1 SPECI FI CATION TI TLE OF THE | NVENTI ON: 5 WATER REPELLENT PROTECTI VE FI LM
FORM NG AGENT, LIQUI D CHEM CAL FOR FORM NG WATER REPELLENT PROTECTI VE FI LM
AND WAFER CLEANI NG METHOD USI NG LI QUI D CHEM CAL TECHNI CAL FI ELD 10 [ 0001]
The present invention relates to a techm que of cleaning a substrate wafer
in sem conductor device fabrication and the |Iike. BACKGROUND OF THE

| NVENTI ON [ 0002] I n sem conduct or I rj ion, a silicon wafer is
subjected to filmformation, Iith%&&?{l@@ﬁﬁng and the like so as to be
fornmed having a finely 15 uneven pattern at its surface, and then subjected
to cleaning with use of water or an organic solvent in order to nmake the
waf er surf@rELEIGRTHEMRNVENTIENare on the trend toward m cro-patterning

in order to enlarge the scale of integration, with which intervals anong
t he uneven pattern have been becom ng narrower. Accordingly, a probl em of

exhi by tod WA MRFRLERE PRORECRIVE, FALEEFORNING, AGERD, EigidB | "
evapor at edcHNfERS, WR&F@T{M‘NG WAPER IEP%@JILEN‘I" ?H@TEC‘I‘IVE HATMES
through the pattern, tends to easily occur. This problemis getting setious
parti cul ar AWND WAFEHR CLEANINGMEBHOD FSINGLIQUBIDSHBYILALNe W dth (the

wi dth of the recessed portions) of fromthe order of 20 25 nmto the order
of 10 nm in the case where the wafer has narrower intervals of uneven

pattern ( Ili -m-space type pattern). [0003] As a method of

cl eani ng ?ﬁc’é@?’l@ elg ile preventing the pattern col |l apse, Patent
Publ i g I's HeSHre PRt rQUBst ¢4 4 itbOniRE ST d&RhB! D Fulst
vvaferclgjrf[gggl\]/jvi tfl11 i soprsgganol o% tﬁe 1 ke and thigrelt dryi ng i?. 30 rht

Addi ti onal wyferiin déatieoihdditbl deeice dabicatibee nadithedilsc| osed a cl eani ng net hod
where a water reEeI lent protective filmis forned with use of a

wat er - sol UBPEKG N3O nTH@FIEVENrﬁmcoupI ing agent on a wafer forned of

a silicon- terial and praovid i.th an u e tLern. Kt S surface
20 as 1o TORREE «hh SekfrnRliBt BolErtk b’ B AR P AR kS Difleh S i

col | apse, Rpg AR 1RAESIHPHALIching afRl IR sb Ao RriridekaviaRe] figbly
protective filmon an unéveénly-paiterned 5 portion containing silicon after
cl eanildg aunefesy psibefrmatitsisurfavat end dhdn tshbjected thicieaging witngsewf wwavet er
and then drying. This protective filmis finally renoved. Sin t he .

pat t er ned PorRiBEANE FHBRRIGEY oxdarrtoppke thepwrlangyriage glﬁanpr theciguiees | | m

there is exhibitgd the £ffect.of.suppt L .t h ] a f e ve

pat ter - acing™ i W crVard it RALRR BN ih "G, 1 Bifue B DR FE
sai d to haygedRRios f @%ih aVBRhARPTAISA aRPdriE! theh eREn 2PafePR Chat@t h&yPf
not |ess than 8. [0004] In Patent Publication 3, a technique of changing a
cl eani ng |baoimdngnenreowmeer Acofdimgty anplobbdahafeopapse nfjtle yasvén gattern,
interface is.discloseq as a technique of suppressing the pattern coll apse.
Hovev &0, iwlsmil $hase theewlﬂarsélaéﬁpn pited vhen glaaping1sCaEiater s

for exanpl e, | i A tati [ j 005]
o o i O B S e S Bl Bl Bhe HofbP LR P RI0)
to a resi sfaPRELRY thtetfcd PREE0ENS G theRRAESH, REnER 0 RALEIST fecti! | TREE.
This technique’is a techni'que of decreasing the capillary force to the

limt problem is getting serious particularly in semiconductor chips of generations

having a line width (the width of the recessed portions) of from the order of 20
25 nm to the order of 10 nm, in the case where the wafer has narrower intervals of

uneven pattern (e.g., a line-and-space type pattern).

[0003] As a method of cleaning a wafer surface while preventing the pattern

collapse, Patent Publication 1 discloses a method of substituting water

remaining on the wafer surface with isopropanol or the like and then drying it.
30 Additionally, in Patent Publication 2, there is disclosed a cleaning method

where a water repellent protective film is formed with use of a water-soluble



20 thereby suppressing the pattern collapse. However, the thus disclosed
technique is directed toward a resist pattern and ains to reformthe resist
itself, in other words, not applicable to the use of the present invention.
Furthernore, since a treatnent agent is finally renovable together with the
resist, it is not necessary to estinmatega techni que for renoving the
treatnment 25 agent after drying; therefore this is not applicable to the
obj ect of the present invention. [0006]Furthernpre iq¥£a%ent,Publications
5 and 6, SHERELIRt aF soIsP8B8 WUPkEmnAgERt O Brudiit fugacher sapilison Raseapse
by perform ng_a- hydrophobi ] ty-i rtin t | r.eat ment
aent contari PGERVER 1 STRRELLRTAHEEA I slish(l 45 s 80 rétddoR

N, N-di met ngﬁmxgy%mermfemo% ?k%tix?g‘ﬁl@%%bﬁﬁﬂ&ﬂaﬁ)ﬁ, RERERENCES ARG, BRI OR

ART Patent Publication [O ] Patent Publication 1: Japanese Patent

Appl i cat i enetBoldl dfcfatingmg how a@002péHedB pirtatame Bubbhcat nevenly apterasd
Pat ent No. 4403202 . . . Patent Publication 3: %apane e Pat ent
Appl i cBt i BATROBIEBLINGRE REicopopigen degnmna: watermypace Wi ich water) apd fhep

Pat ent Appligation.Publication No. b . 10P. t .Publj L on. o
Japanese ﬁg{léﬁfmﬁprﬁﬁs%lgt‘i"%&\l il %%%F%%gﬁgglnglgﬁﬁgﬁgg&ygf% ?ri\]tn? ugf'laclzlgti on
6: I nternagbhRRal. AgphdeCatid ?ﬁtﬁ%ﬁéa%&ﬁ@ﬁ EOprbiAEd RabR Rk e r QlepelOIRRE yOF
THE | NVENTI ON 15 Problens to be Solved by the Invention [00081The present

i nvent i on thelpbes:tive Al ettere quexhirited shaicfigetot abppreasmyg thevedlbasei of
sem conduct or device fabrication and ége | . ke,. the objecti Ee of Whi'f .1s to
enhance t fiBe pRBRRR iRGHtSed Hie §u0f ool PREPTRYRE UBRSHIE i Withi Fageh t ef HiSas to

be particul anl v £i i i t L (L LY. esent
i nvenﬁ)on ][Irlgtlrhzgft}ﬁ €S S{agd gg\?\l/g? %%ﬂ? g%?ﬁggs% ﬁ%&%@agﬁ&%@aﬁggﬁkﬁ %rhggﬁf%%a Si ch

i quid chegineallesdl giant® | nprove a cleaning step which tends to induce a
waf er havi ng an uneven pattern at its surface to cause an uneven pattern
col | apse. [0004lhe badatent ublisgtivn Pravephnigye phehangingon |dganngyliquid
inmparting water repel]ency to.surfaces. of the,uneyen pattern,. i.-n ofder to
form a vadBmn ks (g R 2 BHAss bElP R sr i S PHE P aeate trdisHasEhaS an
pattern, idfqi5 Y g @Cldiipstl t Bdvedil, ASisBail ThQK Yhe:dr OUP
t hat exi sttéc%l?llqtﬂﬁg&m\%%ﬁgsgnggtgeé neﬁsur@ge or on the vveslf ear surfacee) to a
conpouRd taratlimivatiomsmona i piablid paetdrnkmfddoswenraple, théinsitatianeofodn wspren
patterns are inherently different in 30 amount of hydroxyl groups wth each
kind of naesieidnotdighes ¥fadr8nt in capability form ng hydroxyl groups with

each Condi[bb(%n, ff?/fortsegxggr?(ig f’r[i?e%ttnﬁm)lication 4, there 1s disclosed a technique

directed to a resist pattern, as a technique of suppressing the pattern collapse.

This technique is a technique of decreasing the capillary force to the limit

20 thereby suppressing the pattern collapse. However, the thus disclosed

technique is directed toward a resist pattern and aims to reform the resist

itself, in other words, not applicable to the use of the present invention.

Furthermore, since a treatment agent is finally removable together with the

resist, it is not necessary to estimate a technique for removing the treatment

25 agent after drying; therefore this is not applicable to the object of the present
imvention.

f0006] Furthermore, in Patent Publications 5 and 6, there is disclosed a

technique of preventing the pattern collapse by performing a

hydrophobicity-imparting treatment with use of a treatment agent containing:

30 a sililation reagent represented by N,N-dimethylaminotrimethylsilane; and a

solvent.



4 using water, acid or the like, so that there sonetines arises a
difference in anount of hydroxyl groups per unit area. Furthernore, in
recent years, wafers that contain at |east one kind of nmaterial selected
fromthe group consisting of titanium titaniumnitride, tungsten,

al uni i num copper, tin, 5 tantalumnitride and rutheni um has becone used
together with the diversification of the pattern. [0009] The surface of
uneven pat - I b f nt in anount of hydroxyl groups with
each kind %ﬁFEMﬁg;é]@WEl%@%@fn capability form ng hydroxyl groups
w th each i£gpdi Pu@hich@bnsurface treatnment using water, acid or 10 the |iKke;
hence these factors sonetines bring about a difference in anmount of

hydr oxyl doodpls pBatatrti Publiestion r: abgiamiesa, Pdthat rAgadidationy Pablibyidowxys.
group gets different according to atomto be bonded to a hydroxyl group
serving a®00Redd43 ve site. In the case of using a wafer that contains a
material as nentigned e (such. as a materia avi smal | amount of
hydroxgl groups 1 agetntfﬁ%\ﬁé‘i?&}o&g}f%ﬁar%?sﬁﬁfagﬁpgﬁb\hﬁépgzﬁ%droxyI groups are
hardly formed at phe,RUPliBLEEatiON B JHa8lekal PAEnMN SR HOPYbligs QHRSING hat
exist at the surface have a low reactivity) at |east at a part of surfaces
of recess@dOgor289m®s of the uneven pattern, it is inpossible to forma

wat er repellent protective filmfor_preventing the pattern_collapse even if
any of the treat nBatent ubHeataony 4 nnanese r%awnéeﬁniﬁt%&w Hlug rader Ng.

Pat ent Pu%l_%g@é%)ons 2, 5and 6 is enployed, which is problematic. In view
of the above;"an object of the present invention is: to provide a liquid
chem ggl for fornpagd PAbREatiRS: | BifanRcetBabhY &\ idlidt{dePabliaktien . No.
sonetines referred to as "a liquid chemcal for formng a protective filnf
or 25 mer@Oi0ax28%82 i quid chemcal"), the liquid chem cal containing a

wat er repellent protective. filmform ng agent ereinafter, soneti

referred to nerel a%@lb']%u@ﬁ‘@tt%} v%‘tlspgﬁ‘ﬁlg%ﬁ‘nlrﬁlggh%f&é?ﬂ P%irbﬁ?"éﬂn%/%lsg@ to
forma watgr repellent protective film (hereinafter, sometimes referred to
nerely as ™a %rotective filmM) on a wafer that has an uneven pattern at its
surface, tMESELOSEREEF IHMIBOVRABTI®N or ned on surfaces of recessed
portions of the wafer, the wafer being a wafer that contains silicon

el enehd atProblesns @ ba Sedvad by thednvertieres of the 5 recessed portions of

t he uneve tern,or a wafer that cqntains at,l east_.one ki.nd of terial
ol ect ed HPBRRE he TRoRFoERh Gt SHAkR B Fhe R R R et R SR b R ot en,
al um num (§ORBEN) ihi SemicRRHALLP Bbdité dabARLLHH HEMi WA Bke| 8RS bt ePaf t Of
the surfaces of the recessed portions of the uneven pattern 5 (hereinafter,
such waf ershighyisgésemhzalck ythee predectied steldref aleyias havwaf endd) ;a anduit
provi de a nethod for cl eani_({xljgathe waf er, the nmethod bejn .e to_inmprove a

cl eani ng PEEFrOWES &0 beatrrdicudasly die apdeh {fbﬁ?ﬁ’%lllaé&g)f{i tipgalynhe

: £il £ i i f:.x1 h
7l qui aocnaneratt Sl YhBEeloch, it SRRTREC JRALN MEmithl AP PRP NS |

the 10 r?%ﬁﬁﬁ%cgﬁatdh@&ﬁc@mﬁxﬁmo supt@ees cifading st&s /asel thdd trnmuckBans
for Solving the Problens [0010] A pattern collapse is to occur when an

gas- | i qui dvafer difvdog passeyenhpatigin tdieitpaturéace & chnee tanmenelex rydtherm
wafer. It is said that the rfason thereof is that a difieren e in hejght of
resi dual moﬁapﬁe-b w@%casepa BIREE Y PESVeRgHeaBpHern catlpBsa Ry mpating

having | ow aspect  f12hiP 15 AUsRIE FihbALENS: hRER! L BEded BF Bfink NRL/ARGE S ON

the pattern.
25  repellent protective film on the surfaces of the uneven pattern, it is necessary

to bond the active site (such as a hydroxyl group that exists on the unevenly

patterned surface or on the wafer surface) to a compound that can form a
protective film.

However, the surface of uneven patterns are inherently different in

30 amount of hydroxyl groups with each kind of material, and different in

capability forming hydroxyl groups with each condition, for surface treatment



[ 0011] Accordi ngly, by decreasing the capillary force, it is expected that
the difference in capillary force due to the difference in height of
residual liquid is so reduced as to resolve the pattern collapse. The
magni tude of the capillary 20 force is the absolute value "P' obtained by
the equation as shown below. It is expeated fromthis equation that the
capillary force can be reduced by decreasing y or cos0. [00121P=2x yx

cosO'S (In the equatiqn, y represents the surface, tensi on of | i quid
retained 255 Yaterr adds¥ethd ; hthap tﬁ@fﬁ é@%‘rﬁtém?%ér%ﬁtaa@%aff%i’ﬁ’&r:% 18f the

liquid retained in.the [ rtions. 1o th r ed
portions, a%%ur% % g e@gﬁ%ﬁ‘ggﬁ%{ hugff% ?{F]eea‘r egle}‘gésﬁé3 ﬂl(p%)g(rg‘t ?%n%ggn{ g%%%i%l n
order to splfes thet ABAVENRDUESNEdnOT IBRHEFE mAleeiflr &destbd] ﬂwﬁmth@?fo%uses
a material for the water repellent protective filmto be 30 formed on the
surfaces ebnsiseingnef ditapatingr itarivone wpadef itungsten, tdlenpnessntopperenin,on

forms a protective filmwth use of such an agent as (o pravide te 6
repel | @ncyastalas | purideeand i Futdenaugy Ch%?’%wwgra f igeble oVt the

different gaccording t in f_uneven pattern or wafer, i.e., with use of
t he prot eéﬁY?}gl@Cﬁt%nf%frtlénlentgatgarenﬁt contained in the liquid chemical, thereby

reduci ng [He0s1an9aHRf sdr®lcedE hittvemOsh théGat 41@MindlerGh A di fiek 8@ A ianh A0St $f0
achieve an industrially 5 advantageous cl eaning of the wafer. Furthernore,

t he pr eseydroxdrgroups edbh ehtle &ind ef yatepal tambddferenpol bapadylity fameing
surfaces of the recessedléﬁortilons even.if the wafer is a wafer that.
cont ai ns AWEEBY) SouRs gPEL eAgh KORAEIRN g WufRGetrRATAPYE REDFWALH: fFd or

surfage onya iRk elial t@ra%él/"?%/&t}{st gtggaﬁﬁ{egxyﬂingra%%y{ﬁ%ﬁe%hgé $n anddift of

surface has a Tow reactl a st at a part o surfaces of the 10

recessed pRidrbASgRiupk ireriagitesrepat tardaildifiof 1 4hd heagi @seri hydveatlonsupad
eagerly studied, and attained a finding that a liquid chem cal which
cont ai ns &es$ diffenent aeporhdgHavateq 4o Hededrided twa?@pir@zsyb gEraupersngssd as

tecti filmf i t th by f i h tecti fil
Lo depend tBR HRATTERCt hat HiRLERORL HahE, ™ SFOuEIETTRI® B atoral die
surfaces Qf.fAEndNENGR %‘E"' el Rfatt N8l Wabgle DOk alinemBBhEEE By dRkyl BEouy f ace

of the uneven pattern o e wafer and exhi'bit an excellent” watér

r epel iencyatame surfaddiongy hidbrinhevisdrednidrgxpl gtdupssanrd hapdydbrinkd giaittteer n
can be achieved efficiently thereby. [0015] Hydrophobjc group discussed in
the presesturfaseent o aratestadof vmoh hysyesyl gropps th%%’ééﬁgéhe §heiase gnava a

hydr ocar bgn_gr ou re;a part_of 0 e n i h C

o oup 1 o Semererearier af 16ed ien BeheEr SRR RS B RSt BRI e
hydr ophobi g, 8,9U R REERIFASILIS EQRGRE aWrdtar irBFE1EESIED e &AF DA FoHPLIvehbidghe
hydrocarbon group. Furthernore, in the case of a hydrocarbon group where a
part of hyteomeher eolbms even e ad§ ofdrotreaborengrloywdssaditbe itreategendi t h a

hal ogen el enent(s), the_ hydrtophobicity of t ydrophobi ¢ group s times
boconed suneigasbieronh akusn: EBIARoRs & # i ot PRIPHHL SRRBUS | ne
el enent tt}%b%ﬁghobi city of the hydrophobic group becones nuch stronger.

The nore the nunber of substituted fluorine el ements is, the stronger the
hydr ophobi ci ty 30 [afviehefihdraphebis obidpf bhe piesont[i00dftibh igtdegirowitds,

the present invention is to provide inventions as 7 discussed in the
fol | owi ng 4 Ligwédtchemigdl foy formisgt 4 onatesirepellent protective film (hereinafter,
sometimes referred to as “a liquid chemical for forming a protective film” or
25 merely as “a liquid chemical”), the liquid chemical containing a water repellent
protective film forming agent (hereinafter, sometimes referred to merely as “a
protective film forming agent”) which is able to form a water repellent
protective film (hereinafter, sometimes referred to merely as “a protective
film”} on a wafer that has an uneven pattern at its surface, the protective film

30 being formed on surfaces of recessed portions of the wafer, the wafer being a

wafer that contains silicon element at least at a part of the surfaces of the



[0017] [ nvention 1] A water repellent protective filmformng
agent which is able to forma protective filmon a wafer that has an uneven
pattern at its surface, the 5 protective filmbeing fornmed at | east on
surfaces of recessed portions of the wafer at the tinme of cleaning the

waf er, the wafer being a wafer that contgains a material including silicon
el ement at |east at the surfaces of the recessed portions of the uneven
pattern or a wafer that contains at |east one kind of material selected
from the geerssed mestionp of the unaveni paklexn oaH Winlen thatgwntams ahipastpne

al um num .copper, tin, . tantal nitrjde and rutheniumat. | east at _a.part of
the surf adestort prerial cSledet dbi the orde Cehalsuhe ol bepffitp, deafl

conpri sing;a. il r-ep t ; j nmul a
o] Raast ) R e R e, M B A ot s
hydr ogen gssutpaton par€lof Ghs dwithicesarfhibe mreossednpoxtivnssofitisabatien tpadtan
substituted with hal ogen atom and the total nunber of carbons_ in nutually
i ndepebdefheRinafenguchnwnfess muwgeperigalyithearalgriefdopaasaitasy d Bpres g’nt s

at | east on roup sel ect from .nonoval ent .functjional .groups. of whi ch

el enent t GNP B! ﬂd’@%ﬁltogdfgf Icﬁe@ H%E@Wrﬁ%&f’§L‘ﬁinil?%jﬁgﬁa;elﬁ%ﬁg@eﬂoeﬁ?pmve
functi onal, AeAups Urephisifich! @RBRto! thdiGec R tEaS Chil£08) B E TBRhiNS a
oxygen; and ha og%n groups. "a" Is an integer of froml'to 3.1 [Invention
21 A wat eprogfpeivieefiim pmotlec burfacdd bfrtlioreatasged gentionhivabh ivsealf] thet loq fiidr m 25
a protective filmon a wafer that has an uneven pattern at its surface, the
prot ect i vehpmigalhep mp ftoryasycatan éé‘é‘%r%?ﬁloélugﬁh‘ﬁ%%ncﬁ FREQ sEetagssk an of

t he er at the ti of gl.eaning th . bei ng a wafer that

cont \gﬁﬁs §P??S@8‘§pﬁf'{${lﬁ3n PR CEF%{\PQ@EE%%%Q% \%’(?;1;18{1%6 recessed portions
of the ungyen,PaltSSIVing i REHEmGONPri sing a silicon conpound represent ed
by the followmng 8 general fornula RlaSi X4.[1] [00191[In the formula, 111

mut ual |y i[edelendAnphtterremobapsd $s iy droogerwhenwn grsdiquid Ghgetigelr peasdson

group which is unsubstituted or subsfituted 5 wth hal oge tom and the
total nuniBrowgh ¢he w@ﬁgerpnafnih%ameyt)f ATERE SRR ﬁslsr%gﬁ%ﬁﬁ? PRG TeaRoR 6. X

mut ual |y igdependenbl % SieRLERENS et G esANBIAIAUR RRLRERSH phiORhying

nonoval ent unctional groups (0] to silicon

el enent i iphtdHEen ratNAN@ L phrf bacin®leh gedpraoio whisel ®ldifferdnckoinbe
bonded to silicon elenent is oxygen; and hal ogen groups. "a" is 10 an
i nt eger ofcapibmylfores that fatsearibeaattan. A wat er repellent

t ti i f i t which.i bl L f . t ti fil
Pt er 1 hatoRb o AarutEheebt dfrping B oip it e I ERR e et AAST o
formed at diﬁ@?énc@riﬁxz&ér\%fﬂﬁﬁs tite 080G IEE APLldoRSiPheiohe ol Pe¥ralAl lighid e

time of cleaning t er’, the wafer being a wafer that contains at |east

one ki nd ab mediesd ak tealeeclvedhirmprttétrecatapse. c A sivignituole dofi ttheniapmlary

titaniumnitride, tungsten, alum num, cqopper, tin, .tantalumnjtride_and
r ut he@Pumfarce isabe ahisoluie wlpe ae obtrineAd @t"e%%‘é%ﬁ%laﬁi%ﬁyf%elp% dh&ven

pat o SRR, WSS TREHDS RIGESEIN 8 ey
nut ual |y i plependentdos@pr esent s hydrogen
| [0012] P=2x yx cost/S
(In the equation, y represents the surface tension of a liquid retained
25  in the recessed portions, 0 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.)
[0013] In order to solve the above-mentioned problems, the present
invention focuses a material for the water repellent protective film to be
30 formed on the surfaces of the uneven pattern. More specifically, the present

invention forms a protective film with use of such an agent as to provide water



group or a G -C a hydrocarbon group which is unsubstituted or substituted
with hal ogen atom and the total nunber of carbons in nutually independent
25 is not smaller than 6. X nutually independently represents at |east one
group selected from nonoval ent functional groups of which elenment to be
bonded to silicon element is nitrogen; gonoval ent functional groups of
which 9 elenent to be bonded to silicon elenent is oxygen; and hal ogen
groups. "a" is an integer of fro | nventi on 4] A wat er

1 to 31 ] : .
repel | ent repeenay oHeqtivaly resem Mg ease @é&r@ﬁa AU pogmption s diffexanty ¢ o

