1 DESCRI PTI ON CLEANI NG AGENT FOR SI LI CON WAFER TECHNI CAL FI ELD [ 0001] The
present invention relates to a technique of cleaning a silicon 5 substrate
(a wafer) in production of sem conductor devices, the purpose of which
bei ng production yield inprovenents of devices having such a circuit
pattern as to be particularly fine and particularly high in aspect ratio.
BACKGROUND OF THE | NVENTI ON [ 0002] Sem conductor devices for use in

net wor ks or digital household 10 E@CE wli ances are being further
desired to be sophisticated, nul tieilpunc }:{f(;f;la ,and | ow in power consunption.

Accordingly, the trend ¢DRANINGAGERH FORSIBRICON WAEER! s has been

devel oped, with which mcro-sizing of particles has advanced to cause
reduct i on THCHNHUALI IIELDel d. As a result of this, a cleaning process for
t he purpo of ,repqoving the mcrao-sized particles is 15 frequently_ used. As
a resul t dpopH s, 6. Wirswat inHen R I @ ieS: e sieahatief sloatune 2 siioR
process is Le | the } r : 3 t o] and, in
cl eani %g CS&%\%@%F o%awagg%eir}]f 8%1?7(2@&%&? ﬁ@a&%ﬁléégd{é%%g n%eg%ségﬁfngg%oes Et&d
damages t ayhi¥® Beig' prideictioni fisldamipgbiymahes 8LHEVREs IRMiRESUGhtd cideqitt rend
toward mcro-patterning for circuits. Therefore, 20 alternation with a

di | ut e hydrastémmas to be pdrhesledlycfieanndgp arfenlaily higkimgspédaatiol 0004] Wt h
this, pro he damage waf er due to cl eani ng have been

sol ved; hm@ﬁﬁimbeﬁg HHE: %m ct ratio increased with the trend
toward m QBB OC88RIiAthd kbl GeEH:C IUELOn ARERERs NBY SHBREP ToREhold

obvi ous. In other words, a phenonenon where the pattern cofl apses en a
gas- | i1Qui cbledtrRy f applipASEeSs atdIr Bighgt hiirpledrt edosirsd briougbe  adepbilistadated,

cleaning or rinsing to largely reduce the yield, which has becone a

si gni f i carmupiBbictional,cooblovwive poaer epnsewintms Scserdinglyathe eend veavard
drawi ng the.wafer_ out of. a cleanin iquid or a,insing liquid. I.t.is said
that  the NIEBIAHAPERS 76 CTRIL oS0 arY (s BIfRa Mre T Do itastiting of

l'i qui d bef]ﬂ%%félé?s R3S b dQhnbl B0 23REE treBAEIOn 3AD R dRREbN Qficl@VALEPREHIT 8 1 O
causes a difference in capillary torce which acts on the 2 pattern.

[ 0006] Accards, rgtiganirg pmocexpiatihdd, purpodeof eandbvmgt the wmapbltdizad/plides ig hat
the difference in capillary force due to e difference in height of

| t he d
resi dd&l Ifreqnentls useduded rasaleolthiss8PWlig ot Hee ghole ph the pemprandurier
magni t ude the capil |l ar. for i he val ue of P obtained by
t he equat if%knézgalp Ielﬁ}r% 8%%Sr§tle8§%u 18@5’”1‘“’5 tlhg C%e%léég%z’ég?ersgm this equation that
the capil l[@op3f or ©& GBRE Afek cRME@din feleaein@ash e tidial §OperfolRRA7TIWRETE aX ¥ X
cos0/S (y: Surface tension, 0: Contact angle, S: Pattern width). 10 [0008]
| n Pat ent Mocuhemmdpiaacleasing ggentofdameptescionthevatader deetongs hasiityl @zni ng
agent with 2-propanol before the gas-liquid interface.passes throu t he
pattern i SS9 B itk ther waad gp vared RIEP RG PTG Uty E@ﬂe&gf]qr@f n
col | apse. _Fhi h I s, ef: t] ' t t col l ,
homev%r%) , aa1Igel’é)xl%\figi\}l@ttn %g\t/]ill n%%tslflrrgﬁgl h%/;&%%fgkrggs %%?’%%%iné P&éﬁgét %%é}}ti Eée tlggﬁ% SO
smal | in negpal 15 contact angle, which results in the trend to increase
cog* It is therefore said that there are limtations to adigt:ﬂable patterns,
for exanpll®004h adPishithimtnreblsinmebont e danneesso theovsier A td dJeahing in

P n ng 2 hni ir resi .. .
atent Docllljartr\?e It)eeri sc?lvgg;chowe ueer, grobelgltnesdd&eotoaaneasépggt ratio increased with the

trend toward micro-processing in the semiconductor devices have become
25  obvious. In other words, a phenomenon where the pattern collapses when a
gas-liquid interface passes through the pattern is brought about after cleaning
or rinsing to largely reduce the yield, which has become a significant problem.
[0005] The pattern collapse occurs at the time of drawing the wafer out of a
cleaning liquid or a rinsing liquid. It is said that the reason thereof is that a
30 difference in height of residual liquid between a part of high aspect ratio and a

part of low aspect ratio causes a difference in capillary force which acts on the



pattern is disclosed as a nethod for decreasing cos() to suppress the
pattern 20 collapse. This nmethod is a nethod of setting a contact angle to
around 90 to bring cos() close to 0 so as to reduce the capillary force to
the limt thereby suppressing the pattern collapse. [0010] However, the thus
di scl osed techni que cannot be applied t& the present object, because: it is
directed to the resist pattern or for reformng a 25 resist itself; and a
final rerm\%\t together with the resist is possible so as not to need the
assunpt i oX%B0Ut a nethod of renpving a treatment agent after drying.

[ 0011] Addifpheeial | Xecdriendl§EitQf eRp&dtblli Brlebledisthe tecAfiRafy fdrclUitthther 0gen
or the like are proposed as the nethod of preventing the pattern coll apse
of the 30 dffarcarpduatapillaieviores dutitneliediffargncefinthweght nbedsdwalt ieadment in

a closed systemaor a batch in contrast to_.the nventional c¢leanin
pr ocesses rafdcethareprresd ving he/pattpus gelianss. g’@v&“égn%?b‘g? Ogﬂiﬁ?l Cégﬂlary

t hr oughput,, t hough effective tQ.$0 extent -
Pat ont SPuPTEAn AR 0Bt 2P0t 8P ARty She SRR R BT
Appl i cat i qp jBuliljec@id BRrNahiL@08a#i8R %Rt Ralee BipilubY i fordd 0iin e JaDaRdsH
Pat ent Application Publication No. 5-299336 S RY OF THE | NVENTI ON 10
[0013] I n pleotkestingy axrfcos@m conduct or devices, a surface of a silicon wafer
is made a surface_having a fjnely_ungven pattern. An object. of .the present
i nventi on [pQOYﬁ ppﬁgi%ﬁé%ac%é)lsln zﬁ'ns\‘/éé%é? '&ﬂnéé‘?ﬂ’ng' é‘ﬁ?c‘éf BPg]remﬁ'o@)iaﬁ ry
cl eani ng R,{;%%ﬁfs whi ch tends to induce a pattern collapse, in a nmethod of
pr oduci ng € silicon wafer having at its surface a finely uneven pattern.
15 [0Qp4] [AooskaninPa80DJamentS],| 4 ¢oshvigherof @ptayidi Reate® seleingr &sant
invention is characterized by bei n%@f or a silicon wafer having a finely
uneven patdeamingtagens withf2ipepamed befraedbieegdsyBduidhintenfare phaesed daough
agent for the silicon wafer contain t ast a. water-based cleaning liquid
2nd 2 wat SROTPIER SECLRRATG  EATEY oF QB 5ORHIAY 13 SWIBAGES A ELeeBe
portion Ofcoc}gpﬁé%ﬁﬁ@%@ﬂlogaitste?fe@ti%tfgr ﬁgé\?ernéilﬁé)%é gﬂ%rﬂ UpI1A8s3 HolwkRRBENY
process; an at a water-repellent compoun aving a reactive noiety
chem cal | yu gsineebhgving sthall § sulh 31 2-pesprnsd e thedile kyxdsophabl e wrowgd, and
an or%ani c solvent containing at |east an_ al coholic solvent are m xed and

i

cont ailfed dontadicangleewbidpseswin it Featrensl £ argraaseso§diss thexaferecsaigni ng

t of t t jnvent| h.cl eaning | iquid | tual | .
aependeritey ChER e orgge PG G TRk he KIS Bkt Bkt aptia o s

are used. [QGL6heAfhA sonal ly, in the present invention, water repellency

nmeans to decrease a surface energy of a surface of an article thereby

reduci ng d0089] i nAddaconally, batRwtent Wdeament 2t hdechnique dlinevded e astasistce of

the article %an i,nt_erfacg), such as Pyd ogen bond, i nternol ecuLar forces
s e

and the | inaterme digcioppdcs meidiiciflameniing: ePi Gnsurpdens fhadadterns
parti p' ard Y8x01 Pl et NNV 8T o8 R dfGhe c;]r&q%ﬂgle% I LSR8 t o,
again a mxXture T'iquird of water andpllqwﬁ ot her ai water or against a

l'iquid ot hgint RaBo WARItd 6 S 89 teXdetlats @He JApiNakhéorceddciliecolintit thBfeby
interaction, it is possible to increase a 5 contact angle of the liquid to

t he surf aceippiresding dhe palternfcotlapde.l n cl eaning the silicon wafer in which
an uneven pattern_js fornmed, the ter-hased cleaning liguid co ined in
the silic O&Qfer Véeé’r‘i’ff’néﬂ%lg S gils‘f‘?%ap?%‘g’éﬁﬂu?n Gtoe | &P }et%i%aeﬁ‘et 0
q . ' Fac D _ . _
recesse p&{e%ér?ﬁﬁﬂ%tzt l%%a?lgé- RG§ cﬁ?eét@& tﬁ'dh'ec%lé%%g ItenllgFBP f&%éfagm&ﬂg ear .

surface of € s con water a surface having a y uneven pat

Addi t iognal degisttibelvandra HaskebmbedniogetHarauitth theyrebist ps pussibld d00ad het to
silicon wafer through providing the water-repellent cleaning liquid to the
silicon waiesd therassempsion abpet wanesthpdpefl rempvigige antuegtinegtiageah lter
wat er-base(gt cleaning liquid nmay be provided to the surface of the silicon
waf er whi |&Y¥®stituting a cleaning liquid different fromthe cleaning

[0011] Additionally, the use of a critical fluid, the use of liquid nitrogen or
the like are proposed as the method of preventing the pattern collapse of the
30 semiconductor devices. However, any of these needs a treatment in a closed

system or a batch in contrast to the conventional cleaning processes and



15 liquids under a condition where the different cleaning liquid is
retained in the recessed portions of the surface of the silicon wafer.

[ 0018] The cleaning agent for the silicon wafer of the present invention is
conprised of two or nore cleaning liquids and is used while substituting a
cleaning liquid retained in the recesse@& portion with another cleaning
liquid. 20 The cleaning agent is finally renoved fromthe surface of the

silicon er.. 0019] While the .surface, of ;the..silicon fer.isecl: d by
The. of eantRErIgERI Ao ha s 1 wal oaPeE Su o hised e RS am T bopiE
recessed REitd ScAf. the surface of the silicon wafer is to tenporarily
retain the water-repellent cleaning liquid. Wth this retention, the
recessed REFERENEBES ABOHITIHRI®ORB AIET' sur face conditi on provided with water
repel | enc;i) by the water-repellent conpound. The surface condition provided
w th water atepéi[’méhé?h@n the present invention may not be necessarily

i | d .n ] b i if .est abhi shed;
rovever,  TOEHE" L BpluePubiE iRy a5 taun el ERRRAL ot PR PR AT NG R

nmore exceldggatiowisy repellency is obtained 30 thereby. [0020]1n the
present invention, the water-repellent conpound has a 5 reactive noiety
chemical | y bondabPetdrd Bublicatidre 25 idapamesevdfatent adyolaabipdr BphbeatzoMoap.
Wth this, the surface of the silicon wafer can keep the surface condition
provi ded W3R er repellency until the cleaning agent is renoved fromthe

recessed @rﬂh ﬁg'R f f the recessed portion is 5 under the
condi ti on "provi e}s\pﬁf?}fv% er rlg’gg?}\gncy when the cleaning liquid is

removed orfodisled, Id Beod@Ridd &f serhiebAuéitdr Fevicedug edriababf hhaligat wafer is
col | apse becones hard to occur. If the capillary force of the surface of

t he recesseadpar tsusfacenhaviemgassfinplyi omevhnt pakiesr. An pbieat mddthen present

recessed portiaqn of the sarfac. . Of thf‘ﬁei,ﬂ,scl?lﬁl con waf er 1pp.rovi ded wi tlh wat er

r epel | encyPVeRAGR 1f 59 §EYVIR fS1160B W2 ,m?%é‘géagiﬁ? | JPRFRete éd Y8 Esnal |
as not to LR : e I :

Addi t i ona|‘19‘§‘,gess$h‘gﬂgc5‘r hds t@éﬁﬁ%‘%’%?ﬁ% SISt on %Efé%?l%??% rpducing the |
renmoved byikéod Rasdr laenkragdtdremtfaseh diiedyl uheosn patghat i on with |ight,
heating of the silicon wafer, and exposing the silicon wafer to ozone.

15[ 0023] Ad8Pi4bnafl gleanang hageptt dor rapalipent wafedarnosgrdingute, thendresent

wat er - repel | ent. conmpound  havi r.eactive .noi et hem cal | y.. bgndabl e to Si
' the o PYERURISERAEIanAy AP IHIBE Ao b P GURCand 21hE T4 Lon 8 TR OTVARE ar e
m xed and ;0pta) Bedrs WitMed NhSd chBPadelz888n0ihhDehE RIEHSAE ROt AR 3RN
readily reach the surface condition sufficiently provided with water

r epel | encilicon aw2fers hmmttatrsmeat [10822] 4 n wdier-hased - clepaingntiquidaandga

liquid, a water-repellent conpound of |ess. than]@O. 1 mass% rel atj vefl t he
total quarWiteyrepelient paasmepharmt providiagaat least axesensed pardionelidees

t he sypface of the . rece [t h . C 1.LiQn
Ut 1 EPent 1y SPobTHEt o Varor P epenre gD hif PLIALS SaT bt 4
vat er - r epalh fitrepOIPR BsinpE6RE HaVen 89 R ATESE bR H @RS ndifAl e bbagibleftoadicohol
(with which water repellency can be sufficiently Inparted to the surface of
t he recessed ther silienni wadesshond & i hpdropBRbEF gExPD ANATI Gt CPrgRiHEC DRAVWINGS
[0023][Fig. 1]. A scheﬁati c pl ap #@fw of a silicon V\glfer 1 of whi,ch syrface
30 is madeoRtdiiRgcet AsRTtngRaataoneliy slEeRh a3t PErRd 2And Moptaipdaiy

showi ng a . - a jon of Fig. 1. 6 [Fig. 31 A
schemati c @%&r@hg&eﬁ%cl&é@%ﬁ@ﬁ%&h where a cleaning liquid 8 is retained in
a recegsedppaps} i 0Mn 4hé BleantheapeéRPoPiHRGESSent invention, eatiriclpanddg Aqadhémati c
vi ew showi ng a condition where a water-based cleaning liquid is retained in
t he recessmdtpally independeinsly nsedirated ah leagts tace o6 neenedkindsroiptheyvéldaning t h
wat er repell ency. DETAILED DESCRI PTI ON [ 0024] A silicon wafer cleaning
agent of t ulg?é‘%%ﬁiseilnventi on exhibits an excellent pattern

col | apse- ppgy Pt abidgidiynaen, Yk [gfe%&gt ARG RIeat Teéél?é hfean? to

cl eani ng process in a prodtuction method for a si'licon wafer ving 10 a
finely uney®feat beklrfate i diforgyr b ee sifacoapsfonadawitlootierebgugidiging an

t hroughput. Wth this, the productivity of the production nethod for the
siliced wabderdesivnnbetvreenf imageyy onrmdhen lisptid crnd dbe jsugfangr ofathes appirleh(ans
conducted by using the silicon wafer cl.eani ng agent,.of the present

nvent i on, IEHAfR GHERRS Ra@ReFTTIRond; IPEgmaar dt oEshR AGIaHER RS T

present invention is



15 adaptabl e to uneven patterns having aspect ratios expected to be raised
i ncreasingly, for exanple, an aspect ratio of not |less than 7, and
therefore all ows cost reduction in producing nore sophisticated

sem conductor devices. In addition to this, the agent is adaptable w thout
consi derably nodi fying conventi onal apparatuses, which results in being one
appliable in production of 20 various kinds of sem conductor devices.

[ 0026] A cl_gani thod for.a silicon wafer having a fj.ne uneven. pattern
at its sureffgéég, ‘%é"gﬁ‘ém_flﬁeagi F&@B?]Ct\}%? ez}ga&’fl%taﬁ?’ %ﬁra%el?tarhfuitafyﬁg' perxélé%lﬁ?@

| nventi on., pr &fesr gkl é/fféc%iﬂeg&?émg o3 fRe RlctiIKAAEnst §YhERGR Riul & WhRAD
waf er a surface having a finely 25 uneven pattern, followed by providing a
wat er - basethd lrand nethler qtliath wateheorsughane andywidt atlrirnthdher a@treis- bbsed

cleaning liquid in recessed portions; . . a step of substituting the
wat er - basexkhabisedi MGth ithei redustignnefdthe iniesaciaernsiietd possiblonty Warpase a
cleaning liquid A whi is different fromthe t er- based cl eaning |iquid;
30a stép &P%%&ﬁqﬁ\?gﬁggq%\gﬂ&({ &é{}éﬂ f‘éﬁglc%PéQ’rﬁ %%uﬁ?‘qui d in the recessed
portions |©09?per 14 QUdATRAL thWekiBlord GRS} BOWhitR 8GhEeES paitekh s T6588$ed
portions of the uneven pattern; and a step of renoving the cleaning
agent . [ OGRHé]vratetriersedichkamhg éiguideostadpedin tled ailwbngvdfae cleanéns neped dfent

cleaning liquid in the recessed portjions, the water-repellent cl ear}i ng
li quid rettiienpepsent Snvertipr desreyidrsk £ daeessay nrationsseli tha enrigce pithe

cleaning liguid Bawhich is diffagrent £ro e ter-repell lyean]

T au . adiflirb Rty uSpe ekind Be Petabalt sRE sRGBLARERA sElh B IBEMOR
vat er -lpaseghgheandng bhfdid. AQARibSRdy, afheawWedeha s Edasohdl ligRid ihay R
recessed portions through the substitution with the different cleaning

liquid B. h@videRs] theldilicoonaafyr thiveight ppovodinge tloy wreget-mepadlednélagniagent

i ncludes: _. . a step of drying. thereby renoving the cleani.ng l.iquid
retained il#yideta é}é%%lé‘ﬂmp&’ratf‘?ror%‘“%}?‘%?ﬁlf’ﬁ‘e thecwadey eét?:il]leiné eary, flqgllé

a step of ¢o t] | ga T e . fromir i.at | t he
surface ofa?£gﬂgi‘{vg%gﬁgamsi§§ e(?l%\?\ng{}% ?ﬁqg‘ﬁ Tfﬁﬁ%a% hg&%lﬁgdstlrol fi}:éorsl{l\;\?%fc grd,fntg}r?d 15

exposi ng tdiHcsh haeP wial€Eub&tinzone a (108231 Rgdid diffalkehy frim theeclsheingof
renovi ng the cl eaning agent, between the step of drying thereby renoving

t he clldanilaquidsquiderraecaiditigni wheteetheedidiosent plopniniaidim ratalinestosded
portions and the st of nductin { |east ong treatnent selected from

i rradiati n@c???@%ﬁﬂrgﬁgé Oéggﬁ? [FB8r C?lgtf,g]ﬁe Wj?cé?fl W%ﬁ' light, 20 heating the
silicon fg] an ' Frl @RNsiTRH S Twi Rr GFARE: prleBSh € ifhthf taken:
a step O}AB{IDO‘P(%\% di ﬁ‘gh%;(ﬁgéféﬁ%a%?%tsﬁrqﬁ%dsh tovgherr ecessped portli ons and then
renovi ng tdmenplieahiofigwo otlindo® Blgading hguids amdsisepsed wlelaisnbsigtitmeg a

wat er - based cl eaning |i qcui. d conprised of .the water-based solution_in the
recessed pdeaningslianideretginpd i Hhe rReesep@ ATHER Wibi angher slqanipg lpud.

renovi t he wat er-based. cl.eaning |, quid dryin 0030].Th

ot or ZeperneARetRRgnEre: ot 5 Fend vy fihed oBY st Al Water

wat er - r epeﬂhd()qgl COVRANPHe E6PELO oft tHOsi¥iBoR wHHeS 16 clPAREEDRARNY clda@ihageh® 75
mass% nuch nore preferably 0.3 to 50 mass%relative to the total quantity

of 100 naskw tfe sHeonatverfer efahkepteseneamivagtionguhd; rexassesn porigamidf 8ol vent
30 including at |east an . al coho] solvent. Wth a 0.1 to 99.9 mass% gont ent
of the watBitfaepat] tha Shepbunaier: He QuPIBPREATYY rRAIPoEhe JEAtEIePPERRE can

rapel | oncy? SR LR AL it SBRR0 AR, LRERey BRPHLARE MARRIRE o

repel | ency, r-repe eaning Tiquid

cont aigks afudfBas teoRlitidie OfIvided Ok BNty atdk t fordiRnpy ebgnelee obatdierepblionol i c
sol vent, a reaction between the 5 water-repellent conpound and Si in the

silicon watenposnd(Bled swefhedcorstitiohairovivedswithaweterafepeHeneecbwepiregent i ons
can readily obtain the surface condition ,suffifi entai)?(. Brgvi ded with ter
r epel | encyinveRtIRDS Bt 0ot e, DEeRTSa I £APHEIIONELY: REFaARISBRGI 3R LBRY St B e

al cohol Coxqggeisggﬂlf fun%o%ﬂly established; however, it is preferable to establish it

continuously and uniformly since more excellent water repellency is obtained

30 thereby.

