1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON: PROCESS FOR CLEANI NG WAFERS 5
TECHNI CAL FI ELD [ 0001] The present invention relates to a techni que of

cl eaning a substrate (a wafer) in production of sem conductor devices or
the |like. BACKGROUND OF THE | NVENTI ON [ 0002] Sem conduct or devi ces for use
in networks or digital household 10 elektric appliances are being further
desired to be sophisticated, nultifunctional, and | ow in power consunption.
Accordingly, the trend toward m creEEEtHerAreNfor circuits has been

devel oped, with which mcro-sizing of particles has so advanced as to cause
reduction in production yield. As a result of this, a cleaning step for the

Phe ke 1 STPBGuBRE SRR T eRlnE3 nof J1.50%8% Salitonore of

t he sem conductor fabrication process is occupied with the cleaning step.
[0003] On the other hand, at the tinme of cleaning as conventionally
per f or med YWEOHRICADWPIEEGHM Xed cl eani ng agent, danmages to a wafer due to
20 the basicity has been getting serious together with the trend toward

m cr o- pat t@lﬁﬁﬂﬁg flove piesent tisverTher eflatas, toah ttechratiiewiwld¢dniagl esshetantgi ng
one, i.e.,,a d'Iyte g%frqfugﬁric,acig-bas d cl eaning. agent is taking place.
[ 0004] W tHh vA C8/ IHPE TG EPRUYHARGRELCPH OF FRC Wéfer due to cl eani ng
have been R 8% TREC fHeNt O an aspect ratio increased with
the 25 trend toward mcro-processing 1n the sem conductor devices have
becone obvipoug] | BealiBeid s devichENRONBABOMH Wik rkbeoPAiERED ICALSBSIR
col l apse when a gas-liquid interface passes through the pattern is brought
about 18f t edlectrwanangliances nging lwongs fugthar gdesiredduoe btie sapdlisticathich
has becone alshgnifig nt r?blenl 30 [0005] I n Patent Publ.c tiqult t here
i's di scl osBY AEERRGuETE! IR alyi BVE CPBAWPREM: quitacHimsNattée frpnd

2- pr opanol . hef.qr \ qui d knt erfag es,, a t . 1aS a
met hod of Lé’ﬁ%ﬁ?e?‘sl?%g%ts"ﬁ*ééiggﬁjeﬁ g%{cﬁlggssgﬁé {b%ﬁgrgg?%m?%d’saﬁg%t ﬁ%plct ere
are |imtahi@dsizihgrofexanle hssieh alvandtd atsi @ncd bt raiucaspent pt@alu@ief a
pattern adaptable thereto is not higher than 5. [0006] Additionally, in
Pat ent Pubficklt i 8a 2, rashér ofiidisi schlegatha ste hivr gtle Dudippectddreomang a

resist pattern as a method for suppressing.the ttern collapse. . This.is a
et hod 5o Bbredinils Heba (e eipgieat naridps aBabEutd eRRRGHY hsca’ *
SUPPY €531 Ngs N8R LA MEOIdPRIR: of RUEWFholo! BE thBURHicBRUASES. hBshalfe 1
directed toward the resist pattern and is for reformng a resist itself.
Mor eover, proceanshkechpiedlWithrtboeiethihggeigier with the resist, so that it 10
i s not necessglr)y to estimate a process of renovi ncg@a treatment agent after

drying; tHEPEBbr eOn Hihe ptledinihouwel, canride tanapel ickennivgt he prrssariionslyect .

[ 0007] Addi t,%o.naRIFi %, as_a net hod of rgventi n thed atterP cal lf??f of

sem condudt®SiOH BALT ApRerBon nbgl eliuioe et BRagt it kel s, e
use obgl i gyi.d b@bfcﬁg?g @%etnh%eltéiﬁg- sbRofal Bt RUDl ARl 18R 3reif PIRRATS foOr
removi ng 15 hardenéd photoresist, post-etch residue, and/or Eottom

anti - ref | asidry@acoahimng{GBARQLtS r diharefare) Digdecitionwithoe dsseldmyging diee

har dened phot oresi st, the post-etch residue, and/or the bottom

anti - r ef | ééti & dilgpabydpilwaroycidasedtls aning sgess extaking Maetess i ncl udes a
step of brRQiNg > mcroelectronic degvige into coptact. with a dense fluid
concgnprat[éag%lr sg\%}ﬁ?g}’quplf E’anll&mffh rg?@a&ﬁ]&?gﬁ%ﬁ‘fafgb%&’i‘ﬂb‘mmg
condi ti ong, 4@ Kierl &894d;RAWARL! YrdiBERNeINS NRLAEARA-RROERISS T withNGie
post-etch residue, and/or BARC fromthe mcroelectronic device having the
phot oR8si stend heweedi diieyo-prigbesinBARC thiees@aiconiducihi dhviche dewns elcbnnied
concentrate contains at |east one kind of co-solvent, optionally at |east
one kind &PViusdi 2argthgyivwadssamheaomgarowdiery the nadn eriserimeplipses
surfactant,, and optj.onally at |east one Ki of silicon:containing l.ayer
passi vat | 1P TLE AR EEY inteihes PERe LB lkbr BB o pUR REPRI e aifeg by
cont ai ni ng)@inihgast »ARenPTsot BE holdreviynge s ERERLSIA( lWhRh GhE)bechiie at

| east one kind of fluoride source and optionally at [east one acid; and
(1) at | eastifioast kioidenf. aci d. 30 However, this process requires a

specific ¢l eaning device as conpared to conventiopal cleaning steps, and
diffie¥lt T@Q,Ofgpm In @t‘h‘htsgublrl@ﬁfth@? ilo hheseds igclosed a technique of changing a

cleaning liquid from water to 2-propanol before a gas-liquid interface passes



3 of its poor throughput and the like. [0008] There is set forth in Patent
Publications 4 and 5 a cleaning process for: surface-reformng a wafer
surface provided to have an uneven pattern by a filmcontaining silicon, by
oxidation or the like; formng a water-repellent film5 on the surface by
using a water-soluble surfactant or a sid ane coupling agent; reducing the
capillary force; and thereby preventing the pattern collapse. [0009] In
Patent Pu t%'h'r@ﬁ%h APatferd) Gs b rdeIBEE of SusthRebgethedy St FHRes1dRat MM ewROCESS
including: a sitep of treating a surface of a resin pattern fornmed on a
substr at e 10ris ammidttblhédhpad taee Nifodrtechspdot keasyflst satle ablimatathiomghat talm a 10
surface treatnent liquid contajni ng a_silylation agent. and a solvent; and a
step of clasRarhiptinel aeatterpadapta I@rtmﬁ%t%ﬁm&llsgw Bhan 8pbt ai ned after the

treat ment W th ur.f ace t.regt nenty liquid. [0010] Patent Publication 8
seto fortHOR0] camalinEle B PAPRE R EGn b Y BabBhai s sERbLAD

i ncl udkng: 4;8e k& Pro¥arldoh M digst? pa el £ O UC it hd8 Ve sdppcRERlg $RE Pfttén
substrate and a dielectric layer having features protruding fromthe

substr at e;collaptep Thisciscamathddhel fleatuseg afcaphldame fiorcendufirons gesdibk wit h
an aqueous _solution; a step of replacing the agueous solution with a first
sol vent aftherelhesuppaassing; tha doattern cablapseeat HAyevae thet thuss dipalpsed
second sol . coni apni ophobi n react it h

o dewal | o BrooR AR RGP AR RSt BRI Dn RSB iR S Bt " e
si dewal | s.itdIP1WIoftRic8 it Taldi ISCEASAY et dRabee Y Wt t1ianr&id, Bh @RES § Of
cleaning a surface of a silicon wafer, the process using a cleaning agent
for al8ililsomwtwaé@ssaty th estisnatel f neroressess Fpmoyerd potrepiineat ragent tdfeer
surface. The.cl eani agent contains a cleaning liquid A and a,cl eaning
liquid B. @%I@éﬁ&%ﬁeﬁgﬁﬂﬂgﬂl‘i‘é@ W%ﬁ%@%&l‘if* t%ﬁ‘%&ffe%?&?% 09Kt i on. The
cl eani ng IfhaHtH B alS; oL.p. (s ] e - e S j.£CL#é on
pattern vvi['p ﬁw\;\gt eédﬁéﬂggﬁi‘%&%c%é %%‘eﬂé&%g{faﬁﬁeéﬁiaﬂ%t%ng!aﬁgﬁ%éoﬁaﬂgﬁ élfci dic
aqueous SGeuticondwttbh daticab Cdleoé ag@klbianedMihe ise @fitairitsca fleldcohotssof vent
and a water-repellent conpound containing_a _hydrophobic group and a

hydr ol yzaBiguidoiigrogentirth tepdtkices Indtatent dntdicasiopos.umiprogdsatior semhemgal |y
bondablLe with siligon el epent of the silicon,wafer. The water-repellent
Conmpodfid 1A BRRatE 5o Pa S P oHhLS TR BGYOR) AL e TF RE T al
of the cl qaNmQ) i £ Bicrsd18HEDNicPROVELI DG/ iAs WHeChaF &RRIT BRbtELERRI 1
liquid. Wth this, it is possible to present a capillary force of not

hi gher t hgstetciviésifuenahdier ke uptdnn mrithasflewier coing(BARE therddieis
recesses formed at the surface of the silicon wafer provided with water 5
repel | encyliflosate cHeaprergseilgeivdes.a poo12 brnsterhe pusrolattremc BVisher e
s set forbh, 8 REosessudty dBal! A% SHILAEE ol SEhLERE YRLer ARYRG, &
fine uneven pattern at the surface, the process using a cleaning age for
the sibi comRekat . col8ctth8ainigtiadeNo hDabHSE parfibllyedshofe WaHee haPRSAAL
cleaning liquid, and a water-repellent cleaning 10 [iquid for naking at

| east r ecqdsddrasistt i thes post-e¢tvd wesden, patd/er BARCefroepéhd emicrdelectrgnie

cl eaning step. The water-repellent cleaning |iquidj | i quid composed of
a water-r éﬁ%rmeehw@@ tegiiet ﬁh‘ﬁée%}a%a%’fl & ﬁ%ﬁi& @l%ﬁ%rﬂnc‘aﬁ% the
chem cal | y; hj i 1t N t i1l:1.Go

hydr ophobi c%:eq{gS rg gflljl\#,d %rﬁfeét%%gicgh?%ﬁ\gm%?%ﬁgpgﬁ ﬁn%lgs(&) é(,)&ragﬁ%?%egg) tﬁﬁlea Hf 5at

wat er - r epgbhentoneoRpoding beidatdrheidienlt Beukce! alpteiaily tayt fasi OPndrassdo of the
wat er-repel lent cleaning liquid and an organic solvent are mixed and

cont a2hed suréacsant, tamdr epyioachivevitndeastcape| kany 6Hrabcai-comtaihinghdayehan
2.1 MNn2 on the. assunption,that %Leé\%l s retained i.n the recessed rtions
formed at RATSVGIRAEEBH THL I8 Vhidh N eerceHEnieby [T thAT ihasrctPEgef oy

by the 20 f -~ I t. cl I iaqui I t Publication 11,
there is f:ag%?%léfégag1%)%%8@%5@%2?%%%%90&%%? a(:sca@o&agms?i i con waf er
having a fi(DeatRavesn@RidEsN1a0rilBotd A6 optibaalllREassSstUsiidacid; £hdani ng
agent for the silicon wafer. The cl eaning agent for the silicon wafer

i ncl udes at(ll) eddeast ot emdbasmad.cl eaning 1iquid, and a 25 water-repel | ent
cleaning ljquid for making at | east recessed portions of the uneven pattern
wat er BPepe‘JI{P‘éIﬁYe%Iu‘fhlﬁgplé’c%%é’ﬁﬁﬁﬁe&%pS.'PeF %Ilngegéﬂcén%s cqoéf&?ﬁrﬁé 9 qui d
is a liqui i [ i a_wat I i.ch ntajins a
eactive oraelBHRKL R Rt AR AE PR BBl F ERRNAIIL A0 HPREN
silicon wafer and a hydrophobi c group, and an organic sol vent 30 contai ni ng
a nitrogen el enent-containing solvent. The water-repell ent conpound is

m xedly contained at 0.1-50 mass% relative to the total quantity



5 of 100 mass% of the water-repellent cleaning liquid. Furthernore, in the
nitrogen el enent-containing solvent, an el enent bound to nitrogen is
carbon. This allows presenting a capillary force of not higher than 2.1

MV n2 on the assunption that water is retained in the recessed portions
formed at the 5 surface of the silicon whfer provided with water repellency
by the water-repellent cleaning liquid. [00141lIn Patent Publication 12,
there is q&q&gﬁ&ﬁdﬁ@oﬁggﬁﬁ§§ng&hghﬁéning a surface of a silicon wafer
havi ng a fine uneven pattern on the surface, the process using a cleaning
agent for [obeski | There Waker forThen @xtant Ryutdganiontot ahf 3 heclsihingoproseger is
characterized by containing: at |east an aqueous cleaning liquid;, and a

wat er - r epdbrefitrizdecepiorrging govaler snrigeoprenidgd 4p haggsam neewasspattpn byghs in
t he uneven.,pattern with,water repellence. .duy.ing.a cleaning step, The.

vt er -1 epaiPLAPEABHIE HECPRGOT SRR ot Fi T tgE vbeerReUse film
conpougd Wy i ; i i [ s
15 Chemi call b Sadant 5, Rl RRES LABICUBANAR SR FIaNE TapEhe ddh |

or gani ¢ saledening fhat capillib ey fiscataddeddsdrebp pakbeatidhg she pabntern[@04pte.Hi t her t o,

t here has eneLaIIy been used a wafer containing_silicon elenent at its

surf ace; r{gﬁée r, I Radert Pablicationng aad T.tthetq s diseloged a|sevwigne eatment

titanium tungsten | um n er, tin ant al um and r.ut hepi_ um 20 has

becone. usdd bavetnbIEREl A THR & barareit arraReof 4 epar i BrfECop

di scl osed JyhsBalenr Rubbichalli Pattdsh thAhelltod ThROSHRE el By | TBRRME wAth a

cl eaning step which tends to induce a wafer to cause the pattern coll apse,

by usilfg aurifape eatieentchyuidainddimyga silylation agent and a solvent; and a step

mater-repelIentiprogecthg-fiIn}forning agent. The .

wat er - r epetf|ciaRNIBE bhe FesiRatiem 9o %h@g@ﬁfiﬁeﬁrg ng%\ﬁeéeeét@rrof#wr%?ﬁm@nfa 25

Water'rep%itﬁ'};he%ru%‘aec%tt%&gtrﬁéﬁﬁiﬁﬂidﬁ waf er when cl eaning the wafer, the
its sur :

waf er having a ace an uneven pattern and containing at |east one

kind of substehcePaed@cPablibition Betgforh £elsinshs po@sstibt 8BindeAndudiéni um
nitride, tungsten, alum num copper, tin, tantalumnitride, ruthenium and

silicon atdesticdseadie arpeupss oicledingacesstep eledessuw porseimesndictohelamey en
pattern, the 30 ter-repel]ent. protecting fil,m bei forned at .| east on
Phe SUPt acoersqtof s aLBuzate pot i BREot in e HRERCE S HESER D CRTRFOBl ent
Publ 1 cat I oo QFAEIER! £8tcPHPLG Al O hd foal APANSE AL BB RonARP d (RiviQ with

Publ i cati on No. 2008-198958 5Patent Publication 2: Japanese Patent

Appl i cati can Rugulebaatdobmtidie. a5si2p98B86eplacing the PadwntusPudiutioat inath 3 first
Japanese Pat ent gﬁplication,PUblication No. 2008-547050 Patent Publication
4: Japaneselmitenitenshe seggrng anpaa strp plikreating dhe deatygparedh Paeeand

Appl i cation;Puhlication .. 2010-114467 RPatent Publication,b;
Topaneae PREHT REEERE P BORRPRL o ment sey: RS54 With iR ot
Pat enipoPubihec@hi@ds fo fhith & RedicpRabicRRE 6atdu@th Y kEakidRy liks 2010/ 047196
Panphl et Pat ent Publication 8] U S. Patent Application Publication
No. 2010/ 00P22¥11 There is diRdosmt iPUPdtiendtFanliGtidmOea nabicossabl Apinisgatd on
Publ i cati on 2010/ 074134 Paqphl t 20Pat ent. Publication 10: JapaPese Pat ent
Appl i cati ot | gfagpiligpn Ngfer, the process using a cleaning agent for a silicon wafer
which has a fine recess/projection pattern in the surface. The cleaning agent
contains a cleaning liquid A and a cleaning liquid B. The cleaning liquid A is
25 composed of an aqueous solution. The cleaning liquid B 1s used for providing
recesses 1n the recess/projection pattern with water repellency, and i1s obtained
by mixing water or an acidic agueous solution with an alecohol solution which
contains an alcohol solvent and a water-repellent compound containing a
hydrophobic group and a hydrolyzable moiety which enables formation of a
30  unit that is chemically bondable with silicon element of the silicon wafer. The

water-repellent compound is blended to be 0.2-20% by mass per 100% by mass



2010- 192878 Pat ent Publication 11: Japanese Patent Application
Publ i cati on No. 2010-192879 Pat ent Publication 12: Japanese
Pat ent Application Publication No. 25 2010-272852 Patent Publication 13:
Japanese Patent No. 4743340 SUMVARY OF THE | NVENTI ON Problens to be Sol ved
by the Invention [0017] The present invertion relates to a techni gque for
cleaning a substrate 30 (a wafer) in sem conductor device manufacturing and
the like, drhgyohbeat b %h@fclé‘é?hﬁi}r 'h%tu‘i& BMRLOMDy! ReoRaadict ikerih St

devi ces having such a circuit pattern as to be particularly fine and
parti cul ardigardinghliquidas pEath tlakj of isapdssiblee tpartsantl ardapillarsa force of not

wat er-repellent |liquid chemcal and the like with the objective of

i mpr ovi ng higheedhiang2sh SANME con tided gsswnphaucthat water satetagnath lneen
pattern at_its surface t ause col se Ratent PRublications 4, and,5 5
G ol ose CRETSPRETTE) dt DtberafisPeot atn e EaBed B ekl fhavith e Rt
t her eby a%?éﬁéﬁ&jwtﬁe Eg@gﬁﬁ?ﬁqgidg_surface treatment agent, but take it
into account neither to quickly spread the surface treatnment agent over the
surface of[0an2hrt ix|Ratent Batlicationdl Mothdre iscseadoeilenapmctie of ehaming a0f

the surface treatpent_agent as to sufficiently forma coating even under an
i nconpl et éuylang efupstilicon svaleslntingna fing unegonpafienst ag densvxlpen theer e

substitutigon is not c t el chieved., T f or th have .been
suscept | bigores® et anElcBnng REMrclFthe B BEnEteh o1 Dl THO e At
treat ment .infRdieli SNRhLY o W@ MasPaRIdG8hE Wmi®, 4:9d A3v @3 GepBMENPERRNIng
susceptible to i nprovenent in shortening the tine involved in surface

t reat d@nt lidwd tthe smiEngeatorleadthergoremdnt pdifionsyadt ithe iwnevepr qeassf or
cleaning a wafer, jn which a water-repellent filmis orrrefl at | east. on
surfaces OFatesEaBedePHBMENgTsC iSRG \RRf erl ReoWate i topedant sloamies Jorids
bet ween a ]J {:qui i J . i : - . t he
recessed foiiHihelFpRALH » bl e EBRASREREb E 05 AR 8 s HENEE BhyiPlrs o
of an unevghichatdechemibllPrAaeNFithnyditbhosleaidit 60ths Qvlickh avaabgamdg 20
process which enables to economcally and efficiently clean the wafer

wi t hout i rpadrephepichgsaghper. idvemnbqhist whexging Othempssll errs more] 0616 A
process for cleani a wafer, ;according to the present i ntion is

r 0ceds { OFEr aaR GG CHaPBrPAGRAG Ao RGP L RIS BRRY 8F TDomear Raatband
25_char actedictGdpbleh LM AqliRashd N SHERARIOT AVeRN Ag LAl Wi th
a cleaning li1quid; substituting the cleaning liquid retained in
recessed pontiimed thiertine thatery uwehievingat erpitlape lfbweet of houhislohrethiagal. Jaf t er

cl eaning; _and drying the wafer, 30wherein the cleani ng | i quid conprises 80
mass% or gYIBHmMEr Omfthe asyurentionathatgwatenils iredpineinin she scegsepoportiontnd 8

wherein t Ler - | tent .Ligui 3 cal |.j in the bst it ut,i on
Step has ATPERDEY thEREriE ophAEfo R FaS Do BeBR TR e nERSHER Y 1 iy
poi nt 20f tdhgtevabpEHéePEaLhite lifaid.d chem cal thereby inparting water
repellency at |east to surfaces of the recessed portions. In this

speci fi catlD6h3] 5 Imdiatent diblicationoll,i thprpokrdiscle$et s procasy af eledmudg cat ed
at 1 atnospheric pressure. reover, afboiling poi nt of the water-repellent
li qui d cheréane Plofefldcen Walssi 1 HPEditHIe gne¥er dadbsrahent aRbaat gie

which is t r i ratl - 0 r-r | | ent
aui d ondroes® Ak b PR Ben® (37 S SOERERARS, Crhd DRl E b BPG
interface thRakilReasemfdd ihbhmeghat leatt &f wykRebasbe Wehaind Jiglidehndfd er
cl eaning the wafer with a cleaning liquid. The reason thereof is said that
a di f 26r ermatermrepellgnt chfaniegilipsd forquiadking athleast eaedasgd|patiomsbet theen a
| ar ge- aspect ratio portion and%% sn&l | - asge([‘t ratio por]r'hon causes ﬁ

di f f er encé1GYeEaRRIPER W HLEF CRPGHERINIYEIPE B F 4B AteRr n 1 hesvRisaspellent
Accor di ngl [ t.eq; > i apil | f t t he
differ enced?anﬂ%lgjpﬁflﬁigggfao?%:(ﬁxglglgﬁ%%ﬁ?hé&g% mg%eﬁcéga?énxyﬂeﬁ%%}%?l t o%%%%osuln ual
liquid i s %RENUCeEniARE oD YrehfE0b Vindetyhe/HRdl t @ cheldiddise  bihde wiBgitisse of
the capillary force is the absolute value of P obtained by the equation as
r epr esent edeinendwt the eulicdn wadguand enhydrojlwbex genipdndan digencapilvear y
force 20 can be .reduced by decreasing y or. cos &) [OOZi[] P=2 x yx cos0/ S
(I'n t RO ed@RtRBANE yar aBite8eR: lamenERttaeRInge ioltitor dhg gurteritersallemy in
t he recessed portions... O r.epresent;s . t t wee Liqui.

retai ned icﬁm%lﬁoedr%degselznsné%dlgocgpi? 1%1% Elaantélé?'tEi h%(?g%%%ef’c g@%# % e%e@égls Hgntlgy
portions, and



25 Srepresents the widths of the recessed portions.) [0022] The
above-nentioned water-repellent liquid chemcal can formthe

wat er-repellent filmat |east on the surfaces of the recessed portions of

t he uneven pattern to decrease a surface energy of the portion, thereby
reducing the interaction between water & another |iquid and the surface of
the portion 30 (i.e., at the interface), such as hydrogen bond,

i nt er mol ecul f t I o edugl Lnteraction
agai nst \/\/g)t? e?dq r?g %%?’?.0?3‘#‘ ar W%lstlnE ggpoet}%léglﬁaﬁ ?ﬁg{g g‘&m?’heg‘g?% eerg?ﬁ) o’ Elgcﬁlfzél ng

t he inter adtiogdni de@htBbhiednilssolivant, en ekseewf bauni xb Wierdge Uk tadbonat er
and a liquid other than water and in the case of a liquid other than water.
W th this,This dllowyoprisensingoa icaptbmyefor¢reot nat Asghemthan 8f1 M¥/mf quithet o an

article surface..[0023] As discussed above, the cleaning liguidjs

SUbst 1 ¢ ut SRR eRab B eF Rt aieRed Maufip SRS ToPeclit ] g by
chem cal i, BRLNG, ¢ ¢hal RAGk ! \‘Nﬁ?eﬁé Sﬁx%vﬁcﬂfd r%ﬁfs%tgpr}épﬁnlﬁ—mg% f,3e gpeven
pattern, the water-repellent filmis forned at [east on the surfaCes of the

recessed Redfieiraepeldént deanimgviéquigattern. I n other words, the uneven pattern
is coated with the water-repellent filmat 10 | east_on the surfaces of the
recessed pP1tbnsIniiatent Guibdichionchbvidere e distloshd adrogeswef eleaning @ssed

ti , t hat. t he,.capi | | f S | dt ke t t.t
Col | apoe’ dRFHETE o SUGEE OV SsoRE At BHET Ty PoCif oy GRre e Lgre (e
walt e - 1 epelbants i bidatBat A88nt M6r $hE SAREH, RhRDC TIRCERARMPALLAORS Of

t he uneven pattern th a short tinme, 1t 1s 15 effective to enhance a

fil m10r mthg sthpabmaféyisothdmetdrizpd Hy chatdinahg aantdleast pmomptdonssalbsintout e
the cleaning liquid retained in the recessed portions with the

wat er - r epdiduédt apdoaiwalenaspedent chopsns \WeHdt foe REgvetingeple lgaskt receefisdd
chem cal gupbhedyi o {16 SUDSLLLMS OB STER, N3 AL ETREEALUE &1 Ofi ROt Qwer
t han 40 C,p &7 EActon or 2D adsorptTon’ of THE Wa er-reﬁe?l ent quu?%
cheni cal iThaeeabprafabmndebitrd ligiid QbAtdiasCARABIthLE Wil § veitRaRepsllets a
result, it becomes possible to formthe water-repellent filmwth a short

time. Addicbhmmﬂridywhﬁdh bertames aph;sér:dplbe)bicogscuiﬁ iaodemtr_bgzctﬁm m by that is
e 1By TS PRED B HBEOBSIBRERE) th GG St 225 MRESSRIC when
the water-r I We BT Fbec@t I Smerature of the boiling point
of the |i qSl(.I)I ?fgﬁg%kggﬂl&ﬂ[lﬁgg I qu;Ei %1E§%)1§s§ﬁ i's i mredi ately evaporable so as

to easily [boilsl t Betlsuts aterofhddgen@i@ly Hesmessd akiobr icontdianef efleonot
preferable. Hence the water-repellent liquid chemical is supplied to the
surface ofelementvatdts aprface dmyesearupevafermontivies athias snoface 30 aleandoner

than the boiling . point of the water-repellent |iquid em cal, preferably

2t 5 1 enpaPsh e BTG TEHBTeE nA Bt P G0k (AT 24 ERBEPSEE e

repr eggnt gfbeddnie el toBetiRd RitHkhd hﬁvé@ﬁﬁéa’t‘i&?%kltﬁ@%&ﬂt&ﬂ.d Bhe gal - 10

C), nore preferably at a tenperature of not |ower than C and | ower than

a t enper atdisdosebireBettngPudlidative bdithat 1p@ontsibdtd td hepyatecd cleapehd etrip

| iquid chem cal-10 C) .. _ o
which tends to induce a wafer to cause the pattern collapse, by using a liquid
chemical including a water-repellent-protecting-film-forming agent. The
water-repellent-protecting-film-forming agent is provided for forming a

25  water-repellent protecting film on a wafer when cleaning the wafer, the wafer

having at its surface an uneven pattern and containing at least one kind of
substance selected from the group consisting of titanium, titanium nitride,
tungsten, aluminum, copper, tin, tantalum nitride, ruthenium and silicon at at
least a part of surfaces of recessed portions of the uneven pattern, the

30 waterrepellent protecting film being formed at least on the surfaces of the

recessed portions.



5 [0026] Additionally, when the cleaning liquid is one containing 80 mass%
or greater of a solvent having a boiling point of 55 to 200 C, the cl eaning
liquid can readily evaporate at the tinme of supplying a water-repellent
l'iquid chem cal having a tenperature of not |ower than 40 C, so that the
cleaning liquid retained in the recesse® portions can be readily
substituted with the 10 water-repellent liquid chemcal with a short tine.
As a resul v d pBl e to formthe water-repellent film
with a sho@%ﬁﬁgr%ﬁ@l@u%t M@I%ﬁ?he liquid chem cal to be supplied has
a tenper atPyten®Pubdicatiower than 40 C and | ower than the boiling point of
the liquid chemcal, diffusion and convection tend to occur against the

cl eani ng 1I0QL6H t RatenfaBubBciiden If elagiamede iBatene Andiosgion Pavblicatisndiot he
uneven patt%ggr_l % which it becones possible to substitute the cleaning
liquid wi t4P08R LD r-repellent liquid chemcal with a short tine.
Therefgre, the cl ' Lauld i S,- [ : r ; ifgj,ng 80
msso o greater DCANopipHHtoh B Rl BrcknB U RiGRIoh PREISRNLR 60T,
nore prefe-abdy3®ne containing 80 mass% 20 or greater of a solvent having a
boiling point of 70 to 160 C. By the way, when the cleaning |liquid is one
cont ai ni ng-80 masEwent Prublicationf3: dlapsingsntPaignt mprlidsdion Kgbhertiondiol ower
than 55 C_ the be a case where the cleaning |iquid causes bunping at
the tine @foogﬁ.r%%?mg a liquid chem cal having a tenperature of not | ower
than 40 C and |l o ]m:] f [ Wi |t r-repellent liquid
chem cal in the \(,:Vgéﬁie 0 Eltlﬁdgpg% %p%%ﬁ%sﬁ%?&??\%i&?ﬁg@g?eam ng liquid with
t he waper - r epel | ePatdntgBudlicdgon bl Japamese ceste niiiegdidatre PaghdicatibnnNoat e
~of the cleaning |iquid becones too fast. As a result, air bubbles or

bunpi ng &P 10a amages to the uneven pattern. Additionally, when the

cleaning liquid i n ont.al ni Ng.. mass%-.9r. greatear of a L vent

havi ng a boiling g&?‘?ﬂet %flghlc i qi ﬁagar?%ﬁe ég atg\%gﬁ%}pgl %aghono?s Ult%r111ecac:lfnel(::}lﬁ'la'ng
liquid is gjigwadodshe time of supplying a liquid chem cal having a
tenperature of not 11 |lower than 40 C and | ower than the boiling point of
t he wat er - r epel | eRatdntquibthbdicetivnal 7i n Inbernadionsé odppheatstrep dfiblication

substituting the cleaning liquid with the water-repellent |[iquid chem cal.
HencelPt t 040 96kamphlefng period of time for substitution, and

therefore it tend VRN ekir @d ' . i bi .
repel | ency on the%’ghér}%t;ce ol?cattﬁ)glgv%f (-yrrg I %%lt%{etg?&sz@?%{ﬁnbi%u%lrl%f%%blﬁg' to

use a sol vanio/tmepamg a boiling point of 55 to 200 C as the cleaning liquid
because tenperature control on the water-repellent |iquid chem cal, made in

order to prevent Phaterl edhibligativgui 8° f lotermatinmal evApplication, Rublidatisml es
and bunpi i L rformed. 10 [0027] The cleaning liquid is
pref erabl ;ﬂgp/(ﬁ%%ﬁ%d%ﬂélpl%i‘iﬁtul d selected fromthe group consisting of;
organig sol vents; ﬁEPuﬁHQat@&&’%Uga?QhHéé PAgeAPABh NESOY PUBIAASioAl Nbeast
one kind selected fromthe organic solvents, acids, alkalis and oxidizing
agents w t30Ma1@2879 nci dental ly, water and the aqueous sol uti ons obtai ned
by m xing at | east one kind selected fromthe group consisti ngf of .
Patent Publication 11: Japanese Patent Application Publication No.
2010-192879
Patent Publication 12! Japanese Patent Application Publication No.
25  2010-272852
Patent Publication 13: Japanese Patent No. 4743340
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0017] The present invention relates to a technique for cleaning a substrate

30 -(a wafer) in semiconductor device manufacturing and the like, the objective of

which 1s to improve the production yield of devices having such a circuit



15 organic solvents, acids, alkalis and oxidizing agents with water may
hereinafter be referred to as a water-based |liquid. [0028] The
water-repellent liquid chemcal is used in the process for cleaning a wafer
formed having an uneven pattern in such a manner as to substitute the
cleaning liquid with the liquid chenicall Additionally, the 20 substituted
wat er-repellent liquid chem cal may be substituted with another cleaning
liquid. [QQ It .1 r tef.- (N - be fornmed
conti nuousty it 2trres ARSECTRam, Y ¢h et Bh T ERREh R plpdclibRic e
contl nuouqhur@gﬁrﬁamfa@rﬂo/ abRe SR R 11BRE 41 R A dhicaVahdr tHee Bk | itBYtHes
obtained. 25 [0030] It is preferable that the above-nentioned wafer is a
waf er contobijevting f inimoning ewbrning stée wiueh doets ©f indvee rewefydtapogtanons
of the uneven pattern (hereinafter it may he refefred t s "a
si | i con- bdSaYeReRaltesn agHg Spﬁgatcettﬁé?a\ﬂé? érc-oﬁéﬁé?-l eﬁf‘tql}tcﬁ‘iﬂgh%@ﬂsc%ﬁnflsﬁ one
cont ai pi ng;-a.+8i.l i.e0n Yol0a} I nt. { I i
Formi 8 [ Ticcighe oREC SR RRNE o EaFRRE SR iu ol bR A R AR e e
base. Mrapeshy acR1O8RES: heacti6ANMY stifcsitkd AaeagechtVahg rtakktib idto
water-repellent liquid chemcal for silicon-based 12 wafers will be
referred tazcamntngithst tegbudlyrepteast theheunfaestentinant ageohoydrethe nafacer it
may be referred to . as "a first process”). lnci %gn ally, the ﬁbﬁ \ée- nti oned
[

|i quid chéfi 2B atigle fa betrsated Ror 4Q sdqagralenate fhe Feartion 6fithe el
for silicqn; . )25 14-a- [; mul a
[1], R m%? %%ﬁqﬁ§g% %%éelgl{a%%g?}t% I(I?i %12%188'%%821 gga&gﬁg\%ﬁegn?n%errggﬁilg E%rﬁagge&ta%vi ng
a Cl- €h8 nmmevalent chyditeaankonegswuimdehen hyddagan vl raenilsstititiohl ghnomy

partially or enti rre‘lté_be- replaced with a fluorine elenment(s). Additionally,
Xi mut ual lopmiplatglEradairved. r direseione sthese loviechean sngceptibly te tinpreewmeniom

t he group .consistin f a. nonoval ent. functional group o ich.el nt, to
e bonded ifo RFEGTE Hhe it RYoleer Bytiage dorpyaPth: Aatiticrans BRFts o
whi ch el erept)id QiR HABML 1LY Hivel 5h Sh&RBBRbld fo PAYIGbmEnDH SHERANQHP.
nitrile grouplamlj&?sco NI—l-CSjEll%CMS)S group.&gg IS an i%t egélFl of from% tIggJS.

i s an int afertiafe itosived tia 2urfdke tt@italertf far ahd durme ehstw. 3The present

[ 0031] Furthernore, it is preferable that the water-repellent [iquid .

cheni d&l  ingAREPRASS A PEPEHY fohaeapms acvalarsimvhich o waher snedlené dilm &m t he
group consi sting. .0of hydroge hl ofi.de. syl fur.i i | orJ I
phosphori (S:floﬁ%]leg,_?t get?ls¥8r111i %urg%% &fafﬁcéag%en 88%'%?/8? ﬁgt %I %Sn%é’ %‘éér%]%?g{igce
formul a [ %ht@xryétiohsoe%%e@ﬁwg?ufﬂefetgm&pﬁyth@r@@s&dEmm@ thY shifBices
follow ng general fornula [3] and its anhydride, alkyl borate ester, aryl
bor at e estadrthebecessetlrpationsf theoebreenttibhitingrtodblequyeventri i thorcoHapse

trifluoride and a silicon co und Brer.eser{tedb the follow n ener al
formul a [ 4t aRSpOYSDMAEHINDS] tPHESTYr MY} AL F%M@ggﬁ’té gle PIRg s

oot AP e A5 e AR Lo sl

[In the fonmplididethroRghpapresents a Cl-G's nonoval ent hydrocarbon 30 group
t he hydrogen el enents of which may partially or entirely be replaced with a
fluori ne eMeapatf¢xPolving 8h¢ Bapblegig 11) dX2 4- ¢ d [4] [In the
formula [ tually jndependently.represents a.C-C a noval ent

nydr ocar baRO3Rbup A RS U BPE R AL IR RRAEH oy pRIEE AT Py oGt of y
be 1 epl acedbld & LA AP Udvihe A¥ldidd @RAbhMerXaimikuablfee and

i ndependently represents at | east one 8r oup selecte romthe group

consi 9i5 ngclafraetdrdded 1gF 0ibudin@Qt-18ast Wd stepsGE- Ci s nonoval ent hydrocar bon
group the hydrogen el enents of which may partially or entirely be replaced
with a fluorine elctanmng she wadewwidspgjcaeeeliguid: a G - G a nonoval ent

hydr ocar bon group the .hydrogen el enent.s of, which ymay partially.or eptirely
bo r eptaced 10 w SHOSPY s the raneRrupe Flaked B ffaeEbotiiths Shike £
3. dis angli . : gl to 3.1
[0032] I't ?vgbf)%rgggglaegltvgftélﬁfa@tp%tl%gmg%%ugaﬁggﬁﬁgélsﬁ?lg(gﬁg%o 33#% B represented
by the follow ng gepiigihdwaferl a [4] and that the acid is at |east one

sel ected _ o ‘
30 wherein the cleaning liquid comprises 80 mass% or greater of a

solvent having a boiling point of 55 to 200 °C, and



fromthe group consisting of trimethylsilyl trifluoroacetate,
trimethylsilyl 15 trifluoronmethanesul fonate, dinethylsilyl
trifluoroacetate, dinethylsilyl

trifluoronethanesul fonate, butyldinmethylsilyltrifluoroacetate,
butyld|nethyIS|IyItrlfIuoronethanesulfoﬁ%te hexyl di met hyl si |yl
trifluoroacetate, hexyldinmethylsilyltrifluoronethanesul fonate,
octyldinmethylsily juo c |@$¢p I 0
trlfluoronethanesﬁﬁ%%%atef ec@%ﬁﬁgr hygggly ?f%h%%%ggefe ghEd i the
decyl di metdubssithpibh rstép boaseneihpaesutd enabve lapeetvdditoeithyhgilbwbr than a
trifluoroacetate and odecyldlneth{IS|IyI trifluoronmethanesul fonate.

