of the substrate 32 wupon the contact angle. Hence, in the case of a wafer
havi ng an unevenly patterned surface, it is not possible to exactly

eval uate the contact angle of the proteéidive film10 itself, the protective
film10 being forned on the unevenly patterned surface. 5 [0082] In view of
the above mbih GRS AlaILAYHREREN (KB IANuntls, bhAUL]. chem cal i s
supplied onto a wafer having a snooth suridte to fornta protective filmon
the surfadeosi] t h€heametal-bhsdnedteeidlve bxémphSieAobyeaanffiteASoRaining
protective film 10 formed on the surface of a wafer 1 having an uneven
pattern 2 tatangm elgpfende sueh@sdhianieny oitridey titaniwnsoxde) tibsnioms and the
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a protectiyve film and results of evaluation after supplying the liquid
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25 water is removed by drying or the like after substituting the water-based
cleaning liquid with water. If the recessed portions have a small width and
projected portions have a large aspect ratio at this time, the pattern collapse is
to easily occur. The uneven pattern is defined as shown in Fig. 1 and Fig. 2.
Fig. 1 is a schematic plan view of a wafer 1 whose surface is made into a

30  surface having an uneven pattern 2. Fig. 2 is a view showing a part of a-a’

cross section of Fig. 1. A width 5 of recessed portions is defined by an interval



(Intensity: 1.5 kW 201l 1 um nance: 128 mWcnR as a neasurenent val ue

obt ai ned under the follow ng conditions Measuring Apparatus: U traviol et
Intensity Meter (UM 10 produced by Konica Mnolta Sensing, Inc.)

Li ght - Receptor: UM 360 (Light-Receptive %{gvel ength : 310-400 nm 25 Peak
Wavel engt h: 365 nn) Measuring Modde: [rradi ance Measurenent [0088] (3)
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(indicated in Table 1 with "A"). [0091][ Exanple 1] (I-1) Preparation of
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15  preferable examples of the cleaning liquid (4), it is possible to cite the liquid
chemical for forming a protective film specified by the present invention, water,
an organic solvent, a mixture of these, a mixture of these and at least one kind
of acids, alkalis and surfactants, and the like. If one other than the liquid
chemical is used as the cleaning liquid (A), it is preferable to substitute the
20 cleaning liquid (A) with the liquid chemical under a condition where the
cleaning liquid (A) is retained at least on the surfaces of the recessed portions
of the uneven pattern.
[0058] Moreover, as examples of the organic solvent which is a preferable
example of the cleaning liquid (A), it is possible to cite hydrocarbons, esters,
25  ethers, ketones, halogen element-containing solvents, sulfoxide-based solvents,
alcohols, polyaleohol derivatives and nitrogen compound-containing solvents
and the like.
[0059] Examples of hydrocarbons are toluene, benzene, xylene, hexane,
heptane, octane and the like. Examples of esters are ethyl acetate, propyl
30  acetate, butyl acetate, ethyl acetoacetate and the like. Examples of ethers are
diethyl ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and the



25 sol vent was prepared, followed by stirring for about 5 m nutes, thereby
obtaining an uniform colorless and clear liquid chemcal for formng a
protective film in which a concentration of the surfactant (hereinafter
referred to as "a surfactant concentrati?gu") was 0.02 mass%relative to the
total anmount of the liquid chemcal for formng a protective film 35
[0092] (1-2) Ceaning of Wafer with Titanium N tride Film A waf er
having a skd6: h Bxamplearafnketonde el metonsi dtetplacetaine; methyhiathyd kickase a
titaniumnifrhde fil f 50 nmthickpe s formed) was immersed in 1
mass % aque%%tl}lﬁgdﬁ?é’g’lo]ﬁ%tﬂ}ﬁi dae%’ﬁ Euﬁan geone haieldhavanera sndnthrrlskeat er
for 1 m nuiam LR 2 | 00 L. PA) _for  nut e, and
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formng_Protective Fi]m The wafer with a titaniumnitride filmwas i mrersed
in the 7i qifrHluerogrdahexany, ohexaflvonohenzenotand i the fliken hydwMicuéarbons

chem cal haying beep. prep _discussed in the above ! (1-1) Preparation
of Liquid %‘léﬂr?n cal for foﬁnﬁg]gg’%r%?rbtfﬁ'su%glﬁ‘qw’secti%?ﬂ‘é?ro%éopémw,
seconds. S[EeIHRbAYafle BheWM t ' Lgm Nnickor i i S out
thereof, followed b osa rayioi?]\@ﬁ al re’ t O"%%ﬁ?\%ﬂ?hlg | gléllfogﬁg?%m gié fo?ﬁkggm' ng
a prot ect i CORPORAFION heuslir fthee. 1ik&: [ 0gAddflkoroatticasul susd empl yadmg t he
t hus obt ai ned, waf er . havi ngﬁa titaniumnitride filmin a manner di scussed in
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with which it was confirmed that the water rep ncy- 1 hparting ef
great|y extliaset atk mwodeoabrhy t3Md Lomited) and iheolikiehaehiaforsaridieisubN as
irradiation was.smaller than 10, with which it was confirnmed that renoval
of the wat&HTFHIq aﬁ@&%@h@éiﬁq’ |hyidrachlatenashens swch pisethiorafprm ARA
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and that r 1B reflud IcKe of:i hm.dh [
i rradiati o?? | 0095] [%a%%gpﬁ?ﬁe?gd ak) - ihIS 2 2B al e fupropanes:

ichloro-1,1,2,2,3-pentafluoropropane, 1-chloro-3,3,3-trifluoropropene,

was

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 alcohols are methanol,
20 ethanol, propanol, butanol, ethylene glycol, 1,3-propanediol and the like.
Examples of the polyalcohol derivatives are diethylene glycol monoethyl ether,
ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, propylene
glycol monomethyl ether, propylene glycol monoethyl ether, diethylene glycol
monoethyl ether acetate, ethylene glycol monomethyl ether acetate, ethylene
25  glycol monobutyl ether acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, diethylene glycol dimethyl ether,
diethylene glycol ethyl methyl ether, diethylene glycol diethyl ether, diethylene
glycol monomethyl ether acetate, diethylene glycol diacetate, triethylene glycol
dimethyl ether, triethylene glycol diethyl ether, dipropylene glycol dimethyl
30 ether, ethylene glycol diacetate, ethylene glycol diethyl ether, ethylene glycol

dimethyl ether and the like. Examples of the nitrogen compound-containing



's-u+ ci 4114/ V 11500 0051100 V I (100 ul gigiAl V 6801 V 1-' | IS 00
UNITIU V -41 Wthin 40.5) 2 1 | | I | -

10

15

20

25

30

924

solvents are formamide, N N-dimethylformamide, N /Vdimethylacetamide,
N-methyl-2-pyrrolidone, diethylamine, triethylamine, pyridine and the like.
[0060] Fig. 3 is a schematic view showing a condition where a Ligquid
chemical 8 for forming a protective film is retained in recessed portions 4 in the
step of forming a protective film at least on the surfaces of the recessed
portions of the uneven pattern by using the liquid chemical for forming a
protective film. 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 protective film is formed on the
surfaces of the recessed portions 4 thereby imparting water repellency to the
surfaces.