[0020] In the present invention, the water-repellent compound has a



group and one hydroxyl group, such as nethanol, ethanol, 1-propanol, 10

2- propanol, 1-butanol, 2-butanol, tert-butanol, iso-butanol, 1-pentanol,
1- hexanol, 1-heptanol, 1-octanol and the like; and pol yhydric al cohol and
derivatives of these, such as ethylene glycol, glycerine, 1,2-propanediol,
1, 3-propanedi ol , 1, 2-butanediol, 1,3-bubanediol, diethylene glycol
nonoet hyl et her, ethylene glycol nononethyl ether, ethylene glycol

nonoet hyl et her, 15.ethy] ene ol obut yd. eth . I I I
ronoet ! hShAREs MR EhetflY SPndIRIETHS i S REPRY' FRRO' Y58Ls,
Addi ti onaly Hwoﬁ}tﬁbi@l%‘aﬁﬁ! WitAONENthd SuPfagt efaeysididon! wafee! caaORpép $RE Of
al kyl groug and one hydroxyl group. In this case, the surfaces of the
recessed parficensndition gadiidedowitdi wathe repellany votitlithe eheauhfi adeaitiby
provided with 20 water repellency

~in_a short tine. rt hernore, anon
al cohol s demevied deomfthginegessghaiastiond Senee Wkste J@\?p‘f,e%ﬁeéﬁ%ﬁ@wghm

and secondar cohal,..are particul.arl ref erabl 034] Addj t] 1.y, the
al cohot’i ¢ ‘g%ﬂye\lfghf’ CBPQI‘%%B? IIEI%@W ﬁéﬁatggrnre i rlT%él r i‘ﬁﬁe&bﬁlﬁ] %IF ggir&% ﬁ‘gﬁldl%,
parti cul arky, Reaf & apled. PRS capABl r83ibep RHub&d that 9Bé pAtdrasblfupse
Furthernmore, the al coholic sonen may be either a single one or a mxture
of two or heoomeal eaibké oceat. viEnthe. c4NOBSY | fordes opithé @ pbthetrec¢rsed

al coholic solvent fromO0.1 to 10000 mass% particularly framO0.5 t 000
mass% r el dortienian theeassymaption Ahat water sistamedsa, e W‘I%S%ﬁa IéIri“IO@p(glt €nt

comound heguac, Ui SHELRSAR,brl HACSFARSFAACRANERONS, GAF 48R ity

obt ain thgasug ace con ronsuffrciently provi water repellency in
a shorp tige.MNImROARSEaitldi§ taralik¥o drhgll watdt-toegalseeihe vdtean agldpsqui d
may contain other organic solvents than the alcoholic solvent. Since the
wat er - r epelriderthexdforso puefeirsblee auddivionadlyh the stirfacsorendition provided with

particularly preferable to yse an a tic,solvent as t eo%ai% c%Ivents
ot her tharf"##& HRSOKRBLY Lo PG BE eagsl\%ftepnfe_e SPHBRE 83% %(g F¥4di |y
exhi bited , &(ﬁaﬁpﬂr&riﬂl‘ t,lﬂéﬂtﬂ?%to?lthﬁé’ sfﬂib@n L1 nd UxpB8ing fid Wilgpnbot h
aprotic polar solvents and aproti¢t nonpolar solvents. Exanples of such an

aprotic saoyyerttoarendydrocarbons, esters, ethers, ketones,
hal ogen- cont ai ni ng sol vents, sul foxide-based sol vents, derivatives of

pol yhydr i d0aREbhoAddatiomalyio bydrtheyl risrpepgHanhi t tlegringlo hquid, the

conpound-cont ai ni ng sol vents havi ng no N H bond. Exanpl f+h ns
are tol uen‘@?teﬁerﬁfgﬂ%?t pepand ﬁ]@’éﬁ% a Hé5 lé’ﬁerfmlc?g; é:ﬁgmg‘?%}%f Rgxﬁ%’l@gwob@l
Exanpl es qf, ggd SRRl G %hdas el 8phehePHouRCahat the RHLYbIIAGRIRIR, aret hy!
acetoacetate and the like. Exanpl'es of ethers are diethyl ether, dipropyl

et her, di bumizdd shdeontdinéd dWydr dfisy dre, swifaccaoicthenc ceseedl pdegionFeanysdaelslyof
ket ones are acetone, 15 acetyl acet gne, t hyl. et hyl ket one, hyl propyl
ket one, meteagh thet sriges 6%%@1tk9§’c§‘6§'%ﬁg§é1rw]§86h?ﬁ@n§’aé% r?ﬂr‘Tngq cR’e.Pn a
Exanplgs of tggm@al ogen-contai ni ng sol vent are: perfluorocarbons such as
perfl L? rooséiog ; %erfl uor ononane, perfl uorocycl opent ane,

per f | uor ocfppbohexanehe hextat-rapdlRhfeAei ngNeytiiea v &er-rbydliladt doaipnaidons
such as 1, 1,1,3, 3-pentafluorob utane , 20 octafl uorocycl opentane, 2, 3-

di hydr odeclab$ utwaap Ochtmass% ZEORORA- te the odiek dusntFON GORPORSFIONE ed t he
| i ke; hydrof| uoroethers such as t hyl perfl uaroispbutyl ether, nethyl

per f | uor obWRIAT EPRepNt é]teﬁwn%)gﬂflﬁ& e %{rﬁ%‘?e, 0 eCh I%F’é’lns}b%’i?]t yl

et her, ASAH - 3 r i N |

HFE- 7100, Seadh e g?éepNé’glg‘gﬁg’g’ %B@é%@i@é%%(‘%iﬁ g’? )C?rhé;m%ag‘?ng Y

producey byleaMwhiily, tedyatRRdepéient k€mpohhdr ecRebnns 99U mass% lessens the
tetrachl oronet hane and the |1 ke; hydrochl orocarbons such as chl orof orm and

the |ike; eff¢csraffdloohddaribonehishonates wipeheoendanlheopetisionihe impartadeta i ke;
hydr ochl OréI | uor.ocar %ns such.as 1, 1- di ﬁ%&r 0- 2,2,3,3,3-pentafl uoroprop
ane , 301,81 girdpeepidtherecasssd postioning pRytdbPsh ane, 1- chloro -3, 3,

3-trifluor 4 ! ; Lﬁ{g N@}gg opr openeandt hel i ke;

per fl uoroe?lgg@gﬁﬁgf%% Fgﬁgwggj ersv;wan the |ike. Exanples of the

sul f oxi de- fpaesll sdFuenis ar echémietibplars wldwst deiliast whésrl 1 kbwhitaspifese of
the derivatives of polyhydric al cohol having no hydroxyl group are

di et hy3Geneisginpdela srnfiaet bgringtahBnelycenetem patiteant éne gl ycol nononet hyl et her
acetate, ethylene glycol npnobutyl ether 5 acetate, propylepe.glycol
nononet hyl et her a{gégé‘)ﬁe ApY’@B‘S/‘F%‘h"&“@ $ D8rt Aoh GetifyF S@‘ftﬁ%’? ngﬁq e,

di et hyl ene gl ycol dinmethyl ether, diethylene glycol ethylnmethyl ether,

et hyl ene glycol diethyl ether, ethylene glycol dinmethyl ether and the I|ike.
Exanpl es of the nitrogen conpound-contai ni ng solvents having no NNH bond
are N, N-di nmet hyl formam de, N, N-di net hyl acet am de, 10

Nret hy1- 2-pyrrolidone, triethylamne, pyridine and the |ike [00371




boiling point is high, the viscosity tends to increase. Therefore, it is
preferable 25 to use an organic sol vent having a boiling point of from 70
to 220 r. Wen taking the cost or conmpatibility with other cleaning |iquids
(a facility for substitution) into account, 1-propanol and 2-propanol are
preferabl e as an al cohol, diethylene glycol nonoethyl ether acetate,

et hyl ene gl ycol nononethyl ether acetate, propylene glycol nononethyl ether

acet ate, propyl eng..gl ygol ,30 -monogt h e . acet i epe .C Ol
di methyl et her, drSEnylondt S?%%%Pagt‘ﬁé n%}??%ﬁn%egh%ﬁl,%ité%ﬁ}g%’lg %l‘il/‘%%‘?ﬁ%
di et hyl etihatid @fs@é't&i%d@lh%@@éce%é@%&’%iorﬁ& et clddniddhieredsohexanone are
preferable as the organic sol vent other than the al coholic solvent. [00401
In a pattern fornilg. 41 epAischehmiativ tibw showiage anditien sihdre arwatdrdrased made
a surface having a finely uneven pattern, resist ig_%gplieg to th§15
surface ofcleamingdi@rdsjsrietaigreday therrraesssd Bprtignd Vaighsts padedpsdgtce

through a resist nmask &%&kﬁ“eq99¥e@$ﬂ§#ﬁting an etching renoval on the

expose r 9 1n%?pgﬁngﬁexposgﬁire5| ereby producing a resist having a

desired unBERTAIPED DESCREPTIOMNal |y, the resist having the uneven pattern
can be obtained also by pushing a nold having a pattern onto a resist.

Then, etcHoABg4] s Adsitioonlucafed adenting ageingrof thte present iinegentier esbiitpeont i ons
of a resist pﬁttern are etﬁhed selectiﬁﬁly. jnally, thﬁ rg;ist is stripped
of f ther elfcebent Matte® srilrpefiplrfesta \W-ng{? eRj HEMg (Rt VvERIPHE &BR1L:

[ 0041] I nci Y, - St j 0 | ur.face
a silicon tg% ?%@h%lef (ﬁ%teg ﬁ% gocc(r%g% %fge@fglﬁggﬂ?}ﬂ Fl%éhgﬁfﬁgg?n%ﬁc%g%&???%%ga
gas- phase dEnsnthesdzpsktbin Bt (13 sG¥Rckiis ipeseed wathdul kedhidike theolghipmd or
those in which at least a part of its uneven pattern is to be_silicon oxide
when for m With tibisurtdeenrqshtctionty. ofddiet pendaickypn sidthednfoaridhes pilicennwakarr i de
are al so usahl e because these are natuyr.all xidized to forma,silicon

oxi de fiI#FHﬁngﬂgeéﬁ?égﬁgn%ﬁ%hpﬁ eﬁ%f@ﬂ%ﬁ§¥r§ﬁ?T§§@86FsFﬂ%@??@dapbﬁﬁwg'into
cont act W'tlh;a WAL wiferPblbant} 4 Q00%F thd PrbiaRank¥ntiBhSR AGAIAA8YH a wafer
conprised of two or nore conponents including silicon and/or silicon oxide,
it is possliobks] t oTheodilie®n twakur cheming agbncosf ahd/ eresinti dovembiomeisw t h
wat er repellencg. The wafer conprised of two or nore conponents includes

t hose 16n vidarriabler ftacenevest [piagengi haviagdpsped satipe grrpssiede 1 ban as a
native oxide fil a.thermal ;oxide fil 5 hase. synthesi IIm(a
CVD film @Fﬁeé)sng%}éf’. {%eef?’%gl?’s% oarsl%ﬁtnk?%? h%fsggf%g%?% n?? %%dzéﬁg%fé%rt of
Its uneven,jpaid ehst feﬂdc@ioﬁeirﬁbfd&iﬁih%%ﬂl@rs His§Qte @dedicoi@icthbp R RSt he
uneven pattern. [0043] After making the surface of the silicon wafer a
surface haki ngd#ién riel shisnéehiemgpat tier adapghblniwighoit thesiderddy enpdifying
conducted in the use of the 30 ter-bﬁged gleaning liquid, followed b
renovi ng teRVEAtEpA ag%wépé%ﬁai“}'@wiraw S By beig ong gppliaple i pgodygtiqy,

reces§ﬁp p@nﬁé ”Enﬂﬁ&ﬁ@%Fﬁ@%du&$ HQv@QQ 12 projected portions have a
| ar ge "aspect rat10, a pattern collapse’is to easily occur. The uneven
pattern i sjodebi ned dsaghipvhetRodtd a dilrod Wwhlr Favif @. fidelySurdveahs e inC
plan view of a silicon wafer 1 whose surface is nade a surface having a
finely uneateitspatrfasenusibiggthepsibhomgvatep alaanohg ageat f the presepdanventipn, 5
Fig. 1. Awdth of .recessed portions is defined by an interval between a
proj ect ed & g“%ﬂae% projected portion 3, as shown in Fig. 2. The
aspect ratio of proj ioﬂﬁ¢£ RViNe. | hei of
the projected por £ %ﬁét"gg}“ %8\%\%& ‘(’s)ef gﬁ(%éﬁ?%?gggfe%ddp%‘?%%gavﬁﬁeggglll? gyer n
col | apge iwnéhd pherRrhnolswedds povidiraa Wit@cbasedbRanihe ligdésisethe
portions have a width of 10 not nore than 70 nm particularly not nore than
45 nm and surdace ied gefrening e watey based deaninigdiguid ipaecesseHMor{iondt | ess
than 6. [0044] In the preferaple enbodi nent of the present.inventjon, the
Surface of the si /i H6R GSPEPORUTRENRS Waler Padet ﬁﬂ?@ﬁﬁfg@ G L e
pattern, f nr ovi. ci t - e i Pl h
surface toﬂ%%g%gﬁlg%gB%g &g?g?iﬁg%% Iggﬁﬁﬁgglﬁgﬁ? F%(%ﬁgﬂ?gcggg%dﬁhe
portions. Wwhes:-badeel dedeingiaged; cl eaning liquid retained in the recessed
portions is substituted wwth the cleaning lLiquid A which is different from
t he wetler - based claestebnef tetaining sPweter sdnedleat aigaringoiquideindt e spcessed
cleaning liquid A are the. water-repell ent cleani | i gyid specified.by the
oresent i RIS QAPEF BPaEIY et gepanvacy  Derihtoqlithe spteRed eorRtR e 1 o
which at |east one kind of acid, alkali and surfactants is added, and the
like. Particularly, if taking damages and cl eanliness of the pattern into
account, the particularly preferable are the water-repellent cleaning

liquid specified by the present invention, water, organic solvents and a
m xture of these. Additionally, in the case of using other 25 than the



esters, ethers, ketones, hal ogen-containing solvents, sulfoxide-based

sol vents, 13 al cohols, derivatives of polyhydric alcohol, nitrogen
conpound- cont ai ni ng solvents and the |ike. [00461Exanpl es of hydrocarbons
are toluene, benzene, xylene, hexane, heptane, octane and the |iKke.
Exanpl es of esters are ethyl acetate, prfiopyl 5 acetate, butyl acetate,

et hyl acetoacetate and the |ike Exanples of ethers are diethyl ether,

di propyl et.her, dibutyl ether, tetrahydrofuran, di oxane and the |ike.
Exanpl es 6$tﬁﬁfﬁwggné%%uﬁgé?8ﬂe, acetyl acetone, nethyl ethyl ketone, nethyl

propyl ketone, mefhyl, BpfothoW@lahe cl&yahehegapone, isophorone and the [ike.
Exanpl es of the hal ogen-containing solvent are: perfluorocarbons such as 10
per f | uor odooank, perfiararcappatioethestdy eforeveinihgphatarter-repellent cleaning
per fl uorocycl ohexane, hexafl uorobenzene and the |ike; hydrofl uoraocarhons
such as 1liquidinghezregesnediparsionsuthsn @ateseensgllond deaningjittiddstained mn

2, 3-di hydr.odecaf | uar opent ane, ZE - oduced by, ZEON g:(RP. Tl nd

t he IiEe; tﬁ'ﬁdxfe(g?ﬁfgir Bgﬁhoerfssn&}’cﬁeassu%ﬁg{tﬁ@?dj%ﬁb& }f]'el%l%n SOBUTY v‘é}ighélielrf,%

met hyl perdibupnabaion Hehate PEEPAIIRRT ElbHANRD WHd S WRKtioRAIN! it is more
per fl uoroi sobutyl ether, ASAH KLIN AE-3000 (produced by Asahi d ass Co.,
Ltd.), Noymefdiable/idtakeNastep bFEetaitihg Novder-h366d chomeng TeE0d camprofedt hese
are produced by 3M Limted) and the |ike; chlorocar %gns su

h a o
t et r achl orddnet¥aies basad tgeduippdn e recastet oxFBBAShepugh ecWSQﬁ‘HPBIPFh and
20 the |ike; | oy.@f | uQr gcar.b as dichl orodifl uoronet hane and the
i ke; hydrvg%ﬁﬁglfodf']%%erngccg?%Igﬁgqg%ilﬁcé;s 1, 1- dicloro- 2,2,3,3, 3-p
ent af jgor dppeg] anadditlesallfitBBlsesPof femdvidedhd-deitiak|462n0RAERABE,
l-chloro- 3, 3, 3- trifluoropropene ,
1, 2-di chl or o- 3, 3, 8-step biidromedabendsndemeVingtheerl e uiovgoleq i xetained in the
perfl uoropol yethers;. and the |ike. Eﬁa |l.es of the sulfoxide -based
sol vent s dCECHS &WH?IY%I‘?PB%PB‘?S% FOrHRNS 3 Exanpl es of the al cohol s

are nethanol, eth r : I Iy, - nedi ol
and the 11ke, Bxanred BpRRRAng ALIONT oneSUARG SIKERL, hipoPiBRe
di et hyl enghgl yaethcowiogichgiliwhhamafeetiiyh ehightgl yeaingaheneilicyh whieer and

et hyl ene gl ycol nonobutyl ether, propylene glycol nonomnethyl ether,

pr opylléne eippeblg thenslicely wadehtr 928®- di et hyl ene gl ycol nonoet hyl et her

, I I hyl h hyl I
mononutyl PRRE ARl ERna PR TR e B £ Riiko i T bR oY s
propyl ene gl Qﬁ'()c}%%%x@ﬁ’ébﬁﬁélﬁévﬁ%eﬂ?é Bleadirtd RYLEN o liNER indinER dayssedt her,

di et hyl ene glyc thyl net et her, ethylene glycol diethyl ether,
et hyl ene glortohsdirart biyd retdesed grdtiohe dndk eh&staplof scomiduchimgnat lexgérone

conpound- cont ai ni ng sol vents are_formani de, N, N-a{ nmet hyl f or n‘i,% i

N, N- di et Hyeaidaenhselacter rammyradiaging e siyiace of %%ﬂﬁléiﬁilr‘f%% Satt Wﬁém ne,
pyridijne and .the Jike. [0047] Fig. 3 i SC: ' [ oW

condi t1°on =3 Ehecflilﬁﬂ%‘ %aAfF%’tfﬁll%e)g)olsé ggif%lglilgggﬁla t Iﬁé@'@@%ﬁ%ﬁ%@r&y i%hs 4
in the cl eaileRO aPEtREETSprofidink! GRNclvBhRIg AiuldB 66 BBEBLEGsY] PYrabnEiahd

o
shows a part of the a-a' cross section in Eig.. 10 1. At the time of the
cl eani ng pihenessmoving Wh¢ aleardpel lignid & dandrignki gui @ step prfovdtdengnthe a

silicon wafer 1 in whjch an uneven pattern js forned. At this tine, the
wat er - r epeVAEATbasedapieaging digd; EOIgPBI?ﬁﬂt Oﬁzﬁb% ‘Qaé%%qﬁoﬁoﬂ’éf% ABdthe
least int e os 4. J in Fi 3.pther i i

water 1 opdiTenE iRt ROt O Biolaft, PROMRA g iy B PRGN bTRELLLL
provi disng fHewweirdsaddds@shtingdiyuid vy dtiiggt hrough the substitution with the

cleaning liquid different fromthe cleaning liquid and through a condition
wher e t he WaB6L - r el merter-cépdimigclepguigl ligid etspar haiidy compaisedd of nthehe

d [ , th - N I ' | i qui d [ [
eseptell ALK Gy £ T AR R R R
different [romed hftekks HEARLARYL 812 Adsld. A Mliv AR ERaPhubfity of

different cleaning 11 quid are: “a wat er-based cl eani ng gui d “conpri sed of
a wat er - basg@l Habdth i SNth@Ry Me@aLpellewt \Rstning Hixidirendfar heguaicesolbased
cleaning liquid and the organic solvent; these in which at | east one kind
of acidf) ainchidingrat least antanelwlaodvaritx dithan. 1t tre9PiKmaspir condeniaef the j f

t aki ng damages and.25 cl eanliness of the pattern into.account, the ..

wat er - baseWateeepelignt icqmrey %ﬁr @‘é‘ﬁ?%essﬁﬁt %@%tre‘éefss?ﬂé) WP feadily

wat er - based cl eaning liquid and the organic solvent are preferable.