[ 0033] Addihdibnalropnt of the patergepsllent hguid shewacalr thegply limpartinguwdter

h | t d b | t | d.f

he or oup BCB6RSH 8t FHELP SHABRPS q%eﬁés%e Bt ny PTG FEROBFAH o,
hyl | K!

Lriet gl e gy dglﬁaﬁl% B0l Bl h2MARE, \EhPLI AT Retmospheri

trial kyl amne I ne, prI’perazine, I'ne an

conpound Gureepies eMletkoRyr,t Rebdilihkopbing cfetley atateorBpéldedtSliquid chemical
(R)eSi a-BA34-er [5] 30[In the fornula [5], R7 mutually |ndependently
r epr esent srefersitoCl soinmyeindrit shgempenewobhe pomntied Whishoigeiheclaagesttia of

whi ch tially 14 tirel | th af | ement (s) .
Al 1 onal P Seio e SRR ALY y B csalty Mg RIERE functi onal
group of VYG §9] €l %”B?Eteh? cBﬂaQSSI fs0d 34 Ith GP a%llﬁﬂﬁﬁtln'térf&b %Hgl??aséél,e

nonoval ent unct| onal group p y cont al n| uorine elenent or a

silicao elthweagh puttean wheéeghe wéfdi for diied, hﬁtea cléasingnthentvader wath fa om O
to 2. The total of e and us 1 to 3,] [0034] The water-repellent filmforned
by using tdeanigge lqwbe|1‘1é¢nreasfqmtheé¢ﬁm8camdf éﬂaa%ual déf&mﬁﬁ%ééi Waihtsof s

f d b d, i b f |
wt o | adERREA e bF PAEPERL S i e SRR TR RRE R PR PRRASOR MRS [
si | i con- baggeslivahest +he P@ft%n sHhface &1H€fcfi¥ﬁé H0cHNBHLE Fidck WRRAI Agsthe

silicon conpound A to silicon elenent of the silicon-based wafer. Rl shown
i n the abahe-pmbdrinoned general formula [ 1] decreases a surface energy of

t he recessed rtions so as.to reduce fhe interactj on b wat_er
anot hép |i5@9?§]o anéceidinglys Hole wpectrd ﬁ:étd@fcr%% It %tcapﬁifﬂfy( oree thaf; t he

[ f
ner cby af FAor nhe T REHLRAERREAe b REFRAETH MEiefof S0sUdh [gpd e

surface. [/QQ30¢d ThRraby dresyohhhg blas epatibire heolRypsbe CDR¢ aimagditudlet b€ tHequi d
chemi cal, contributes to accel eration of the reacti on between the silicon

conpound Aagmldassi |fprasn il &reertbselfutehwabid idoR- l@béeiaevlabm thaheqyrteserise of

the acid or the the ter el l ent ch for

11T con bereRiewater oflceoF i SHELFRAATRS 1 o rrnbolaitana Ehb AR Prou «

a shopp ti t r form ng the water-repellent filmon
t he squaé%El?éﬁﬁhﬂﬁplﬁi%%ﬂ %@gﬁ”ﬁgﬁggb i.e. the rate at which the surface
of the silloegn} baPed2waler cexdi Bits water repell ency is determned by the

rate at which a c?nponent derived from 25 the silicon conpound A is bonded
to the reaction s eqwlcslurwre@ée%ﬂntﬁﬁhe§uwf8@éﬁeba1§eda \eaHgnid rejainml

preserce of, L0e SEL0.ApLAT R AbE SOTATEN. A2 Yo I am et con
reaction sickginfll ihhi®eUReyeBlYRabhE LRI HRWrdeR s th@‘i‘ecessed portions, and
25  Srepresents the widths of the recessed portions.)
[0022] The above-mentioned water-repellent liquid chemical can form the
water-repellent film at least on the surfaces of the recessed portions of the
uneven pattern to decrease a surface energy of the portion, thereby reducing
the interaction between water or another liquid and the surface of the portion
30 (ie., at the interface), such as hydrogen bond, intermolecular forces and the

like. The effect of reducing the interaction against water in particular is



silicon-based wafer, so that water repellency is sufficiently provided to
the 30 surface of the silicon-based wafer with a short tinme during surface
treatment. Incidentally, the acid or the base may constitute a part of the
water-repellent 15 film][0036] Additionally, it is preferable that the
silicon conpound A is at |east one seleéted fromthe group consisting of
hexanet hyl di si |l azane, trinmethylsilyl -

di not byl an bt ! ) . _ R .
o et by TR, DU, PAL M LN chE AP o SkhamRIPwD in ch
1, 3- di but yhkebf anmiylrdilBitid a8 Retbtihyt di gty bidick thdhn@h vt 2d fiethe case

butyl di met hyl si |yl di et hyl am ne, 1, 3- di hexyltetranethyl disilazane ,
hexyl di metdfiyd Sighyd dtimest thammiates. he¥ythdihme: Hyisspdspilde dohypkeaisaethe contact

1,3-dioctyltetr thyl dj si | azane, oct yl di met hyl si | yl di net hyl am ne, 10

octyl di rretar’iﬂg?%io?w%lnaﬂéﬁoaﬂ?ﬁé?ﬂe %ll)f’&‘fedecyl t et ramet hyl di si | azane ,

decyl dinet i |yl di } yLdi -y I | am

1, 3-di gode@g%?]et réﬁe?ﬁ?ggés(?{gggg%’eﬁﬁgo%lgégﬁioé]ﬁ%gl l'ési ﬁ’;ﬁ%%ﬂ%{lﬁ%@y g%n tr]{lee and
dodecyl di redfeyirepbNéntliigutty chainiesl. [ 00T thoriRAMarcheimichB iPpbeingr athinddhat

the wafer is a wafer containing at | east 15 one kind of elenment of
titani um atdegsttioniheategessedmortioppef the uneven pasicym tdwatehericllent film

herei naft.er, th b f dt "net al - bgsed ts” t th
Surf aces. of ToHES] Bt FELLAmIBE STEHE0P LR uMevehP BILTE N PRITAVRRITHI e
vater my eyt /IERE, tRe Aoven TRl AP ROGMAWANEL khe Waidhdepbllent film at

wat er -r epe lent i qul d chemc I'S one contal ni ng: east one

sel ected 20adtr omthbeugfaup of ahsirstédsgd gforconpovhes ligepd as eptedelfréieor
followi ng general fornmulas [6] to [12] .and_salt conpounds thereof; and a
sol vent . IdreeHewt of the recpesedmmréionsnt¢ Braddhie) capildaishienee i lomeyedso prtker r ed

-to as "a ter-repel lLent |Jj.gui hem cal for netal -based wafers".
Addi ti ona&%ﬁpa&{ POOLJE S?(S":lﬂllcjclu o |?1c§uf’he net al - based wafer with a

wat er - repghpedl | dditoeABTiA drdéPto MREALhO ABREr-LOp NRIRT Bluak e L@ onefiRy 1 ed
to as a second enbodi nent of the present invention (hereinafter it may be

referred tsmrfmeSafdbeoncessrdpestivhs oRBhEUmRyeh @dLt(rROWsthga [sbart time, it 1s [ I n

the formul g [61, R8 represen Cl- G s nopqval ent. hydrocarbon gyoup the
hydr oden eitigiie stoopnifanesh anléf;n%am%g Icﬁ‘PBBﬁ@bft o Ehl%/)fwlﬁiéf&ea%a 380ia h

fl i I tual i !
or gani ¢ gRaoHELt Shb S A AREARERA ISR BReH RS TBOHAMS I ¢
of whi ch g watdrirabbdent 1igoid ¢ididag replaced with a fluorine el ement(s).

gis an integer of fromO to 2.] R10-C(=0)-X4 [7] [In the fornula [7], R10
repr esent 082RbnoVéhent the gamitergepaest hdiiwg aheydicsl hyuppbed bon gitsup,

I [ havi Cs fl | k in. X4 .
¢ epr osont SUbHBIBICHPE dHSeh RPBRCTRE"r OLPO L BHEPStTHR 101 G HALE 6 gPotp
chl orgagr %orlgfiQHDOQrtﬂpr%@ -+ 509 OUBuld %%e'ﬁ}i%gﬂ%' h&k1dated Nend ofp! @

[ 8], 1 represents a nonoval ent” organi ¢ grou
film-forming capability 1s enhanced. As a result, it becomes possible to form

the water-repellent film with a short time. Additionally, it becomes possible
to sufficiently form the water-repellent film even under an incompletely
substituted condition, 1.e., even if substitution 1s not completely accomplished.
25 However, when the water-repellent liquid chemical has a temperature of the
boiling point of the liquid chemical, the liquid chemical is immediately
evaporable so as to easily bring the surface of the wafer dryness, which is
therefore not preferable. Hence the water-repellent liquid chemical is
supplied to the surface of the wafer at a temperature of not lower than 40 °C
30 and lower than the boiling point of the water-repellent liquid chemical,

preferably at a temperature of not lower than 50 °C and lower than a



10 having a el -C s hydrocarbon group, or a nonoval ent organic group having
a Cl-Cs fluoroal kyl chain. R12 represents a hydrogen el enent, a nonoval ent
organi c group having a CyC s hydrocarbon group, or a nonoval ent organic
group having a CFCs fluoroal kyl chain. RL3 represents a hydrogen el enent, a
nmonoval ent organi ¢ group having a Cl- C180hydrocarbon group, or a nonoval ent
15 organic group having a CFCs fluoroal kyl chain.] R14_C(=0)-X5-X6 [9]

[In the f , n val.ent ani Vi: DG:

6 "G o nydelhdtabive st L EREBET B HARRR R R b AR e

f 1 uor oal kydheghigh = 1¥5 ()€ pi (1S EptteSeraib 126 O£ Berdlp e Ptiire T 18dt! fowreredheient 220 X6
represents a group selected fromthe group consisting of a hydrogen

el enent, aid/|logreouthamronenipergtorp, repyededyéd gy uithe qodibimigy ipogrtows, the
succi ni m de group, ,,mal gi m group, .benzoxazol e group, benzothi azol e group
and benzot‘?’?g”f' eé’eH?%EEflu&PEWPU&iﬁ]& cgﬁ?rent(s) of these groups may be
substi tut hi h ?ﬁﬁ s -1 0],
X7 nmut rS’al ﬁ@o% epéﬁr@ggt& _yllf’evgié%ggl%%g %517? égétm%#'e&g% 8%%%%%1@1 c%(gé{%g%’%’n% he
group conshshtdidofod salvens Maana bcb@liAERoiABHE BPtte TOUD, thd dehniify By oup,

- CONHCOH group and cyclic structure containing a nitrogen element. h is an

i nt eger ofcafir owrdily oeGapdRase raipribsetinse aof enpplying 39 wasemrdrelieny haodd s
hydr ocar bon gr.ou or an ,or gani ro having .a G - fl ugr oal.kyl. chai n.
This is a QERHGEhEYBISRIoBPLabEE thh Pt athap oo e e HEBBE)

sel ected f{orr I r t noOu - HOH
aroup and Sr, EEFRY BTRLE QouRa FRAEARI Lo Poq L RTNMnARE Wiy SR
nunber pof wyehrogesllehenktids¢ghdmidad with5h | shdrbetifoer mA® o 1ddult XT tlapr ésent s

a cyclic structure containing a sulfur elenent. RL6 represents a hydrogen
el ement, aacomsealpeasibly gnilorar dlas hestengenellenic islony #ride anbehodr dupe. or a

R17- O =0, -Btdeprd 1ehn 57 i HSCREHLlp A hop by Kotk inkpexaturs of not
monoval entj,elgailh 400U NV i1HFeR tHanClid BYHLLS JRRN 08"t AEPLGRId @heRRQYal ent

organi c group having a C -Cs fluoroal kyl chain. RL8 represents a nonoval ent
or gani ¢ grdififusiayiang eorGiecctoa tepdr 6e acthon agaoigd, ther claambrg Viafued tthat dend ¢
group having a Cl-Cs_fluoroal kyl chain. X9 represents an oxygen el enent or
a sul flfr resmerttajned in ghsgjecrhiednnpriionsepl the MneveRp A Ee b qWER WoiHy 1t he

wat er-repel | ent |1 quic cheni . r tal - fers g f st
on the sur eacgglseso#)&tsﬁeerg)cglélggédtl%%rF}?egﬁgeaggﬁgﬁquﬁ@t g’ﬁt-snbgg(éd‘g %gjﬁgre ?E%{eﬁlﬁsi ng
a conpound;geldecheehitaloryithe o€ ayReRtNEisad. eprEsantad, bthd hgeabge-1Eadi ened
general fornulas [61 to [12] and salt conpounds thereof. |ncidentally,

f or mat i on wdrtidudad prefeaablyeped tarrifing Bl massborpgresitedoby saldsot biampa

functi onal ety hayi co tibility wwth a.netal el enment.-containin

Cubot ance s hoime atipf L8056 TR Dl apie b rivani pRe FAE GBS0 B A%/ or

by reagti td j.ef i .0 f oSUD e form
ayche%%car&bgﬁ%“t&@?5b§&?%ﬂ§?i#§'§%%\§o%&thf'%ﬁ?§%te@f; o&é-fnée}ﬁt ?bnggaﬂgenga?’bnal
moi ety is:whentthe demeing lifjoidrid an@%ohfdiniwe GOowssBPsEgesHted dfya F1GEhgr oup

and/or P=0 group; in the general fornula 5[t7 , a group represented by

-C@) - X; imaving yoweling poortrof doyer thannd r%géheéﬂ anpntoe freashevhersethd
formula [9],, a group.yepresented by -C(£0)-X9-X8; in,the ner.al .fornul a
507 & gratetiihabih eBhSEy Bk ACIHRE e PhiopBIHIE 2 LR oG
repr esent - X8: i f : nt ed
by~ & 20) -G D EmBgAtRe bE SRR AP0t e the R e e
Vaal s Jror cef thenwat@aetapelieat liguidicheadtalom Hrdcovl8e toiehk iskep af tubstingaig t he

surface of the netal el enent-containing substance_and the functional noiety
of the confwusléanimiilignshaitly thesvaterugpedenebamd shamical] eF 2 fa® wherhe

general fornula [7],. RL1 of .the general..for,nul a [ 8] 4, of ,t he gener al
Pormula [ 6 papegptiohasye b i ForTaEdT S8 eRRS ootHEL gt AT es s Gl a
[11] and : I I hoRk &+t -Gt €S
of the ab(%%bmng%toﬁgggé 1@%&8%@@%&% or%, ﬂﬁdé%@{%eﬂ%ﬁr@r%gun Hlﬂg@gg%’l? bed
on the netaheal dedtaning Hguikiabnbasadaintihgg0 iieshtyor gpduier ofmMbgiveas are

arranged outward fromthe surface of the netal -based wafer. As a result, a
surf ac¥® enkayypgot beiiaerraint sblighertthans2(0s° Qerranmzation véthe glepming byl ng

the effect. of, reducgcing the, i nteracti gn bet ween ter. or another i id and
Lhe ol osis Upve e ShmEne ¢ EEnedf Vil FORp oGt Shnft oo
hydr ogen bond, internolecular forces and the like. Wth this, it is

possible to increase the contact angle of the liquid to an article surface.
[ 0039] Furt hernore, the present invention is a water-repellent |iquid



15 chem cal used in any of the above-nentioned processes for cleaning
wafers. [0040]1n this specification, in a case of specifying both the
silicon-based wafer and the netal -based wafer, they are sonetines referred
to nerely as "a wafer(s)". Myreover, in a case of specifying both the

wat er-repel l ent liquid chemcal for sililton-based wafers and the

wat er-repellent liquid chem cal for 20 netal -based wafers, they are

sonet i nes fer I N 13 L, QL ' .S)
trrecTs oo el PRIATH CROfokyS] rhfy R FpULEPRbIE e chi M- TREONER higdia

i nventi on,chanyiehieln tepebhentoffthbrates dfeueeitatingtbeslsdaiaesli@iidi withr gressed
portions of the wafer so as to 25 reduce the interaction between a liquid

retai ned iwatelrgepelentddupbrhémmalantiemnice 16 tend b tadfe aHeng gesseef time
portions, with which it i ossible to . formihe water-repel].ent film .

Ront ri but At SEBSEHEIGH AR ERGRIGE i fends e afafg% a&ﬂﬁr@fﬁ@ﬁﬁ%ﬂ e¥iibit 4
short ti i t S reQduGl . ving an
anevenPy LRCoraedISarY RacHe PEGRar Y wRlraC TRBo il o 1 RECRH DR
liquid chagdeCal sopferdthBapirgs aboilinyepdinerofi 55 ey il e0tad Rhprdeuehigviigyid 19
BRI EF EXPLANATI ON OF THE DRAW NGS [0042] [Fig. iiA schematic plan view
showi ng arbeeauapltemperatuvefentiol whpélke siatbacep¢identaldemidnelreraicadr fracle or med

Secti on’ of TAFE 0 FRoRH, the dpanistBkid o0t aRr SRoAr T CeBndt R RAGRE a
cl eani ng 'H‘Qﬂhﬂ,ﬁﬁ §e&{(ﬁ\§f}§ﬁ§gnhgd'r ecessed portions 4 in a cleaning step.

[Fig. 41A's ic vie wng a condition where a water-repellent |iquid
chem gal 90037k upfheededtinelayuidfie préferwbiycht kehet che bigund séleqieddr8mi the
retained in the recessed portions 4 in the cleaning step. 10[Fig. 5]A
schenat i c arouw conBiRtmg &f ergadile pohyenhs Wéa&eﬁeaaéﬂaﬂe@%mlm@psmbg@md by
chemcal 9 is retained in,the recessgd rtions .4 thereby f.qrm -a

vt er - repdPPaRE A ERRaont KB st BERR BEPERRG pRRTnilohEref et i Radur
THE | NVENT1:Nzing agbR04 34t Reatet eSBMdeMAERE vltel SRl BROGRRR0HOsollieMY N a
waf er ~havi ng an %5 uneven pattern at its surface, and characterized by

i ncl udi ng ditalreal byt inéxingeps ledsbamandnnd eselafed fverhhtle greanicogsistiong df

substituting the cleaning l.i qu;ﬂ r et ai ngd in_recessed portions of the wafer
with dowat@Bapipeidlerts) | g cHEANE apndf tididantBRAtSarfittD o g¥afrRg Mave

waf er, hereinaftd i oC L2 0 g Iblgg&lt{ gqglg(gpri ses 80 mass% or greater

of a solven avi ng %.?%OI]I[I ng point o C, and wher ei n

t he wat er -[ogpg] | emthel ivgitiod reheidaligeu@Pth@didad ihaisslbsh i the ipracsdseothas a
tenperature of not lower than 40 C and lower than a 25 boiling point of the
wat er - r epail¢aming a quaterclemedakatingr ehyuniaysar pigrmaneiuche peioamey st td east

Lo suracee ok e EOEaRed PO G RS The ity ord R e
L L T B L B
aspect ratdlesning lp@iidern coll apse is to easily occur. The
[0029] It is not necessary for the waterrepellent film to be formed
continuously and uniformly; however, it is preferable to form it continuously
and uniformly because a more excellent water repellency is obtained.

25 [0030] It is preferable that the above-mentioned wafer is a wafer containing
silicon element at the surfaces of the recessed portions of the uneven pattern
(hereinafter it may be referred to as “a silicon-based wafer”), and that the
water-repellent liquid chemical i1s one containing a silicon compound A
represented by the following general formula [1]; or one containing the silicon

30 compound A, and an acid or a base. Moreover, a process for cleaning the

silicon-based wafer with a water-repellent liquid chemical for silicon-based



uneven pattern is defined as shown in Fig. 1 and Fig. 2. Fig. 1 is a
schematic 20 plan view show ng an exanple of a wafer 1 whose surface is
made into a surface formed having an uneven pattern 2. Fig. 2 is a view
showi ng a part of a-a' cross section of Fig. 1. Wdths 5 of recessed
portions are defined by intervals betwe&A projected portions 3 and
projected portions 3, as shown in 5 Fig. 2. The aspect ratios of projected
portions d iwvidi ng . heligh e j p i by
Do 0N S RAEAEREY e L1 M0 MO SRRl ckbEy P SR PRI

cl eani ng shefeinbfte® Ramidyy beCrdferivieto tfie “4 eaRASPrbdaas)] onfcidaneally, diths of
not nore than 70 nm particularly not nore than 45 nm and when the aspect
rati os ar elwee-thestohednigyidpenemiagl amay hetrdfegsdt trams6.a Mate®@F4p¢lldmt t he
cl eani ng process of, t present invention, the cleaning |liquid containing
80 nass@bgFﬂﬁﬁéiﬁgpcﬁﬁgésgﬂFvﬁ “%HW? Sa boiling point of 55 to 200 Cis
retai ngd at | east g . racessegdh portions of the uneven pattern. Then, the
cleaniﬁg liquid igkgﬁ%ge??ﬁ?éa &?{h the water-repellent liquid chenical
under a condition[Mhegie themelLa]NoREi eilitshal riﬁﬂé?:ékﬂibrﬁly | pasbsdntst Be
recessed 15 portions of the uneven pattern. [ 046&3 ig. 3is a schematic
vi ew showimgnevadentiprganic grene havih@arfngs ot adrtshydsoasried groupetdessed
portions in the ¢l eaning step., The wafer .drawn in the schemati.c view of
Fig.3 shojg’dgoﬁ%’i‘téi8mepﬁ% w88 Sl PR PHGrely beebiaiedy Wb | ent
l'iquid che [ j ed e WG ' ongi.ti re
t he cIeanﬁﬁgﬁ?#aﬁﬁaﬁgﬂﬁ%lré%%?%%%ﬁ?%@gﬁé rec%@gggug%ﬁngﬁgﬁiﬂ&kg%ﬁgsWg?

cl eanilog de&g ohd@hNilp Fhlgcted frematlse Bedtal tonalbdng ifenindg ogakendubicioniher e

a water-repellent liquid chemcal 9 is S%Eplied_to the wafer which is in a
condi t i on gkhupeof Hehighe glgment jtquibe Bonded etaisibepn relement eisegib@gpoyr t4 ons
4. 25 At this occasi.on, .substituti.on .of the cleani liquid.8 with the

wat o1 - 1 epdiPRRYIF R AreC i Reanb & grvigp slSdeht &8 et focaifiethy bty
contains §Q S10 2"hAb f AtSf ¥estp BaY 1902 NIQLEI (0 POERTuPT 2R O
200 C and sfﬁgg the mat%%ﬁgéﬂgilent Ilquﬁa chem cal 9 i§ h§§$gd1¥g be not

| ower t hammiihtE€ganaol fromel td Ban bas baiihtegprpdifrdmdf tot he The eotal efaldreind is
liquid chenicah, m xing of the 30 cleaning liquid and the water-repellent

li qui 45chént@d tends to readily proceed by virtue of diffusion or
convectio ep nt y-.10 in i i i 1.F heror.q, .

cvapor at | JRCGH ¢ RESIARERIEY oG e Bk bR SRR P hy ST TR oot
becomes readidnsadvidneed. thst ahbesdld! is tdrelsithsénd Woldied aRoRe tHEVEIQRRLd i N
a short tinme. [0048] Fig. 5 is a schematic view showi ng a condition where
the 5 wat eonsispeld enhbhydiogendhdtwade,calliwric scidtmiraeldricradithep hespdwsadacid,
portions 4 that .a water-repel.le fiJm12 is forned.in the substitution
Step. The SHIOSC raqid) FERResRTdY B et dpllwing, waneral Pagelaofoh AR dbbssed
porti gps i £k i 1 Ehs11 &R

[0049??Er§?h f%2%¥h%ﬁ??%§?:%¥%£gs ﬁ? %ﬁtgygﬁgéﬁég§§$g#%%%%g%A?PPg%%ﬁ?£nt
10 i qui d gghemical drdiydeidd, combhs dshraad ersstes pasfler Bbtate ongstegnt Boxing a

silicon conmpound A represented by the general formula [1]; or one
cont ai ni ngristeifinonogeetasehpduidkayhoraxian dwiranortrifluride pods\wW | eiki¢rm

above- nenti oned eral for a.l1],.,.the nonoval ent funggional group of
Shich o erfeb TR TRt b he bR RT e ErRc i ety E. *T8 Wi oh'i < an
exanpl e of X, maye&ns).0d¢ ngs) only a hydrogen, carbon, nitrogen and oxygen
el ement but also a silicon, sulfur and hal ogen el enent and the |ike
Exanmpkes of the f lacthofam@zold), BE eepresenoe nallales gidigyala hpd@eation

di al kyl am no group, isothiocyanate group, azide group, acetam . de group,

- N( CE13) c(@ypeprthe hydragpn ¢leyemds of Nelriabn nsy0sR{icry 3r agiral he ratarsl

Si (CH3) 3, -NHC(Q)-0Si )3 HC(0) - NH SI (CH3) 3, imidazole ring (the
foIIomﬁng‘?%ﬁﬁhﬁéOFT§%§@n8QH§% idinone ring (the following formula [141),
nor phol i ne ring (ghed ImMn&Jormﬂa[lSD, -NHC(0)-Si (CH3) 3,

-N(H) 24si (H), 13, 193-), (where R 19 is a Cl-Cls nonoval ent hydrocarbon group
the hydrogen el engii sheofornhilah[3IpR? papidsahly aoC,-€nt ini@loyalent2bydrighasad
with a fluorine elenent(s); us an integer of 1 or 2; and jis an integer of
f r om 80t o 2pupnihet hpdrdgea. elenNmitsyofowhich may partially or entirely be replaced

with a fluorine element(s).]



\N\/ 30 [13][14]0 [15] 22 [0051] In the above-nentioned general fornula
[1], the nonoval ent functional group of which elenent to be bonded to
silicon element is oxygen, which is an exanple of X, nmay include not only
a hydrogen, carbon, nitrogen 5 and oxygen el enent but also a silicon,

sul fur and hal ogen el ement and the |ikel3Exanpl es of the organic group are
an al koxy group, -0C(CH3)=CHCOCH3, -0C(CH3)=NSi (CH3) 3,

-0C( CF3) =N- Si ( CH3)34 R2 ere R20 is a Cl-C s nonoval ent

hydr ocar bon gr ouplftérzééS %‘I?% e‘% {K}{}herrents of which may partially or entirely
be replaced with firf FuoFieuk BATERE (8 )1k ualdy iAddgydndaltfyo Rep e sdRtsgs aUpCide
hydrogen el ements of which may partially or entirely be replaced wth a
fluorine enen@\rﬂl(esy hydnetarhen Igriep the 33 ragrn @lenmamﬂswf \ahwgn wgarpaptsl

ohl oro ar Gl iBebrdegresitseds wify o BRI aleRHaR§ e AdchBpBaTE] K mat aﬁi’sfon
111 of thq QS d’éntiyof e@ex&f?s] (ﬁl@ﬁgi? éiér ﬁ?@@%ﬁ%ﬁn‘% gl[r% Ofxfroﬁg%hgﬁthneg

decreases ace enerqgy o er-re ent educes t

interacti Qﬂ’ c@ﬁéﬁ)eglrdiﬁi weEROOWRBER50E AMRtGRI mbhavaldnand d-benddaf @eapothd he
water-repellent fiim(i.e., at the interface), such as hydrogen bond,
i nt er nol eduidapgémralemeats qfhwhn¢h<exla§rn@arétaflbttoro¢nﬁmeimcbehgrep ednwatiact i on

is 20 partjcularly exhjhited,w ut the effect o du the
|t oract] ARG RPN LS "SR R O Al R bR lent: BHE R o
ot her tha 0 t t t Bel act
angl e of {%ﬂ% ?tglﬁl léytg\fo&gjtaﬁgeﬂgrtl ?eoqs‘ﬁﬁ czlilc%pa?a {)tgélll}rr]\c@?eéz}lst%%qf be 1«”&%1&&:{3
Exanplies ofithheflsiotinecrlemenp@ind Aig epriasarired fiymt héo §enefialarntbgenuf a

[1] are: al kyI met hox%y | anes such_ as CHBSliGIHB)B C2H3Si ( OCHO3,
C3H7Si ( ocHB)® UtmEi ( Ohergialdicsmd i @ terd) 3, O6H13S1(0 CH3) 3, C71115S1(0

?*3%315?fﬁéé%%%ocﬁ‘f%w%@ig%g%t@%%ﬁ%@ L SR R e
3, C 161133SID 1tk %&@%&I EreRPh TS HZAS KR FEBadN :3%t(16HR) 82t GBlected
CH3) 2, C2H3Si ( CH3) ( C2H02Si (0 CHO2, C3H7Si (Cl13) (0 CH3)2, (C31102Si (0

&) o %ﬂf@“’“‘%c%m‘%“' 3”ﬁ$l‘°"émc‘7’m“é?‘emﬂymm%aﬁ?%maiémm
CHBg 21691-t (r()@f%)éﬁlg’(‘@g@%‘maée ‘G‘P-Et%g T L@?@?%tﬁﬂngg@ffMﬁw( 0
&) o Siséﬁé??éﬁ%ﬁéaé%i%@tgmﬂ' %“ﬁ%éhl@l?“@%}rﬁ‘b’ﬂ%? ci 7Rk g

Gt 2, CLETGREn( PR OF3) 2, rifhia) ASHRN AHEWEGRIG S1( CHBM30y Kiithotk 1K1 25
i (CH3) 0 CH3, (C2H5)3S10 CH3, C3H7SIII(1 E }3@510 (C3H7) 2Si (CH3) 0
g

(C3117) 3SitOfEMB0aGIROS ( CH3) Jeexuid] Gﬂr@mme(t@m%dfonate
G, CGHlSSl(EﬁIaS I)ne%ﬁ;ﬁyl trifluoroacetate, octyldimethylsilyl
20 trifluoromethanesulfonate, decyldimethylsilyl trifluoroacetate,
decyldimethylsilyl trifluoromethanesulfonate, dodecyldimethylsilyl

trifluoroacetate and dodecyldimethylsilyl trifluoromethanesulfonate.
[0033] Additionally, it is preferable that the water-repellent liquid chemical
contains a base and that the base is at least one selected from the group
25  consisting of ammonia, N,N,N’,N’-tetramethylethylenediamine,
triethylenediamine, dimethylaniline, alkylamine, dialkylamine, trialkylamine,
pyridine, piperazine, N-alkylmorpholine and a silicon compound C represented
by the following general formula [5].
(RN SIH) X3s0r [5]
30 [In the formula [5], R7 mutually independently represents a Ci-Cie

monovalent hydrocarbon group the hydrogen elements of which may partially



C7HL5S1( CH3) 20 CH3, C8H17Si ( CH3) 20 CH3, COH19S! (C113)20 CH3, 10
Clo1-121Si (CH3) 20CH3, Gi i H23Si (CH3) 20 CH3, C i 2H23Si ( CH3) 20 CH3,
C131- 127Si (CH3) 20 CH3, C14H23Si (C113)20 CH3, C 3H3i Si ( CH3) 20 CH3,
C13H33Si (CH3) 20 CH3, C17H33Si ( CH3) 20" CH3, 15H37Si ( CH3) 20 CH3,

(CHB) 2Si (H) 0C113, C1133i (H) 20CH3, (C2H3I4Si (11) 0CHS, CZH38| ( H) 20CH3,
C2H3Si (CH3) (F) 0 CH3, (C3H7)2Si (H) 0Cl13andt heli ke;

o) s, Car Bt 1 R S AR BT Y SRR o s,

C6F13CH2 CHA §d 1 éh detid)yB refrekd ot Cidabid S A1 Onfig) dior Fer 6 QPPN Bid0element to
CH3) 3, CF3CH2CHRST (CHO (0 CHB) 2, C2F5CHRCH2S1(C113) (0O

2, 03F7042¢16280(1®43)to(m@mezgnmtmmmmal(mxmam ﬁanzctmnal group
5F11CH2CH2S 2,. CoF13 CH2Si ( CH3) 2, C 7F15 CH2CH2S
i (CH3) (0@%@3 Wé@é%uie(gaﬁ ' fé&ﬂs@ﬁ@éﬁi cr@opteser of
CZF5CH§ gf@%%@@ﬁ‘g&%g&@%&%{ 6'#3)220 ﬁ?mt%@%ﬁ&'ﬁ&(%) 20

C61113CH2qHSiY CHEh Okdter@éhd BEHR GHASHE &idd) BPGleng the water-repellent liquid
CsF17CH2CH2Si (CH3) 20CI - 13, CF3CH2CH2SI é{r ) (H OCHS and the |ike;

al koxysi | ahemombﬁxxrmbcmbasmma@r%m masﬂt by\g'eacfmeg (XA reprosqniadiiet fheof
met hoxy g ove- ment.i one il anes

T | e Ry pa e Tt h fa B 5 18] B ATARG! KEdTR RO TaPD A fand

o0 o, egefafh BB AL PEREbisk the B %%?M“%é%a%%%% e
wher e 1820 chentic4lly CE)SnﬂﬁigOVlﬂhlee ilidordr @capdoid gaoup shiécohy dlegent ebfndid s of

which may partially or entirely be replaced with a fluorine el enent( R)
an al kyl §ﬂ1¢%hﬂ%e(bl"‘tﬂfﬁrtrﬁl shawagih tbﬁe&@ﬂesm@ﬂtmﬁpérgefwa @ltmalai

t ly b d th te
or oup. o CEYTREERS. TPt SnecEh 3%&6&95?63’%0”@5%””& Asote SRR
group, - NGEHLELB) Ci twedh CRB)EL ObEFAnot O (1 O LHBSB, surface of the
“NEC( CF3) 0SI (OH3) 3, - NHC (0) - 0Si (CH3) 3, - NHO(0) - NH-Si (CHB) 3, 1 mi dazol e
ring, oxamnedtmpaﬂemh nfjlmni. pholatnd:hm npterfibé) O OYelSi A€113)3pgen bond,

-N(H)218|( 90i, (where Rl S m)n val ent. hydrocarbon group the
10 hyaéogé %&ﬁ@ﬁ%f\ggrw’ﬁ aRdntie Eléﬂet |‘3§P¥%})Yoﬁ Wﬂlge‘mjr%’ém%ﬁgﬁc%l taft h a
fluorine eI %gggk §h1dg§aﬁ‘%rh@f edf&f 1 or 2; and j is an integer of fromO

to 2), chl‘d group, '1odo group, nitrile group or

- CO- NH-Si ([GBI%B t[‘B@fa'ild Addht hava! wWiich ey birbeitadhe Xin he lin@id bhéz@ﬁlﬂll

conpound A, which is represented by 4-a-b in the general fornula [1]
pr ef er abl ;contmbumﬁs@ adeelerBtiamtadithe epatﬂl@mbetwm tle aﬂlcburqmw

tusly e B FOEeRt A vk, gﬁa% et %[a?ée\wb}éwseos
monovahent;hygy %am% !u%ﬂ@sm?ﬁu%%ﬁg egx%ae@ ) emg&er@a%ha%rst hal Iy

or entirely be repl ace orine e and nore preferably at

| east one ygiseikie 20 ibeﬂneat\edtefrrmmﬂeﬂent Iﬂﬂnﬂﬁwﬂha thort fiBje. arloheldnZalll, €2 CH2
(n =11to 8) because the wettabili of the unevenl¥ patterned surface can
be nore redlead frewng H@emaé@mr elnérﬁl M qomthe sug arﬁ@dOE e ehcon- b@sed

because a noge excell en |1e be | 0 the s

adar & onal Tiet: 6 £t iate AvhidBe |sitfber ot s SERob S Water (RBHiE Lo
because t he, yat.ehaNeRs) iseagteifnha@cpﬁy thE rafe HOWRE AMednliSo IRV PBbEET Ned
surface in a short tire. [0 Anohg these, the silicon conmpound Ais
parti @l arthe pilieberabipyound A 1s bonded to the reaction site of the surface of the
hexamet hyl di si | azane, trinethylsilyldimethyl am ne, trinmethylsilyl

di et hyl am Bbcensbpsgrrrfeni Jinl Bherpeesenvetafyihe agidaemihepaged e component

derived from the silicon compound A can be rapidly reacted with silanol group

serving as the reaction site of the unevenly patterned surface of the
silicon-based wafer, so that water repellency is sufficiently provided to the
30  surface of the silicon-based wafer with a short time during surface treatment.