3, wherein the.siligon;c ound represent .t h I Al is
represen!t é‘ﬁc%@?#]éb Tﬁ%mio i lbéjvgeélngg%eﬁé?’ ﬁg%qgh%%gg%%f&&%a%#%h% |
[In the feimiksmiRe qutslhytdinderendratiignileM@aanl s therdby Cred ryel agar bon
group where one or nore hydrogen el enents are substituted with 10 a

fl uori ne ehegenf [ot)by-14 madifiahtiyniof dpandg nohditioasrte sehievetydmslystrigtllyup or
a CG-Gs hydrocarboncggou_p. The total nunber of carbons in R3 and R4 in the
gener & f edrantagespsicleasps Afdbearatefant yrthermprgaths Profpa dpyenpy can

| | d.f f '
of "wh ch SLERRCY: BB o aaaen b BT sh BT Bl SHRRE MBS o

functi onaly,gh ppse Rhihischwalianani doathmshpaoadribd wiidrbaan l’%"d@{i%{'ltgﬂo&p

oxygen; and hal ogen groups. "a" is an integer of from1l to IS an
i nt eger ofis haodiyOformed, atahe durdadeodab moftersd] afmghich thieshydrogyBgroypl thagnt i on

5] ) A water repellent protective filmformng agent. as djscussed
in any of eXte ayhe PBHECe hag sslowrrackivits Meleast Pt:am%ﬁgmmau#faﬁse&e@@ed by
the general forpul a. ! y the follow ng general formula
[2]. QTBSF%Q?%G%B%’%% ﬂfﬁhereﬁﬁé‘r?anﬁpéﬁgﬁgt h of IV and X are identical with
those of fherdenemie HsEHL antddtors 2R{d sy@ily ebudlkd, and attaiddatsding

repellent protective filmformng agent as discussed in any of Inventions 1
to 3, whertbah a hgusl cheoncdowbaein dontpne sesilégpnbgompeugdnerangf drapariic 1]

i t.ed the fol.l i | f | 3]. 10 CH 2S i X[ 3

G050l | e Bhit ot Panl asor peogeryS Wl Forbinattit sty THtaE s
21[ I . . | Sieat Bt HESHY | s

Uhet o e ShEfl hrtbiEd KihiEk 16 HpbRd COSRBhAThnb b Al iburhat ©

pr ot etsi vehhi brist onhBguafient ofishdiiacuss pditerm afivhofvalfewent lenmatetial &
wherein RI, R2 or RB3in the silicon compound includes_five or nore fluorine

atons. || wherirgivedl thomneam Banewios dhe oHer o arepiRitiaR excoléqy Varrr
O e Seht I OB SO ANRIRE JERShE P tnREREARLL YR uld bIREPE ThBB20o
achieved efficiently thereby.
[0015] Hydrophobic group discussed in the present invention means a
20 unsubstituted hydrocarbon group or a hydrocarbon group where a part of
hydrogen elements in the hydrocarbon group is substituted with a halogen
element(s). The hydrophobicity of the hydrophobic group becomes stronger
with increase of carbon number in the hydrocarbon group. Furthermore, in
the case of a hydrocarbon group where a part of hydrogen elements in the
25 hydrocarbon group is substituted with a halogen element(s), the
hydrophobicity of the hydrophobic group sometimes becomes strong. When
the halogen element used for substitution is fluorine element, the
hydrophobicity of the hydrophobic group becomes much stronger. The more
the number of substituted fluorine elements is, the stronger the hydrophobicity
30 of the hydrophobic group becomes.

foo1e] In other words, the present invention is to provide inventions as



[ 00231 I nvention 91 A liquid chemcal for formng a water
repellent protective film as 15 discussed in Invention 8, conprising acid.
[ 0024] [ I nvention 101 A liquid chemcal for formng a water
repellent protective film as discussed in Invention 8 or 9, wherein the
content of the water repellent protective filmform ng agent relative to
100 mass% of the total anpbunt of the 20 liquid chemcal for formng a water

repell ent protective filmis 1 to.50 sg§% [Q0251f1 nvention 11]

A net hod W%F%m%@l%%g%%‘é@tﬁ%lm ﬁﬁ'@@ ﬂ‘”ﬁit‘lbern at its surface,

t he waf er |9 arrwaf er. t contains a material including silicon 25

el enent at[&?jergsta{gfwgﬁtrl?}ég s of recessed portions of the uneven pattern or
a wafer that contgiieftepBsit Bagedtivtdfibh foRhaid akesteiaedtett dhlem fhemgr oup
consisting of titanium titaniumnitride, tungsten, alum num copper, tin,

t ant al um ai pratdetiendilmubhemivmfeatthisedsts an wneenm pafterheatsitsfawéaceofthehe
recessed portions of the uneven_pattern, the netho c%rrgerc;si ng the

f ol | owp ngPzOtestiEpshilsr being formed ‘at leagy onnFufacqsepl feg npafiens 9fdbg
| eani ng i qui d, ,.whe f is gl i :
wator - basSrEt AL G0R: bGRIIAER Rhtel ha Bafl: eink COREL ool Boftains p

form ng stepphargchidinguiiticehedibgant for 1d08minghe Natfedesr epehd eRtessed
protective filmis retained at least in the 5 recessed portions of the

waf er t hepebtioi®ofithg wevenepattepelor enwafenithat icortding mtdeashene dipdcds of
the recessed portiqns; a liquid renoval step where a liqujd,on the
surface o@%‘ﬁ’él%i’ré?“ieé framp \rba; st gom@gpgr 8 éftlaé‘g‘t‘mprt@iaé’é}lﬁg‘l#ril@?n

r enov S r t ep t] fi ] rom
the_ st acaBeBE; BLRIR, Bhpdd, HADRAGRAPAALRR PP i TR T2
for form parachahekurtiRes bethe pe@iseed ipoetibhkof the wheeussedeim thryagnt
Inventions 8 to 10 is_used in the water repellent Prote_-ctive filmformng
step. [0026idprisiegta siicon] comspouret mepresented dxniheglodloyansrgenggakifayayelged i n
Invention[it, wherein the wafer is a wafer that contains silicon nitride at
| east at t surfaces of the recessed portions of the uneven pattern.
[0027][I nvention 131 A nethod for cleaning a wafer, as discussed in

I nvention 11, wherein 20 the wafer is a wafer that contains at |east one
kind of material seleR dSip()%r) t he group (insi sting of titanium titanium
nitride, tungsten, al um dum @pper, tin, tantalumnitride and rutheni um at
| east at the surfaces of the recessed portions of the uneven pattern.

[ 00281LIn ion &41 25A nmet hodfo i I S [n..any
of Iniént ﬁ@ﬁié]ll EIB R}ée %%Ilelru 2?’nRtl h%ﬂ&lé?@? {r}gir? F@Iﬁﬁﬂﬁro erg%‘f%\g/tleé ?x?g?gg%grmval
step is pegrrBe%rrﬁdab@l-@iig hgasdca@hén tdroapmwhiches hatubetieatedd of reaistituted
irradiating the surface of the wafer wth light; heating the wafer;

i rradiati ngithHelegmf atenofindevatamwinbier of serboneipovitigynadspendens of
0029} 1 n (HopReSSHETEhIBARI b, XMWY TPOPRITIATE G FOERE ISt T Woans a
group selected from: monovalent functional groups of which element to be
90 bonded to silicon element is nitrogen; monovalent functional groups of which
element to be bonded to silicon element is oxygen; and halogen groups. “a” is
an integer of from 1 to 3.]
[Invention 2]
A water repellent protective film forming agent which is able to form
25 a protective film on a wafer that has an uneven pattern at its surface, the
protective film being formed at least on surfaces of recessed portions of the
wafer at the time of cleaning the wafer, the wafer being a wafer that contains

silicon nitride at least at the surfaces of the recessed portions of the uneven

pattern, the agent comprising a silicon compound represented by the following



12 filmforned at |east on the surfaces of the recessed portions of the
uneven pattern so as to reduce the wettability of the wafer surface, in
other words, a filminparting water repellency. In the present invention,
"wat er repellency” neans a reduction of a surface energy of an article
surface thereby weakening 5 the interactd on between water or another |iquid
and the article surface (i.e., at the interface), such as hydrogen bond,

i nternol ecul ar force d the like. The effect of reducing the interaction
is partic@P&PF?jg anti ng agai nst water, but this effect is exhibited

al so against a mxed liquid of water and a |liquid other than water, or
against a liquid other than water. Wth the reduction of the 10
interaction, it beconFng?ﬁ;( le to incgidje the contact angle of the
liquid to the article sudTacer&EFFECTS HE | NVENTI ON [0030]In the
process of cleaning a wafer, by using the water repellent protective film

f ormi t of th t,i tiaon, tective film 15 exhibiti
excol | ont WBIY,  r BpbReapmplar & e PALT B oReacd st toleary RoktiRger
and this %?Hﬁeé'd}“heél-iﬁg hggynﬁfgggé‘%?értohgp%ﬂ%{‘% Wublft 6F sQbstlyeaxy!

groups th ist on the uneven pattern. e application of

t he presertith fhéﬂﬁ%érp at@ac aiflthe esalan sindbl of chassianth afutvallgriadepéhdent
preventing the coll apse of the uneven pattern and contributes to 20

reduct i on R¥fis| met pypalller thedi 6. citnusualy hdeprntprébna¢rtesants ppbsEf one
Additionally, when the.cleanin thod of. th resent. i pvention is

ol oyed. EXDWP g G o CORBAEABY  HoRURRehaaoREr oo BRID HiTBedarebe hat
has an un tef; ' 1S 4 i I [ ;

b oughpUE e LR B e L e 0 Bisth o

f or produelsrgedbt@badbadetd hatsihiam elemmeavienxygtheand dialogen srrdpace‘a’ds ch
is conducted by using the liquid chemcal, is excellent in productivity.
Fur t h&® noaa, lntﬁﬁerp@fefg@ﬁtl fhvention is al so applicable to cleaning of a
variety of wafers quﬁﬁeﬁﬁﬁt in mterial of the surface) and therefore
contributes to reHu3?|6ﬂ of nodification in cleaning condition according to
the kind of the vafgigr r3Be BB rdtdREtNATI N ffind HEe PROMI NG PR3 fol i 9

1] A schematic plan view of a wafer 1 whose surface is nade 13 into a
surface havpngeativerfduennpatwafor that[ Fag.an2andven eatsironahgtsaswente, ofthea- a'
cross section of ghf. 1. &ﬁ%g. gl A schemati c vieM/shomjn& a conditjqn
where a | PGOIEIRReHR eiBS figFmee 3 s Waturiarehef rerrsspl RALPT L them i s
retai ned i . rd : i SERERE A '

show gg avg%frﬁgi%?i%gg% 88)3 C%éaﬁ??]‘%ﬁ%‘ eQW?ger’r g%ea#ﬁe% P%ﬁk{gﬁ% recess%ifico\é{(;crgﬁsons 4
on whi ch atWahel ohenehl et mpeaitiel bélveteld fiinl Ohé $rbap NeesiSHYRODE MEATRTOR
CARRYI NG QUT THE | NEVNTI ON 10[ 0033] Herei nafter, the present invention w ||
be di scus$gdnimy gritpde,afingstenat Aumisawan| APPeY otiact iapdalimpnitside mgdagent
provi ded b he. present invention i.Ss.a er repel l,ent protegtjve film

f or mi ng agﬁﬁﬁewn&rﬁﬁ eagh a4 ¢ ef%‘#ﬁcﬁsmgb?e r&p Slegn?c’%? Se8fitb‘é 1% %n a
waf er that, Rag AR YRSYLD ARbERIME dlsilifch SHhbAGR rbPFRRREBLIHE f&nmxﬁge' ng
formed at "l east on surfaces of recessed 15 portions of the wafer at the
time af cleeasiaigfoi-heilndtler, the wafer being a wafer that contains a
material including silicon elenment at |east at the surfaces of the recessed
portions of the uneven pattern or a wafer that contains at |east one kind
of material selected omARp group consiﬁLng of titanium titanium
nitride, tungsten, allN g 4apper, tin, ntal um nitride and rutheni um at
20 least at a part of the surfaces of the recessed portions of the uneven
pattern, the agent conprising a silicon conpound represented by the

f ol | owi ng [gepel al [Thothalfarpifla, Rlasivtbadlylindd@3dentivn répweséotsmilydrodin

nmut ual Iy i ndependently represents hydrogen _ . , )
group or a C1"Cis hydrocarbon group which is unsubstituted or substituted

with halogen atom, and the total number of carbons in mutually independent
25 R! is not smaller than 6. X mutually independently represents at least one
group selected from: monovalent functional groups of which element to be

bonded to silicon element is nitrogen; monovalent functional groups of which



25 group or a G -G s hydrocarbon group which is unsubstituted or
substituted with hal ogen atom and the total nunber of carbons in nmutually
i ndependent 111 is not smaller than 6. X nutually independently represents
at | east one group selected from nonoval ent functional groups of which

el ement to be bonded to silicon elenent9is nitrogen; nonoval ent functional
groups of which 14 elenent to be bonded to silicon elenent is oxygen; and
hal ogen groups. a" is an [nteger of from1l to 31 Og For exanple, ,silicon
oxi de has elgmentstoshg ba\%@eéﬁoa wABheRegt 1%96?%%&@[@# %gsgia‘f%ﬁ- grodp)
that serves .a an Og%(;mvel 1;soi§T; however, in general, 5 materials such as

si li con nPtPYE porysrtlicon, titanium titaniumnitride, tungsten,

al umi num copper, [1hidntié@al al um nitride, rutheniumand the |ike have
difficulty in formng hydroxyl group at its surface and additionally the
resi dent hydr oxylA graiepsepeléentopratectieabilioviorpingagant f2s glaimadin pokal

o oupsy | FIRESIA 8 i BHCFoRo ApAHETR SUFFTEHbIEPREE] o6l PEnEmERt he
surface. Howeverg,1if hydr ' r I: hbrjing a strong

hydr ophob'%ril?‘fll,ea 1] i s bRl @%ﬁlﬁgﬁg%g%iﬁfo eh!ll;l)%g\i/]i' ded. [00361 A
hydr ocarbon group represented by RlL in the above-nentioned silicon conpound

i s a hydrophobic du&oyinat i f the pr ctive filmis formed 15 by

usi ng a bul ky hydﬁpaﬁ &Jﬁ'%ﬂ-&% surfaiﬂe]of the wafer exhibits a good
wat er repellency after bheing suhjected {,0 a freatnent. \Wen the tof:

nunber of carbonsﬁpnﬁﬁi P§n%5% g%aFV@Pahﬁaﬁugﬁmﬁdﬁﬁﬂgrr%ﬁﬁé??%h?‘?Lﬁ%ﬁ
exhibitin L. Ci | en if
the nunbeyBrofi b S Pln YAIGE diER bR BPAES LI BRERARS Bed S uBb el G5 )
As a $i! i GOMu&GeAYWiHehEE), eSentedublly ihdependundly tesmubatsthy dtdgehsgrpapsi bl e

to cite chlorosil ane-based conpounds such as C4H5(C1102Si C1, ,
C5Hu( Cl- - 02SCeLhs beduacarionn ereis , Thy totalspember of carbasiy Réremob B an,
C21-112 2Si C1,, Q10H2 2Si C1 .1 H 2SI Cl.. Cl.2H25 AT O
C13H27( g:?igé §e|(§f}' ab%%%‘é’(lag:%)s ??s.n'e 51&%%%& %f‘é‘l‘c'@)z i E‘l‘}tu&??é’ll’l%ﬁﬂgi Cc1,
25 C17H3 - ' ok ' -Gabhi '

Co1113( A VSER Bt N e e R S P B,
C10H21( CH¥HiSh Cdlentant- 1230 &£HdRIdCEy SlkDH2 BlaThiB)HSE Chitr @332 (a3 pMSItCl,

Cl141- 125(CH8) HSi C1, C15H31(CH3) HSi C1, Cisl LSBé %—Bg I-L?i C1, C171125%CHS HSi C1,
C15H3¥% m@gpt@g_gal groups of which element to onded td silicon element 1is bxygén,

C2F5C2H4 2Si C1, C3F7CR1- 14 i i

G s acom ot B P el 3 9 1 6l of B Felhe Pl Shep? of fom 0
CsF17C2HA(LH1Q25i 16 th6GAHT)RShed “BBHIC263)12Si C1, C41- 12( C2HO2Si C1, 15
C5HL1(02HB) 251 C1, C61413( C2H5) 2Si CI, C71115( C2H5) 2S1CL, C8HL7( C2H5) 2S1CL,
C3H19( C2Hb) 2Si C1, [Iavemtea Gt2115) 2Si CI, C111{23( C2H5) 2S1CL,

C12H25( C2115) 2S1CL, C131127( C2H5) 2Si C1, . C141129( C2H5) 2S1C1, .
015113(1(02H532510$,W@95H S&IL, %Clé,i‘@lflﬁ%%@?%ls‘%@ﬁ@ tsa)sz%S@i?S‘ad in any of

C181- 137( Sj Cl,, 3).3Si - ) 2Si

6117 m%)b‘g%ﬁ%ﬁc%%%‘éﬁ%ﬁg%%is%ﬁ %‘%’%‘%ﬁ‘ﬁs égéceffté%sbﬁ e £eBsi o1,
G 01 - 121. (fARR) 281Gl refifkdndatBh £4h0 281 &tin oGeatd2 b fARWASI (2],

C131127( CAH3) 2Si C1, G 4H23(C4133)2Si CI, CL5H31( CAH9) 2Si C1,

C161133( C4HO) 2Si C1, C17H35(C41-13)2S1Cl, G sH37(C4113)2Si C1,

CF3C2H4( C4H3) 2Si C1, ﬁ@gg (04115) 2Si Cé[%l

C3F7C2H4( C41- 13) 2Si T HA( C41-13) 2 , C5Fl i C2H4( CAHB) 2Si CL,
CsF13C2H4( C4AH3) 2Si C1, C7TF15C2H4( C41- 19) 2Si C1, C3F17C2H4( C4113) 2Si C1,
C51-111( CH3) Si C12, C61-113(CH3)Si C12, C71-115(CH3)Si Cl2, C81-117(CH3) Si C12,
03H13( CH3)[BoLIR, [hotRd (&64da)sS K3kB, oOR! 423 (CCHRESIdEhRical7Rith 26{0ekiHfSiHE1 2,
C131- 127( CHOSi C12, C 14H23(CH3) Si C12, Cl5H31(CH3)Si C12, C161133(CH3) SiCl2,
Cr 7H35( CHYeBieCaformrda 187 CH3) Si C12, C3F7C2H4A( CH3) Si C12,

CAF3C2H4( CH3) Si C12, 15 .C5§6§102H4(CH3)81C12, C6F13C2H4( CH3) Si C12,
C7F7589H4( C113) Si EPYenBSRPACoHA( CH3) Si C12, C51-373Si C13, C7H75Si C13,

C5HL7Si C13, C3H13Si ' - j € ' ~

C73H27Si C13, Cl4 1%2‘%%&@59%%?‘&‘%7%@ iR @%%%5%%%%‘%@%%&‘? any of
CL5H37Si Cl@yethibaS2HESI ICkdhe e £he @licdd SoEldhundSroide@dntbdShCBe general
C7TF15C2H4S1C13, C8F17C2HASI C13 and the |ike, for _exanple, 20 [00381 In
addi tion, formiua &llsie rppessebted by the fellew ks generahéomasled3dorpounds such as
04115(C113) 2Si O CH3, C5l1-111(CH3)2Si OCH3, (C61113( CH3) 2Si O CHB,

C7H75( CH3) 2Si OCH3, C81- 117( CH3) 2Si OCH3, C31113( CH3) 2Si OCH3,




C( CH3) 2Si O CH3, C 11- 123( CH3) 2Si OCH5, C12H25( CH3) 2Si O CH3,

C13H27( CH3) 2Si OCH3, C74H23( CH3) 2Si 0C115, C15H31( CH3) 2510 CH3, 25

C16H53( CH3) 2Si OCH3, Ci 7H35( CH3) 2Si O CH3, C181137( CH3) 2Si O CH3,

C5H71( CH3) HSi OCH3, C51173( CH3) HSi OCH3, C71115( CH3) HSi OCH3,

C8HL7( CH3) HS1OCH3, C31- 113( CH3) 11Si O CH3L(C | oH21( CHOHSI O CH3,

Gii 1123( CH3) HSi O CH3, C12H25( CH3) 11S10 CH3, C13H27( C113) 11Si O CH3,

C141--128( CH3) | TSi O CH3, C15H31( C113) HSi O CH3, C161133( CH3) HSi O CH3, 30
017H35( CH3) HSi O o%%ﬁﬁ? 1s| o , C3F5C2H4( CH3) 2Si O CH3,

C3F7C2114( CH3) 3Si O CH3, C5F11C2H4( Cl-13)2Si O CH3,
16 CBF13C2H4( CH3) 2S10 CH3, C7F1502H4( CH3) 2510 CH3, C8F17C2H4(Cl13)2S10 CHS,

C2H5) 38l C3 1
o, ChH13( IR 291D e oS oLy DS16 G, COrT{ COrE) o8 O e

CH3, CO9H19 G2 Hb}A Gl GHBshstitizéd GRitb )I2Bbee1CiaBomS &mwm)mh@hat of
CH3, C12H25( C2H5) 2Si O CH3, ﬁg 3H27 (C2H5) 2Si O CH3, C MH29( C2H5) 2Si O CH3, C
15H31( C2HEhe generatdigrreulas 43 coHB) 2Si O CH3, C17H35( C2HB) 2Si O

CH3, C18H37( C2H5 H9)3S i 0 CH3, C51-111(C4H9)2SiO
csals(g;zmg))zsﬁ% %gﬁlszmﬁg) ZSi o CHS, C5H(17(C4%-|9) I2Si

CI—|3 COH19( CAH9) 2Si K645 251 @ngs C
12H25( C4H02Si O 043@“0%2%(04%)2& o) CHS C 14%%%9) 250 GHa. C

15H31( CAHIN 2& i CHIp G, BEHIBCRHOR2 & B%hﬁhe@h@jﬁea(mbﬁx)@ sndodes ﬁve or

CH3, C18H37( C4119) 2Si O CH3, C5H11( CH3) S1(0 CH3)2, CBHL3(CH3) Si (0

CHB) 2, C7HIBeHbY &1 aE§ 2 C8HL7( CH3) Si (0 CHB) 2, COHL9(CH3) Si (0 CHB) 2, C
10H21( CH3) Si(O %ﬂ@éﬁ 3(CH3) Si (0 CH3)2, 15 C12H25(Cl13)Si (0

CH3) 2, C13H27( CH3) % , C141129( CH3) Si (0 CH3)2, CL5H31(CH3)Si (0 CH3)2, C
161- 13(CH3) Si (0 Q‘ﬁ%ﬁuﬁcb@ﬂxﬁ@aﬁ F&HESO )xﬁateﬁlﬂxb%ﬂeﬁlﬁﬁ;@té&lﬁ-l&ﬂ& C3F7

C2H4(CH3) S 1(0 CH3)2, CAF9C2HA(CH3)Si (0 CH3)2, C5F11C2HA(CH3)S i (0
CH3) 2, CGFtami'ﬂsd,ﬁgjaswste(r(ye@plﬁyen’Qprotectwe film forming agent as discussed in any
of Inventions 1 to 7.
[0023] [Invention 9]
A liquid chemical for forming a water repellent protective film, as
15  discussed in Invention 8, comprising acid.
{0024] {Invention 10}

A liquid chemical for forming a water repellent protective film, as
discussed in Invention 8 or 9, wherein the content of the water repellent
protective film forming agent relative to 100 mass% of the total amount of the

20 liquid chemical for forming a water repellent protective film is 0.1 to 50
mass%.
[0025] [Invention 11]
A method for cleaning a wafer that has an uneven pattern at its
surface, the wafer being a wafer that contains a material including silicon
25 element at least at surfaces of recessed portions of the uneven pattern or a
wafer that contains at least one kind of material selected from the group
consisting of titamium, titanium nitride, tungsten, aluminum, copper, tin,
tantalum nitride and ruthenium at least at a part of the surfaces of the

recessed portions of the uneven pattern, the method comprising the following

30 steps of:



C7TF15C2HA4( CHB) S/ (0 CH3) 2, CBF17C2HA( CH3) Si (0 CH3) 2, C6H13S i (0 CH3)3, 20
C71-115Si (0 CH3)3, C81317S1(0 CH3)3, CO9HL9Si (0 CH3)3, C ioH2i Si (0 CH3) 3,
C11H23Si (0 CH3) 3, Cl2H25S1(0 CH3)3, C13H27S1(0 CH3) 3, CLl4H29Si (0 CHO 3,
C15H31S1(0 CH3)3, C 151133S i (0 CH3) 3, CL7H35Si (0 CH3) 3, C18H37S1(0 CHO
3, CAF9C2H4S1(0 CHO% C5F11C2HASI (0 CH3)@, OBF13C2H4ASI (0 CH3) C7F15C2H4SI . (0
CH3) 3, CBF17C2H4SI (0 CH3) CAH9( CH3) 2Si O C2H5, 25

e P G AR T g o 0
A AR S RENANEA F R

CLTLLSS( CH3) 251 02 HrafESHBZHRY 10R:0RkS f@&F%ﬂﬁHﬁ@-&)e%SmQ@%a 3o GF CH
CH Si OCH CFCH CH Si 2 4 _ 3)2 4 9 2 4( _

_3)2 Ocheﬁ;LcaﬂEdﬂ.f(ﬁ“hlﬁ(l@ aHB)am 1epelehi protectwe e film 1 1s retamed at least in the
C6F13C2H4( CH3) 2S10C2H5, C7F15 CH3 O C2H5 17C2H4
C2H5, (T2 1rq_®)sggigot§2q_q_%0f(§élﬁ7v(@§4 ’ else)z‘)g e wafemg@ Pf@i%cge%é
1(C21{ 3) 251Q, C211 1 C7H15(C2143) 2Si O
C2H5, C8HL PREDE-S18 acﬁ%f&%%@%@%%is) 2510 C2H3, C i oH2i (C2115)2Si O
C2H5, C11H23( C2HS) 2§ HanfoldHabd 85l QiGAH .onSt Ikl ShFACE£EThe Svder is

C2H5, C141122( C2H5) 2Si 0C2H5, CL5H31( C2H5) 2Si O C2H5, C18H33( C2H5) 2Si O
C2H5, C1711dR5¢ERHR®Si 0C2H5, C isH37(c:2H5) 25 O C2H5, (CAl - VBSI O

C2H5, C5Hi i (C4115) 2Si 0C2HB, 112) 25 OC2H6
C71- 115(|C|4(112)28|)¥I§|?P@17C5 tﬁé& %3 T RPIDaYR)( BR0 TR g Water

G i A e S R s o,

C151 - 133( CAHO2Si C%&&ﬁ?&ﬂﬁﬁﬁ&r&)eaﬁicﬂ QRHB rhiingHR 7 Gb2jep2Befit G2bEecti®sH1

i (C113)Si (0 C2H5) 2, C61113(OH3) S 1(0 C2115)2, C71{15 (CH3) Si (0 C2H5) 2,
C81- 117( CH3pSi a(sommsszdomam @@ Erspuiipns Gt 39 s ased1ing they WAty 99116(1@1@2 H3)
2, C 111423§ E%’ % C2H3) , 2, C121423(C113) Si (0 C21{3)2, C 131-127(CH3) S1(0
CoH3) 2, 158ekEsEeA! gﬁ‘%ﬁ(lés ERE5) C 151{31(CH3) Si (0 C21102, CL6H33( CH3) Si (0

C2H5) 2, %35(@%@ 162115) 2, C 181{37(CH3) Si (0 C2H5) 2,
C3F7C2114
A method for cleaning a wafer, as discussed in Invention 11, wherein
the wafer is a wafer that contains silicon nitride at least at the surfaces of the
recessed portions of the uneven pattern.
[0027] [Invention 13]
A method for cleaning a wafer, as discussed in Invention 11, wherein
90 the wafer is a wafer that contains at least one kind of material selected from
the group consisting of titanium, titanium nitride, tungsten, aluminum, copper,
tin, tantalum nitride and ruthenium at least at the surfaces of the recessed
portions of the uneven pattern.
[0028] [Invention 14]
25 A method for cleaning a wafer, as discussed in any of Inventions 11 to
13, wherein the water repellent protective film removal step is performed by at
least one treatment method selected from: irradiating the surface of the wafer
with light; heating the wafer; irradiating the surface of the wafer with plasma;
exposing the surface of the wafer to ozone; and subjecting the wafer to corona
30 discharge.