Addi tionally, when using other than the water-based cleaning liquid as the
different cleaning liquid B, it is preferable to substitute the cleaning
liquid with the water-based cleaning Iiquid under a 30 condition where a
cleaning liquid other than the water-based cleaning liquid is retained in

e em P oSN A PN A




251, 3- dichloro - 1, 1,2,2, 3-pentafl uoroprop ane ,1- chl oro-
3,3,3-trifluoropropene , 1,2 - dichloro - 3, 3, 3-trifuoroprop ene and the
| i ke; perfluoroethers; perfluoropolyethers; and the |Iike. Exanples of the
sul f oxi de- based sol vents are dinmethyl sulfoxide and the |ike. Exanples of
t he al cohol s are nethanol, ethanol, prog@anol, butanol, ethylene glycol,

1, 3-propanediol and the |ike. 30 Exanples of the derivatives of polyhydric
al cohol are die | en | ycoj...nonoet.hyl , et her. t hyl ene, gl ycol, mononet hyl
et her, et t@HbEB¥§%%§“%D%3§%P9P'uﬂ%@%@h@P?“Bp8§QY%héWSV%b%ﬂ*ﬂ@ﬁﬁﬁth§l

et her, prqﬂﬁkfgﬁhglycol nonoet hyl ether, diethylene glycol nonoethyl ether
acetate, ethylene glycol nononethyl ether acetate, ethylene glycol

monobut yl [e0Bel a@bkatvateprapyleaneclghyingl ligunibrehtyihs edthdrasacet atlegholic
propyl ene gl ycol nonoethyl ether acetate, diethylene glycol 5 dineth

et her, di eolandVihyths Peespncaeehhiihe adepholicestlyjerinea degetapn diedvren tdener
t hyl | ycol dipethyl eth t.he,like. Exappl.es of, t it
comoufa- deHRimsPRIERbIaRP RS A8 s e cdlcon WAIR SRt P bR BORThe
N-di et hyl age{ael ge ¢hd TRty %io%ﬁ& lch dopgy difl Sbbyinafh&esurtddeebhydigiznne,

pyridine and the [ike. 10 [005 Exanpl es of the water-based cl eaning
l i qui d ar esuffitientlyrproaided whthawned: tepeltbxcy)gn at sheeastmene ki nd of an

organi c solvent, acid and al kali, which include wate S a prinar

co?rponent Qéz]t ex dxgmles pinghes sl epholisr %)lmfeﬁreioﬁi@hpf.com%ﬂ%ﬁ Hé allkyl
cleanliness intg_accoun it .S rticularl I Se. r as the
wat er - bas e%fogpegﬁllﬁnﬁ 0 %‘EX%&"% #@%Z]S%ﬂﬁsg e%et‘%lilgh\%?egf }%%%Og’ ?aﬁgép?ar? O?\’/ni ch
the waper -@@%@pﬂarrdl,eammg;ahbgui bugahéll aitegebhtanone 1s89Rf886], POI-hbRBA,
provided with water repellency by the water-repellent conpound is shown in
Fig 4 A sil-hesanlaf bhepfandie lsattenal iandvithe loke:Fagd polyhydsicaalsahol efndt he
by ought 1 GV 0eURadi: 4% 220 RO Ted NI BB Cp0L COHOPRBRE by

t he water - 4 ounge - i ] I ndakl Si

t he surfad%ggﬁﬁhggé%%ggg’pr@ﬂéﬁgﬁkw%%hﬁg?%%ﬂnggFﬁgkﬁé%i%bﬁgbt oﬁ%fhg
surface ofethBg stlljlend AMptdlr nrRmeh dther Weilsleasddcd! aanbathyli gthied, 9 is
renova% frog&%h%hégc%§sedd£§%%i%?s 4.1%8053]1v%fn t he %ﬁpgséfd porth;ys of
t he subf acyhylenc@lyeoliinoneowiai eFhsPHIIUS R 815Nt MORAIMALLY epiEIer eprROPYIINE he
mater-rep%aggPépgh&g&ngﬂ%%gﬁ%gﬂﬁggkhe surfaces of the recessed portions 4

as shown i fhe surface condition 10 provided with
wat er repelh8aEY ydifien Ry, ec'h‘eraﬁ&%dlﬁﬁéolf;&%)f%%fefa%gy GRS o e N
the assunption that water 1s retained In the recessed portions iIs

pr ef er abl yofrdkybgaipeand baa hgdioxtvilgr@up Arcdps lchse, the euctace oBtherdcegseeht er
than 2.1 MV n2 makes the_pattern collapse difficult to occur, and therefore
pr ef er abl eROTASt ¢haPRYily PbSm (the LHpre apBAditioncsutbickently maopdedewith 17

N further difficult t ; hat th il f i
par ¢+ 20 ar Vol Esnhny i 'SioB6 Fithe  FSrindPiak Ry wB R, ROl ol gt |
not great eélk?gégb%p %ﬂr{v%ﬁ%yd'fﬂiﬁ@‘bﬁﬁ[ Brinhdry SlcbE§dnd SeddublatNalGaBI htear y

force close as nmuch as possible by adjusting the contact angle
to the cl egnitiooplarlyipgrefedtable. be around 90 . [0054] Moreover, in the

wat er -repel | ent conpound jn the ter-repellent cleaning |iquid whjch
corrpoundph 3é§ re ﬂzlien e"&‘;? %E@Pﬁﬁ%fhﬁ’fq?gemﬂaéﬁ}’ gllagiga ?EIHf uheméqﬂ eEeh

¢ q ) : ety i A
who'can 1 ehed HAEPE P8R 3030 Heu kIS RASHINGE MY &kl SRR ot B Birgleros
hal ogers grgish $UTHurdEe bR, Ghar SldPholké @BIvedit oAy el eifher! 4 kenglsi oé bend

Wi th isocyanate group, amno group, dialkylamno group, isothiocyanate
group, azicexigirews twacetmoredelcgholipsolyehtezane, - N( CH3) COCH3, - N( CH3) COCFs,

i mdazole rin oxazolidingne ring, notpholine ring. or the |jke Si-QC bond
with al koxipoégl)upﬁt %B%%’ﬁ*gﬂqbg%aﬁ,eg £hf AR cobva) ,1%10‘6%0 mass’o,

OS2 ki L Nl B R b st

per f 1 uor oajnsbBubs§ EHRAKR 1A PatelRht tdognddukRl bBidudel thedsWifRce Aot eedelske]
Addi tional ly, exanples of the hydrophobic group are a nonoval ent organic

gr oup 3avi portiordr cxanbedilyradupiraritie asunfacey abeditiosr gufficenily yromwdeadnyith F 20
bond. Such a mater-repelleg%_conpound istoswftly react at its reactive
moi ety wi t Waksl smsilegrpipashost 8iMs.con oxi de | ayer of the uneven pattern of
the silicon wafer so as to be chemcally bonded to Si in the silicon wafer
t hrough sil oxane bond. Wth this, it becones possible to coat the surface
of the wafer w th hydrophobic groups, thereby allow ng reducing the
capillary force of the 25 surfaces of the recessed portions of the wafer in
a short tinme. [0055] Furthernore, it is preferable in the water-repellent



18 [ R2Si (CH3) 2- dHdi eNH3- e[ 2] Here, Rl nutually independently is a
nonoval ent organi ¢ group having hydrocarbon group with a carbon nunber of
from1l to 18 or a nonoval ent organic group having fluoroal kyl chain with a
carbon nunber of 5 from1 to 8 R2 nutually independently is a nonoval ent
organi ¢ group hayi ng hydrocarbon group With a carbon nunber of from1 to 18
or a nonoval ent organi c group having fluoroal kyl chain with a carbon nunber

of from1l Additi.onally, X nmutually ipdependent! v repres L | east
one group @Q?’@ct eg(afi?té‘?ﬁ’&lali% t&?o‘ﬁgyegoli?§iegl?flﬂ§?eo mﬁ%lqb%%cr% Iélfa ucﬁ?l@%ﬁiﬁ(g%?r
group, ac%géﬁicgrs%%ntéo than the alcoholic solvent. Since the water-repellent
trifluoroacetoxygroup, - 0C( CH31=CHCOCH3, - 0C( CH3) =N- Si ( C1- 103,

- 0C( CF3) =Lom@iurdH3)r3dact GOWMBIFGrdtitHe)lsent, kyils palrfionkiréy prefapable to use an

perfl uoroal kyl sul fonate group, nitrile group and a m)nﬁv?l ent or%ani C group
whose el erambticsobensasdee argasic sodventsashenthap the alcopphegelvest becagisel t o

3. E f b and ci i nt f, f to 2. Fhe.total [of. i
rom 10t o "wtelgt bl BREY eaRebd dordin TP Rt R GhE, Bhidntgufihe”! ©
i nteger ofyfiba@ dolvenf inbRARE [ AStd Lip@hat | Yolak tsdlPeRl kh@UhpFdtic RIodheIAb! e

that each of RI of the general formula [1] and 1t2 of the general formula
[2] is C. HlvehténEtaiPleoof idi2amafrdGHRolyant ad) hyflogsshokx astiresetdfers,

o ol ky PP DCh aRe SOOI R ShOnG CHBo e Ppses o5 ong, HersReps of
C3H7Si C13, S, C13, .G sH37Si Cl2. C i (Qjs).Cl2 -

061- 1113.& (Iﬁ?igﬁﬁ%, é??ﬁ%?( c:%%%g) 3*@ ; 1%‘8 é’é‘%@z( c%fgﬁew?{‘&s)%ﬁ?gen
G oH2i1§i ( %@ﬁﬁﬂnd*%ﬁ%&%‘g@@‘@&ghav@%n@wﬂ Goa). ERdm{165 ofl By @%ic&ibons

(Cl113)2sSiliCl and the like; fluoroalkylchlorosilane such as_
C5F17CH2 CHE8i t613en HeG8F13 CAn?,ShexXadie, bep3on Cieoncadd threlldkp.diranples, CsF

17 CH2CH2SI (CH3) Ci12, F13CH2C112Si (C113),C12 | FOC.I 2G| 2Si (CH3) Cl12, C
F3CH2 qlﬁﬁS&%%‘é@ib&W&%ﬂ? eERis) ?&}%3,;1 355 @c%}éiiz%i Qﬁ%éﬁaé&f‘,n F9
CH2CH2S1( G H3): - ' gﬁfp—g : t i ke;
or a wat e&-h & e%%?'lcgﬁ? Qi%%é?r%%}? %qﬁ{% ?%?HFE?%?&%@J thgﬁ: ?la(%)l%gh 10‘?%159:](1 ane

i s substi tgetrthytirbfuraal afieRage aud ahleelikehdixahplyso ofrictpnesunk asetbneno
group, isocyanate group, al koxy group, acetoxy group, trifluoroacetoxy 19

gr oup,15- 0G(Eetilgyeioreomeshyl ebytkeione si¢tbpbpaopyl detears ety batp) ketone,
-CO- NHSi 3, al kyl sul fonate group, ,.per{l uorqal kyl sul.f gnat e qgr \
il e oroupient. Rpphgfiea R B nplpiale S g MARKE I ihine

- N(CH3 = 13 < Si 3 1G53

oD 051 (B B N T e e B P noner 1 moy
mor phol i neperifigrotycldrentike. péiilin@pcyddchdsiameahlexaflwhmbenlzensatnel theeplk! ent
conpound has_two or npre reactive noieties, the water-repel ng?’éw onpound

tends to cewfolaosocasBorfiat t heS@ily face c@hditi onl-dnk PGrRARE G t h
ter- | ] b hard t : i . | t e NSy, 13
or oce 20 Dot FREER R Ur 1 aze ol ARUE R yoPSaRuleTol 2RO OR "

proce ( he surfac the si er
process of (hg@tédiby MEGN CORPORAGTON) a @ ¢RI Bike) S5AF5RMidroeh &R hadk
additional tinme for light irradiation or heating in order to renove a

regi on formethylue peofltbwisdagul atdtbar,of néthyhat perflumpebient edreyourrdhyl
Th f , "4-a-b-e" i ch ts th f r eact i i ,
TS1E or o RATBIORSTS] DB R IR T oA gt  ApSF AN oot
; | . .
Sﬂggﬁ?&ﬁ%%%%g%g@{ﬂ%&r@ 264.3) NBVE: HFE74 80 NBVECHPIR7200, Novec
C3H7 Sig5CH3Y 20071SN04:&63 7808 HAnGOdf fHeddi 4 £ol HB) BINEDI HEHNI2LhH8d) and the like;
C6H5SI ( CH3) 2NHiSi ( CH3) 2C61- 15, { (C113) 3Si | 3N, { C2H5Si (C113) 2} 3N, 20
( CH3) 2HSi NHigotaCeBh b CRBICHECHXSA¢IORB) RRHSICHBY the GlpCy drochlorocarbons
%Ei%ﬂ%%&{ﬂ?%%N I (%@éggﬁgﬁaﬂme; chlorofluorocarbons such as
C8F17CH2 ! | Fi4..- I \
%%hfoggﬁ%,fﬁﬁg‘ﬁgﬁ%)l@ CHaH2 58 dike; { @&ﬁ%%ﬁu@%%ﬁé\' sGaf sbe

i ke. Particu azane represented e general formula [2] where
25e is 2 i3 1pdeiRbah 8,3 BYathflAvmipgopare above- menti oned exanpl es of the
wat er -repel | ent conpound, the particularly preferable is chlorosilane in
whi ch 30 i nlhdichbmerlal, 2 Bmendafluprapgophher o grivaplore dns,BHeiflnaepoineneof
attainability to the rface condition where the surfaces of the recessed
portions a?@y %ﬁ%qrei?eggrw BRRTARANS0 Wit wat B reﬂé]fQT’encﬁ’emu%rO?ﬁ]g‘?rts’
time. [0062] Additionally, if water is present in the water-repellent
cleaning liquid, 20 the reactive noiety of the water-repellent conpound is
hydrol yzed to be silanol group (Si-OH). The reactive noiety is reactive
with this silanol group. As a result, water-repellent conpounds are bonded
to each other to be a dinmer. The dinmer is lowin reactivity with silanol

—




5 silicon wafer, so that the time required providing the surface of the
silicon wafer with water repellency is increased. As the solvent for the
wat er-repel l ent cleaning liquid, therefore, other than water, i.e. the
above-nenti oned organi c solvent containing at |east the al coholic solvent
is used. [0063]Incidentally, the water-t@pellent cleaning liquid allows the
presence 10 of a small quantity of water in the solvent. However, when a

| arge quanti of ter i.s _contaj.ped-in the vente the, wat | |.ent
conpound ipfrhy‘fimﬁ@g%t b/ a[rﬁg{%bg?'d%%%lg 2 S (fsfﬁcg‘re esﬁl)}fog 6@%?%%9‘%%%%?%%@@ in
reactivit ydinietth&ls stk RIOLRdPIRS GkabIFkdRpaKer the daiwftivednsepblyhiydifee
solvent |ow. The water content is preferably smaller than 3 tines, nore

pr ef er abl yaldoHdlving ab hydrexylrgrbap alrb didthysered glycol iano®hyl etheer ddeéate,

wat er -repel | ent conpound in nole ratio, i xed with the ter-repel |l ent

wh
conpound. qtbgkaieaatyicel erenanpethyh Qflhéérac%atgg@é gleaeeghyrel ugr BEtSkeen

the water-repellent c ound and t he fer sy fac at Yy added
o the wat &€& Sel Pémﬁgﬁ%aﬁg%cg??l PR Oe e ﬁlﬁel er ggeft?fl t%se@‘J Oﬁgiesn lrjgg hglggol
catal yst gp6no&hyRGtHer GeBtAENUREhPRIBER OB e Syt bk Uai@RFReCelgebld,
trifluoroacetic anhydride, pentafl uoropropionic acid, pentafluoropropionic
anhydr i de,ethylhktlol etkehatiegleht ghyo! deitby] ethdr] edrydeme phcebdiniethiyd ether
anhydride, sulfuric acid, hydrogen chloride and the |ike; bases such as
amoni a, 1d, therilike; Eéiaalpkl)?ﬁaﬁt%é P SeReCMRRUNE SPRAIB IR, SYY B BAV IR

sul fide, potassiym at 25 I: hy g0 e I1ic
conpl ex or™% ﬁtlgl I i%§$}slal i1%f Wﬂﬁeﬂﬁ rg(gfn%%?}llgg’ni lj/%j\g‘r&r@h%}ﬂﬁ??(eg?ﬁﬁhé‘,
chlor qgi | a%eiﬁﬂl@b?ﬂoﬁﬂbﬂb,tfﬁéth?ﬂixﬁﬁi@@@ﬁhﬁé and the like.
trimethylsilyltrifluoromethanesultonate. Particularly, if taking a
catal ytic [60B&tt Additbeally,i welsspiaferabde dounse arhanprBiemadhle ene ashéeaci ds
containing no watey such.as trifluoroacetic acid, trifluyoroacetic

| PR LOReH bk

anhydr i de, Or8814G iSPIVEEE oHEIeK athady tPEni 161, SOV GBS nEh JFESHITFBRiLnt
anfydri de, Sl 1iquRChled A Qe dBleRiAdt: SMNAERYAANE reddee
trimethyl si y]t i T "'uor oacet onat e; an

t ri met hyl sjHeytitk iof kHo mautet-hapeitaitf doatierg Qa5 Mddteofaddi lialogempontiinnfe t he
catalyst is preferably fromO0.001 to 5 mass% relative to the total quantity
of 100 5maswiveritst kaenamenflpapeablent Suehpeutrlogenspentainag twenilampgable

reduces the.catalytic effect, so gs not to be 5 preferabl e. ;Meanwhile, an
excessi veI%PlY%Htg“ec}/nah%Bﬁ?geF%?lge?e EHL PR W%}HS Oég?glcyssogveé&bdes t he
surface of [r?bl?’g] Waff gl Q¥ chse,! el 0 2AnidSoMRHEbtRSr 8Rah TREIAIENhJIRL B8lkehh @

i nproves the catalytic effect. Therefore, the addition anmount of the

cat al yst ipreferdbly dtan |y tpO6060 abhys f mone @rofdFably fromadstyh 5Q@UB6Imes the