Incidentally, the acid or the base may constitute a part of the watexr-repellent



di met hyl si |l yl di et hyl am ne, 1, 3-di butyltetra nethyl di sil azane, 30

but yl di met hyl si | yl di met hyl am ne, but yl di et hyl si | yl di et hyl am ne,

1, 3-di hexyl t et ranmet hyl di si | azane, hexyl di net hyl si | yl di net hyl am ne, 25
hexyl di net hyl silylcliethylamne,1, 3- dioctyltetranethyldisilazane,

~ octyl di met hyl si |yl di met hyl ami ne, octyl di &8t hyl si | yl di et hyl ani ne,

1, 3-di decyl tetranet hyl di sil azane, decyl di net hyl si | yl di met hyl am ne,

decyl di et silyldiethylam ne, 1, 3- didodecyltetr anethyldisilazane ,
dodecyl di net hyl si | yl di net hyl am ne and dodecyl di net hyl silyl diethyl am ne.

[ 0058] Fur tldesebr e Additibsalpy, et 65 phbferhbRt thdietlrciilichs cdingorast Adetsiehect ed
fromthe group consisting of hydrogen chloride, sulfuric acid, perchloric
aci d, phosphosdlectedifdomsiiief proup miststiepeebevamdthpldifitazgenetraimethylsilyh [ 2]

and its ?&%ﬁméﬁ ol ks PEesL T ;ﬁfe%‘éﬁffﬂ%% at ot 25%%?1'13&5?% sae,
compound BUrSErEeaT cu by CRIERKIANR O A Shoibico) oo Fre et

r epr esent erj3hjibubdtgeaseshyldesimsaael 2] apgiyldisnatiiisiiylde ademeskflamiheed by
met hansul foni ¢ _aci d, benzenesul fonic acid, 15 g t ol uenesul foni c acid,
trifl uor orstividisathylmlyd aci ddiethylamioeonet hdnédihéoniarameyhiyldislazadet he

| i ke. Carhoxylic i d.represented.by.the general. f La.[3],a its
anhydri de%@%ﬁé%%%w?ﬂy‘éd b Hﬁﬁﬁﬁlﬁxﬁﬁ?’d, @Wﬁi&%ﬁgﬁ*ﬂ@& aciigthylamine,
pent af | uorOpr QRN ! I nhydr | S acet i i:de,
pent af | uorggrdgg?tg%egr&gﬁ%%rl %ghg%%ét he Iél)c&gl.dl%elgﬁgéﬂ?gon cg%%l%%lgghgg’
repr edéont edtiimbehygeilel al f atisthydapdhe)j s pr ef, Brdibboyletedmetiopldisihieanal Kyl

silyl alkyl sulfonate or alkyl silyl ester, and exenplified by ]
tri net hyl sdacyldimeathylsalydacetimethylamype hy| deeyldimethylsdybnet tighleslantisaat e,

di met hyl si gl .trkfl uoroacetate, dinet hyl silyl. trifluoronet hanesul.f onat e,
butyl df mechE PR RRAE R T R AR e e RUMAIRY TR SRR S ing NP
trifluor ongidaaprREmetRAaIe] dR%hylamine. _ _

hexyl di met hyl st 1yl trifluoroacetate, hexyl di net hyl silyl

trifl uor ori80B@hes Mdrenete jistpre tirabldth =i thelwafef lisiavodee tat®ining at least

octyldimet hyl silyltrifluoronethanesul fonate, decyl di nethyl silyl
triflderodtist E%I&!V 8%8%%?%9@%@”% APREES e FEHHHAYEY| qomsr»e,zm, tantalum

L1 1 vor onet hangRohFuha  SUEHATRL PR BTy FR Bt b o metabbaed b

that the has@einss"atad ehstsiafesebfeeherecdsscllr poTtides GFOHRe GRARSESthAt8ei6]
anmonia, N, N, N, N -tetramethyl et hyl enedi am ne, triethyl enedi am ne,
di net hyl arfbereinaftar e anifes, may diekyafardedeto as (‘alkytadrbiased wpyforti aed that

' ' N-al kyl hol.i d Ll mpound d b h
General f o R SpPoutonedft i uel ot Corig kb oo BB IREA aicete by

be coppai [ I BAH i r i GMBED Sl
corrpo%tr?d 2? grglldfhaet gﬁ@n%ﬂ?@%fg)@g&a\ﬂpﬁg&gg ]%%?ée%ég??gn Sl tefcgib%‘t”%g geiitilal

si | i con- basedulas 8] tos[12¢ eeldesAt edmppantdsatheiréoff andos solvkatt olndigadtallgn
excellent water repellency to the surface of the silicon-based wafer by
conduct i nghg snveaaentiprad dnid icheprealmayobe referredyin s {o wakriteapllent

it or- 1 epe ek ke 686t RERS SRdaRa s Do Guie & rcest 16 cleaning

react i on- ageehetAtn@dekhstwithla iwsatgf%ﬁm&hehaﬁﬁi chdigidal G4 ﬁle&ﬁgﬁh&@d

contains acid. Particularly, the acid is preferably: a strong aci

( Brong€bed wafed} weillk he aefdiydd dgeas ahsamnwindegmbutiment of the present invention
(hereinafter it may be referred to as “a second process”).
R8-P(=0)-(OH) Rz, [6]
[In the formula [6], R8 represents a Ci-Cis monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced
30 with a fluorine element(s). R® mutually independently represents a

monovalent organic group having a Ci1-Cie hydrocarbon group the hydrogen



15 acid, perchloric acid and the |ike; an al kane sulfonic acid the hydrogen
el ements of which are partially or entirely replaced with a fluorine

el enent (s), or its anhydride, such as trifluoronethanesul fonic acid,
trifluoromet hanesul fonic anhydride and the |ike;- carboxylic acid the
hydrogen el enents of which are partiall¥6or entirely replaced with a
fluorine elenent(s), 20 or its acid anhydride, such as trifluoroacetic

acid, trifluoroaceti c,anhydride t af | ugr.opr.opioni g acid d the |ike;

ohl of osi | SHEReRPyHE SRR Sry Pl b SREREN, e, St ovlit & SFotcch
a_r?a Fart't@léliﬁﬁﬁf(ﬁﬁgtgfseéﬂix}ii%%b@tﬁﬁffo}m mp@h]” uor.l ”et el Flrrent(s) ; t or ?' kyl
silyl ester e hydriogen el enents o ich are partially or entirely

repl aced with a fRUGIGHEO)eKendnk (s). Incidentally, alkyl 25 silyl ester is
formed such that an al kyl groqup,and -0-CO R group (where R is an alkyl
group) are bondedﬁtnot]ae sforada Qﬁer?éﬂt?%%?%e?,ﬂmé’valﬂr& BESRAEE nY@UPN t he

| i qui d.chem_ cal e fornmed.by a reaction: for.,example. it is,acceptable
o caude TABREA BN DEMEERe RO ByiBhrbr M i e s bl S i n
liquid Che{'iﬁ‘-@ﬁ'ﬂﬁ%hﬂt | BHafle Kora@dogldey! al %M!sb%@e@sfréms'thé COuB0
conpound A, the fornmed hydrochloric acid as the acid, and an al cohol nhot
consunmed lynsiséingesfct flooragreps ohleentgroug, 7bfcdddé 8tou and ipdegengbl e that t he

acid is the silicgn ¢ n represented by the general formula [41, and
nore preferably, lnggﬁs)ag\?oi@Bsel ected fromthe group consisting of

trimethyl silyl tridl o) €pat e Isilyl trjfl hanesul f onat e,
di methyi silyl tri It uggéa%gﬁlgﬁé LM h@ﬁ%?%’h&a ldaoYR1STebRANGE oo
trifl gor oreiviages gl fMp ay@lrbed b gmh[b%/ lo$id Ydddovhldiar i@lg@oup having a
butyl di met hyl silyltrifl uoronmethanesul f onat e, hexyl di nethyl silyl

trifl uor odteCattbidrexlidydi ahetihy | Bil3 yeprdsthtmorohed trgenselehmrdt e monovalent

octyldimethylsilyltrifluoroacetate,octyldinmethylsilyl i

Cr i1 uor orfBURBIe b ARY B8 ot i ABPSTIgR PO RndiroacRpapEaleng organic
decyl di et ikt i fhu nat i i

i 71 uor odeer By & ARG o e R ERRT P RO P HPPREY B FRARMRE Sl et fooeay
The sili cafios@rlonhordBnie pragehhechgy Ch 1 s deides@rbbargrolip, ¢ nenoviadent
obtained by a reaction. For exanple, it may be obtained by reacting a
silicdh corpaneEmDUPdmvans Ay Chyluotealiyl chaiml general fornmula [16] with

at 15 |l east one sglgcted \fromthg,group consisting of trifluoroacetic acid,
trifluoroacetic aﬁhyggrgg,ktg$flﬁ%ronethanesulfonic acid and

trifluoromet hanespf gRé CroaphiEr [gde P(lh'efegirﬁééﬂt%r a M&ﬁﬁbvﬁl’éhtbﬁr%ﬂﬁr%gﬂpt 0 as
"acid D'). (R21) p(1-) gSi X1 4- jr g [16] 20(In the fornula [16], 1
mut ual |y iledepgrd€otdy hyelroesdbonsgmiip, @ast nonevglenipogeiece tgedud havinhe

37 0UP 0onS 2l Hiosoa i charn 1 T reprehonts wh SRHECBSICHF oAb Plomenho
t ot al f i ) i |
ooy 2P oK Akt b S seltodd B She r b EARIAIRL of A IRALBEEN bRcfon,

el ement | byl £Ragnarbhak N85 bYAI Db BANA( HocSinidBroup,
(CH3) 3Si -, (&%3) (HSi-, (%?1 QiCHg) %Si -, %Hf%?%d—g) 2Si -, xroup

( C8H17) ( CHBalz@nide @@oapR2 by aixpepRSprquy, Odta@shazole3 pP@ip aavddbehzotriakele)

[ 00651 For exanplﬁ, when 'xiqg(gex nﬁth | di silazane as Lhe silico
conpound BRIPH & AVATQRST SHERRFEL S AL dReSfe SXQUPHAnAY R pubsHbuted with an
trifluoro i hydride inmediately reacts therewith to form
trinethylgﬁgé#ﬁvggP?Horoacetate as the silicon conpound B. 28 [0066]
Addi t pgnal | y, for Rexampl ef1ohen m xi ng hexanet hyl di sil azane as the silicon
conpound Dwith trifluoronethanesul fonic anhydride as the acid D, the
trifl uor onet haneslinf the SorammpdiliolieXT mmetdiadlyelndepeadestly epeeatis tad leastm

trimethylsilyl trif qgr&qﬁtha esulfonate.?s tq§ silicon conpound B. 5
[0067] AddRE SHo4PI Speqtad 1EsXa 18P STRRR FORPRIMG Tt HPEY AP SRy ZHECARIY he
silicon ca n 1 1.h i.f 1L i ydr i I -

tri {1 uor odhebpc LY ghdls, AIDIRIPEL SnBDYRNY A5HE PR BRe HoRtaihilf

di met hyl sigiyogehi dlbbRen@ac @tiatsh astekbe of ifFdif MNtE BMPRIAGePred8068h organic

Addi tionally, for exanple when m xing tetranethyldisilazane as the 10
silic8f carpoprihvingia b11ths hydosearboharesnl doanorgahidgicy hsvinigea &ails D

the triflupronmethanesul fonj c anhydride i diately reacts therewith to form
di et hyl si WO#W% Pbrol hiasui BRaYR? %”Pﬁ‘gtbé’iﬁ‘%bé&’r‘iu@&%dg@ng‘ BurpkRI5 0]
Additionally, for exanple when mxing 1,3- dib utyltetranethyldisilazane as
the silicon conpound Dwith 15 trifluoroacetic anhydride as the acid D, the
trifluoroacetic anhydride imediately reacts therewith to form
butyl di methyl silyl trifluoroacetate as the silicon conpound B. [0070]

Addi tional |y, f or exanpl ewhenm xi ng



1, 3-di butyltetranethyl di silazane as the silicon conmpound D wth 20
trifluoronet hanesul f oni canhydri deast heaci dD, the trifl uoronet hanesul fonic
anhydride imedi ately reacts therewith to form butyl.di nethyl silyl
trifluoromethanesul fonate as the silicon_conpound B. [0071] Additionally,
for exampl e when mixing 1, 3-dioctyltetrafethyl disilazane as the silicon
conpound Dwith trifluoroacetic 25 anhydride as the acid D, the

trifluoro i j Wagsetel it

octyl di rre?) %%r gﬁ%?‘@%lrgﬁeﬁﬁfg{r) oace%%%gé%%geﬁghgf I cgﬁmgo%ggh%mgm%%%p’
Addi t i onaldGONGI@Kapphgwhadnayxlio GtructhirdcotdtDaiyg tehitasgirhyleth it fzarte as
the silicon conpound D with 30

trifl uor orfentanssicr ohibydnegan eleazentkdci dD, t he trifl uor omet hanesul f oni ¢
anhydri de i nmredi a ?%')c%?r e@rlis therewith to form 29 octyl di nethylsilyl
trifluoronethanes at s the silicon compound B. [0073]
Additignally,fore WhER AT X 83743 Q(%gﬁyt : i Si . t he
sili co§ conpound g%vnﬁeﬁ trlﬂ%([)%hggeﬁiﬂrgn y r‘lf‘ég’%%g t Lg‘xgg% gbitl)%?ﬂlgg%s
trifl uor oacghircelrmiarcly i 6 Srepramahitatehydregai $1éhmengwi thiohovilenmorganic
decyl dimethylsilyl trifluoroacetate as the silicon conmpound B. [0074]

Addi t i onalgrgup ohaxisgphefénsi hoidrgearbpnd goeEss| petd aneIRAleRts Prsgifes 3 he

silicon c ound D wWth trifl 0 hanesul f oni canhydri deast heaci dI D, t he 10
trifluor o%ﬁﬁ%é‘s }ﬁéﬁr@rgﬁh‘yg%%ﬁ mredi ately reacts therewith to form
decyl di net hyl si | yg1trdE&pox angsel fpglate as the silicon conpound B.

[ 0075] Additionally, f(f(;rb)exarrp e when m xi ng octyl di net hyl silyl :
di-met hgl am ne as {lnetké | formmle diBhuRd” IrBpwisehts ra fhororvedest ocganiygraupe as

the acid D, the trjfluqroacetic anhydride inmediately reacts therewith to
form 15 odtaiing e ChilisihxdroeasbonySioiyde OF 2 S1QROVERNL PIZasH SEBWD SlATAnS 2

[ 0076] Addhkt jonal | r.exambe 1 XI i lsi] .

G et hy! any hor Sty eh R A S8 T oo PRk e o b ing o
the acid [g,-0he HydirbddrBbRagiips @Ry drdealdAredi-@idl Yero@aC havilie e W, ity t o
formdecyldinmethylsilyl trifluoroacetate as the silicon conpound B. 20
[0077] | n” tthiwoeBrydebrimn, X1 reuieeentsfamoyygah sleatsnt aryg sulfer plmeenmirkbf er abl e

is a water-r | lent liguid chemcgal for silicon-based fers .prepared by
usi ng 1pas PREBE.; Theywatbeaelogh Ehuctiimeilby S5ne HhE MaleoataeReahuyh i de
and trifl B&%ﬁﬁ‘?&f‘?&e%ﬁaﬁl‘%ﬁge&%@é{ﬂ% de di%?ﬂlelay at 9864t BE tHe ‘éh&fbc%??ofs’cﬂ con
conpound to tformthe silicon conpound B, or a water-repellent [iquid 25
chemi cal fieeeseldiprtiohs o€ dhyai@asbpsebaradelr, by wshpa ¢dmepsund eoleceanfrotind A
and the silicon conmpound B as starting materials [0078] The wat er-rﬁ%el | ent

li qui d cheéfiecempennds reprsseptesk 8Y vidieepBoveimratiineg genamd fpymudan (6] to

i nvention be one j.n which the silicen coppoun I s excessivel dded
relative t[ggrh@r’ggi g2 a??an%u%\()Eﬁ _cﬁh%lﬁaog'xces %#elic‘j%gy’si ﬁ?ré%?itslgﬂ X np d D
that iop NoLa&RNPERENPHILIE d@BRIJIRNAANY 88s@DihB AldctBAA] GRNRAHRAL v d O
contribute to the formation of the water-repellent film 30 Incidentally,

t he nunberconipatbidsy ofith hemeiil alomegdmpatachi b issbpraafce romibb o OuFateoofl 000

times, nore preferably 0.5 to 50000 tines ch nore preferably 1 tag 10000
(i mes’ t ho MaRlopeNksPREIBINg ﬁ'éb%t@maemndb%gqacmgawea&w@%étiplﬁ%
silicon cq upd B represent ed b he ral f or mul 4 b -

obt ai ned, ‘?ﬁgi Jéheops) F%ﬁ%lﬁt%l ea%%tﬁ)%eaéﬁ?/ tggfgg i 8n§1€5§ ngr b{% Hgn(]’}%e%gg}r e(%(l:]tS 6h

bet ween t hei®irhii6AN TRERMSRE niiehd D aurReidhaDmbiROBAL id be BRRSMAIfERhula
functional group of which elenent to be bonded to

25 [6?, a group represented by P-OH group and/or P=0 group; in the general

formula [7], a group represented by ~C(=0)~X% in the general formula [8], a

nitrogen element; in the general formula [9], a group represented by

~C(=0)-X5-X5; in the general formula [10], a group represented by (X0 in the

general formula [11], a group represented by —-X8 and in the general formula

30 [12], a group represented by -C(=0)-X9-C(=0)-. By the way, “having

compatibility” means that Van der Waals force, an electrostatic interaction and



silicon element is nitrogen, represented by X10 in the general formula
[16], may include not only a hydrogen el enent, carbon elenent, nitrogen
el enent and 10 oxygen el enent but also a silicon elenent, sulfur elenent,
hal ogen el enent and the |ike. Exanples of the nonoval ent functional group
of which elenent to be bonded to silicokSel enent is nitrogen are an

i socyanate group, am no group, dialkylam no group, isothiocyanate group,

CFa < neo s S Alei s h O s B b LR R B ke Gib P pbsigncgapd o
- NH- Si (CH3h3, fundtitazdl soidipgof 0hazebingonade rAdditiomillghdRd i€ tharGeneral

-NHC(0)-SIi (CH3)3,. N(1-)2-/(SianlR193- 3%1 (where RA is a Cl-Cl18 nonoval ent
hydr ocar bdarmgubu[Slt R&® of decgpareral faventle (6}, Rihiof theragneral tipemida Bil, Bit off el y
be replaced with a, f.l uorjne .el S); I 1 n_int 1 2; and j is
on | eqortigr el ontaas folg ERPH e ErierloBerHTd0s: fi%ah he Rsoard b o
t he geger ] piv® e I ; ' i )

(G 38 N DR S AR b RS P AT B M B2 e Ehepheki
C10l'i 21Si (&biz}2NbE2he Gbdld ARSn{i6iS] 2MHpoands( CHBRPSbld;)WNi2n thBestpehihd ned
by substituting an am no group (-NH2 group) 25 of the above-nentioned

ani nosi | adeadspried Nedhe, mepgloplenent. of GeHsyetal-basad-gafpg, thyHoydyephobic
CH3,-N(C1-13) C(0) CH3, -N C CF3 i

- NEQ( OHB) c%?%gag%?.ﬂrx&aéa%;%@r%@é?@ theperipgs of thy BetglRsegpd wafer.  As

- NHC( 0) - Nif %’eglgﬂ?)a?’su'rfﬂ_cgaéﬁé%f o 9sheO8EQsk i ] B9, dBRERND itRrdbly"d.
NH C(0)-Si(CH3) 3, - NHSI(CH3) 3, -NH Si (M -13)2, -NH S (CHB)Y2(C4l-12), 30

- NH- Si10CHYra¢ibid 1R efidikt & re@udiy( (BRlihta)activk- Bit(ELRB w24 tet @t habiher liquid

-NH Si (CH3) 2( C12H25), - NH Si (CH3) 2( C2H4C6F13) .or -N—ESi(CHB)B} ; and the

31 like. [oBthe mufare pbdhe whakersiepedont ddrbdupd a5 P rintaiaced sych as
general fqrmul a 6] ;is.preferably.the siki£oR.,cO A, [.0083] ..y the

oat or -1 epdliRgen Panity RRRP EER R pvER Fad ER TG0 "TIHE s, sy 17800
concent r atih R aQk thBeostdck GRRICfAURGuR tccaPhefifleallryal. 01 to 20 mass%
relative to the total quantity of 100 nass% of the silicon conmpound A Low
concent r atlD688] ar Eunthterpreetertdiel @rssende inhent@dh ett fwatwe-wipellenh Ggupound
Bis little. Excessivel higrl}co centrations are al sq_not prefer?ble
becaud 1 FECEIFakEsesk i 4y oF hed YEo SR RIOCHRSES IomFle ot W@ Because
there is er - : .S Ur e iled s S . er

subj ect eda['P ggg]rcos%?]t?nél tg B%%h'? %é?%l’f gﬁ;?‘ga Bgér@t })gﬁpgélﬁ/lﬁ%p%@%r g%? \e@ﬁgﬁ)élt B%‘?éi
concent r atvrgfar efnd 11 Sictilcbiscdonpainehd; he BodiintslRfeBsd%onakadliy e 40 t he
total quantity, of 100 mass% of the silicon conmpound A. [0084] Furthernore,
in the wateafer@pel IMareqveguind acease ehbpeafyisg| hatbntheaseden senpeiantsliagide

il th b d B be, di l.ut i th
or gani ¢ SOPGEHEAL SraLavAD=ihiTa or qiantI yare tomsticnt HbRS HameRh o ana
the sibhi coR-GATRREAT Bafeds Pr &S Bty LoRMtAnds { PebPRdBES YorhSledy | Ug 1 the

total quantity of 100 mass% of 'the water-repellent |iquid chem™ al for
si | i con- base@rwepellent hgualdehirallalt er-repel l ent filmcan be readily and
20 uniformy forned_at | east_on the surfaces of the recessed portions of

t he uneverBBEECIHOBRELE INVENTEIN t han 0. 1 mass% the effect of
-protectin n ttern tends t econe insufficient. 1t is r

P ot or abl JoPAEly 0Bt SPeRabA Rl bUEs kP BE AT LMok o e Bp it of
In the casgWhershe® oletiRs shefRebd 8RthbiQUbdeanSaftials $O0fhs WdE0 Ry RASERA
wafers is one diluted with an 25 organic solvent, the Iiquid chem cal may

cont ai2f anredugarhe istdraenon haviwagna liquid oetlained poithe retioswed grortiohs iamd
i nportant that a conponent the anmount of whjch (s the largest in mass ratio
anong conpdsestdagss ohehodessssed ppomtams, 1Wighi whedke i sapopgpleasity ifeyn- Bsed

waf ers has_a, boi li ,nt exceedin 0.c The hailin 0i nt 1L S_nor.e
b ef er abi y 1 oxpelenb il RRSERALAR B0 e pRRRom O, AR RhllabsdRtE
[0085] As {hi8/c0r gaftesnSoh EBhotkiHe MY chRdUSaY, tRE Fobdds! &7 Bloddiéng a
wafer formed having an unevenly patterned surface, performed by using the
30 waterrepellent liquid chemical of the present invention is excellent in

productivity.



32 water-repellent liquid chemcal for silicon-based wafers, suitably
adopt abl e exanpl es are organi c solvents such as hydrocarbons, esters,
et hers, ketones, hal ogen el enent-contai ni ng sol vents, sulfoxide-based
sol vents, | actone-based solvents, carbonate-based sol vents, pol yal cohol
derrvatrves having no OH 5 group, nitroy®n el ement-containi ng sol vents
having no N-H group and the like, and a m xture liquid of these. Anbng

t hese, |t gﬁ#@ :ngth§ Q@gﬁ gesters, ethers, hal ogen

el ement - con arnrng s polya rivatives having no OH group or
a m xtur e [gb42hesfrigs uhce th%ch@irﬁﬂtrcrlﬂlaﬁ' Vet sHddmgCam ckemipds 524 vifet Ne
unevenly patterned surface with a 10 short tinme. [0086] Exanples of

hydr ocar bomhowwrﬁ“odaﬂeneadomMeurfaw fﬂm}edrbaan% alheptteaﬁepaowar?e and t he
| i ke. Exanpl es of gfs are ethyl acetate, op acet at e, acet at e,
et hyl acet oacet at t he FiWeW S@)@ﬁﬁﬁgé’sp%‘f CS‘FO%? OB lge@her

di propyl ether t et her i

Exanplés of ketongg%agL ace éﬁggﬁgﬁetyggggﬁgﬁgngg 8ﬁ3ﬁ§1€@ﬂvﬁggvég%ﬁﬁl thI
propyl ketlgfifid S@tﬂé&félﬂé&tlwrelﬁ@s@ﬂ@orﬁﬁﬁb@I’lﬁxa?lﬂmmngéﬁﬁmr one and the Irke
Exanpl es of the halogen el ement -cont ai ni ng sol vents are: perfluorocarbons
such as perfl uoroHﬁlgaﬂ peAf |scbevrditaneewpeshowprdcycleopdiiianewhere a

per fl uorocycl ohex quorob zene and | ik
Ry of | uorYEETBEHeUT G H I e! Do PaPIGH bb GReafféer i which the cloaning

?gﬁggtggé Eéﬁgggﬁq%%%%%gifH%Nfggﬁﬁg?ﬁgﬁﬁ?Eé?gﬁggro %uor nggR?uch as

met hyhoper f | uor oi Eeilgusy| ethe@chﬁmhﬁmlvmanfbhomohgtnlceh&ﬂknleWhyhe the
perfl uorobutyl ether, ethyl perfluororsobut% et her, ASAHI KLI N AE- 3000 25
( pr oduced wyteasshellartlquidochemical P is Rpivaned 1 Ghe Npcassed poTiongy ¢dberdnn,

Novec 760 ny of these Llnlt and the |ike;
chIorocaragﬁg]é%3HN§@IFngg%W$%ﬁﬁﬁgﬁﬁénguépglpﬁalF&%@ hydr ochl or ocar bons
such as chyioPkE)PORICARRYING QUM PHEf INVIReRIGRNS Such as

di chl orodi f1 uoronet hane and the |ike; hydrochl orofl uorocarbons such as

301, 1- clil6De8b - Th2,Be3eit pevdmidnids appopeandor cleaning a wafer having an
1,3-dichloro-1,1, 2,2, 3-pent af uoropro ane, 1-c i 3,.3-trifluoropropene,
33 1, 1. cieeariatign o 45 e Br &t GpakAEariae gIlek‘él‘ﬁSlUé% o [RHB LRGP
perfluoropolyethers and the |ike. Exanples of the sulfoxide-based sol vents
are dlnethy sul foxi de and the |like. Exanples of the | actone-based sol vents

are y-butyrol act ogRanyny ghewaiack amea chahexanghiagt one, y-heptanol actone, 5
y- oct anol act one, y- nonanol act one, y- decanol act one, y- undecanol act one,

y- dodecanol act onesuEstwwtm@tlaetclaaelmghqeuérreta@tedn@ reesredapaititsontethe
Ernonanolact rdec nolac decan cto Er dodecanol act one,

c- hexanol a"&? ]ﬁﬁd‘ YR rl‘?elP«? leﬁﬁgﬁﬂfﬂggh ‘iaﬁé%&i CE%% B8Sed sol vents are
di met byl carbonatg:m§§ P carbonate, diethyl carbonate, propylene 10
carbonate and the F Exanp es of the pol yal cohol derivatives having no
OH group are ethykdnree yholclédaimmichlithuét kemprésdry Benmgkycot dicatdiybf et her,

. et hyl ene gl coI dlbutyl et her, etn%%ene choI nonomnet hyl et her acetate,
et hyl ene of @enﬂynhegﬂemne ate? @tﬁ&ﬁede egcoI nonobut yl et her

acet at e, ethylene coI acet therne t her

di et hyl ene 15 gly 8%ya“erre‘tvﬁyﬁ’r ’(Lﬁpﬁ 1&‘%9 gfcoefupdﬁﬁdﬁy]ln ettifer ,

di et hyl en%@srﬁefmﬁ%x}h I t%]i' mFEPRbre @f%w&@@ﬁtﬂémol (?j'aﬁlitlbﬂve?bcﬁﬁﬁal

di et hyl ene glycol nononet er acetate, diethylene glycol nonoethy

et her %cettailhngcbcﬂhhxolf e¢he xgm;e@orbpeﬂmibmmhd ehbericalc iatby idijeirbirigewatet ycol

di acetate, triethylene glycol dimet hyl ether, triethylene glycol diethyl
et her, trll@PﬁyBE%éa’Qb?a@ ?@émﬁp‘?ﬁr@@ﬁheelt%éﬁsedﬂ?@réiqm ene gI ycoI butyI net hyl

ther, t th t t
monoct hyl OPAE} “adeea 68 (PRBE Bt B Bbr FonabGey Sl el ERor g
triethyl eng;gl ;y%ahoqggﬁ T@]thqhﬁisr 264 bR Hnsak oIk %ng%ef‘éfro
tetraet hyl ene gl ycol ethyl ether, tetraethylene glycol dibutyl et
t et r aet hyl @Rengloyable lﬁrbmonﬁtthylreeedmeﬂ partiast haes shelll adfithd ané pgbj,e@tdd

nonoet hyl et her acetate, tetraethglene gl ycol nmpnobutyl ether acetate,
t et r adibhy | Ravéiogisylare drgecasmest rphie pyadwéft@rryeollamw hq/leaeltlnéaccupr Iy ene

gl ycol dleth et h coI y l.ene cQ
Tononet hy BT b eI aDgs ShVGipchiE: hartiig: 2ot Tl Lis e sihehatic
propyl ene glycol nonobutyl ether acetate, propylene gl ycol diacetate, 30
di propyl ene glycol dinethyl ether, dipropylene glycol nethyl propyl ether,
di propyl ene gl ycol diethyl ether, dipropylene glycol dibutyl ether,

di propyl ene 34 glycol nononethyl ether acetate, dipropylene glycol
nonoet hyl ether acetate, dipropylene glycol nonobutyl ether acetate,



15 silicon-based wafers becones nonfl ammabl e or increases in flash point
thereby reducing the risk of the water-repellent liquid chem cal for
silicon-based wafers. Mst of the hal ogen el enent-containing solvents are
nonf |l ammabl e, so that such a hal ogen el enent - cont ai ni ng nonfl amrabl e

sol vent can be preferably used as a nonBfammabl e organic solvent 20 [ 0088]
Additionally, in vreM/of safety under the fire protection |aw,

Bbove mont eRoHeE, FHaRMHE P, YR B TR MpRECFEMEY %Ofr?d@ﬁﬁr tohi zed

Syst em of fdrafel ft)hﬁettlmlﬁ@dnhmm PO Chered isa Gd% shmfng yeatt bavi ng
a flash pornt 25 of not higher than 93 Cis defined as "a flammbl e

|i quid". TEher efaseesectioanof gl dentWitthisng of fdcastedppntioex caediefingd bg i s
used as t he sol the water-re Ilen uid chem c tends tp have a
flash poi it efyeleﬁme@spmee@# SRS PR bR R A S e SN

Hence t-he gﬁm%§ i is
pref er ébl eﬂ‘ Vi e'gvltﬁ%[ﬁ Sg)%{;t *}ﬁ{ﬂé ffggtgsf@gdg%t?%%al Y, r?g egé%’ bg’ hgn}é@hfgh

| act one- be}ﬁe@ﬁhﬁsots )T pr@ﬁbmr@dﬁxdiﬁsl%d“&@twmb$ thé beojeetadapeahnls. The

derivatives having no OH group have a high flash 35 point; therefore, it
i s prefer gitéermoc st Hewed solthe slenning steieis toccasilylocghr Mﬁtﬁmﬁteereceem | ent

l'iquid chem cal for siljco ased waf er s n be V|ew

safoty, 1 BaLoRs R MRS omote agofd Bt PaiNRay pidkoopt than 4
exceedi ng /0 acf\lda&‘/g g%ﬂ@ %@S&Y XDl 148 OVh ¥ Quﬁgﬂt?&ﬁﬁtl?ﬂ?oﬁ less than 6.

y-val er ol act one “undetanol actone, b5- dodecanol act one exanol act one,
propyhene Joantbbnale thetchading woves oftihaupdseat heventedmyihendeghimgoliquid

nonobutyl ether acetate, 10 ethyl ene egcoI dlacetate di et hyl ene gl coI
et hyl net wprltezmeg 80anasyly losreaeatopedia ehlsent hawmge boding ngﬂrnérr)é 5@ tp

butyl net col di but r dieth ne g

monomet hy I Ceiniatoied B SR TR s R aRs s, b P R e o L58

di et hyl engpgl YieahiPMRRE Vis St ACEIRItR, tiH %iﬁék%eﬁel%ﬁ{tc@ﬂ wild a9RLAkS]
triethylene glycol dinethyl ether, triethylene glyco d|eth 15 et her,
triethyl enm@rya:ortnd:lmlontwhemﬂ&rcleamm hyhehe giyoed dueyst nethwireceem
trleth | ene egcoI Hononethyl et her acetate, triethylene glycol nonoethyl
et her 1 ceﬂ&F ong of he,INEREn FEYESP- nonobut yl et her acetate, triethyl ene

gl ycol e, t t hy. t hy - g| ycol
i 2t hyl “etneet P FMEC NS DRRRRY VB RHIRHEE o FoRBiviod SYRER, WVLERG:
nmonomnet hylhc?tﬁdes herredgieledl & ré@kEabihytions Ohyabe deavieichylepet e acgéat e,
tetraethyl ene gl ycol npnobutyl ether acetate, tetraethylene glycol

di acet at e,dyavopyh éhe sghvmeltlcdrlaWe@%Fg Smhpwepzy peneoftheara’ me@ttﬁyseq@mpl,u

monact hyl EiEndr - ARS AL TR ARy M GTEP Gratiad Bt A vatie: O 1

di propyl eng @t@/ﬁﬁtﬁoﬂ fﬁ&fﬁ}% cl%énfrfét leaem fetahye%ptn ﬁlegfetcgé’zjse Eb&&lons 4

tripropyl ene glyco rlprop ene glyco butyl ‘et her,

tr|propylamﬂj@hyaﬁhngunepethyl et her acetate, tripropylene glycol nDnoethyI

et her acet ate, r%proe%lene gl ycol nonobutyl ether acetate, tripropyl ene
Btr

gl ycol di aI@@flale prfbpw eif8egIafen| Vtﬁ"‘ﬁeﬁhwfﬂﬁ har, Opétﬁi%rdﬂ}ﬂr@neﬂ

I I t I 30di e, .
bt on TR LI T L5 TR QAR P
mor e pref ‘”1{) i€k rHSR ﬁlesete\éemg Itﬁiula% @stte&%ﬁe@qwheeme@mgo%& 4. 36
such as y-butyrol actone, y-hexanol actone, y-heptanol actone,

y- octaMDIaﬁtdﬂs(xyamonaembﬁmmmnﬂto&ﬂﬂed&anﬁq;hqnﬁiSyNﬂhdﬁeamakammpaHent
y- dodecanol act one, 5-val erol actone, 5-hexanol actone, 5-octanol actone
5- nonanol aléteidechesnisal Hiuratassa®, sipce ke sleaaing Lismed 85c0ndreaec maes@%%

o onaBisRlE: of oD LORERE R iRER R i fige bt aRe 58 o PO G AU STigrefhe
di et hyl enegg eﬂbﬁ@%ﬁi? cHinSicRY loene hghieeoto MRNRSEIWAr ehier4Rect AlE

di et hyl ene gfyco nonoet et her acetate, diethylene glycol nonobutyl
et her acetEW@xtm@nethgﬂﬁmep@hyeﬁthﬂhﬂﬁhhyépeﬂdnﬂhqﬁﬂﬂcﬁdmﬂbehenghugefthe
di ethyl ether, triethylene glycol dibut ether, triethylene_ 10 gl ycol
but yl 3fet hﬁ,‘lBa@mgerhqltl reaﬁyamréﬁgta}c@meﬁenbmw Cb@ﬁt—‘}?a]aéetl@ft go readily

triethylene gl nopnoe et her aceta trieth but yl

et her acetB{%® g‘ggf"e‘t‘ﬁ%e (Ithe&/ bfuﬁt%t O%F%Véatcéfjg astr&prr‘é%etrﬁﬁge%ei/@ 8@0%9}& hyl
et her, tetraethylene gl ycol diethyl ether, tetraethylene egcoI di but yl
ether, tetraet hyl ene gl ycol nononet hyl ether acetate, tetraethyl ene glycol
nonoet hyl 15 ether acetate, tetraethyl ene glycol nonobutyl ether acetate,
tetraet hyl ene glycol diacetate, propylene glycol diacetate, dipropylene

gl ycol diacetate, dipropylene glycol nononethyl ether acetate, dipropylene



10 [0093] A hydrocarbon group represented by R8 of the general fornula [6]
is exenplified by an al kyl group, al kylene group, and those the hydrogen

el enents of which are partially or entirely replaced with a fluorine

el enent (s). [0094] Furthernore, a hydrocarbon group represented by R8 of
the general fornula [6] is exenplified By an alkyl group, alkyl ene group,
and those the 15 hydrogen el enents of which are partially or entirely

repl aced | uor i is a
Ci Cls: hych SERpetE SR EIRNATE cbhnls BB ELaderoqia L 2o BhE: D 0
nunber of figem Jbet:@:ngs reydlyprefenablly fAOM Irebaltd, tie) REDsHINNOE extahd ent
wat er repellency is obtained thereby. It is furt her preferable that R22 is
a strai ghtdesiedopeskivad khorignomep. 20 [ 0095] A phosphorous el enent - cont ai ni ng

conmpound en t he ge eral fornula exempl,ifie
CHSWE(([; O‘iﬁ@‘lgf:ZHgﬁg%O)%oﬁ)@g L@ éﬁs_ ?L)g(lgggéltloln W?Lere the