[0061] When the temperature of the liguid chemical for forming a protective
film is increased, the protective film tends to be formed in a shorter time. A
temperature at which the protective film can easily and evenly be formed is
from 10 to 160°C. Particularly, the liquid chemical is preferably retained at
15 to 120°C. It 1s preferable that the temperature of the liquid chemical is
kept at the above-mentioned temperature even while the liquid chemical is
retained at least on the surfaces of the recessed portions of the uneven pattern.
[0062] After the step of retaining the liquid chemical for forming a
protective film at least on the surfaces of the recessed portions of the uneven
pattern (the step 4), the liquid chemical retained at least on the surfaces of the
recessed portions of the uneven pattern may be substituted with the cleaning
liquid (B) different from the liquid chemical, and the step of removing a liquid
formed of the cleaning liquid and/or the liquid chemical from the surfaces of
the uneven pattern by drying (the step 5) may be performed thereafter.
Examples of the cleaning liquid (B) are a water-based cleaning liquid formed of
a water-based solution, an organic solvent, a mixture of the water-based
cleaning liquid and an organic solvent, a liquid obtained by adding at least one
kind of acids, alkalis and surfactants to these, a liquid into which the
surfactant contained in the liquid chemical for forming a protective film is
incorporated to have a concentration lower than that of the liquid chemical,

and the hke.
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[00638] Moreover, as examples of the organic solvent which is a preferable
example of the cleaning liquid (B), it is possible to cite hydrocarbons, esters,
ethers, ketones, halogen element-containing solvents, sulfoxide-based solvents,
alcohols, polyalcohol derivatives and nitrogen compound-containing solvents
and the like.

[0064] 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; hydrofluorocarbons
such as 1,1,1,3,3-pentafluorobutane, octafluorocyclopentane,
2,3-dihydrodecafluoropentane, ZEORORA-H (produced by ZEON
CORPORATION) and the like; hydrofluorcethers such as methyl
perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl ether,
ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi Glass
Co., Ltd.), Novec HFE-7100, Novec HFE-7200, Novec 7300, Novec 7600 (any of
these are produced by 3M Limited) and the like; chlorocarbons such as
tetrachloromethane and the like; hydrochlorocarbons such as chloroform and
the like; chlorofluorocarbons such as dichlorodifluoromethane and the like;
hydrochlorofluorocarbons such as 1,1-dichlore-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 alcohols are methanol,
ethanol, propanol, butanol, ethylene glycol, 1,3—propanediol and the like.
Examples of the polyalcohol derivatives are diethylene glycol monoethyl ether,
ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, propylene
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glycol monomethyl ether, propylene glycol monoethyl ether, diethylene glycol
monoethyl ether acetate, ethylene glycol monomethyl ether acetate, ethylene
glycol monobutyl ether acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, diethylene glycol dimethyl ether,
diethylene glycol ethyl methyl ether, diethylene glycol diethyl ether, diethylene
glycol monomethyl ether acetate, diethylene glycol diacetate, triethylene glycol
dimethyl ether, triethylene glycol diethyl ether, dipropylene glycol dimethyl
ether, ethylene glycol diacetate, ethylene glycol diethyl ether, ethylene glycol
dimethyl ether and the like. Examples of the nitrogen compound-containing
solvents are formamide, N .N-dimethylformamide, N N-dimethylacetamide,
N-methyl-2-pyrrolidone, diethylamine, triethylamine, pyridine and the like.
[0065] After going through the substitution with the cleaning liquid (B)
thereby retaining a water-based cleaning liquid formed of a water-based
solution at least on the surfaces of the recessed portions of the uneven pattern,
the step 5 may be performed. In order to more greatly maintain the water
repellency of the protective film formed on the surfaces of the uneven pattern,
it is preferable to shift to the step 5 after substituting the liquid chemical
retained at least on the surfaces of the recessed portions of the uneven pattern
with the cleaning liquid (B) different from the liquid chemical. Alternatively,
it 15 more preferable to directly shift to the step 5 after the step of retaining the
liquid chemical for forming a protective film at least on the surfaces of the
recessed portions of the uneven pattern (the step 4).

[0066] Examples of the water-based cleaning liquid are water and liquids
containing water as the primary component (for example, liquids having a 50
mass% or more water content), the liquids being obtained by mixing at least
one kind of an organic solvent, acid and alkali into water. It is particularly
preferable to use water as the water-based cleaning liquid, since the contact
angle to a liquid retained at least on the surfaces of the recessed portions of the
uneven pattern which surfaces are provided with water repellency by the
above-mentioned liquid chemical 1s so increased as to decrease the capillary

force “P” and since stain comes to hardly remain on the surface of the wafer
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after drying.
[0067] A schematic view showing a case where a liquid formed of the
cleaning liquid and/or the liquid chemical is retained in recessed portions 4
provided with water repellency by the liquid chemical for forming a protective
5 film is shown in Fig. 4. The wafer as shown in the schematic view of Fig. 4
shows a part of an a-a’ cross section of Fig. 1. On the surfaces of an uneven
pattern, a protective film 10 is formed and provided with water repellency by
liquid chemical for forming a protective film. The protective film 10 is
retained on the surface of the wafer even when the liquid 9 is removed from the
10  uneven pattern.
[0068] When the protective film 10 is formed at least on the surfaces of the
recessed portions of the uneven pattern of the wafer by the liquid chemical for
forming a protective film, a contact angle of from 50 to 130° is preferable on the
assumption that water is retained on the surface, because the pattern collapse

15  becomes difficult to occur. The closer to 90° the contact angle is, the smaller
the capillary force that acts on the recessed portions becomes, which makes the
pattern collapse further difficult to occur and therefore the contact angle of
from 70 to 110° is particularly preferable. Additionally, the capillary force of
not higher than 2.1 MN/m? is preferable because the pattern collapse becomes

20  difficult to occur. Additionally, a lower capillary force makes the pattern
collapse further difficult to occur, so that a capillary force of not higher than 1.1
MN/m? is particularly preferable. TFurthermore, 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°.

25 [0069] Incidentally, the subsequent cleaning step may be skipped if possible.
If the concentration of the surfactant in the liquid chemical for forming a
protective film of the present invention is within the above-mentioned range,
residues of the protective film are made difficult to remain on the wafer surface
after the step of removing the film; therefore it is easy to skip the subsequent

30 cleanming step and results in simplification of the steps.