Furt hernore, when the tenperature of the water-repellent cleaning 10 liquid
i s high, tadeobeli¢selenbinmuass@dissed portions can readily attain the

surfa condi,t.h on provi deg w th- i . i

oot orlbREbl P IBECHE T pbLNELEL n/aRBEL R e ABIIIRAL ob LR wall
repel | encywhslel RAdthY HeOWaRr ARQUL 4 $aBE &FIRSRDIHe BBEAMIB] Sobfbrat hdks Bolok60 C,
particularly preferably at 10 to 120 C. It is preferable to maintain the 15

t enper at urleoitihgt peintptee -wateeirkpellent ekainmgg |liquiddteadst tre dre e befeneeseven
when the water-repellent cleaning liquid is retained jn.the recessed
portions 4SPrepduEyPvemdicaWpiedras %’FEE}I‘%F‘O‘?’@ HORRAEY: PR Fg™ fﬁjf}&e

retained | Posig SRALTS R It QDo ity REANL 15 dndfehile "PhELAHRDE! 1sGfiRYo1L N |

wat er - r epe onpoun en renovi ng e cleaning agént 1's conducted.
It is gy efgy ak€ a2lotdidtic kbivenstieivih@a Bodig point of froma768tte 20 € eidvémy
the cleaning liquid retained in the recessed portions fromthe recessed
portions btakingi the castdor compatibility witdt ephesf cleomangtlingdat (4 daglitofer

treatnent selected fromirradiating the ,surface of the silicpn fer with
ight heat MR iond; it gieclnb, 1 P2Aeenel R ol EREPERY &7 L6l Al e At 4

ozone. 100GBLLLL eGB! AL Lo e DAEANCRI, LWL GARLN o B

recessed P I'ons i s er - pase eanl ng n renoving the

cl eani ng | gHdrdaddtate, t hopiaars gbtobahbhemsthyinetHursacaats, piopyeny glyodbl e
to conduct a step of retaining the water-based cleaning liquid conprised of

the walCer - basedtid sthleutambaten diehylene gdew! phmdtbyb ethen waethyene glycol

substitutio et wee he ter-repel.len | eaning, liquid retain i n,the
recessed p%ﬁbﬁgﬁgﬁﬁﬂﬁiﬁﬁé%gﬁf eéggﬁﬂdﬁ?haaF%ﬁﬁpﬁﬂh%%%9§&ﬁﬁﬁﬁ3W@ﬁgy#4Q%ﬁthe
water-repellent cleaning liquid, after a step of retaining the

wat er-repellent cleaning liquid in the recessed portions. Incidentally, the
cleaning liquid retained in the recessed portions when the cleaning liquid

is renoved fromthe recessed portions nay be either 5 of the
water-repel lent cleaning liquid and the different cleaning Iiquid B. [0069]




30 than 100 nWcnR takes a long tine to renove the surface condition 10
provided with water repellency. Additionally, the | ow pressure nercury |anp
23 allows an irradiation with ultraviolet rays of shorter wavel engths, so
as to be preferably used because the surface condition 10 provided with

wat er repellency can be renoved in a shbkt tine even if the intensity is

| ow. [0072] Additionally, in the case of renoving the surface condition 10

5 provided wth ter repellency. by ight  irradiati L] i.C rliy
or of or abl & eaeiBrSeRtibae” PRsEel 87" e oGl atvehl eBeBot 8 Y e
surface CQ%Qh&ﬂﬁQm%QnRFOVided with water repellency by ultraviolet rays and
then to induce oxidation-volatilization of the conponents of the surface
condi ti on [004@lr ovitladatkéin feaheng rse@elih evtoyh bhe tshefaoe afehe silion wafarast i ng
time is to be 10 saved thereby. As the |light source therefor, %gf

| ow pr essunadersr Urface dhgving 2 HEnYYCHRBYED PRGLITR. (s &8SIShdgi AR 19 thehe

il f heat ed. whi | ' [ dj Wit ' 7 th
case of naBEIG Tt MATgedrmarlrl LAgkenttely uiEeulh iE sxbq chitdied b The
conduct ed ,aL;s#90a 410 6A0wed Y é‘Jrﬁm@i%g ah AORinkOrefA® 4T or thé sxposileraiite to
keep 15 the heating tine from1l1l to 60 mn, preferably from10 to 30 m n.

Addi t i onaldryan thiexpsted remyt, bhezeby porpddcing & owbishdtavangva drsisednmeven
exposure, plasnma irradiation, conon%@glschﬁrge or the I|ike. Agdi i onal.ly,
the |ight Datbesa Addifionallypthe sazist hedingithe HRezeIhBattrEn Sam e Pbfamed.
[0074] I n the gase of .expos] - Si f t y Thia -ef.erabl e
to 20 pro&ﬂﬁ% 8%8&5L81 é?z?gg'bgsﬁﬁ%353%£¥%? ?é?h%ig%ﬁgﬁ 32%%9%% éﬁ% ks

| oW pri S S WHadUBERUSY thaRfel. Ot tlEBRSMAL YsR s d pORIGEs U hngsht gateehtage or
the like, to the surface of the silicon wafer. The silicon wafer may be

i rradi at ecbtehed sélegtivelyr Fmallsh shbeasist] ismitiepdasepiigherglus eltaininga sH1c0p0075]
In the step%éf rennvigg Hhe surface, condition 10 of the surface of the 25
silicon wavater Raving adialy vaeVeR PAEFPded with water repel | ency, the
surface c ki on {164 r eIRodRi 41 .
above-nenﬂpgﬁgh IF%ﬁ?gﬁg?ggfg%%g%b?pgg%ﬁéﬁg?yt ggﬁzatindﬂ%?gggﬂgﬁﬁhg$athe
0zone- expastéch bkrRt fikntsucherematitie oAttty filrapalthyrmiahioxidet Gpmmaygdsepleasebi ned

with plasma irradiation, corona discharge or the |ike. 30 EXAVPLES [0076]
To maké a syinthesaeddiler (heVD &lmyetatandithy like snormpedmes diospaprehich a4 and

to substitute a cleanpng liquid retained. in regessed porthaonsew t. t her
cl eani ng Hﬁaﬂia'8?@38*f8h8§g%%?dﬁﬁ%§ﬁbﬁsf%pehﬁ%ﬁgg;g§§Bd§%%asgg%hpﬁaa%
conventi ongldy W&A.'&ﬁiﬁ%ﬁaﬁﬁ AR BRd lsilk®n AitridbarBResEAtallebeBihaN,

t her ef ore, eval Uations of a water-repellent cleaning liquid were mainly 5
per f or med.thadedliatré aaahtally axiditedetonfoenl h aps@ngrade filmdep etsdaurbacet Wbenemt act

angle of the cleaning liquid to the surface of the silicon wafer or the
contact ar@jitermpst swilnee o BipmaAw benghidnte Feaiast MaHS FEHehPr fHe cl eani ng

i quid,, asi¢l.earl v fepresent by. atj '?gH§ i e ound
techni% ue [gﬁég?heé({dgéoﬂﬁﬁgz Oy %éaggg%q% %Jf?&sﬂdro ceéefeignééflqc}%b Oﬁﬁ%g{eact
angle, S Rabp&idhtdiidbMing RildcorpaRdRlr Alichrearidey it islpbekibRe & peshita its
recessed portions 4 of an uneven pattern 2, the contact angle of liquid
drop and thefaapidfl silicohonnd/osf sdigohaoaileofwithe wadee stopdllpnex.i dhe Waifeh
force can be reg%£d§d as an equi val ent of tBe #g attern coIL%gse .e in
correl at i CWHREIRCGAERYS PR EOre BRI ILART PRSP 9 Phachayrigee dep iy

fromthe eRHRLIALANLIBR YR Hith sBh Ok 4 AfiCOBLACIHIANG thadndil AsidlnthoP
under the surface condition 10 provi &d Wt h wat er repel 'ency.

| nci deny al § yasiphaes ayatkessizal fibar@sEVDafilneef) amdvehelikods dormbéanithgse
liquid, i.e., water was used. 20 [0077] However, in _a case_where the,

si i con wainewhfdsatlebishelppriinbite nnpsen @attern ip te b gilicoreand/ae sPonaxids s
significant%é %jne. Therefore it is not possible to exactly evaluate the
wat er r epeVPERA)TBING R B VERBRYPERCy- provi ded surface condition 10

Lisel T [ORfk] Evalpal LolaRl e aoRbacs: alolAiRh Yaker dr oRehek 1eKghual i ng
t he water repell'ency I's €onducte y droppi ng several mcroliters of

wat er drop fflel GHEVAS Pabferd, SRARLIEs (Substdatal ancbridiebedyn rthasugd of) tla
angl e forned between the waterdrop and the substrate surface, as discussed
in JI SR 3@aTer Tastd pgamnhdiguad, f@lovedst byt senagvigsade wialher bases sloanies) .

However, ip the case.of th i waf er having.a pattern, the contac
hngte 1 5 chBRIbRE e g hagikn S e setstad dainhsl B €pr el oy R AR ¢
effect is caused. That is because an apparent contact angle of the

wat erdrop is increased under the influence of a




25 surface shape (roughness) of the substrate upon the contact angle.
[0079]In view of this, in the present invention, evaluations are perforned
by providing the water-repellent cleaning liquid to a silicon wafer having
a snmooth surface so as to inpart a surface condition provided with 5

wat er-repel l ency therewith and then regh2ding the surface condition as a
wat er repell ency-provided surface condition 10 of a silicon wafer 1 at

whi ch surface an,uneven pattern 2 is fo : ' L LL
~ di scussed &4 &‘fd PRY é(fnr?alg ‘Zeer?ﬁ?ﬁggraeSp\?\ncﬁ {J%ééj adIL %@gﬁg@%&sﬁ%%ﬁ%gwg%wﬁét hod
for a silimgn waheh pA@Y¥ted gitdedaavadifivd aReFlent 4 ®igani Mgl i1qis d;
preparation of the water-repellent cleaning liquid; and evaluation results
af t er pr owicengtichplammtvéew refpel dibnon ov afeni hgvhospusdriaoe tihemsidk i & curfacker .
[ 0081] [ Eval uation_Method for Silicon Wafer to which Water-Repellent .
d eani ng Lhajing 5 Snploynered patan olise Zashews 8Pl oY CHens SrhPedh

f I.d 1t h. - | . [4 i.d; f i
oval uabi orme, sy " MR R R R kN ChE PR e Al D al Bl
Angl e U”“ﬂroﬁé‘%&%}fo@r@@@ hham ﬁﬁglé&t@ﬁdpwtidh YaheshBemeld PRey2. UPhe aspect

Wat er - Repel | ent eaning Liquid 20Pure water of about 2 microliters was
dr opped ornragionaf grojeaied aoetipnovs deprassed byadizidingpe betghgy6 of the preidcisd

[ I ] t I f d bet th terd dth
hafor - sur OBy 1 SoRAE TanbFES HetEFel frEuated TBY RYBAES [HUIBPFaE B8 ence
Co., Ltd.: - Vs I: L.oe, >y = i - sur face
condition ﬁ%‘%?%&@%gﬁt gﬁo %%léllife&v% Wﬂﬁe%%?‘%ﬁgg& k))? Pt’f%r{%%h%é % g\g,i(g%jl (\glgs

det er npnedh @smare 86£ET0ARINE paRtcilarti Gat atbrerthiabd®amviahll When fhO&3péct)
Eval uation of Capillary Force The capillary force (the absolute

val ue of Rpatiels whtlesnidtby, pattavlarly mpt essthagi g the fol | owi ng equati on.
30 [0084] P= y X, cosQ 085 e, represents a surfacg tension, .0
repr esent sﬁgiéﬁnt é’éttﬁ%\ﬁ’ﬁ?é?l’%@_%%E‘g(iér?eéérogggﬁtpgeﬁerbtﬂvgpho @I%S“’-’ ace of _

| net dent al g oiliPor wAH RalBW Ok8cd hAGNY AileRf ufidvdilh AftdrRToRsRRAy at i 0
of 6, the pattern tends to collapse in a case where the cleaning liquid
used when pheidakethpasaesr-bisedl giemringadiquiduta thet eufrface ites wethen , thehi | e
being difficult to collapse_in a case of 2-propanol. In a case 5 ere the

pat t erl® wiveterikased elapnmg linnidvin dhesipcpased pertiens. chiremxibgewalprchatase

cleaning liquid is. 2-propanol, (Surface tension:. .22 r : to
silicon oxTganipse ?{qu{l(ﬁgre%%ﬂeldl ?yt}*eogg%eslggéoﬁ @@1%%/ Q%E?ﬁéee.%gmgﬂ%h%nd,
in a case Qb ¥@fLlighaY I AvhRE |LU9ESTent UrbAL @hb eRat@ b asdaNBlehntii diquaher
than mercury (Surface tension: 72 mMN'm Contact angle to silicon oxide:2.5

), the 10 Begfetdide exhorpdes of tBe diffévem cldaningdigwfl Ahire theveatejrepellemt was
set to the mdpoint, j.e., 2 ]bérl\/%mz A capillary force of not reatggr t han
2.1 MN ne cleapingnBapidyapesified by Hag §roeandr nvGREO e MART EE28Y SAIVEREe R abl e
one (igpdicated in I ' R vabil.iiy . ace
Condi t1 on %ﬁ%t\ﬂrﬁeag%%tegg’vﬁéegrb (1% gélﬁcelf I %tgggg%ty(o%t gﬁ%e%éﬁcgﬁt a é%?#%

Li qui d surfactantder afiied f elndowhsglikendrdrtidarlyhef sakphe dwBaped adidt ed
with W rays froma netal halide lanp for 2 hours. Those haviagﬂ a cont act
angl e to wdeanbnes of thetpdtiexeintthanc@oit, dheepartieulprlyapreferaire vieethe

o LTS Rt e B IR B pEb s g B Fidert =
11 um nancsrg@é%?s&%ﬁ{gﬂaﬁ& a%%ﬁ?%ﬁ?%%.%ﬁh&%ﬁﬁlﬁ?ﬁn%ﬁ@ ched If()%@h%ﬂ%,tg%r

condi tions asuring Appar at us: traviolet Intensity Meter

producey byhdiothe & abbmfddetleheRidatdng lig@id aslthgliffReagpl@mningiq@6a A, it is
(Li ght -Receptive Wavel ength : 310-400 nm Peak Wavel ength: 365 nm
Measuri ng Mrdferahle taditbsteartiishe difexemt cleaning liquid A with the water-repellent

cleaning liquid under a condition where the different cleaning liquid A is

retained in the recessed portions 4.

[0045] Additionally, examples of the organic solvents, which is one of the
30 preferable examples of the different cleaning liquid A, include hydrocarbons,

esters, ethers, ketones, halogen-containing solvents, sulfoxide-based solvents,



30 [00881 (4) Evaluation of Surface Snoothness of Silicon Wafer after
renmovi ng Wat er Repel |l ency-Provided Surface Condition 27 The
surface was observed by atonmic force mcroscope (produced by Seiko
Instruments Inc.: SPI 3700, 2.5 microneter square scan), thereby obtaining
the centerline average surface roughnes$3 Ha (nn). Incidentally, Ha is a
t hree-di nensionally enl arged one obt ai ned by applying the centerline 5

car culat e guoig, dBlpEEs X Hotef A orlsPud, FIREGT GURARRL AN abTne

standard sy(fAaRS ah@ tql@quger)at ed surface” fromthe follow ng equation. If the
waf er has an Ha val ue of not higher than 1 nm after renoving the water
repel | encylopd6li dEtamplésicd hpduticairloons tare twdifiene,sbehzoe, wadenenberaned not
to be eroded and not to 10 have a residue of, the water- L@Eel | ent clea |ng

liquid t herabaneseactager anpdhgebbe nifrainples Af exteepran Ehghaceidiai oxe
Tabl es \M th gatghgg%%gg'celgate % ylsg:setggiceﬂltlgwﬁﬁ tile 'fﬁ?é ?%{ I@f% ogxghe lﬁr e

and XR%and"% rese n a neasuring rangeé coordinate and

the Y Coorcﬁbﬂﬁneethé@sm%pﬂ%mer SBibiug 1aéu@&eeet9@hm@f@ﬁa&urmbxm hhdttha
measured surface is ideally flat, dyl s a val ue obtained by (XR XD X

(Ys-YT). Addi.t Epamiplas oF(bétbri)esr ape mhﬂn@ t e thleicgbrmeatmethyd ekgponet
(X,Y). Zo represents the aver e hei ght W t hi he measuredIf sur fac h%OOQW
[ Exanpl e 1@950( DropY ep2ioRei B¢ 1 Rt :keﬁé‘beelcb’ CERRAM AR YOG 28 %gt

trimethyl oFr. t nd
and o m xiire P s bt b 03%69 o B e L B AL A SRR o
and 9309 q{erﬂgbumaﬁ@rw ng as pévfhicgandgand)l vent ot hesrfldascyichepealtanbiol i ¢
solvent were m xed and stirred for 5 mn, thereb%‘/ obtaining a 25

wat er - r epepdrémoredyekohiengne; dmxaﬂmwbﬁgxzan@oﬁaénﬂ: atliber dfydrpluorocarbons

wat er -repel | ent conpound af t referred to as ter el | ent
conpound cB¥€ent r afon") hle% 6}%%‘9%05%&% t he PBﬁaﬂAﬁﬁB?ﬁE?‘fe)m%’f‘e’t he
wat er-rep nd ZIFROFA -fpti alyrohol

sol vent (ﬁié?gilﬁr}gg%ogir%?g?gd gglt?%@as %an al cohglP cg(%ggé\‘€(tfé§1tel orlltﬁ’;) onEéOmass%
rel ati ve tCORFORATEON)28agdantlid y 1ﬂ<fe,t hhy&mtfbroroafmkd; erduchl eani nopekhyjui d.

[ 0091] %a) Cl eaning of Silicon Wafe th silicon wafer having
a t herlwal mﬂ@@rwvw«% egpervxmeéthaexfhg)r@hurxlse@a%fe&bél verthorpRntydether £ i ' m

| ayer of 1 ter.t 9

S e LEREE GBS FSARRITISEdR0 rEREV ASgh bt
for 1 mn @@dL&B}@an{ae@H@EmQOOONo&e@HFE@Q@@] M)%c $900,aK6vdd @@@my @f.f
Silicon Wafef Surface with Water-Repellent C eaning Liquid The silicon
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1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1-chloro-3,3,3-trifluoropropene,
1,2-dichloro-3,3,3-trifuoropropene and the like; perfluoroethers;
perfluoropolyethers; and the like. Examples of the sulfoxide-based solvents are
25 dimethyl sulfoxide and the like. Examples of the alcohols are methanol,
ethanol, propanol, butanol, ethylene glycol, 1,3-propanediol and the like.
Examples of the derivatives of polyhydric alcohol are diethylene glycol
monoethyl ether, ethylene glycol monomethyl ether, ethylene glycol monobutyl
ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether,
30 diethylene glycol monoethyl ether acetate, ethylene glycol monomethyl ether

acetate, ethylene glycol monobutyl ether acetate, propylene glycol monomethyl



15surface. [0093] As a result of evaluating the obtained wafer in a manner
di scussed in the [Evaluation Method for Silicon Wafer to which

Wat er - Repel l ent Cl eaning Liquid is provided], one which had an initial
contact angle of smaller than 10 before a surface treatnment changed to
have a contact angle of 70 after the 204surface treatnent as shown in
Table 1, thereby exhibiting a water repell ency-providing effect.
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wafer of the schematic view of Fig.3 shows a part of the a-a’ cross section in Fig.

10 1. At the time of the cleaning process, the water-repellent cleaning liquid is
provided onto a silicon wafer 1 in which an uneven pattern 2 is formed. At this
time, the water-repellent cleaning liquid is brought into a condition retained at
least in the recessed portions 4 as shown in Fig. 3, thereby imparting water
repellency to the recessed portions 4.