(1? )1)2205‘21 b0 <Cehirs LSRR @%ﬁéﬁ%ﬁf%%p?efégﬁééa%%é 1o 104t

(0) (OH) 2,3 Chatd2 & dlbnt( Gh?, 12 141§39d Oid OfHe 2suRSifubivh 1&kR( 0) (1O 2,
C16H33P(0) (OH) 2, CL7H35P (0) (OH)2, Cl3H37P(0)(01-)2, CB115P( 0) (0w,
CF3P( 0) ( myater@@sﬂ(em) ) 22 ie3p d)QIle/he SOFERE O)f (1) TeceESTL DRYDYIOVR,

gﬂipg 8; E‘ﬁ c;Féspi(: O%éa—l) %ﬁam Fl 7P er%%2 CF3 C2H4P (0) (OH) 2, C2F5
MFgczmpg?,ggl?a)ﬁ }féﬁlﬂa@?éxi"apﬁ?% %%% &%&ééﬁ) ’%‘he?@ ter-repellent

C7/F15C2H4 2, CBF1/C2H4P ose o talned y su stlt ting

group 10f tlhesd compeabds: wilicbn- H%(s@)l(xﬂrﬁe&ﬂrB paefeuably S8 cBinlhll ) GaRtdn

group, -P(0)(OC-102 group or_-P(0)(0C2H5) 2 group, . and the like. [0096]In

order to escmpRUndE: éeﬁls@@ém%tbmﬁiférgeﬂ@ﬁél fosmayla dipppseoperfgining the

el enment - con alnln pres nt e the general formula [6] is 5
B o ReR AR A AR GER P& Pee

preferablf; ral formula [6] is 1 or 2, and
nore pref eﬁ@@@b}’ aIﬁo'EH@U'A‘Bo{ré‘-n!\éht‘ifﬁhéli S% énerhf e fGRIRRUNT ], beﬂh’ég hERswRIeRt ed
by the follow ng general fornula [17]. 1123-13(=0)-(011)2 [17]

(I'n th?hfdﬁmghanpl@hruﬂﬁﬂrﬁn@heaﬁpeﬁta>EbbﬁngedFPmwh@nn&%hyﬂﬁasgnhm@e?p .
group the rogen el ements ic parti y of entirely be repl ace
with &5 (BRIteTSete REREEL§ Of 9‘{[ 0BRPA| moftide, G5 & 81 P A OB RN 99 RETE$CR he

gener al foeh?&‘lng;ﬁ% ?lé%rﬁ%%toilsé]ﬁg,rl &Ihe%ﬁ}fuﬁc% %lf)k V\}Z} {:Xe&?aﬁ‘&% L oup,

phenyl group group the ogen e enent are rep aceg wth
al kyl gr Otﬂpﬁam@wtoha%egfmmrﬂeﬁ Ehage ahydaﬂcabbpaheg:reogﬂﬁlﬁ hemliyeraeap,

el enents of which are partially or entirely replaced wth a fluorine

el emrent ( s)diadpdantigo] gk, [(ﬁ@@é}ocmuﬂeu @talby azRE: @@rothe apetemade faonpl a

Lo o, EMEEROITARRS. T, 1 TR P v e

pref eapl o eequspomtensxoc! | eolpelor 2Rl | encNE@DL At (oY

In addition, it isS pre erable t ha rocarbon group the h

el enents ofmidaizoke ring (phé tloRbWn® forentlar [ella]) hexazelidaed: winkh(the ffbll@mx@

el enent(s) is an alky group, _nore preferably a stralght chai ned a i
group. |f fersvdai gHd4Phai marphokye grisug i $theedidiowme hyﬁ)rmudaborllé Joup,

R8 and 112 r dr i hor o

el enent - coﬁwif&ﬁkggﬁgﬁ%g%h 3€@§E#§§Q%¥§h @y“?ﬁ%gbgﬁgﬁﬁﬁ-#ﬁ#ﬁﬁﬁagn?%¥eﬁhd
[17] tend Eﬁﬁ%aﬁfdra@gﬁ% MR IRRNALEH Ie@érhynﬁsooﬂvtﬂﬁmﬁ%ta%%r% PQ}% entirely be

wat er-repellent filmat the tinme of formng the water-repellfent fil

t her el®p noreplecedewitdni fynoedde dietiang (s st imteget b&hayr-2;npat § isngn aitfeget
which is further preferable. Mreover, R8 and R23 are preferably
hydrocarbdﬁ”@@%u%§0@h@@@th?&ﬂ%@en 30 el enents are partially or entirely be
substituted with a fluorine element(s), in order to inpart a far better

wat er repellency. 39 I0099] Addi tional | t he phosphorous

el enment-containing c d my exist fn the formof a sat present ed by
the general fornulgy nd [17]. ThY sal tCkan be citefy by a nium salt,

am ne salt and theIiQ%;;$Q100]Addltloqally it is prefe&ingcjhat R1() of

t he general fornula [ 1 of
30
[13] [14] O

[15]



5 the general. forrmula [8], R14 of the general formula [9], R18 of the
general fornula [10], R18 of the general fornmula [11] and R17 and R18 of
the general fornula [12] are Cl-Cm nonoval ent hydrocarbon groups each. of
whi ch hydrogen el enments may partially o 2entirely be replaced with a
fluorine elenent(s), and nore preferablg, CH2mF1 (ift = 1 to 18),
Cl1F2n-F1CH2CH2 (n = 1 10 to 8), C F2rfl1CH2 (r' 1 to 8) and C5F29+1 (s= 1
to 8). [0101] A conpound represented by the general forrmula [7] is
exenmplified by CH3COClL, C2H5COCI, C3117C0C1, C41-19C0C1, C5H11COC1,

C61- 113C0d0058 7 H1Brodhe aBaver arosionedcogenkraboformudaoilli2 thaCiponovalent

C15113300ARTCATAL EABEDEE VIl STPEREL? Dech eHE paticon Glgaser is exvsenc
C3F7C0C1, ; . 7
obt ai ned bvﬁgﬂg:&qgg’} ﬁ%ﬁ%ie% é’rlcs)}% %%engggég%o dé(%égé Cv% ﬁl{n %Qgé)%eu%g >

- Br gr gup [id e elaf@nt Mert lalléea s{1b82kulfar Windvh Abgd i eleendmpd ndihd likeW t h
a substance containing a netal elenent and the water-repellency-inparting

ef fect on Exwmplasf of heforgasicogromt ate as edkawf grquit, heOP&CH iU HOGCHS,
o101 coer O E IR TG ok AR 0 A5 ot COTHEb SEhete. sk fooc,
CrR15CoCT. Cichr P AR Ty o RREME S e iomel CILbiones of DAY | 1e

general f qrarladly] &lehtiredy drplebidced Wwithco fipovindselsueht@d), @olalkyl tulibRate
Csl1- 113NH2, C7HI5NH2, C81-117NH2, C91- 115NH2, C10l - 121NH2, Clit h3NE12,

C12H2 88 grewp 17 hadmeenidppentaiel wiorbrsian-partcildy or 33rMzly be7redagel
C15H37NH2, CF3NH2, .CF3C2HANHR FENHR, C2F5C2HANH2, C3F7NH2, C3F7C2HANHZ,
CAFINH2, éﬁ%@zﬁ&ﬂﬁﬁ? G%E%Eﬁ&ﬁg‘,% é’(?l_iﬂ%‘iﬁllNHZ, C5F11C2HANH2, CS5FHCH2NH2,
06F13N1121[0@55]130,2&%%8%@%%%1'8%3?@1%51%% Q%@Q&ﬁ@@,oﬁﬂé%@"ﬁ
C8F17NH2, 40 C5F17C2HANHZ, CSF1/7CH2NH2, " CAFTH2NH2, CHF11F2NHZ2, 08F15H2NH2,

( C3H7) 2NH, gefet#lof2 Mty la ((Chis ddapaNFied (364 LhOANHzro67 bidBdNbup( GRELFRL L,
(COH19) 2NH, (G 10| 1202NH, (C 11O 2NH, (C12H25) 2NH,  (CL31127) 2NH,
(c1411202Nd therBkgooNH,  (C16H33) 2NH, (C171135) 2NH, ( CL8H37) 2NH, ( CF3) 2NH,

(csr1 It peh Pt Hy bt e Rttt Bl R se ek pLf ribt
(CAH9) 3N, 6 i WwBNh (1e6HLEESN (UefAtkDlabroy GFHINY IMhtet GBI BNIm and

(CLOH203N, (C 1i H2O 3N, (C12H25) 3N, ( C13H27) 3N, ( C14H29) 3N, (C1511303N, (C
i SH30 3N, 1edL7dl B BieXCLRHIAMGA] PEFOeSNWCRESY aNptIE3RTyuid N r(dodroy B deCS Fi

8

8, (R (R Nt AR SIS B
TN A A TR B R Mr RER Ghi
20 particularly exhibited with water, but the effect of reducing the interaction is
exhibited also with a mixture liquid of water and a liquid other than water or
with a liquid other than water. With this, the contact angle of the liquid to

the article surface can be increased.
[0054] Examples of the silicon compound A represented by the general
25  formula [1] are: alkylmethoxysilanes such as CH3Si(OCHs)s, C2H5Si(OCH3)s,
CsH7Si(OCH3)s,  CqHsSi(OCHya,  CsHuSi(OCHa)s,  CeHisSi(OCHy)s,
CH1s81(OCHs)s,  CgHirSi{OCHs)s,  CoHisSi(OCHgs)s,  CioHz1Si(OCH3)s,
C11H2Si(OCHg)s, Ci2HzsSi(OCHs)s, Ci1sH2rSi(OCH3)s,  C14H20Si(OCHS)s,
CisHa81(0CHa)s, Ci1sHasSi(OCHs)s, Ci7HasSi(OCHg)s,  CisHsrSi(OCHs)s,
30 (CHj3):2Si(OCHy)s, C2H5S1(CH3)(OCHas)e, (C2Hs)2Si(0OCHa)s,
C3H7S1{CH3)(OCHa)s, (C3H72S1(0OCHz)s, CsHoSi(CH3)(OCHs)s,



(C171135) (CH3) NH, (C181130 (CHONH, (CFO(CHONH, (C2F5)(C113)NH,
( C3F7) (CH3) NH, (CAF9) (CH3) NH, (C5FI) (CH3)NH, (CsFi O( CHONH, ( C7F15) ( CH3) NH,
( CsFi O{ CHONE, (C3H7) (CH3) 2N, (C4H9) (C113)2N, (C51111)(CH3) 2N,
(061- 110( CH3) 2N, ( C7HL5) ( CHORN, (0811'1% (CH3) 2N, (C9HI O( C113) 2N, (CLOH20
(CHO 2N, (Gii H2O(CH3) 2N, (Cl2H25) (CH3)2R, (C131120 (CH2N, (Cl4H29) (CHO
2N, (CL15H31) (CH3) 2N, (CLl6H33) (CHO 2N, (C171135)(CH®RN, (CLl8H37) (CHRN,

(R 1) (R IRESTERH Y e zé‘??e%%f?@@%ciﬁ? (TR B e

like. I'n augiSACHAGORRRUND 1 epiRseitCen) (CHEe, geneCaH, i OHHA@H,)5Ry be

used in the formof a salt. It is possible to exenplify the salt by
i nor gani ¢ GioHeh Si&CHe) (©Hfi)as cafbdhabeCHy (G6Ehpr | de(thEsSuﬁCHa)(@CHs)E,r ate

oht hat at o GalenCPoRBUTgs0a Prienstii BeBifor « HebbomlCRindy tha

substapce ¢opt AR BCH,):, C17H3551(CH3)(0CH3)2, C1sHs7Si(CH(OCHy)s,
(CH3);Si0CH;, C2HsSi(CHy)20CHs, (C2Hs):Si(CH)OCHs;, (CaHs)sSiOCHs,
CsH7Si(CH3)20CHs, (CsH7):Si(CH3)OCHs3, (CsH7)3Si0CH;, C4HsSi(CH3)0CHs;,

(C4Ho)3SiOCH3, C5H118i(CH3)2OCHs, CeH13Si(CH3)20CH3,
C7H15Si(CHs)2OCHs, CsH17S1{CH3):OCHs, CsH19Si(CHa)20CHs,
10  CioH21Si(CH3)2OCHs, C1:H23Si(CH3)20CHs, C12H25Si(CH3)»OCHa,
C13H27Si(CH3):0CHs, . C14H26S1(CH3)20CHs, C15H31Si(CH3)2:OCHs,
C16H3381(CH3)20CHs, C17H3551(CH3)20CHs, C1sH37Si(CH32)2OCHs,
(CH3):Si(H)OCH:, CHsSi(H)20CHs, (CaHp)Si(H)OCH;, CaHsSi(ID0CHs,
C»H5Si(CH3)(H)OCH, (C3H7)2Si(H)OCH; and the like;
15 fluoroalkylmethoxysilanes such as CF3CH:CH2Si(OCHas)s,

CoFsCHoCHsSi(OCHs)s,  CaFCHRCH:Si(OCHz)s,  C4FeCHoCH:2Si(OCH3)s,
CsF11CH2CHSi(OCHS)s, CeF1sCH2CH2Si{OCHS)s, CrF1sCH2CH2Si(OCHS)s,

CeF17CH2CH:Si(OCH3)s, CF3;CH2CH3Si(CH3)(OCH3)e,
CoFsCH2CH:Si(CH)(OCH))s, CsF7CH2CH2Si(CH)(OCHa)s,
20 C4FyCH2CH:Si(CH){(OCHS)s, CsF11CH2CHSi(CH3)(OCHj)z,
CeF13CH2CH:S1(CH){OCH3)2, C7F1sCH2CH2Si(CH3) (OCHS3)2,
CsF17CH2CH:Si(CH3) (OCH3)s, CF3CH>CH:Si(CH3)20CHj,
CoF5CH2CH,Si(CH3)0CHs, C3F7CH2CHSi(CH3)2OCHs,
CsFeCH2CH2Si(CH3)2OCHs, C5F11CH2CH:Si1(CH3)20CH3,
26  CeF13CH2CHSi(CHy)20CHs, C7F15CH2CH2Si(CH3)20CH3,

CeF17CH2CH3Si(CH3)20CHs, CFsCH2CH2SiH{(CHo)(H)OCHs and  the like;
alkoxysilane compounds obtained by substituting a methyl group moiety of
methoxy group of the above-mentioned alkylmethoxysilanes or
fluoroalkylmethoxysilanes with a Ca-Cis monovalent hydrocarbon group; and

30 compounds obtained by substituting the methoxy group with
-OC(CH3)=CHCOCHS, ~OC(CH3)=N-Si(CH3)s, ~-OC(CF3)=N-Si(CHz)s,



nmetal elenent and the water-repellency-inparting effect on the surface of
the netal -based wafer, the particularly preferable exanples of the above 30
conmpounds are .conpounds such as C6li 13NH2, C7H15NH2, C8HL7NH2, C91- 119NHZ2,
C10H21 NH2, Cl1H23NH2, Cl2H25NH2, C13H27 H2 Cl4H29NH2, 41 CIL5H31NH2,
C16H33NH2, Cl7H35NH2, C181137NH2, (C4AH9 NH (CSHI)ZNH (C6H13) 2NH,

(C7H15) 2NH, (C311102NH, (C31-1102NH, (Cl10H21)2NH, (OuH23)2NH, (0121125)2NH,
(C131127) 2Ny COCR2 Yvdidte REASK1ZLIANEL WfehIN33dPNhy diebdafrb b5 b the
(C181-137)2N11, (C4AH9)3N, (C51111)3N, (06H13) 3N, (C71-110 3N, 5( H17) 3N,
(C9H19) 3N,h3((ﬁm9éﬂle)18m,en(c£|ofl-@h)¢ﬂi\l m4Y. par2i4A B Ny cﬁlﬂiﬁﬂﬁ?l)él‘tf,epla@kdl-ﬁ%}ﬁl‘d,
(C151131)3 (C16 C17H35) 181 137) (C51110( CHONH,

( CBH13) ( ﬂm}fés)éemm YZ@ hB:[ sq&%m ich

AL
(C11151) (B ﬁx%*éﬁ&%f“%ﬁ?;vm(ﬁ ?1%&%1%%%9f1§f%%ﬁ?€mmwwe
(Cl6L T30(CHa N (CE%“”G??%%NH ( H..’?(*‘é”ﬁsﬁ)’zﬁcen SOy o

( COF19) ( CH@ad 1zl BRA): XD BFY) eNem(zms)Osl(CHs)s,

CIFOND, )égmﬁf&éﬁ%%ﬁ%ﬂ@b%éf&@?ﬁé RS oo Sils. 15
Crr15CoNE SR D G oI B E QR ETERaG 8 g (T8 T 05 SCHe A

conpound r-e(rEs (S @Y s ) heviggaeralis f0C @ anddHoviager obaﬂﬂ%%s@omwunds
such as C51111CO0OH, ©61113C0011, C7H15COOH, C81117 . CsHi s
C10H21000 Hydrogah 1clemenks aﬁl@hlc%@@@ﬂ paBL3fy7 000dntirdp 181 4epBeedHyith a
C15H3100011, C16H33C0O0H,, Cl7H35 3H37000H, . .C6H5CO0H, %gn )
C6F13COOH, 1S n@FiW e‘rﬁ)‘““t Py eanédr’rﬁé’ﬁ‘n’d’&e%ﬁ i meee Byo 2),

substituti

SUSt L UL N 0 Bl o b A UEE IPEND U5, ) L ORISR |\

li ke. 25 [[0066] | Addovicnaldy, a:hleqmumﬂ)eth)é Xloapélid kilidonycoshpiudd SUbshashc &
containing a netal _element and the water-repell efcy |g@grti ng effect on the
surface ofrepresemsedbybbséd fdndhe senerglaformadn 41],ys prefesnbly & besamst € of

t he atigve

water-repellent film is uniformly formed thereby.
[0056] It is preferable that R! of the general formula [1] mutually
independently represents at least one group selected from Ci-Cigs monovalent
hydrocarbon groups the hydrogen elements of which may partially or entirely
be replaced with a fluorine element(s) and more preferably at least one group
20 selected from CmHom+1 (m = 1 to 18) and C,Fom1CH2CH: (n = 1 to 8) because
the wettability of the unevenly patterned surface can be more reduced when
the water-repellent film is formed thereon, i.e., because a more excellent water
repellency can be imparted to the surface. Additionally, it is preferable that m
1s from 1 to 12 and 2 1s from 1 to 8 because the water-repellent film can be
25 formed on the unevenly patterned surface in a Sh;DI't time.
[0057] Among these, the silicon compound A is particularly preferably
hexamethyldisilazane, trimethylsilyl dimethylamine, trimethylsilyl
diethylamine, tetramethyldisilazane, dimethylsilyl dimethylamine,
dimethylsilyl diethylamine, 1,3-dibutyltetramethyldisilazane,
30 butyldimethylsilyl dimethylamine, butyldimethylsilyl diethylamine,
1,3-dihexyltetramethyldisilazane, hexyldimethylsilyl dimethylamine,



conpounds are C5H11COOH, C6H13COOH, C7H15CO0OH, C81117COCH, C3E19COCH,
C101121C00H, C11l123C00H, C12H25C00H, C13H27CO0H, 30 Ci 4H23COCH,
C15H31C00H, C161133C0011, C17H35COCH, C13H37COOH, compounds obtai ned by
substituting -COOH group of the above conpounds 42 with -COOCH3 group,

- C00C21- 13 group, - COOC31-13 group, - COBP group or -COSCH3 group, and the
i ke. [0107] A conpound represented by the general fornula [10] is

exenplifi te co ch as 1 ICO,
I e T i e e T e e e SO s
C111- 123Nty dlalet BA3NKA Clﬂzﬂ&ﬂi@&mﬁlél - 12301d8m efIiGHBINCO, GEoylhadNeO,
C17H33NCO, C181-137NCO, CF3NCO, CF3CH2NCO, CF3C2HANCO, C2F3NCO, C2F3CH2NCO,

C2F3C2HANCGS-didpaslicarame Enddisi eane, cswml(immwmsmodlmﬁsmgmu@a

S N SR SR S IR e 2h S TR IS & af 7 TS e S e peeey
o 116N S RPN LSSty 5he s B e s

C101120( NGOpB8] C1 FLkER4MNGRE2 it ¢ Dr2feAEIR) ShatCllaHAGIINGD 1 2 1o Git46129 DGR}l

C151{30(NQD) 2, C151132(NCQ)2, C171134(NC0)2, 15 C151-133(NC0)2, (NCO
C21- 14NCO, fremode e;muaN@mstl{lgj@@)hwmg ] m@mﬁfmw&d yeNGOpoE1adid 2 NCO,

G 1 T22NGophety S 14 i haepterent A% < BRI Moy

Ol 5H3ONCO, 61132
C3H5( NCD) 3. }%X%\m)s B}gﬁ’u |T9N%ér%3ﬁ;$4%ﬁb(mg%%%le%ﬁ%qﬁ ‘?‘1 %ﬂ’rn)

-5-9, 103, -ahlRridg, a1 Horate esﬁz,r a9yl Borate- e&er, @@ﬂd&ﬂtﬂﬁﬁ)ﬂludﬁ&é&&i(d‘)@)) 3,
C12H23(NCD) 3, CL31125(NQD) 3, Cl41127(N 0) 3, CL51- 129(NOD) 3, ClSllBléN(I))B
C171133( N@@)gj ogﬂg)p){gg(hqw cm and a silicon compound B represente
(NOO)zcz (Noo 2@00 14( NCO) 2, ( NCO) 2CAH6( NCD) 2,

( NCD) 2C5HEY fﬂi&% NCO) 2, ( NCO) 2C71112( NC0) 2, 25

( NCO) 208"”{606@3) 28&1&{6@1@%%1 WS B N%’)ﬁﬁloéeln%%lN@a}&ula [2] and its
(NCO) 2C111- 123( NCO) 2, ( NCO) 2C121 122( NQO) 2, (NCO) 2C131- 124(NCO) 2, (NC 0) 2C

L2 NCOENN 2035 HEBEGON? N T ‘mﬁé‘m@d mm?%‘g?ﬂf’*?g(m :
an 1. .Ke; oun (6] ai nhed SupstJ tutl

.socyéﬁatev %Zlﬁﬁmc bﬁﬁ fﬁdﬂl’f”ﬁ’@nﬁ Wde 95 @Gr%ﬁf}b%}?ﬁfé‘ h - SH
roup, - I o C

gt r U(F:)t ure su d?(lzlilse gﬁ im gaz(gl |§gﬂﬁx %HQ%EP? ovx,i%r‘%%ty ‘%%1% 5@?%@{&%@;

and the |i[g.and &Qw&iydm@m&bd@mﬁphﬁem b hecetmpeid, btzlzﬂwrcwctaﬁcaamd

substance containing a netal elenent and the water-repellency- |n'ﬁart| ng
ef fect on pdrdadiyprayepymie haicid, acetic anhydride, trifluorcacetic ydride,

pentafluoropropionic anhydride and the like. The silicon compound B
20 represented by the general formula [4] is preferably a chlorosilane, alkyl silyl
alkyl sulfonate or alkyl silyl ester, and exemplified by trimethylsilyl
trifluoroacetate, trimethylsilyl trifluoromethanesulfonate, dimethylsilyl

trifluoroacetate, dimethylsilyl trifluoromethanesulfonate, butyldimethylsilyl

trifluoroacetate, butyldimethylsilyl trifluoromethanesulfonate,
25  hexyldimethylsilyl trifluoroacetate, hexyldimethylsilyl
trifluoromethanesulfonate, octyldimethylsilyl trifluoroacetate,
octyldimethylsilyl trifluoromethanesulfonate, decyldimethylsilyl
trifluorcacetate, decyldimethylsilyl trifluoromethanesulfonate,
dodecyldimethylsilyl trifluoroacetate, dodecyldimethylsilyl

30 trifluoromethanesulfonate and the like.

[0060] Furthermore, it is preferable that the base is at least one selected



net al - based wafer, the particularly preferable exanples of the above 10
conpounds are: isocyanate conpounds such as CAHS5NCO, C5H11INCO, C61- 113NCO,
C7H1I5NCO, C81117NCQO, Cal haNCO, Ci oHNnNCO, Cl11H23NCO, C121125NCC3 C1l3H27NCO3
.Cl4- 125NCO3 C15-131NCO3 Ci all133NCQ, Clé%- 135NCO, C18H37NCO3 C3F7CH2NCO,
C3F7C2HANCO, CAF5NCO, CAF5CH2NCO, CAF5 @MNCO, C5F11INCO, C5F11CH2NCO,
C5F11C2HANCO, C6F13NCO, 15 C6F13CH2NCO, C6F13C2HI NCO, C7F15NCO,
C7/F15CHZN@ey mEhle PHEbIEE s t o AR oG8 Y MNP NCQe t£BTd AL YIS i fndiRe,

| i ke; compounds obt al ned by substituting an isocyanate group (-NCO group)
of the abdvethyzlbopdranme dmpetindsnning alkiagrimep dialEpargimeu priallGdhkdee gr oup
or a nitrogen, el enent-containing cyclic structuye such as i m dazol i ne
fing and NEingchiosagRg. Nialpmeroholesnd aslifen fermpeppade heieseytedhe
general f ! i fied by conmpounds such as C4H4S, CH3C4AHIS,
0211504%8%%%?&%£L38, C51-111C4AH3S, C51-11304H3S, C7H15C4113S,
CoH17CAH3$006DIL - 1 BYGAIRIS, of GhRHRACAHBIS 1Al b2 AT D e At HiBthe liquid

C13H27C4H3S, 014H29C4113S, 25 C15H31CA1-13S, Cl61133CAH3S, C171135CAH3S,

C18H37CAH3ZBen(8#B3NBe @489 n- hoNSenCRls GBHRNSorgaped HRNGYd @44daBHiRgi®oup

C5H11CaH2NS, C51- 113C3H2NS, . C7HI5C3HRNS, ., C8H17C3H2NS, H19 C3H2 .

C10 Hzlcstﬁé‘,’méﬂsr%%ﬁm,ﬂt%g #ggquiq%@s ‘f%%’?’éﬁ% ,ra??ﬁziﬁ%gﬁ?‘f\@, C

15H31C3H2 L1 2 1@3%2% t ik :

I nci dent a:}!l%ﬁl%é%::ﬁ% r prgsgeifr}:t sgk%eg%ﬁ g%ﬁgne, ?P@p?@%eﬁpgféé}bt ﬁlfotp fene

ring, C3H3NScdrepheskbntadert by 2zaleactingd SBHRNStrcapmesenhsha ddd @zieeliqhidg.

44 [0110] A conpound represented by the general fornmula [12] is exenplified
dacadnod s, aceh s cdecbase s ag3smettute3HDp ar CAHRIDE0

by coRPoursensiggh dect ,
Cc0o4112,C51-111 0t5 j i , C6H13C00COC6H13,
3

G71- 115000EHET EBe COOCOC2HL7, C21- 112C00C0C21112,

%210@%{)9@]21, Gkl 3L A XL L3, ;@@%&%@ﬁ%celeraﬁng effect, it is
C13H27C00C0C131127, C14H22C00C0C14H22, G 5H31CO000015H31,

C161- 133CqAEnEhbE3hal Th33Epaa0chathR5] GoskBine0nEaC] Phriiddlarly, Ghids ©GACRO5 H5,
CF3COOCOCF3, | C2F5CO0COC2F5,  C3F7COOCQC3F7, CAF2CODCQCAFS, C5F1100000C5F11,
C5F13coocaesfera bl o strongcrid FByonste dop ity socka® bydregen ehlorideg sulfuric

0111 it 1] f | . d t ed. d
Fopr ctint Sy pehdibic AGHRAR, Bad IffecmafiOTRONDC RERE Bid LAY SRIPRUACS |
has an HLR¥@kues 62ebeitdhAgpiaisdly bf ieRtise RRtdp0se O it 2 MBrAR1clbmhehs),

because such a conpound can inpart better water repellency to the surface
of the 15 aret alithaseanhpdede, [ 0192ibAddi 23 onatiillporameshqresfifonisl e tdvad, a

d Jected f d d.by.th |, f | 6] t
(121 and SR easaisehRoes A HORE BRI LT Rectib Ot i kbs oSN led by e BYRBICS g
general { Qiacd S04 3ipktu AUBRUARERE 59 cc BEAT 0 SRD. AcHRIRRYING

can inpart better water epel I'ency to the“surface o sed
waf er 20R24rXkd[de2] anhydride, duch aderifiomvdaticlffid, Xpifhwpoeseid anhydiidast
one selected fromthe group consisti nﬁ( of - P(gj}l(a_i) 2, -NH2 group, -N=C=0
group, - Semtaflporapcopianic geidupnaibe drke; shipaosilanes alkphsilyballyt snifenates a

DT Loss e nSaRieean RS Rt St oat s ratiys O ARk el topti i | e
by the hyd{QeahdUMsmeREEE 6 aﬁﬁeﬁmlé%%pmﬁé,hmbggﬁlru@n%ﬁ%@tof {f Hing

sol vent's, sul foxide-based solvents,” | act one-based sol vents, carbonate-based
sol vent s, rokisdlyconehtidelyi vetlavad wialkin fuoeineHelpnoart(@nd Intideagdly, alkyl
el ement - cont ai ni ng
silyl ester 1s formed such that an alkyl group and ~O-CO-R’ group (where R’ is
an alkyl group) are bonded to a silicon element. Moreover, the acid contained
in the liquid chemical may be formed by a reaction; for example, it is
acceptable to cause a reaction between an alkylchlorosilane and an alcohol to
obtain a liguid chemical contaiming the formed alkylalkoxysilane as a silicon
30 compound A, the formed hydrochloric acid as the acid, and an alcohol not

consumed by the reaction as a solvent.