[0070]  In the case of skipping the subsequent cleaning step, the higher the
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water concentration relative o the total amount of the solvent contained in the
liquid chemical for forming a protective film is, the larger the contact angle of
the liguid chemical for forming a protective film to the surface obtained after
forming a protective film becomes. Hence the capillary force which is to act on
5 the recessed portions can be easily decreased. As a result, the pattern
collapse becomes difficult to occur at the time of rémoving the liquid chemical,
which is preferable. Accordingly, the concentration of water relative to the
total amount of the solvent contained in the liquid chemical for forming a
protective film is preferably not lower than 70 mass%, more preferably not
10 lower than 85 mass%. Furthermore, it is particularly preferable that the
solvent is fully formed of water.
[0071]  As discussed above (as the step 5), there will be conducted a step of
removing a liquid formed of the cleaning liquid and/or the liquid chemical from
the surfaces of the uneven pattern by drying. The liquid retained in the
15 recessed portions at this time may be the liquid chemical, the cleaning liquid
(B), the water-based cleaning liquid or a mixture liguid of these. Incidentally,
a mixture liquid containing the surfactant is a liquid in which the surfactant
contained in the liquid chemical has a lower concentration than the liquid
chemical, and may be a liquid in which the liquid chemical is on the way to
20  substitution with the cleaning liquid (B), or may be a mixture liquid obtained
by previously mixing the surfactant with the cleaning liquid (B). From the
viewpoint of cleanliness of the wafer, it is particularly preferable to use water,
an organic solvent or a mixture of water and an organic solvent. Moreover,
after the liquid is once removed from the unevenly patterned surface, it is
25  possible to retain the cleaning liquid (B) on the unevenly patterned surface,
followed by drying.
[0072]  In the drying step, the liquid formed of the cleaning liquid and/or the
liquid chemical which liquid had been retained on the unevenly patterned
surface is removed by drying. The drying step is preferably conducted by a
30  conventionally known drying method such as spin drying, IPA (2-propanol)

steam drying, Marangoni drying, heating drying, warm air drying, vacuum
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drying and the like.

[0073]  Next, there will be performed a step of removing a protective film, as
discussed above (as the step 6). At the time of removing the water repellent
protective film, it is effective to cleave C-C bond and C-F bond in the water
repellent protective film. A method therefor is not particularly limited so long
as 1t 1s 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.

[0074]  In the case of removing the protective film by light irradiation, it is
preferable to conduct an irradiation with ultraviolet rays having a wavelength
of shorter than 340 nm and 240 nm (corresponding to bond energies of C-C
bond and C~F bond, i.e., 83 keal/mol and 116 kcal/mol, respectively). As the
lighf 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 using 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 nm]). Incidentally, an irradiation
intensity of less than 100 mW/cm? takes a long time to remove the protective
film 10. Additionally, in the case of using the low-pressure mercury lamp, the
ultraviolet irradiation is performed with shorter wavelengths so that removal
of the protective film is achieved in a short time even if the intensity is low,
which is therefore preferable.

[0075]  Additionally, in the case of removing the protective film by light
irradiation, it is particularly preferable to generate ozone in parallel with
decomposing the components of the protective film by ultraviolet rays and then
to induce oxidation-volatilization of the components of the protective film by

the ozone, since a treatment time is saved thereby. As the light source
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therefor, the low-pressure mercury lamp, the excimer lamp or the like is used.
Moreover, the wafer may be heated while being subjected to light irradiation.
[0076] In the case where the wafer is heated, the heating of the wafer is
conducted at 400 to 700°C, preferably at 500 to 700°C. The heating time is
5  preferably kept for 1 to 60 minutes, more preferably for 10 to 30 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.
- [0077] A method for removing the protective film by heating is exemplified
| 10 by a method of bringing a wafer into contact with a heat source, a method of
setting a wafer aside in a heated atmosphere such as a heat treat furnace and
the like, and the like. Incidentally, the method of setting a wafer aside in a
heated atmosphere can easily and evenly impart energy for removing the
protective film to the wafer surface even in the case of treating the plural
15  sheets of wafers, and therefore serves as an industrially advantageous method
with simple operations, a short treatment time and a high treatment capacity.
[0078]  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 0zone.
[0079] In the step of removing the film, the protective film on the wafer
surface can be efficiently removed by combining the light irradiation, the
heating, the ozone exposure, the plasma irradiation, the corona discharge and
25  the like.
EXAMPLES
[0080] A technique of making a surface of a wafer into a surface having an
uneven pattern and a technique of substituting a cleaning liquid retained at
least in recessed portions of the uneven pattern with another cleaning liquid
30  have been variously studied as discussed in other literatures and the like, and

have already been established. Accordingly, in Examples of the present
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invention, there were mainly performed evaluations concerning a liquid
chemical for forming a protective film. Additionally, as apparent from the
following equation:

P=2x yx cosd/S

(In the equation, y represents the surface tension of a liquid retained
in the recessed portions, 8 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.),

a pattern collapse greatly depends on the contact angle of a cleaning
liquid to the surface of the wafer, i.e. the contact angle of a liquid drop, and on
the surface tension of the cleaning liquid. In the case of a cleaning liquid
retained in recessed portions 4 of an uneven pattern 2, the contact angle of a
liquid drop and the capillary force acting on the recessed portions (which force
can be regarded as being equal to the pattern collapse) are in correlation with
each other, so that it is possible to derive the capillary force from the equation
and the evaluations made on the contact angle of the liquid drop to a protective
film 10. In Examples, water, which is representative of a water-based
cleaning liquid, was used as the cleaning liquad. It had been confirmed from
the above-mentioned equation that a contact angle closer to 90° makes the
capillary force that acts on the recessed portions smaller; therefore, on the
assumption that water is retained on the surface of the protective film, the
contact angle is preferably from 50 to 130° because the pattern collapse
becomes difficult to occur, and more preferably from 70 to 110°.

[0081] 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
glass substrate surface). However, in the case of the wafer having a pattern,
the contact angle is enormously large. This is because Wenzel's effect or
Cassie’s effect 1s caused so that an apparent contact angle of the waterdrop is

increased under the influence of a surface shape (roughness) of the substrate
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upon the contact angle. Hence, in the case of a wafer having an unevenly
patterned surface, it is not possible to exactly evaluate the contact angle of the
protective film 10 itself, the protective film 10 being formed on the unevenly
patterned surface.

[0082] In view of the above, in Examples of the present invention, the liquid
chemical is supplied onto a wafer having a smooth surface to form a protective
film on the surface of the wafer, the protective film being regarded as a
protective film 10 formed on the surface of a wafer 1 having an uneven pattern
2 at its surface, thereby performing various evaluations. Incidentally, in
Examples of the present invention, there were used as the wafer having a
smooth surface’ “a wafer with a tungsten film” (represented by “W” in Table)
which has a tungsten layer on a silicon wafer having a smooth surface; “a
wafer with a titanium nitride film” (represented by “TiN” in Table) which has a
titanium nitride layer on a silicon wafer having a smooth surface; and “a wafer
with a ruthenium film” (represented by “Ru” in Table) which has a ruthenium
layer on a silicon wafer having a smooth surface.