15 [0048] In a case of providing the water-based cleaning liquid through the
substitution with the cleaning liquid different from the cleaning liquid and
through a condition where the water-repellent cleaning liquid is temporarily
retained in the recessed portions 4, the water-repellent cleaning liquid
retained in the recessed portions 4 is substituted with the cleaning liquid B

20 which is different from the water-repellent cleaning liquid. Examples of the
different cleaning liquid B are: a water-based cleaning liquid comprised of a
water-based solution; an organic solvent; a mixture of the water-based cleaning
liquid and the organic solvent; these in which at least one kind of acid, alkali
and surfactants are mixed; and the like. Particularly, if taking damages and

25 cleanliness of the pattern into account, the water-based cleaning liquid, the
organic solvent or the mixture of the water-based cleaning liquid and the
organic solvent are preferable. Additionally, when using other than the
water-based cleaning liquid as the different cleaning liquid B, it is preferable
to substitute the cleaning liquid with the water-based cleaning liquid under a

30 condition where a cleaning liquid other than the water-based cleaning liquid is

retained in the recessed portions 4.
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[0049] Additionally, an example of the organic solvent, which is one
preferable example of the different cleaning liquid B, is hydrocarbons, esters,
ethers, ketones, halogen-containing solvents, sulfoxide-based solvents, alcohols,
derivatives of polyhydric alcohol, nitrogen compound-containing solvents, and
5 the like.
[0050] Examples of hydrocarbons are toluene, benzene, xylene, hexane,
heptane, octane and the like. Examples of esters are ethyl acetate, propyl
acetate, butyl acetate, ethyl acetoacetate and the like. Examples of ethers are
diethyl ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and the
10 like. Examples of ketones are acetone, acetylacetone, methyl ethyl ketone,
methyl propyl ketone, methyl butyl ketone, cyclohexanone, isophorone and the
like. Examples of the halogen-containing solvent are: perfluorocarbons such as
perfluorooctane, perfluorononane, perfluorocyclopentane,
perfluorocyclohexane, hexafluorobenzene and the like; hydrofluorocarbons
15 such as 1,1,1,3,3-pentafluorobutane, octafluorocyclopentane,
2,3-dihydrodecafluoropentane, ZEORORA-H (produced by ZEON
CORPORATION) and the like; hydrofluoroethers such as methyl
perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl ether,
ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi Glass
20 Co., Ltd.), Novec HFE-7100, Novec HFE-7200, Novec 7300, Novec 7600 (any of
these are produced by 3M Limited) and the like; chlorocarbons such as
tetrachloromethane and the like; hydrochlorocarbons such as chloroform and
the like; chlorofluorocarbons such as dichlorodifluoromethane and the like;
hydrochlorofluorocarbons such as 1,1-dicloro-2,2,3,3,3-pentafluoropropane,
25  1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1-chloro-3,3,3-trifluoropropene,
1,2-dichloro-3,3,3-trifuoropropene and the like; perfluoroethers;
perfluoropolyethers; and the like. Examples of the sulfoxide-based solvents are
dimethyl sulfoxide and the like. Examples of the alcohols are methanol,
ethanol, propanol, butanol, ethylene glycol, 1,3-propanediol and the like.
30 Examples of the derivatives of polyhydric alcohol are diethylene glycol
monoethyl ether, ethylene glycol monomethyl ether, ethylene glycol monobutyl
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ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether,
diethylene glycol monoethyl ether acetate, ethylene glycol monomethyl ether
acetate, ethylene glycol monobutyl ether acetate, propylene glycol monomethyl
ether acetate, propylene glycol monoethyl ether acetate, diethylene glycol
dimethyl ether, diethylene glycol ethylmethyl ether, ethylene glycol diethyl
ether, ethylene glycol dimethyl ether and the like. Examples of the nitrogen
compound-containing solvents are formamide, N N-dimethylformamide,
N, N-dimethylacetamide, N-methyl-2-pyrrolidone, diethylamine, triethylamine,
pyridine and the like.

[0051] Examples of the water-based cleaning liquid are water or water
obtained by mixing at least one kind of an organic solvent, acid and alkali,
which include water as a primary component (for example, 50 mass% or more
water content). If taking the cleanliness into account, it is particularly
preferable to use water as the water-based cleaning liquid.

[0052] A schematic view of a case in which the water-based cleaning liquid
is retained in the recessed portions 4 provided with water repellency by the
water-repellent compound is shown in Fig. 4. A silicon wafer of the schematic
view of Fig. 4 shows a part of the a-a’ cross section in Fig. 1. The surfaces of the
recessed portions 4 are brought into a surface condition 10 provided with water
repellency by the water-repellent compound. Then, with a unit chemically
bondable to Si, the surface condition 10 provided with water repellency is kept
on the surface of the silicon wafer even when the water-based cleaning liquid 9
is removed from the recessed portions 4.

[0053] When the recessed portions of the surface of the silicon wafer
provided with water repellency by the water-repellent cleaning liquid or the
surfaces of the recessed portions 4 as shown in Fig. 4 are brought into the
surface condition 10 provided with water repellency by the water-repellent
compound, the capillary force on the assumption that water is retained in the
recessed portions is preferably not greater than 2.1 MN/m2. A capillary force of
not greater than 2.1 MN/m2 makes the pattern collapse difficult to occur, and

therefore preferable. Additionally, a smaller capillary force makes the pattern
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collapse further difficult to occur, so that the capillary force is particularly
preferably not greater than 1.5 MN/m2, much more preferably not greater than
1.0 MN/m2. Furthermore, it is ideal to put the capillary force close to 0.0
MN/m2 as much as possible by adjusting the contact angle to the cleaning
5 liquid to be around 90" .
[0054] Moreover, in the water-repellent compound in the water-repellent
cleaning liquid which compound has a reactive moiety chemically bondable to
Si in the silicon wafer and a hydrophobic group, the reactive moiety is
exemplified by those who can react with silanol group (Si-OH group).
10 Examples thereof are: halogen group such as chloro group, bromo group and
the like; Si-N bond with isocyanate group, amino group, dialkylamino group,
isothiocyanate group, azide group, acetamide group, silazane, -N(CHs)COCHs,
-N(CH3)COCFs3, imidazole ring, oxazolidinone ring, morpholine ring or the like;
Si-O-C bond with alkoxy group, acetoxy group, trifluoroacetoxy group,
15 -OC(CH3)=CHCOCHs3, -OC(CH3)=N-Si(CHz3)s, -OC(CF3)=N-Si(CHz3)s,
-CO-NH-Si(CH3)s or the like; Si-O-S bond with alkylsulfonate group,
perfluoroalkylsulfonate group or the like; nitrile group; and the like.
Additionally, examples of the hydrophobic group are a monovalent organic
group having hydrocarbon group and a monovalent organic group having C-F
20 bond. Such a water-repellent compound is to swiftly react at its reactive moiety
with silanol group of a silicon oxide layer of the uneven pattern of the silicon
wafer so as to be chemically bonded to Si in the silicon wafer through siloxane
bond. With this, it becomes possible to coat the surface of the wafer with
hydrophobic groups, thereby allowing reducing the capillary force of the
25  surfaces of the recessed portions of the wafer in a short time.
[0055] Furthermore, it is preferable in the water-repellent cleaning liquid
that the water-repellent compound having the reactive moiety chemically
bondable to Si in the silicon wafer and the hydrophobic group is comprised of at
least one selected from the group consisting of the following general formulas
30 [1] and [2].
[0056] (RV.Si(CH3)HXs-apc [1]
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[R2Si(CH3)2-Hdl.NHs3-. [2]

Here, R! mutually independently is a monovalent organic group
having hydrocarbon group with a carbon number of from 1 to 18 or a
monovalent organic group having fluoroalkyl chain with a carbon number of
from 1 to 8. R2 mutually independently is a monovalent organic group having
hydrocarbon group with a carbon number of from 1 to 18 or a monovalent
organic group having fluoroalkyl chain with a carbon number of from 1 to 8.
Additionally, X mutually independently represents at least one group selected
from the group consisting of halogen group, alkoxy group, acetoxy group,
trifluoroacetoxy  group, -OC(CH3=CHCOCHj;, -OC(CH3)=N-Si(CHz3)s,
-OC(CF3)=N-Si(CHj)s, -CO-NH-Si(CHs)s, alkylsulfonate group,
perfluoroalkylsulfonate group, nitrile group and a monovalent organic group
whose element to be bonded to Si is nitrogen. a is an integer of from 1 to 3.
Each of b and cis an integer of from 0 to 2. The total of a, b and cis from 1 to 3.
Furthermore, dis an integer of from O to 2. e is an integer of from 1 to 3.
[0057] Additionally, it is particularly preferable that each of R! of the
general formula [1] and R? of the general formula [2] is CmHom+1 (m=1-18) or
CnF2n+1CH2CH: (n=1-8).
[0058] Examples of a usable water-repellent compound represented by the
general formula [1] are: alkylchlorosilane such as CisH37SiCls, C10H21SiCls,
CeH13SiCls, C3H7SiCls, CH3SiCls, CisHs7Si(CH3)Cls, Ci1oH21Si(CHs)Clg,
CsH13Si(CH3)Cls, C3sH7Si(CH3)Cly, (CHs)2SiCly, C1sH37S1(CH3)2Cl,
C10H21Si(CH3) 2Cl, CeH13Si(CHs) 2Cl, CsH7Si(CH3) 2Cl, (CH3)3SiCl, (CH3)2SiHCI
and the like; fluoroalkylchlorosilane such as CgF17CH2CH2SiCls,
CeF13CH2CH2Si1Cl3, C4F9CH2CH:SiCls, CF3CH2CH2Si1Cl3,
CsF17CH2CH2Si(CH3)Cle, CeF13CH2CH2Si(CH3)Cly, C4FosCH2CH2Si(CHs)Cly,
CF3CH2CH2Si(CH3)Cle, CgF17CH2CH2Si(CH3)2Cl, CeF13CH2CH2Si(CHj)2Cl,
C4FoCH2CH2Si(CH3)2Cl, CF3sCH2CH:Si(CH3)2Cl, CF3CH2CH2Si(CH3)HC1 and
the like; or a water-repellent compound in which chloro group of the
chlorosilane is substituted with halogen group other than chloro group, such as

bromo group, isocyanate group, alkoxy group, acetoxy group, trifluoroacetoxy
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group, -OC(CH3)=CHCOCHS;, -OC(CH3)=N-Si(CHs);, -OC(CF3)=N-Si(CHs)s,
-CO-NH-Si(CHa3)s, alkylsulfonate group, perfluoroalkylsulfonate group, nitrile
group, ‘NHz, -N(CHj)2, -N(C2Hs)2, -NHCOCH3, -Ns, -N=C=S, -N(CH3)COCHs,
-N(CH3)COCFs, -N=C(CH3)OSi(CHj)s, -N=C(CF3)OSi(CHs)s,
5 -NHCO-OSi(CHzs)s, -NHCO-NH-Si(CHz3)s, imidazole ring, oxazolidinone ring,
morpholine ring or the like.
[0059] Additionally, when the water-repellent compound has two or more
reactive moieties, the water-repellent compound tends to coagulate, so that the
surface condition uniformly provided with water-repellency becomes hard to be
10 obtained. As a result of this, in a process of irradiating the surface of the silicon
wafer with light or a process of heating the silicon wafer, it becomes necessary
to spare an additional time for light irradiation or heating in order to remove a
region formed due to the coagulation of the water-repellent compound.
Therefore, “4-a-b¢”, which represents the number of the reactive moiety, is
15 preferably 1.
[0060] Examples of usable water-repellent compound represented by the

general formula [2] are (CH3)3SiNHSi(CHs)s, C2HsSi(CHs)2aNHSi(CHz)2CoHs,

C3H7Si(CH3)2:NHSi(CHz3)2C3H7, CeH13Si(CH3)2NHSi(CH3)2CsHis,
CeH5Si(CH3)2NHSi(CH3)2CsHs, {(CH3)sSi}sN, {C2H5Si(CHa)2}3N,
20 (CH3)2HSiNHSi(CH3):H, CF3CH2CH2Si(CH3)2NHSi(CH3)2CH2CH:CFs,

C4FyCH2CH2Si(CH3)2:NHSi(CH3)2CH2CH2C4Fy,
CeF13CH2CH2Si(CH3)oNHSi(CH3)2CH2CH2CsF13,
CsF17CH2CH2Si(CHs):NHSi(CH3):CH2CH2CsF17, {CF3CH2CH2Si(CH3)2)sN, and
the like. Particularly, disilazane represented by the general formula [2] where
25  eis 2is preferable.
[0061] Among the above-mentioned examples of the water-repellent
compound, the particularly preferable is chlorosilane in which X in the general
formula [1] is chloro group from the viewpoint of attainability to the surface
condition where the surfaces of the recessed portions are sufficiently provided
30 with water-repellency in a short time.

[0062] Additionally, if water is present in the water-repellent cleaning liquid,
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the reactive moiety of the water-repellent compound is hydrolyzed to be silanol
group (Si-OH). The reactive moiety is reactive with this silanol group. As a
result, water-repellent compounds are bonded to each other to be a dimer. The
dimer is low in reactivity with silanol group in the silicon oxide layer of the
5 silicon wafer, so that the time required providing the surface of the silicon
wafer with water repellency is increased. As the solvent for the water-repellent
cleaning liquid, therefore, other than water, i.e. the above-mentioned organic
solvent containing at least the alcoholic solvent is used.
[0063] Incidentally, the water-repellent cleaning liquid allows the presence
10 of a small quantity of water in the solvent. However, when a large quantity of
water is contained in the solvent, the water-repellent compound is hydrolyzed
by the water content thereby sometimes decreasing in reactivity. It is therefore
preferable to make the water content in the solvent low. The water content is
preferably smaller than 3 times, more preferably 1 time, much more preferably
15 smaller than 0.5 time the water-repellent compound in mole ratio, when mixed
with the water-repellent compound.
[0064] Additionally, in order to accelerate the reaction between the
water-repellent compound and the wafer surface, a catalyst may be added o the
water-repellent cleaning liquid. The preferably used as such a catalyst are:
20 acids containing no water such as trifluoroacetic acid, trifluoroacetic anhydride,
pentafluoropropionic acid, pentafluoropropionic anhydride,
trifluoromethanesulfonic acid, trifluoromethanesulfonic anhydride, sulfuric
acid, hydrogen chloride and the like; bases such as ammonia, alkylamine,
dialkylamine and the like; salts such as ammonium sulfide, potassium acetate,
25 methylhydroxyamine hydrocholide; a metallic complex or a metallic salt of tin,
aluminum, titanium or the like; chlorosilane; trimethylsilyltrifluoroacetonate;
trimethylsilyltrifluoromethanesulfonate. Particularly, if taking a catalytic
effect and cleanliness into account, the preferable are the acids containing no
water such as  trifluoroacetic  acid, trifluoroacetic = anhydride,
30 trifluoromethanesulfonic acid, trifluoromethanesulfonic anhydride, sulfuric

acid, hydrogen chloride and the like; chlorosilane;
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trimethylsilyltrifluoroacetonate; and trimethylsilyltrifluoromethanesulfonate.
[0065] The addition amount of the catalyst is preferably from 0.001 to 5
mass% relative to the total quantity of 100 mass% of the water-repellent
compound. A small addition amount reduces the catalytic effect so as not to be
5 preferable. Meanwhile, an excessively large amount raises a concern that the
catalyst erodes the surface of the wafer or is left on the wafer as an impurity
rather than improves the catalytic effect. Therefore, the addition amount of the
catalyst is particularly preferably from 0.005 to 3 mass%.
[0066] Furthermore, when the temperature of the water-repellent cleaning
10 liquid is high, the surfaces of the recessed portions can readily attain the
surface condition provided with water repellency in a shorter time. The
temperature at which the surface condition uniformly provided with water
repellency is readily brought about is preferably maintained at 0 to 160 C,
particularly preferably at 10 to 120 ‘C. It is preferable to maintain the
15 temperature of the water-repellent cleaning liquid at the temperature even
when the water-repellent cleaning liquid is retained in the recessed portions 4.
[0067] Thereafter, a step of removing the cleaning liquid retained in the
recessed portions 4 provided with water repellency by the water-repellent
compound and then removing the cleaning agent is conducted. It is preferale
20 that this step includes:
a step of removing the cleaning liquid retained in the recessed
portions from the recessed portions by drying; and
a step of conducting at least one treatment selected from irradiating
the surface of the silicon wafer with light, heating the silicon wafer, and
25  exposing the silicon wafer to ozone.
[0068] It is preferable that the cleaning liquid retained in the recessed
portions is the water-based cleaning liquid, when removing the cleaning liquid
from the recessed portions. In this case, it is preferable to conduct a step of
retaining the water-based cleaning liquid comprised of the water-based
30 solution in the recessed portions through the substitution between the

water-repellent cleaning liquid retained in the recessed portions and the
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cleaning liquid B which is different from the water-repellent cleaning liquid,
after a step of retaining the water-repellent cleaning liquid in the recessed
portions. Incidentally, the cleaning liquid retained in the recessed portions
when the cleaning liquid is removed from the recessed portions may be either
5 of the water-repellent cleaning liquid and the different cleaning liquid B.
[0069] In the step of removing the cleaning liquid from the recessed portions,
the cleaning liquid is removed by drying. The drying is preferably conducted by
a conventional drying method such as spin drying, IPA (2-propanol) steam
drying, Marangoni drying, heating drying, warm air drying, vacuum drying
10 and the like.
[0070] 1In the step of conducting at least one treatment selected from
irradiating the surface of the silicon wafer with light, heating the silicon wafer,
and exposing the silicon wafer to ozone, the surface condition 10 under which
the surface of the silicon wafer is provided with water repellency is removed.
15 [0071] 1In the case where the surface condition 10 provided with water
repellency is removed by light irradiation, it is effective to cleave Si-C bond,
C-C bond and C-F bond in the surface condition 10 provided with water
repellency by the water-repellent compound. In order to achieve this, it is
preferable to conduct an irradiation with ultraviolet rays having wavelengths
20 of 350-450nm, 340 nm and shorter than 240 nm (corresponding to bond
energies of them, i.e., 58-80 kcal/mol, 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 high-pressure mercury lamp, an excimer lamp, a carbon arc
or the like. The intensity of the ultraviolet irradiation is preferably not less
25 than 100 mW/cm?2, particularly preferably not less than 200 mW/cm2, for
example, as a measurement value by the illuminance meter (an intensity
strength 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 less
30 than 100 mW/cm? takes a long time to remove the surface condition 10

provided with water repellency. Additionally, the low-pressure mercury lamp
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allows an irradiation with ultraviolet rays of shorter wavelengths, so as to be
preferably used because the surface condition 10 provided with water
repellency can be removed in a short time even if the intensity is low.
[0072] Additionally, in the case of removing the surface condition 10
5 provided with water repellency by light irradiation, it is particularly preferable
to generate ozone in parallel with decomposing components of the surface
condition 10 provided with water repellency by ultraviolet rays and then to
induce oxidation-volatilization of the components of the surface condition 10
provided with water repellency by the ozone, since a treating time is to be
10 saved thereby. As the light source therefor, the low-pressure mercury lamp or
the excimer lamp is used. Additionally, the silicon wafer may be heated while
being irradiated with light.
[0073] In the case of heating the silicon wafer, heating of the silicon wafer is
conducted at 400 to 700 °C, preferably at 500 to 700 °C. It is preferable to keep
15 the heating time from 1 to 60 min, preferably from 10 to 30 min. Additionally,
this step may be conducted in combination with ozone exposure, plasma
irradiation, corona discharge or the like. Additionally, the light irradiation may
be conducted while heating the silicon wafer.
[0074] In the case of exposing the silicon wafer to ozone, it is preferable to
20 provide ozone generated by ultraviolet irradiation using the low-pressure
mercury lamp, low-temperature discharge using high voltage or the like, to the
surface of the silicon wafer. The silicon wafer may be irradiated with light or
may be heated while being exposed to ozone.
[0075] In the step of removing the surface condition 10 of the surface of the
25  silicon wafer which condition is provided with water repellency, the surface
condition 10 can be efficiently removed by combining the above-mentioned
light irradiation treatment, the heating treatment or the ozone-exposure
treatment therewith. Additionally, this step may be combined with plasma
irradiation, corona discharge or the like.
30 EXAMPLES

[0076] To make a silicon wafer have a surface with a finely uneven pattern
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and to substitute a cleaning liquid retained in recessed portions with another
cleaning liquid are already-established techniques, as discussed in
conventionally known literatures and the like. In the present invention,
therefore, evaluations of a water-repellent cleaning liquid were mainly

5 performed. Additionally, a pattern collapse greatly depends on the contact
angle of the cleaning liquid to the surface of the silicon wafer or the contact
angle of liquid drop and on the surface tension of the cleaning liquid, as clearly
represented by the equation discussed in the background technique and the
like

10 P=2XyXcosO/S (y: Surface tension, 0: Contact angle, S: Pattern
width).

In a case of a cleaning liquid retained in recessed portions 4 of an uneven
pattern 2, the contact angle of liquid drop and the capillary force of surfaces of
the recessed portions which force can be regarded as an equivalent of the

15 pattern collapse are in correlation with each other, so that the capillary force
may be derived from the equation and the evaluation of the contact angle of
liquid drop under the surface condition 10 provided with water repellency.
Incidentally, in Examples, a representative of a water-based cleaning liquid,
i.e., water was used.

20 [0077] However, in a case where the silicon wafer has a finely uneven
pattern at its surface, the pattern is significantly fine. Therefore it is not
possible to exactly evaluate the water repellency of a water repellency-provided
surface condition 10 itself.