[0029]  In the present invention, “a water repellent protective film” means a



CAF5C2HA( CH2) Si (0 C2H5) 2, C3Fi | e2H4( CH3) S1(0 C2115) 2, C6F13C2HA(CH3) Si (0
C2H5) 2, CTF15C2HA(CH3) S i (0 C2115)2, C8F17C2114( CH3) S1(0 C2H5)

2, 06-113S1(0 C2H5) 3, C71{13S1(0 C2H5) 3, 20 C5HL7Si (OC2H5) 5,

C51- 112Si (0C2H5) 5, ClOH21S1(0C2H5) 2, Cl1H2SSi (0C2H5)2, C12H25Si (0 C2H5) 3,
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15  exhibiting an excellent water repellency is formed in the process of cleaning a

wafer, and this contributes to reduction of dependence on the number of
hydroxyl groups that exist on the surface of the uneven pattern. The
application of the present invention accomplishes a stable cleaning of wafers
while preventing the collapse of the uneven pattern and contributes to

920 reduction of lot-by-lot modification in cleaning condition.
[0031] Additionally, when the cleaning method of the present invention is
employed, a cleaning step conducted in a method for producing a wafer that
has an uneven pattern at its surface is improved without lowering throughput.
Accordingly, the above-mentioned cleaning method and a method for producing

95  a wafer that has an uneven pattern at its surface, which is conducted by using
the liquid chemical, is excellent in productivity. Furthermore, the present
invention is also applicable to cleaning of a variety of wafers (different in
material of the surface) and therefore contributes to reduction of modification
in cleaning condition according to the kind of the wafers.

30 BRIEF EXPLANATION OF THE DRAWINGS

[0032] [Fig. 11 A schematic plan view of a wafer 1 whose surface is made



C171135( CH3) Si ( NCD) 2, C181137( CH3) Si NCO) 2, C3F7C2H4( CH3) Si ( NCD) 2,
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15  portions of the wafer at the time of cleaning the wafer, the wafer being a wafer
that contains a material including silicon element at least at the surfaces of the
recessed portions of the uneven pattern or a wafer that contains at least one
kind of material selected from the group consisting of titanium, titanium
nitride, tungsten, aluminum, copper, tin, tantalum nitride and ruthenium at

20 least at a part of the surfaces of the recessed portions of the uneven pattern,
the agent comprising a silicon compound represented by the following general

formula [1].

R',SiX,, [1]

[0034] [In the formula, R! mutually independently represents hydrogen
25 group or a C1-Cis hydrocarbon group which is unsubstituted or substituted
with halogen atom, and the total number of carbons in mutually independent
R! is not smaller than 6. X mutually independently represents at least one
group selected from: monovalent functional groups of which element to be

bonded to silicon element is nitrogen; monovalent functional groups of which
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possible to cite chlorosilane-based compounds such as CqHo(CH3)sSiCl,
CsH11(CH2):8iCl, CeHia(CH;3)2SiCl,  C7His(CH3s)2SiCl,  CgHy7(CH3)2SiCl,
CoHio(CH2)»SiCl,  CioH21(CH3)2SiCl, C1iHes(CHs)2SiCl,  CraHas(CHs)2SiCl,
C13Ho7(CH9)2SiCl,  C14Hge(CH2)2SiCl,  CisH31(CH3)2SiClL,  CisHss(CH3)2SiCl,

25  Cy7Has(CH3)2SiCl,  CisHsr(CH3):2SiCl, CsH1i(CH3HSICl, CsHis(CH3s)HSICH,
C7Hi5(CH3)HSICl, CsHi7(CH3)HSICl, CoHi1s(CHHSICl, Ci1oHz21(CH3)HSICI,
C11H3(CH)HSICL, C12Has(CH)HSICL, Ci3Hor{CH3)HSICl, Ci4H2(CH)HSICI,
C15H31(CH3)HSICL, C16Hss(CH3)HSICl, Ci17Hss(CH3)HSICY, CisHs(CH3)HSICY,
CoF5CaH4(CH3)2S8iCl, CsF7C2H4(CH3)2SiCl, C4FeC2H4(CH3)3SiCl,

30 CsF11CeHs(CHz)2SiCl, CeF13C2H4(CH3)2SiCl, C7F15C2H4(CH3)2SiCl,
CsF17C2Ha(CH)2SiCl,  (C2H)sSiCl,  CsHr(Cells)oSiCl,  CaHs(CeHs)eSiCl,




G a123S1[ N( CH3) 213, CLl4H29Si [ N(CH3) 2] 3, C171135S1N( CH3)213, 25
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such as CiHo(CH2)2SiOCHs, CsHii{CH2)2Si0CHs,  CeHia(CHz)2SiOCHs,
C7H15(CH3)2SiOCHs, CgH17(CH3)2SiOCHs, CoH1s(CH3)2Si0CHj,
C1oH31(CH:)2Si0CH, C11Has(CH#)2SiOCHs, C12H25(CH2)28i0 CHs,
C13Ha7(CH3)2S10CHj, C14H29(CH3)2SiOCHs, C15H31(CH3)2SiOCHs,
25  C16Hs3(CH3)2SiOCH3, C17H35(CH3)2SiOCHj, Ci1sH37(CH3)2S810CHj,
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silicon elenent is nitrogen, represented by X in the general fornula [1],
is required only to consist of carbon, hydrogen, boron, nitrogen,
phosphorus, 30 oxygen, sulfur, silicon, germanium fluorine, chlorine,
brom ne, iodine and the like. For exanple, it is possible to cite

-NHSI (CH3) 3 group, -NHSI (CH3)2C4119 221@roup, -NHSI (CH3)2C81-117 group,
-N(CH3) 2 group, -N(C2115)2 group, -N(C3H7)2 group, -NCH3)(C2115) group,
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wat er rep@d%m@zﬂ{(&@Sié@FHé)k,m aCeF st CHISIQICHYdr opHodlsS 3)3,
P e \
hyr oBRobI TSRS S Fur GoPRSROCHN. | p RESGHACHR o Fufe%QCHRs [

S requirad, pAleiORERS, an ¢ DSARIORELSY OMdh 1o SHOBRURYeT ¢SS (RORLA 1 of

2, with thecontam nation of water and the e due to a long perio

storage ofCi;HR: SWOEH D)5 pelC gk J(OCERY, ve (hiHpSit0 Gthl, ag€niHesi(0@Hkqui d
chem cal, the silicon 1% conmpound may initiate polynerization_an
3

pﬁssi bl e s@&sﬁ‘gbhﬁt(ﬂ% ARy bF Gidm R B PR Rdsw of tﬁiﬁE,lqug‘I@é(dQﬁgﬁ)@r abl e
rar i . is 3. [0
Si'11 con coMpuR AL EIEEdht od byCthECsERErtrbS, > O CHERFRIB ™"

25  CsHi1(CHz3)2810CqHs, CeH13(CHz)2510C2Hs, C7H15(CH3)2S10CoHs,
CsH17(CHz3)2Si0C2Hs, CoH19(CH3)2Si0CaHs, C10H21(CH3)2810C2Hs,
C11H23(CH3)2Si0C2Hs, C12Ho5(CH3)28i0CeHs, C13H27(CH;3)2S10 CoHs,
C14H20(CH3)2S10C2Hs, C15H31(CH3)2510 CoHs, C16H33(CHz3)2Si0 CaHs,

C17H35(CH3)2810CaHs, C18H37(CH3)2S10 C2Hs, CoF'sCoHa(CH3)2Si0CaHs,
30 CsF7CeH4(CH2)2Si0C2Hs, CyFgeCaH4(CH3)2Si0C2Hs, CsF11C2H4(CH3)2S10CeHs,
C6F13C2H4(CHs)2Si0CoHs, C7F15C2H4(CH3)28i0CaHss,



formula [1], those of which R consists of one C4-C s hydrocarbon group
which 15 is unsubstituted or substituted wth hal ogen atom and two net hyl
groups (i.e., conpounds represented by the general fornula [31) are
preferable since the rate of reaction against hydroxyl groups resident on
the unevenly patterned surface or on the/wafer surface is enhanced thereby.
This i s because steric hindrance due to hydrophobic group has a great

iyl ehaiHi g e GERBROREHS | | con GHABRDYRE the' | GELC-AREID G o

other SNold, el EHNISIOCIHE | eactlioN (BAYeeR Egl oXy! rayRCIARLIRIE, 190 the

unevenly p surface or on’t Yér sufface an e SiTicon

conpound. @%G@Hs)'ﬁl@@m sili G@Hﬁ(QHHQMBCtSCbﬂsVVh' chCtHe(CoHahSWCHs, and
"b" in the general formula [4] is 3, silicon 25 conpounds in which "b" is 2

and R4 i s QretlkyCHoetiOCetei t he@u&hs@?ﬁsézﬁoﬂéhékabl eszzH&éCEHQsSIQ@zIé% gg(i)d
[ﬁ?ifé@ﬂ' o el Ak otel Era? ? p@z@@z@a@@?ﬁ&?’a sl hedoisingne
oxeni 111 AP BT o 2 e PSR PsePl %éiﬁﬂfé?@”‘fg)?%%ﬁ ’

C71115( CLI8)RS:SD G, 17( CH3) eSHel(COIMISICERIRS CL, CLOLIRACEHRLSMCHT;, 24 C
11H23(CH3)28C121{2€é§%&£281C1 C 131{27(CH3)2Si C 1, Cl4H29(CH3)2S1C1,
1

C151131( cdahstiatio B3( CH3) £'sHet(! 459)Ja$ 6eldr3) 251CUH L CCi ket 1828 C1,

S E B B
%Eﬂ%ﬁ@@@%@%g%@ 2@7@&%@%) C8111 k(l“ )Cé?{?«é%ﬁég&ocﬁs

e
%g}F{lg%Ecﬂaﬁ ﬂ\é{ '@ﬁ@z@ﬁ}{%&@i&%@ﬁ%&%ﬁ%&g(37_ %ﬁsl\lﬁi!?éﬂ-é; 2) 10
CiroCo1 14 (S N TR R T ARSI e Ol IR ETMSS) =

-CG6F13C2HA F15 H‘%(@T@)Qﬁoﬁ(% 2a030h H27(CH3)Si(0OC2Hs)
CBF17C2114( 281&%5%}1%[0052 Eurthermore. the |iquid chemcal for

f or mi b a@yaH@J(Oifhﬁféﬂ(OéhHsllﬁ pr@ﬁﬁat@}&)&([}ﬁﬂﬁ;}z,be O 136 Ek ) S0 Githg 2.t wo

or one.t hiir B EH QB o ebmfuhaK eht-Ebnt dis oM Bl ko o

[1] and a si Wther t han t he S|I|con by

t he gener§$T¥ WSFEQ?E 053] Then, the I|qU|dpgﬁgﬁgg% or ?gﬁﬁgng
wat er repetlrent, Iprotmeisi@e,H;).m accor di ng to theCpFasRB(CHYSHOOH ML, | be
di scussed. The liquid chemcal is required &Sly to contain at |east the

wat er r epdlsFerits Gi[‘baﬁu(Oé}zH:s)szorm Collp)si s posstH@ﬁsLl Ggds)an

organj ¢ sg ng,. h | vent
readi r dtbapBhsteE @&%s&l@?@@%% ?‘ﬁeﬁzz% G530 o S ARy
agent; th?ﬁle{{ggsi(o X%E)Qcabpa 23181(@%2‘1{5‘53, %Pﬁz?sl(ﬁ@tzmﬁs (1'191{91%(1)@&%)9' ning
sol vent s oxl de-based so vents coho pol yal cohol

C16H33S1(0C2Hs)s, C17H3581(0C2Hz)s, CISHSTSI(OCZHS)S, C4FsCaH4Si(OC2Hs)s,

CsF11C2H4Si(OCoHs)s, CeF13C2HaSi1(0CeHs)s, C7F15C2H4Si(0CeHy)s,

CsF17C2H4Si(OCaH3)s and the like, for example.

25 [0039] In addition, it is also possible to cite isocyanate silane-based

compounds such as C4Hs(CH3)2SiINCO, C5H11(CH3)2S1NCO,

CeH13(CH3)2SiNCO, C7H15(CH3)2SiNCO, CsH17{CH3)2SiNCO,
CoH19(CH3)2SiNCO, C10H21(CH3)2S8iNCO, C11H23(CH3)2SiNCO,
C12Has(CH3)2SiNCO, C13H27(Cl5)2SiNCO, C14H2o(CH3)2SINCO,
30 Ci5Hs:(CH3)2SiNCO, C16H33(CH3)2SiNCO, C17H35(CHs)2SiNCO,

C1sH37(CH32)2SiNCO, C2FsCoH4(CH3)2SINCO, CaF7C2H4(CHs)2SiNCO,



derivatives, nitrogen conpound-containing solvents and the like are
preferably used. Wen water is used as a solvent for dilution, a group
represented by X in the above-nentioned silicon conpound causes hydrol ysis
due to water and 30 then changes to silanol group (Si-OH). The thus forned
silanol groups initiate condensation reggetion therebetween, so that the
silicon conpounds are 25 bonded to each other to forma diner. The

T ow sbeEnarn CHAANG s ah ol LY RNEbYy "Fefac B Shustn ency
to the M@E&%ﬁﬁwﬁgﬁg%%dl ne neg{i;efﬂ% M4(t(ﬁ{@r§m@9 wat er (@ 3Sﬁ@@b IS

el ongat ed not” prefera use wat er’as a so

[ 0054] Fur (et (O418,),SINTG, t he si |EgICSHRREINGO,S reactcmlmm)@smao c
solvent, it is particul arly preferable to use an aprotic sol vent as t he

or ?anl c sgsﬁhﬂﬂzhhbSmNGQvat er r dbﬂilg&‘d% HFEdRs easi | @stﬂCbHB)eSINGQb heh
apr ot % pShbksl 1@&%&8&{@ and ﬁ?&@»&f@ﬂ%ﬂ\&@@éf’b;ﬁt@%ﬁ@%ﬁéﬁ?ﬁ .
sol vent s gﬁ bﬁC Né‘bed by gér%qng eg ers, hﬁ};g(c ﬁg}zgm@(},

hal ogen-c venfs sulf solvents Fcolio

derivati veﬁammm@@lm@r oxyl @I@H%(C@H@zSiNCQ}Qen cormeﬂaaogﬂalzsmcmg _
sol vents having no N-H bond. Exanples of hydrocarbons are tol uene, benzene,

xyl ene, h€xsde; Ctﬂ@b%]ﬁcolé(ld&ﬁ)a‘ﬁ@@@d05%1(&4%)28@\3&%|%{1@f0é§&)e3@%®e

i ke, Bxabared GEERID re " difr GRS Riedr ony “cEabisCafisfisfliCd ne,

et rafydr el i f@cﬁ@ﬁ&@@gﬂnd thesl HES‘%CAE?;()@SH{I@@ of KelOnes.@1 RS g

acet yl acet ket one propyl ketoné, “nethyl

ket one ane;tlsm@z(mm)gsme@pl es ofclnH@s(z@Hbl)aBﬁgGm cont alGnlngl(ﬁqH\«;)aSiNca) e:
per fl uor ocar bons such as perfluorooctane,

per f | uor oR0eEmECHEEPINEDey ¢l opéntdsdCppePilESy cl ohdxaRer(CiHe)2SiNCO,

3 pent ar | GaF BUGHANG OBEOL | uor oGy L SRARTSIR O lcﬁwi‘cﬁ@&(m@z
2, 3-di hyd@g/ﬁg@fﬂgg{(mmzane ZE@S@%‘ME’LRSRWQ by Z and

the Iike: rof [uoroet hers such as methyl perfi uoroiso utyI et her, nethyl

per f | ®r oliyiKibs(eEhIiI(NEDY| per 0111&5%5&5]&&3}81(1&0@@, et h{hsIhetCHasONEDyt yi
th ASAHI KLI N d Co.
aFE(;rloo ﬂowgéﬁ(ﬂﬁé%’lgw@mgdg\r/gc - @3 1¥‘&@ﬁ%ﬂ‘ﬁ€é§§ ? any bn ﬁ%@gﬁ’)ﬁ) éﬁéroéélu ced

by 3M Li h
and the. |ml éﬁ%ﬁ@?ifr‘jgocxgﬁgpgéar bo qiﬁg(%ﬁ PPt or mégf‘r']g,e%%?@ﬂ @&G@Hﬁa“e
chl or of I ugy,es@s HATH I IANEE).d 'G%Mfibﬂﬂi(()m%ﬂm@l)aneﬁaﬁ@2m@H3)@(NCzﬁ2’

hydr ochl or of | uor ocar bons such as 1, 1-di chl oro- 2, 3, 3- pent af | uor opr opane,

1,3 - di cllEnaCAACPH8NCEDnt af | dé&ﬂlp@dﬂz;@féa)Sl(NCO)z CsH13S1(NCO)3,

112CSéé’hfgfﬁﬁéﬁﬁé)'ﬁ:’?Lﬁ%ﬁfﬁiw@% el 1GeETESHNGRIo et ndeHSINCO)s,
per {1 uor opgl eiare)and Cleel K ArOBXATD! 25, AlG09CERL ! OXIclgragsedoesl vert

5 are dlmatlll ox’de an ke of thé
derivati VQ§5H§1\81(IQCOI)3 hydrathgsjma@)gr e dhthaa&éN@th yC0|01@H@£&(N§CD)Qt her

acetate, ethylene col nononethyl ether acetate, ethylene
m)nobijtyl Ce GEH&%JZNYM;& propyl 19T 3id oh1 N@r@me'{ hyl et@r@rllsggfé &ECIO)S )
G ot hy! ond Gy %?éh%%ﬁé%tﬁﬁ%ﬁﬁﬂ@?ﬁsap@w o TP HRRPlT et hyl et ﬁter

di et h%g eng @4 coI E?(hbyllt L& pBSEhR ’E‘o cﬂbeir%{o%ﬂﬁnglﬁé%@ﬂ DR Rifls

triet erne yco ether triethyl ene glycol diethyl ether,
di propyl e@@mﬂ' ycad dIGEEIdﬁ&HsﬁSEINHz et 4N 6CHELBONTE] acalaio(CHPhSINHE,

gl ycol dieth et her, col di net hy her_and the |ike. Exanples
Ot e Bl Gbe oG, G G G N, Cotl i CH SN, CroHs: (CHYSsSiN Y

C11Hz23(CH3)2SiNHo, C12Has(CH3)2SiNHa, C13H27(CH3)2SiNHo,
C14H29(CH3)2SiNH, C15H31(CH3)2SiNHo, C1sH32(CH3)2SiNHo,
30  CirHss(CH3)2SiNHs, C18H37(CH3)2SiNHy, CoF5CaH(CH3)2SiNHy,

C3F7CoH4(CH3)2SiNHs, C4FsCoH4(CH3)2SiNHs, C5F11C2H4(CH3)2SiNHp,



15 solvents having no N-H bond are /V, N-di net hyl f or mam de,

'V, N-di net hyl acet am de, . Mrethyl-2-pyrrolidone, triethylam ne, pyridine and
the like. [0055] Additionally, it is preferable to use a nonfl anmabl e

sol vent as the above-nentioned organic solvent since the liquid chem cal

for formng a water 20 repellent protect$ve film beconmes nonfl anmabl e or
increases in flash point. Mst of the hal ogen-containing solvents are

A S SO B IS 3

pref er abl 9%1%% (t(g%g Sggss%%ﬁr sol verﬁ%ﬁ%(@?—@)z@iﬂmc 25 So!dmfg(@ﬁ%az?ﬁ?ﬁgir,m ng

reaction I'con conpo S i'ng"as the protective

agent and [(ydT,00H,) QN | esi deniCg®n (018, y&il aTHs ur f ace [OsTOGEEHS) SNt y.
[0057] Additionally, the organic solvent may allow the content of water, if

it is in dCwdy(GHekFilaNbunt. HIGeNEs(CHE eI s nad€iais{CHahfdeNEH i n

t he 30 | t, i Lj d | ysi t

cont ot <8Cabtne R SUaRReq T Eaetel EPISTRNEE tho WEne ol SRR e
| t o f | o [, irficall i, |

f (r)\a;/etn heI ig%gg?’@%%f%%tm?glrsgﬁe t[pﬁ%w%g Eeg izﬁgg@yﬁlt g?negcilénﬂﬁ(g}lg%ﬁygﬁt ’ i65

| ess t han [&, BRI XCHR)SIENH,| | CONF ADFDOOHT) Sl NeLe [@5F T FRACH SN,

preferabl¥eless than 0.5 nole tinme the silicon conmpound in nole r

tio. 5
[0058] | nl€kBCelu{GHobsNH, FaF 1507 (Rd2e53 111 t [Cy B14G bk CHakeSi i&i{c
| 1 ent t ect.i f.i f or ni kS, bl i i
et Cof e Cebt nas Tl ot 1o MR or t fe FEREACERARREE ¢ 1o
li qui hepi f er abl ' | : %
ortat fo oM PEUIRIOLEIREL RIS 2P ToAREITHISTINGY Ao TR, @Bl SiRRETRSS
repel | ent [COHPXOLEOLSMENH, | m f ol @k He(@gERLSOENSTRI | er [(hBh (@ HspaslsdH ends

to make the water repellency-inparting effect insufficient while that of
| ar ger t hahdb eedtdsBlaNds~ abo 115128&311H554$d£21\{fﬁe con&bﬂ%ﬁﬁ@(@?ﬁ%}ﬁ]éﬁﬂ,rom

the va or Gt G RPN o ni P B AR o o Mot EPR B "