[0083] Details will be discussed below. Hereinafter, there will be discussed:
a method for evaluating the appearance of the liquid chemical for forming a
protective film; a method for evaluating a wafer to which the liquid chemical
for forming a protective film is supplied; preparation of the liquid chemical for
forming a protective film; and results of evaluation after supplying the liquid
chemical for forming a protective film to the wafer,

[0084]  [Method for Evaluating Appearance of Liquid Chemical for Forming
Protective Film]

The appearance of a prepared liquid chemical for forming a
protective film was visually identified. An uniform, colorless and clear liquid
was classified as aceeptable one (indicated in Table 1 with “A”). A nonuniform
liguid in which some undissolved matters were confirmed was classified as
unacceptable one (indicated in Table 1 with “B”).

[0085]  [Method for Evaluating Wafer to which Liquid Chemical for Forming
Protective Film is Supplied]
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As a method for evaluating a wafer to which a liquid chemical for
forming a protective film has been supplied, the following evaluations (1) to (3)
were performed.
fo086] (1) Evaluation of Contact Angle of Protective Film formed on Wafer
Surface
About 2 pl of pure water was dropped on a surface of a wafer on
which a protective 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). A
sample where a contact angle to the protective film was within a range of from
50 to 130° was classified as acceptable.
[0087}  (2) Removability of Protective Film
A sample was irradiated with UV rays from a metal halide lamp for
2 hours under the following conditions, upon which the removability of the
protective film, exhibited in the film-removing step was evaluated. A sample
on which waterdrop had a contact angle of not larger than 30° after the
irradiation was classified as acceptable one.
* Lamp: MO015-L312 produced by EYE GRAPHICS CO., LTD.
(Intensity: 1.5 kW)
- IHuminance: 128 mW/cm? as a measurement value obtained under
the following conditions
- Measuring Apparatus: Ultraviolet Intensity Meter (UM-10
produced by Konica Minolta Sensing, Inc.)
+ Light-Receptor: UM-360 (Light-Receptive Wavelength : 310-400 nm,
Peak Wavelength: 365 nm)
* Measuring Mode: Irradiance Measurement
[0088] (3) Evaluation of Surface Smoothness of Wafer after removing
Protective Film
The surface was observed by atomic force microscope (produced by
Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan), and then there

was obtained a difference ARa {(am) in the centerline average surface
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roughness Ra (nm) of the surface of the wafer between before and after the
cleaning. Incidentally, “Ra” was a three-dimensionally enlarged one obtained
by applying the centerline average roughness defined by JIS B 0601 to a
measured surface and was calculated as “an average value of absolute values
of difference from standard surface to designated surface” from the following
equation.

[0089]

1

Ra= — [ Yo J "R FX,Y) —Zo| dXdY

So Yy X

wherein X1, and Xg, and Yg and Yt represent a measuring range in
the X coordinate and the Y coordinate, respectively. So represents an area
obtained on the assumption that the measured surface is ideally flat, and is a
value obtained by Xr-Xux(Ys-Y1). Additionally, F(X,Y) represents the height
at a measured point (XY). Zo represents the average height within the
measured surface.
[0090] The Ra value of the wafer surface before the protective film was
formed thereon, and the Ra value of the wafer surface after the protective film
was removed therefrom were measured. If a difference between them (ARa)
was within +1nm, the wafer surface was regarded as not being eroded by the
cleaning and regarded as not leaving residues of the protective film thereon,
and therefore classified as an acceptable one (indicated in Table 1 with “A”).
[0091] [Example 1]

(I-1) Preparation of Liquid Chemical for forming Protective Film

A mixture of: 0.02 g of octylamine [CsH17NHs] that has an HLB value
of 2.5 and serves as a surfactant; and 99.98 g of pure water that serves as a
solvent was prepared, followed by stirring for about 5 minutes, thereby
obtaining an uniform, colorless and clear liquid chemical for forming a
protective film, in which a concentration of the surfactant (hereinafter referred
to as “a surfactant concentration”) was 0.02 mass% relative to the total amount

of the liquid chemical for forming a protective film.
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[0092] (I-2) Cleaning of Wafer with Titanium Nitride Film

A wafer having a smooth titanium nitride film (a silicon wafer on
which surface a titanium nitride film of 50 nm thickness was formed) was
immersed in 1 mass% aqueous hydrogen peroxide for 1 minute, then immersed
in pure water for 1 minute, then immersed in isopropyl alcohol GPA) for 1
minute, and then immersed in pure water for 1 minute.
[0093]  (I-3) Surface Treatment of Surface of Wafer with Titanium Nitride
Film, using Liquid Chemical for forming Protective Film

The wafer with a titanium nitride film was immersed in the liquid
chemical for forming a protective film (the liquid chemical having been
prepared as discussed in the above “(I-1) Preparation of Liquid Chemical for
forming Protective Film” section) at 20°C for 10 seconds. Subsequently, the
water with a titanium nitride film was taken out thereof, followed by spraying
air to remove the liquid chemical for forming a protective film from the surface.
[0094]  As a result of evaluating the thus obtained wafer having a titanium
nitride film in a manner discussed in the above [Method for Evaluating Wafer
to which Liquid Chemical for Forming Protective Film is Supplied] section, a
wafer having an initial contact angle of smaller than 10° before the surface
treatment had come to have a contact angle of 80° after the surface treatment
as shown in Table 1, with which it was confirmed that the water
repellency-imparting effect was greatly exhibited. Moreover, the contact
angle of the wafer after UV irradiation was smaller than 10°, with which it was
confirmed that removal of the water repellent protective film was achieved.
Furthermore, a ARa value of the wafer after UV irradiation was within a range
of 0.5 nm, so that it was confirmed that the wafer was not eroded at the time
of cleaning and that residues of the protective film did not remain after UV
irradiation.

[0095]  [Table 1]

000
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[0096] [Examples 2 to 5]

Upon modifying Example 1 with regard to the surfactant, the
surfactant concentration and the time for immersion in the liquid chemical for
forming a protective film, there was conducted a surface treatment of wafers,
followed by evaluation of these. Results are shown in Table 1.

[0097] [Example 6]

(IT-1) Preparation of Liquid Chemical for forming Protective Film

A mixture of: 0.02 g of octylamine [CsH17NHz] that has an HLB value
of 2.5 and serves as a surfactant; and 99.98 g of pure water that serves as a
solvent was prepared, followed by stirring for about 5 minutes, thereby
obtaining a liquid chemical for forming a protective film having a surfactant
concentration of 0.02 mass%.

[0098] (II-2) Cleaning of Wafer with Tungsten Film

A wafer having a smooth tungsten film (a silicon wafer on which
surface a tungsten film of 50 nm thickness was formed) was immersed in 1
mass% aqueous ammonia for 1 minute, then immersed in pure water for 1
minute, then immersed in iPA for 1 minute, and then immersed in pure water
for 1 minute.

[0099]  (II-3) Surface Treatment of Surface of Wafer with Tungsten Film,
using Liquid Chemical for forming Protective Film

The wafer with a tungsten film was immersed in the liquid chemieal
for forming a protective film (the liquid chemical having been prepared as
discussed in the above “(II-1) Preparation of Liquid Chemical for forming
Protective Film” section) at 20°C for 10 seconds. Subsequently, the wafer with
a tungsten film was taken out thereof, followed by spraying air to remove the
liquid chemical for forming a protective film from the surface.