[0078] Evaluation of the contact angle of waterdrop for evaluating the water

25 repellency is conducted by dropping several microliters of waterdrop on a
surface of a sample (substrate) and then by measuring an angle formed
between the waterdrop and the substrate surface, as discussed in JIS R 3257
(Testing method of wettability of glass substrate surface). However, in the case
of the silicon wafer having a pattern, the contact angle is enormously large.

30 This is because Wenzel’s effect or Cassie’s effect is caused. That is because an

apparent contact angle of the waterdrop is increased under the influence of a
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surface shape (roughness) of the substrate upon the contact angle.

[0079] In view of this, in the present invention, evaluations are performed
by providing the water-repellent cleaning liquid to a silicon wafer having a
smooth surface so as to impart a surface condition provided with
water-repellency therewith and then regarding the surface condition as a
water repellency-provided surface condition 10 of a silicon wafer 1 at which
surface an uneven pattern 2 is formed.

[0080] Details will be discussed below. Hereinafter, there will be discussed:
an evaluation method for a silicon wafer provided with a water-repellent
cleaning liquid; preparation of the water-repellent cleaning liquid; and
evaluation results after providing the water-repellent cleaning liquid to the
silicon wafer.

[0081] [Evaluation Method for Silicon Wafer to which Water-Repellent
Cleaning Liquid is provided]

As an evaluation method for the silicon wafer provided with the
water-repellent cleaning liquid, the following evaluations (1) to (4) were
performed.

[0082] (1) Evaluation of Contact Angle under Surface Condition provided
with Water Repellency by Water-Repellent Cleaning Liquid

Pure water of about 2 microliters was dropped on a wafer surface
provided with water repellency, followed by measuring an angle (contact angle)
formed between the waterdrop and the wafer surface by a contact angle meter
(produced by Kyowa Interface Science Co., Ltd.: CA-X Model). At this time, a
water repellency-provided surface condition having a contact angle within a
range of from 50 to 120° was determined as an acceptable one (indicated in
Tables with O).

[0083] (2) Evaluation of Capillary Force

The capillary force (the absolute value of P) was obtained by
calculating P by using the following equation.
[0084] P=2XyXcosb/S

[0085] Here, y represents a surface tension, O represents a contact angle,
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and S represents a pattern width. Incidentally, in a pattern having a line width
of 45 nm and an aspect ratio of 6, the pattern tends to collapse in a case where
the cleaning liquid used when the wafer passes through an gas-liquid interface
is water, while being difficult to collapse in a case of 2-propanol. In a case
where the pattern width is 45 nm and the wafer surface is silicon oxide, when
the cleaning liquid is 2-propanol (Surface tension: 22 mN/m, Contact angle to
silicon oxide:1°), the capillary force is 0.98 MN/m2. On the other hand, in a
case of water having the largest surface tension among liquids other than
mercury (Surface tension: 72 mN/m, Contact angle to silicon oxide:2.5 "), the
capillary force is 3.2 MN/m?2. In view of this, the objective was set to the
midpoint, i.e., 2.1 MN/m2. A capillary force of not greater than 2.1 MN/m?2 , at
the time of retaining water, was determined as an acceptable one (indicated in
Tables with O).
[0086] (3) Removability for Surface Condition Provided with Water
Repellency by Water-Repellent Cleaning Liquid

Under the following conditions, the sample was irradiated with UV
rays from a metal halide lamp for 2 hours. Those having a contact angle to
waterdrop of not larger than 30° after the irradiation were determined as
acceptable ones (indicated in Tables with O).
[0087] + Lamp: MO015-L312 produced by EYE GRAPHICS CO., LTD.
(Intensity: 1.5 kW)

* Illuminance: 128 mW/cm?2 as a measurement value under the
following conditions

- Measuring Apparatus: Ultraviolet Intensity Meter (UM-10
produced by Konica Minolta Sensing, Inc.)

» Light-Receptor: UM-360

(Light-Receptive Wavelength : 310-400 nm, Peak Wavelength:

365 nm)

* Measuring Mode: Irradiance Measurement
[0088] (4) Evaluation of Surface Smoothness of Silicon Wafer after removing

Water Repellency-Provided Surface Condition

vd!
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The surface was observed by atomic force microscope (produced by
Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan), thereby
obtaining the centerline average surface roughness: Ra (nm). Incidentally, Ra
is a three-dimensionally enlarged one obtained by applying the centerline
average roughness defined by JIS B 0601 to a measured surface and is
calculated as “an average value of absolute values of deviation from standard
surface to designated surface” from the following equation. If the wafer has an
Ra value of not higher than 1 nm after removing the water repellency-provided
surface condition, the wafer surface was considered not to be eroded and not to
have a residue of the water-repellent cleaning liquid thereon, so as to be
determined as an acceptable one (indicated in Tables with O).

[0089]

Ra= [ ' %% |FxY)—2,] dXdY
So Yr X

Here, X1, and Xg and Yp and Y7 represent a measuring range in the X
coordinate and the Y coordinate, respectively. Sp is an area on the assumption
that a measured surface is ideally flat, and is a value obtained by (Xg-X1) X
(Yz-Y1). Additionally, F(X,Y) represents the height at a measured point (X,Y).
Zo represents the average height within the measured surface.
[0090] [Example 1]

(1) Preparation of Water-Repellent Cleaning Liquid

3 g of trimethylchlorosilane [(CH3)3SiCl] serving as a water-repellent
compound and a mixture of 5 g of 2-propanol (iPA) serving as an alcoholic
solvent and 92 g of toluene serving as an organic solvent other than the
alcoholic solvent were mixed and stirred for 5 min, thereby obtaining a
water-repellent cleaning liquid having a concentration of the water-repellent
compound (hereinafter referred to as “a waterrepellent compound
concentration”) of 3 mass% relative to the total quantity of the water-repellent
cleaning liquid and a concentration of the alcoholic solvent (hereinafter

referred to as “an alcohol concentration”) of 5 mass% relative to the total
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quantity of the water-repellent cleaning liquid.
[0091] (2) Cleaning of Silicon Wafer
A smooth silicon wafer having a thermal oxide film (a Si wafer
having on its surface a thermal oxide film layer of 1 micrometer thickness) was
5 immersed in 1 mass% hydrofluoric acid aqueous solution for 2 min, followed by
being immersed in pure water for 1 min and then in acetone for 1 min.
[0092] (3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
Cleaning Liquid
The silicon wafer was immersed in the water-repellent cleaning
10 liquid prepared in the “(1) Preparation of Water-Repellent Cleaning Liquid” at
20 °C for 10 min. Thereafter, the silicon wafer was immersed in iPA for 1 min,
followed by being immersed in pure water serving as a water-based cleaning
liquid for 1 min. Finally, the silicon wafer was drawn out of the pure water and
then an air was sprayed thereon, thereby removing the pure water from the
15  surface.
[0093] As aresult of evaluating the obtained wafer in a manner discussed in
the [Evaluation Method for Silicon Wafer to which Water-Repellent Cleaning
Liquid is provided], one which had an initial contact angle of smaller than 10°
before a surface treatment changed to have a contact angle of 70" after the
20 surface treatment as shown in Table 1, thereby exhibiting a water
repellency-providing effect. Additionally, as a result of calculating the capillary
force at the time where water was retained by using the equation discussed in
the above-mentioned “Evaluation of Capillary Force”, the capillary force was
1.1 MN/m?2 and therefore the capillary force was small. Additionally, the
25  contact angle after UV irradiation was smaller than 10°, so that removal of the
water repellency-provided surface condition was achieved. Furthermore, the
Ra value of the wafer after UV irradiation was smaller than 0.5 nm, with
which it was confirmed that the wafer was not eroded at the time of cleaning
and that the residue of the water-repellent cleaning liquid did not remain after
30 UV irradiation.
[0094]
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31 capillary force at the tinme where water was retained was 1.1 MV n2 and
therefore the capillary force was snall. Additionally, the contact angle
after W irradiation was smaller than 10 , so that renoval of the water
repel | ency-provi ded surface condition was achi eved. Furthernore, the Ra 5
val ue of the wafer after UV irradiation3®as smaller than 0.5 nm w th which
it was confirned that the wafer was not eroded at the tinme of cleaning and

that the residue t he er-repellent cleaning liquid did not remain
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5 capillary force at the tine where water was retained was 0.8 MV n2 and
therefore the capillary force was snall. Additionally, the contact angle
after UV irradiation was smaller than 10 , so that renoval of the water
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it 10 was confirned that the wafer was not eroded at the tinme of cleaning
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val ue of tthe wafidue affttbe Wdter raupillnit cleaaings hghiddid et BBammaftertHVwhi ch
it was confirmed that the wafer was not eroded at the tinme of cleaning and
that 25 tH&radigti@e of the water-repellent cleaning liquid did not remain
after W ipradiati@n, 104] [ Exanpl e 11i The manner was all the sane as
Exanple 1 &P?ﬁ]thgﬁé§%%%%g n that 1,2-dichloro-3,3,3-trifl uoropropene
(DCTFRp was used gheli@n@efartiLalthyeaine3ls WshanplehBrvitihehalkgedaidictlsad vent
in the water-repellent cleaning |iquid. As shown in the evaluation result
of Tabl e lethihel sostwetl @nidiecaladhdic sdleentufasowrin the gvabmtionaresndt oand

t her ef t | | - i.di ffect hi bj.t ed.

add t1 onal T9et hde 5P cir oAb LAt HE 187G SRR B b e SRSTSTR? was
1.0 MW n2 | f ST d gitiOASiLL | 17

cont act athgW%P%Q%%%ggPéggéﬁggﬁg%@ggg‘gégﬁfg?ﬁ%hén(%%héggg%ugﬁﬁ%%%u?éﬂgva

of the wat®kcd apehé enay widr¢i wietbrswaé asrinedavds 01 Ma¥/nefcimé vherefore the
Furthernore, the Ra value of the wafer after UV irradiati on was snul | er

t han 0.5 negpillarnfonke avad smadls Adshitiprally theagontaet angleratiess Unotrradsdian at

the time of cleanjng,and t-hat .the residue. of the -repel | ent: ¢l I ng
liquid di T AS SRRl thaB s, S&\‘ZE‘PEF%{BP%% (gf&?‘ef&aqf6\%%é‘1‘el?%?§’pn%’ioé’%ﬂ SRl

The mnnerc&ﬁﬁnag!waaea&@é%@wm%%ré Wd R4 RR18X CEPIHOW dthatafter UV
trifrluoropropyldinethylchlorosilane [ CF3CH2CH2Si (CH3) 2C1] was used as the
wat er - r epeirkgdiatioanwas nnaldsr shamr0.b mmheviek albhahi tnwaeswhfirofedTeidtetlle t he
contact angle after the surface _treatnent was 66 angﬁgh refore the W?ter
15 repel | eWeferprasi Bethgredadeat thes tiexdiohi dlerpinggand |ﬁ§ﬁi reHeue fi Frery

force the, tine er e, wat er ;was,; et ai . herefore the
cop 112, VErbLReltRE] fleARg Ry R} AP ReniARafe? (N UIRABIML 10T
irradi atiofpoyd$ sHEkheipléBdn 10 0, so that renmoval of the water

repel | ency-provi ded surface condition was achi eved. Furthernore, the Ra
val ue of the waf efTlef nemndy W@s allrthdi samenasvasasnid | avith tha exceptign that h

which it fi d that th f t ded.at.th i f

e e TRl we ] R ool e e AERRR 6 kb Al AT et o

not remnal noﬁ%ﬁé f%(% S 'cé‘shgﬁ- a&&@g]iﬁgg)érsa&ﬁknéf ResmRNGLWRSrétble t he
anpl e W

same as Ex : e exception that

nonaf |2/r ofiexwagémRipYlea by @iosidiag effb&what CkRIKHECHRG(0N3) 13k wasllused as
the water-repell ent conpound. As shown in the evaluation result of Table 1,
t he cont acforemgt éhaftime whereswatercwas retainedtwawmd . 7Y INont anddhetelpee the

wat er repell ency-providing effect.was exhj.bited. Additiopal .the. .

oo 11 oy Cranlate Bppovad REalddibanalivge titaehanelnelS D mgiasiop
therefore i l.l.ar far i L ; : ngl e
after W i%%g %%?F%ﬁ%ﬁégﬁgﬁa ﬁ%%t?ﬁ%ﬁ%?@&fguﬁgg%%gﬁﬁggﬁ%@%ﬁﬂﬁ?ﬁgﬂEﬁﬁ%ﬁ%r
repel | encyceidiviode® as Uadtaeeed. 3Bustingnidron thasRackhilav est. thauridfer mfta, (f\he Ra

value of the wafer after UV irradiation was smaller than 0.5 nm w th which
it was3@onfiradediarhatast smallaf dhana@ 5nom, evishewhigh ithavasi ¢eanfoimed éhat fe and

that the residue of the ter-repellent cl.eaning |i,qui i d not, rengi

after UV i Madel AfasoRot §r%@quﬂt[§§%ﬁml% %4"1leanlngg and #Wgt ﬂ%%ﬁ@?l%sggwet he
sanme as Exanple 1 with the exception that the silicon wafer was i mersed in
hydr of | uori c aci d aqueous solution for 2 mn, followed by being imersed in
pure water for 1 mn and then in iPAfor 1 min, in "(2) Ceaning of Silicon
Wafer”. As shown in the evaluation result of Table 1, 10 the contact angle
after the surface treatnment was 70 and therefore the water



15 condition was achieved. Furthernore, the Ra value of the wafer after UV
irradiation was smaller than 0 5 nm wth which it was confirned that the
waf er was not eroded at the tine of cleaning and that the residue of the
wat er-repellent cleaning liquid did not remain after UV irradiation.

[ 0108] [ Exanpl e 151 20The manner was al 132 he same as Exanple 14 with the
exception that HFE-7100 was used as the organic solvent other than the

al cohol i c _sol vent Jin the water-r.epellent cleani LauU). dy. shown in the
eval uati oV 4% JFPelgefnt'lrgB?Iémﬁ hcﬂ‘H@ (ggﬁfoggf Héar‘lnﬁlaép%f if eriwf%delaﬁiérrlf ace treat nent
was 74 ar[ﬁl(t_)djqer e[@gﬁn?fé@]wat er repellency-providing effect was exhi bited.
Additionally, the capiTlary 25 force at the tinme where water was retained
was 0.9 MV n2 andThbensfinsewakelt sipt bhmeyad Bxamplad wintdl the éxtwdiptionrtdlaty,

the contact angle after UV irradiation was smaller than 10" ., so that
removal ofl-heeangivers negrbps she plopbolic delyesir Aas8oWaM theopyalaatigripavity.

Fur t hernor e val ue of the.wafer af 1.Iradjat+on r
IR S S M A S TG e
at the ti rfﬁe%at%ﬁ@pm&l@nﬂrév%hfgtéﬁec& Qed JatehiBite N A dWRi G allye RRE b@pmarly
cleaning Itquid did not remain after UV irradiation. 36 [0109][ Exanple 16]
The mannerfovmsatatie tinee sdwee asatEx amgs eethinad whasthé MXestamshthdrafor€thP was
used as the grganjc solvent gther . tha al cohol i c .sol ve i

h h ) )
wat er - r epeepdiaryciosemhing ymnakhi 651‘1)4;0 Bé\ﬁﬁ? gopkactangle aftegn e’g{é lgY’J‘f’nTabI e
L o the GoRd ashngPenes abt ol pgegttPe%évaa%ff]}t}éigtwgg_@pg@dﬁgﬁlt%pgmpgid%pﬁsg@m@e the

wat er r epel T'eRCY- pr 6Vi ing’ e was ex _
capi | hary doaaagotwid@chisvedWRIEh¥@here, e Rel @kned ofahe IwfdyNafter a0
therefore the capillary force was small. Additionally, the contact angle

after UV iirreadation omasasadbeal them Oamni0with schithat wassoafirmedtthat ideer
repel | ency-provided surface 10 conditio s .achi e ., Furthernore he Ra
val ue of tWelehalas Bt erodey £t rtgaité{qeoﬂp\ﬁﬁ'gnéﬂﬁlﬁ‘ﬁ%gﬁgﬁ%@ residie Bf (fewni ch
it was confi . TRt cl eani ng and
that the rﬂ&%&gﬁ%@ﬁ@%@@%ﬁ%ﬁ%ﬁﬁa&%% ea(r?l’idanfgérl I quirgé%?gﬁffllbt remain
after UV i[oned] at [Rfamp®l8P] [ Exanpl e 17] 15The manner was all the sane as

Exanple 15 with the exception that 1-propanol (nPA) was used as the
al cohdbi ¢ sol vent Thagnanoenwis alhdeesame asilommployl widgs thesgreeptionithat a

contact angle.after the surf t t 80 and thereforeh ter
repel | enc&gﬁr&’g}?'&i?‘ﬁ SPHES %@@W@@WMP@ cod gy ‘fgﬁ%hlc%?% \zgf(l)y
force at tig { 'f}li‘iﬁ‘dﬁéfﬂ%?oé/t’%ﬁ)r WS ds%_aahgeﬁlmﬁgnﬁ MVt apiche2Ot K 41er @feor €
the capillary force was small. Additionally, the contact angle after UV

i rradiati cidcoladicssalveat trhahe 1®@atersapelleat cleavirgg lwfuid héswvahewn in the
repel | ency-provided surface condition was achi eved,. Furthernore, the Ra

val ue of tevalvagien rasylgol (able | athegqmiachangleaftethe parface BreafneRf MRswhi ch
it was,confd r-me h er Lyt he td C i and
t hat %Q t hn;eé r es?%%ea%efrgﬁigm%? evy_&?%p%%%ﬁ{r?c&f@g%ﬁ%%%l ieg%?% Vgé%l Arfgit?} mrt g(rgfai n
after UV iAqddiocMalgnthd Sdillhl-frenml £ thdlithewRBinehtvew adletdiied sede1as
Exanple 17 with the exception that CTFP was used as the organic sol vent

ot her t hanViNfeaZadndbbiefosothe napillaryhor@0 wast emalle peldiaonaldy, ddwi eogtactqui d.
As shown in the ev ation result of Table 1, t.he contact anglge .after the
surface t raagliagfteridy wrdiatopgassyaler ﬁgaMtOer’ SOé%a&ésgiOWéﬂeﬁﬂber?{@F% ng

ef fect was ihit. . it | ] LI . r ti ere
oator e reBllERLE Boviadd! LA | dbnglel SRRL AAHOR! B herilel (FB M
smal | .25Addydluen@lkhy wdfbe afeR TR irradgd ttor@asrsthléyr tlech 615 oim, waish swtath e

than 10 , so that renoval of the water repellency-provided surface 5
condi ti on was casfirmeddharthe Werfapmas nofeerrdeddtudeofimenef dlegeingandthay

irradiation was .smaller than 0.5 wi.th which i s confirmed,th he
waf er was reesrlgﬂ%d)fa heg Wé‘t?ﬁ'ﬁ%’eggnél‘éﬁﬁ?ﬁlf g’ﬂb‘“ﬁ Hﬁﬁ R9tereBaHY GEeSf Uhe
vvater-repeilrkfﬁrag eaning liquid did not remain after UV irradiation.

[ 01121] Exanpl e E "10The manner was all the same as Exanple 17 with the
exception [ghab] t h¢Exaingle DEpel | ent conpound concentration was set to 5
mass% As shown in the evaluation result of Table 1, the contact angle
after athe surf ace Thecaampnatr wessalBthe sawetasdixdmpte 1 vathdaheexception that a
repel | ency- pr()vi[‘_}rga\r%‘g| ef fq(i)g% vvamexhi b'ﬁlﬁlg_. ]@@di tié)fPaI Idy, the‘gﬁapt‘l I ré.
force at tHEOHPRDARALr eSohmr QGG d Ws Brofussdnnpye My HHBHEHOr e
the capillary force was small. Additionally, the contact angle after W
irradiation was snmaller than 10 , so that renoval of the water

repel | ency- provi ded surface condition was achi eved. Furthernore, the Ra

value of the wafer after UV irradiation was snaller than 0 5 nm wth which
it was confirmed that the wafer was not eroded at the time of cleaning and

Y~ o~



was 82 and therefore the water repellency-providing effect was exhi bited.
Additionally, the capillary force at the tinme where water was retai ned was
0.4 MNNn2 and therefore the capillary force was snall. Additionally, the
contact angle after UV irradiation was smaller than 10 , so that renoval
of the water 30 repellency-provided sur3ace condition was achi eved.
Furthernore, the Ra value of the wafer after UV irradiation was snaller

than 0.5 wi,.t h ich it 38 s gonfirned that .t er ) r.oded
ot e i HOGOCPEIRD A Rreed e bdaRe Vgt S B JEF ot
cl eani ng I auid g SMRpONEAE @leAdYnk M GHAtAORhokAL ki lthExammbatidhl
5The nnnneslpﬂ}vé\}glg g{ ?hgﬁ;’é&{seanebas Exar%nal en%7 @mﬁth t he 8xcepti on that the
wat er - r epekhglttofchuio Undhe aonenttr atgloraftastisesutfacd Oramissdtt was §howaniln t he
evaluation result of Table 1, the contact angle after .the suyrface_ treatnent

was 84 andherefprs thewaker wepelencrperyiduey cHedwas ayhiritase Adgitionaiy beed.