30 solvents having no N-H group as discussed in the first process.
Additionally, it is also possible to cite: water; alcohols such as

nmet hanol , et hanol, propanol, 45 butanol, pentanol, hexanol, heptanol,
octanol, ethylene glycol, diethylene glycol, 1,3-propanediol,

1, 2- propanedi ol , di propyl ene glycol, 1, Tput anedi ol , 1, 3- but anedi ol ,

1, 4-butanediol, triethylene glycol, tripropylene glycol, tetraethyl ene
gl ycol , tghbapy OPYL &NErdtb YAk thel Y68 AL 180k ol enpOthd 9%5&%
derivativgg EaLing Eroup, suc asagt ??ene g??bo#ﬁ%%none?iy e% %&ﬂ
et hyl ene diwtled gemnraéféyhukt ey an@inytegne falaptylatieaapsapydleeiedefiomeitay | ene
gl ycol monobutyl ether, diethylene glycol nononethyl ether, diethylene

gl ycol norgveuhy| emseiingli ephy| énimeihybolyl nordegtepgncadater, taimetilehel

gl ycol monohutyl ether, triethylene obrnnna thyl ether, .triethylene

gl ycol 10qﬁﬁﬁﬂé?ﬂ?ﬁﬁ@PﬁﬂﬂﬁnVﬁ?etH&P&%@¥§F éoltﬁ%ﬁﬁﬁ¥ “%thgp?eﬁﬁﬂéb | ene
gl ycol smonahiit whniAghesifddAEL hY! enepglyiaghomagmpt hy! et
tetrae?hyﬂgﬁglglycop n%%oef%y?’ether, tgﬁrae?ﬂgﬁeﬁgglycolaﬁ%ﬁ%%Fg%%t&

et her, tetnagldinlethglsglyycol nupdhisryinechiessulforepy ene ghyeddimetioneliy!

et her, propyl ene glycol nonoethyl ether, propylene glycol nonopropyl ether,
pr opyl ene tgiflupadgapenobut ylheéfﬁfhbmethﬁf}ﬂrlg@yl ene dr romﬁb@mw&r@ﬁﬁer,
di propyl ene, gl.yco t hyl ether, .dipropyl ene glycol nonopro gh t her,
dipropyleﬁ€t3Wé?8hnﬂ§ﬁ§§utyl etheﬁ?ﬂﬂFﬁB?§%§$%ne gl ycol ﬁﬁﬁﬁﬁﬁgﬁ 3ﬁ§@§%r,
tripropyl epg i eRIthARBARAKM e St her . BE&NaARMIRNSIA! Yool npReRsRaxbtaet her,
tripropyl ene glycol nonobutyl ether, tetrapropylene glycol nononet ﬁ

et her 10butddceghbngithielily?0 nompifhidrgineghhneswdfishdthe | i ke@odacgddimttlodsityl

el ement - cont ai ni ng sol vents having N-H group, such as formam de. [0114]
Addi ti onaltrifluqrpa¢asaty apd degeeyldunethylalylontilacsematbappeulienatepar t or the

entire of ol nt .sLnce th ter-repell] e Liquid chem cal ones
vont | ammatP364F ° R iBLAF Fuh P8 Lol FRERL ATy hE e Re R S A JEF BISE o
l'iquid 25 hgpiaakd st rédfetiohe %E%@ﬁnﬁle@‘ﬁ?%aﬁ% abfuiﬂgdﬂﬂl YeMtPnAle
nonf |l ammabl e, so that such a hal ogen el enent - cont ai ni ng nonf | amrabl e

sol vent canlite prrepenad|ly repedentedabnéhe Ifaloabie gsoensg dormila { Harwitheat

wat er _can .al so be us%g a%fp&e nQ@{Iannable sol.vent. [0115]Additionally, in
view &P sdfatly URfdereleR®ds i remyr BieecRTBW | SARSIFENg s 080 tHflupEeagstic (aidse a

sol vent hayj h pqj eedi ng. - ment,j.oned | vent .
26 Lo116) MhMBaleS] DU dRHEeT CRif o kR daie. TEtnbaned S
C assi fi cafifturantthabeddlfoige eimhGieide Shaeitddtes, thesohvente Rafbrigl aofdsash

poi nt of th_higger than 93 Cis defined as "a flammuable |iquid".
Ther ef or e,“a@itdeR ™A sol vent having a flash point exceeding 93 Cis used as

the solvent, the Jd.epelle iquid chem cal tends to have a flash
poi nt exceedi ng QQR%€%§%ﬁ£$T4?ﬁeq@81vent i s not nonflammabl e one. Hence the
li qui ggcheni cal hapdine ARRIMIGT16D RA hl AP hEeqd jcdicdtly Wpir&dhidis RNgh&r abl e
in view of safety. [0117] Additionally, nost ofI{heelagfone-baseéﬁso%vents,
car bonat e-dmesgrbwgokylentesl, fitohe thel gralipotmisisténg \dtCyHs.-halee =a Ihtghs) laash

point; therefore, it If 10 preferable to use these sol vents because the
risk of tHeleati&Ha(lalnant to BYui Alzarintegerofiroe | budced 1sian yitegetopt t he

fety, itpi | " th | di i he, first
P bcoss t i, B0k 2PT IHE ARE ok URE: L1 °R o K SathRA RS ML,
poi nt exceRdirfinl LoadvaRif! Rirelnakerehp firedhh slbdBng 8kYWdlded to

di et hyl ene gl ycol, 1,2-propane diol, 1,3-prop anediol, 15 dipropylene

gl ycol25 1,2litnn arledtieal, 151 n¥rbgemnedt als, phsdbbuttanedimplifit r(ReDRH8E- diyycol ,
tripropylene glycol, tetraethylen l.ycal , tetrapropylene, gl ycal ]

gl yceri ne,(Ctﬁgﬁ yi é@lg?’bhil I m@m{ﬂﬁé@h ﬂlﬁ@fﬂﬁﬁ;éﬁe(%@l@gp%m hyl
et her, di e l\y&ol I et her,,..di,et hyl ene gl ycol nonobutyl

et her, trﬁ%??g?@ﬁggg%%bopgﬁgﬁgggg%&ﬁle?ﬁgﬁpeﬂﬁ%%Yhylene gl ycol nonoet hyl
ether, 20 [hobs} hylFepecgdMeR!, WRRAPLORYAs ehiimetlyiglnvLene 4t VAR sMmngbutyl
et her, tetraethyl ene glycol nononethyl ether, tetraethylene glycol

nonoet hyl @niwrund € math hyifleoecaleyicoinmphode epythetbdidr D, the riagihybacetic

gl ycol nonobutyl et her,_  dipropyl ene glycol nononethyl ether, dipropylene

gl ycoBOnoristh d%%rﬁmﬂ,dl%ﬁe& Bifte Heetgitl to Aeyme prispstihy tailyd trifioseansyaene

gl ycol nonobyt yl...et her, 25 trd propyl ene gl ycol nononethyl. ether,
tripropyléﬁ%ﬂﬁ%yggﬂlﬁg%88Pﬂgﬂiether, tripropyl ene glycol nonopropyl ether,
tripropyl ene glycol nonobutyl ether, tetrapropylene glycol nononethyl ether
and the like It is much nore preferable to use: the solvent as discussed in
the first process to have a flash point exceeding 93 C, or a solvent having

a flash point exceeding 93 C and 30 concretely exenplified by ethylene
glycol, diethylene glycol, 1,2-propanediol, 1,



15 and salt conpounds thereof is 0.0005 to 2 mass%relative to the total
quantity of 100 mass% of the liquid chem cal for netal -based wafers. A
concentration of smaller than 0.0005 mass% tends to neke the

wat er -repel | ency-inparting effect insufficient, while that of |arger than 2
mass% tends to be insoluble in a solvent® A concentration of 0.001 to 1
mass%is nore preferable, and 0.0015 to 20 0.8 nmass%is particularly

pr ef er abl | iAqquk i - . i

B gani o sa e o T PRt RS MeALS R e
conmponent diliermemupbund DM idhtii8ublven éidr@estlfomcragsydradd os én@agiddomienent s
of the water-repellent liquid chemcal for netal -based wafers has a boiling
poi nt excdsdlunyorptingndiye | anydodet immedirtelpsrepeer dhamwithntexiosrs of

60 C, nuch_nor referably in excess.of 80 [0119] Furt her e, from
reasons of q%tj}ﬁ?lﬁbl Al Qm&?ﬁ@??% Orb@&?@lsgpgpgé FRhEPPYRE S preferabl e to
use hydro S, ; t E i i ng
no O 1 ouQUBThe AT RS PRl W Rk AR R A B

wat er - r epadilient danmpdchd hBriwizh toflusesadetizasedydaider sas 3BeAddid | DnatHey, in
consideration of substitutability with a cleaning liquid and nore

par ti cul artriflugreacedic pehNdvige | inpediatelnercs thevaaridh-loabsm dimatlylsilyl i s

48 preferable to use. polyal cohol derivatjyes having no OH group, water, or
a mxtur e%l'”l r82 %t af‘%@%ﬁﬁe F]g{ffﬁ]qoﬁlg%@dc#wni ng process of the present

i nvention,[obbg] Wah@nitieRaly), a8t ekhAild vEeMhEing tRramb iy WAL BIZanERR! {HRNt

liquid chemcal for silicon-based wafers or the water-repellent liquid

chenm dél fsdlicaretahpivased wafletrsflhanacthemeenHonicerdfy drade hovles atiddd, 4@ C;

t herefore, g sol venf‘ whi ch may be used for i_Iui}iTon of the liquid chem cal
11

pr ef er abl yribwramsshanespline: aphydigde | gumediaigly sgacts thetRinits &o| lem

pr et horamgohie i ughth &
or ot orabl A s Bin@hr o AR londs ol B bR BRI AR, Cecding 40

as a conpdpesd] t haddmewdllf whicliod s the d:amggiet in MagBed ati 0 apBRhg
conponents of the water-repellent |iquid chemcal (hereinafter, such a

conponent haylibetyltfteamethyldiakzangr i mar y thel veibicosonpompound TAR pwithar y
sol ve cQ nent preferab has a poilin Oi of .pot | ower than 50 C,
or b1 diil ety tearedtin| SRR AOge  than A0 D 15h s BT RIERAE Bal 4 s
wat er-rep kiUl 1 fare sili : . i n
add £ 1 ve: ardrepis BN Rl O bl DEAMBRI G PN R SIALIR 1y
t he gener adilifor cathpoldd B.aci d or base, and a solvent. Furthernore, the

water-repellent liquid chem cal faor netal -based wafers al so may contain an
addi tive dR87@he Addeionpliditi onfe at | esmble ki nd WReR0 conpbuking

| ected fyom.ih i St j f ds. t ed t |
formil as (b Qb p1SPARaERAR SAAReT 48T REY CoTuichR SRCHPGERE Hhe R 11 ve
is exenpl itkifRtrBiheKhfbailnthiagentmisieiiaas hydroggheper axdigle, qzone gpd the

|l i ke; surfactants and the like. Additionally, in a case where the uneven
pat t er n oftritheroafe¢hahesilfomar anhypdmdd ohmaedimsiedr i @actn thhrehithhéo 2orm

Fo [12) canHBlimsthy G e rrEpar SR PP AaAtedUioETIApE B of -
form ng tg[gw\@]t er %&gﬁ&%ﬁ:ﬂ@f, film Q. t he rraé}g,irqillg may b%vﬁggled. Nb&ﬁ%‘éfé’

concernin he' wat'er-repelfent |iquid chenm'ca or silicon-based ,
anot her acj g-disotyletadaemhyl @kilaties apyhe @ERSntDBaH ARIEDRVRE thiTRudtbhéaan
conpound B. 30 [8122] In the present invention, a style for cleaning the
waf er 26s reathyplardd el thd ycid Mt dlde soiflongacetid habydrsle apeddiatdly | tequt
chem cal or the 49 cleaning. liquid .is retained at |east in the recessed
portions J&IQF%‘@ltbn@/gﬁnbQﬁiiygﬁhrm%#‘ygﬂyﬁmﬁf@‘wmﬂﬁ%%?é’ss gikison tappy ugyd

cl eani ng \tﬁe wafer are: a single cleaning style represented by spin

cl eaning where a generally horizontally held wafer is rotated and cl eaned
one by ondpphp]l e AdpRiyhAlGy,a | i quifsk to thespdigpRi ty 5 qfhéhe cent gﬁxﬁfg t he
rotation; and a batch style where a plurality of wafer sheets are i mersed
in a cl eanl,Aglibatyhetmmethyldiadedant ncasentlad | ysilicte f oompofintheD with

wat er-repel |l ent liquid chem.cal or the cleaning liquid at .the tine of
suppl ¥ong wHEKamethaaastllaHe | | cii]}}H’dEHiem caRSor tHe cl eing 1Pqui dthe

I h ' h . f .th i
part cut art iR aB L RE o Shy e SORKRRRBRN NReR hForfhG roy B

time of being retained in the recessed portions. The formis exenplified by
| iquid, vapor and the like. [0123] In the present invention, the wafer is
not particularly limted so |ong as the wafer has an uneven pattern;
however, a wafer containing silicon elenment at the surfaces of the recessed
portions of the uneven pattern or a 15 wafer containing at |east one kind-



25 conponent selected fromsilicon, silicon oxide and silicon nitride is
formed at least a part of the surfaces of the recessed portions of the

waf er; and those in which at |least a part of the surfaces of the recessed
portions is formed of at |east one corrpggent selected fromsilicon, silicon
oxide and silicon nitride at the time of“form ng the uneven pattern. In
these cases, the water-repellent 30 filmis forned on a surface of at |east
one conpongyldelethiliedyf treflusidmebanesilfoete Axtltesiditen shinpeandBri de

whi ch component exists at |east at the part of 50 the surfaces of the
recessed p&PBbns Addddonallygl y, tHer wat er -¢xgyableent fi|whemy be forvimbe: on a

part of t sur.face f the recessed portiqgps of..the wafer. [0125] Th

waf er con?ﬁ?’#ﬂ@g‘%ﬁﬁi’fe ﬁ%qleﬁﬁ'éﬁ}ﬁ%%éaﬁ? et%® HF o‘Fﬂ]tCPPan?:(l}PrP0‘“5’@152g52‘5en‘,"”t(il

al um num D, m,an u i t

recessed ptg?f?llﬁ)(%ﬁgc%ﬂfl@t ﬁ%ﬁgﬁé\l}gnagaﬁ th értr?raﬁcpﬂ]dgisl? F’ ﬁgzlgg‘%%ﬁgﬁng{dl }’S’iﬁ g‘geati ng
a surf ace phmadsdtblycaachaflarrewas Waf el @rdydingdthsr gt raifldoyofdet QRNROLANT S

including silicon and/or_silicon oxide (Si02), a silicon carbide wafer, a ‘
sapphi re veilieen cemppunddiict or wafers formed of various kinds of conpound, a

pl astic r the.l.ike.wth a l.ayer forned of a matter contai ning.
titani ummgjog’ﬁélﬁt fdeﬂ‘%&é titani tit TP tri de,W{‘?rllani um BYFHE and
the |ike, 1’3‘3%{1&%1:&9&&1%%19&1’&9@1&&%&@ eggel ;EHE.“t si6l a3ohPpRgnien.p t gt en

oxi de and t'he Ti a matter containing alum num el enent "such as al um num

and al um nbfivododethndesdidodicke, amhyalridy coagai nithg coppsed el @xent guch as
copper and copper oxide and the |ike, a matter containing tin element such
as ti Alandriflworemethanesigfieniehanhydede simaedaatedpntegichd riferemithl ton forenent

such as taptal ym nityi and tantal um oxi de and.fhe.like or a ter

cont i ni ngat B bNE @RRo LR BT ERERFERS th SHeREREIRASH He and t he
like; thosgofys] med dugubRgllg Mubit i | ayehplel | RvREn | eask edc%%q%& RinyBhgh 1S

a filmforned of a matter %ont ai ni ng t%g abover-lrrentig%gd me alr-nbas%’g y

el enent s; dintethipbarhideeas fhresidicep c@® pofinfldp miibly triflelovmeeén qdiytdeide asthe

conducted on | ayer ihcluding a |ayer. fornmed, of _.a matter containing the
above- rrent"f}cé‘iilga= gyé? di éaceéipceﬁ@hwérld,&dapm%a%qu,reﬁﬁwséherﬁ“m dh rm east

a part of r : - tterm. tter containing
at Iee}s5t ootr(fe d?’%&@ﬁ%ﬁgfr&ﬁ}gﬁongﬁ@%g\%ﬁr}gnS |1§00§{eéﬁ8$§?@l?;2ed el ements at
the time dpoffel m ngditiensllgvefopatd@iplar e vh&D 2®iking! u@@@yldmmghsﬂ&po
concerning a wafer fornmed of a plurality of conponents that include a

mat t er cordiatethyipraing asthe sheok compofind|i2naph tofluphencabic\earhyelmideorethe

met al - based.el ts,. it is possible to formthe water-repellent fi]mon
The surt actrigri; B fittisrogeria g rise PERRtoRY RERatsof G el Hromr t he
above- ment j QUeABLHRASEA B : 1t rprepellent liquid
chem cal f%érwnetn{ﬁ- %ﬁé@? V\/aglgr%@%l% a\l/\i%eérjéflggnn%gﬁlg}%hglga plurality of .
conpoént s[00§7kxedplthid @tneytibhomeview othi gbod beabikityt, ehe attairaforghRtisleast

one kind of elenent of the_ above-nentioned netal -based el enments is formed
at |east avaterpepellont liguidghemaicsd for silirenrkasedswaiqys mrepatedahyl ushes s n
whi ch at | gast_ a,papt of the surfaces. o he recgssed rtions b serv as
t he mattertiéjon‘r‘icé\(i1 nﬁ%g agt las st0n8n§e%cfﬁf{ o¥r03f eﬁé O%cfacgﬁg élﬂglé'gpﬁﬁnﬁ ed
et al - bas gl GERMHtRaAbsdfthik! TRhOHriHRr @n@g_ﬁwﬁréé@ﬁ\ﬁ%_” iPAE! the! Rl

uneven pattern, where the water-répellent liquid chemcal for net af- ased
waf er s carcohoponrtche) wat oo efied kdivonf compband Burdraaewaftewremilking Luiche
matter _containing at | east one kind of elenent of the above-nentioned 10
met al 2Bas ééleéllﬂéﬁg fets siligepchasef ewkere mrepprad &t upingntheagilisenteompeing A east
on a part ofd%he #:rfaces of tl?e rec ssed %Qtions of the netal - based wafer
by using tHE \/&E&%% -P868F19é’ﬁ’tnd1 (?ﬁi e ]fa(%?;' net al - based wafers. [01271
Addi tional ﬂoms} he Tolceaphig-RpRAESS Bulde cRERSEN! RV eNidorh e/t '&H’fe?é,' y
preferably includes: 15(a step 1) a step of nmaking a surface of a wafer
into a surdaosdihg\torite pressreviancepithensay bé ohkdweehieh thepflistimendpound D

wat er -based liquid to the surface and retaining the water-based |iquid at

| east in riscaeswsivelgraddsasrelitivhto thresad I amdernwhich an epcess of thesplion
bstituti the |iquj,d retained at |east in the 20 d tians of
the uibherpat e 0 Mreo i Relnror ity dBise Arathigl S8 ireeen gie gidmver of
a solvent haviith@® ROt IRdGtABLIE 187 the $Rnelfb of the Yvateléfep%h%gt 1A, Step
of substituting the cleaning litquid wth a water-repellent ITquid chem cal

and retaining the liquid chemcal at least in the recessed portions of the
uneven pattern;



25(a step 4) a step of renoving the liquid fromthe surfaces of the uneven
pattern by drying; and (a step 5) a step of renobving a water-repellent film
[0128] First. of all, a water-based liquid is retained at |least in recessed
portions of uneven pattern as discussed in the "step 1". Acid which may be
30 mi xed into the water-based liquid is3Bxenplified by inorganic acids and
organi c acids. Exanples of the inorganic acids include hydrogen fl uoride,
buf f ered : f j [ i Ry i lori c
aci d. ' phod it AR e MHRDLERS Rl (e AL cdthhtfa Tl e BRI DLEN e
net hanesul T0YUI0O @fied, nheBZRBREULIOOITLAB0000 prhed, upnel whé@Nprefasinly 1 to
trifluoronet hanesul fonic acid, acetic acid, trifluoroacetic acid,

pent af | uorld§0niioeis ¢hagivmbeniofi meldsi ddghesickhD. 5 whi ch may be nixed into a
cl eaning li.quid i s exenplified anmoni a, cholipne and the,like. An

oxt di 21 g 10GLE A g pbin e D S arab i g rooird by BecBiptt 1 ed
by ozoge, roX] . 1k i []?g[%bg L bl hned in
t he re?essfg%ﬂqpl%?félﬂoo%gl ll%s(bsu 12\3(5@&?&2%15%51?%1% o g%ﬁlﬁ"grehg‘éﬁbgg%%%%ﬂ% 80
mass% or gkaafien betwaes ohy elicohavimyghndDi dridithd fciddbnt of 55 to 200 C as

di scussed in the "step 2". Incidentally, the |iquid having been retained in
the recesd888pbr t Thasmpapwrlent fanetipral groiroef wiyct elarnent bobe-hrdedoived
wat er - based.liquid or, .an.after-nenti oned,riansi.ng,liquid A [013Q]It is

et er o Stira ettty S hif et FRtte v L2 Yn ettt B ¢ ¢ om
the group ;ceRsieShitenBf a W BABLA QOIEAR! SarbiRt SlomdHid rﬁﬂ‘dgé’ﬂ%léﬁ'eid{ l.ope
obtai ned by m xing at ‘| east onie ki nd sel ected fromthe organic solvents,

aci dsl0al kalyigenasidmexit dhwti algoag efili @nvieldmewst, exulfyrOdldtedin halegse elfiment
preparing the cleaning |iquid containing_an organic_  sol vent havi nf; a

boi | i ng painst the likewe Exemmes st the menovalpnd fungtiogabprenmetwhjclpelemsning

t he organit((:) Sol V%{% aviiﬂg rzlaetioi Ieinng1 pl%itnot of | ower. than 5t5 C into water or
an organic sleﬁ \pgn %a\g’i %g A por T né Boi ntosof 85 €6 PO %Ifoflé)ng?éﬂlqoo
contain a gghyetfalkAuiniGodkrbep) ﬂsaﬁn@@yamat@fgréép,t&i&@%x&lg;,rhc%palﬁwgfoﬂ_ 80
mass% or greater, thereby preparing the cleaning liquid.” Additionally, 'in a
case of préyditing(OeHe) eani ng I-iN]&Ehils)&ﬂ@B@Fmi ng an orNelEBOIDSBEEHPayi ng
a 25 boili it ing 20 1.t liquid taine y..mxi.ng the
or ganite so{ﬁﬁﬁi’éﬂaﬁﬁs Boi | i n-ﬁﬂgf&(ﬁ})%ée@%)ﬁg 200@&@9@‘%‘&1@3)%
organic s ayj il 4k I: Q. 2 i r

contain acﬂsn\c{)[?%%ltQ ﬁ%@gng"%%gg%‘ %egqﬁgén% %{’pig)‘,_l’ teoqgrb% Cﬁ}g gr@%%&éﬁ?’)é‘f 80
mass% or gieaDer(SitteR ©hy,; @rlepark1gstah€, ¢, g aiig ald iUl rodQrbon group the
[0132] I ncidental ly, the cleani ngL liquidis E;]ef erably an organi c sol vent,
wat er, a rivdrogen |¢lemeatsfofwarhésn andy aparstagbnior ewlivadst be replawdowith @ 53
cleanliness. Furt erm)r(%, 1t is preferable thatd the cleani ng Ifi uid is an
organi ¢ sOTWERRS SISTREIHE 2 iR ABADFRER PehfT 1% 80y Srdhieees 2 fipan 09 ed
to thegrecgspash QRELI ons W t hout being brought into contact with water. In
particular, the organic solvent preferably contains a water-sol uble organic
5 sol vent [0bav] ngThesdlicdu ¢dryowdd fodf dregdrerat fram dadasl & dnenplsBed Byat i ve
to 100 parts_by_mass of wate

) rbaa\s\n t h_whi ch_the organic solvent can be
easi |y subgninasilages opugh s d U= 5iddde, | CaHisdi (Rt 28 He  HedisSHCHDYNHe, st ep
f t ai ni t £ = d i i i LA h t 1),
Phe it e GELEETCITOAGIRE: o P S Rl e TS BRI T oneB T he
uneven pat(Cgt ), ST EL S HRRE JHLRR MbT RuBsGtehe hintiththd g%@ﬂ nqﬁﬁgrgwoﬁls) may

be referred to as arinsing liquid A which is different fromt
wat er 2based thejuibdve Thentstepl efimmdsdhnestwith wiNFC+0e -ANEHH)Rg -N(Guiitedo( t he

step 2) may _be perforned thereafter. [0134]Incidentally, it is possible to
use two or-Nokeshi quillis fordN GH i onTN]‘(l@Ha)sC@@Héi,nsiﬁH((I}Hqﬁ?(@%@FBFor

e, ¢ i Lquid A sl : : b _ ) ¢
cxATDl o ANEBRHURIABHAIN I ARk @ALIRY be caurpEd G eter
organi ¢ solneei(D)-1 (dheR; ihie M eingd, eRelbBRInddeIbing, G PHoRne! ring,
retained at least in the
-NH-C(0)-Si(CHa)s, -NH-Si(CHa)s, ~-NH-Si(H)(CHs)2, ~NH-Si(CH3)2(C4Ho),
30 -NH-Si(CHs)2(CeHys), ~NH-Si(CH3)2(CsHi7), ~NH-Si(CH3)2(C10Hay),

~NH-Si(CH3)2(C12Hos), ~-NH-Si(CH3)2(CoH4CesF13) or ~N-{Si{CH3)a}2; and the



recessed portions of the uneven pattern as discussed in the "step 3",
thereby 20 formng the water-repellent filmon the surfaces of the recessed
portions of the uneven pattern of the wafer by virtue of the : :

wat er-repellent liquid chem cal. The tegﬁer ature of the water-repellent
liquid chem cal supplied in the substitttion step is not |ower than 40 C
and | ower than the boiling point of the water-repellent liquid chemcal. 25
[0136] Wheahkd he water-repellent filmis formed on the surfaces of the
recessed portions of the uneven pattern of the wafer by virtue of the

wat er - r epd0D82L | Aguing ¢chesd,cidle, sdicoontaupoand| 3 repaescmted Hey dbs ugmteirah

that water,is retai,ned op t urfaces is preferably from50 to 130 because
t he patterfﬂr%ﬁ‘i‘ig@ésﬁ’é'ﬁgﬁégﬁ’dﬁﬁﬁl PR cp@PgEEd- Additionally, the closer
to 90 the nt act I e j L. sfarge ting on
the reces s[égg'%gr t ?lgri%l %bmgéger%‘l-e%?ea?ﬁﬁ{%lg,Crhte%%%%g?(& ej?llrlll%é%lqagﬁgewl %r%r\a%ée
furtheg didohiemrhtion dfebkilicodeodepeend B ikprBfrhbBUd a1ty 0 8hesRke thhat

the contact angle is from60 to 120, nuch nore preferably from70 to 1100.
Fur t her norte, théetatapi quantytyf mfcad00s nrssterdbithe neilichinghempohad A.1 K.

The capillary force of not higher than 2. n? i.s. preferable becayse the
pattern cdaorla%%@a@eesm RAPERIPE S omse e Stacpel éla§ siligepn SBRaNNY B i

| ower capi ry n_colla t fIicu to_ogcur,
so'that o LR Y EBEER IR SR MDA REBRS Mie TS P Brleiabl bheddle By
MN/ 2, nmuclifarpbetlns eflebalbinpieindBabebt inghove DaMibalaudciHdie 88 (@ncédn | S

ideal to put the capillary force close to 0.0 MN'nR2 as much as possible by
adj usiPng thaé densaeiacane éhe silipen-brged dvalsraisoanbieot®d 10 ¢@sBH. THeiy a

tep of ing the Liquid fromt f f the un tern b
Grying i & IEHBPeHe e Be Bt Te B CTER fonorRmaoR cefefber hilifdhyui d

havi ng be i : i d.py

O yi ng. T B I e s e L ] 100 ERBNEF et ng
nmet hod sudheaslicpi codpyundgA.| PA (2- propanol ) steam dryi ng, Marangoni 15
drying, heati drying, blowing drying, warmair drying, vacuum drying and
the |ike. P@&%g] | ﬁy@irﬂeﬂ?mney}n gl@,%féﬁa@ﬁ%ml@ntﬂwgd egficalefogishlienn-baged

ter- | ] i quird. cheni cal_at, | in.th ti f t
ineverbparTaERs HeUtoR G Rind i b tnd BlddR, CERERRET B bk I Albre°
been ret aiygd a@iox?%@ﬁé sdifehfle P tREEEECHIRLELLRNBy Of tHANSHENE¥SRPBRAJ A N

may be substituted with another liquid (hereinafter, it may be referred to
as a rinsiangl thegsilidoB)componindi 18 isipréferaly fiomnd.fi e MMt mrss¥peldtent td thgui d

chem cal. The step of r ving t li,qyid fromthe surfaces of the uneven
pattern b}OEFﬁyiqh‘& ’ttﬁeoggﬁbd 4‘%5‘ h’g BE gﬁrf%%&e?ﬁ%?%%flf%lﬁ shemical for

[ 0139] I nci Ik S P j.hl.e t cl.eanin fqui for
Subst 1 ¢ Ut I op R gL el PSRBT (hg VR B lLnE T Gl he Sedd Bt G
B, subet i tuttiferin iFefyrined ceneustoadthn surfaces@fgasireca0bd 9oktiéMhbEthduedmabl y

includes a water-sol uble organic solvent) and then with a water-based

i quid. [@edtdraThéVhenst ng ledsdiiagn A lamdissHe the edfent) of pyeliedtiBgahe uneven
exenplified .30 er; organic .solvents; . m xtures .of ter and an
organi ¢ sart TenlEls HeeBhinisR et ihader i edrrably SEpa O Baif0 and
sur fact ant,, L sl %8¢hh Lgse,y FHA I by O ' oynd
sel ected fnr:%?ns the group \/\/ﬁﬁ)gﬁﬁp&lgl blécy%lsggofa%or n’t? e/\/\'/a'?lznr lﬂr“g%& %eﬁ?gq%i% d
chem cal , wstersebeléedlifnnlnchdraigl dop siinatisisedgy afert e ok ldiiaed epitRewnd A,
the silicon conpound A and acid or base, conpounds represented by the
gener P f crganigssqivgnt, ghe dpquidrrhesaical spisp semidén :n pegasrt splvesd hrivieg a hat
t he conpoynd has._a | ower ncentr.at.ion than the water-repellent liquid
chem cal - ARG ERRE RRET | BOWEPPhE R ATAF NG HERtos GarmPeneat s BRarSE 6 eq
as one prefgrabienexampbe of AL | PR o) S

rinsing | Sgﬁcd AS\ and%{ﬂr%e ri nsi%% ?%tg%?d B cacﬁﬂ]%gngkgéngf :E?? ev(lgé‘féz'g%pm&t
hydr ocar bdiypuidediesiieal éheilzonkeisedesafdiallogen Bilial grent egesddhBi 410°C.

sol vents, sul foxi de-based sol vents, al cohols, polyal cohol derivatives,

ni trogen élkarbatlingopeiaitas myprsaprecensdluain exhesd phed °Co maihCormre qrefeerblypl es
of thg orqani C Soﬁl’fe’g{g\g are cited by organic sol vents which may be used
for dPPut ilBiF*5Fs] Cer-repellent |iquid chemcal for silicon-based

waf ers andoRysf hesSapR. GhYARIC SUURNLhR KNGS HUSEdaT Bt MtRn of the

wat er-repellent liqu m cal for neta waf ers.



[0143] When renoving a liquid fromthe surface of the uneven pattern, the

| i qui d having been retained on the surface may be the water-repellent
liquid chemcal, the rinsing liquid B, or a mxture liquid of these.
Incidentally, a mxture liquid containing the water-repellent liquid

chem cal may be a liquid 20 which is unagr a condition where the

wat er-repellent liquid chemcal is in the process of being substituted with
t he rinsi IO Y . riext U -GULh bty : reyi

m Xxi ng thggag#g%?gggg??%%?Rfﬁgﬁygagﬁéhgyth#ﬁ%%g%he rﬁﬂgﬁﬁgﬁﬂ?dﬁ¥gﬁgg&%ich
is differenaniflemdrberrsahty sélepetd enth lisdiy droehdiingakstefddétHeonakétbnes,

| iquid may be once renoved fromthe surface of the uneven 25 pattern,

fol | oned Byalpgemieldment hentaingigneolivents, cubfoxide-hesebsvbembnt jlasteu:-basedur e
liquid on the surface of the yneven pattern pon.which drying may b
conduct ad. SBPIIEr CAERAE RSB o SUNEE D DE HBISIDD AR S iner Ladn T Fe
surfaces e t : [ /i Layi.¢d_finomt he
urfact oft PhE HESERFEEpRal o BfRiithe bR o TRablnd SUR G Gp il e LG
30 portiongd sa seikxgadCEduad o0 theke t hempakt ehese;olt apspradbfdileuts &
occur. [0144] In the step of removing the liquid fromthe surfaces of the
uneven S&wlzpc@h@nsye@eys, reghexsh dradegan alemarHecanitginidg selwendsl wolpaicohel

surface of, the uneven pattern js. preferably the.rinsing |jquid B and_.nore
par t i cul alGNRHEE. Rndng, din OFLORUSM 6 # niUORE oF (heste. SPt fhe
because stains.- £, f i

drying. |1 TRELEs by (i be Bnbd TRl P brlotEalto R BHLd 808 YD o
t he | lQui dshiost waier, the contact angle O between this liquid and the

surfaces qf the recessed portions of the uneven pattern provided with water
repel | encyl08§6L heExamales efehydrncarbens direntmient. bsnrens cudlete, hexengs

pref erabl g because .the capill ary force P.actikng, on the recessed portions is
fecr eaged PeRBTb SEPTRCTAbPE HSE ChesmPlan PhaSieRa g o lfd FRRtiha pEli o A
and the riqustNg bl LeBitBBYLIRE abolAoRGe dindaHeaMRE" At 8 pAfs JTUthbAVWSFe t han
10 C and |l ower than the boiling point of the liquid. For exanple, a

sol uti on cbetlgilrethgr,ahpaciyd aheeoclibusyl ethieontetpahydediue, ydiprehe naldl thea

sol uti,gn (‘1 ntaini ng an acjd aqueous sol ution and an organj c sql vent havi ng
a boi I15ng g‘%ﬁ-nt HHORRS Plofetonts queapcetopecarey, ongy pgEhyl ﬁ‘émlgkqtpaai d A
and the t S it QU S t

boi 11 ng paratigpipRukerbl, Bl sl Wiohd G ULITAERTE sy RREnb dnd e

wat er - r epaileent Fiahiplean b fthemethaldddh a dbeichticbAtainid46JolvEeR, the: step
of renoving the water-repellent filmis perfornmed as discussed in the "step
5". In theoelserasarbempyvi ngguche wataer - r eprerfloprocictany, it perflgonshpueneyve to

cleave a C-C.bond and a,CF bond in t watersrepgllent film t hod
Cheref or RSTAGONSAEIPE B ER PR HOE SR CLPaHG, HeXEIEORDERGINT SHICEUBEt he
aboveqofentiAReduBANGShoUt exenpldnf i ed by,a met hodygfgit LAkl waf er
surfacngi tyﬁﬂl [ Sht, a method of heat i ng the waf er N ’a’&rrgt%eglgh%?bfek%&tgﬁﬁ’g t he
waf er to azeaEuomcydvpadtasik, i r r afjladihygrodeafhiceopetahace W ZROR@RMH a 25
nmet hod of (S;I& ecting the wafer surface.to corona discharge and the |ike.

P

[0147] In wsd LEQINGWORE ARATIQNI rand plee iksi hyirofusropthgys such as
irradiatioqn, ,it is eferable to nduct jrradi-atign with yltraviopolet
rays havi r‘Fﬂég’y\)ﬁanggf?}%(frﬁmggu %rtegﬁelf’ haﬁn%gﬁi nrﬁe&fﬁ&loﬁ%‘lw (W*eh grtﬁyle
energi es fes RN N G they, beery e RREALESoibb @ty n § j0 the
30 wat er-ﬁ%gel I'ent ;Yi mor e.@y 8@%kcal /o] arllfgl: %{%ngﬁa?%fn%?q%@@q¢ght
sour c@5t hdpedducedt bprAsals Gked Goneltal.), ¥biete 71180p Navek 0T2(1), ENsuse 76060 cUr y
| amp, a 57 hi g%ﬁg}be%sure mercury | anp, .an exciner |anp carbon arc or

e

the Iike INovese HRY t e thetal angapradusatmby t 3 ilﬁtléfafscﬁt pndf theelike;
ultraviolet,irradiation i s preferably ngt |ess,than,.100 c

particul arqwoliﬁ’l‘:%ﬁ)eoﬁlﬁbwc}h@? Weggasc}ﬁﬂlﬁﬁn%%ﬁweﬂﬁtﬁwayﬁﬁ’ r}i‘%?ﬁqﬁ?r@ﬁ?r%}%e
obtai ned hy,chhe sl | ymdafee Meied Stid NTERS t ¥hiREokiatBoRt 0duesd By
Konica Mnolta Sensing, Inc., Light-Receptor UM 360 [ Peak sensitivity
wavel engt hlicBBhodifiuoMrastiiad wavel ehgt hkeangedrodhbrofiuddamdns such as

I nci dent al | )Il/ an irradiation intensity of . ess than 100 mMNcnR2 takes a | ong
peri 080of t.ilifecloso Behdied PRBtafi@PPE@PIg.ent film Additionally, in the

case of t | pre rercury 10 |l a the yltraviglet irradiation is
per f or med t‘ﬁgﬁlﬂﬁ? ﬁié%a%%‘ WOBBOR%Q[’ re logg gt?’n% i HRrORTOBE P ent
filmis achieved in a short tine even with a lowintensity; hence this is
preferable. [0148] Additionally, in the case of renoving the
water-repellent filmby light irradiation, it is particularly preferable to
generate ozone in parallel with 15 deconposition of conponents of the
water-repellent filmby ultraviolet rays and then to induce




58 [0151] In the step of renpbving the water-repellent filmfromthe wafer
surface, the renoval of the water-repellent filmformed on the wafer
surface can be efficiently achieved by conbining the Iight irradiation,
heati ng, ozone exposure, plasm irradiaggon, corona di scharge and the |ike.
5 EXAMPLES [0152] A technique of meking“d wafer surface into a surface
havi ng an uneven pattern has been variously studied and al ready been

est abl i sher]2atichidgo 1368 8-tdifa6rpe6Fend Ot had | i ttheat ungs; andpbBudrokehers;
Accordingly, in the present invention, evaluations concerning a surface
treat ment wnflaowaidyethersisang thaelile wWakemplepef thatsulfogidedbateehtaakbnier e

mai nly perf orped. ditionally, as agpparent fromthe follow ng equation, a
pattern c&qea‘g‘g‘%et&?géﬁﬁ%x@gp%%§ﬁ%r]ﬂ “he Eg’%?rﬁ‘aiqs %él&ee{%fo%%é%eﬂ sdyentgui d
to the waf S ' t ngl,g, Qf Lquid d of «the liquid
and on théﬁ%ur?g%@§§%%gpgﬁ’opg?ﬁég%?%EP%.ggz %?nékh%%g /'gh%ﬁvVﬁﬂ?ﬂQne’q
equati gn, yodteRbRSES t Nensuuidlaetonensi gricdhnadldckond, d rehaisethdlictbhe,

recessed portions, O represents the contact angle between the |iquid

retai ned indedesanelsetomd podwalarslaxhone,he Slhekavekoténd he decessddctone,
portions, and Srepresents the widths of the recessed portions.) In a case
of a || quittnrRieiAsEen ?Oe‘i%%agﬂveﬂa%%i oRglesangRctond end dodpinalations, ¢ he
contact a Lau f iqui j r e_acting
O R R L T
pattern calihfphg) carbondter @thel ahbehylweditbonacd) dididyl @@bbhafe, i prop§ledeso
possible to derive the cag%llary force fromthe equation and the

eval udbi orrarherrtesind the bt abxampdgseoigthetnndyalicabollatiupitas kaving no OH
ter- llent film12. 1In.Ex | 5 t whi ch i [ tati f
et or - bASBHD) P GEVIERE B ol RREs Gl PORANe REUe it | fieEase
of a waf eretRaMnRg RAFUNEIRERY PREL eéﬂﬁdeﬁé”él?ﬁ@l’ rﬁ&nf%rﬁeﬂﬁll Bﬁﬁﬁ" %lcgtattg
I er-repe r'mi1

exactly eval uate the contact angle of the wa ent” f Itself

formed on dihglemeegbrby mpatoaihgedther f aetatd, 0diddllen gyalluaionebuefl ebiger
contact angle of waterdrop is.conducted, by 30 drop_ing several mcroliters
1

of wat er drasgtals. athyilene glycet dipcebas) diqthylanssglyae vl perplietbatany ng

an angle f d h terdio nd; .t he 4.5 ubstrate fac

i soudSoa THC iR 4BEEsh 1L 0E SRR B e i eBp T R b G B R e
surface). YlayeVvelethyh éfierCagetiRflehbe gMair diiswiyld cehdat Gesthylde gQpbRct
angle is enornously large. This is because Wenzel's effect of Cassié's
effect is meonsmdthyd tether ancetppar ehicthydanacglangl exafoetind wther dmogtats, 5
i ncreased under. the jnf]luence of .a rface shape,. (royghness) of the

subst rar e difNIEHG elrhomognare” cEhes St oqiohoiee asbvel dnocisse,

present exaip] . |, J.:0] kbl 1, Gal 3:] I ed.:
waf er hav;(tng aﬁ%ﬁgo l}ﬁ\@(;slﬁ%l aeglelﬂ[ %ﬁ;%? rﬁﬂ 1%’!:&'1\/\%? g?%%glc}lgﬁ}ﬁ%% ﬁlﬁ%’ﬁ%ée&g ﬁe,n%t he
wat er 20epealliy@itdibutyh didiengtriegaied shreol taitdD nvehet stedel trthy el ol
formed on the surface of a wafer 1 having at its surface an uneven pattern
2, t her ebynpeemetilngther | atpdabyaltigthosne Ighyeche nprnnsshy]l exthepl esetather e
were used  "a,waf er having a the | .oxide fi]nm f.o d to hav snoot h
thermal oXFRLETIeRR, avesl SrpreBittetRehatroiate. SHOBORCRr ERCE ahaco @ hal or
havi ng a §ihiag@RyIBhE T i8R0l | iithedfi TREnLL0 REMS EhARRO! Qg&bi | GRARID Dbl de
filmon a silicon wafér having a’snooth surface,” as a“sil1con-based waf er
havi ng a gonaethyané aglycoMailewiydr ethicrertetsertylienedly@olvahenomavhyld egher
titaniumnitride film' forned to have a titaniumnitride layer on a silicon

waf er ZRaviasgtates tedertidenacelycola mepasthrhether scetatgsttetrapthvient oglyeel t o
have a tungsten_.|lay on_a,silican fer havi ng a.snpofh surface and "a
wat or 20 HAOT R T CHREN R ORISR PORCRS o NAGe od RHon PHASgE  EFol
silicon : ! ap iR t-ahs - i

snoot h S‘S’?ff@%@ﬁﬁ{%ﬂ}%& pI n s%lgbh%gycf:)?ggerﬁhgg egl%%ggls)pglgﬁtg %%%g}rlynﬁqqét}?ﬁ?’t 0 a
waf er whi lpropgleati gigedlheonamethyli dthies aestatemplypgehd igtyddl hendgthel seler
replicate a condition where the cl eani na_geliquid is substituted wth the
wat er - r epdcpeate, preilene glebmaenabutipeater acetate nyepslene gxecipliecetatevaf er
t hat d begen imrersed in,a cleani li,qui d S i sed.in a

wat ergﬁep 1P‘é‘5myl?l?9qlﬁ?%“’&h@me@gﬁﬁﬁﬁgg? QﬂFSHHrH eoﬁ%érl’ée‘ilﬁ’é RY®Ihi 1T qui d
is retain ' '