[0100] As a result of evaluating the thus obtained wafer having a tungsten
film in a manner discussed in the above [Method for Evaluating Wafer to which
Liquid Chemical for Forming Protective Film is Supplied] section, a wafer
having an initial contact angle of smaller than 10° before the surface treatment

had come to have a contact angle of 83° after the surface treatment as shown in
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Table 1, with which it was confirmed that the water repellency-imparting
effect was greatly exhibited. Moreover, the contact angle of the wafer after
UV irradiation was smaller than 10°, with which it was confirmed that
removal of the water repellent protective film was achieved. Furthermore, a
5 ARa value of the wafer after UV irradiation was within a range of +0.5 nm, so
that it was confirmed that the wafer was not eroded at the time of cleaning and
that residues of the protective film did not remain after UV irradiation.
[0101] [Examples 7 to 10]
Upon meodifying Example 7 with regard to the surfactant, the
10  surfactant concentration and the time for immersion in the liquid chemical for
forming a protective film, there was conducted a surface treatment of wafers,
followed by evaluation of these. Results are shown in Table 1.
[0102] [Example 11]
(ITI-1) Preparation of Liquid Chemical for forming Protective Film
15 A mixture of: 0.02 g of octylamine [CsH17NHz] that has an HLB value
of 2.5 and serves as a surfactant; and 99.98 g of pure water that serves as a
solvent was prepared, followed by stirring for about 5 minutes, thereby
obtaining a liquid chemical for forming a protective film having a surfactant
concentration of 0.02 mass%.
20 [0108] (II1-2) Cleaning of Wafer with Ruthenium Film
A wafer having a smooth ruthenium film (a silicon wafer on which
surface a ruthenium film of 300 nm thickness was formed) was immersed in 1
mass% aqueous ammonia for 1 minute, then immersed in pure water for 1
minute, then immersed in iPA for 1 minute, and then immersed in pure water
25  for 1 minute.
[0104]  (III-3) Surface Treatment of Surface of Wafer with Ruthenium Film,
using Liquid Chemical for forming Protective Film
The wafer with a ruthenium film was immersed in the liquid
chemical for forming a protective film (the liquid chemical having been
30 prepared as discussed in the above “(III-1) Preparation of Liquid Chemical for

forming Protective Film” section) at 20°C for 10 seconds. Subsequently, the
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wafer with a ruthenium film was taken out thereof, followed by spraying air to
remove the liquid chemical for forming a protective film from the surface.
[0105]  As a result of evaluating the thus obtained wafer having a ruthenium
film in a manner discussed in the above [Method for Evaluating Wafer to which
Liguid Chemical for Forming Protective Film is Supplied] section, a wafer
having an initial contact angle of smaller than 10° before the surface treatment
had come to have a contact angle of 86° after the surface treatment as shown in
Table 1, with which it was confirmed that the water repellency-imparting
effect was greatly exhibited. Moreover, the contact angle of the wafer after
UV irradiation was smaller than 10°, with which it was confirmed that
removal of the water repellent protective film was achieved. Furthermore, a
ARa value of the wafer after UV irradiation was within a range of 0.5 nm, so
that it was confirmed that the wafer was not eroded at the time of cleaning and
that residues of the protective film did not remain after UV irradiation.

[0106] [Examples 12 to 15]

Upon modifying Example 11 with regard to the surfactant, the
surfactant concentration and the time for immersion in the liquid chemical for
forming a protective film, there was conducted a surface treatment of wafers,
followed by evaluation of these. Results are shown in Table 1.

[0107]1 [Comparative Example 1]

The procedure of Example 6 was repeated with the exception that the
liquid chemical for forming a protective film was not supplied to the wafer with
a tungsten film. In the present comparative example, in other words, a wafer
surface on which the water repellent protective film was not formed was
subjected to evaluation. Results of the evaluation are as shown in Table 1.
The contact angle on the wafer was 14° and therefore the water
repellency-imparting effect was not confirmed.

[OQSL“]”_____[E(_)wmparative Example 2]

First of all, 0.02 g of trimethylsilyl chloride [(CH3)3SiCl} that serves

as a silane coupling agent, and 99.98 g of water as a solvent were mixed. The

mixture solution was stirred for about 5 minutes, thereby obtaining a liguid
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surface treatnent of wafers, 5 followed by evaluation of these. Results are

' . } [ . ) [ f Liquid Chem cal
o Tor m o kst & S bbinkers REHSF P b oy M50 Peforgeppratmot [esPaaRED]
that has agfiBig/abbst Has20022Rt38 YOS RS & B ft(zt%tl %P?ﬁp%f 9 eglg%)%P?{) ng

a
pure water that serves as a 10 solvent was prepar . owed by 'S
for about &lntiont esSubideguebylyplihardi wgre gdrfitingkd herblealink0bnflohTsitfage
protective filmhaving a surfactant concentration of 0.02 nass% [ 0098]
(11-2) O daaptgent ofrevalps wittuademgatan filmAaoeirdmea by ing samemettnd as

tungst gn ftihlalgl (gfaE)%lulnlpfeo % V@eglrﬂtgnofvgﬂecgvaluation are as shown in Table 1. The

contact angle after the surface treatment was 13° and therefore the water
repellency-imparting effect was not confirmed.
[0109] [Comparative Example 3]

There were performed a cleaning and a surface treatment of a wafer

10 with a tungsten film, according to the same method as that of Example 6 with
the exception that butylamine [C.HoNHz] (HLB value: 4.4) including a
hydrophobic moiety having a C4 hydrocarbon group was used as the surfactant.
Results of the evaluation are as shown in Table 1. The contact angle after the
surface treatment was 42° and therefore the water repellency-imparting effect

15  was not confirmed.

[0110]  [Comparative Example 4]

The procedure of Example 1 was repeated with the exception that the
liquid chemical for forming a protective film was not supplied to the wafer with
a titanium nitride film. In the present comparative example, in other words,

20  a wafer surface on which the water repellent protective film was not formed
was subjected to evaluation. Results of the evaluation are as shown in Table 1.
The contact angle on the wafer was 14° and therefore the water
repellency-imparting effect was not confirmed.