Additional ly, .the.capillary force,at the tine wher.e ter S I was
0.3 108M\l/C sy f%&gé‘]‘to?}égtt%ec%{t}?ﬁ X3t of 28 et S el i (Y\A/gdllv{h?%%a?ﬁﬂ t he
contact anghf, fé Bfe EpillbReiral ke 4851 SHRItRnallathd&ntasPahdlatattemoval of
t he water repellency-provi'ded surface condition was achi eved. Furthernore,
t he Ra valipeidhtibhe waf esmafleer thihi ri0adi at son that sembvalr othaied Bater
with which it was confirned that the wafer was_not er)r(i);dea1 at the H of
cl eani ng aspeleney peovided renfase copdithan \laerachdgad. chbrthesmprag theqtitd di d

not remain after UV irradiatiQn. : . g er
was al tﬁé%gﬁﬁét}éesw@{%rnﬁlt%r 9 ﬁr% ggﬁ%ﬁ%{ E)égep E}q(l)%z'%hr%’t 0'?—%?&)‘6’;11%{(;?&1?%{; was
si ng! gOUSWa@%ﬁ@ﬁn@(ﬂ JRRE ths VM wasdtharodad & the Rehkaficledhiakeatt tiht
liquid. As shown in the evaluation result of Table 1, the contact angle
after the therfaddud édhrewntevasepplleandledengf baeid kdad weteremain after

repel |l ency-providing effect was exhibited. Additionally, the capillary
force at tKF@dARADWhere water was retained was 0.9 MV n2 and therefore the
capillary dditionally, the contact angle after W
irradiati O[Eﬁ\(/)vgg \é\@érﬁgﬂée%o han 10 , so that renoval of the water

repel | ency- provi dggestahase weenglil the rawas aaGhiaevisld. 1 kith bles preaptidhehdRa

val ue of the wafer after UV irradiation was smaller than 0,5 nm wth which
it wad5confthived 3 hattritheorantarensaCHBP) srasdespcans tthe qugaiofolypBhAtRY and

that the residye o e ter-repellent cleapin i qui d,.di dy npt mai N
after LWV |t$’raé‘dﬂ}ﬁ ?{fﬂhglé%)\é%f%]”[l%E‘ﬁr?ﬁ?teerf§feﬁﬂ%9ﬁfﬁﬁlﬁél?g Hguid, Istshgwgalrrrle as
Exanpl e 223 tha LRGeSk Ardpiat, (RO chhgctal@le heRe!the MurfRERUAEent
concentratiron was set to 10 mass% As shown in the evaluation result of
Tabl e 1, twhes ciont agid dngleforaf ther wadter supéhercyt peatidievgt effedt ®as exldbited.

therefore the water repellency-providing effect was exhibited.
Addi t i onal Agditimallyaphe papijlarpderceat theetimewbgrrratonivas 1iainedi%ihdd was

0.7 5 nd, therefore t capidlary for S itioAdl), LK t he
cont aglth/ a:@ll\@nhf ?B& t%?/r?fglfea _%tcﬁgﬂi%s%g%l ags_rg\l_%%gh%m? SOt h%t @Arrlé%r%tval
of the watgfs1keRald BVGYrAliarbdadas sbdiee thandid 1, thag ragidval efithe water
Furthernore, the Ra value of the wafer after UV irradiation was snall er

than 0.5 ngpellichby-phovidedt sueface owhiditien what aclnevedf durtlermene, etheddih at
the tinme of cleaning and that 10 the residue of_the water-repel]ent. . .

cl eani ng | YaJup®idhe wader ﬁ%‘#ﬁit(ﬁva’f atign wassgpallepHhan é%l?]n[ @kléijrﬂ'fr}é‘d?&tl
The manner_was al|_t i epg |

waterropeT PoxeoBEmsaIRaL eh SEipr S, forGutielind AR GHECH gPpiihnd iRt
the eva uatiORedifad!df e waRbPrdpelldit €lenhand 1@1@@& alidf h6r rémain uffactVv

treatnent was 80 and therefore the water repell ency-providing effect was
exhi bi t ed. irAgldliatioonal | y, the capillary force at the tine where water was

retai ned s 0.6 n2 and_therefore the capillary force was snall.
Addi ti ona\IAﬁ)gl,O‘Lﬂ hevévéﬂmé)g% léLgI e after LTV irradiation was smaller than 10

so that removal 1al, NGRLeLs 2l RS ERSERIAKIL edyRITEBCRERIAN khah vas

achi eved. Furthernore, al ue o r-after Irradiation was
smal | er t han-@ichldier3, Wit {HiMibePrépea$D CAHP)r wad ddidt aé e walaniovaslvent
eroded at the time of cleaning and that the residue of the water-repellent
cl eanidty | bideirdtltind thet alcehalin salveart v the rediextiepallent demuap[ Exadp| 4s 251
The manner was all _the same as EX 5 with the exception that, in "(3)
Surface Trekewadn the %ﬁi}léﬂﬁn\ﬁ&%ﬁ@u ?é@elw&’@l‘f’ it aﬁglﬁe?ﬁg%&%ﬁ‘égﬁﬁg
Liquid", the silicon wafer was i Mmersed in pure water for 1 mn after being
imrersed in the water-repellent cleaning liquid, followed by spraying air

30 on the silicon wafer finally drawn out of the pure water to obtain a
wafer with




the water repellency-provided surface condition. As shown in the eval uation
40 result of Table 1, the contact angle after the surface treatnent was 74
and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the tine where water was retai ned was
0.9 MV nR2 and therefore the capillary féfce was small. Additionally, the
contact angle after UV 5 irradiation was snmaller than 10 , so that renoval

Fur t hor nor e PR 28" B4 RSk THE AR (i HEP pRMARIE Stect ag

Furt her nore, val ue O

than 0.5 ngghipittd, M dbiohhllyashe opdpinaed fol@l aththeraime WaerfOkatdioGad at
the time of cleaning and that the residue of the water-repellent cleaning

li qui d di dretatnedernaas ROt MNG2 16nidr theiedoreorthe] @apd]qrFx doyvee @61 small.

The manner s.all_ the sane as ampl e W th the exception that, CTFP was
used as th%ﬁwmﬂ@é W%Rac&aﬁéfe i ﬁér%égaﬂewa%ﬁ@ﬁr tilﬁntme , 80

wat er - r-epel;| cl [ ' ' ' . Tabl e
e 55 Pro kel B stttk fopdfardBibvldbd DEBUALHRLIN a8 Urhictha 100

the water FeiRgleloey - ileoRh diahge 6f flecivat@saksh UV 1@ddiAddi Wagrahdlfer tHig
capillary force at the tine where water was retained was 1.0 MV n2 and

t her ef or e @.henmapiith whych grees vesfizmed thanthi wiaderawhy not keodsshatithe timg e

after UV iryadiation smal | er. .t ha 0 , so that renmoval of the water

bpel | encybtaetnnsnd that B puaiio of L8 wate® Sene it Cpume Bl did BHe ra

val ue of t?ﬁn&@%ﬁﬁﬁﬁfﬁﬁrrgﬁ_ %&?diati°” was smaller than 0.5 nm w th which
irmed t

It was con at the wafer was not eroded at the tinme of cleaning and

that tige rf@aogbe PExhhglavaper-repellent cleaning liquid did not remain
after UV irradiation. [012W25 41 [Table 21 Evaluation results O ci It.i

En Ece ti- (TO>) @heomanngrwas) ald the saxye peEsamplebosth the @xsgptioy thas) 0
(970 >) ( 9t71"17§?u09“o;gro?ylginllét%nghlgrolsgla%e>[)CP%CJ}£2%%QS£CIJI§)92&) W(E)lS used as the
water-repellent compound. As shown in the evaluation result of Table 1, the
contact angle after the surface treatment was 66° and therefore the water
15 repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.3 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
20 irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
[0106] [Example 13]
The manner was all the same as Example 1 with the exception that
25  nonafluorohexyldimethylchlorosilane [CF3(CF2)CH2CH2Si(CH3)2Cl]l was used
as the water-repellent compound. As shown in the evaluation result of Table 1,
the contact angle after the surface treatment was 70° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.1 MN/m?2 and therefore the capillary
30 force was small. Additionally, the contact angle after UV irradiation was

smaller than 10", so that removal of the water repellency-provided surface
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condition was achieved. Furthermore, the Ra value of the wafer after UV

irradiation was smaller than 0.5 nm, with which it was confirmed that the

wafer was not eroded at the time of cleaning and that the residue of the

water-repellent cleaning liquid did not remain after UV irradiation.

5 [0107] [Example 14]

The manner was all the same as Example 1 with the exception that
the silicon wafer was immersed in hydrofluoric acid aqueous solution for 2 min,
followed by being immersed in pure water for 1 min and then in iPA for 1 min,
in “(2) Cleaning of Silicon Wafer”. As shown in the evaluation result of Table 1,

10  the contact angle after the surface treatment was 70° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.1 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface

15 condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0108] [Example 15]

20 The manner was all the same as Example 14 with the exception that
HFE-7100 was used as the organic solvent other than the alcoholic solvent in
the water-repellent cleaning liquid. As shown in the evaluation result of Table
1, the contact angle after the surface treatment was 74° and therefore the
water repellency-providing effect was exhibited. Additionally, the capillary

25  force at the time where water was retained was 0.9 MN/m?2 and therefore the
capillary force was small. Additionally, the contact angle after UV irradiation
was smaller than 10, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the

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

water-repellent cleaning liquid did not remain after UV irradiation.
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[0109] [Example 16]
The manner was all the same as Example 14 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 1,
5 the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surfaée

10  condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0110] [Example 17]

15 The manner was all the same as Example 15 with the exception that
1-propanol (nPA) was used as the alcoholic solvent. As shown in the evaluation
result of Table 1, the contact angle after the surface treatment was 80" and
therefore the water repellency-providing effect was exhibited. Additionally, the
capillary force at the time where water was retained was 0.6 MN/m2 and

20  therefore the capillary force was small. Additionally, the contact angle after UV
irradiation was smaller than 10 ° , so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that

25  the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0111] [Example 18]
The manner was all the same as Example 17 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
30 water-repellent cleaning liquid. As shown in the evaluation result of Table 1,

the contact angle after the surface treatment was 78° and therefore the water
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repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 0.7 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0112] [Example 19]

The manner was all the same as Example 17 with the exception that
the water-repellent compound concentration was set to 5 mass%. As shown in
the evaluation result of Table 1, the contact angle after the surface treatment
was 82° and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.4
MN/m?2 and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10, so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that
the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0113] [Example 20]

The manner was all the same as Example 17 with the exception that
the water-repellent compound concentration was set to 10 mass%. As shown in
the evaluation result of Table 1, the contact angle after the surface treatment
was 82° and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.4
MN/m? and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10", so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra

value of the wafer after UV irradiation was smaller than 0.5 nm, with which it

(80 0 (Z11) O (B-)

1



01> 1 00 OF> Treatnent after surface treatnment wth water-repellent
cleaning liquid PO MJIA Jed pamped pam afted OGUIJOQJJ0d OGUJJQJJO, 1
pem i oj Aed Not performed pais/7.4" 0d pousiopad Told piaiftiojJad | POLooP ad
pouti o} zad ke"'" peunpi xad 1021-0217Pacl pfl ULl. 10j ad Performed paw oi Jed
pow. foj i ad 1P8w2Ped pawi ei nd paLUlQJ-381d pOMClped panxopad

was confirmed that the wafer was not eroded at the time of cleaning and that

the residue of the water-repellent cleaning liquid did not remain after UV

irradiation.

[0114]  [Example 21]

5 The manner was all the same as Example 17 with the exception that
the water-repellent compound concentration was set to 50 mass%. As shown in
the evaluation result of Table 1, the contact angle after the surface treatment
was 84° and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.3

10 MN/m?2 and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10", so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that

15 the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0115] [Example 22]
The manner was all the same as Example 19 with the exception that
1-propanol (nPA) was singly used as the organic solvent in the water-repellent

20  cleaning liquid. As shown in the evaluation result of Table 1, the contact angle
after the surface treatment was 74 ° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 0.9 MN/m? and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was

25 smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

30 [0116] [Example 23]

The manner was all the same as Example 22 with the exception that



Not performed Not perfornmed paws/aped Perforned Not perfornmed Not
performed Not performed Not performed 1 Not Perfornmed patunped 7N
Bl LJQJJad pami ci paci 1"1"Paci p eLLIJQJJad Perfornmed HAOA'd p OULI QJJad
PCW Opod pel a.101.111d tOc5 o a6 50 | rauftoPac I 1, N Not perforned
pami ci j i aci 39

10

15

20

25

30

the water-repellent compound concentration was set to 10 mass%. As shown in
the evaluation result of Table 1, the contact angle after the surface treatment
was 78° and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.7
MN/m2 and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10 °, so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that
the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0117] [Example 24]

The manner was all the same as Example 22 with the exception that
the water-repellent compound concentration was set to 50 mass%. As shown in
the evaluation result of Table 1, the contact angle after the surface treatment
was 80  and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.6
MN/m?2 and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10 °, so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that
the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0118] [Example 25]

The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
Cleaning Liquid”, the silicon wafer was immersed in pure water for 1 min after
being immersed in the water-repellent cleaning liquid, followed by spraying air
on the silicon wafer finally drawn out of the pure water to obtain a wafer with

the water repellency-provided surface condition. As shown in the evaluation

p
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result of Table 1, the contact angle after the surface treatment was 74" and
therefore the water repellency-providing effect was exhibited. Additionally, the
capillary force at the time where water was retained was 0.9 MN/m2 and
therefore the capillary force was small. Additionally, the contact angle after UV
5 irradiation was smaller than 10 ° , so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that
the residue of the water-repellent cleaning liquid did not remain after UV
10 irradiation.
[0119]  [Example 26]
The manner was all the same as Example 25 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
15 the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m? and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surface
20 condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
[0120]
25

30
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[0121] [Example 27]
The manner was all the same as Example 25 with the exception that
DCTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
5 the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m? and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface

10 condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with .WhiCh 1t was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0122] [Example 28]

15 The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
Cleaning Liquid”, the silicon wafer was immersed in the water-repellent
cleaning liquid, followed by spraying air thereon to remove the water-repellent
cleaning liquid from the surface and that the silicon wafer was thereafter

20 immersed in iPA for 1 min and then in pure water for 1 min and finally drawn
out of the pure water, followed by spraying air thereon to remove the pure
water from the surface to obtain a wafer with the water repellency-provided
surface condition. As shown in the evaluation result of Table 2, the contact
angle after the surface treatment was 74 ° and therefore the water

25  repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 0.9 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV

30 irradiation was smaller than 0.5 nm, with which it was confirmed that the

wafer was not eroded at the time of cleaning and that the residue of the



D 1 Z Treatnent before surface treatnment with water repellent cleaning
liquid .-5 WVvd! Veil Vizi! vd! Vvail Veil vd! Veil Veil vd! vd! Veil Val!
HPA Tol uene 001.L -RAH fttcl! atl ON OOON CLIO N Veil Veil Acetone 01J01, ?0
V Water-repellent cleaning liquid Oganic solvent C0 g, -z 0.0 00 dd.1.0

43
water-repellent cleaning liquid did not remain after UV irradiation.
[0123] [Example 29]

The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
5 Cleaning Liquid”, the silicon wafer was immersed in the water-repellent
cleaning liquid, followed by spraying air thereon to remove the water-repellent
cleaning liquid from the surface and that the silicon wafer was thereafter
immersed in iPA for 1 min and finally drawn out of 1iPA, followed by spraying
air thereon to remove iPA from the surface to obtain a wafer with the water
10 repellency-provided surface condition. As shown in the evaluation result of
Table 2, the contact angle after the surface treatment was 72° and therefore
the water repellency-providing effect was exhibited. Additionally, the capillary
force at the time where water was retained was 1.0 MN/m2 and therefore the
capillary force was small. Additionally, the contact angle after UV irradiation
15 was smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the

water-repellent cleaning liquid did not remain after UV irradiation.

20 [0124] [Example 30]

The manner was all the same as Example 29 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
the contact angle after the surface treatment was 72" and therefore the water
25 repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
30 irradiation was smaller than 0.5 nm, with which it was confirmed that the

wafer was not eroded at the time of cleaning and that the residue of the
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water-repellent cleaning liquid did not remain after UV irradiation.
[0125] [Example 31]
The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
5 Cleaning Liquid”, the silicon wafer was immersed in the water-repellent
cleaning liquid, followed by spraying air thereon to remove the water-repellent
cleaning liquid from the surface and that the silicon wafer was thereafter
immersed in pure water for 1 min and finally drawn out of the pure water,
followed by spraying air thereon to remove the pure water from the surface to
10 obtain a wafer with the water repellency-provided surface condition. As shown
in the evaluation result of Table 2, the contact angle after the surface
treatment was 74° and therefore the water repellency-providing effect was
exhibited. Additionally, the capillary force at the time where water was
retained was 0.9 MN/m2 and therefore the capillary force was small.
15  Additionally, the contact angle after UV irradiation was smaller than 10", so
that removal of the water repellency-provided surface condition was achieved.
Furthermore, the Ra value of the wafer after UV irradiation was smaller than
0.5 nm, with which i1t was confirmed that the wafer was not eroded at the time
of cleaning and that the residue of the water-repellent cleaning liquid did not
20 remain after UV irradiation.
[0126] [Example 32]
The manner was all the same as Example 31 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
25  the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface
30 condition was achieved. Furthermore, the Ra value of the wafer after UV

irradiation was smaller than 0.5 nm, with which it was confirmed that the
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wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
[0127]  [Example 33]

The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
Cleaning Liquid”, the silicon wafer was drawn out of the water-repellent
cleaning liquid, followed by spraying air thereon to obtain a wafer with the
water repellency-provided surface condition. As shown in the evaluation result
of Table 2, the contact angle after the surface treatment was 74° and therefore
the water repellency-providing effect was exhibited. Additionally, the capillary
force at the time where water was retained was 0.9 MN/m2 and therefore the
capillary force was small. Additionally, the contact angle after UV irradiation
was smaller than 10°, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0128] [Example 34]

The manner was all the same as Example 33 with the exception that
CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10°, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0129] [Example 35]
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The manner was all the same as Example 33 with the exception that
DCTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m? and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.