Fur t her ”Df[éﬁrﬁglmmézsam, i ncr e@ %&d@g&ﬁ@g}i@l\mi t he[vatRI(U: RIS BN,

protective I'mformng agent to be used, therefore not preferable from

t he vwwpdicmia(mHm&iﬂgN,l[ (054} (BH 3 b [Cy‘/aI-des&CHB)tdSi]s.No [&hi:h!a(é)ﬂ@eﬂiﬂﬂéh

reacti on between the silicon ] roup.resi t o e

wafer sur Qe CRE RNt | Erar OBk AN Sl R e Bt on B Lo

al | oned. efer galil e exanpkas of at al yst eyacd thal ni ng

no wat er i{&%ﬁ%@%{)ﬁ#ﬁﬁgf oacet i cl[gbg’l}%f(cg%%?%g%ﬁ’oaceti c g(?fﬁ%fﬂ ?q e?)%)l%l@’

pent af | uofopIPR(@ALGSAGNd, pent afCUSTL@EPLSNIN, anhydri f@,7Hss(CHa)eSilsN,

trifluoronethanesul fonic acid, trifluoronethanesulfonic an%d&p}g ia sul furic
[14

aci d, hydi6gdhetGHekSdeNand t HEFikeF1(bEEsSiE0En as HawlnC Sikidhe,
N, N, N., N - t hyl di i i . di i , .
0 et RO1 O et S : p i A BB phole n SR GRSy,

| t I fide, t i , | }
hydr ochol 1D CIIPRINERY., |G QL CRIIRHRES R (RS MHG,,
tin, al umQyEm (AN .t he CiKe(CPRIibCH:)y, i fCIRk(GHRSIN(CGHYE C

effect into account, t he}f)r ef erabl e exanpl es are): t he aci d? SLSCh_ a?
trifl uor odheHed CaEB1NG0 a)e,  C11Hza(CHa3)2SiN(CHs)s, C12H25(CH3)2SiN(CHs)s,

trifl i | ifl ulfani id, )

RO s it A N2 SN A 3o iz (T o ot RN (o TS

th [ i vt ly, i ; bl i t )
Mo eond;  GREACIIMINCENS, |V, ChHES,QEPIIN@RDA> VORI PRHIBIRICHND, o
p][ ot ﬁct nglsﬁ{lhf%!{dy)}lﬂsie@(ﬂéﬁdm 3, OF%GH%OCGH]a)IPSﬂFG@DW : yc?ﬂg]mécmﬁism @ s)punber
0 t he ro onl C rou I N t ner a or mul a | S ar ge steric
hi ndr ance Geloduded FIREESE2 s ofeEl ey BRINGEhe Loodei GRS NG

Cuch casedn B LEATEONGH Ao Crer SR EER BRI Ao g S AR RPN 80, [,

uhich the ¢ gaclican) ARINRERLLNC (EHLAeHSOMRAUOH,AND i ReY ) ISPC S, dent

on the wafer surface is accefera ereby sonetines conpensating
react Bon rebE (04 HSiNEOHGR] Gyt @HHHBIN(CEDe CAUSHELHYHR):SiNCHD,C
group as nentioned above. [00Q611 The anopunt of addition of the catalyst is
pr ef er abl ﬁ:ﬂf’i@iﬂnl@ﬂ@@‘gﬂé@%)e,el ative to 100 nass% dfoCialb(€bplSid , of

the silicon conmpound. A



smal | amount of addition | essens the catalytic effect and therefore not 15
preferable. Additionally, an excessive anount of addition does not enhance
the catalytic effect, rather sonmetines | essens the catalytic effect if it
beconmes | arger than that of the silicon conpound. In addition, there arises
a fear that the catalyst remains as an 2@purity on the wafer surface. Hence
the anobunt of addition of the catalyst is preferably 0.01 to 100 nass%

To062) Thes i CRes R R he or oot ”‘."Lﬁeﬁ}r i abstiuddoshiteBack
bogi nn ng T GBS N B A P YL B R RS o1
conmpound m@'{ﬁcmghsm(m%' ni g, HJle.dabsiNGtHare M ¢ad, eilneSiteEH IS

[0063] Then, a net for cleaning a wafer, accordlng to the present
i nvention G@Hlb(azéiadh&wﬁlrh& [ OOGEL(CALgSidH@H) as aCaféC-Ho: BN ERaned by

?ﬁ;?ggfai‘ets%%ﬂ‘é@sfﬁiﬁmgﬁ o oS Ea dnc: g‘ﬁi@ﬁ@aé@@%mﬁf e?'e?:e
pr et r eat 'n?a%’flaft(@”ﬁﬂ)agﬁ“{@ﬁa? b i e T S

to form ag@ﬁgf(cgﬁsnsm(@ﬂp)@tt@lgﬁﬁ(@miﬁsm(dﬂsﬁn @34 (CHTHGRIN(TUHHE 0, a

resist is applied to a surface of a wafer and then the resist is exposed to

li ght t hr digHsACeBEs)8iNRHK:, ol | (i) 85iNEHEIt i ng Estlef{CHilagSi Ak, on

hai ﬁép?%‘;a Rt mlaRCells or o el AN G Dol GRS NI G on

h
e R L e e

recessed
portions lezHQgCQE%)gSiN(@HE)@V n C&EHzﬁCQH@)@Sﬁé(CﬂEIE)bVelQ{4HB(@@HI§)YS1NG¢E{§)QS' st

is stripped off thereby obtaining a wafer hayi an unev tter 0
[0066] | néhdBint@ Pyt N Haber hoge(FaHoeRa gz o &ha s G geS PHAFDs,

aast. one pRerGrEspav e SerbatOSTINE Pten TSRERGIAb RO o

L1 tani um i) QOH ) ENATEe), .2 ‘UMWOH«QSE’[WOHMQ ot NcmBIN(CIE) And

r ut heni um t contains a material 1nclud 1 ng silicon el ement

i nv]?l wssd CﬁwbﬂzirmeSv[N(egla)@a 1611ﬂiﬁ(@ﬁﬁ)&ﬁﬂ@ﬂﬂ@ﬁ]2\/\/r‘@leﬁlza((§iﬂ)5m[®ﬂ0ﬁ3)de, fi |h m
t t t t

| .Skfe‘” 2‘33.@%@@7{ i e ot Sﬁgaef&g@% Mol haeh: | § b Q%ﬁ@@(d%z;ﬁrf.f 'm

ot on s PRI RRY | B B CRINREI IR, G R SiRNCEEN, 1T e

ther eof '%mceﬂqﬁdﬂs)%[mmzwddltlonalIy as 20, M, 0e W) SiIN(O1$:) b so

possible to use: a wafer formed of a plurality of components |nclud|ng

silicon arFarCsi(CIDSON(GE)de, si | i con car bi de Gef sf2Ha{Ingt Y€ Eazlahi ch

et er 501 nestrtasCra CbnpaRACH e g s CRIRCTRIREN GH e B siNndoats
vari ous compeuadReAtFIndusts S%mﬁg]s,ac?ﬂ{?g%[ﬁ(dﬁ})%, @&{Elﬁ?[l\'l'ﬂd‘f@z]§5 and

formed to vari ous containin icon eléenment t

are al so avGERIKIBNECHLRE| dent al | ﬂlzﬂbﬁl[N@H@zkhem cal Cg:HpeiN@HOslm a
protective filmto |ﬁpart wat er repel |l enc

t he surface of fer
tﬂat c](c)nt & nE2s31EINEC h]aelrrent tlﬁ‘esHaurﬂ‘la‘éZCHﬁ)zlshe ]1:| | m Q]dﬂaass[tN@}%\Sd:onh
uneven pacarwSiNGs Ren the Sanar QDS b cont Griac i RN D Bhent o

L0087hs! N @ Metatr,JiRtcHLTS. 2 éﬁf@@%hﬁ@@ﬂ@ Of REGH ABK AT Of

30 silTconoxide portion on its eneral ere exists an

?Eu?dgﬂce %Flmmﬁyﬁd(@fmﬁmf ( seﬁﬂb(m{agsm(claﬂsbwe s f}%ﬁlllt(ﬁlmsbdtﬂamaﬁﬂ@@e S
a e water repellent performance is easily inparte ereto
contrary, GaHhﬁfﬁ)engEﬁ:ﬂ? sxul tCTHls&Gszﬁthé‘ﬁdﬂﬂtz,%hﬁ’ﬁH&léSHséﬂﬂlh%@raHs)&he

surface: | doemelCR e Grottame Forte GEESNUAIE dE R Par ge
amunt - of é' HZC@H%)Q&N(@%H%B” I(ﬁzmﬂgﬁﬁ?ﬁw@ﬂgh, a ﬁ? C‘Iﬁ%&f\ﬂé&ﬁ

pon5|I|con ar'ge “anou stlicon ortlon onits sur

and agagi | '@BH3W35)2$N®2H5)2|‘|0\®1¥H%3(UH@zSiMOQHszhe CEWHHS(@I'Q&DWGEHQ)E t he
present invention a arting an adequate water 10 r

epel lency to the
waf er surf@mHgaGﬁ]HéefﬁﬁN(CmHgley provi des the effecC4E§C#ié€Erh)th§3 éhﬂdsz
pattern collapse at the tinme of cleaning, even against such wafers.
Accordingly, a wafer that widely has a silicon oxide filmor a silicon
oxi de portion on its surface, as a matter of course, a wafer that forns a
silicon nitride filmor has a | arge anmount of silicon nitride portion on
its surface, a 15 wafer that forns a | arge anount of polysilicon filmor



25 wafer, a sapphire wafer, various conmpound sem conductor wafers, a
plastic wafer or the like with a layer fornmed of a netal -based materi al
such as titanium titaniumnitride, tungsten, alum num copper, tin,
tantalumnitride and ruthenium wafers fornmed having a nmultilayer film

t hereon and wherein at | east one |ayer 25 a | ayer of the netal - based
material; and the |ike. The 30 above-nenti oned uneven pattern form ng step

i duct t Layer, | di I ft r . ial .
i 0§ onal Gy *CAHSHDRNELER 5131 1 eadt o par CoBr A GRereR partdhn
ar o also (e A CEITAURTROTEE vl or s obt ai nod by FoteNGEAHSNEG AL o1 "

pattern oma yefrefCEn,SENe0,H9s M ndCADHaI(MHIhe el (ChEspgiNatgial on

the surface of the uneven pattern are also 5 included. [0069] Also in a
waf er f or hBfodE:1s) pbilN @leHsye, of CeldnOndmeSiN &k, ng CsHe:(FeHalSHN §Eds)2,

T hasbyala IR R AP TRt A RSSO
|5 PSSt Bl b ORI OES! Sconualt S SINESR LI TR T amstini ol 1S

becones t Itg;ABi(eLHDASANCHELS, | €, (18§30 CoH Y0 r@v; g, (CREL BENCD: Hs,t er n.
Incidentally, where the protective filmis for&ﬁg tp)é/ using a liquid
, Py

cheni cal akHsi(BgHbeSiNE SEen nth Al (iR N2 Eev(ﬂzﬂale&hﬁ (Catli)s a

For maa. of (CREoRRINCad. mtshe P AobSRERaRTA ret Rl Gkl Sa gt o1

that pas an 1’9@?&)%%‘?&?8%5)%} idsﬁﬁ(‘ﬁ&ﬁ?z?iﬁ(‘@zﬁé)@,t e, U&l‘é%iﬁtéﬂgﬁi at

| east " at surfaces of recessed portions of the unéven pattern, accordifig to

t he presem;HaMEnHbeRi NC )£ S C11Has( CaHe):SINCOHR) N oC 3 HoH OuBlohFil (CaHo)s,
wat er - based cl eaning |iquid, where Ehe éur_f ce of the Wa(fggr is_cl ean%d wth
a wat er - bAseHedCeHmeBNIGAl Y : CodlalGulladrSiNGaHiskontCrsHatEatiolsSiN(CsHPor ni ng

s T et ai nbirode PR SHTGRD s o Bdt el N B RS R e S il or
thereby oL Rdvabebxsepel | ent protective filmon the surfaces of the
recessed portions; a liquid renoval step where a liquid on

the susfadeosf] t hE wahsiderimg?She ewmied; repetlent performanvatier thepehbendf

protective filmrenoval step where th ter repellent protectiv ilmis

enpved | PUkStiHEaE T dyegostn (e ek 88 dbe EB@]EQ%H‘%‘?H [DO%R] Widh e hHAEE of

t he wat er - bas cl,eanj hqui it 1S.p .hl eqsto Gite: er- and: | i qui ds
ateom&sg l:he s}!)}{%%%lla&ﬂ? rrg?r)xlllpguhas ggrfdr% tHP fldve m@%{ﬁé&d rrgg;s({p/h

that contain tef a r conpone or ‘exanple,” oor
nore wat elcofdudds)aratHosbEabaerited witkiMihrade heattasahe KilbdewhieR @edani c
solvent, acid, alkali, a surfactant, hydrogen peroxide and ozone with 32

wat er. [ 0d@2]sibstfutiencial, ofmphendestepresquteti by etheamenetrad fargeulaetldent
on the_surface of..the wafer gre renpved by.the cl eanin onduct ed by .usin
o et 20 bauBane G EOPPRURD SHRATRYEA VI DRpBrentesd RBa PRY CRYURA | o
>, removec fi i Hobd MorlfiCatdniC oxhibit B r@%ﬁga@&brpdm&w%dhgl%%eﬁxé Tdido

a ar s tine, the

wi dt h and "projected portions ve a e aspect ratio at thi

pattern cqhrbffgbld, pakticeBaly Hgowetn wila cwienatingal hertoried wdefrk gdrasylshown
in Fig. 1 and Fig. 2. Fig. 1 is a schematic plan view of a wafer 1 whose
surface i groapas gﬁr@yiosmedaééhhwfﬁgem awelksrcoraetrang aomaggyal of which vi ew
showi ng a rt of 10 g-a' cross ction of Fig. 1. A widt of ,recessed
cort ons. 1 dsbrfhrainp bR cRineay HES phfifedhol oy teta o REb RS S EREE

proj egked ROLELAN ndhri %ﬁﬂ%‘& b fuGhinfm T*agpﬁ@rpeﬁh rahitnah AlIRCESH
portions is expresse(l:l Jy di Vi di hg a hei ght of "'the’ projected portions by a

wi dt h 7 ofruthénipm®) ect ed portions. The pattern collapse in the cleaning
step is to easjly occur when the recessed portions have 15 a width of not

mor e t han [0042km ~ pamoneunkemityfunstionst erenanei4which slemant ot e beadedttor ati o
is not less.than,4, particularly not |es hap .6. [ 0073 eover, .
bor 1 on ¢t GBI G BR AR RETReR b fisogoneral formia: (1f, is
required only to consist of carbon, hydrogen, boron, nitrogen, phosphorus,
30 oxygen, sulfur, silicon, germanium, {luorine, chlorine, bromine, iodine and the

like. For example, it is possible to cite -NHS1(CHzs)s group, -NHSi(CH3)2C4Ho



cleaning liquid by retention and fornmed of at |east one kind of materi al

sel ected fromthe group consisting of silicon nitride, polysilicon,
titanium titanium 20 nitride, tungsten, alum num copper, tin, tantalum
nitride and rutheniumis oxidized at a part of the surface by the contact
with the water-based cleaning liquid th&2eby form ng hydroxyl group. Though
this oxidation my be a slight one (depending on material), the water

ot o bul ByORpar el BB el s S L 5 Thodt D LRy (e "
a Fhat™ | |
R e T s e Bt

formed by @¥ifdaideogroup amd ehehilk] armount. [0074] This oxidation of the

waf er surface proceeds even if the water-based cleaning liquid is a_pure
wat er of 0043k enpemanaralentiociuetionaligsoup e sbicliedemonbiiothre bpaded Wased
cleanipg liquid [s high or when the te atyre t he wat er - base | eani ng
i Gut o' SHAGH clnIBE i ERee TEBeSF BT piitpe BRtahdPER AT 1] o
possi bl e ag) : DHasad of eapidg hi@¥Enarbd hirBessi bl e
to increaggq?ﬁgdt%@gé%gfﬁgguﬁfgfﬁg matergiase clegniggnfiqaid for ?%%

pur pose ofphrephbAiAtdxIgenXisddfulrobilicbt izbemamiem, ifludrinal ctopaesibbbmihe, add
hydrogen peroxi de, ozone or the like, for the purpose of acceleratin

oxi dat i on.iodinecoydthe dikehe Fostazemnler itcisamseitde 4o waireetOeétsoprenng P& e
present invention. {,n order_ icientl rf-orm cl eanj i,.L hout causi ng
the patterfiotBs quélléﬁ R @ﬁ&@aﬁf-‘%‘l&’o)@r@m% gFoéilpcac}hAdﬂ?ﬁ ic,ﬂ%e\/\/nere a
liqui ﬁ!Q' S lopxay! aBlititisiAlned at hhRash kiduphSef@EEs6&R0 bPOXL in0BEe Qenbhal
wafer fromthe cleaning stéep using a water-based cleaning |iquidthrough
the wat er foapald €1t itpisoi@sitly &o feitler B @réwp,nt Qlggstugn .~ BAl swupn -1 lkeogmaadof
substituting the liquid chemcal for formnpng a water repellent protective
filmretaithediien tWHetheseesshbargwr 1simush gretepablgater with another 1iquid
after the repel | en r ot i i form irt14 le to
carry out PRASE: cpRaiian aBhaRakeEy o atiebqheqd] Brifan (Lol bEURY Dy
at | east iHydePeylr BFRESBH BRI WhaiSsWifatdandeéfublished habdnd betwhen alloa 15
In the present 1nvention, it is essential only that the water-based

cl eanilfig ldlemiedt dfhihe Bicod chepdead ord dhetwafer| swdaee,i tharebnifpeding a east
in the recessed. portions of the uneven pattern of the wafer; therefore, a
waf er cleéﬁpﬁﬁm§¥v$%nis not particularly limted. Exanples of the wafer

cl eani ng ar e, i t - S {0,
where audP ] o BB S g R A e e e
one by one whidll SRRkt 60 hadrdgli groupst tieatvaed medident coheéheeniface off thee

rotation; and a batch style where a plurality of wafers are inmersed in a
cl eani ng baeterial, pad|theredare sameginealiey, 1n MBoIREY mHeoE i aevithqthel stiom cal
or the cleaning Ijquid at the.tj of_s l ying th ter-based cl eani ng
1 aui 90° etpruich T Hah g theb SRR et ot IR chist?R6 B falhg
portions gl w&nbd@&%s‘r@%ﬂ%tbt\ﬁw a2l i¥ ke 1¥vafRbub haRPhe Basrbhe Uy aFdphobidityt @d as
far as it becomes the formof liquid at tinme of berng retained in the
recessed pembksihie taolkaimynbexcelHentlgrwatef repeilient; prxedponvefilmbe 4 rdemlt.f or

i nstance. [0076] Then, the water_ repellent protective filmformng ste
will be 3d%8ﬂglzus§/&¥.eo)ﬁ@1's misrdrorylograuRs E¢sadenth gnsthep susfpag of that wateaakd

leaning |iquid f.o th . | Tve. fi , Ce
e ovod e Ak bt Btaubd B GIfED boBE QR BhE A Eh AR, B, ShfBalE,
retai @gd atit+iaSind AuthRRIHBCESS6 ROFdACBRSyOk e ISIEVER chRlpolnd, 8f thixe

waf er during the cleaning step using a watér-based cleaning liquid with the
| i qui d chethegal mbheor bé arasengwhematgdrogdet@nts paothet tcowmpléidlyn beheeacted.
substitution of the water-based cleaning lLiquid 5 with the |liquid chem cal
for fornm ngven viat ench epaes, et 1sppetsble @ obtaim Ray ekeeliendiy seates giseellent i on,
or may be a substituti on where.fhe ersbased cleaning | qui dpl

substit ut e‘%FO&f‘%%hveah}éf‘fafSe? éﬁ%ulgllgﬁhei ﬁgaﬁp&l&%(lf PR ‘-ﬁ%)rreelg%% t(a ;‘&r);j By gsr'n]:?%lll o
referred t 1 N j | O \eil@ne or nore tine and

t her eafterﬁéu slf%i %(ng]ém\?ﬁ ?h@#eggf%%??%ﬁg%%al@or form ng a water

repel I3gnt [0048i ot dalditienhlly,in theefse stdtaredhambtiafexeneplifiehby ngahivui d
(A) are water, an organic solvent, a mxture of water and_ an organic

sol vent, atibfiniue enisfidehda@eainn aplyragsimof@PRERd ek Eaniglug R And:
surfactant, and the |ike. Additionally, exanples of the organic solvent,
which is one of the preferable exanples of the cleaning liquid (A), include
hydr ocar bons, esters, ethers, 15 ketones, hal ogen-contai ni ng sol vents,

sul f oxi de- based sol vents, al cohols, polyal cohol derivatives, nitrogen
conpound- cont ai ni ng solvents and the like. [00771 Formation of the water



35 evenly in order to provide water repellency nore excellently. [0078]
When the tenperature of the liquid chemcal is increased in the protective
filmformng step, the protective filmcan be fornmed easily in a shorter
time. However, there is a fear that the liquid chemcal for formng a 5
water repellent protective filmloses s2ability due to its boiling,

vapori zation or the like, so that the liquid chemcal is preferably
retained at 10 to 160C, partigcularly prefera at 15 to. 120C. [[0079] A
Cohermt | o BRI ASchsBonHer BBERT Gar Biibee thé At of PRETVOlcEals
portions rQvi i t [ ctd ve
Pl m 0 f oP Kt SEIRE SrLR ek Al LE oo SNLEE (RARERLETH R Rl
schemat i C okidV OEvEh Oin 4uShovscd, Al Pbssibleat® obdh{Is b @&béldénidy Fhtpr 1.
On the surfaces of the recessed portions 4, a water repellent protective
film 10 i sepaiemdptoyectivafibn asepeddudnil thediwbpphebicigranp aeptesgniebhy R'The
liquid_9 retfajned in e recessed portions 4 at this.tine may be the liquid
cheni c@l , 1%&”@“37 ?H@lilﬁﬁpés 2 1BEANP ﬁ@vf’?%ﬁi%'eﬁ%h{’%o}pﬁ]é’h%ﬁy'subst ituting the
liquid chephegl W i QUi € swhi ' ' f j QU i.cal
(her ei naf ﬁ@@somrrﬂl?tr}r%gﬁog ’e%\gg ttq% %reélree%%cg?ﬁwgsc[gg}ﬁggg] H fqb#ugr ( ; ' If or
a liquid @ bdeanantdgersopdtdhulli o0 I;i hewever, nivked ta”qid d ok 2hevith gubied
chem cal and the cl eaning quuigéé The water repellent protective film 10

i s retai nedntaminadiouef woteroind hee Wike sluecipeh longeperigrbof stguage of the wakmved
20 fromthe recessed partipons 4. [.0080] Preferable exanpl es pof ,the..cl eani ng
l'i qui d (B)reﬁ?lze%ﬁ’é?t,ec e oﬁgﬁnﬁ’émélf}gv%%‘?l}t gr i Ml%fc%]ﬁ?f’)aﬂlf SHGPgani
sol vep, R B Abriz8ASh LNEaHALINE A6t K6l imaPhed
surfag?an??ﬂgﬁ%H¥%gﬂ%}&gﬁﬁﬁagigioﬁg%%ﬁ, exangh%s Bf the=%¥bg%ic ggﬁgeﬁt,

whi ch is eheriehetlheIpnidwiodbhis, exanplederabie thet 26 ial thanjemgrhl fpuihl§8)f1]

i ncl ude hydrocarbons, esters, ethers, ketones, hal ogen-containing solvents,
sul f oxi deamalsidd 1$8] vent s, al cohol s, pol yal cohol s, pol yal cohol derivatives,
ni trogen und; cont ai ni ng sol vents and the.like. [0 1.\Whgn liguidis
retai ned ﬁﬁH@@e r eCE8SEd g 9?%n%&%?ntﬁgn ?%g?ﬁ? Fﬁgngg&u%%vgﬁfgg %#n, a
capi | lary g ah6e: [H, tRoRCH RBiIdNR! [BASREEHS BRSE IG.008 hylkec3BonBadubudBicdf t he
capillary force 1s an absolute value "P" obtained by the equation as

r epr e3gnt g unelibstitutds orGOBR}Ped withchslogsn atom and tyb methy! gyoaps Gre,, vy

represents the surface tensiaon of a liqujd retai in the recessed
porti ons, ce%m&mge%%eéﬁw aﬁfz g&ﬁ’&ﬁg gqmewg Pﬁg@#@j el Sive fhe

recessed [ f [

Fepr osont SAE RSl BaRE BRERGL i FEERBR(IoAY REve Y battemmed
repel | ent sprficecdd ¥e thel whex sigaenid bahautddehserdly. t Mhig e¢ dssfakadOlciricons
as shown by the recessed portions 4 of Fig. 4, Ois to increase while

decr easi nduintfiearssdheite hylrapholpe, gopprhane greakpsoilvenss woppths seargionhe
patte col | apse,, a snaller absolute value "P".is more.preferable, ..and it
e 102D dodrtd B bSee dgp Al Pl thRL RBcald ot iy o basidh e st
possi bl e i jn R t . a b RH :

ar ound QOEMF%ggg?kﬁhgﬁggﬁg%%gégg%?i%gasi nPE%ﬁiEhgg%ﬂéﬁﬁ%ﬁgtﬁgggﬁéggﬁgg of
t he recessrdwpon thydrsxglSgwhpwesidertti gn the wmevoniyapittangdd saffate omombtiteo 115

is preferable on the assunption that water is retained on_the surfaces,
because t heafsatsnsface pdcthe afwen sesmmnddi fHimiaty tamers sticopheonpysds t o