[0111] [Comparative Example 5}

25 First of all, 0.02 g of trimethylsilyl chloride [(CH2)3SiCl] that serves
as a silane coupling agent, and 99.98 g of water as a solvent were mixed. The
mixture solution was stirred for about 5 minutes, thereby obtaining a liquid
chemical for forming a protective film, in which a concentration of the silane
coupling agent was 0.02 mass% relative to the total amount of the mixture

30  solution. Subsequently, there were performed a cleaning and a surface

treatment of the wafer with a titanium nitride film, according to the same



15 surface a tungsten filmof 50 nmthickness was fornmed) was imersed in 1
mass% aqueous anmonia for 1 mnute, then inmersed in pure water for 1
mnute, then imrersed in iPA for 1 mnute, and then inmersed in pure water
for 1 mnute. [0099] (11-3) Surface Treatnment of Surface of Wafer with
Tungsten Film 20 using Liquid Chem cal 4for formng Protective Film

The wafer with a tungsten filmwas imersed in the liquid chem cal for
formng a prqtective film (the |iquid chepical having been prepared as

di scussed TAthaskas et famplepl.o pRpsitltsat Hre eyaluptionrs asashaver 18 dphing

Protective FiJyd tion t »20C.f or seconds. . Subseguyent t he fer
w th 25 atrurthy s AR G eCh s PR VRS AR B Bhairlits B o
renove th%ﬂeﬂ%?en&w-ﬁﬁ aftOhg EAEA Wes AoPLORREhENEe filmfrom the surface.
[0100] As a result of evaluating the thus obtained wafer having a tungsten
filmin alfhbler Heopsssdivé Exnimplabdbve [ Met hod for Eval uating Wafer to

which Liquid Chem.cal for Formng Protective Filmis Supplied] sectign, a
waf er 80 having ahDPFR Pieae Pesioraed aslpaaing agdet pariace drpatmesds e weer
surface treaine h t ©y.hay con t angle of, 83 after e suyface
Cr eat ment "aehah iR S9FL BRI EeoRa b file A Taflnel A RGP e

vat er repel kefic¥hd BR@ptiRgtiall vetylnasn O [€ AT NIBK (FDH faueMarHaveludihbe
contact angle of the wafer after UV irradiation was smaller than 100, with

whi ch it Jgslrophéhic meietshhevinenn Calhydirotdrbonarenp mepehdeehas thoswdactaatf i | m
was achi eved. Furthernoge, .a 5 ARa val ue of the wafer after UV irradiation
was wi t hi \r?%%ullférrgfé feV@.E‘{“ﬁ‘iﬁ?H AEH AP ff 9WF&1r«/6fa‘%ble&nf i’ﬁhﬁa@%ﬁ%ﬁ’{ apgle 3ikeetharas

i d o GuBlack et e o R e e e B e g b 11
nmodi fyi ng vexanpd enfirshdd) regard to the surfactant, the 10 surfactant

concentration and the tinme for immersion in the liquid chem cal for formng
a protect ilQ&13]i | MCanparaties Fzormplet’éd a surface treatnment of wafers,

foll owed by eval uation of.thes Resul t.s are sho in.Table 1. .

| 0109] [ xanpt o 117 b EHPEAd ARy QB RARIGR 19r WS GaPah CeM Caria GRoin Hyt
Protectiv i : gy I ' | @y = Kk, an
HLB val ue%lo1 léﬂgagﬁgﬁgg%%fgg fggﬂgngsgrl?gg%gﬁg;ﬁ%%%%%sé&ow_(%%?r{e vvatagééils t hat
servessas vaithal mehenivas filnepalirethe preisknanesmbyrstive exagplarinabhet wordd, nut es,
t hereby obtaining a liquid chemcal for formng a protective filmhaving a

sur f act antWalsh suniaca onokhish thegpafmiseenellopt ppatgsiive film wpsgobdprmed grasvarf er
wi th Rut henium Fi |.m . waf.er in snoot h rut heni um_ film (

o 11 con warbiERhc e uahi oo FESER AR e MR ecthantkpoendellads
formed) was,d nedmitaed higlk NBssthaqueaus amone ford 1o fhenyhgersed
in pure water for 1 mnute, then inmmersed in i PAfor 1 mnute, and then

i mer sed irappllercywatpartdie £ectlwas mot eonfiohed] (111-3) Surface Treatnment of

Surfac& of Waf.er with Ruthenjum Fil using Liquid Chem cal for formng
Prot e€¥i vaOH4m THemBreatVe ExamBleSheni um fil mwas i mrersed in the | i quid

chem cal for formg; 3rRiC0EH L& delh Bl 108y1 Ll de e H, F ARG PEEN

as a silane coupling agent, and 99.98 g of water as a solvent were mixed. The
mixture solution was stirred for about 5 minutes, thereby obtaining a liquid
chemical for forming a protective film, in which a concentration of the silane
25  coupling agent was 0.02 mass% relative to the total amount of the mixture
solution. Subsequently, there were performed a cleaning and a surface
treatment of the wafer with a ruthenium film, according to the same method as
that of Example 11. Results of the evaluation are as shown in Table 1. The
contact angle after the surface treatment was 16° and therefore the water
30 repellency-imparting effect was not confirmed.

[0115} [Comparative Example 9]



30 prepared as discussed in the above "(111-1) Preparation of Liquid

Chem cal for formng Protective Film' section) at 20C for 10 seconds.
Subsequently, the 39 wafer with a rutheniumfilmwas taken out thereof,
foll owed by spraying air to renove the liquid chemical for formng a
protective filmfromthe surface. [0105}k9As a result of evaluating the thus
obt ai ned wafer having a rutheniumfilmin a manner discussed in the above

[ Met hod for Evaluating Wafer to which 5 Liquid Chem cal for Form ng
Protective Fil m i $heumpieregprivanedon cleaning endhagitnig catrd atimand| ofcomadet

angle of snma]ler than 10Q0.before the surface trea nt dc to have a
cont act aﬁﬁnl?]é Fof v filpy, @ceqrding o aﬁ%ﬁtm%@@h%mhﬁ%ogﬁq@@? HWitn
which it f] -t h t r i hi g f.

oreatl y s iRd RS Blad B MRhthe (PRELNPITNHTI Aubi0a %) SCh RS 5,

i rradi ati gRdweshsielheiktd Rawink0d C, MyldRovdiiheh drbuipasaL@sdd 44k &idhcragoval

of the water repellent protective filmwas achieved. Furthernore, a ARa
val ue of Reeulafdrthafaveluavon prads ashpem waahlethi ke ceantget ahgly. Htemntheso

that it was fonfi rmed t hat E#g V\%]:lé{ V\fs n&tq er oded the. tine.of %J eani ng
and that PEEAGESEHMEHVEE e AN/ NPIAE dNE WIkeT Kehes G YePaying eltect
irradiati { anples 12 to 15] Upon nodi fyi ng Exanpl e
11 with rg‘gaasr%étt%gqff@ééﬁf actant, the surfactant concentration and the tine

for inmrergporeli n [C@nbheatick Bramgalicior forming a protective film there
was conducted a surface treatnment of wafers, followed by evaluation of
t hese. Results ar€hshommedwreTabfeampl20l [Wa0 Tpp§atodpurtat thee eFsentpine thit

Th d f I 6 ted with,th ti the |i id
cher 681 CFERBAATEOR By BrEderba SHhrfrudat bt Ot aspied RERarEre of'h a
tungsten &ﬁ%ﬁé{;ﬁﬂ@(@mﬁ@@&xw aBat hy&GLam) @opl;@ @aé}ﬁ{ca\ﬂ%éﬁstr efm%fs er

surface on wat er repellent protective filmwas not forne 25
subj ect ed Iitd.)evad uaéd as thResufacsainf i tiee Byaldididmivabdfer asmshgwnpiateditdd e 1.
The cont act angée on the wafer was 14 and therefore_the water