Subst 1 £ Ut (PR P Byl Efer Bopyl i ERitol SRFPLANS, Hifopylene
imrersion in the water-repellent liquid chem cal was 30 variously changed
in order to evaluate wafer's water repell ency-provided conditions (a
condition of a water-repellent filn different in degree of the 60

progress of substitution. [0157]Details will be discussed bel ow
Hereinafter, there will be discussed: a nmethod for evaluating a wafer to



As a nethod for evaluating a wafer to which a water-repellent liquid 10
chem cal is provided, the follow ng evaluations (1) and (2) were perforned.
-[0159] (1) -Eval uation of Contact Angle of Water-Repellent Filmforned on
Waf er Surface About 2 il of pure water was dropped on a surface of
a wafer on which a water-repellent filmthas forned, followed by neasuring
an angle 15 (contact angle) fornmed between the waterdrop and the wafer

f b ' t [
surtace ygl%%@l)’}(ﬂ%%%%?ﬁﬁg AP HcErATRL Gf n@B&ﬂMﬁ%ﬁrgﬁ%{ﬂﬁ%@%ﬂ%ﬁﬁ% deEraps) ENCE

Co., Ltd.: IS neasure S at five locations of
the waf er dprdpdene fglytowedodnbuagl cathat | ag:tatoyediprophlesie [20if0] didketate,
Eval uation of Capillary Force 20The capillary force (the absol ute val ue of

P) was obttaiprenylsyec slyotlat dimptbyby ethémg tripgopwlenew glycdqudietlan. #hex, yx
cos0/ S . I n_the.equation, vy. represents the surfac ensi on of a
Cau o r edameaientiec iBEOT B8 etV GRS Bl et rdS shiaca Sl o
bet weer t he: |.i,Qu.0d .2 i i d i h s of
e I R B R s S R S e b
portions. )ethfd Glkktdtecitdipivpyleyie gheopliesenites xiatpiropsenmmdd coh dikethyl
assunption that a wafer_fornmed having a_line-and-space pattern the |line

wi dt h (t hethprttetefpronslenecglyselimppmonmaihs] ebhempiettowtetaaropylens glycol
exanpl e of,.a pattern shape. The,. 30 ttern hayi aline width of 45 nm
Conde. to. il bRaTraD elyoph AmesBEl st M¥eRlemivgt) rineim Bk b o
gas-1iqui dycdbpie@r hagReREERR3] IiNeHaR %E@eﬂﬁ@%%ce@éte%ﬁﬁfeﬂiké V?&z?ﬁlplé’g“ le
the pattern collapse tends to be difficult to occur in a case of -

2- profpénolof VYhennitheger délbmehtichataiadessedveotst ilondngsnd5 Nvil ageodgheamafl er
surface is_silicon oxide, the capillary force in a case where the_cl eaning
“liquid is M ¥dyparerieoamgde  Mndidmetbylagsparmideont NopedngiZpygotidepace of
5 silicon gxjide. 1) i.s.0;98 MV n@. 1 1 he hgr, hand, the capillary force
in a caseCﬁ éehryga%_ee’pﬁrleeg%l?]ﬁa_grn]ﬂeq8?751%;%8%/8 nghefi Ui face tension: 72 N/ 'm
Cont act arjghe7l 0 Alddit§ONalPxiifles preforalilatb ket H@ohARGBSLHEUSARGE 4 SRS AN
anong |iquids other than mercury is 3.2 MNVn2. If the wafer surface is
titani um riher edéiret ahgdteesobrentusheri the fertezxepgdlat thpidonhanicadnfire of
2-propagnol .to the 10 syrfagce is 0.5.in all cases, and sipgilarly the contact
angl e 101 viigmpasost walegbecames noRflagnRaRlEPh e 1B Hash heghtdherey
containin RE=1pl L L I (esuch as
1 tan um CeRpLRD AESIERE e O AL AR pRtm i B LR ARl

t he degr edMoét bhehe dntlagén abghent-so@sunmiGhsédsehtie add aiafladnimabl@se Ohai hose
having the width of the recessed 15 portiogns of 45 nm such as a wafer

havi ng a tsuchni drlagen iedement-gontaingfe ponfdebygable aelysnerani benraaterablyaf er
havi ng a rut heni um fhl %{Wtﬁﬁe cagi L] ary force in a case where the cleaning
liquidis lfpg'_rac?paa%{l (1 1?‘_ SRS %c}]i.e'ﬁtz MV'm is 0.98 MV n2. On the other
hand, ohhe [6888] | apydt@6S£1Y, Tl vRAS ©ITES LRBes! BRNERY Jrofbifhn Sawalels
(Surface tension: 72 m\N/m” having the |argest 20 surface tension anong

| i qui ds otgreferibhkn toeusaray sobredit 2hdingl a fladbh2pdinx acpdeedingl |70 PT @k e ng

of Wafer, using Ceaning Liquid A wafer having a snooth thernal
oxi de fil mheyednenkionedslWantaf er formed having a thernal oxide film of |

pm t hi ckn [ rface) was. 25 i nmek 0 1amss% hydrogen, £l uoride
agueous sgﬁ§§@gn %lforr%%%?ﬁte%%é)%‘;]tllﬁretf’ or éFO%awéfte .apfﬁ%’i}l@éat eS;VSiiel% er
was i mrer e skificRHbA MR BAbPnebiMhRalTHHENSD b edt BRORANRFabh BAin82C
Boiling Point) for 1 mnute. Accordingly, a cleaning liquid retained on the
surf a@8é ofoftdo¢ higlier thaft 83 °Cliedafingd ias “kFRmAGHO ligaid"( 2)THirefiae atvhon aof

Wat er- Repel l ent Liquid Chenmjcal. In the present exanple, 5 of

hexamet hylsgrentapars g2 rsBoyast - aygeslineHPP37 Cats ased| a%&%ecmiﬁ%ﬁadth@, 0.1

o o AU A o et ¥

as an or gakieh i the/ Solve MEIEn &Y nRH1LASTAY APt aHRNRE tRe VRS ch&RG 1 2Rkqly qui d
chem cal. Incidentally, 5 a conponent the anount of which is the largést in

mass rat i apiesgocCafonardide dfjuidie wiatkis pegfetdldntinlvigwiof safiey cal is PGQVEA
and its bo[ili point .is 146 C.
30 0090]" * Additionally, most of the lactone-based solvents, carbonate-based

solvents, the polyalcohol derivatives having no OH group have a high flash



[0164] (3) Substitution of Ceaning Liquid on Wafer Surface with

Wat er - Repel | ent Liquid Chem cal 10The water-repellent |liquid chem cal
prepared as discussed in the "(2) Preparation of Water-Repellent Liquid-
Chemi cal " section was heated up to 40 C__Then, the wafer having a thernal
oxide film prepared as di scussed in thé® '(1) deaning of Wafer, using

Cl eani ng Liquid" section, was inmmersed in the |iquid chem cal for vari ous

peri ods Of 61hget}(e§efo}9’ it2 pfé@era‘ﬂ)@e téQJS@ntqleQQ s%%%@g%)ec&ésé eho YRt b e the

cl eani ng |qU|d wth the Tiquid chemcal, thereby form ng a water-repellent
fil m Subseguentiepelibhe lisafié rcheavical far sftienmdased i wafes lmnves rediesd.ouln of
the liquid chemcal, followed by imersi ng{ the wafer in i PA serving as a
rinsing |ivawdof gre s@fesy dbng snaliedpraieralily tputse pgpBient draveog seflopd oizo(4).

Vaf Dr P II h f I de . fil
taken outy'%%e?ﬂ@gpm e s S R
t her eos, adlabBERYC WPRRHLBIMRORL, [T oRetdiblatohace. LOJERloIABnbNuS

obt ai ned aving a ther e filmwas evaluated 25 1n a nanner
di scussed y- deddmh[id‘ﬁbh@,od yf@nd@amlol'!mdtbﬂg, V4f @sddeanvhicedndfat érvRepdhttent,
Liquid Chem cal is provided] section, in which a surface treatnent tinme (a

subst i t ut | GhexanERcioagui r edoti@nslasipae a donemanolagigne, of Fidecanmlnctopet han

h h of | | h h
rorae s BuPRboiBlaPhe’ BA0GRE RGN ce B Phe bromilns abhthsge "

hi gher thaéth91&1év¥1§i&1 @mhﬂymaét}féfr n@ﬂhy@éx%‘%ly%@ﬁ@n@n@ow NBshdreskegdihbvel v)

to the wafer having a thermal oxide fil'maftef surface treatnment was

i nvestligat ethyler3 gTymal Rhacﬂeﬂatm hdresthjrlelxm ghcmh athyl]’abétéw_yi et{tﬁiﬁ@ﬁ@t‘hyﬂmﬁa 1]
Sol vent for, Wat Ient éﬁﬁw d cal Li qui d_used before
\Nat er Repe%lyéﬂcglelt eﬁg drpihatlonsis 3t ma%t &r dredhzlanenglycphui d

Chem cal (cﬁ)ou%ﬁqéjﬂhreid dﬁétﬂ?len%r gﬁ}é{)f %&oﬁgﬁ%&hef Sa%ggate, diethylene glycol

monoethyl ether acetate, diethylene glycol monobutyl ether acetate, diethylene
glycol diacetate, triethylene glycol dimethyl ether, triethylene glycol diethyl
15  ether, triethylene glycol dibutyl ether, triethylene glycol butyl methyl ether,
triethylene glycol monomethyl ether acetate, triethylene glycol monoethyl
ether acetate, triethylene glycol monobutyl ether acetate, triethylene glycol
diacetate, tetraethylene glycol dimethyl ether, tetracthylene glycol diethyl
ether, tetraethylene glycol dibutyl ether, tetraethylene glycol monomethyl
20 ether acetate, tetraethylene glycol monoethyl ether acetate, tetraethylene
glycol monobutyl ether acetate, tetraethylene glycol diacetate, propylene glycol
diacetate, dipropylene glycol methyl propyl ether, dipropylene glycol
mdnomethyl ether acetate, dipropylene glycol monocethyl ether acetate,
dipropylene glycol monobutyl ether acetate, dipropylene glycol diacetate,
25  tripropylene glycol dimethyl ether, tripropylene glycol diethyl ether,
tripropylene glycol dibutyl ether, tripropylene glycol monomethyl ether acetate,
tripropylene glycol monoethyl ether acetate, tripropylene glycol monobutyl
ether acetate, tripropylene glycol diacetate, tetrapropylene glycol dimethyl
ether, tetrapropylene glycol monomethyl ether acetate, tetrapropylene glycol
30 diacetate, butylene glycol diacetate, glycerine triacetate and the like. It is

much more preferable to use a solvent having a flash point exceeding 93 °C,



Kind Boiling Tenpe- ra ture (C) Tenpe- rature (O Contact Angle 75
(Capillary Force = 0.8MN/n2) Contact Angle 80 (Capillary Force = 0. 6MV nR)
Contact Angle ..Z 85 (Capillary Force = 0. 3M\NV nR2) Exanple 1-1 PGQVEA i PA 82
25 40 5 10 10 Exanple 1-2 PGQVEA i PA 82 %g 60 5 10 10

such as y-butyrolactone, y-hexanolactone, y-heptanolactone, y-octanolactone,
y-nonanolactone, y-decanolactone, y-undecanolactone, y-dodecanolactone,
d-valerolactone, d-hexanolactone, d-octanolactone, d-nonanolactone,
5-decanolactone, o-undecanolactone, &-dodecanolactone, &-hexanolactone,
5 propylene carbonate, ethylene glycol diacetate, diethylene glycol butyl methyl
ether, diethylene glycol dibutyl ether, diethylene glycol diacetate, diethylene
glycol monomethyl ether acetate, diethylene glycol monoethyl ether acetate,
diethylene glycol monobutyl ether acetate, triethylene glycol dimethyl ether,
triethylene glycol diethyl ether, triethylene glycol dibutyl ether, triethylene

10  glycol butyl methyl ether, triethylene glycol monomethyl ether acetate,
triethylene glycol monoethyl ether acetate, triethylene glycol monobutyl ether
acetate, triethylene glycol diacetate, tetraethylene glycol dimethyl ether,

 tetraethylene glycol diethyl ether, tetraethylene glycol dibutyl ether,
tetraethylene glycol monomethyl ether acetate, tetraethylene glycol monoethyl

15 ether acetate, tetraethylene glycol monobutyl ether acetate, tetraethylene
glyéol diacetate, propylene glycol diacetate, dipropylene glycol diacetate,
dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl
ether acetate, dipropylene glycol monobutyl ether acetate, tripropylene glycol
dimethyl ether, tripropylene glycol diethyl ether, tripropylene glycol dibutyl

20 ether, tripropylene glycol monomethyl ether acetate, tripropylene glycol
monoethyl ether acetate, tripropylene glycol monobutyl ether acetate,
tripropylene glycol diacetate, tetrapropylene glycol dimethyl ether,
tetrapropylene glycol monomethyl ether acetate, tetrapropylene glycol
diacetate, butylene glycol diacetate, glycerine triacetate and the like.

95 [0091] Additionally, in the water-repellent liquid chemical for silicon-based
wafers, the starting material preferably has a total water content of not higher
than 5000 mass ppm relative to the total quantity of the starting material. In
a case where the total water content exceeds 5000 mass ppm, the effect of the
silicon compound A is so reduced as to make i1t difficult to form the

30 waterrepellent film in a short time. Accordingly, the smaller the water

content in the starting material of the water-repellent liquid chemical for
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silicon-based wafers, the more preferable it is. Particularly, it is preferably
not higher than 1000 mass ppm, much more preferably not higher than 500
mass ppm. Incidentally, the water content in the starting material of the
water-repellent liquid chemical for silicon-based wafers may be not lower than
5 5 mass ppm within the above-mentioned range.

[0092] Hereinafter, a second process will be discussed. The water-repellent
liquid chemical for metal-based wafers is one containing: at least one kind of
compound selected from compounds represented by the general formulas [6] to
[12] and salt compounds thereof; and solvent.

10 [0093] A hydrocarbon group represented by R® of the general formula [6] is
exemplified by an alkyl group, alkylene group, and those the hydrogen
elements of which are partially or entirely replaced with a fluorine element(s).
[0094]  Furthermore, a hydrocarbon group represented by R9 of the genéral
formula [6] is exemplified by an alkyl group, alkylene group, and those the

15  hydrogen elements of which are partially or entirely replaced with a fluorine
element(s). It is preferably ~-OR22 (where R22 is a C1-C1s hydrocarbon group).
Moreover, it is preferable that R22 has a carbon number of from 1 to 8, more
preferably from 1 to 4, since a more excellent water repellency is obtained
thereby. It is further preferable that R22 is a straight-chained alkyl group.

20 [0095] A phosphorous element-containing compound represented by the
general formula [6] is exemplified by CH3;P(O)OH)s, C:2HsP(O)(OH).,
CsH/P(O)(OH)., CsHgP(O)(OH), CsH11P{O)(OH)q, CeH;3:P(O)(OH),,
C7HisP(O)OH)2,  CsHi/P(O)(OH)z,  CoHioP(O)OH)s,  CioHziP(O)(OH)s,
C11H2:P(O)OH);, C12HosP(O)(OH)2, CisHyP(O)(OH)z, CraHaoP(O)(OH),,

25 CisHaP(O)(OH)z, CisHzP(O)OH)z, CirHasP(O)(OH)z,  CisHz7P(O)OH)e,
CeHsP(0)(OH)2, CF3P(O)(OH)2, C2FsP(O)OH)z, CsF7P(O)(OH)2, C4FyP(O)OH)s,
CsF1iP(O)(OH):, CeF13P(0)(OH)q, C7F1sP(O}OH)s, CsF7P(O)(OH)s,
CF3C2H.P(O)(OH)s, C2F5C2HsP(O)OH):, CsF7C2H4P(O)(OH)q,
C4FsC2H4P(0)(OH)s, CsF11C2HP(O)XOH)s, CeF13C2HsP(O)(OH)s,

30  CqF15CoH4P(O)OH),, CaF17CzH4P(O)(OH)2, those obtained by substituting
-P(O)(OH): group of these compounds with -P(O)OH)OCH: group,
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~P(OXOH)YOC:H;s group, ~P(O)(OCH3)2 group or ~P(OXOCsHs)2 group, and the
like.
[0096] In order to exhibit more excellent water repellency, a phosphorous
element-containing compound represented by the general formula [6] is
5  preferably a compound in which gof the general formula [6] is 1 or 2, and more
preferably a compound in which gis 2, the compound being represented by the
following general formula [17].
R23-P(=0)-(0OH):z [17]
(In the formula [17], R23 represents a C1-Ci1s monovalent hydrocarbon
10  group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s).)
[0097] It is possible to exemplify R8 of the general formula [6] and R23 of the
general formula [17] by an alkyl group, phenyl group, phenyl group the
hydrogen elements of which are replaced with alkyl groups, naphthyl group,
15  these hydrocarbon groups the hydrogen elements of which are partially or
entirely replaced with a fluorine element(s), and the like.
[0098]  Additionally, R8 of the general formula [6] and R23 of the general
formula {17] having a carbon number of from 2 to 186, particularly from 4 to 14
and more particularly from 6 to 14 are preferable because more excellent water
20 repellency is obtained thereby. In addition, it is preferable that the
hydrocarbon group the hydrogen elements of which may partially or entirely be
replaced with a fluorine element(s) is an alkyl group, more preferably a
straight-chained alkyl group. If a straight-chained alkyl group is used as the
hydrocarbon group, R8 and R23 serving as hydrophobic moieties of phosphorous
25  element-containing compounds represented by the general formulas [6] and
[17] tend to be arranged perpendicularly to the surface of the water-repellent
film at the time of forming the water-repellent film thereby more excellently
exhibiting a water-repellency-imparting effect, which is further preferable.
Moreover, R® and R2Z® are preferably hydrocarbon groups whose hydrogen
30 elements are partially or entirely be substituted with a fluorine element(s), in

order to impart a far better water repellency.
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[0099]  Additionally, the phosphorous element-containing compound may
exist in the form of a salt represented by the general formulas [6] and [17].
The salt can be cited by ammonium salt, amine salt and the like.
[0100] Additionally, it is preferable that R0 of the general formula [7], R of
5 the general formula [8], R} of the general formula [9], R!5 of the general
formula [10], R of the general formula [11] and R17 and R!8 of the general
formula [12] are C;-Cis monovalent hydrocarbon groups each of which
hydrogen elements may partially or entirely be replaced with a fluorine
element(s), and more preferably, CnHem1 (zm = 1 to 18), CoFemmCH2CHs (n=1
10 to8), C/ForsiCHz (r=1 to 8) and CsFasi1 (s=1 to 8).
[0101] A compound represented by the general formula [7] is exemplified by
CH3COCIl, C2Hs;COCl, C3H7COClL, CsHsCOCl, CsH11COCl, CsHi3COCL
C7H15COCl, CsH17COCIL, CoH19COCI, CioH21COCL, C11H23COCI, C12HasCOCH,
C13H27COCl, C14H29COCI, Ci15H31COCI, C16H33COCI, C17H35COCI, C1sH37COCH,
15  CeHsCOCI, CF3COCL C2F5COCI, C3F7COCI, C4FyCOCI, CsF11COCI, CeF13COCI
C7F15COCI, CgF17COC], compounds obtained by substituting ~C1 group of the

’

above compounds with —F group, ~Br group or ~I group, and the like.
[0102] In view of the compatibility with a substance containing a metal
element and the water-repellency-imparting effect on the surface of the

20  metal-based wafer, the particularly preferable examples of the above
compounds are CgHi17COCl, CgH1pCOCl, CioH21COCI, CunHCOCH,
C12H25COC], C13H27COCI, C14H29COC), Cy15H31COCI, Ci6H33COC], C17H35COCI,
C1sH37COCl, C4FyCOCI, CsF1:COCI, CeF13COCI, CrF15COCI, CsF17COCI and
the like.

25 .[0103] A compound represented by the general formula [8] is exemplified by
compounds such as CsHi1NHz, CeHisNH2, C7HisNHz, CsHy7NHz, CoHigNHs,
C1oH21NHs, Ci11HgsNHa, Ci2HosNHgz, CisHarNHz, CiaHzoNHa, CisHziNHa,
CigHssNHg, Ci7H3zsNHz, CisHarNHz, CFsNHs, CF;CoH4NHs, CoFsNHo,
CeF5CoHaNH3z, C3F7NHa, C3FrCoHNH3, C4sFgNHz, C4FoCoH4NHs, C4FoCHNHo,

30 CsIFiNHs, GCsF11C2HyNHe, CsFiiCH2NH, CeFi1sNHe, CgFi13CsHNHo,
CeF13CH2NHe, C7Fi15NH., C7F15C2HsNH2, C7F15CHNHz, CsF17NHs,
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CsF17CoHyNH,, CgFy7CH2NHs, C4F7HoNHz, CsF1:Ha2NHz, CsFisH2NHs,
(CsH7)eNH, (CsHo)2NH, (CsHineNH, (CeHis)oeNH, (CiHis)oaNH, (CsHi7)zNH,
(CoH19)eNH,  (CioHz1)oNH,  (CuHzs)oNH,  (Ci2Hzs)oaNH,  (CisHar)oNH,
(C14H29)oNH, (C15Hs1)oNH, (C16H33)o:NH, (C17Hss)oNH, (CisHar)oNH, (CFy)2NH,
5 (CoFs)eNH, (CsFp)oNH, (CiF9)oaNH, (CsFi)eNH, (CeFiz)eNH, (CrFi5)2NH,
(CgF17)oNH, (C4F7sH2)oNH, (CeF11H2)2NH, (CsFisH2)oNH, (CoHs)sN, (CsHo)sN,
(C4H9)sN, (CsH1psN, (CeHia)sN, (C7His)sN, (CsHinsN, (CoHig)sN, (CiroHan)aN,
(CuiHza)sN, (CizHzs)sN, (CisHan)sN, (CiaHzo)sN, (CisHsbsN, (CieHas)sN,
(C17Hzs)sN, (CisHspsN, (CF3)sN, (C2Fs)iN, (CaF7)sN, (CaFa)aN, (CsFi0sN,
10 (CeFi)sN, (CrFis)sN, (CsFinlsN, (CaF7HzsN, (CeFuHzN, (CsFisHg)aN,
(CsH1D)(CHsNH,  (CeH1a(CHaNH, (CrHis)(CHs)NH, (CeHiXCH3)NH,
(CoH19)(CH)NH, (CioH21)(CHz)NH, (CiiHzz)(CHa)NH, (CioHas)(CH3)NH,
(C13Hen)(CHaINH, (C1aHao)(CH3)NH, (CisHa(CH)NH, (CisHaa)(CHz)NH,
(CrHs(CHINI,  (CisFla)(CHoNH,  (CF(CH)NH,  (C2F9(CH)NH,
15  (C3F7)(CH3)NH, (CeF9)(CH3)NH, (C5F11)(CH2)NH, (CsF13)(CH3)NH,
(C7F15)(CHs)NH, (CgF17)(CHaNH, (CsH{(CH3):N, (C4Hg)(CH3)2N,
(CsHi1X{CHa)2N, (C¢H13){(CHzs)2N, (C7H15)(CHa)2N, (CsH17)(CH3)2N,
(CoH19)(CHa)2N,  (CioHz)(CH3)oN,  (CiiH2a)(CHa)eN,  (Ci2Hes)(CHa)aN,
(C1sHo7)(CHg)oN,  (Ci1aHz9)(CHg)2N,  (C1sHs)(CHs)aN,  (CieHsa)(CHs)aN,
20 (Ci7H35){(CHs):2N, (C1SH37)(CH3)2N, (CF2)(CHs)sN, (C2F5)(CHs)2N,
(C3F7(CH3):2N, (C4F9)(CHa)zN, (C5F10(CHa)2N, (CsF13)(CHa)oN, (C7F15)(CHs)oN
and (CgF17){(CH;3)eN and the like. In addition, a compound represented by the
general formula [8] may be used in the form of a salt. It is possible to
exemplify the salt by inorganic acid salts such as carbonate, hydrochloride,
25  sulfate, nitrate and the like, and organic acid salts such as acetate, propionate,
butyrate, phthalate and the like.
[0104] In consideration of the compatibility with a substance containing a
metal element and the water-repellency-imparting effect on the surface of the
metal-based wafer, the particularly preferable examples of the above
30 compounds are compounds such as CeHisNHz, CrHisNHz, CsHi7NHo,
CoHi9NHz, CioHaiNHz, CiiH2sNHz, CioH2sNHa, CisHarNHs, CiaHzoNH,,
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and C7F15CH2NHz, CsF17NHs, CsF17C2H4NHa, CsF17CH2NH; and the like.
[0105] A compound represented by the general formula [9] is exemplified by
compounds such as C;HiCOOH, CsHi13COOH, C/Hi5COOH, CgHwCOOH,
CoHi1sCOOH, CioH21COOH, C11Ha3COOH, Ci2HssCOOH, Ci3H2;COOH,

20 CiuH20COOH, Ci5H3:COOH, Ci1sH33COOH, Cy7H3CO0H, CisHzCOOH,
CeHsCOOH, C5F11CO0H, CeF13COOH, C7F15CO0H, CsF17COOH and the like,
compounds obtained by substituting ~-COOH group of the above compounds
with ~COOCH3 group, ~COOC:Hs group, ~-COOCsH;s group, -COSH group or
-COSCH; group, and the like.

25 [0106] In consideration of the compatibility with a substance containing a
metal element and the water-repellency-imparting effect on the surface of the
metal-based wafer, the particularly preferable examples of the above
compounds are CsH1;nCOOH, CeHi13COOH, CsHisCOOH, CsH17COOH,
CoH1sCOOH, Ci10H21COOH, Ci1iH23COOH, CioHzsCOOH, C13H27COOH,

30  CisH2eCOOH, Ci5H3CO0H, CisHasCOOH, Cyi7H3sCOOH, Ci3HaCOOH,
compounds obtained by substituting ~-COOH group of the above compounds
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by: isocyanate compounds such as C2HsNCO, CsH/NCO, C4sHoNCO, CsH11NCQO,
5 CeH1sNCO, C/HisNCO, CsHi7NCO, CoHigNCO, CioHaiNCO, C1:HosNCO,
C12H25NCO, C13HesNCO, CiaHeoNCO, CisHaiNCO, CieH3zsINCO, Ci7HssNCO,
C1sH37NCO, CT3NCO, CFsCH2NCO, CF3C2H4NCO, C2FsNCO, CeFsCH2NCO,
CeFsCoHNCO, C3F7NCO, CsF;CHoNCO, C3F7CeH4NCO, C4FsNCO,
C4FeCH2NCO, CuFgCoH4NCO, CsF1iNCO, CsF1i1CH2NCO, CsF1iC2H«NCO,
10 GCgF13NCO, CgFi3CH2NCO, CgF13CH4NCO, C7F1sNCO, C7F1sCH:NCO,
CrF15CHUNCO, CgF17NCO, CgF17CH2NCO, CgF17CoH4NCO, CoH (NCO)s,
CsHg(NCO)2, CiHs(NCO)2, CsHio(NCO)2, CeHi2(NCO)2, C7H14(NCO)q,
CsHis(NCO)z, CoHis(NCO)2, C10H20(NCO)3, C11H22(NCO)s2, Ci12H24(NCO)s,
C13Hz6(NCO)z, C14H2s(NCO)2, CisHzo(NCO)z, C1sHa2(NCO)z, C17Hsa(NCO)s,
15  CisHas(NCO)2,  (NCO)C:HiNCO,  (NCO)CsHeNCO,  (NCO)C4HsNCO,
(NCO)CsH10NCO, (NCO)CsH12NCO, (NCO)YC7H14NCO, (NCO)CsHsNCO,
(NCO)CgH1sNCO, (NCO)C10HzoNCO, (NCO)C11H22NCO, (NCO)C12H24NCO,
(INCO)C13H26NCO, (NCO)C14H2sNCO, (NCO)Ci15H3zoNCO, (NCO)C16H3NCO,
(NCO)C17H34NCO, (NCO)C158H3zsNCO, C2Hz(NCO)s3, CaHs(NCO)s, C4H-(NCO)s3,
20  CsHa(NCO);, CeHn{NCO)s;, CrHiz(NCO);, CsHis(NCO)s, CoHir(NCO)s,
C10H19(NCO)s, C11H2:{NCO)3s, Ci12H2s(NCO)3, Ci13Has(NCO)s, C14Har(NCO)s,
C15H2o(NCO)s, CigHaun(NCO)s, Ci7Hss(NCO)s, CisHszs(NCO)s, C(NCO)y,

(NCO)2C2Ha(NCO)s, (NCO0)2C3H4(NCO)s, (NCO)2C4Hs(NCO)s,
(NCO)2CsHs(NCO)2, (NCO)2CsH10(NCO)2, (NC0)2C7H12(NCO)3,
25 (NCO)2CsH14(NCO)s, (NCO)2CoH16{NCO)3, (NCO)2C10H1s(NCO)s,
(NCO)2C1:Hz0(NCO)s, (NCO)2C12H22(NCO)q, (NCO0)4C13H24(NCO)2,
(NC0)2C14H26(NCO)s, (NCO)2C15Has(NCO)q, (NCO)2C16H30(NCO)s,

(NCO0)2C17H32(NCO)g, (NCO)2C15H34(NCO)2 and the like; compounds obtained
by substituting an isocyanate group (-NCO group) of the above isocyanate
30 compounds with -SH group, ~-CHO group, ~-CONHOH group or a nitrogen

element-containing cyclic structure such as an imidazoline ring (the following
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[18]) and the like; and the like.
]
N
[18]

[0108] In consideration of the compatibility with a substance containing a
metal element and the water-repellency-imparting effect on the surface of the
metal-based wafer, the particularly preferable examples of the above
10  compounds are: isocyanate compounds such as C/HsNCO, CsH;NCO,
CeH1sNCO, CiHisNCO, CeIlIpsNCO, CoHi1gNCO, Ci1oH21NCO, Ci11Ha2sNCO,
Ci12HzsNCO, Ci13Ha7NCO, CisH20NCO, CisH31NCO, CigHasNCO, C17HssNCO,
CisH37NCO, C3F7CH2NCO, CsF:C:HiNCO, CyFoNCO, CyFyCHsNCO,
CaFoCoH4NCO, CsF1iNCO, CsF11CH:NCO, CsFiiCoH4NCO, CgF13sNCO,
15 CgF13CIHNCO, CeF13C2H4NCO, CrF1sNCO, C7F15CHoNCO, CrFi5C2HANCO,
CsF17INCO, CgF17CH2NCO, CgF17CoH4NCO and the like; compounds obtained
by substituting an isocyanate group (-NCO group) of the above isocyanate
compounds with -SH group, ~-CHO group, ~CONHOH group or a nitrogen
element-containing cyclic structure such as an imidazoline ring and the like;
20  and the like.
[0109] A compound represented by the general formula [11] is exemplified
by compounds such as C4H4S, CH3C4H3S, CoHsCyH3S, CsH7C4HS, CaHyCyH;3S,
CsHuCaHsS,  CeHisC4HaS,  C/HisCaH3S,  CsHirC4HsS,  CoHioCoHsS,
CroH21C4H3S, CiiH23CsH3S, CieHesCsHsS,  CisHerCaHsS,  CraHeeCsHsS,
25 CysH31C4H3S, CieHssCaHsS, Cr7H3sC4H3S, CisHa7CaHiS, CsHaNS, CH3C3HNS,
CoHsCsHaNS, CaH7C3HeNS, CsHoCsHeNS, CsHiiCsHaNS, CgHisCsHNS,
C7Hi15CsHaNS, CeH17CaHaNS, CoHi9C3H:eNS, CioHgiCsHeNS, Ci1HgesCsHeNS,
C12Ha5CsHoNS, C13Ha7C3sHoNS, C14H29C3H2NS, Ci5Hz1CsHaNS, C1sHsaCsHaNS,
C17Hs5CsHoNS, CisHz7CsHeNS and the like. Incidentally, CsH4S represents
30  thiophene, C4H3S represents a thiophene ring, C3H3sNS represents thiazole,

and C3HaNS represents a thiazole ring.
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[0110] A compound represented by the general formula [12} is exemplified
by compounds such as CH3COOCOCH3, C2HsCOOCOC:Hs5, CsH,COOCOC:Hy,

C:HoCOOCOCHy, CsH1:COOCOCsH,, CeH1sCOOCOCsHs3,
C7H15C00C0OC7Hs, CsH17COOCOCsHr, CoH19COOCOCoH s,
5 Ci1oH21COOCOC10Hz1, C11HzaCOOCOC 11 Has, C12H25COOCOC12Hzs,
C13H27CO0OCOC13Hz7, C14H26COOCOC14Hy, C1sH35:CO0COC15Hs;,
C16H33CO0COC16Hz3s, C17H3;CO0COC17Hs, C1sH37COOCOC18H37,

CsHsCOOCOCgHs;, CF3CO0COCTEs, CeF5CO0COC:Fs, C3FCOOCOCsFy,
C4F9eCOOCOCFy, C5F1:CO0COC5F 11, CeF13COOCOCF1s, C7F1500(jCOC7F15,
10 CgF17COOCOCsF17 and the like.
[0111]  Moreover, it is preferable that a compound selected from compounds
represented by the general formulas [6] to [12] and salt compounds thereof has
an HLB value (according to Griffin's method) of from 0.001 to 10, because such
a compound can impart better water repellency to the surface of the
15  metal-based wafer.
[0112] Additionally, it is preferable that a compound selected from
compounds represented by the general formulas [6] to [12] and salt compounds
thereof is a compound represented by the following general formula [19] or a
salt compound thereof, because such a compound can impart better water
20  repellency to the surface of the metal-based wafer.