90 the contact .angle | t he. smal l,ex .t he capi || ar or c8_aghi ng.,on.t he
recessed dBrW%@ﬂ%qﬁﬁcgﬁggfgséitﬁ&g the'’pd eegﬁn%%ﬂléﬁgﬁﬁ?sﬁﬂaﬁhgfﬁ?%%%%
diffigylt RARHE | twhitht FET 66 08 SRR 6ol AklNyIPERHES ahl 8ithBatcasbe
contag? aﬁ%ﬁl I's Ergﬁﬁggﬁthﬁlo. For exanpl e, i%ytﬁelggse o# a ﬁgfera?%rned
havi ng a lgraérabtk sinacehpad have gbbé rkactevivy dizhir(d ey dabgy lhgwhup2fesident on
recessed portions) of which is 45 nm it is preferable that the capillary
force is ﬁb@‘ﬁ&@ﬁéﬂfﬁﬁan 2.1 MWNn2. The capillary force of not higher than
2 1 MNn2 d ef erabl e sipce,the ttern.cgllapse.is.difficult . .to occur
Vor eover . (10P8lher TR CREPE AbPLE ke SnriTpuRnaR i Bbls ayabohhet Rafticd
difficult DG AL, I teal Ly cpla a Lkatfp

capillary gr %gﬁ#)gl n%%%%dgr r?hg%&%t%a ZE&M@%QQ(EI%@E hg!rr?fnorlg, [i % h|@d§1 it(}jeeal
to puBQt hexeaplifiety her ceCeHeEHINSIT) MUsHR ) @H uSIClas hibbE@HE:)BYICl,

adj usting the contact angl e of thg cJeanigg Iiggtg to_around 98. )

[ 0084] TherHistCHegGICL r e v HepSill | beHa(Cdlnsel], | neidbntCGlilyySiGine
liquid retained in the recessed portions is the liquid chem cal, the
cleaning 30 liquid (B) or the mxed liquid of the liquid chem cal and the

cleaning liquid (B). As a nmethod for renoving the liquid, it is preferable
to conduct a




37 conventionally known drying nmethod such as natural drying, air drying,
N2 gas drying, spin drying, iPA (2-propanol) steamdrying, Marangon

drying, heating drying, warmair drying, vacuumdrying and the like. In
order to renove the liquid with efficiency, the retained liquid may be
drained and then the 5 remaining |iquid24ay be subjected to drying.
[0085]Finally, there will be discussed the water repellent protective film

el i ik U6 b RO BN O YRt pe e st el
Cleave the 0 NooE e T SR ShesIOn CUERR DR, | G EaPER SaCh g

waf er sur faEBCWHLICHHEHIC], heat | NG, ROSHCHR),SEBP0SI ng CHE, QA LCH:RCDNe;
irradiating the wafer surface with plasnma; subjecting the wafer surface to

corona di ﬂsl'{i‘_alr(@;ﬂ“lz;(@iﬁﬁ)zﬁi@_l,l i kg_. (sbastiH ACtheSiate ?f (Crfos G i (Clks)2S1Cl,
P Fadi 1 SRR CHENGhet °r e e NGERE engt 1noh SR NES 40

nm and 24 [ & hng to n T CC :
B s e R S e DY Sl e (el
therefor, (MREEH S SINEC ) HEt alC, HabOL:) MIN(CHs)pW- PCaFHHCHHBSANCH) AP, a
hi gh- pressure nercurg{Nlﬁgg& an exciner |l anmp, a carbon arc 20;))r the |ike.

1 1]

[0087] AdditHed&Has c adesber(CERD 1N Oz, pr ot edln PN IGHYe,ght
[ diatigp, it | j I f I i . LI el
R O AR B | o DT PR EN eS0T AbeaprC ndRiabl el
and 1960 ' 1ees) SNICH AN O4RL el (IR L AN @IHD D FATRANRINID, ONICHE,
protective fiTm y the 'ozone, since a treatnment tinme Is saved t hereby.
As the |i ghif's€eLEHH)SNIOI),,t he | ow pressure meCebnCHalGHpBENEIEDer

| anp or the |ike na e used. Moreover, the wafer nmay_be_ heated whil e being
subj ect ed Q814G Ci ?@%NZ@%};, [ 0088] 1GrE1nE: R dEdIsSIN G Yy t he wakBf, it

is prefer : {ng of 30 the wafer at 400 to 700C, preferably
at 500 to%@ﬁ%"x@%ﬁ@]{\]ﬂgﬁi’hm is preferably kept for 1 to 60 mnutes,
and nore poesEr abkyfiRirmkRe! Ahd0lFLMt@RmicdB O dolinghal 4 Ywatdd Sepdlfmhimay
be conducted in conbination with ozone exposure, plasna irradiation, corona
di schab ge pavtechirel ifike. nfay t beromr ehat heontiagis fiwe adi anéren kimgs bef sdiduct ed

while heating the wafer. [0Q89] A nethod.for renoving the protective film
by heat i nGOMPOSREspYSPEERyItS bbyathﬁeg%%f%fg’ﬁmlﬁaim & QEE SMAtNEPATM Act

ith a heaty;squr t tiin L€ N ted .
Wt A& c%?rlpoﬁﬁrﬂa r}a?ges% t«?& f)ﬂr thé eZhl aﬁk Gld Eﬁ Eﬁﬁ @Y silicon
at nospher e Such as "a heat trea urnmace a he |I'TKe, and the 1ike.

| nci dent alchihpdud@ $tRER@HaRths eilidoRtodny@iral r@sicdentied 18y lantatkral IRmsphler
can easily and evenly inpart energy for renoving the protective filmto the
waf er surfldbe even in the case of treating the plural 10 sheets of wafers,
and theref eryes as, an. i ndustri.al advant ageous, nmet hod wi,th sinple
oper atd ond0083E hoffider Eaf disid e dnb ol R SHrer Ba R, Tetiplet ot qtBiso)

In the caggpf ' i Q&1 Hel dibSuf@aST e i RuRRANe
waf er surﬁgéﬁé} atcg&&gig%%gggté%glrn%égE%%/&}}?%I?av} oqeet1 ?‘#ragi ation (géli ng tﬁﬁggl

| ow- pr essuys eedqiredonly acpontadin-didopst tHewater sairdlege pasiaedgiviei film ¥alrhages or
15 the like The wafer may be irradiated wth |ight or heated while being
exposed t @gendnelt j0DOIF é@mpnamg)rgﬁéuas@%ngm powadent, dhr ther hamist i on,
heati ng, ozone posur e | .as irradiation and, corqna discharge,, it
becorms peLORBPaL | it FrERER. 19 ehaydcHaest BOSG TP VB AISIHP Gy RettvBriene
vaf er ogur faee. 20 FXANRHER L DO9] (Kere@SAN hGHPo Qb IRK digeiR, StHdRCRedhed
wafer “Intd a surface having an uneven paftéern and a techni que of

substi t ut inidogerckemaimigg isqlvietits, etalfoedediadedasblventy, eaksheld, poslyalenkolbf

t he uneven pattern with another cleaning |iquid have been variously studied
as di scusdgkedivatishaitroganeempeend gpataineng prlyentngnd thalike aapmeaiyablen

bl i shed. A di | N | f. the,. i i
ity pontisinedt BUARRIET i Bt AL e sver bt RGOS A CUF P nle e
protecti Vq%lfﬂt oMb d 083 htibAgd GaRkdd é&ﬁﬁpﬁﬁﬁﬁ%a‘%ﬁ% 'mr@g& slfélnd&@% ELRs SE

portions o e uneven pattern is repfesented ol ow ng equat i on.
30 then changes to silanol group (Si—OH). The thus formed silanol groups

initiate condensation reaction therebetween, so that the silicon compounds are



30 [0094] P=2 x yx cose/S (In the equation, y represents the surface tension
of aliquid retained 39 in the recessed portions, O represents the contact
angle of the liquid retained in the recessed portions to the surfaces of
the recessed portions, and S represents the width of the recessed
portions.) As apparent fromthis equatiZin, the capillary force "P' that can
cause 5 the pattern coll apse greatly depends on the contact angle of a
cleaning liquid to the surface ,of the wafer, j.e. the.contact angle. of a
liquid dr Bﬁn‘g‘#g ©n e?‘&é @:ﬁ@?a@e forapsh oALIBFT- ¢ hrghﬁl BT iogdﬁmerl ZEMStcase
of a cl eani haulkd..r.et-al R L 4.10f yheyenanattern
2, the cog1 Qg‘%’wé%g?‘gpé“?é@eﬁ?gﬁit eﬁ%%§§ﬁgfatggégg§g’i OI%}%}; 1?(% c(gte%ctllng on the
recessed paffidiongy (ipare apitht aspelicaicoaochi vidfhesur&gardatia asmbeaicogsseayal to
the pattern collapse) are in correlation with each other, so that it is
possi bl e tm patevideewrlher cepilidrayyist elongatedm eece ifuds noh raaterahle to use

eval uations of the contact angle of the liquid drop to a water repellent
prot ec? | v& ALY AP B%YERthe uneven pattern of the wafer. In Exanples, water,
which is se | a -b o ﬁg]ﬁ' |5k Qi B v a5 £ HS £,/ 36ict he
15 cl eani L@ﬁ@qu?@ﬁ%gﬁ}‘e%ﬁ%@%aht?a?i?%ﬁno# t %‘ﬂ%%r%tbg%?gﬁa{‘rflgl e1 of \c/%at ercdr op
i s conduckgiely, B RPPAREBLNGefdiablotd igesawfapsatierdivmions she vtgacie of a
sanpl e (a substrate) and then by neasuring an angl e fornmed between the

wat er dr opselvént hecaudsswatararepalléneebecosnes m%@anbrtedlos thezpsfer sustaceng

met hod of wettagbility of 20. glass suybstrate surf.ace). ver, int case
of the wat®r? rhgtléepat]%@*‘%n%?ﬂ& COMRCLIG S‘&]‘%SPL i%g%%\ﬁ@bs?vopgr BgﬁﬂThi s
is be us@o#%ﬂ% léﬁde%ﬁﬁic Honpfodst Sotvé&idsect Sh%hC%E§&ﬁic s@ &l 3Anapear ent
contact angle of the terdrop’is 1 ncreased under the influence of a
surface shapaplifiedghieds)drotaibbessubstrat ethgren kdtenegniadégeangiaining
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halogen-containing nonflammable solvent can be preferably used as a
nonflammable organic solvent.
[0056] In addition, it is preferable to use a polar solvent as the organic
25  solvent because a reaction between a silicon compound serving as the
protective film forming agent and hydroxyl group resident on the wafer surface
proceeds smoothly.
[0057] Additionally, the organic solvent may allow the content of water, if it
is in a very small amount. However, if water is massively contained in the
30  solvent, a silicon compound may cause hydrolysis by the water content so as to

be reduced in reactivity. Hence the water content in the solvent is preferably



20 produced by LP-CVD (a silicon wafer having a silicon nitride filmof 50
nm t hickness on its surface) was imersed in 1 mass% hydrogen fl uori de
aqueous solution for 2 mnutes, and then imersed in pure water for 1

m nute, and then imrersed in a cleaning liquid (obtained in such a manner
as to mx a 28 mass% aqueous ammoni a, a&B0 mass% aqueous hydrogen per oxi de
and water 25 in the volune ratio of 1:1:5 and heat it to a tenperature of

70C by a hot _pl at for 1.mnute,.and then imrensed in pure t for 1
it 5, - anthalbee s suti AL G s BiRARDs LI rath Gbep! ke Phgce
Tr eat ment f j E Oty 1 : 1 gve
Fi ' m 307Tng? SeFie ElnteHiediGihe R M ileed (R ER)e (e 1Y (il BpRpBEhll
havi ng a s$hlinedn ratiol igeticul plyesefeadiy i lwserthed 06 treld o dheheiticoal f or

43 formng a protective film (the liquid chem cal having been prepared as
di scussed componaddbguele'yatio. Preparati on of Liquid Chenical for forning

Pr ot i [ 0 g i OC f 1 nute. Sub tl t f
were. medQQerl n BF 3hspihui «emich] it oMk PR Codtih iR evErer
for 15 1entFridtdtYee ﬁﬁﬁ f9ahH &S a WeltSis [RKRR a B cAtal il RUAR AR5 EIt of

fol | oned spraying alr thereon to fenove the pure water fromthe surface.
[0107] As(al rressl tmafsevalladve ng 10€ inausXobf sheadtalaamoafteot ithe diqudner

di scussed in the above [Method for Evaluating Wafer to which Liquid .
Cheni cal fthemienlnge mrofexably eorrtiaing dieis aBuppPIRHPL Bekta 30 massdt reledivewaf er

| or -t FAOBGPBRTARL TR g0t Praent PR e Tt T ? adB ey

afteryphe ﬁﬁ{&ﬁ%@ ﬁlﬁa&‘%f@fﬁ% A%eShOMInh kAl b.1 WhhdomheaRsith Wake the
confirmed'that a water repellency inparting effect was excellently

exhi bi t ed waer empellentshimpantinagt effingl msoffitihet wahBe @fateof Witger riddinathilon
was smaller than 100, with which it was confirmed 15 tha frem)val of the
f r

prot ect i vadss%m kipnes @hort ed. Teptr thidr He ccomppnerds detigebireme thareatets ¢ er
w i di ati | ] ; if fi t th
L e R e D 5 660 Ay

repel | ent gpreiceciftaseclbhhiNgdivwhitltisr@eRéfara e proférabladi RidtBbrmaes, [{hEO8]
Additionally, a silicon water having a silicon nitride film and having an

initidb coasexincaswiecthefamount of theawatanrérefllemé privtective e formmenaganthad a
contact angle of 94 after the surface . treat t, with whi.ch it was

ot P o 8 hared apdrhetarerd Rbprteramt S0 ehe st Aot BEEtt ont v

exhi bi t ed. eov : n I e i i184.1.0Nn
v onar 1 00RTE D ERaiRIEOIA Ao ARG Rederd oL ot BEtsiberd ERE RO

pr ot ect i veofgomndesndbktessad. grbuptresident en threwRvalieceoftht heldibéenf af t er

W irradiation was smaller than 0.5 nm so that it was confirnmed that the
waf er was catalyey tritle bauidehemiealos alavessl nPrederabhuuspbly exaerls dbdenat er

repel Lent tective filmdid not renmain_after irradi-ation. 30 [0109]
Thus, bﬁt \Rgé‘ﬂgﬁ%f PFre AR atCOPHATHAR o MO e}gg{ Ten U;/%\ﬂl nPar gllﬂ g‘;mg??cggc caé:ﬁg’be
excel | ent Ly;roRbaARRE anthid18ds! qaMtRu6AhBEicRhE | abRNt b¥nPeldopBshibhic 44
nonaf | uorg lé%?)l di et hyl ch§lI or osi Ieigérilie [%4%8%133 2(10113) 28?0511 is Sgg%naslct he
prot ect i verhiyldrideg triflngragethandsulfoaihatide tefluocene thed s ulifeningnhydiitie con

oxide filmof which surface is rich in hydroxyl groups and the silicon
waf er havissiuaicsiacidomyaresem echlprge opnGhthe ﬁlﬁ?’f RESCP SSHHbrag rARYIGRy |

[g: iOlrJr]p)S ' | g_[%gr)ﬂa%ﬂ%l]é, 4%TEY,ﬁ]l’,&@ItiePr%m%et%%ét%yie%elg)iax%lfﬁé,aCetr%%%}l@ﬁ'eecﬁgm(iﬁg,
25  dimethylaniline, pyridine, piperazine, N-alkylmorpholine and the like; salts

such as ammonium sulfide, potassium acetate, methylhydroxyamine
hydrocholide and the like; and a metallic complex or a metallic salt of tin,

aluminum, titanium or the like. Particularly, if taking a catalytic effect into

account, the preferable examples are the acids such as trifluoroacetic acid,

30  trifluoroacetic anhydride, trifluoromethanesulfonic acid,

trifluoromethanesulfonic anhydride, sulfuric acid, hydrogen chloride and the
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like, and additionally, the acids preferably do not contain water. Moreover,
the catalyst may be one that forms a part of the water repellent protective film
by the reaction.
[0060] Particularly when the carbon number of the hydrophobic group R!in
5 the general formula [1] is large, steric hindrance is caused thereby sometimes
reducing the reactivity .of the silicon compound against hydroxyl group
resident on the wafer surface. In such cases, an acid containing no water may
be added as the catalyst, with which the reaction between the silicon
compound and hydroxyl group resident on the wafer surface is accelerated
10  thereby sometimes compensating the reaction rate that is reduced by steric
hindrance caused by hydrophobic group as mentioned above.
[0061] The amount of addition of the catalyst is preferably 0.01 to 100
mass% relative to 100 mass% of the total amount of the silicon compound. A
small amount of addition lessens the catalytic effect and therefore not
15 preferable. Additionally, an excessive amount of addition does not enhance
the catalytic effect, rather sometimes lessens the catalytic effect if it becomes
larger than that of the silicon compound. In addition, there arises a fear that
the catalyst remains as an impurity on the wafer surface. Hence the amount
of addition of the catalyst is preferably 0.01 to 100 mass%, more preferably 0.1
20  to 50 mass%, much more preferably 0.2 to 20 mass%.
[0062] The liquid chemical of the present invention may be of a one-pack
type in which the silicon compound and the catalyst are mixed from the
beginning, or of a two-pack type in which a liquid containing the silicon
compound and a liquid containing the catalyst are mixed before use.
25 [0063] Then, a method for cleaning a wafer, according to the present
invention will be discussed.
[0064] In general, as a wafer to be cleaned by using the liquid chemical of
the present invention, there is often used one that has been subjected to a
pretreatment step where a surface of a wafer is made into a surface having an
30 uneven pattern.

[0065] A method for the pretreatment step is not particularly limited as far
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as it is possible to form a wafer to have a patterned surface. In an usual
method therefor, a resist is applied to a surface of a wafer and then the resist is
exposed to light through a resist mask, followed by conducting an etching
removal on the exposed resist or an unexposed resist thereby producing a

5 resist having a desired uneven pattern. Additionally, a resist having an
uneven pattern can be obtained also by pushing a moeld having a pattern onto
the resist. Then, etching is conducted on the wafer. At this time, recessed
portions of the resist pattern are etched selectively. Finally, the resist is
stripped off thereby obtaining a wafer having an uneven pattern.

10 [0066] Incidentally, the wafer used for cleaning means a wafer that contains
a material including silicon element or a wafer that contains at least one kind
of material selected from the group consisting of titanium, titanium nitride,
tungsten, aluminum, copper, tin, tantalum nitride and ruthenium. The wafer
that contains a material including silicon element involves: a silicon wafer; a

15 silicon wafer on which a silicon oxide film is formed by thermal oxidation
method, CVD method, sputtering method or the like; a silicon wafer on which a
silicon nitride film or a polysilicon film is formed by CVD method, sputtering
method or the like; and a silicon wafer in which the silicon nitride film or the
polysilicon film or the surface thereof is naturally oxidized. Additionally, as

20 the walfer, it is also possible to use’ a wafer formed of a plurality of components
including silicon and/or silicon oxide; a silicon carbide wafer; and wafers on
which various kinds of films containing silicon element are formed.
Furthermore, wafers that do not contain silicon element {such as a sapphire
wafer, various compound semiconductor wafers, a plastic wafer and the like)

25 and formed to have various kinds of films containing silicon element thereon
are also acceptable. Incidentally, the liquid chemical is able to form a
protective film to impart water repellency to: the surface of the wafer that
contains silicon element; the surface of the film that is formed on the wafer and
contains silicon element; or the surface of a portion of the uneven pattern at

30  which the wafer or the film contains silicon element.

[0067] 1In a wafer that forms a silicon oxide film or has a large amount of
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silicon oxide portion on its surface, in general, there exists an abundance of
hydroxyl groups (serving as an active site) on the surface so that the water
repellent performance is easily imparted thereto. On the contrary, it has been
difficult in conventional techniques to impart the water repellent performance
5 to wafers having few hydroxyl groups on its surface; such as a wafer that forms
a silicon nitride film or has a large amount of silicon nitride portion on its
surface, a wafer that forms a polysilicon film or a large amount of polysilicon
portion on its surface, and a silicon wafer itself. However, the use of the liquid
chemical of the present invention allows imparting an adequate water

10  repellency to the wafer surface and additionally provides the effect of
preventing the pattern collapse at the time of cleaning, even against such
wafers. Accordingly, a wafer that widely has a silicon oxide film or a silicon
oxide portion on its surface, as a matter of course, a wafer that forms a silicon
nitride film or has a large amount of silicon nitride portion on its surface, a

15  wafer that forms a large amount of polysilicon film or polysilicon portion, and a
silicon wafer are suitable and preferable materials for application of the liquid
chemical of the present invention. Of these, a wafer that forms a silicon
nitride film or has a large amount of silicon nitride portion is particularly
preferable.

20 [0068] Moreover, as a wafer that contains at least one kind of material
selected from the group consisting of titanium, titanium nitride, tungsten,
aluminum, copper, tin, tantalum nitride and ruthenium, it is possible to cite:
wafers obtained by coating a surface of a silicon wafer, a wafer formed of a
plurality of components including silicon and/or silica {Si0s), a silicon carbide

25  wafer, a sapphire wafer, various compound semiconductor wafers, a plastic
wafer or the like with a layer formed of a metal-based material such as
titanium, titanium nitride, tungsten, aluminum, copper, tin, tantalum nitride
-and ruthenium; wafers formed having a multilayer film thereon and wherein
at least one layer is a layer of the metal-based material; and the like. The

30 above-mentioned uneven pattern forming step is conducted on the layer

including a layer of the metal-based material. Additionally, wafers in which
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at least a part of the uneven pattern becomes the metal-based material at the
time of forming the uneven pattern are also included. Furthermore, wafers
obtained by forming an uneven pattern on a wafer and then forming a layer of
the metal-based material on the surface of the uneven pattern are also
-5 included.
[0069] Also in a wafer formed of a plurality of components including the
metal-based material, it is possible to form the protective film on the surface of
the metal-based material. As the wafer formed of a plurality of components,
it is possible to include: wafers on which surface the metal-based material is

10 formed; and wafers in which at least a part of the uneven pattern becomes the
metal-based material at the time of forming the uneven pattern. Incidentally,
where the protective film is formed by using a liquid chemical relating to the
second embodiment of the present invention is a surface.of at least a portion of
the uneven pattern, the portion being formed of the metal-based material.

15 [0070] A method for cleaning a wafer that has an uneven pattern at its
surface and contains silicon element at least at surfaces of recessed portions of
the uneven pattern, according to the present invention involves:

a cleaning step using a water-based cleaning liquid, where the
surface of the wafer is cleaned with a water-based cleaning liquid;

20 a water repellent protective film forming step where a liquid
chemical for forming a water repellent protective film is retained at least in the
recessed portions at the surface of the wafer thereby forming a water repellent
protective film on the surfaces of the recessed portions;

a liquid removal step where a liquid on the surface of the wafer is

25  removed; and

a water repellent protective film removal step where the water
repellent protective film is removed from the surfaces of the recessed portions.
[0071] As examples of the water-based cleaning liquid, it is possible to cite:
water; and liquids that contain water as the primary component (for example,

30 50 mass% or more water content) and obtained by mixing at least one kind of

an organic solvent, acid, alkali, a surfactant, hydrogen peroxide and ozone with
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water.