¢

repel | encfilmpaiesuis ef the evalmntina asomsi shesm 1ndabds I coisarentage apglinpl e
2] First of, all, 0 02 f trinethylsilyl orid 3Si C1] .t hat
30 as o shfiste Bator Feduerto o0 i o Tlald, | KBNS Cdhe (RSt VoS
mXed15Th%eﬁ%l}éﬁﬂ;ﬁiﬁﬁhﬁﬁ%@@ff@@tﬁw§&inrort%gnfi?ﬁleabom 5 nminutes, thereby

|

obtaining a liqu 40 chem cal for formng a protective film in which a
concent r af@bii7lof [CGemphtame: Ezapliladldgent was 0.02 mass% rel ative to the

total anmount of t m xture sqlution. Subsequently, there were perforned a
cl eaning and a su&?‘ﬁdﬁ%o? ﬁr?gﬁfxaé?p h]ev‘iﬁéffﬁf’e@\ﬁetdhwgiltfglﬁé‘é‘tc%ﬂtlf’?ItLr?t the
accordi ng t t . : .

eval uat i Oﬁhgi;aé:%%?%\l%%% n%%lagﬂsréé)i&l%h%ﬁéggpggﬁh gr%gqlggaﬁég{rﬁ?ﬁg rsgﬁ%nc%

treat nent awgsotdetiaadilhh ekedcdsetHeheatiahesd cepaddtemtyn] MPArtd ngaePt echswas
not confirmed. [0109] [Conparative Exanple 31 There were perforned a

cl eanlfig ansuls of idéntaing tbe appeamsincg oldhe prapangidt Iy dtanegsicahforifpyming
according to the sa met.hod as that of nple 6 with the exception that
Dutyl ar nd PEACTBTC1RYD] if AU FARGEImSR S f G O PGt BRE bt y
havi ng a ydro b 0 ag,, i - f - Resul] t f e
eval uati o%g%é%gsggﬂo%%%ﬁ I'Iiggﬁl&gallgﬁl'?' e1 cﬁzbgn?)gg?l Hgngf%&g‘%%ne‘r% ?]E%l gvua%f 3@2
treat nent ohesirgéd. and therefore the water repellency-inparting effect 15 was

not confirned. [0110][ Conparati ve Exanpl e 4
EXP ATI(]){\T O%‘DREFERENCE rlIPUME]!{ALS

25 [0118] 1  Wafer

Uneven pattern on a wafer surface
Projected portions of the pattern
Recessed portions of the pattern
Width of the recessed portions

30 Height of the projected portions

=1 & Ot b W N

Width of the projected portions



The procedure of Exanple 1 was repeated with the exception that the liquid
chem cal for formng a protective filmwas not supplied to the wafer with a
titaniumnitride film In the present conparative exanple, in other words,
20 a wafer surface on which the water repellent protective filmwas not
formed was subjected to evaluation. ResyBts of the evaluation are as shown
in Table 1. The contact angle on the wafer was 14 and therefore the water

repel | ency- |npart|ng feﬁg was nqQt_ confirmed. [0111]] nparatlv Exanple
5] 25First of aII gfzcnjl ehemicalifay Iferming ehp¥tpelave reine

serves as a Or%%ﬁgllng agent, and 99.98 g of water as a solvent mere
mi xed. Thé® ure solftutton was stirred for about 5 m nutes, thereby

obtaining a Ilqw 9 chegh el rdtQindORMHOre R §&itior 411 m in which a
concentration of the silane coupling agent was 0.02 nmass% relative to the

total anount of th8 nWitereepellemi ptdtectivessfibeequently, there were perforned
a cleaning and a surface treatnent of the wafer wwth a titaniumnitride
film according to the same 41 nethod as that of Exanple 1. Results of the
eval uation are as shown in Table 1. The contact angle after the surface
treatment was 18 and therefore the water repellency-inparting effect was
not confirmed. [0112][ Conparative Exanple 6] 5There were perforned a

cl eaning and a surface treatnment of a wafer with a titaniumnitride film
according to the sane nethod as that of Exanple 1 with the exception that
butyl am ne (C41191\TH2] (HLB value: 4.4) including a hydrophobic noiety
havi ng a C4 hydrocarbon group was used as the surfactant. Results of the
eval uation are as shown in Table 1. The contact angle after the 10 surface
treatment was 38 and therefore the water repellency-inparting effect was
not confirmed. [01131] Conparative Exanple 7] The procedure of
Exanpl e 11 was repeated with the exception that the liquid chem cal for
formng a protective filmwas not supplied to the wafer 15 with a rutheni um
filmln the present conparative exanple, in other words, a wafer surface on
which the water repellent protective filmwas not formed was subjected to
eval uation. Results of the evaluation are as shown in Table 1. The contact
angle on the wafer was 14 and therefore the water repellency-inparting
effect was not confirnmed. 20 [0114][ Conparative Exanple 81 First
of all, 0.02 g of trinmethylsilyl chloride KCH3)3Si i that serves as a
silane coupling agent, and 99.98 g of water as a solvent were m xed. The

m xture solution was stirred for about 5 mnutes, thereby obtaining a
liquid chem cal for formng a protective film in which a concentration of
the silane 25 coupling agent was 0.02 mass%relative to the total anmount of
the m xture solution. Subsequently, there were perforned a cleaning and a
surface treatnment of the wafer with a rutheniumfilm according to the sane
met hod as that of Exanple 11. Results of the evaluation are as shown in
Table 1. The contact angle after the surface treatnent was 16 and therefore
the water 30 repellency-inparting effect was not confirned.

[ 0115] [ Conpar ati ve Exanple 91



42 There were perforned a cleaning and a surface treatnment of a
wafer with a rutheniumfilm according to the sane nethod as that of
Exanple 11 with the exception that butylamne [CAHOI\TH2] (HLB val ue: 4.4)
i ncl udi ng a hydrophobic noi ety having a hydr ocar bon group was used as
the surfactant. 5 Results of the evaluation are as shown in Table 1. The
contact angle after the surface treatnent was 36 and therefore the water
repel | ency-inparting effect was not cOhAIMSd. [0116][ Conparative Exanple
101 The pr cedurﬁ of Exanple 1 was repeated with the exception that 10
sodi um pol YoRyBt Hy| ene® Bawad chempe] fop formimgnawaigr anpelientiprasactizaiila ue

f th 0 (¥ ALSCOAR . TH- 330" d_by. TOHO ical l.ndyst Co. ,
Pl s TEelutd PREEH g APle RO ARHS) T qUitG" CHERTES! PROPCREF diyoa =

prot ecti vewhidrmhalfasddl 4t5it@kulfate AVAhMAIdNORa @6 88dRAMI st TRREEode kit
contact angle after the surface treatnment was 13 and therefore the water 15

r epel | éncyef elpment sgleetddeiromitis aroupoonkistmerbf thiahidid, Conpsteat alvemxanp! e
11] The procedyre of Exanple 1 was repeated with the exception
that the stRPPSEt HAe P38l pad Brtheaiwny Rt suriaess of reresser ePontinsdol e cal

f f ' ' fi . Lo
170 ssve B Biftehi (B drp B EHESRS bblif RAMUCICRALO06 TR SRblI0: of i
l'iqui d chepdceaded wortiodktgligul Sasiday €obhbkiding:t was confirnmed that a

nonuni form whitish liquid was obtained and a good |iquid chem cal for
form ng a protectiaveuffactantasvhich bi¢ o mdL.BEXRLUNATI QORI REFERENGE to