R2-X11  [19]

[in the formula [19], X! represents at least one selected from the
group consisting of ~P(O)OH)z, -NHs group, -N=C=0 group, ~SH group,
-CONHOH group and an imidazoline ring. R2¢ represents a C4Cis

25  hydrocarbon group or CFes1—(CHy) 4~ group (£=4to 8, u=0to 2).]
[0113]  The solvent used in the second process is concretely exemplified by
the hydrocarbons, esters, ethers, ketones, halogen element-containing solvents,
sulfoxide-based solvents, lactone-based solvents, carbonate-based solvents,
polyalcohol derivatives having no OH group and nitrogen element-containing
30  solvents having no N-H group as discussed in the first process. Additionally,

it 1s also possible to cite: water; alcohols such as methanol, ethanol, propanol,
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butanol, pentanol, hexanol, heptanol, octanol, ethylene glycol, diethylene glycol,
1,3-propanediol, 1,2-propanediol, dipropylene glycol, 1,2-butanediol,
1,3-butanediol, 1,4-butanediol, triethylene glycol, tripropylene glycol,
tetraethylene glycol, tetrapropylene glycol, glycerine and the like; polyalcohol
5 derivatives having OH group, such as ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene
glycol monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monopropyl ether, diethylene glycol
monobutyl ether, triethylene glycol monomethyl ether, triethylene glycol
10  monoethyl ether, triethylene glycol monopropyl ether, triethylene glycol
monobutyl ether, tetraethylene glycol monomethyl ether, tetraethylene glycol
monoethyl ether, tetraethylene glycol monopropyl ether, tetraethylene glycol
monobutyl ether, propylene glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol monopropyl ether, propylene glycol
15  monobutyl ether, dipropylene glycol monomethyl ether, diprepylene glycol
monoethyl ether, dipropylene glycol monopropyl ether, dipropylene glycol
monobutyl ether, tripropylene glycol monomethyl ether, tripropylene glycol
monoethyl ether, tripropylene glycol monopropyl ether, tripropylene glycol
monobutyl ether, tetrapropylene glycol monomethyl ether, butylene glycol
20 monomethyl ether and the like; and nitrogen element-containing solvents
having N-H group, such as formamide.
[0114]  Additionally, it is preferable to use a nonflammable one as a part or
the entire of the solvent since the water-repellent liquid chemical becomes
nonflammable or increases in flash point thereby reducing the risk of the liquid
25 chemical. Most of the halogen element-containing solvents are nonflammable,
so that such a halogen element-containing nonflammable solvent can be
preferably used as a nonflammable solvent. Furthermore, water can also be
used as the nonflammable solvent.
[0115] Additionally, in view of safety under the fire protection law, it is
30 preferable to use a solvent having a flash point exceeding 70 °C as the

above-mentioned solvent.
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even if the solvent is not nonflammable one. Hence the liquid chemical hardly

applies to “a flammable liquid”, which 1s preferable in view of safety.
[0117]  Additionally, most of the lactone-based solvents, carbonate-based
solvents, the polyalcohol derivatives have a high flash point; therefore, it is
10  preferable to use these solvents because the risk of the water-repellent Liquid
chemical can be reduced. In view of the safety, it is more preferable to use: the
solvent as discussed in the first process to have a flash point exceeding 70 °C;
or a solvent having a flash point exceeding 70 °C and concretely exemplified by
ethylene glycol, diethylene glycol, 1,2-propanediol, 1,3-propanediol,
15 dipropylene glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, triethylene
glycol, tripropylene glycol, tetraethylene glycol, tetrapropylene gilycol,
glycerine, diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol monopropyl ether, diethylene glycol monobutyl ether,
triethylene glycol monomethyl ether, triethylene glycol moncethyl ether,
20  triethylene glycol monopropyl ether, triethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, tetraethylene glycol monoethyl ether,
tetraethjflene glycol monopropyl ether, tetraethylene glycol monobutyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether,
dipropylene glycol monopropyl ether, dipropylene glycol monobutyl ether,
25  tripropylene glycol monomethyl ether, tripropylene glycol monoethyl ether,
tripropylene glycol monopropyl ether, tripropylene glycol monobutyl ether,
tetrapropylene glycol monomethyl ether and the like. It is much more
preferable to use: the solvent as discussed in the first process to have a flash
point exceeding 93 °C; or a solvent having a flash point exceeding 93 °C and
30 concretely exemplified by ethylene glycol, diethylene glycol, 1,2-propanediol,
1,3-propanediol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
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1,4-butanediol, triethylene glycol, tripropylene glycol, tetracthylene glycol,
tetrapropylene glycol, glycerine, diethylene glycol monomethyl ether,
diethylene glycol monopropyl ether, diethylene glycol monobutyl ether,
triethylene glycol monomethyl ether, triethylene glycol monoethyl ether,
5  triethylene glycol monopropyl ether, triethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, tetraethylene glycol monoethyl ether,
tetraethylene glycol monopropyl ether, tetraethylene glycol monobutyl ether,
dipropylene glycol mon;)propyl ether, dipropylene glycol monobutyl ether,
tripropylene glycol monomethyl ether, tripropylene glycol monoethyl ether,
10  tripropylene glycol monopropyl ether, tripropylene glycol monobutyl ether,
tetrapropylene glycol monomethyl ether and the like.
[0118] Furthermore, in the water-repellent liquid chemical for metal-based
wafers, the concentration of at least one kind of compound selected from the
group consisting of compounds represented by the general formulas [6] to [12]
15 and salt compounds thereof is 0.0005 to 2 mass% relative to the total quantity
of 100 mass% of the liquid chemical for metal-based wafers. A concentration
of smaller than 0.0005 mass% tends to make the water-repellency-imparting
effect insufficient, while that of larger than 2 mass% tends to be insoluble in a
solvent. A concentration of 0.001 to 1 mass% is more preferable, and 0.0015 to
20 0.8 mass% is particularly preferable. The liquid chemical for metal-based
wafers may contain an organic solvent having a low boiling point, but it is
important that a component the ambunt of which is the largest in mass ratio
among components of the water-repellent liquid chemical for metal-based
wafers has a boiling point exceeding 40 °C. The boiling point is more
25  preferably in excess of 60 °C, much more preferably in excess of 80 °C.
[0119]  Furthermore, from reasons of imparting a more excellent water
repellency, it is preferable to use hydrocarbons, esters, ethers, kefones,
polyalcohol derivatives having no OH group, water or a mixture liquid of these
as the solvent for the water-repellent liquid chemical for metal-based wafers.
30  Additionally, in consideration of substitutability with a cleaning liquid and

more particularly with a cleaning liquid formed of a water-based liquid, it is
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preferable to use polyalcohol derivatives having no OH group, water, or a
mixture liquid of these.

[0120] In the cleaning process of the present invention, the water-repellent
liquid chemical, i.e., the water-repellent liquid chemical for silicon-based
wafers or the water-repellent liquid chemical for metal-based wafers has a
temperature of not lower than 40 °C; therefore, a solvent which may be used
for dilution of the liquid chemical preferably has a boiling point of not lower
than 40 °C. Though a solvent having a boiling point of lower than 40 °C is
also acceptable, it is preferable to use another solvent having a boiling point
exceeding 40 °C, as a component the amount of which is the largest in mass
ratio among components of the water-repellent Hiquid chemical (hereinafter,
such a component may be referred to as a primary solvent component). The
primary solvent component preferably has a boiling point of not lower than 50
°C, particularly preferably not lower than 70 °C.

[0121] Additionally, the water-repellent liquid chemical for silicon-based
wafers may contain an additive and the like in addition to the silicon
compound A represented by thergeneral formula [1], acid or base, and a solvent.
Furthermore, the water-repellent liquid chemical for metal-based wafers also
may contain an additive and the like in addition to at least one kind of
compound selected from the group consisting of compounds represented by the
general formulas [6] to [12] and salt compounds thereof and a solvent. The
additive is exemplified by oxidizing agents such as hydrogen peroxide, ozone
and the like; surfactants and the like. Additionally, in a case where the
uneven pattern of the wafer has a part formed of a material on which the
silicon compound A or any compound represented by the general formulas [6]
to [12} cannot form the water-repellent film, an additive capable of forming the
water-repellent film on the material may be added. Moreover, concerning the
water-repellent liquid chemical for silicon-based wafers, another acid may be
added for other purposes than obtaining the silicon compound B.

[0122] In the present invention, a style for cleaning the wafer is not

particularly limited so long as the water-repellent liquid chemical or the
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cleaning liquid is retained at least in the recessed portions of the uneven
pattern of the wafer. Examples of the style for cleaning the wafer are: a single
cleaning style represented by spin cleaning where a generally horizontally held
wafer is rotated and cleaned one by one while supplying a liquid to the vicinity
5  of the center of the rotation; and a batch style where a plurality of wafer sheets
are immersed in a cleaning bath to be cleaned. Incidentally, the form of the
water-repellent liquid chemical or the cleaning liquid at the time of supplying
the water-repellent liquid chemical or the cleaning liquid at least to the
recessed portions of the uneven pattern of the wafer is not particularly limited
10 as far as it is in a condition of liquid at the time of being retained in the
recessed portions. The form is exemplified by liquid, vapor and the like.
[0123] ‘ In the present invention, the wafer is not particularly limited so long
as the wafer has an uneven pattern; however, a wafer confaining silicon
element at the surfaces of the recessed portions of the uneven pattern or a
15  wafer containing at least one kind of element of titanium, tungsten, aluminum,
copper, tin, tantalum and ruthenium at the surfaces of the recessed portions of
the uneven pattern is used.
[0124] A wafer containing silicon element at the surfaces of the recessed
portions of the uneven pattern includes: those in which at least one component
20  selected from silicon, silicon oxide and silicon nitride is formed at least at the
surfaces of the recessed portions of the wafer; and those in which at least the
surfaces of the recessed portions are formed of at least one component selected
from silicon, silicon oxide and silicon nitride at the time of forming the uneven
pattern. Additionally, the wafer may include’ those in which at least one
25  component selected from silicon, silicon oxide and silicon nitride is formed at
least a part of the surfaces of the recessed portions of the wafer; and those in
which at least a part of the surfaces of the recessed portions is formed of at
least one component selected from silicon, silicon oxide and silicon nitride at
the time of forming the uneven pattern. In these cases, the water-repellent
30 film is formed on a surface of at least one component selected from silicon,

silicon oxide and silicon nitride which component exists at least at the part of
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the surfaces of the recessed portions. Accordingly, the water-repellent film
may be formed on a part of the surfaces of the recessed portions of the wafer.
[0125] The wafer containing at least one kind of element of titanium,
tungsten, aluminum, copper, tin, tantalum and ruthenium at the surfaces of
5  the recessed portions of the uneven pattern includes: those obtained by coating
a surface of a silicon wafer, a wafer formed of a plurality of components
including silicon and/or silicon oxide (SiOg), a silicon carbide wafer, a sapphire
wafer, semiconductor wafers formed of various kinds of compound, a plastic
wafer or the like with a layer formed of a matter containing titanium element
10  such as titanium, titanium nitride, titanium oxide and the like, a matter
containing tungsten element such as tungsten, tungsten oxide and the like, a
matter containing aluminum element such as aluminum and aluminum oxide
and the like, a matter containing copper element such as copper and copper
oxide and the like, a matter containing tin element such as tin and tin oxide
15 and the like, a matter containing tantalum element such as tantalum nitride
and tantalum oxide and the like or a matter containing ruthenium element
such as ruthenium and ruthenium oxide and the like; those formed having a
multilayer film at least one layer of which is a film formed of a matter
containing the above-mentioned metal-based elements; and the like. The step
20  of forming the uneven pattern is conducted on a layer including a layer formed
of a matter containing the above-mentioned metal-based elements.
Additionally, those in which at least a part of the surface of the uneven pattern
serves as a matter containing at least one kind element of the above-mentioned
metal-based elements at the time of forming the uneven pattern are also
25  included.
[0126]  Also concerning a wafer formed of a plurality of components that
include a matter containing at least one kind of element of the
above-mentioned metal-based elements, it is possible to form the
water-repellent film on the surface of the matter containing at least one kind of
30 element of the above-mentioned metal-based elements, by using the

water-repellent liquid chemical for metal-based wafers. The wafer formed of
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pattern. In the uneven pattern, where the water-repellent liquid chemical for
metal-based wafers can form the water-repellent film is a surface of a moiety of
the matter containing at least one kind of element of the above-mentioned

10 metal-based elements. Hence the water-repellent film may be formed at least
on a part of the surfaces of the recessed portions of the metal-based wafer by
using the water-repellent liquid chemical for metal-based wafers.

[0127] Additionally, the cleaning process of the present invention
particularly preferably includes:

15 (a step 1) a step of making a surface of a wafer into a surface having
an uneven pattern, followed by supplying a water-based liquid to the surface
and retaining the water-based liquid at least in recessed portions of the uneven
pattern;

(a step 2) a step of substituting the liquid retained at least in the

20  recessed portions of the uneven pattern with a cleaning liquid containing 80
mass% or greater of a solvent having a boiling point of 55 to 200 °C;

(a step 3) a step of substituting the cleaning liquid with a
water-repellent liquid chemical and retaining the liquid chemical at least in
the recessed portions of the uneven pattern;

25 (a step 4) a step of removing the liquid from the surfaces of the
uneven pattern by drying; and

(a step 5) a step of removing a water-repellent film.

[0128] First of all, a water-based liquid is retained at least in recessed
portions of uneven pattern as discussed in the “step 1”. Acid which may be

30 mixed into the water-based liquid is exemplified by inorganic acids and organic

acids. Examples of the inorganic acids include hydrogen fluoride, buffered
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hydrogen fluoride, sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid
and the like. Examples of the organic acids include methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, trifluoromethanesulfonic acid,
acetic acid, trifluoroacetic acid, pentafluoropropionic acid and the like. Alkali
5  which may be mixed into a cleaning liquid is exemplified by ammonia, choline
and the like. An oxidizing agent which may be mixed into the cleaning liquid
are exemplified by ozone, hydrogen peroxide and the like.
[0129] Then, the liquid retained in the recessed portions is substituted with
a cleaning liquid containing 80 mass% or greater of a solvent having a boiling
10 point of 55 to 200 °C as discussed in the “step 2”. Incidentally, the liquid
having been retained in the recessed portions before the substitution may be
the above-mentioned water-based liquid or an after-mentioned rinsing liquid
N _
[0130] It is preferable that the cleaning liquid is at least one liquid selected
15 from the group consisting of' organic solvents; water; and agueous solutions
obtained by mixing at least one kind selected from the organic solvents, acids,
alkalis and oxidizing agents with water.
[0131] In a case of preparing the cleaning liquid containing an organic
- solvent having a boiling point of lower than 55 °C, a mixture liquid obtained by
20 mixing the organic solvent having a boiling point of lower than 55 °C into
water or an organic solvent having a boiling point of 55 to 200 °C is arranged to
contain a solvent having a boiling point of 55 to 200 °C in an amount of 80
mass% or greater, thereby preparing the cleaning liquid. Additionally, in a
case of preparing the cleaning liquid containing an organic solvent having a
25  boiling point exceeding 200 °C, a mixture liquid obtained by mixing the organic
solvent having a boiling point exceeding 200 °C into water or an organic
solvent having a boiling point of 55 to 200 °C is arranged to contain a solvent
having a boiling point of 55 to 200 °C in an amount of 80 mass% or greater,
thereby preparing the cleaning liquid.
30 [0132] Incidentally, the cleaning liquid is preferably an organic solvent,

water, a mixture liquid of water and an organic solvent in view of its
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cleanliness. Furthermore, it i1s preferable that the cleaning liquid is an
organic solvent since the water-repellent liguid chemical can be supplied to the
recessed portions without being brought into contact with water. In
particular, the organic solvent preferably contains a water-soluble organic
5  solvent (having a solubility of not smaller than 5 parts by mass relative to 100
parts by mass of water), with which the organic solvent can be easily
substituted for the water-based liquid.
[0133] Subsequent to the step of retaining the water-based liquid in the
recessed portions (the step 1), the water-based liquid retained at least in the

10  recessed portions of the uneven pattern may be substituted with another liquid
(hereinafter, it may be referred to as a rinsing liquid A) which is different from
the water-based liquid. The step of substitution with the cleaning liquid (the
step 2) may be performed thereafter.

[0134] Incidentally, it is possible to use two or more liquids for substitution,

15 asthe rinsing liquid A. For example, as the rinsing liquid A, substitution may
be conducted with water and then with an organic solvent (which preferably
includes a water-soluble organic solvent).

[0135] Then, the water-repellent liquid chemical is retained at least in the
recessed portions of the uneven pattern as discussed in the “step l3”, thereby

20 forming the water-repellent film on the surfaces of the recessed portions of the
uneven pattern of the wafer by virtue of the water-repellent liquid chemical.
The temperature of the water-repellent liquid chemical supplied in the
substitution step is not lower than 40 °C and lower than the boiling point of the
water-repellent liguid chemical.

25 [0136] When the water-repellent film is formed on the surfaces of the
recessed portions of the uneven pattern of the wafer by virtue of the
water-repellent liquid chemical, a contact angle read on the assumption that
water is retained on the surfaces is preferably from 50 to 130° because the
pattern collapse becomes difficult to occur. Additionally, the closer to 90° the

30 contact angle is, the smaller the capillary force acting on the recessed portions

becomes. With this, the pattern collapse is made further difficult to occur.



PGVEA DEGEEA 218 25 60 50 >60 >60 [0176][ Exanples 4-2 to 4-4, Conparative
Exanpl es 4-1 and 4-21 Upon suitably nodifying those used in

- Exanple 4-1 (i.e., the tenperature of the water-repellent liquid chem cal
and the cleaning liquid 10 used before a water-repellency-inparting
treatnent), the wafer having a thermal 8%ide filmwas subjected to the
surface treatnent and then evaluated. The results are shown in Table 4.

[0177][ Exaf'tiﬁié&a X ﬁlpgﬁfc&?%ﬁ@%?%ﬂe @ig{;ﬂl@ céﬁ?arégﬁa}gnggeﬁxﬁﬂ 8 th 1l

exception t 15 octy nmet hy no) s

[ C8I - 117Sih GtR Am b Ch3¢ R} abigsfrogedlas 1he°. siTugbernos®othadcdpillangifdent & |y,
a conponent the anobunt of which is the largest in nass rati o anong

conponent Preferahly nat brghespdianehi NNjmi’d rapallagbfain efinph higherpihegent

'S )3, PR At s IR BRI e S G T St fhote L

Chem <8, ASELLL ALOUA NP SONLTS N BRI LIRS

Tr eat ment diffemylt to occur, so that a capillary force is particularly preferably not higher
than 1.5 MN/m2, much more preferably not higher than 1.0 MN/m2.
Furthermore, it 1s 1deal to put the capillary force close to 0.0 MN/m? as much
as possible by adjusting the contact angle to the liquid to around 90°.

10 [0137] Then, a step of removing the liquid from the surfaces of the uneven
pattern by drying is performed as discussed in the “step 4”. In this step, the

liquid having been retained on the surfaces of the uneven pattern is removed
by drying. The drying is preferably conducted by a conventionally known
drying method such as spin drying, IPA (2-propanol) steam drying, Marangoni

15 drying, heating drying, blowing drying, warm air drying, vacuum drying and
the like.

[0138] Incidentally, subsequent to the step of retaining the water-repellent
liquid chemical at least in the recessed portions of the uneven pattern (the step
3), the water-repellent liquid chemical having been retained at least in the

20  recessed portions of the uneven pattern may be substituted with another liquid
(hereinafter, it may be referred to as a rinsing liquid B) which is different from
the water-repellent ligquid chemical. The step of removing the liquid from the
surfaces of the uneven pattern by drying (the step 4) may be performed
thereafter.

25 [0139] Incidentally, it is possible to use two or more cleaning liquids for
substitution, as the rinsing liquid B. For example, as the rinsing liquid B,
substitution may be conducted with an organic solvent (which preferably
includes a water-soluble organic solvent) and then with a water-based liquid.
[0140] The rinsing liquid A and the rinsing liquid B are exemplified by:

30 water; organic solvents; mixtures of water and an organic solvent; these into

which at least one kind of an acid, alkali and surfactant is mixed; these into
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which at least one kind of compound selected from the group which may be
used for the water-repellent liquid chemical, i.e, selected from the group
consisting of the silicon compound A, the silicon compound A and acid or base,
compounds represented by the general formulas [6] to [12] and salt compounds
5 thereof is so mixed that the compound has a lower concentration than the
water-repellent liquid chemical; and the like.
[0141] Incidentally, the organic solvent discussed as one preferable éxample
of the above-mentioned cleaning liquid, the rinsing liquid A and the rinsing
liquid B can be exemplified by hydrocarbons, esters, ethers, ketones, halogen
10 element-containing solvents, sulfoxide-based solvents, alcohols, polyalcohol
derivatives, nitrogen element-containing solvents and the like.
[0142] Concrete examples of the organic solvent are cited by organic
solvents which may be used for dilution of the water-repellent liquid chemical
for silicon-based wafers and by the same organic solvents as those used in the
15  water-repellent liquid chemical for metal-based wafers.
[0143] When removing a liquid from the surface of the uneven pattern, the
hquid having been retained on the surface may be the water-repellent liquid
chemical, the rinsing liquid B, or a mixture liquid of these. Incidentally, a
mixture liquid containing the water-repellent liquid chemical may be a liquid
20  which is under a condition where the water-repellent liquid chemical is in the
process of being substituted with the rinsing liquid B, or may be a mixture
liquid obtained by previously mixing the water-repellent liquid chemical into
the rinsing liquid B which is different from the water-repellent liquid chemical.
Additionally, a liguid may be once removed from the surface of the uneven
25  pattern, followed by retaining the rinsing liquid B or the above-mentioned
mixture liquid on the surface of the uneven pattern, upon which drying may be
conducted. By virtue of the presence of the water-repellent film on the
_ surfaces of the recessed portions at the time of removing a liquid from the
surface of the uneven pattern, the capillary force acting on the recessed
30 portions is so reduced as to make the pattern collapse difficult to occur.

[0144] In the step of removing the liquid from the surfaces of the uneven
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pattern by drying (the step 4), the liguid removed from the surface of the
uneven pattern is preferably the rinsing liquid B and more particularly water,
the organic solvent or a mixture of these. This 1s because stains become
difficult to remain on the wafer surface after drying. If the liquid is a

5 water-based liquid and more specifically if the liquid is water, the contact angle
8 between this liquid and the surfaces of the recessed portions of the uneven
pattern provided with water repellency by the water-repellent liquid chemical
is increased. This is preferable because the capillary force P acting on the
recessed portions is decreased.

10 [0145] Incidentally, the cleaning liquid, the rinsing liquid A and the rinsing
liquid B may be retained at a temperature of not lower than 10 °C and lower
than the boiling point of the liquid. For example, a solution containing an
acid aqueous solution, particularly preferably a solution containing an acid
aqueous solution and an organic solvent having a boiling point of not lower

15  than 100 °C is used as the rinsing liquid A, and the temperature of the rinsing
liguid A is increased close to the boiling point of the rinsing liquid A. This is
preferable because the water-repellent film can be formed with a short time.
{0146] Then, the step of removing the water-repellent film is performed as
discussed in the “step 57. In the case of removing the water-repellent film, it

20  1s effective to cleave a C-C bond and a C-F bond in the water-repellent film.
A method therefor is not particularly limited so long as the method can cleave
the above-mentioned bonds, but exemplified by a method of irradiating the
wafer surface with light, a method of heating the wafer, a method of exposing
the wafer to ozone, a method of irradiating the wafer surface with plasma, a

25  method of subjecting the wafer surface to corona discharge and the like.

[0147]  1In the case of removing the water-repellent film by light irradiation,
it is preferable to conduct an irradiation with ultraviolet rays having a
wavelength of shorter than 340 nm and 240 nm (which are energies
corresponding to bond energies of a C-C bond and a C-F bond in the
30 Water'repellenﬁ film, i.e., 83 kcal/mol and 116 kcal/mol). As the light source

therefor, there is used a metal halide lamp, a low-pressure mercury lamp, a
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high-pressure mercury lamp, an excimer lamp, a carbon arc or the like. In the
case of the metal halide lamp, the intensity of the ultraviolet irradiation is
preferably not less than 100 mW/cm2, particularly preferably not less than 200
mW/cm?2, as a measurement value obtained by the illuminance meter
5 (Intensity meter UM-10 produced by Konica Minolta Sensing, Inc.,
Light-Receptor UM-360 [Peak sensitivity wavelength: 365 nm, Measured
wavelength range: 310 to 400 nm]). Incidentally, an irradiation intensity of
less than 100 mW/cm? takes a long period of time to remove the
water-repellent film. Additionally, in the case of the low pressure mercury
10 lamp, the ultraviolet irradiation is performed with shorter wavelengths so that
removal of the water-repellent film is achieved in a short time even with a low
intensity; hence this is preferable.
[0148]  Additionally, in the case of removing the water-repellent film by light
irradiation, it is particularly preferable to generate ozone in parallel with
15  decomposition of components of the water-repellent film by ultraviolet rays
and then to induce oxidation-volatilization of the components of the
water-repellent film by the ozone, since a treatment time is saved thereby. As
the light source therefor, the low-pressure mercury lamp or the excimer lamp is
used. Additionally, the wafer may be heated while being subjected to light
20 irradiation.
[0149] In the case of heating the wafer, the heating of the wafer is conducted
at 400 to 700 °C, preferably at 500 to 700 °C. The heating time therefor is
preferably kept from 0.5 to 60 minutes, more preferably from 1 to 30 minutes.
Additionally, this step may be conducted in combination with ozone exposure,
25  plasma irradiation, corona discharge or the like. Additionally, the wafer may
be heated while being subjected to light irradiation.
[0150] In the case of exposing the wafer to ozone, ozone generated by
ultraviolet irradiation using the low-pressure mercury lamp, low-temperature
discharge using high voltages or the like is preferably supplied to the wafer
30 surface. The wafer may be irradiated with light or heated while being

exposed to ozone.
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in the recessed portions, & represents the contact angle between the liquid
retained in the recessed portions and the surfaces of the recessed portions, and
Srepresents the widths of the recessed portions.)
In a case of a liquid retained in recessed portions 4 of an uneven
20 pattern 2, the contact angle of a liquid drop of the liquid and the capillary force
acting on the recessed portions (which force is regarded as being equal to the
pattern collapse) are in correlation with each other, so that it is also possible to
derive the capillary force from the equation and the evaluations made on the
contact angle of the liquid drop to a water-repellent film 12. In Examples,
25  water, which is representative of a water-based liquid, was used as the liquid.
[0153] However, in the case of a wafer having an unevenly patterned surface,
it 1s not possible to exactly evaluate the contact angle of the waterrepellent
film 12 itself formed on the unevenly patterned surface.
[0154] An evaluation of the contact angle of waterdrop is conducted by
30 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



70 Solvent for Water- Repellent Liquid Chem cal Ceaning Liquid used
before Water Repellency-Inparting Treatnent Tenperature of Water- Repell ent
Liquid Chemcal (C) Required rme for Surface Treatnment (see) - Kind Boiling
Tenpe- rature (C) Tenpe- rature (Q) Contact Angle75 (Capillary Force
0.8MN/ n2) Contact Angle -?-. 80 (CapilPary Force -C 0.6M\V nR2) ~Cont act
Angle k 85 (Capillary Force 0.3MV nR) Exanple 6-1

substrate surface, as discussed in JIS R 3257 (Testing method of wettability of
glass substrate surface). However, in the case of the wafer having a pattern,
the contact angle 1s enormously large. This i1s because Wenzel's effect or
Cassie’s effect is caused so that an apparent contact angle of the waterdrop is
5 increased under the influence of a surface shape (roughness) of the substrate
upon the contact angle.
[0155] In view of the above, in the present examples, a water-repellent
liguid chemical is supplied onto a wafer having a smooth surface to form a
water-repellent film thereon, the water-repellent film being regarded as the
10  water-repellent film 12 formed on the surface of a wafer 1 having at its surface
an uneven pattern 2, thereby performing various evaluations. In the present
examples, there were used “a wafer having a thermal oxide film” formed to
have a smooth thermal oxide film on a silicon wafer having a smooth surface
and “a wafer having a silicon nitride film” formed to have a smooth silicon
15  mitride film on a silicon wafer having a smooth surface, as a silicon-based wafer
having a smooth surface. Moreover, there were used “a wafer having a
titanium nitride film” formed to have a titanium nitride layer on a silicon
wafer having a smooth surface, “a wafer having a tungsten film” formed to
have a tungsten layer on a silicon wafer having a smooth surface and “a wafer
20  having a ruthenium film” formed to have a ruthenium layer on a silicon wafer
having a smooth surface, as a metal-based wafer having a smooth surface.
[0156] In such a cleaning process as to supply liquid to a wafer while
rotating the wafer, it is extremely difficult to precisely replicate a condition
where the cleaning liquid is substituted with the waterrepellent liquid
25 chemical. Hence, in the present example, a wafer that had been immersed in
a cleaning liquid was immersed in a water-repellent liquid chemical under a
condition where the cleaning liquid is retained on the surface of the wafer,
thereby replicating the substitution condition with great accuracy.
Additionally, a time for immersion in the water-repellent liquid chemical was
30 variously changed in order to evaluate wafer’s water repellency-provided

conditions (a condition of a water-repellent film) different in degree of the
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progress of substitution.
[0157] Details will be discussed below. Hereinafter, there will be discussed:
a method for evaluating a wafer to which a water-repellent liquid chemical is
supplied; preparation of the water-repellent liquid chemical; and results of
5 evaluation made after providing the water-repellent liquid chemical to the
wafer.
[0158] [Method for Evaluating Wafer to which Water-Repellent Liquid
Chemical is provided]
As a method for evaluating a wafer to which a water-repellent liquid
10  chemical is provided, the following evaluations (1) and (2) were performed.
[0159] (1) Evaluation of Contact Angle of Water-Repellent Film formed on
Wafer Surface
About 2 ul of pure water was dropped on a surface of a wafer on
which a water-repellent film was formed, followed by measuring an angle
15  (contact angle) formed between the waterdrop and the wafer surface by using a_
contact angle meter (produced by Kyowa Interface Science Co., Ltd.: CA-X
Model). This measurement was conducted at five locations of the wafer
surface, followed by calculating a mean value.
[0160] (2) Evaluation of Capillary Force
20 The capillary force (the absolute value of P) was obtained by
calculating P by using the following equation.
P=2x yx cosf/ .S
(In the equation, y represents the surface tension of a liquid retained
in the recessed portions, & represents the contact angle between the liquid
25 retained in the recessed portions and the surfaces of the recessed portions, and
S represents the widths of the recessed portions.)
[0161] Incidentally, the present example was made on the assumption that
a wafer formed having a line-and-space pattern the line width (the width of the
recessed portions) of which was 45 nm, as an example of a pattern shape. The
30 pattern having a line width of 45 nm tends to cause its collapse in a case where

a cleaning liquid used when a gas-liquid interface passes through the uneven
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pattern is water, while the pattern collapse tends to be difficult to occur in a
case of 2-propanol. When the width of the recessed portions is 45 nm and the
wafer surface is silicon oxide, the capillary force in a case where the cleaning
liquid is 2-propanol (Surface tension: 22 mN/m, Contact angle to surface of
5 silicon oxide: 1°) is 0.98 MN/m2. On the other hand, the capillary force in a
case where the cleaning liquid is water (Surface tension: 72 mN/m, Contact
angle to silicon oxide: 2.5°) having the largest surface tension among liquids
other than mercury is 3.2 MN/m2. If the wafer surface is titanium nitride,
tungsten or ruthenium, for example, the contact angle of 2-propanocl to the
10  surface is 0.5° in all cases, and similarly the contact angle of water is 2° in all
cases. Also concerning the other matters containing titanium element,
tungsten element or ruthenium element (such as titanium, titanium oxide,
tungsten oxide, ruthenium oxide and the like), the degree of the contact angle
is as much as the above. In a case of those having the width of the recessed
15 portions of 45 nm, such as a wafer having a titanium nitride film, a wafer
having a tungsten film and a wafer having a ruthenium film, the capillary
force in a case where the cleaning liquid is 2-propanol (Surface tension: 22
mN/m) is 0.98 MN/m2. On the other hand, the capillary force in a case where
the cleaning liquid is water (Surface tension: 72 mN/m) having the largest
20  surface tension among liquids other than mercury is 3.2 MN/m?2.
[0162] [Example 1-1]
(1) Cleaning of Wafer, using Cleaning Liguid
A wafer having a smooth thermal oxide film (a silicon-based wafer
formed héving a thermal oxide film of 1 um thickness on its surface) was
25 immersed in 1 mass% hydrogen fluoride aqueous solution at room temperature
for 2 minutes. Thereafter, the wafer was immersed in pure water for 1
minute, and then in 2-propanol (iPA; 82°C Boiling Point) for 1 minute.
Accordingly, a cleaning liquid retained on the surface of the wafer after
cleaning 1s 1PA.
30 {01631 (2) Preparation of Water-Repellent Liquid Chemical

In the present example, 5 g of hexamethyldisilazane
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liqguid chemical for various periods of time (5, 10, 20, 30, 40, 50 and 60 seconds)

15 to substitute the cleaning liquid with the liquid chemical, thereby forming a
water-repellent film. Subsequently, the wafer having a thermal oxide film
was taken out of the liquid chemical, followed by immersing the wafer in iPA |
serving as a rinsing liquid for 60 seconds and then in pure water for 60
seconds.

20 (4) Wafer Drying

Finally, the wafer having a thermal oxide film was taken out of the
pure water, followed by blowing drying by spraying air thereon, so as to remove
the pure water from the surface.

[0165] The thus obtained wafer having a thermal oxide film was evaluated

95 in a manner discussed in the [Method for Evaluating Wafer to which
Water-Repellent Liquid Chemical is provided] section, in which a surface
treatment time (a substitution time) required to provide a contact angle of not
smaller than 75°, that of not smaller than 80° and that of not smaller than 85°
(in other words, a capillary force of not higher than 0.8 MN/m2, that of not

30  higher than 0.6 MN/m?2, and that of not higher than 0.3 MN/m?2, respéctively) to

the wafer having a thermal oxide film after surface treatment was investigated.
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The Result thereof is shown in Table 1.~
[0166] [Table 1]
Cleaning Liquid used before Water | Temperature| Required Time for Surface Treatment
Solvent for | Repellency-Imparting Treatment of (sec)
Water- Boili Watexr- Contact Contact Contact
Repetlent T° M8 | mompe- | Repellent | Anglex75° | Angle=80° | Anglez85°
Liguid Kind empe rature Liguid (Capillary | (Capillary | (Capillary
Chemical r?ntg;e ) Chemical Force = Force = Foree =
0 0.8MN/m?) | 0.6MN/m® | 0.3MN/m?)
Frample | poMEA | iPA 82 26 40 5 10 10
Exif‘;ple PGMEA iPA 82 25 60 5 10 10
Exalfgple PGMEA iPA 82 25 80 5 10 10
Exj’_‘f’le PGMEA | PGMEA 146 25 80 5 10 10
Frample | DEGERA | PGMEA | 146 25 60 5 10 20
E"i’_?’l" PGDA | PGMEA | 146 25 60 5 10 10
Example PGMEA/D
o PGMEA s 146 25 60 5 10 10
Example PGMEA/D
g PGMEA | o 146 25 60 5 10 20
Example |PGMEADEL pogy | 146 25 60 5 10 10
1-9 E
Bxample [PGMEADE
o GEEa | POMEA | 146 25 60 5 10 10
Comparative
Example PGMEA iPA 32 25 25 10 10 20
1-1
Comparative
Example PGMEA | DEGEEA 218 25 G0 5 10 20
12
Comparative
Example DEGEEA | DEGEEA 218 25 60 10 20 30
1-3
Comparative _
Example PGDA |DEGEEA| 218 25 60 5 10 20
-4
Comparative
DEGEEA/
Ex.';?;ple PGMEA PGMEA 218 25 60 5 20 30
5 [0167] [Examples 1-2 to 1-10, Comparative Examples 1-1 to 1-5]

Upon suitably modifying those used in Example 1-1 (.e., the
temperature of the water-repellent liquid chemical, the cleaning liquid used
before a waterrepellency-imparting treatment, and the solvent for the
water-repellent liquid chemical), the wafer having a thermal oxide film was

10  subjected to the surface treatment and then evaluated. The results are shown
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in Table 1. By the way, DEGEEA means diethylene glycol monoethyl ether
acetate. A component the amount of which is the largest in mass ratio among
components of the waterrepellent liquid chemical using the solvent is
DEGEEA and its boiling point is 218 °C. Furthermore, PGDA means
5 propylene glycol diacetate; a component the amount of which is the largest in
mass ratio among components of the water-repellent liquid chemical using the
solvent is PGDA and 1ts boiling point 1s 190 °C. Additionally, PGMEA/DEE
means a solvent obtained by mixing PGMEA and diethyl ether (DEE; 35°C
Boiling Point} at a mass ratio of 90:10; a component the amount of which is the
10  largest in mass ratio among components of the water-repellent liquid chemical
using the mixture solvent is PGMEA and its boiling point is 146 °C. Similarly,
PGMEA/DEGEEA means a solvent obtained by mixing PGMEA and DEGEEA
at a mass ratio of 90:10; a component the amount of which is the largest in
mass ratio among components of the water-repellent liquid chemical using the
15  mixture éolvent is PGMEA and its boiling point is 146 °C. Similarly,
DEGEEA/PGMEA means a solvent obtained by mixing DEGEEA and PGMEA
at a mass ratio of 90:10; a component the amount of which is the largest in
mass ratio among components of the water-repellent liquid chemical using the
mixture solvent 1s DEGEEA and 1ts boiling point is 218 °C.
20 [0168] [Example 2-1]
The procedure of Example 1-1 was repeated with the ekception that 5
g of hexamethyldisilazane [(H3C)3Si-NH-Si(CHas)s] as a silicon compound D,
0.1 g of trifluoroacetic anhydride [{CFs;C(0)}20] as an acid D and 94.9 g of
PGMEA as an organic solvent were mixed and reacted thereby obtaining a
25  water-repellent liqguid chemical containing trimethylsilyl trifluoroacetate as
the silicon compound B, hexamethyldisilazane as the silicon compound A, and
PGMEA as the organic solvent. Incidentally, a component the amount of
which 1s the Iargest in mass ratio among components of the water-repellent
liguid chemical is PGMEA and its boiling point is 146 °C.
30 Hexamethyldisilazane contained in the water-repellent liquid chemical of the

present Example is the silicon compound D not consumed by the reaction for
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obtaining the silicon compound B, and this component functions as the silicon

compound A. The result is shown in Table 2

[0169] [Table 2]
Cleaning Liquid used before Water | Temperature| Required Time for Surface Treatment

Sclvent for | Repellency-Imparting Treatment of (sec)

Water- Boili Water- Contact Contact Contact
Repellent T° W8 | pempe- | Repellent | Anglez=75° | Angle=80° | Angle285°
Liquid Kind empe rature Liquid (Capillary | (Capillary | (Capillary
Chemical rzzfg;‘e =C) Chemical Force = Force = Force £
O 0.8MN/m®) | 0.6MN/m® | 0.3MN/m?)
Ex;‘_]iple PGMEA | iPA 82 25 40 5 10 10
Ex;f‘;ple PGMEA iPA 82 25 60 5 10 10
E";’gple PGMEA | iPA 82 25 80 5 10 10
Ex;ﬂple PGMEA | PGMEA 146 25 60 5 10 10
E"Z?;ple DEGEEA | PGMEA 146 25 60 5 10 20
E";fnaple PGDA | PGMEA | 146 25 60 5 10 10
Comparative
Example | PGMEA iPA g2 | 25 25 10 10 20
21
Comparative
Example | PGMEA |DEGEEA| 218 25 60 5 10 20
2-2
Comparative
Example | DEGEEA | DEGEEA| 218 25 60 10 20 30
23
Comparative
Example PGDA DEGEEA 218 25 60 5 10 20
2-4
5
[0170] [Examples 2-2 to 2-6, Comparative Examples 2-1 to 2-4]

Upon suitably modifying those used in Example 2-1 (ie., the
temperature of the water-repellent liquid chemical, the cleaning liquid used
before a waterrepellency-imparting treatment, and the solvent for the

10  waterrepellent liquid chemical), the wafer having a thermal oxide film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 2.
[0171] [Example 3-1]
The procedure of Example 2-1 was repeated with the exception that
15 the acid D was changed to trifluoroacetic acid [CFsC(0)-OH]. Incidentally, a

component the amount of which is the largest in mass ratio among components
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[0173]

[Examples 3-2 to 3-6, Comparative Examples 3-1 to 3-4]

Upon suitably modifying those used in Example 3-1 (.e.,

the

temperature of the water-repellent liquid chemical, the cleaning liquid used

before a water-repellency-imparting treatment, and the solvent for the

water-repellent liquid chemical), the wafer having a thermal oxide film was

subjected to the surface treatment and then evaluated. The results are shown
in Table 3.
[Example 4-1}

[0174]

The procedure of Example 1-1 was repeated with the exception that

trimethylsilyl dimethylanﬁne [(CH3)5Si-N(CHa)2l was used as the silicon

compound A and that the silicon compound B was not used.