[0072]  After removal of the resist, particles and the like resident on the
surface of the wafer are removed by the cleaning conducted by using a
water-based cleaning liquid, and then the water-based cleaning liquid is
removed by drying or the like. If the recessed portions have a small width
and projected portions have a large aspect ratio at this time, the pattern
collapse 1s to easily occur. The uneven pattern is defined as shown in Fig. 1
and Fig. 2. Fig. 11s a schematic plan view of a wafer 1 whose surface is made
into a 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
mterval between a projected portion 3 and a projected portion 3, as shown in
Fig. 2. The aspect ratio of projected portions is expressed by dividing a height
6 of the projected portions by a width 7 of the projected portions. The pattern
collapse in the cleaning step is to easily occur when the recessed portions have
a width of not more than 70 nm, particularly not more than 45 nm and when
the aspect ratio is not less than 4, particularly not less than 6.

[0073] Moreover, a portion to be brought into contact with a water-based
cleaning liquid by retention and formed of at least one kind of material selected
from the group consisting of silicon nitride, polysilicon, titanium, titanium
nitride, tungsten, aluminum, copper, tin, tantalum nitride and ruthenium is
oxidized at a part of the surface by the contact with the water-based cleaning
liquid thereby forming hydroxyl group. Though this oxidation may be a slight
one (depending on material), the water repellent protective film forming agent
provided by the present invention has a bulky hydrophobic group so that it ié
possible to form an excellent water repelleht protective film even if the water
repellent protective film forming agent to be reacted with a part of hydroxyl
groups formed by oxidation is in a small amount.

[0074]  This oxidation of the wafer surface proceeds even if the water-based
cleaning liquid is a pure water of room temperature. However, when the
acidity of the water-based cleaning liquid is high or when the temperature of

the water-based cleaning liquid is high, oxidation tends to proceed rapidly;
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therefore it is possible to add acid to the water-based cleaning liquid and it 18
possible to increase the temperature of the water-based cleaning liquid for the
purpose of accelerating oxidation. Furthermore, it is also possible to add
hydrogen peroxide, ozone or the like, for the purpose of accelerating oxidation.
5 [0075] In the method for cleaning a wafer according to the present invention,
in order to efficiently perform cleaning without causing the pattern collapse, it
is preferable to maintain a condition where a liquid is invariably retained at
least in the recessed portions of the wafer from the cleaning step using a
water-based cleaning liquid through the water repellent protective film
10 forming step. Also in the case of substituting the liquid chemical for forming
a water repellent protective film retained in the recessed portions of the wafer
with another liquid after the water repellent protective film forming step, it is
preferable to carry out the step under a condition where a liquid is invariably
retained at least in the recessed portions of the wafer, similarly to the above.
15 In the present invention, it is essential only that the water-based cleaning
liquid, the liquid chemical or another liquid is retained at least in the recessed
portions of the uneven pattern of the wafer; therefore, a wafer cleaning style is
not particularly limited. Examples of the wafer cleaning style are: a sheet
cleaning style represented by spin cleaning, where a wafer is generally
20  horizontally disposed and rotated and cleaned one by one with supplying a
liquid to the vicinity of the center of the rotation; and a batch style where a
plurality of wafers are immersed in a cleaning bath to be cleaned.
Incidentally, the form of the liquid chemical or the cleaning liquid at the time
of supplying the water-based cleaning liquid, the liquid chemical or the other
25 liquid at least to 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 the form of liquid, vapor or the

like, for instance.
[0076] Then, the water repellent protective film forming step will be
30 discussed. A shift from the cleaning step using a water-based cleaning liquid

to the water repellent protective film forming step is achieved by substituting
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the water-based cleaning liquid having been retained at least in the recessed

portions of the uneven pattern of the wafer during the cleaning step using a

water-based cleaning liquid with the liquid chemical for forming a water

repellent protective film. The substitution of the water-based cleaning liquid

5  with the liqﬁid chemical for forming a water repellent protective film may be a

direct substitution, or may be a substitution where the water-based cleaning

liquid is substituted with a different cleaning liquid (A) (hereinafter,

sometimes referred to merely as “a cleaning liquid (A)”) one or more time and

thereafter substituted with the liquid chemical for forming a water repellent

10 protective film. Preferable examples of the cleaning liquid (A) are water, an

organic solvent, a mixture of water and an organic solvent, a mixture of these

and at least one kind of acid, alkali and a surfactant, and the like.

Additionally, examples of the organic solvent, which is one of the preferable

examples of the cleaning liquid (A), include hydrocarbons, esters, ethers,

15  ketones, halogen-containing solvents, sulfoxide-based solvents, alcohols,
polyalcohol derivatives, nitrogen compound-containing solvents and the like.

[0077] Formation of the water repellent protective film, achieved in the

water repellent protective film forming step is carried out by retaining the

liquid chemical for forming a water repellent protective film at least in the

20  recessed portions of the uneven pattern of the wafer. Fig. 3 is a schematic

view showing a condition where a liquid chemical 8 for forming a water

repellent protective film is retained in recessed portions 4. The wafer of the

schematic view of Fig. 3 shows a part of an a-a’ cross section in Fig. 1. At the

time of the water repellent protective film forming step, the liquid chemical for

25 {orming a water repellent protective film is provided onto the wafer 1 in which

the uneven pattern 2 is formed. At this time, the 1iqﬁid chemical for forming

a water repellent protective film is brought into a condition retained at least in

the recessed portions 4 as shown in Fig. 3, thereby imparting water repellency

to the surfaces of the recessed portions 4. Incidentally, the protective film of

30 the present invention is not necessarily formed continuously, and not

necessarily formed evenly; however, it is preferable to form it continuously and
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evenly in order to provide water repellency more excellently.
[0078] When the temperature of the liquid chemical is increased in the
protective film forming step, the protective film can be formed easily in a
shorter time. However, there is a fear that the liquid chemical for forming a
5  water repellent protective film loses stability due to its boiling, vaporization or
the like, so that the liguid chemical is preferably retained at 10 to 160°C,
particularly preferably at 15 to 120°C.
[0079] A schematic view of a case where a liquid 9 is retained in the recessed
portions 4 provided with water repellency by a water repellent protective film
10 forming agent is shown in Fig. 4. The wafer as shown in thé schematic view
of Fig. 4 shows a part of an a-a’ cross section of Fig. 1. On the surfaces of the
recessed portions 4, a water repellent protective film 10 is formed by a water
repellent protective film forming agent. The liquid 9 retained in the recessed
portions 4 at this time may be the liquid chemical, or a liquid (a cleaning liquid
15 (B)) after substituting the liquid chemical with a liquid which is different from
the liquid chemical (hereinafter, sometimes referred to merely as “a cleaning
liquid (B)”), or a liquid on the way to substitution (.e., a mixed liquid of the
liquid chemical and the cleaning liquid). The water repellent protective film
10 is retained on the surface of the wafer even when the liquid 9 is removed
20 from the recessed portions 4.
[0080] Preferable examples of the cleaning liquid (B) are water, an organic
solvent, a mixture of water and an organic solvent, a mixture of these and at
least one kind of acid, alkali and a surfactant, and the like. Additionally,
examples of the organic solvent, which is one of the preferable éxamples of the -
25 cleaning liquid (B), include hydrocarbons, esters, ethers, ketones,
halogen-containing solvents, sulfoxide-based solvents, alcohols, polyalcohols,
polyalcohol derivatives, nitrogen compound-containing solvents and the like.
[0081] When a liquid is retained in the recessed portions of the wafer having
an uneven pattern, a capillary force is to act on the recessed portions. The
30 magnitude of the capillary force is an absolute value “P” obtained by the

equation as represented bhelow.



E-2. o-,

a >

10

15

20

25

30

01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 1> |I>
> D > 01>

36

[0082] P=2x yx cosb/S

(In the equation, y represents the surface tension of a liquid retained
in the recessed portions, 0 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.)

If a water repellent protective film exists on the surfaces of the
recessed portions as shown by the recessed portions 4 of Fig. 4, 0 is to increase
while decreasing the absolute value “P”. From the viewpoint of suppressing
the pattern collapse, a smaller absolute value “P” is more preferable, and it is
ideal to put the capillary force close to 0.0 MN/m2 as much as possible by
adjusting the contact angle of the liquid to be removed to around 90°.

[0083] When the protective film 10 is formed on the surfaces of the recessed
portions as shown in Fig. 4, a contact angle of from 65 to 115° is preferable on
the assumption that water is retained on the surfaces, because the pattern
collapse becomes difficult to occur. The closer to 90° the contact angle is, the
smaller the capillary force acting on the recessed portions becomes, so that the
pattern collapse 1s made further difficult to occur. It is therefore particularly
preferable that the contact angle is from 70 to 110°. For example, in the case
of a wafer formed having a line-and-space pattern the line width (the width of
the recessed portions) of which is 45 nm, it is preferable that the capillary force
is not higher than 2.1 MN/m2. The capillary force of not higher than 2.1
MN/m? is preferable since the pattern collapse is difficult to occur. Moreover,
a lower capillary force makes the pattern collapse further difficult to occur, so
that it is particularly preferable that the capillary force is not higher than 1.1
MN/m2. Furthermore, it is ideal to put the capillary force close to 0.0 MN/m2
as much as possible by adjusting the contact angle of the cleaning lhiquid to
around 90°,

[0084] Then, the liquid removal step will be discussed. Incidentally, the
liguid retained in the recessed portions is the liquid chemical, the cleaning
liquid (B) or the mixed liquid of the liquid chemical and the cleaning liquid (B).

As a method for removing the liquid, it is preferable to conduct a
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conventionally known drying method such as natural drying, air drying, Ny gas
drying, spin drying, iPA (2-propanol) steam drying, Marangoni drying, heating
drying, warm air drying, vacuum drying and the like. In order to remove the
liquid with efficiency, the retained liquid may be drained and then the
5 remaining liquid may be subjected to drying.
[0085] Finally, there will be discussed the water repellent protective film
removal step. At the time of removing the water repellent protective film, it is
effective to cleave C—-C bond and C-F bond in the protective film. A method
therefor is not particularly limited so long as it is possible to cleave the
10  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.
[0086] In the case of femoving the protective film by light irradiation, it is
15 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, ie., 83 keal/mol and 116 keal/mol, respectively). As the
light source therefor, there 1s used a metal halide lamp, a low-pressure
mercury lamp, a high-pressure mercury lamp, an excimer lamp, a carbon arc
20  or the like.
[0087] 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
25  the ozone, since a treatment time is saved thereby. As the light source
therefor, the low-pressure mercury lamp, the excimer lamp or the like may be
used. Moreover, the wafer may be heated while being subjected to light
irradiation.
{0088] In the case of heating the wafer, it is preferable to conduct heating of
30 the wafer at 400 to 700°C, preferably at 500 to 700°C. The heating time is
preferably kept for 1 to 60 minutes, and more preferably for 10 to 30 minutes.



X XZXZXZXZXZt 2RE- at |at 01

10

15

20

25

30

38

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.

[0089] A method for removing the protective film by heating is exemplified
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 impaft energy for removing the
protective film to the wafer surface even 1n the case of treating the plural
sheets of wafers, and therefore serves as an industrially advantageous method
with simple operations, a short treatment time and a high treatment capacity.
[0090] In the case of exposing the wafer to ozone, it is possible to expose the
wafer surface to ozone generated by ultraviolet irradiation using the
low-pressure mercury lamp, low-temperature discharge using high voltages or
the like. The wafer may be irradiated with light or heated while being
exposed to ozone.

[0091] By combining the above-mentioned light irradiation, heating, ozone
exposure, plasma irradiation and corona discharge, it becomes possible to
efficiently remove the protective film formed on the wafer surface.
EXAMPLES

[0092] 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
have been variously studied as discussed in other literatures and the like, and
have already been established. Accordingly, in Examples of the present
invention, there were mainly performed evaluations concerning a liquid
chemical for forming a protective film.

[0093] The capillary force which acts on the recessed portions of the uneven
pattern is represented by the following equation.

[0094] P=2x yx cost/S

(In the equation, y represents the surface tension of a liquid retained
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in the recessed portions, 0 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.)
As apparent from this equation, the capillary force “P” that can cause
5 the 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 (the capillary force can
10  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 of the contact angle of the liquid drop to a water repellent
protective film 10 on the uneven pattern of the wafer. In Examples, water,
which is representative of a water-based cleaning liquid, was used as the
15 cleaning liquid.
[0095] 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 32567 (Testing method of wettability of
20 glass substrate surface). However, in the case of the wafer having a pattern,
the contact angle is enormously large. This is because Wenzel’s effect or
Cassie’s effect is caused so that an apparent contact angle of the waterdrop is
increased under the influence of a surface shape (roughness) of the substrate
upon the contact angle. Accordingly, in the case of a wafer having an uneven
25 pattern at its 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.
[0096] 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
30 film on the surface of the wafer. The protective film is regarded as a

protective film 10 formed on the surface of a wafer 1 having at its surface an
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uneven pattern 2. Thus evaluations were variously performed.
[0097] [EXAMPLE 1]
In Example 1, examinations as to treatments on silicon oxide and
silicon nitride were performed. As wafers in which silicon oxide and silicon
5 nitride have a smooth surface, there were respectively used: “a silicon wafer
having a SiO: film” where a silicon wafer having a smooth surface has a silicon
oxide layer thereon (this wafer is indicated in Table by SiOs); and “a silicon
wafer having a SiN film” where a silicon wafer having a smooth surface has a
silicon nitride layer thereon (this wafer is indicated in Table by SiN).
10 [0098] Details will be discussed below. Hereinafter, there will be
- discussed: a method for evaluating a wafer to which a liquid chemical for
forming a protective film was supplied; preparation of the liquid chemical for
forming a protective film; and results of evaluation made after supplying the
liquid chemical for forming a protective film to the wafer.
15 [0099] [Method for Evaluating Wafer to which Liquid Chemical for Forming
Protective Film was Supplied]

As a method for evaluating a wafer to which a liquid chemical for
forming a protective film was supplied, the following evaluations (1) to (3) were
performed.

20 [0100] (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 formed
between the waterdrop and the wafer surface by using a contact angle meter

25 (produced by Kyowa Interface Science Co., Ltd.: CA-X Model), thereby
obtaining the contact angle. A sample where the contact angle to the
protective film was within a range of from 65 to 115° was classified as being
acceptable.

[0101]  (2) Removability of Protective Film
30 The sample was irradiated with UV rays from a low-pressure

mercury lamp for 1 minute under the following conditions, upon which the
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removability of the protective film in a water repellent protective film removal

step was evaluated. A sample on which waterdrop had a contact angle of not

‘ lafger than 10° after the irradiation was classified as being acceptable.

" [0102] - Lamp: PL2003N-10 produced by SEN LIGHTS CORPORATION

- [luminance: 15 mW/em? (the distance from the light source to the
sample was 10 mm) _

(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) thereby
obtaining the centerline average surface roughness Ra (nm). Incidentally,
“Ra” is a three-dimensionally enlarged one obtained by applying the centerline
average roughness defined by JIS B 0601 to a measured surface and is
calculated as “an average value of absolute values of deviation from standard
surface to designated surface” from the following equation. If the Ra value of
the wafer surface after the protective film was removed was not larger than 1
nm, the wafer surface was regarded as not having been eroded by the cleaning
and regarded as not having left residues of the protective film thereon, and
therefore classified as an acceptable one.

[0103]

1
Ra= — [ Vs 1) XR | F(X,.Y)—Z, | dXdY
Se Yr X

where X1, and Xg, and Yp 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 Xp-Xp)*»(Ys-Yp). Additionally, F(X,Y) represents the height
at a measured point (X,Y). Zo represents the average height within the

measured surface.
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[0104] [Example 1]
[Example 1-1]
(1) Preparation of Liquid Chemical for forming Protective Film
A mixture off 1 g of nonafluorohexyldimethylchlorosilane
5  [C4Fo(CHz)2(CH3)2SiCll that serves as a protective film forming agent; 96 g of
hydrofluoroether (HFE-7100 produced by 3M Limited); and 3 g of propylene
glycol monomethyl ether acetate (PGMEA) was prepared (HFE-7100 and
PGMEA serve as an organic solvent and represented by HFE-7100/PGMEA in
Table 1). Then, the mixture was stirred for about 5 minutes, thereby
10 obtaining a liquid chemical for forming a protective film in which the
concentration of a protective film forming agent (hereinafter referred to as “the
protective film forming agent concentration”) was 1 mass% relative to the total
amount of the liquid chemical for forming a protective film.
[0105]  (2) Cleaning of Wafer
15 A silicon wafer having a smooth silicon oxide film (a silicon wafer on
which surface a thermal oxide film of 1 pum thickness was formed) was
immersed in 1 mass% hydrogen fluoride agueous solution for 2 minutes, and
then immersed in pure water for 1 minute, and then immersed in 2-propanol
for 1 minute. Additionally, a silicon wafer having a silicon nitride film,
20 produced by LP-CVD (a silicon wafer having a silicon nitride film of 50 nm
thickness on its surface) was immersed in 1 mass% hydrogen fluoride aqueous
solution for 2 minutes, and then immersed in pure water for 1 minute, and
then immersed in a cleaning ligquid (obtained in such a manner as to mix a 28
mass% aqueous ammonia, a 30 mass% aqueous hydrogen peroxide and water
25  in the volume ratio of 1:1:5 and heat it to a temperature of 70°C by a hot plate)
for 1 minute, and then immersed in pure water for 1 minute, and then
immersed in 2-propanol for 1 minute.
[0106] (3) Surface Treatment on Wafer Surface, using Liquid Chemical for
forming Protective Film
30 The silicon wafer having a silicon oxide film and the silicon wafer

having a silicon nitride film were each immersed in the liquid chemical for
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forming a protective film (the liquid chemical having been prepared as
discussed in the above “(1) Preparation of Liquid Chemical for forming
Protective Film” section) at 20°C for 1 minute. Subsequently, the wafers were
immersed in 2-propanol for 1 minute and then immersed in pure water for 1
minute. Finally, the wafers were taken out of the pure water, followed by
spraying air thereon to remove the pure water from the surface.

[0107] As a result of evaluating the thus obtained each wafer in a manner
discussed in the above [Method for Evaluating Wafer to which Liquid Chemical
for Forming Protective Film was Supplied] section, a silicon wafer having a
silicon oxide film and having an initial contact angle of smaller than 10° before
the surface treatment had a contact angle of 101° after the surface treatment
as shown in Table 1, with which it was confirmed that a water repellency
imparting effect was excellently exhibited. Moreover, the contact angle of the
wafer after UV irradiation was smaller than 10°, with which it was confirmed
that removal of the protective film was achieved. Furthermore, the Ra value
of the wafer after UV irradiation was smaller than 0.5 nm, so that it was
confirmed that the wafer was not eroded at the time of cleaning and that
residues of the water repellent protective film did not remain after UV
irradiation.

[0108] Additionally, a silicon wafer having a silicon nitride film and having
an initial contact angle of smaller than 10° before the surface treatment had a
contact angle of 94° after the surface treatment, with which it was confirmed
that a water repellency imparting effect was excellently exhibited. Moreover,
the contact angle of the wafer after UV irradiation was smaller than 10°, with
which it was confirmed that removal of the protective film was achieved.
Furthermore, the Ra value of the wafer after UV irradiation was smaller than
0.5 nm, so that it was confirmed that the wafer was not eroded at the time of
cleaning and that residues of the water repellent protective film did not remain
after UV irradiation.

[0109] Thus, it was confirmed that the water repellency imparting effect can

be excellently obtained and the cleaning can be efficiently performed if
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protective film forming agent, in both the silicon wafer having a silicon oxide
film of which surface is rich in hydroxyl groups and the silicon wafer having a
silicon nitride film of which surface is poor in hydroxyl groups.

5 [Table 1]
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Exanmple 1-3 46 [0110][ Exanples 1-2 to 1-3] A surface treatnent of
waf er was conducted upon suitably nodi fying the organic solvent enployed in
Exanple 1-1, followed by evaluation thereof. Results are shown in Table 1.
Incidentally, in Table 1, "CTFP/ PGVEA"' 5 means an organi c sol vent obtai ned
by using 1-chloro-3,3,3-trifluoropropend6(CTFP) instead of 11FE-7100 of
Exanpl e 1-1. "DCTFP/ PGVEA" neans an organi ¢ sol vent obtained by using

cis-1,2-di ro- g-3,.3-{.rifyaroprppene (DCTFP) instead of HFE-7100 of
Exanpl e 1-@?{@011 ’f"é%gierr&fea%f’gﬁé}fOThe liquid chemical for forming a

protective film vwasgpradusestByntsi Wafd Whytoh@u@bd lapdnoduitably modifying
butyl di met hyl silyl dimethylamne [C41-19(Cl-13)2Si N )21 that serves as a
pr ot ect i vehtidrgahor solnenagaploy @81 ExaoiplPQVEAfdeted by wos lastian thexafi ¢

| . and 0.1 g of trifl i id [CF3 hat ]
catal yst. Hasalismoancchsv fe. Sapd vst I aliieds 18nbire el Rt SR CNERS: e
t wth t al t trat Y- 3 01 tnl . % of
the tobal BfptmeoPreRci el Blutipfied ol o G S A e TR o

time for i(oNer®i AuteLd SAANFERT B0 IRtEx4Ap1d Haui dpdrerPepGMBEA” frRsmdand
protective filmwas 10 m nutes. Wth the exception of the above, all the

pr ocedur e osgsnichesduemt agbttaaed obyExasipke ds-1,2-2&Hlokt 2843 tafuwsplapenfe
eval uating_the silicon ayi.n siljcon oxide film the contact angle
of the MRQCEF]?L%HS@?@%%&&Bl%@g Plfals187 as shown in Table 1, with
whi ch it onf | hat;ya water repellency inparting effect was

excel | ent Y@i% hi bﬁ’g%ﬂpkb?él ver, the contact angle of the wafer after W
irradijgti on was skl lequidhéieRQ] o ML h pilot¥esve Gilini (wakhiicdated @yoval
of 25 the protective fil mwas achieved. Furthernore, the Ra val ue of the
waf er aftersitly i aradnixticn wefS shal ger of hahutyldimathdsilyhatdimetiglamine
confirmed th s.not eroded at the ti f cl eani nqg. t hat
Tesi dues P TR R S EIR RS st rreolscFive T RsrorermEen v g

| rradiat] SuMPARAALLORE A orBink EASENE Shd V/RIHE REIAEaGHd Gef
waf er having a 30 silicon nltrlo?e I'm the contact angle of the wafer

af ter the [euLC@EH] that s@rves W ddtadmtshile dmoTabbetle catialystwhibehaddedwas

confirmed that a water 47 repellency inparting effect was exceol lently
exhi bilbed.(hprrivaiter, refarsed smeacthasfiady sicoppenitaten aveas A Ouvass’ aglediveon

was smal | er n_100 et i.ch it wa firmed that val - of the

pr ot ectiyg;(’}c Hﬂ Ws%c\é*e@gg@o%ﬂr?%g}l r(gf?@liwf'uep | gec\% euéf lg’fnq‘f%%l%faéengfter
WV irradi atipnionaslyStad tigle t3amhBepsiffor e8ch Rdfel in MAS1iGEI EKdmREal Rt the
waf er was not eroded at the time of cleaning and that residues of the water
repel | ent fprmfeg hipretdetiven fdindwast 10 mnaittesaf tVErthteiexcapliian ivdbhe above, all
[0114] [ Exanples 1-5 to 1-261 A surface eat nent of wafer was conducted
upon sui t dBEPIREeI YR Was tiee F%’é‘e(?c?nia}attioéaé" eokt/éd in Exanple 1-4

(concgpni pnatect.i i i . hye f Q.M ng
agent EQon %E‘?]:ti é(r%,a f‘%gﬁg%{%‘%d}g%ﬁhglﬁgggg?%gta %%gl}l%;el% ?a;%];ll\cé)ﬁn 0%{ ({eg%%’ani C
sol vent, t@ donfBctf Dl BIERS Waifehfiea¢he Watkfice itAdnid1g Whe 878 ag kBGweain f or
formng a protective%ilm and the tenperature of imersion of each wafer

into the ITahled, ohghivdaichfibwfsoeomfimned thapa oraier irepeReney) impariiogwe ffeoly
eval uation thereqf. Results are_.shown in, Tabl . Inci tally, in T, e 1,
S EPEIRA Ak L s g Ve LA RN SRR A SR R