NUVERALS 25 [0118] 1WAfer 2Upeve atter n fer surface 3Projected
porti c;bs oé“&ﬁ%spé?%/&‘roa Aﬁ%ﬁe’s‘éci‘é‘?‘iﬁ)r%i Bﬁgr‘?ﬁ%%“e Pty RaAREL 1 o 6'&1@
recessed j 0 i of the projected portions 7Wdth of the

pr oj ect edgﬁééljt()?%f\os?% %?@glgélc}l d chemcal for formng a protective film

retained in the reggsged portions 4 9Liquid retained in the recessed

portions 4 10 Water repellent protective film 44
wherein the concentration of the surfactant in the liquid chemical is

not smaller than 0.00001 mass% relative to 100 mass% of the total amount of

15  the liquid chemical and not larger than the saturated concentration.

[Claim 2] A liquid chemical for forming a water repellent protective film,
as claimed in claim 1, wherein the surfactant includes a hydrophobic moiety

having a Cg-Cis hydrocarbon group.

20
[Claim 3] A liguid chemical for forming a water repellent protective film,
as claimed in claim 1 or 2, wherein the surfactant contains a functional moiety
that has an affinity with the element.

25 [Claim 4] A liguid chemical for forming a water repellent protective film,

as claimed in any one of claims 1 to 3, wherein the surfactant contains, in its

structure, one functional moiety that has an affinity with the element.

[Claim 5] A liquid chemical for forming a water repellent protective film,
30 as claimed in any one of claims 1 to 4, wherein the surfactant includes a

hydrophobic moiety having a Cg-Cis straight-chain hydrocarbon group.



CLAIM5S [Caim1]A liquid chemcal for formng a water repellent protective
film the liquid chem cal being able to forma water repellent protective
filmon a wafer that has at its surface an uneven pattern and contai ns at

| east one kind 5 of elenent selected fr(a%the group consisting of titanium
tungsten, alum num copper, tin, tantalum and ruthenium at surfaces of
recessed portions of the uneven pattern, the protective film being forned
at |east on the surfaces of the recessed portions, the liquid chem cal
conpri si ng; a surfactant which has an HLB val ue of 0.001-10

accor di ng KJaig & i f f i higuibchemicaldor fumpimesa & aton repelantcrrateeteye Alwi ng a

C6-Ci's hyd . . and . ineth trati
of the sur FOCTARY fE M pRECORRRN Lap Pohsroimhat SHTARG SBEO0ES tho oot
rel ative tRydiPheBis bty Ravim al oemgrgtr&)ﬂ‘gh;%hgh? Hﬁdibl{:é&b%hegi&?dl taagd not

| arger than the saturated concentration. [Claim 2] A I'iquid chem cal for
form nd a wetseats o€ patHomntopr enddtyidregém labpmas cl ai med in claim 1, wherein
the surfactant includes a hydrophobic noiety having a Cs-C s hydrocarbon
group. 20 [Caim3]A liquid chemcal for formng a water repellent

LD ; o ( . > . t
Pont ai ns aGaAcs TELTEH b Tor finite S0GHEL DobdifB I AEAN i,
[ A ai m 41Ad élaihed GhemyGTlcldiods 1 @6 B RheeMifd 861veap @ NieBhe PEH IRV B Ehd M

as claimed in any one of clains 1 to 3, wherein the surfactant contains, in
its structhged chemicahenddhal comoertrationaof Waterarelafive mo the wptal dateust efrent .

[AaimBb51A.1iquid chemcal far formn wat er repellent protective film
30 as Iafﬁb@cﬁ%%‘&d? Wﬁio‘?f?rgh‘%i? I@ag’?ﬁﬂ, wherein the surfactant includes
a hydr ophobi ¢ noiety having a C6-Cl8 straight-chain hydrocarbon group. 45
[Claim6]A liquid chemcal for formng a water repellent protective film

as cl ai red(laim®y one AofiqaidEi@mical Fob formidged Rratbe rgwﬁeaﬁt@mteétm@é filas a
hydr ophobi ¢ noi ety having a Cs-C's straight-chain hydrocarbon group that 5
consi sts ofs datmed intaoy emel of gl wgeh tatffomhereinathe gnid clyemacad venisisés of or
formng a glaterf%ggejbl egt rotective film as claimed in any of clains 1
to 6, wher@efud BeARd "R t her contained in the |iquid chemical and the
conceggration of water relative to the total ampunt of 10 the solvent is
not | ower than 50 mass% [Claim8lA liquid chemcal for formng a water

repel | ent [Pgineoli ve A hiathed fratleading arvrfiee off aclvaifdws that hak aptigs ei n
the liquid chem cal consists of the surfactant and water. 15
surface an uneven pattern and contains at least one kind of element selected
from the group consisting of titanium, tungsten, aluminum, copper, tin,
tantalum and ruthenium at surfaces of recessed portions of the uneven pattern,
20  the method using a liguid chemical for forming a water repellent protective
film as claimed in any one of claims 1 to 8, the method comprising:
a step of cleaning a surface of a wafer by using a cleaning liquid;
a step of forming a water repellent protective film at least on surfaces
of recessed portions of the uneven pattern by using the liquid chemical for
25 forming a water repellent protective film;
a step of removing a liquid formed of the cleaning liquid and/or the
liguid chemical, retained on the surfaces of the uneven pattern, from the
surfaces of the uneven pattern; and

a step of removing the water repellent protective film after the step

30 of removing the liquid.



[Claim9] A nethod for cleaning a surface of a wafer that has at its surface
an uneven pattern and contains at |east one kind of elenent selected from
the group consisting of titanium tungsten, alum num copper, tin, tantalum
and ruthenium at surfaces of recessed portions of the uneven pattern, 20
the nmethod using a liquid chenical for f6rning a water repellent protective
filmas clainmed in any one of clains 1 to 8, the nethod conprising: a step
of cleaning a surface of a wafer by using a cleaning |iquid; a
step of formng a water repellent protective filmat |east on surfaces of
recessed [on4iens] of AhgeunRAVBR c}@_@haﬁga Rkl T Wheer hGbiadmehani gy Bor 25
formng a water repellent protective Tilm a step of renoving a

| i qui d f orwmkereah thheledrengiligid igaivatandlased chadingligahidhem cal , ret ai ned
on the surfaces of the uneven pattern, fromthe surfaces of the uneven
pattern; and a step of renoving the water repellent
protective filmafter the step 30 of renoving the liquid. 46 [Caim 1WA
met hod for cleaning a surface of a wafer, as clainmed in claim9, wherein
the cleaning liquid is a water-based cleaning |iquid.