Incidentally, a

of

32

ents
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i ng



Repel | ency- I nparting Treatnent Tenperature of Water- Repellent Liquid

Chem cal (C) Required rnme for Surface Treatnent (sec) Kind Boiling Tenpe-
ra ture (t) Tenpe- rature (C Contact Angle a.75 (Capillary Force S
0.8MN/ nm2) Contact Angle 80 (Capillary Force S 0.6M\V nR2) Contact Angle 85

(Capillary Force S 0.3MV n2) Exanpl e 8-&7PGVEAAPA PGVEA 146 25 60 5

component the amount of which is the largest in mass ratio among components
of the water-repellent liquid chemical obtained in the present Example is

PGMEA and its boiling point is 146 °C. The result is shown in Table 4.

[0175]  [Table 4]
Cleaning Liquid used before Water | Temperature| Required Time for Surface Treatment .
Solvent for | Repellency-Imparting Treatment of (sec)
Water- Boili Watex- Contact Contact Contact
Repellent TOI mg_ Tempe- Repellent | Anglez=75° | Angle=80° | Angle=85°
Liquid Kind empe rature Liquid {Capillary {Capillary (Capillary
Chemical raz::g;'e 9] Chemical Force = Force = Force =
0 0.8MN/m”) | 0.6MN/m®) | 0.3MN/m?)
Exi‘_’i"le PGMEA iPA 82 25 40 10 20 60
E"Z’f’;ple PGMEA iPA 82 25 60 5 10 50
Example .
43 PGMEA iPA 82 25 80 5 10 20
E"Z{‘;ple PGMEA | PGMEA | 146 25 60 5 20 60
Comparative
Example PGMEA iPA 82 25 25 30 >60 >60
4-1 :
Comparative
Example PGMEA | DEGEEA 218 25 60 50 >60 >60
5 4-2
[0176] [Examples 4-2 to 4-4, Comparative Examples 4-1 and 4-2]

Upon suitably modifying those used in Example 4'1 (i.e., the

temperature of the water-repellent liquid chemical, and the cleaning liquid

10 used before a water-repellency-imparting treatment), the wafer having a

thermal oxide film was subjected to the surface treatment and then evaluated.
The results are shown in Table 4.

[0177] [Example 5-1]
The procedure of Example 4-1 was repeated with the exception that
octyldimethyl{dimethylamino)silane [CsH17Si(CHs)e~N(CHs)s]

15 was used as

the silicon compound A. Incidentally, a component the amount of which is the
largest in mass ratio among components of the water-repellent liquid chemical
obtained in the present Example is PGMEA and its boiling point is 146 °C.
The result is shown in Table 5.

20 [0178] [Table 5]
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Cleaning Liguid used before Water | Temperature| Required Time for Surface Treatment
Solvent for | Repellency-Tmparting Treatment of (sec)
Water- Boli Water- Contact Contact Contact
Repeilent . OMINE | Pempe- | Repellent | Anglez75° | Anglez80° | Angle>85°
Liquid Kind empe rature Ligquid (Capillary (Capillary (Capillary
Chemical r?f;;'e Q) Chemical Force = Force = Force =
o 0.8MN/mD) | 0.6MN/m® | 0.5MN/m?®)
Ex‘;’_’iple PGMEA iPA 82 25 40 20 20 30
Ex;f‘;ple PGMEA iPA 82 25 60 5 10 20
Exj‘;iple PGMEA PGMEA 146 25 60 10 20 20
E";‘_’;ple DEGEEA | PGMEA 146 25 60 10 20 30
Eng’g’le PGDA PGMEA | 146 25 60 10 10 20
E"asf‘,’fple DPGMEA | PGMEA 146 26 60 10 10 20
E"";f’;ple 13BGDA PGMEA 146 25 60 10 10 20
Comparative
Example [PGMEA iPA 82 25 25 60 >60 >60
5-1
Comparative
Example |PGMEA | DEGEEA[ 218 25 80 20 30 50
5-2

[0179] [Examples 5-2 to 5-8, Comparative Examples 5-1 and 5-2]
Upon suitably modifying those used in Example 5-1 (.e., the
5 temperature of the water-repellent liquid chemical, the cleaning liquid used
before a water-repellency-imparting treatment, and the‘ solvent for the
water-repellent liquid chemical), the wafer having a thermal oxide film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 5. By the way, DPGMEA means dipropylene glycol monomethyl
10  ether acetate (Boiling Point; 213 °C), and 13BGDA means 1,3-butylene glycol
diacetate (Boiling Point; 232 °C).
[0180] [Example 6-1]
(1) Cleaning of Wafer, using Cleaning Liquid
A wafer having a smooth silicon nitride film (a silicon-based wafer
15 formed having a silicon nitride layer of 50 nm thickness on its surface) was
immersed in 1 mass% hydrogen fluoride aqueous solution at room temperature

for 2 minutes. Thereafter, the wafer was immersed in pure water for 1



Conpar ati ve Exanpl e 8-1 DEGEEAAP A PGVEA 82 25 25 10 20 30 Conparative
Exanpl e 8-2 DEGEEA/i P A DEGEEA 218 25 60 5 20 30 [0191][Exanples 8-2 to
8-4, Conparative Exanples 8-1 and 8-21 Upon suitably nodifying those used
in Exanple 8-1 (i.e., the 5 tenperature of the water-repellent liquid

chem cal, the cleaning |iquid used befob8 a water-repellency-inparting
treatnent, and the solvent for the water-repellent liquid chemcal), the
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of the waf te i i -3 in Table 9.
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There were mixed and reacted 5 g of
octyldimethyl{dimethylamino)silane [CsH17Si(CH3)s~-IN(CHgy)o] as a silicon
compound D, 0.2 g of trifluoroacetic anhydride {CFsC(0)}20] as an acid D and

10 94.8 g of PGMEA as an organic solvent, thereby obtaining a water-repellent
liquid chemical containing octyldimethylsilyl trifluoroacetate as a silicon
compound B, octyldimethyl(dimethylamino)silane as a silicon compound A,
and PGMEA as the organic solvent. Incidentally, a component the amount of
which 1s the largest in mass ratio among components of the water-repellent

15  lgud chemical is PGMEA and its boiling point is 146 °C.

[0182] By a method similar to that of Example 1-2, the surface of the wafer
having a silicon nitride film was treated with the water-repellent liquid
chemical, and then evaluated; The result is shown in Table 6.

[0183]  [Table 6]



74 Sol vent for Water-
bef ore \Water
Li quid Chem cal
Boi I i ng Tenpe-

(Capillary Force -C 1. 6MV nR)

Cont act Angl e- ?-

rature (O

Repel I ent Liquid Chem cal
Repel | ency- 1 nparting Treatnent Tenperature of Water-
(O Required erme for Surface Treatnent (sec)
ra ture (C) Tenpe-

Cl eani ng Liquid used

Contact Angle ..
Contact Angle?-70 (Capillary Force 1.1MV nR)
80 (Capillary Force 0.6MV nR)

Ki nd Bo
60

Repel | ent

Cleaning Liquid used before Water | Temperature| FRequired Time for Surface Treatment
Solvent for | Repellency-Imparting Treatment of (sec)
Water- Boili Water- Contact Contact Contact
Repellent T OUINE | mampe- | Repellent | Angle>75° | Angle280° | Anglez85°
Liquid Kind empe rature Liquid (Capillary {Capillary | (Capillary
Chemical rzz:é;'e =0) Chemical Force < Force = Force =
=C) 0.8MN/m®) | 0.6MN/m? | 0.3MN/m?)
E"Z{‘;ple PGMEA PGMEA 146 25 60 10 20 40
E"‘;‘_’;pte DEGEEA | PGMEA 148 25 60 20 30 50
E"Z‘_’;Iﬂe PGDA PGMEA 146 25 60 10 20 40
Ex‘;f‘;ple DPGMEA | PGMEA 148 25 60 10 20 40
E":f';ple 13BGDA | PGMEA 146 25 60 10 20 40
EXZ{‘;I’IE EGMEA"GB PGMEA 146 25 60 10 20 40
Comparative
Example |PGMEA PGMEA 82 25 25 60 >60 >60
6-1 )
Comparative
Example |PGMEA | DECEEA| 218 25 60 20 >60 >60
62
[0184] [Examples 6-2 to 6-6, Comparative Examples 6-1 and 6-2]

Upon suitably modifying those used in Example 6-1 (.e., the

5 temperature of the water-repellent liquid chemical, the cleaning liquid used
before a water-repellency-imparting treatment, and the solvent for the
water-repellent liquid chemical), the wafer having a silicon nitride film was
subjected to the surface treatment and then evaluated. The results are shown

in Table 6. By the way, PGMEA/GBL means a mixture solvent obtained by

10  mixing PGMEA and y-butyrolactone at a mass ratio of 60:40. A component
the amount of which is the largest in mass ratio among components of the
water-repellent liquid chemical using the mixture solvent is PGMEA and its
boiling point is 146 °C.

[0185] [Example 7-1]
15 (1) Cleaning of Wafer, using Cleaning Liquid

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

minute. Thereafter, the wafer was immersed in pure water for 1 minute, and
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then in PGMEA (Boiling Point; 146°C) for 1 minute, at room temperature.
Accordingly, a cleaning liquid retained on the surface of the wafer after
cleaning is PGMEA.
(2) Preparation of Water-Repellent Liquid Chemical
5 There were mixed 0.01 g of perfluorohexylethylphosphonic acid
[CeF13-C2Ha-POYOH)s! 99.99¢g solvent
(PGMEA:iPA=99.89:0.1 (mass ratio)) as a solvent, followed by stirring for 18

and of a mixture

hours, thereby obtaining a water-repellent liquid chemical. Incidentally, a

component the amount of which is the largest in mass ratio among components

10  of the water-repellent liquid chemical is PGMEA and its boiling point is 146 °C.
[0186] By a method similar to that of Example 1-2, the surface of the wafer
having a titanium nitride film was treated with the water-repellent liquid
chemical, and then evaluated. The result is shown in Table 7.

[0187]  [Table 7]
Cleaning Liquid used hefore Water | Temperature| Required Time for Surface Treatment
Solvent for | Repellency-Imparting Treatment of (sec)
Water- Boili Water- Contact Contact Contact
Repellent T" %% | Tempe- Repellent | Anglez75¢ | Angle=80° | Anglez85°
Liguid Kind exupe rature Liguid (Capillary | {(Capillary | (Capillary
Chemical r&z:g;‘e (o) Chemical Force = Force = Force &
0 0.8MN/m?) | 0.6MN/m? | 0.3MN/m?
Ex‘;f’;ple PGMEA/PA | PGMEA 146 25 80 5 5 5
Example |DEGEEARP | ponpa | 146 25 60 5 5 5
T2 A
Exi’_’;"h PGDAfiPA | PGMEA 146 25 60 5 5 5
Example |DPGMEAAP | pogvrma | 146 25 60 5 5 5
T-4 A
E"";f‘;ple 13BGDAAPA| PGMEA 148 25 60 5 5 5
Comparative
Example |PGMEAAPA | PGMEA 82 25 25 5 5 10
71
Comparative
Example [PGMEA/PA | DEGEEA| 218 25 60 5 5 10

15 2
[0188] [Examples 7-2 to 7-5, Comparative Examples 7-1 and 7-2]

Upon suitably modifying those used in Example 7-1 (.e., the
temperature of the water-repellent liquid chemical, the cleaning liquid used

20 before a waterrepellency-imparting treatment, and the solvent for the



DPGVEA/ i P A PGVEA 146 25 60 20 60 <60 Conparative Exanple 9-1 PGQVEVPA PGVEA
82 25 25 60 <60 <60 Conparative Exanple 9-2 PGVEA/ i PA DEGEEA 218 25 60 60
<60 <60 Comparative Exanple :

72

water-repellent liquid chemical), the wafer having a titanium nitride film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 7. By the way, DEGEEA/IPA means a mixture solvent obtained by
mixing DEGEEA and 1PA at a mass ratio of 99.89:0.1; a component the amount
5  of which is the largest in mass ratio among components of the water-repellent
liquid chemical using the mixture solvent is DEGEEA and its boiling point is
218 °C. Additionally, PGDA/iPA means a mixture solvent obtained by mixing
PGDA and iPA at a mass ratio of 99.89:0.1; a component the amount of which is
the largest in mass ratio among components of the water-repellent liquid
10 chemical using the mixture solvent is PGDA and its boiling point is 190 °C.
Additionally, DPGMEA/iPA means a mixture solvent obtained by mixing
DPGMEA and iPA at a mass ratio of 99.89:0.1; a component the amount of
which is the largest in mass ratio among components of the water-repellent
liquid chemical using the mixture solvent 1s DPGMEA and its boiling point is
15 213 °C. Additionally, 13BGDA/iPA means a mixture solvent obtained by
mixing 13BGDA and iPA at a mass ratio of 99.89:0.1; a component the amount
of which is the largest in mass ratio among components of the water-repellent
liguid chemical using the mixture solvent is 13BGDA and its boiling point is
232 °C.
20 [0189] [Example 8-1}
The procedure of Example 7-1 was repeated with the exception that
0.01 g of octylphosphonic acid [CsHi7~P(O)(OH)2] and 99.99 g of a mixture
solvent (PGMEA:iPA=99.89:0.1 (mass ratio)) as the solvent were mixed and
then stirred for 18 hours, thereby obtaining a water-repellent liquid chemical.
25 Incidentally, a component the amount of which is the largest in mass ratio
among components of the water-repellent liquid chemical obtained in the
present Example is PGMEA and its boiling point 1s 146 °C. The result is
shown in Table 8.

[0190] [Table 8]
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[01961[ Tabl e s20] [+Sol venf®f&r | Watier|- Répel|l er® Lilqui 8 Cheni éal (O e#hinp
Li qui d useedE)%%;lprgGD\L\%ge Repe[Tency-Tnparying Treatnent Tenperapure of
E“;‘f;ple DPGMEAAE | pGMEA | 146 25 60 5 5 10
Comparative ,
Example ﬁEGEEAhP PGMEA. 82 25 25 10 20 30
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Comparative )
Example [ 0 4" | DEGEEA| 218 25 60 5 20 30
8-2 :
[0191] [Examples 8-2 to 8-4, Comparative Examples 8-1 and 8-2]

Upon suitably modifying those used in Example 81 (e,

the

10

15

temperature of the water-repellent liquid chemical, the cleaning liquid used
before a water-repellency-imparting treatment, and the solvent for the
water-repellent liquid chemical), the wafer having a titanium nitride film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 8.

[0192] [Example 9-1]

The procedure of Example 7-1 was repeated with the exception that a
wafer having a smooth tungsten film (a silicon wafer formed having a tungsten
layer of 50 nm thickness on its surface) was prepared and immersed in 5
mass% aqueous ammonia for I minute at room temperature and that the wafer
was subsequently immersed in pure water for 1 minute and then in PGMEA
(Boiling Point; 146°C) for 1 minute, at room temperature, followed by surface
treatment. Accordingly, a cleaning liquid retained on the surface of the wafer

after cleaning 1s PGMEA. The result is shown in Table 9.
[0193]  [Table 9]



Water Repellent Liquid Chemcal (C in Required re for Surface Treatnent
(sec) Kind Boiling Tenper ature (C) Tenpe- rature (O Contact Angle 75
(Capillary Force = 0.8M\V n2) Contact Angle80 (Capillary Force = 0.6MV nR) -
Contact Anglel 85 (Capillary Force = 0.3M\V n2) Exanple 10-1 PGQVEA/ i PA PGVEA

146 25 60 20 40 60 Exanple 74
Cleaning Liquid used before Water Temperature| Required Time for Surface Treatment
Solvent for | Repellency-Imparting Treatment of (sec)
Water Boils Water- Contact Contact Contact
Repellent Tm mg_ Fempe- Repellent | Angle=60° | Angle270° | Angle=80°
Liquid Kind Smpe rature Liquid (Capillary | (Capillary | (Capillary
Chemical r"‘zfg;'e =C) Chemical Force = Force = Force =
) L6MN/m?) | 1.IMN/m® | 0.6MN/m®
Ex;ﬁpl‘* PGMEA/iPA | PGMEA 146 25 60 10 60 <60
Enggple REGEEN P | peMmEA 146 25 60 20 60 <60
E";‘_’;P]e PGDA/PA | PGMEA 146 25 60 10 60 <60
E";‘_’;Ple DFGMBATE | pomea | 146 25 60 20 80 <60
Comparative
Example [PGMEAAPA | PGMEA 82 25 25 60 <60 <60
9-1
Comparative
Example [PGMEARPA | DEGEEA 218 25 G0 60 <G0 <60
9-2
Comparative i
Bxample |20 0 | pEGERA| 218 25 60 60 <60 <60
9-3

[0194] [Examples 9-2 to 9-4, Comparative Examples 9-1 to 9-3]
Upon suitably modifying those used in Example 9-1 (.e., the
5 temperature of the water-repellent liquid chemical, the cleaning liquid used
before a waterrepellency-imparting treatment, and the solvent for the
water-repellent liguid chemical), the wafer having a tungsten film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 9.
10 [0195]  [Example 10-1]
The procedure of Example 7-1 was repeated with the exception that a
wafer having a smooth ruthenium film (a silicon wafer formed having a
ruthenium layer of 300 nm thickness on its surface) was prepared and
immersed in 5 mass% aqueous ammonia for 1 minute at room temperature and
15  that the wafer was subsequently immersed in pure water for 1 minute and
then in PGMEA (Boiling Point; 146°C) for 1 minute, at room temperature,
followed by surface treatment. Accordingly, a cleaning liquid retained on the
surface of the wafer after cleaning is PGMEA. The result is shown in Table

10.
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[0196] [Table 10]
Cleaning Liquid used before Water | Temperature} Required Time for Surface Treatment
Solvent for | Repellency-Imparting Treatment of (sec)
Water- Boili Water- Contact Contact Contact
Repellent TO’ e Tempe- Repellent | Anglez75° | Angle=80° | Anglez85°
Liquid Kind empe rature Liquid (Capillary (Capillary (Capillary
Chemical "*Etg;’e ©C) Chemical | Force < Force < Force =
C) 0.8MNmm? | 0.6MNm® | 0.3MNm®
E"f;_‘fle PGMEA/PA | PGMEA 146 25 60 20 40 60
Example |DEGEEAAP | poypa | 146 25 60 20 40 80
102 jA
E"i"‘(‘;’f‘,ﬁ?le PGDAGPA | PGMEA 146 " o5 60 20 40 60
Example \DPGMEAAP | popmp 148 25 60 20 40 60
104 |A .
E"fgfé’l" 13BGDAAPA| PGMEA | 146 25 60 20 40 60
Comparative
Example |PGMEA/iPA | PGMEA a2 25 25 <60 <60 <60
10-1
Comparative :
Example |PGMEAAPA | DEGEEA|{ 218 25 60 40 60 60
10-2
Comparative "
Example [o o " | DEGEBA| 218 25 60 40 80 60
10-3
[0197] [Examples 10-2 to 10-5, Comparative Examples 10-1 to 10-3]
5 Upon suitably modifying those used in Example 10-1 (.e., the

temperature of the water-repellent liquid chemical, the cleaning liquid used
before a waterrepellency-imparting treatment, and the solvent for the
water-repellent liquid chemical), the wafer having a ruthenium film was
subjected to the surface treatment and then evaluated. The results are shown
in Table 10.

[0198]

10
Examples were performed by providing the cleaning liquid used
before the water-repellency-imparting treatment with a boiling point of from
55 to 200 °C and by providing the water-repellent liquid chemical with a
temperature of not lower than 40 °C and lower than the boiling point of the
15

water-repellent liquid chemical. In the present example, it was confirmed

that water repellency can be provided after a short time. On the contrary, it
was confirmed from Comparative Examples that it took time to provide water

repellency. In Comparative Examples, time to achieve the substitution of the
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cleaning liquid with the liquid chemical was so long as to need an additional
time to increase the temperature of the liquid chemical, even if formation of
the water-repellent film was accelerated by increasing the temperature of the
liguid chemical by conducting an annealing treatment upon completing the
5  substitution; therefore, it was not possible to provide water repellency in such

a short time as Examples. Additionally, some examples in which the
temperature of the water-repellent liquid chemical was more increased were
confirmed to provide water repellency with shorter times.
EXPLANATION OF REFERENCE NUMERALS

10 [0199] 1 Wafer

Uneven pattern of a surface of the wafer

Projected portions of the pattern

Recessed portions of the pattern

Widths of the recessed portions

15 Heights of the projected portions

Widths of the projected portions

Cleaning liquid

W 00 =1 Y Tk W N

Water-repellent liquid chemical

10  State where the cleaning liquid and the water-repellent liquid
20  chemical are mixed

11  State where the cleaning liquid is evaporating

12  Water-repellent film
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Conparative Exanples 10-1 to 10-31 5Upon suitably nodifying those used in
Exanple 10-1 (i.e., the tenperature of the water-repellent liquid chemcal,
the cleaning liquid used before a water-repellency-inparting treatnent, and
the solvent for the water-repellent |iqé¥d chemcal), the wafer having a
rut henium fil mwas subjected to the surface treatnent and then eval uat ed.
The results are shown 10 in Table 10. %3% Exanpl es were perforned by
providing the cleaning |iquid used beq’ e water-repel |l ency-inparting

t reat ment wlaﬂﬂql]boi ling point of from55 to 200 C and by providing the
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and | ower than thd boodesagiopotlnannfy taherater imivéng raapeainearin baterd abetd cal .
In the present exanple, it was confirned that water repellency can be

provi ded afuréaceachawicterizebby apcluging ahiqest he ptenged” confirned from

Conpar ative Exanples that, it took.tinme,to.provide water repellency. In
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liquid with the | Lgpih @HermEall@sns %dRATeESinka iReRde it daglitid NGt tHd me
to increase the tenperature of the Iiquid chemcal, even if formation of

t he wat er -wefeelwichta ¥atarmrrepellant Blgeiditkembyal iaferedsimget Andt enper at ure of
the liquid chem cal by conducting an annealing treatnent upon conpleting
the 5 substituti oftYiRigdher®afer, it was not possi bl e to provide water
repell ency in suc

h.a shont Gipe. as,. EX | es.. 1 tianal |l Q ex les in
Wi oh the t emper atdRE gy o0 Gl R TR e et dheaf TR
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EXPLANATI ON OF REFERE NUVERALS 10 [()199] 1Vafer 2Uneven pattern of a
surface of the wafdrer8ir ojlect wdtgordrethestofliquthé phetecal 4Rpgdiskedimothd ons
of the patt %r n, SwWdths %f the recessed portions
substitution step has a temperature of not lower than 40 °C and lower than a
boiling point of the water-repellent liquid chemical thereby imparting water
repellency at least to surfaces of the recessed portions.
15
[Claim 2]
A process for cleaning a wafer, as claimed in Claim 1, characterized
in that the cleaning liquid is at least one liquid selected from the group
consisting of organic solvents, water, and aqueous solutions obtained by mixing
20 at least one kind of the organic solvents, acids, alkalis and oxidizing agents

with water.

[Claim 3]
A process for cleaning a wafer, as claimed in Claim 1 or 2,
25 characterized in that the wafer is a wafer containing a silicon element at the
surfaces of the recessed portions, and that the water-repellent liquid chemical
is one containing a silicon compound A represented by the following general
formula [1] or one containing the silicon compound A and an acid or a base. .
(R Si(H) 5X12p (1
30 [In the formula [1], R! mutually independently represents a

monovalent organic group having a Ci-Cig monovalent hydrocarbon group the
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R25(0):0H [2]

20 [In the formula [2], R? represents a C1-Cis monovalent hydrocarbon
group the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s).]

R3COOH {3]
{In the formula [3], R® represents a C;-Cis monovalent hydrocarbon

25 grdup the hydrogen elements of which may partially or entirely be replaced
with a fluorine element(s).]

RDSIH) X24q 4]
[In the formula [4], R* mutually independently represents a C1-Cis
monovalent hydrocarbon group the hydrogen elements of which may partially

30  or entirely be replaced with a fluorine element(s). Additionally, X2 mutually

independently represents-at least one group selected from the group consisting



A process for cleaning a wafer, as clained in Caim3, characterized in
that the water-repellent liquid chem cal contains acid and that the acid is
at | east one selected fromthe group consisting of hydrogen chlori de,

sul furic acid, perchloric acid, phosphoric acid, sulfonic acid represented
by the following 15 general fornula [2]7&nd its anhydride, carboxylic acid
represented by the follow ng general formula [3] and its anhydride, al kyl
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trifluoroacetate, met hyl silyl trifluoronethanesul fonate,
but yI di metthiflwirbylethahésdfammtet at e, hexyldimethylsilyl trifluoroacetate,
trifluoromethanesul f onat e, hexyl di met hyl si | yl %5 . ,
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dodecyldimethylsilyl trifluoromethanesulfonate.

20
[Claim 6}

A process for cleaning a wafer, as claimed in any of Claims 3 to 5,
characterized in that the silicon compound A is at least one selected from the
group consisting of hexamethyldisilazane, trimethylsilyl dimethylamine,

25  trimethylsilyl diethylamine, tetramethyldisilazane, dimethylsilyl

dimethylamine, dimethylsilyl diethylamine, 1,3-dibutyltetramethyldisilazane,
butyldimethylsilyl dimethylamine, butyldimethylsilyl diethylamine,
1,3-dihexyltetramethyldisilazane, hexyldimethylsilyl dimethylamine,
hexyldimethylsilyl diethylamine, 1,3-dioctyltetramethyldisilazane,
30 octyldimethylsilyl dimethylamine, octyldimethylsilyl diethylamine,
1,3-didecyltetramethyldisilazane, decyldimethylsilyl dimethylamine,



A process for cleaning a wafer, as clainmed in any of Clains 3 to 5,
characterized in that the silicon conpound A is at |east one selected from
t he group consisting of hexanethyldisilazane, trinmethylsilyl dinethylam ne,
25 trinmethylsilyl diethylamne, tetranethyldisilazane, dinethylsilyl

di met hyl am ne, dinethylsilyl diethylam A8,
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i ndependent|y represents a nonoval ent functional group of which elenent to
be bonded geseaakioringda [8l.enent i s ni trogen, the nonoval ent functional group

possi bly contai ni : i ne enent or a silicon elenent. e is an
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claimed in aiml or 2, characterized in that the wafer 1s a wa
cont ai ni ngnahovAast hodeodarhon groep ehretiydebgén thmems dfiwbiihemayabartiallym
copper, tin, tantalum and 25 ruthenium at_the 1z;érfaces of the_recessed

porti 8As, cArRPtiNedY berepipted: witdpe flwaring plimentdtenidctiitionatly 84 rantyadbyst
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Cl1- C18 nonoval ent hydrocarbon group the hydrogen el enments of which may
partial | y possidy icoetainbes adplaved eleddemt ¢thasilfidanoelieneerdl e st {1s jnte8er of

mutual |y i hdependently represents_a noval ept organi.c grouyp having a

Cl- C18 hy&?%%% -gf&%ne%@gﬁpafér@@hw% ochentge BHALAL emﬁlaf/’lspﬂm g y or
entirg?y be replaced with a fluorine element(s). gis an integer of fromO
to 21"5R10-C(=0)-X4 [7] [In the fornula [7], R1O represents a
nonoval ent[C0si@as] c group having a Cl-C s hydrocarbon group, or a nonoval ent

organi c group having a Cl1-Cs fluoroal kyl chain. X4 represents a group
sel ected from t heAgmasagessohet slegmingt aa Wakkor asgebupede Hhodagmodp orbRono

epr bsont SHATHGRGHAREH: tBRGARP CMEESUP HaViPf SORGIOHE HYdPOSRABEN<GEotp, or
S onovel ety SH8S0h U o8Iy G S, S Mg R ETIPET
group2sor mthenomal ent egasidaces of the recessed portions, and that the
water-repellent liquid chemical contains at least one kind selected from the
group consisting of compounds represented by the following general formulas
[6] to [12] and salt compounds thereof and a solvent.
R8-P(=0)-(OH) LRz, [6]
30 [In the formula [6], R® represents a Ci-Cis monovalent hydrocarbon

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



15 group having a G -Cs fluoroal kyl chain. R13 represents a hydrogen

el enrent, a nonoval ent organi c group having a Cu-C s hydrocarbon group, or a
nonoval ent organi c group having a Cu-Cs fluoroal kyl chain.] R14-C(=0)-X3-X3
[9] [In the formula [9], Rl14 represents a nonoval ent organic group 20
having a G -Ci s hydrocarbon group, or a8konoval ent organic group having a
Cl-Cs fluoroal kyl chain. Xs represents an oxygen elenent or sulfur el enent.
X6 represep g el romghe C .St ] e

ol ermnt - arin Y affa P sRA SR ST Doty IR S RolYERI

succi ni m dgo8seMent TRESHIF S uP’ BEPIngd §NZ PXAZ Nydrai-28hn HRORpotHY AZAl&a oup
and benzotriazole 25 group; a hydrogen el enent(s) of these groups may be
subst i t ut edemietibs aof wihgeniroagr paxtidll RIS XnthelylGle feplaced wobmal duoidile X7
mutual Iy i ndepen(dgnt ly represents _ at | east,one group selected fromthe
group congilemengisht g 78 aRtpaRREE GO0 4br capt o 30 group, al dehyde group,

- CON group andGyGhigysi-hu re containing a nitrogen elenent. .h is an
i nteger of from 1@0%&%1% rggresents an organic 82 group having a G -C s

hydrocar bon group{Ix0rhanfe@irdani F7]9rRuprdiaékestsa aChfén dvialiito al-amic CBRiup
This is a conmpound fornmed by substituting the "h" nunber of group(s)

sel ect ed fhrormgm (hdey dnatrecarboupgraver, capt ongrawentabrizmidgrguo Up vin©ENHOH
group and cygli¢ structure contgining a nitrogen elepent for the 5 sane
nurber of %@ﬁ Bw%ﬁﬁw-. ]gﬁf@pxgsq@f] a group SeT“[ef‘f“‘?ldt gy éﬁﬁug’é?"[li‘ll],

Fopr coent SORSpHfR B Buphd dr EniaR BLbTBrdnS K88 aBIII e 6o s

hydr oggr bon groupRimRizR11ONG8RlI ent organi c group 10 having a Cl1-C8
fluoroal kyl chain.] R17-C(=0)-r-C(=0)-1118 [12] ~[In the fornula
[12], R17 represehins the nfsmovdpelft], dYarenregentsp ahavinayaterdi ogganinygrawar bon

roup, or ,a npnov t .organi roup having a C -Cs, fluor.oal kyl ,chain. R18
epr esent HETHE b VAl ISR TG PRE. v AROBOVALCR ORFHtiR P bR AFIRRE Gt oup.

or a_monoval entadGanin SLAHP RaYixadets %hyhy@%eq@bme&m]ag Bnonvalent

represents an oxygen €lenent or a sulfur elenént.] [Caim?9] A process for
cl eani ng argaher gray tlaained CrGayhairothdhiars glodm & a2thovban kit esrigzatk i n
that the water-repellent |iquid chem cal plied in the substitution step

has albenp@papdrayisg aner Csdlierorliryh chaie Rt Tegheienth arhelospp elenenk
B I ot M
process fQrgahRafiong Bawaker Cae; ¢ @ir8Rkylrhany]of Cainms 1 to 9.
R14-C(=0)-X5-X¢é [9]
n the formula [9], R represents a monovalent organic group
20 having a C;-Cys hydrocarbon group, or a monovalent organic group having a
| C1-Cs fluoroalkyl chain. X5 represents an oxygen element or sulfur element.
X6 represents a group selected from the group consisting of a hydrogen element,
alkyl group, aromatic group, pyridyl group, quinolyl group, succinimide group,
maleimide group, benzoxazole group, benzothiazole group and benzotriazole
25 group; a hydrogen element(s) of these groups may be substituted with an
organic group.}
R15(X7), [10]
[In the formula [10], X7 mutually independently represents at least
one group selected from the group consisting of an isocyanate group, mercapto
30 group, aldehyde group, ~-CONHOH group and cyclic structure containing a

nitrogen element. 4 is an integer of from 1 to 6. R represents an organic
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group having a C;-Cig hydrocarbon group, or an organic group having a C1-Cs
fluoroalkyl chain. This is a compound formed by substituting the “#” number
of group(s) selected from an isocyanate group, mercapto group, aldehyde group,
-~CONHOH group and cyclic structure containing a nitrogen element for the
same number of hydrogen element(s).]

Ri6-X8 [11]

[In the formula [11], X8 represents a cyclic structure containing a
sulfur element. RI!6 represents a hydrogen element, a monovalent organic
group having a Cy-Cis hydrocarbon group, or a monovalent organic group
having a C1-Cs flucroalkyl chain.]

R17-C(=0)-X*-C(=0)-R18 [12]

[In the formula [12], R!7 represents a monovalent organic group
having a C;-Cig hydrocarbon group, or a monovalent organic group having a
C1-Cs fluoroalkyl chain. R!8 represents a monovalent organic group having a
C1-Cis hydrocarbon group, or a monovalent organic group having a C;-Cg

fluoroalkyl chain. X? represents an oxygen element or a sulfur element.]

[Claim 9]

A process for cleaning a wafer, as claimed in any of Claims 1 to 8,
characterized in that the water-repellent liquid chemical supplied in the
substitution step has a temperature of not lower than 70 °C and lower than a

temperature represented by (the boiling point of the water-repellent liquid
chemical —10 °C).

[Claim 10]

A water-repellent liquid chemical used in a process for cleaning a

wafer as claimed in any of Claims 1 to 9.