"C8l-117Si. " l1Syol YL Sl |.ant: " 1 ans
LT or odCHdTRHE Ry PRANer B8 10k, Vet Wt R A BB iR FPRb el of ™
procedgr e paspidieceerEilas wdiahclievEd anpletilerinose] he Ra exdeptdfoshet halferl g
of trinmethyl CEI orosilane [(CH3)3Si Clﬂ’n was used as a protective filmformng
agent . | 0ldf6d A Vairradiationofasestakllar thgn OHensi, sodbat Waves comiiimegd dhat thecon
oxide film fhe cont act @ncgl% f the V\?fler after .the surface treatnent was
71 as showates was popezoded wif ithe fiprency eleqaing gnelj thadresiitesof Hieewater
repel | ency. i I : ﬁﬁl(\:/% t ol - Nbreover, the

cont act anréak)gﬁgﬁkﬁ%e%{’%?ﬂ%@gr %@gﬁ%%%y%%&%ﬁgﬁper than 100, with
which it vWasigpnf indmdohdiay, senDyadulofoft bealpaoingcthy eiliddomwis: apkisyed.
Furthernore, the Ra value of the wafer after UV irradiation was snaller

t han @05 meilicewm mitrade filmyalse comtfzict megle hAthe meafer after the surface treatment

was 71° as shown in Table 1, with which it was confirmed that a water



30 wafer was not eroded at the tinme of cleaning and that residues of the
wat er repellent protective filmdid not remain after UV irradiation. 48
[0117] On the other hand, as a result of evaluating the silicon wafer having
a silicon nitride film the contact angle of the wafer after the surface
treatnent was 41 as shown in Table 1, wiih which it was confirned that a
wat er repellency inparting effect was not obtained sufficiently. 5

[ 0118] [ Conpar@ati ve. Exanpl e -.Aroc as
et ot eTBRERh KBRS ohieBf mas excelleplly BRI, R IR TRt 1ort A

di et hyl anjge bf SHOFSINEIR) BV Wasdidsiod Wwas mpiliet €BhhMee fiith GRIcH b agent .
[0119] As a result of evaluating the silicon wafer having a silicon oxide

film 10 tchaficoetdatitaagloeabbf theepraéarvafilerwahaclsavédcel urtharmene, thas 91

as shown in Table 1, with whjch it was. confirned that _a water repe]lency
i npar ti ng Tef Fekte gleidecwator alhiy V‘}emw atm W%rsgba}@rr, thamel Sopace tgﬁbﬁ'e of

the wafer after L rradi at i on .nwas Il er AR ich it

confi r%‘ﬂsd “ﬁ'?afm}%{fv%%%ltﬁ%‘# ﬁ%%‘e"’%‘?’”o’a"’é‘%ﬁ‘% \;Beerfo f}‘%(lrfn%&/e%ga% faeo\?ecgé.&f—‘ﬁgt%nedrl\%?oarte,
the Ra valdgidokst HE thef fftdd r@f)éﬂén%rbﬁéc@ﬂaeamﬁn M@snsiMakheint haer OUF nm
so that it was confirnmed that the wafer was not eroded at the tine of

cl eani ng anchdifiabnr esi dues of the water repellent protective filmdid not
remain after ihiadi afﬁi&(r)n. [01% On the other hand, as a result of

eval uat i ngot i Hexmpigsr P RavEy a silicon nitride film the contact

S
angl e of the wafey Qf kol &Q%@%ﬁgﬁ%ﬁ&%ﬁ%%dgﬁegﬁ@oﬁlosﬁ%al?l?ﬁg@%#?iélgb{l\gs

1, with which it was confir a water repe y | npar

not obpai ngd sstdit®nntiplogdil 3h] [empslecatlty e(cbxedlieg 1thdl protective fildal the
procedure was the sane as that of Exanple 1-6 with the
except i ontfhaningphigest,rikiel portepnvpyiloi frenyigshgentagmmcesiration, the catalyst,

RCF3( C1- 12) 2( 2511 2NHl was used as a protective.filmform ng agent
(0129 A The FabVEL BpH e AP HEALH BB Ghe oG PR SRR de
film the a a e:0f: 4 h t sur rea nt S:196 as
Shown i n Toph oGtk S HBlaid PeMBLE R Fomblits Pt b ARECHEORIRT | qitboui

i npar ti ng tehdpeehtwesofaxaablrsioh loy eaxhivifeedntoMiteelhiyerd clidiricad fidefobnanglae of
the wafer after UV 30 irradiation was snmaller than 100, with which it was

conf i Afred prhtactivediloohdiavwed by evpluation therepf oReradtsmtenshewein llepls Lency

was renoved. .. 4 urth re, t. I\ug: e wafer after,. UV .

i rradiati ﬁﬁ%}é&ﬁ%ﬁa Fré‘rarf?' gnlo. ggﬁﬁ?(dsj@gﬁ%\?{qﬁgﬁagn ol iorcﬁﬁ@g ipgthylsiiyl
vafer was figletRyREgReal FOSHUISIANAHOLRANHGnANdeiIgly T asisduastDfiablige Wat er
repellent protective filmdid not remain after UV irradiation. [0123] On

t he ot her “bARECORS) ameeans litiflubreamiticatihgglridee silicon wafer having a
silicon nitride film the_co%'%{act arligl of the wafer after the surface
treat ment [(bdle2 Heompawafivs Exgmnde “llyith which it was confirmed that a
wat er ,epel | ency i i cl 085, N bt ai L clently.

Thus, zpn t he corrp‘oa’gllrig}gé 5)? g@&jﬁgr%ta Ive eE)%%Ir?%I 'Iég tg%gtoguﬁ?{é&lpﬁ] lmgsW{ltgla{Q

possi bl e tgcoptigh NtigatdA0d; Wt eFinitheldiemeyilanpal(Umg,; il ok as nutdie wase of
the silicon wafer having a silicon oxide filmof which surface is rich in
hydr oxyl grotgssivehioineVemingragdig. case of the silicon wafer having a silicon

et T LGB B S BEt  F v o
R T B e S

Exanpbg 2,T#)an, rath GrsicAgt ad éadiresd shanapehiesidepeDenseifppeiiigeied: As

a wafer in which the surface of polysilicon is snooth, a silicon 20 wafer
having a swedthcallemthe exhibsteds edloyroner, Hbe domtaehanglataftgeavabrerfteroUhi ch

the liquid chem.cal for farm rotective filmof f.he present invention
was suppl iEErG1atPRSVAR R, rttﬁgn hBEE e daWih cpR Fr'ﬂ?ieg @a%ﬁn’é’vﬁgf’ﬁod
for eval uagi.n e e i th Loddaghehenic f 1 ter
repel | ent %%lre o?reogF |¥)@¢égff }lfﬂm%%# g ﬁ%\feggg'seﬁ%l lr# nventri%bﬁmatlﬁ% ‘%gha oé/}\/l”r%engva%flva
eval uat i ongdrAl)V2Rrd @atidh Wt emBHek ehaR®.5 nm, so that it was confirmed that the

30 wafer was not eroded at the time of cleaning and that residues of the water

repellent protective film did not remain after UV irradiation.



[0125] (1) Evaluation of Contact Angle of Protective Filmforned on Wafer
Surface About 2 pl of pure water was dropped on a surface of a wafer on
which a protective filmwas forned, followed by neasuring an angle (the 30
contact angle) formed between the waterdrop and the wafer surface by using
a contact angle neter (produced by Kyow | nterface Science Co., Ltd.: CA-X
50 Model ). A sanple where the contact angle to the protective filmwas

0 M pl ¢ 0 e ot ec _
[0126] ( 2) BER, au0hi B Gebabdoel BroBhfoitalfatRe R A0 A SN Sing, 1, Ly

rays fromgas;|ievn RE@SEHi B DtHEES0RAM A186TR of @he WA AUfer YRE Blirfale téithdMNg
conditions. A sanple on which waterdrop had a contact angle of not |arger

than 10 afatar 4flheas shadwnain dhablasl,r eydr deldichsithassngonfemed dhiahea proteect i ve
filmand classified as being acceptable. . ) Lanp: PL2003N-10
pr oduced 69p@@@@|wt@w%@mw%0bﬁ%‘?ﬁ saficentl® mvcne (the distance
fromthe I sogH ce [0 .t was 10 nm [01271 (3) Eval uation of
Sur f ac Sr[r%g#ﬂne_s 0&?p%@fté‘_’r%e%?$£e$h%%¥%vi ng Protective Film The surface was
observed by atom &]If gHC prodedi@s GRRE ther Qdle etk Blatl of IpikAplandia wihtthel NC.
SPI1 3700, 2.5 microneter square scan) thereby obtaining a difference ARa

(nn) in tkecasnirethink gafdriagshslsild démeol FeHehHNoE Hehbwaafused
bet ween before and . af hfr iIhe,cl eani ng. Incidentally, "Ra" is a
t hr ee- di 385 BYRALEV R HIRAGER 289t ai ned by appl yi ng the centerline

aver age rgb'gismﬁssAgafJe@a& J}Vﬁv%?%@lggfg&#]&oﬁ \gﬁPeﬂIa%?n%‘a{réiES& Aol fin 0

cal cul ate an average va olute values o eviation rrom

standgnd $HE astack Andes bpflal RAfsuiftactie budand beatoldndWr g9 BUaaEhemn ih I .
"1Br. x Ra= R 1 F(x,Y)-zo dxdY So YTXL where XL and XR, and Ys

and YT reflbdedt wat ch iihg asaogérmed: thate swdedirepalierandmprsting effect
coordi nate, respectivel y... So,represents an area,25 obtainhed t he
oot ot exipatitatipigds c Miaeaves R cahft Aele B the Fellr ks v
obt ai ned = YS+ bbb [BYARE ~('Q | at
o hensur e adi B s ndlir bEUD DRI WhicH X Wls EEPEEREDLAat AR

measur ed sHef@Roeect[@1EBh Fhe Rbuvaddie Bhrthkenmwaé ethes Rd aabudef ahe whfer

protective filmwas fornmed and the Ra val ue of the wafer surface after the
prot et i velfer BV wemdiehion sersianellontan 8@ nps sa thpl ayancutpashtintithem

I T g L
liquid chepjh&@dnt hereqive ANE diebefonris ey Trvadrata@idnaccept abl e one.
[0120]  On the other hand, as a result of evaluating the silicon wafer having
a silicon nitride film, the contact angle of the wafer after the surface treatment
20 was 60° as shown in Table 1, with which it was confirmed that a water
repellency imparting effect was not obtained sufficiently.
[0121] [Comparative Example 1-3] |
All the procedure was the same as that of Example 1-6 with the
. exception that 1 g of bistrifluoropropyldimethylsilazane
25 {[CF3(CH2)2(CH3)2SilaNHI was used as a protective film forming agent.
[0122]  As a result of evaluating the silicon wafer having a silicon oxide film,
the contact angle of the wafer after the surface treatment was 96° as shown in
Table 1, with which it was confirmed that a water repellency imparting effect
was excellently exhibited. Moreover, the contact angle of the wafer after UV

30 irradiation was smaller than 10°, with which it was confirmed that the

condition of the surface provided with water repellency was removed.



[ Exanpl e 211 (1) Preparation of Liquid Chem cal for formng
Wat er Repellent 10 Protective Film A liquid chemcal for formng a
protective fil mwas produced by using: 3 g of octyldinethylsilyl

di et hyl am ne [ C81-117(C113)2Si N(CH3) 21 that serves as a protective film
formi ng agent; 96.9 g of PGVEA that serd4fs as an organic solvent; and 0.1 g
of trifluoroacetic acid [CH3C0011] that serves as a l1lbcatal yst.

(2) d eani f__Vaf er no il i maf er was [ mersed.in_ 1
a6 hyaF GRS P Raraln BT Bn s 0 A Pl 0 v R R bPeeg 1
pure wat ey § Qkn IsodMHMLE vASs cohBhRED kRS BRER US RAshoad8ieBageleai@aNHMg

| iquid'. Then, after 20 preparing a mxture in which 28%N\H3: 30%4202: 1-1i 0
was 1: 1: 5cleanvng and that residnds hédtd wgtdntrepellant pnpectve fdmodid 20, retdenwaf er
was i mersed therein for 1 minute, and then imersed in pure water for 1

m nute. ThEesdIYdrradigidonaf er was i mersed in 2-propanol (hereinafter,

ti t "iPA"), for 1 m d..then it d.i .opy|
o yeol Srolb il rOnihetnet Fapk. 58 el lRiubl the TRET BEH AR LS
"PGVEA") fafilidodThi¥idR film, the contaét3dnsIWioF BRE wHIEALRRthO BuVBbeircathicage.

using Water Repellent Cleaning Liquid After "(2) Ceaning of Wafer", the
si licon wafar 68Asas shewseth iTaliléel,l imgih dvizlbnitcalasf confiioned rifpad preetieet i ve

filmat 20C for 1 mnute, the liquid 30 chem cal .being prepared in "(1)
Prepar at i 5?9 e&%’dmﬂﬁr@?&ﬁfg%t LEsis n‘f’%&?ﬁ%%‘t‘@@%l | ent Protective
Film'. Th he waf er. was, | LR fQr- conds. s R nal ly, the
waf er vvasm%fgn o?ﬁugfm:ﬂ@& é?%é%@\g%bgg Ogﬁjraarg:hﬁss%{%ﬁp Eezsrggg&)t%g:’ gén%v\?é i PA

fromide puEdiBEEto obtain a godd watkeSubbllOhcyewabhafihf@le ih hus @Bt Jfnad
silicon wafer in a manner discussed In "the method for evaluating a wafer

cl eaned wiilivonhwaférguaving z selidanbxider filrofi which warface depaitl enthydrotdct i ve
filmof the present invention", il i,con wafer, having .an initial .contact
hngl e of - SRAIGONRIR R IO NSGRSP STEhe SRR AL 1Y TR sien Ml EROL
protective ] i

Pt ot et ve i BupBtlo B CORS FLyBRAYS ePourty ok vEftek dept 0T nithubind pfeet,

wat er repgldseney suffddehilpoolghised. VEBuextel kettel wegxlibbéyt ethpatfinkbeffenter ,
the contact angle of the wafer after UV irradiation was smaller than 100,

wi th Whi ceréativdspendsd pradethanbeepbhslrefyligrenps dalleranieaceprdingde the

achi eved. | . Furthernore, the ARa value of the wafer after UV
irradiati GFPH8E%AEhin 0.5nm so that it was confirned that the wafer was
not eroded at the[Eboafipere] cleaning and that residues of the protective
filmdid not remain after UV irradiation. [Exanples 2-2 to 3-41 A
surface treat nentliofixsafigle Yasxemndaoes aspon tssatnahity owdiolysihgent eere
condi tions enployed in Ex e 2-1 (concerning the catalyst and the tine 20
spent forp@ﬁg?meét oS Y HET i lﬁhﬁgesselé ce AR ORBS 8PQOPHHt 3 SHiCOD

Tanl o8, POTSRTTFAN & Btk A AT SRR, RIUHA LRy TR A SR 1

which the liquid chemical for forming a protective film of the present invention

was supplied is the same as the method employed in Example 1. As a method
for evaluating a wafer cleaned with the liquid chemical for forming a water
repellent protective film of the present invention, the following evaluations (1)
25  to (3) were performed.
[0125] (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 (the
30 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



(ARa [nn]) SC> CD> 50> W>> Renpvability of Protective Film (Contact Angle
ND 01> 01-> 01-> 01-> Contact Angle after Surface Treatnent 86 L6 3L 1701
13 To0OS._, C) 01>

50

Model). A sample where the contact angle to the protective film was within a
range of from 65 to 115° was classified as being acceptable.
f0126]  (2) Removability of Protective Film
The sample was irradiated with UV rays from a low-pressure
5 mercury lamp for 1 minute under the following conditions. A sample on which
waterdrop had a contact angle of not larger than 10° after the irradiation was
regarded as having removed the protective film and classified as being
acceptable.
* Lamp: PL2003N-10 produced by SEN LIGHTS CORPORATION
10 -+ Mluminance: 15 mW/ecm2 (the distance from the light source to the
sample was 10 mm)
[0127] (3) Evaluation of Surface Smoothness of Wafer after Removing
Protective Film
The surface was observed by atomic force microscope (produced by
15 Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan) thereby
obtaining a difference ARa (nm) in the centerline average surface roughness Ra
(nm) of the wafer between before and after the cleaning. Incidentally, “Ra” is
a three-dimensionally enlarged one obtained by applying the centerline
average roughness defined by JIS B 0601 to a measured surface and 1is
20 calculated as “an average value of absolute values of deviation from standard

surface to designated surface” from the following equation.

Ra= —-1-.f Vs 1) A | F(X,Y)—2Z,| dXdY

So Yr X

where X1, and Xg, and Y and Yt represent a measuring range in the

X coordinate and the Y coordinate, respectively. S represents an area

25  obtained on the assumption that the measured surface is ideally flat, and is a
value obtained by (Xg-Xp)x(Ye-Yr). Additionally, F(X,Y) represents the height

at a measured point (X)Y). Zo represents the average height within the
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measured surface.
f0128] The Ra value of the wafer surface before the protective film was
formed and the Ra value of the wafer surface after the protective film was
removed were measured. If a difference between them (ARa) was within
+1nm, the wafer surface was regarded as not having been eroded by the
cleaning and regarded as not having left residues of the liquid chemical
thereon, and therefore classified as an acceptable one.

[Example 2-1]

(1) Preparation of Liquid Chemical for forming Water Repellent
Protective Film

A liquid chemical for forming a protective film was produced by
using: 3 g of octyldimethylsilyl dimethylamine [CsHi7(CHs)2SiN(CHa)al that
serves as a protective film forming agent; 96.9 g of PGMEA that serves as an
organic solvent; and 0.1 g of trifluoroacetic acid [CHsCOOH] that serves as a
catalyst.

(2) Cleaning of Wafer

A smooth silicon wafer was immersed in 1 mass% hydrogen fluoride
aqueous solution for 1 minute, and then immersed in pure water for 1 minute
as “a cleaning step using a water-based cleaning liquid®. Then, after
preparing a mixture in which 28%NH3:30%H202 150 was 1:1°5 in volume ratio
and heating it to a temperature of 70°C, the wafer was immersed therein for 1
minute, and then immersed in pure water for 1 minute. Thereafter, the wafer
was immersed in 2-propanol (hereinafter, sometimes referred to as “iPA”) for 1
minute and then immersed in propylene glycol monorriethyl ether acetate
(hereinafter, sometimes referred to as “PGMEA”) for 1 minute.

(3) Surface Treatment on Wafer Surface, using Water Repellent
Cleaning Liquid

After “(2) Cleaning of Wafer”, the silicon wafer was immersed in the
liquid chemical for forming a protective film at 20°C for 1 minute, the liquid
chemical being prepared in “(1) Preparation of Liquid Chemical for forming

Water Repellent Protective Film”. Then, the wafer was immersed in iPA for
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10 seconds. Finally, the wafer was taken out of iPA, followed by spraying air
thereon to remove iPA from the surface.
As a result of evaluating the thus obtained silicon wafer in a manner
discussed in “the method for evaluating a wafer cleaned with the liquid
5 chemical for forming a water repellent protective film of the present invention”,
a silicon wafer having an initial contact angle of smaller than 10° before the
formation of the water repellent protective film had a contact angle of 98° after
the formation of the protective film as shown in Table 2, with which it was
confirmed that a water repellency imparting effect was excellently exhibited.
10 Moreover, the contact angle of the wafer after UV irradiation was smaller than
10°, with which it was confirmed that removal of the protective film was
achieved.
Furthermore, the ARa value of the wafer after UV irradiation was
within +0.5nm, so that it was confirmed that the wafer was not eroded at the
15 time of cleaning and that residues of the profective film did not remain after
UV irradiation.
{Examples 2-2 to 3-4]
A surface treatment of wafer was conducted upon suitably modifying
the conditions employed in Example 2-1 (concerning the catalyst and the time
20 spent for the protective film forming step), followed by evaluation thereof.
“(CF3C0)20” means triflucroacetic anhydride. Results are shown in Table 2.

[0120]  [Table 2}



Protective FilmForm ng Agent 1 C8H17(CF13)2 Si N(CF102 z(9-10)Ns THO)"1-190
C8H17(CH3)2 Si N(CF13)2 z(el-10)N'S r(el-10)"HI0 L-3 ai dwaxg Exanple 2-2

Exanpl e 2-3 Exanple 2-4 54 [0130] [ EXAMPLE 31

I n Exanple 3,

exam nations as to treatnents on titaniumnitride were perfornmed. As a

waf er
waf er
snmoot h su
wafer is

eval uatin
repel | ent
eval uatio
Angl e of
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was forme
bet ween t
meter (pr
where t he
65 to 115
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by atom c

in which the surface of titanium®tride is snooth,
havi ng a titani um nitride filn where a silicon Wafer 5 having a

there was used "a

facetps = Jitride | ayer thereon (hereinafter, this
sonet isrkEs r as "a TiNwafer"). As a nmethod for
) 8 WEfEL C h the liquid chemcal for form ng a water
proté‘cgfﬁve e present invention, the follow ng
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Yasw=cl assi fi ilng acceptable. [0132](2) Renobvability of
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|a§§§@r L=nti Alite| under the fol I ow ng conditions. A sanple on
brdr@p had p donfact angle of not larger than 10 after the
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30 Sei ko Instrunments Inc.: SPI 3700, 2.5 mcroneter square scan) thereby
obtaining a difference ARa (nnm) in the centerline average surface roughness
Ha 55 (nn) of the wafer between before and after the cl eaning.
Incidentally, "Ra" is a three-dinmensionally enlarged one obtai ned by

appl ying the centerline average roughne®$ defined by JIS B 0601 to a
nmeasured surface and is cal cul ated as "an average val ue of absol ute val ues

of devi at i[@ﬂB(ﬁ ronrr]ﬁ%mﬂ 33 surface to designated surface" fromthe

foll owi ng equati o XR'Y Zo | dXdY So YTXL where XL and

Xit, and YB and Y BpresknB, axARassibng asafiferdatnidi@s % rceRhdiviat gitaidd t he
Y coordinate, respectively. So represents an area obtained on the
assunpt i owdrhgterformareas\s edvadar imwthicls thaeatfhge of titaniandnitzide BGvaithe.

bt ai ned b XR- XL YB- Yr). Additi Iy, F(X. . he hei gh
2 moasur eGB! HEs (S 2 WalsrdhaRErn BOEpba ik SR GRRCH & AHFOPRALT
d f cerk O : : :
measured sycface. [ O4RAL T8 A ¥ 3lcligh HHSARLRE GUHLACR RISl Bhis

protective or e val'ue o waf er surtace after the

protecti veydfel i ¥AGeditmdsegvaddwers EaRvmader)f Asdi iethed e Haflvwatingt hem
(A-Ra) was within 1Inm the wafer surface was regarded as not having been

eroded by at weafet edaamed amithr éhar dedidashantichlaondotming rasiaieas repelians
l'iquid chem cal. thereon, and therefore .classified as an acceptapl.e one.

[ 01351[ ExREpiestize 1 r%@%ﬁ%%%ﬁ&%%ﬁﬂ@?ﬂﬁ%if’eﬁ@iﬁm @é{iﬂﬁ’f%i o f%“ﬁ’gfﬁat er
Repel I ent _Pr ' ilmA mxture of 10 g of '

nonaf | uoro eé.)g(%%glwﬁeﬁﬁ]d;l chlorosilane [ C4F9(Cl 12) 2( CH3) 2Si C11 t hat serves as

a watep répetilent(1PriotAabtivae dfi Condaet Mnide af Mbia@nde9Pilth €rmed on Wafer
hydr of | uor oet her that serves as an organic solvent 25 (HFE-7100 produced by
3M Li mi t e@uré@es prepared and stirred for about 5 minutes, thereby obtaining

a liquid chem cal or form a protective,film,in which. the_.concentration
of & protect i ve f AR F ARG TGENY LT aR GioPart o N SRHRPLEL b M40 Phe
protecti veifibh M FRLEAHAIEH vRNGEMIB TARWeRS AaTBSHY L8 gﬁgmeg&% the
total anmount of the liquid chemcal for formng a protective film][0136]

(2) d eanicogtaet ahight)\fafeeddeswooh thdivihteadep {ad shé wedar waffarce bgvwisige a
titaniumnitride layer 5 of 50 nmthickness on its surface) was inmmersed in

1 masbop hyerbgranslaonetr lpedaned J91 boiogrn fpterfagh Reweace dher thign (s sed
0 Y T L\, 8 SLEA 1805 504 08 A SRRL RS o

l'iquid" 't he “wa . ropa e Ssonet i mes
referred t9nas of i Bb5ftari1be R audl8ssifbd akshing BORIpI8Eld. N propyl ene gl ycol

nononet hyl ether acetate 10 (hereinafter, sonetines referred to as "PGQVEA")
for 1 mni®B32] (2) Removability of Protective Film
The sample was irradiated with UV rays from a low-pressure
20 mercury lamp for 1 minute under the following conditions. A sample on which
waterdrop had a contact angle of not larger than 10° after the irradiation was
regarded as having removed the protective film and classified as being
acceptable.
» Lamp: PL2003N-10 produced by SEN LIGHTS CORPORATION
25 + Nluminance: 15 mW/em?2 (the distance from the light source to the
sample was 10 mm)
[0133] (3) Evaluation of Surface Smoothness of Wafer after Removing
Protective Film
The surface was observed by atomic force microscope {produced by

30 Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan) thereby

obtaining a difference ARa (nm) in the centerline average surface roughness Ra



[0137] (3) Surface Treatnent on Wafer Surface, using Water Repell ent

Cl eaning Liquid After "(2) Ceaning of TiN Wafer", the Ti N wafer
was imersed in the liquid chemcal for formng a protective filmat 20C
for 1 mnute, the liquid 15 chem cal being prepared in "(1) Preparation of
Li quid Chemical for forming Protective 1. Then, the Ti N wafer was
imrersed in i PA for 10 seconds. Finally, the Ti N wafer was taken out of

i PA, foll ' ' h i PA L face. .
[ov38] as HED R iE G PRt RaRERAN Rt IR Pt T AR R dver 20

di scussed 4 RhrédaidBhERAalIr eRkALHAL bRE 8hiARAET we@ﬁ%ﬂgtd}let kentdriited
chem cal for formng a water repellent protective fil'mof the present

i nvent i on"aveaagmfrenghavsngeéimeinbyi AS ddndGldt tangl meafumthlsuefacet hamd 18
before the formation of the water repell fnt pr.ot ec&i ve fil mhad a contact
angl e of Stlomaled ahean gvaragcovRlge dirbsphgectalnge of dematons ghnstandpap e 3,

W th ich. i s 25. confirmed that a.wa r-epel | ency inparting effect was
excel | ant FyTachE BRI eFEe " Bhat I o BB AP, e et o1 Car ter v
irradiation was smaller than 10, with which it was confirmed that renoval
of the protective filmwas achieved. Furthernore, the ARa value of the

wafer after UV irradi ation \4\@3 vmé%hhin 0.5nm so that it was confirned that
the wafer was not ergoded at ith ti faf g -And resi dues of
the protective film a:ﬂoi—rpﬁai n afjt er U‘l’%éﬁyd) azﬁr;lndwﬁlw] [ Tabl e 31
Eval uation Results 2 ~ 2 E®p i Y5 og ¥.TO> g.0> TO> TO> Renovability of
Protective Film (Contact Angle [1) 01> 01> A > 4 >

where X1, and Xg, and Yg and Yr represent a measuring range in the
X coordinate and the Y coordinate, respectively. Sp represents an area
obtained on the assumption that the measured surface is ideally flat, and is a
10  value obtained by (XR'XQX(YB-YT). Additionally, F(X,Y) represents the height
at a measured point (XY). Zo represents the average height within the
measured surface.
[0134] The Ra value of the wafer surface before the protective film was
formed and the Ra value of the wafer surface after the protective film was
15 removed were measured. If a difference between them (ARa) was within
+1nm, the wafer surface was regarded as not having been eroded by the
cleaning and regarded as not having left residues of the liquid chemical
thereon, and therefore classified as an acceptable one.
[0135] [Example 3-1]
20 (1) Preparation of Liquid Chemical for forming Water Repellent
Protective Film
A mixture of 10 g of nonafluorchexyldimethylchlorosilane
[CsFo(CH2)2(CH3)2SiCll that serves as a water repellent protective film forming
agent and 90 g of hydrofluoroether that serves as an organic solvent
25  (HFE-7100 produced by 3M Limited) was prepared and stirred for about 5
minutes, thereby obtaining a liquid chemical for forming a protective film in

which the concentration of a protective film forming agent (hereinafter



Contact Angle after Surface Treatnent L 16 L6 36 E6 81 To 1 . E -E 42 F:
la EO 01> 01> 01> 01>01>. .Eca EHO0303030303"EIL

56

referred to as “the protective film forming agent concentration” was 10 mass%
relative to the total amount of the liquid chemical for forming a protective film.
[0136] (2) Cleaning of TiN Wafer
A smooth TiN wafer (a silicon wafer having a titanium nitride layer
5 of 50 nm thickness on its surface) was immersed in 1 mass% hydrogen fluoride
aqueous solution for 1 minute, and then immersed in pure water for 1 minute
as “a cleaning step using a water-based cleaning liquid”. Then, the wafer was
immersed in 2-propanol (hereinafter, sometimes referred to as “iPA”) for 1
minute, and then immersed in propylene glycol monomethyl ether acetate
10  (hereinafter, sometimes referred to as “PGMEA”) for 1 minute.
[0137] (3) Surface Treatment on Wafer Surface, using Water Repellent
Cleaning Liguid
After “(2) Cleaning of TiN Wafer”, the TiN wafer was immersed. in the
liquid chemical for forming a protective film at 20°C for 1 minute, the liquid
15 chemical being prepared in “(1) Preparation of Liquid Chemical for forming
Protective Film”. Then, the TiN wafer was immersed in iPA for 10 seconds.
Finally, the TiN wafer was taken out of iPA, followed by spraying air thercon to
remove iPA from the surface.
[0138] As a result of evaluating the thus obtained TiN wafer in a manner
20  discussed in “the method for evaluating a wafer cleaned with the liquid
chemical for forming a water repellent protective film of the present invention”,
a wafer having an initial contact angle of smaller than 10° before the formation
of the water repellent protective film had a contact angle of 91° after the
formation of the protective film as shown in Table 3, with which 1t was
25  confirmed that a water repellency imparting effect was excellently exhibited.
Moreover, the contact angle of the wafer after UV irradiation was smaller than
10°, with which it was confirmed that removal of the protective film was
achieved. Furthermore, the ARa value of the wafer after UV 1rradiation was
within £0.5nm, so that it was confirmed that the wafer was not eroded at the
30 time of cleaning and that residues of the protective film did not remain after

UV irradiation.
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Protective Film Form ng Agent 10! Sz(cl1l-10)z(31-10)8EO0 10! Sz(t1-10)THO) 6d0
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Exanpl e 3-2 Exanple 3-3 Exanple 3-4 -

{01401  [Examples 3-2 to 3-4]

A surface treatment of wafer was conducted upon suitably modifying
the conditions employed in Example 2-1 (concerning the protective film
forming agent, the organic solvent, the protective film forming agent

5 concentration, the catalyst, and the time spent for the protective film forming
step), followed by evaluation thereof. Results are shown in Table 3.
Incidentally, the concentration of the catalyst is a concentration expressed by
mass% relative to 100 mass% of the total amount of the protective film forming
agent.

10 [0141] [Comparative Example 3-1]

All the procedure was the same as that of Example 2-1 with the
exception that a mixture of 10 g of N,N-dimethylaminotrimethylsilane
[(CH3)sSiN(CHa)el and a 90 g of PGMEA was used as the liquid chemical for
forming a protective film. As a result, the contact angle of the TiN wafer was

15  18° as shown in Table 3, with which it was confirmed that a water repellency
imparting effect was not exhibited.
INDUSTRIAL APPLICABILITY
[0142] A protective film forming agent, a liquid chemical for forming a
protective film that contains the agent, and a method for cleaning wafers by
20  using the liquid chemical, of the present invention can reduce modifications of
conditions of surface cleaning made according to the kind of wafers and can
reduce additional steps in the field of integrated circuits of electronic industry,
and therefore contribute to the improvement of the production efficiency. In
the case of handling a couple of kinds of wafers, a particularly efficient
25  production is possible.
EXPLANATION OF REFERENCE NUMERALS
[0143] 1  Wafer
2 Uneven pattern on a wafer surface
3 Projected portions of the pattern
30 4 Recessed portions of the pattern
5 Width of the recessed portions



Conparative Exanple 3-1 58 [0140][ Exanples 3-2 to 3-41 A surface
treatnment of wafer was conducted upon suitably nodifying the conditions
enpl oyed in Exanple 2-1 (concerning the protective filmform ng agent, the
organi c solvent, the protective filmformng agent 5 concentration, the
catalyst, and the time spent for the pr%@ective filmform ng step),

foll owed by evaluation thereof. Results are shown in Table 3. Incidentally,
the concentrati ongof tﬁﬁ@ﬁﬁ?fﬂﬁgﬁ(ﬁéj@d RS ration expressed by nass%
relative to 100 mass% ofcthe total - anpunt of the protective filmformng
agent. 10 [0141] [ ConpWidth ve tix apgkeed-prtions Al'l the procedure was
the same as that of Exanple 2-1 with the exception that a m xture of 10 ¢
of N, N-di met hyl an® not FiqrdhshesnicahdoRcuzyizgi a(vwarter 3eppllant paoi@otiye dilnRGVEA
was used as, t.he liquid chemcal .for formng a protective filmAs a result,

the cont alBtaRET &0 sRe FRPSFENPREHERS das 15 18 as shown in Table 3, with

which ¢t was confgrnmegd: t ipartd ng ef fect was not
exhi bi ted. INDUSfEIALﬂxggﬁﬁﬁigw%P$$tF%%%%%gﬁgé¥%ggg%ﬁve filmform ng agent,
a liquid chem cal 16 or Waerrageleriiyoesstiveefilion | m t hat contai ns the agent,
and a nethod for cleaning wafers by 20 using the liquid chem cal, of the
present invention can reduce nodifications of conditions of surface

cl eaning made according to the kind of wafers and can reduce additi onal
steps in the field of integrated circuits of electronic industry, and
therefore contribute to the inprovenent of the production efficiency. In
the case of handling a couple of kinds of wafers, a particularly efficient
25 production is possible. EXPLANATI ON OF REFERENCE NUMERALS [0143] 1Wafer
2Uneven pattern on a wafer surface 3Projected portions of the pattern
304Recessed portions of the pattern 5Wdth of the recessed portions 59
6Hei ght of the projected portions 7Wdth of the projected portions 8Liquid
chem cal for formng a water repellent protective film retained in the
recessed portions 4 59Liquid retained in the recessed portions 4 10 Water
repellent protective film



60 CLAIMS [ClaimiiA water repellent protective filmform ng agent which is
able to forma protective filmon a wafer that has an uneven pattern at its
surface, the protective filmbeing fornmed at | east on surfaces of recessed
portions of the 5 wafer at the time of cleaning the wafer, the wafer being
a wafer that contains a material incl udﬁﬂg silicon elenment at |east at the
surfaces of the recessed portions of the uneven pattern or a wafer that
contains at | east one kind of materi @Lgﬁ{/j?ct ed fromthe group consisting
of titanium titaniumnitride, tungsten, alum num copper, tin, tantalum
nitride af@liiwt heni umAakat@aspeBenapidieprvé fom fokmisprdeaeswiath ihebleessed
portions of the uneven pattern, the agent conprising a silicon conpound

r epr esent delrtbya prdettove Sl garadenthdiohashn WkeyenpadSirxdataltd puffane.t the

formula, Ri al i.ndependent | epresents. a hydrogen 15 gr.o r.a

G- G's hydvetEgn R JUSRHPEROR A bt CUraAen Pt SOUSTPd RBHORP I Wbl ogen
atom and v&i&%g%@ﬁ:(ﬁ!a tﬂH@’BFEieQng%ﬂPe%ﬁf%ﬂ' IR AR Heih@df%@éledﬂat Bbatdifis 3Ot
smal | er than 6. mutual Ty 1n endent 'y represents~at [east one group

sel ect ed frh@tBridionevadient sflieoat élefaintgadlpsstoht WhieChnghenenf the Reedmedded
to the silicon elenent is nitrogen; nonoval ent functional groups of 20

whi ch el erpentions of¢hbowaesnt patthen gir| 4 gorfes thabwontaingafigleast and ¥adoefen
groups. "a" js.an integer. of froml to 3.1 [dai.m21A water r.epell.en

o ot bt i vanpletial RGO bl e Btk Solibutng, Of i ity ke tifhE whtieon
waf er t hat n v p at 41 : i k1M
bei ng 1 or e e e b el AR, IR b e
time 20 clpaatiofight kerfabenf thheecvraised guationsafwhkenndal paapiai tie: sgdntcon
nitride at |east at the surfaces of the recessed portions of the uneven
pattern, CREIRAZHERE & GHONsEamAPeuRd FPRESeRbRh Hnthe Elovsast ganasgl faranula

fol | ow ng[ neral formula [1]. 61 RlaSi X4a[ 1] [In the formula,
[t nmutual ?E i ndependently represents a hydrogen group or a Cl-Cls

hydr ocar bon group which is unsubstituted or substituted with hal ogen atom
and the total nunmber of _ carbons in nutually independent 5 Rl is not snaller

than 6. X nmutually inﬂéﬁ ﬁﬁé@%%ﬁ represe{ﬂﬂ at | east one group sel ected
from nonoval ent functional ¢ ps of which elenment to be bonded to the
silicon elenment is nitrogen; nonoval ent functional groups of which el enent

to be bonded to t i I I 2 : u "' IS
an i nteger of fro%?lla%éo@r%]%’ %@I"%@ﬁ&%a%@?“?%%&?ﬁlgﬁ? g%rn g% g‘cpﬁgléogr%ﬂ m
form ng agestp W ahCi-€:1abkdrdc@rben Mraupr ehedd iy aidgubatiented vafwbstibagedhas

an uneven pattern at its surface, the protective filmbeing forned at |east
on surf acawitbthaleges stampenditbadotdl nwabgaiodcaghonshin nivtmady iodependentt he
waf er, the, wafer,  bei waf er that contains 15, at,l|least one kjnd of

mat er | al | S8 BoRel SRR thaRG 0w TBYRELY TRECRIMIGL, FRReSERtRAr (AT de,
tungsten, .3l i QiBteGORBRY: : mbhbvalkARtRLIALALS HhfEpad WHIMCRidHRAL t gast at
t he surfacg(i;lsﬂg}c t%eeerecesserg por%]i ons OF tﬁe uglrﬁg?/%n pattern, the agent
conpri si nGoadsdl toc ohe Goligualetbmens ésetitregeny videovadehiovhngigedegaupkosfrul a
W RlaSi X4 a[1l] 20 [In the fornula, RI- rutually independently represents a
hydr o§@n which element to be bonded to the silicon element is oxygen; and halogen

groups. “a” is an integer of from 1 to 3]

[Claim 2] A water repellent protective film forming agent which is able to
form a protective film on a wafer that has an uneven pattern at its surface, the
25  protective film being formed at least on surfaces of recessed portions of the
wafer at the time of cleaning the wafer, the wafer being a wafer that contains
silicon nitride at least at the surfaces of the recesse.d portions of the uneven
pattern, the agent comprising a silicon compound represented by the following

general formula [1].



group or a CyG s hydrocarbon group which is unsubstituted or substituted
with hal ogen atom and the total nunber of carbons in nutually independent
Rl is not smaller than 6. X nmutually independently represents at |east one
25 group selected from nonoval ent functional groups of which elenent to be
bonded to the silicon element is nitrogfh; nonoval ent functional groups of
whi ch elenent to be bonded to the silicon elenent is oxygen; and hal ogen

62 groups. "a" is an integer of from1l to 3.1 [Claim4lA water repellent
protective filmformng agent as clainmed in any of clainms 1 to 3,

wherein the silicon cF{rﬂyognp(re resenteerJM the general 5 fornula [1] is
represented by the fol [ oMNg eral fornmul™a [4]. R3a R Lib S iX4-a-Db[4]

[In the fornula, R3 nutually independently represents a Cl-C s hydrocarbon

roup where one o re_hydr el enents. are sybstituted with fl uori ne
o omont (9) - Ra mlTaaS, T e R oy e B R B ACR M P BRI Gt BYBHIEEY o
Cl-Cs h r r. I : . | N it he
genor o SRBSPLOY, O] SlbbyAba bR eiddiP Rl RSB o Uk d

repr esent syigh HA884n afemghadphseloeslt eandbe®Wf capiheeA] e fiuthiallgt indlepbndéraips
of which elenent to be bonded to the silicon elenent is nitrogen;

nmonovab entRf noel emallegribapst.of XviiughaBy éndependedly pepngsentoat heassidrecon

el ement is 15 ox n, and _hal oge roups,. "a’ is an i.nt r of from1 to 3,
"b" 15 an BARBGRICGFO f oM oRpBosaledl dunitiopdl growes ofwEHR efpmprt’io iy 3
[Claimb51 ref |k § 186 it i@ Ak RG] a']qﬁ?,i

any of cl I%O\Prr@%? @(ooﬁg? Svﬁée%neigné:}%ﬁg sl%(ﬁ}lcorgggorrpou':{r:]l%l %gtg?%%ﬁ?%c} %y ﬁe&f
gener al 2Gviiehneiletmdnt] td derlepidsens ethebyiliche dlohdetni i8goxgyeer aind drabaden [ 21.
R13Si X[ 2] «  LIn the formula, both of RL and X are identical wth
those of t#eupeneralis parimtegerofframobtg 8ilai m 6] A water repel | ent protective
fil mgﬁrm' ng agent as clained in any of clains 1 to 3, wherein the silicon
conpound represented by the general forrmula [1] is represented by the

fol I ow ng [genes af for Mﬁte{xsﬁ]e?eﬂ@ﬁt Peétective imStdrilidg agent whichlib Apldh

f ormul a, represents a C4-Cl18 hydrocarbon group which is unsubstituted or
subst i t ut ddrmig prdiattiogefilmtona wafes thaiehss ealumivieh gaiddrodt ttheugkrer dle

formula [al 5 [Claim71A water repellent protective filmformng agent as
claimed i rP_TQFFSF[EWﬁ fla bring epmed %Eaétrpwuﬁgcw Og\FP?PStS_ﬁ‘é &qrmoeérpgfcm?pound
i ncl .Udes fv!/é/@r rttﬂgrtfrlntalo'focﬁé n tt%gsw?ﬂﬁg h% @ija@érzgﬂ'énlgj egw;:-&erc Pﬁg@ g’oeﬂtah%’
form ng a water repellTent prote€tive film
15 at least one kind of material selected from the group consisting of titanium,
titanium nitride, tungsten, aluminum, copper, tin, tantalum nitride and
ruthenium at least at the surfaces of the recessed portions of the uneven

pattern, the agent comprising a silicon compound represented by the following

general formula [1].

R, SiX,, [1]

20
[In the formula, B! mutually independently represents a hydrogen
group or a Ci-Cis hydrocarbon group which is unsubstituted or substituted
with halogen atom, and the total number of carbons in mutually independent
R! is not smaller than 6. X mutually independently represents at least one
25  group selected from: monovalent functional groups of which element to be
bonded to the silicon element is nitrogen; monovalent functional groups of

which element to be bonded to the silicon element is oxygen; and halogen



conprising a water repellent protective filmformng agent as clainmed in
any of clains 1 to 7. [Caim9l1A liquid chemcal for form ng a water

repell ent protective film 15 as clained in claim@8, conprising acid.
[Claim101A liquid chemical for formng a water repellent protective film
as claimed in claim8 or 9, wherein theébZontent of the water repellent
protective filmformng agent relative to 100 nass% of the total anmount of
theliquig he: f: rJ7 r repellent protective filmis 0.1
to 50 nas &?QT% a:qu%%?ﬁﬁﬁ% e%o[gqf orqc%%gii ng a wafer that has an uneven
pattern at its surface, the wafer being a wafer that contains a materi al
including silicon element at |east at surfaces of recessed portions of the
uneven pal€brim dt a 28 water ragedlens anvseattyeafilnefazming egentichsotlaimedrnal

selected fromthe. gr onsisting of,.titanium titaniu itride, tungsten,
oF U nom aogasinl 348, £ P20k e Qoo Aih Btnd ot ANETLAY BE RS coh8DE° 0
the sugfa j - trgrn, the met hod
conpri %i ng&?ﬁgiaf E)]{]ﬁ%vm&%%%gls%ggg%%E@%?%?gﬁﬁnﬁgggtﬁggﬂﬁé|[%Tg a wat er - based
cleaning liquid, where the 64 surface of the wafer is cleaned with a

wat er - based cl eani é—"l i Ry wat er repellent protective
filmformng stepaméf’fe %Iqxuf‘ftﬁtbuen‘i cal [f4§r formng a water repellent

protective filmig_retained at ast _Jin.the recessed portions, of e waf er
Pher eby f orm ng. alAnths el FurBl! i atah PHRERiT 268G t ne
recessed j ' QM SERY I s [FTMe ANe] 9]
t he surfaglgﬂg?%lﬁgnv%? Iél? vlvléerre eo#oev(grdl?mg%ggd& Blonfifif ag/@\%vg? (Sé?tl'lrlﬂggg’lv gnt
protective fidorinerbuabntstep Rhanatudhidy waildependaedly erdprpsaitechi kgdifoigem i s

renoved fromthe surfaces of the recessed portions, 10 wherein a_liquid
cheni tQl &seup ord ky Gis istercarbpregrewp- plbedetalveumbermof garkang weB® padany

of clainms8.tq,10 is d i . wat.er repell ent. pgotective.filmf,orm ng
ctep. 10 intsteameibR il s mA B "R RS ipdeetiea

wherei n 154 heWed &t 1éSstBoBERSug Bdlec @ i@htSmdhbl £RAtL Tuhkiidealbrduasds at
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R1,SiX 2]

[In the formula, both of R! and X are identical with those of the

general formula [1].]

25 [Claim 6] A water repellent protective film forming agent as claimed in
any of claims 1 to 3, wherein the silicon compound represented by the general

formula [1] is represented by the following general formula [3].
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R%(CH,),SiX  [3]

[in the formula, R? represents a Cs4-Cighydrocarbon group which is
unsubstituted or substituted with halogen atom. X is identical with that of

the general formula [1].]

[Claim 7] A water repellent protective film forming agent as claimed in
any of claims 1 to 6, wherein R!, R? or R3 in the silicon compound includes five

or more fluorine atoms.

[Claim 8] A liquid chemical for forming a water repellent protective film,
comprising a water repellent protective film forming agent as claimed in any of

claims 1 to 7.

[Claim 9] A liquid chemical for forming a water repellent protective film,

as claimed in claim 8, comprising acid.

[Claim 10] A liquid chemical for forming a water repellent protective film,
as claimed in claim 8 or 9, wherein the content of the water repellent protective
film forming agent relative to 100 mass% of the total amount of the liquid

chemical for forming a water repellent protective film is 0.1 to 50 mass%.

{Claim 11] A method for cleaning a wafer that has an uneven pattern at its
surface, the wafer being a wafer that contains a material including silicon
element at least at surfaces of recessed portions of the uneven pattern or a
wafer that contains at least one kind of material selected from the group
consisting of titanium, titanium nitride, tungsten, aluminum, copper, tin,
tantalum nitride and ruthenium at least at a part of the surfaces of the
recessed portions of the uneven pattern, the method comprising the following
steps of:

a cleaning step using a water-based cleaning liquid, where the
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surface of the wafer is cleaned with a water-based cleaﬁing hiqud:

a water repellent protective film forming step where a liquid
chemical for forming a water repellent protective film is retained at least in the
recessed portions of the wafer thereby forming a water repellent protective film
on the surfaces of the recessed portions;

a liquid removal step where a liquid on the surface of the wafer
is removed; and

a water repellent protective film removal step where the water
repellent protective film is removed from the surfaces of the recessed portions,

wherein a liquid chemical for forming a water repellent
protective film, as claimed in any of claims 8 to 10 is used in the water

repellent protective film forming step.

[Claim 12] A method for cleaning a wafer, as claimed in claim 11, wherein
the wafer is a wafer that contains silicon nitride at least at the surfaces of the

recessed portions of the uneven pattern.

[Claim 13] A method for cleaning a wafer, as claimed in claim 11, wherein
the wafer 1s a wafer that contains at least one kind of material selected from
the group consisting of titanium, titanium nitride, tungsten, aluminum, copper,
tin, tantalum nitride and ruthenium at least at the surfaces of the recessed

portions of the uneven pattern.

[Claim 14] A method for cleaning a wafer, as claimed in any of claims 11 to
13, wherein the water repellent protective film removal step is performed by at
least one treatment method selected from: irradiating the surface of the wafer
with light; heating the wafer; irradiating the surface of the wafer with plasma;
exposing the surface of the wafer to ozone; and subjecting the wafer to corona

discharge.