[0130] [Example 36]

The manner was all the same as Example 15 with the exception that,
in “(3) Surface Treatment of Silicon Wafer Surface with Water-Repellent
Cleaning Liquid”, the silicon wafer was immersed in iPA for 1 min after being
immersed in the water-repellent cleaning liquid and finally drawn out of iPA,
followed by spraying air thereon to remove 1PA from the surface to obtain a
wafer with the water repellency-provided surface condition. As shown in the
evaluation result of Table 2, the contact angle after the surface treatment was
74 ° and therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at the time where water was retained was 0.9
MN/m? and therefore the capillary force was small. Additionally, the contact
angle after UV irradiation was smaller than 10°, so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the Ra
value of the wafer after UV irradiation was smaller than 0.5 nm, with which it
was confirmed that the wafer was not eroded at the time of cleaning and that
the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0131] [Example 37]

The manner was all the same as Example 36 with the exception that



| 0i sc(940) losc(9-ro) 10!'S ( HO 10 'S T170) 101 S OHO 10l STFI C7

101 5¢(EHO 1A Sc(cHO 10!'S'NO) ID'S (xHO 10 'S 0 HO 10!'S HO) FO St 0OHO)
101SECHO) 10! StOH0) 10! SECHO 10 !'St 0 HO rusCl40) ID '(Cl-10)!shilz0 ID
"(C1-101)!'ShA'0 Not treated Hydrol ysate of (0113)23101 Exanple 26

| Exanpl e 27 1Z 101ft x 63 eldi a0119 De éYdnexq re ai dnexig | Exanple 32

| Exanpl e 33 | Exanpl e 34

CTFP was used as the organic solvent other than the alcoholic solvent in the
water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
5 the time where water was retained was 1.0 MN/m?2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
smaller than 10", so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
10 wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
[0132] [Example 38]
The manner was all the same as Example 36 with the exception that
DCTFP was used as the organic solvent other than the alcoholic solvent in the
15 water-repellent cleaning liquid. As shown in the evaluation result of Table 2,
the contact angle after the surface treatment was 72° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 1.0 MN/m2 and therefore the capillary
force was small. Additionally, the contact angle after UV irradiation was
20 smaller than 10°, so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0.5 nm, with which it was confirmed that the
wafer was not eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
25 [0133] [Example 39]
The manner was all the same as Example 1 with the exception that
the silicon wafer was immersed in pure water for 1 min and then in 1PA for 1
min after being immersed in hydrofluoric acid aqueous solution for 2 min,
followed by being immersed in toluene for 1 min, in “(2) Cleaning of Silicon
30 Wafer”. As shown in the evaluation result of Table 2, the contact angle after the

surface treatment was 70 ° and therefore the water repellency-providing effect
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al t hasuR Exanple 41 1 Exanple 42 I EV al d1110119 1 Exanple 44 | Exanple 45

| Conparative Exanple 1 exanmaxa aaftei ndnobo 42 [0121][ Exanpl e 27]

The manner was all the same as Exanple 25 with the exception that DCTFP was
used as the organic solvent other than 4%he al coholic solvent in the

wat er-repellent cleaning liquid. As shown in the evaluation result of Table

2, 5 the contact.,angl .t.er €.Su r re
the wat er W%%Eﬁ%’ﬁ@@: g#‘gi/l%lg}lﬁgy’e‘f eeé{‘ﬁ&%]s&exﬁclteg?{] E@%éﬁ?@%ﬁ%w f%%g
capi | | ary fpfingdatydshe . 11 VENMARET gndetitiretis kRS abASUawas fokcd MsNRnant
therefore the capillary force was small. Additionally, the contact ,angle
after UV iAdditioatllgntheasorsaet heglet ffher UV jirrediathen wasnouallenthamdOwatser
repel | ency-provi ded surface 10 condition s .achi.eved. Furthernore, the Ra

val ue of that wemevahet the water repsllsncrmrarded syrface sondition 573 chipYsi-whi ch
it was.confirqed that,t r ] Ll I i and
that the nebtREEnere he NinlEhe oty Rl FRO VTl R o bnblibT thad
after W ig 5 agh afit@nwhi®li2 24 d Foaminee L8HatlthEh@afignigd nv@srciled dththeiiie as
Exanple 15 with the exception that, in "(3) Surface Treatnment of Silicon
Waf er Sur fodcbearinh vt ratRépetdsedite of Hanivagert-repsllent démnisg|licwd didfrat was

i mrersed in the ter-repellent cleaning liquid, followed by spraying air

t her eon t d°PEHB tecrﬁ[é'\;v%é’f 12}18Be| | ent cleaning liquid fromthe surface and
t hat the shhkihgon t hereafter 20 imrersed in i PA for 1 mmand then
in pure @Pg?&forw%ﬁ@%% finally drawn out of the pure water, followed
by spngying air tiraeapanhér wesRNEtHeamure Brdmapld 1Dmithehs exéaaort thaibt ai n
a wafer with the water repellency-provided surface condition. As_shown in

t he eval ughemiliceswafenvaFdbimersedt inepernmwater fngl aiafard thewr s aPAder 1

treatment was 74 nd therefore.the er 25 r.epell ency-provi di.ng,ef fect
was exhi biPHY .af%dﬁ?%n]&?Wfs‘f‘ﬁén %&W?cf o)a ea%?eql}%s@iuﬁ@r\,\ﬁogr% Watzer
was et ai i b 8P 4 LREHEERY 06 s € 3Rir, HA™R) OleafiN@8f STRloh:

Addi ti onal 9?%%&&& ct angl g%‘qﬁer W irradiati cl)n \)\Y2/a)s serraIn\Iﬂ%r thar(l) 10

so that revafal. &f shdwenwathe eveheltianmysups ciTatdd 25 thé emeacbadgle aftenvides

achieved. Furthernore, the Ra.,value of fhe wafer aft ei uw g
surface treatment was 74" and therefore the water repellency-providing effect

was exhibited. Additionally, the capillary force at the time where water was
retained was 0.9 MN/m2 and therefore the capillary force was small.
Additionally, the contact angle after UV irradiation was smaller than 10 7, 80
that removal of the water repellency-provided surface condition was achieved.

90 Furthermore, the Ra value of the wafer after UV irradiation was smaller than
0.5 nm, with which it was confirmed that the wafer was not eroded at the time
of cleaning and that the residue of the water-repellent cleaning liquid did not
remain after UV irradiation.

[0135] [Example 41]

25 The manner was all the same as Example 15 with the exception that
the silicon wafer was immersed in pure water for 1 min after being immersed
in hydrofluoric acid aqueous solution for 2 min, in “(2) Cleaning of Silicon
Wafer”. As shown in the evaluation result of Table 2, the contact angle after the
surface treatment was 74° and therefore the water repellency-providing effect

30 was exhibited. Additionally, the capillary force at the time where water was

retained was 0.9 MN/m?2 and therefore the capillary force was small.



30 irradiation was smaller than 0.5 nm wth which it was confirned that
the wafer was not eroded at the tinme of cleaning and that the residue of
the 43 water-repellent cleaning liquid did not remain after W

irradiation. [0123][ Exanpl e 29] The manner was all the same as
Exanple 15 with the exception that, in 493) Surface Treatnment of Silicon
Waf er Surface with Water-Repellent 5 O eaning Liquid", the silicon wafer

b3S | roer Syibnbi YR SEAEPShERILAE! SAPIARMAGM Grad ShRAKE TN 15P7 2 1O

air there er=repel'l ent "cl’eani ng he surface
and that tigt %iﬂo«}apOM@wa\ﬁ@@réﬁe@re%i/tﬁbvimmé ébﬂdmoﬁ%slamlev@md
finally drawn out of 1 PA followed by spraying air thereon to renove i PA
fromthe sEmftherbne dheRa valumcbfehhevwafeﬂatfeelvﬁﬁfewradlatmpewae ﬁuya-lbnrd\haded
surface caondition, shown in th Iuatlon result of Ta

contact arhp&mswigh Whé?hsﬁr"?%%%or’f %ré%% t theswaer V&"f‘i%in?h%?%*egraé tth’?e“’%&t er
repel | encyeidntidlng, SHLACh MR EKLP LIS datBAELEIBARanikBS: AR diki Aot

force er was re alne erefore the
capi | l ary {68 oS IValrtadiAgi@dht i onal Iy, the contact angle after W
irradiation 15 was snaller than 10 , so that renoval of the water

repel | encylOpB6li dBEixamplead?l conditi on was achi eved Furthernore, the Ra

val ue of the wafer_after WV irradi,ati on wa i th nﬁﬁSnm WI% whi ch
it was confirned CREIMRRBEHARSA Fore&s ate ¢hav e SKCHtih }Had: and

that the reshdug qusgﬁ%gv%lérﬁaﬁg%ﬁ?ht %hl’i@ﬂ}l{bﬁl bh AUl dnglid e tqﬁama

after UV ifradi atron erranner was al e sane as
Exanplie Z%wérﬁerﬂeﬁ%@Iéﬁhi@ lighad. A ERowasinsied e sluaid noragaii 6f Sableent
ot her than the alcoholic solvent in the water-repellent cleanin I|qU|d As
shown in tthe constaiznge afies ihe surfarasreatmentrisas ¢t aendéhgﬁom't weRE

f t t t th f t
ot oot warar BT BaviAds EREh Ry ciBitgds ARl EondiRy (ERSARNEN Mg¥ it o
vat er was %t&fnwhwwat& mqgtﬁﬁgdmﬁbqwmmrﬁmérb%x tfherc%lmsy

smal | . Additionally, e contact angle after UV irradiation was small ér
than 10 ,fos@ twhat speitbhvAddiaioddily, whice contapel degle yafeo i ded radrftace was
condition was_achieved., Furthernore, the Ra val ue of the wafer after UV 30
i rradiléti oimaber shen | K .t smithat semeyalof fharvateri rensllenewrrovided THECY he
waf er was not..eroded at.the .ti 0 n hat f e
44 vvater-ré’ﬁlgﬁl%lﬁtwﬁ ﬁm%vﬁdr %ﬁﬁtg%mB t e?é?raa?]ra}i tgrt {;v?ir?érra |Ig§1}h

[ 0125] [ ExapplBEafidh was smauerTﬂ@aW@Q{mw@ﬁﬂalvbhﬁcheltssﬁa@ c@ﬁﬁmﬁp&&tlﬁlém th
the exception that, in "(3) Surface Treatnent of Silicon Wafer Surface with
Wat er - RepeWhfemt wﬁsm@aarmiydLaqwhd tintehof gil¢dog avad ehatathel resddsedfi the he

wat er -repel I ent cl anl Ilqu owed by. sprayi air.thereon to renove

t he wat er Wé?féf‘leé‘ﬁ eEY ﬁPHbg 1ﬂﬂd84?%trﬁecnﬂéms&rt?%wgﬁad%%5{n the silicon

waf er oNas [bri'?ﬁf t[ﬁ% 411?&2?4%]3(1 in pure water for 1 min and finally drawn out
ol Fowe

of thé pure wa by spraying air thereon to renove the pure

water fromthe sumfiRc@ah@el ¥aabildtie 8am@f ey Exaiplé he wighehe exception that
repel | ency- provi ded surface condition. As shown in the eval uation result of
Tabl e 2, tIB@Td%BnWal@tuﬁdgisetI@erganum@olgant eiderttheat thernlcolaalic7epluemat theref or e

che bou 'y spl iy, 1 g, 158 AeS.erhip Lok oal g v
therefore #ie. Gapid 4,3 a?@r%ﬁe%? %gﬁc%atxﬂ-élmgé t?."?.onﬁbti%he}&%r&%@ f%kengl €

after UV|rra iation S sna 10 , so that renpval of the water

r epel 128ncyrapeliénte@rovidige effeondidsi @xhibitedadhidetienally;utlichedpitiaey fole &a
value of the wafer after UV irradiation was smaller than 0.5 nm w th which
it was contheriioe whate Wh@w%ﬂemgeﬁwa%léhw/mz fmda thméor@rﬂ@ ewpilay and

that the residue of t el J.ent ce nat .20 remmin
Lrer Uy | Rty smallo Aol aRe | 0t softaih sandle fter 0% iniiarEn WRD,
Exanpl e 31 {1By (RSN CKECPLS QRat RBMYAEREVIRS waﬁ& dIRGicH B0 e dS QhMEM
ot her tharllsr%qdﬁeggltcoﬂe}@c sol v%nt i r? th eo vvater-repgesp | ent Cglrggnl ng liquid. As
shown i n t&mdesahuebk achiesd. tFefthéalloee 2the Ra value of the wafer after UV

30 irradiation was smaller than 0.5 nm, with which it was confirmed that the

wafer was not eroded at the time of cleaning and that the residue of the



25 the contact angle after the surface treatnment was 72' and therefore the
wat er repellency-providing effect was exhibited. Additionally, the
capillary force at the tine where water was retained was 1.0 MV n2 and
therefore the capillary force was small. Additionally, the contact angle
after W irradiation was smaller than 18 , so that renoval of the water
repel | ency-provi ded surface 30 condition was achi eved. Furthernore, the Ra

val ue of the waferpyaftar UV irradi atio . . Q.5 . nm wth which
it was conf ‘?treﬁgﬁp?]llu%l?t(t% eénngSl 1%\%](Iae(fihv\%0§ r‘é’%fa%i%%égﬁ@éﬁﬂ%gpg% of cleaning
and that tlhesglesi e Rpld g water-repellent cleaning liquid did not remain

after U/ irradiation. [01271] Exanpl e 331 The manner was all the sane as
Exanpl e 15 with tTbeenarper vastdbbthe Samea as(Byamdple bt evith tlae axceptoh @idti con
Waf er Surface with Water-Repel l.ent C { Liquid", the silicon er was
drawn out eéhykd@%ﬂ@hqreﬁiam%A&zﬁpgéﬁﬁ;&?ﬂ] éﬂﬁsd}ls?%lqso%eed“wegﬁ?l\%@{% ai r
thereop to qghtai fer w r |l pPHQVI

condi t Pon.®CAY Oéﬁloram% Srsﬁm%nemeé}g %xgaﬁ.}%ﬁi%kﬁerg é@%gf@g%%eﬂ% éo’?ﬁg(:t(s:%ﬁrélg%l%egngl e
after the (pdrdia¢eeet freatment wis784 arddheREorf ohe willet RepddiRsy-providing
repel l ency-providing effect was exhibited. Additionally, the capillary
force at tdffect iwas estebgedatdditimsaltetthe ragilvay foree MNthe time wheyeevater t he
capillary force was_ smnall itionally, the contact.angle after W
irradiati dﬁaw§ta§naﬂ|w8t%mn}z 8u4d; re?‘@”ﬁo CBPﬂfaﬁg’ fgrwas small
repel | encyx px:0vi i) . I e
value of URRHERARG. B bAfGef BARld AAP: IRP AERL RS oyl SpRALFRRER 1070 5,
whi chipt wast eemfovalrefithdatatéh eeprlieticy Wasviteld airdaedcaiditibe wadeclobved.

cleaning and that the residue of the water-repellent cleaning liquid did
not remai Fafthermoke,ithe i aalumnof fhe1wafdradernld Baadiptwnwansmalles thian t he

sane as le 33.with.the exception,that, 20 FP was used, as .the oraganic
Salvent otRBRIE i KB Rore et HRaY T e ey os BebEedat deadiag
i quid. ség,ym val ugat . , tq;

af ? er t h'g‘sosf urfac (Ial%trhrﬁe(g?hrrgE n@e&s&% gﬁgh% Rvea?fg g?%lferﬁ Cvlvéa%}grn %qmlﬁg AN
repel | encyrepi v adftergU® firexdiavi@a. exhi bi ted. Additionally, the capillary

force at tH1e tJ'Oma where water was retained was 1.0 MV n2 and therefore the
capi | Nary 9339br cExempladl . Additionally, the contact angle after W

irradiation was spaller than 10 so_that r : :

repel | ency-provid egﬁﬁPgsxéWg?Sn%]r f}?eo?lal\%gsasac%igé%%% éjl?ﬁﬁﬁgtﬁgé%fuqlhghﬂa .
val ue of tﬁl%p?’ﬁfiﬁfetﬁ%fcﬁ!lox’e&/ilhﬁé AdiBLSOOHARTIE KBS @ed RABHO watePrepélidhtnhi ch
it was confirimed that the wafer was not eroded at the tine of cleaning and
t hat the reesipiedAddiovd)intheevalepsionarsultl dakible 2| thpicantdrctangle aféemi n

after UV irradiagtion. [01291] Ex l e 35 4 The nner was. al |
the sanme arélees&g%qeet@éwepﬁ W%Fe%ggcéﬁgi%'ﬁr‘%fgé? the-fraserdebellehtanrqUging

or ganiog, so A than atihe,: i.C I ls e

cl eanizg)g I‘Jifge%@&%;s&%]ﬁy\%ﬁ |Ar(1i Ia%ﬁgﬁ% aﬁtlhlgt(iag)ghér{égaqutcgg& qﬁgmgfﬁfaﬁe&%‘gﬁ{ act
angl e aft egat hetsinetla®ast 0. 6aMMMh2 W@l TReficket bles efapiléatyh€orvat was Ssmall.

repel | ency-providing effect was exhibited. Additionally, the capillary
force at thAdditiomaliyhthe corttast angle pEenilhédrigabation way pmadiet thaerk or® t he

capillary force was.s | . Additiqpally, th ontact angle after

F P adi at ] obAkGST Al PhEbe ian pebelleissiiiar e SURcHr HioRay a5 aciéved
repel | ency i rf ¢ Ll i

valve of hfiepete il RESSANGE R AR RETUN, BpI G aTRhEa Lo Bl
whi ch 95t vas reankvithwtidthatwaseonireed whst tind warfededs alot eheddd aetlof time

cleaning and that the residue of the water-repellent cleaning |iquid did
not remai rofaflearing\and thafi thd oesidpe o8ohe %ﬁmrép@éqnmléamgqmﬂaéwamt t he

same as Exanpl e V\t'ggp.th . exception that, 15 in "(3) Surface Treatnent of
Silicon waf%rd 1&%"% V\}rﬁg’\?&o&- Repel | ent O eaning Liquid", the silicon

waf er was joaBY Seqchip : 1 fter being imersed in the

wat er-repeq I en¥ c?ggﬁpﬁgﬁﬁlﬁgﬁéﬁ% ?i nal ly drawn out of i PA followed by
sprayi ng air ther or mhanhefexs ithRAsdmemsteampld dceithahokxaéptien whfethav t h
the water repellency-provided surface condition, As shown in the_ 20

eval ual onwatesutepedentTglslaaing ligved seast Bet prrHed 4o tthe siliconsyefere éntothex nent
was 74 and therefgre the water el l.ency-pr.ovi di.ng .ef f ect s,.exhi bi t ed.
Adai € onal V9HE 1B Gis GHEPY TG B mRIRG & MR aT g st Hadtr MR was
0.9 MNVnR and therefore the capillary force was snmall. Additionally, the
contact angle after W/ irradiation was snaller than 10" , so that renoval
of the water 25 repellency-provided surface condition was achi eved.

Furthernore, the Ra value of the wafer after UV irradiation was snal |l er
than 0.5 nm with which it was confirmed that the wafer was not eroded at



CTFP was used as the organic solvent other than the al coholic solvent in
the water-repellent cleaning liquid. As shown in the evaluation result of
Tabl e 2, the contact angle after the surface treatnent was 72 and
therefore the water repellency-providing effect was exhibited.
Additionally, the capillary force at 5 &he tinme where water was retained
was 1.0 MV nR2 and therefore the capillary force was snmall. Additionally,
t he cont act le afte i di ati r an,10 o:h
r emoval oge?%@ t%ﬁ“@é&éﬁ%%ﬁ%%zﬁ§%§$§8%a§ﬁ§$g%%§%%%%fté%nsgggﬁaé iz&%d_
Fur t her morga1ddiforRee Mat be Tohld ke thefcehtaltaigldVfithe adhfelivess BAS veliehlier
than 0.5 nm with which it was confirned that the 10 wafer was not eroded
at the timeadl. Adéaivinadlyatie chpillaryeforesatitee ¢ime vehevat waterewab lretained
cleaning liquid did not remaipn after UV irradiation. [0132][ Exanpl e 381
The manneWatad-2dYIN/miewdieh 1588 anpl e 36 with the exception that DCTFP was
used as t gani ¢ S0 I n the alcoholic solvent in the 15

3 ep 1 Cl ContPi e, Biraltolg 2

wat er - ean I qui hown in the evaluation result of Table
2, the contact anghg niddh®dr WhE the6hakead ERakRO Wb the'exasstidmelief 0g t he
wat er repellency-providing effect was exhibited. Additionally, the

capi | | ary of erimecthyldtierdsilape winer 84 Weg of iR were maixedd and 2.4 g00INNL Mpnidnig

therefore the capillary for s small.. ditio ly,.the contact angle
after UV iac éﬂ&g?‘bsh S%I%Ewl%?s ?F}Qﬁd%gere,tos g)aﬂqg‘id };’Er‘?ﬁv&ngo?tf wat er
repel | ency-provi r.f 1 i . ,

valoue of %{;ﬁglp\%\g?gﬁga%? earb%%(\?/ ?{B%%éag?eg‘gﬁ%@?giﬁgﬁg%} “{:ﬁ%gfnp%;égggﬁqd%mﬁ?ﬁg\?ml ch
it wagoconfduidednt baiert hrdaf eiisWesniiRirativedBsaaiplt hesdd re vefterkessileng and

that the residue of the water-repellent cleaning liquid did not remajin
after UV ideandngtliowd eontagniade) pEwatel remgdlenteompeiid inawhigh at practiyee as
Exanple 1 wth the exception that, the siljcon fer was | r i ure
wat er for BRO¥H ‘ﬁ%%i{yﬁ]éﬁfﬁzﬁdi AR PRy ﬁh‘éf%véi}fﬁ%%@ﬁgreﬁsmg%%?% 2 the

hydr of | uor i veb by Or whidH 1b sthalll Awaskibyalbeithe chpiiehsed in
t ol uene foéf)ﬁ&%ﬁ%}gi?#??%g) d iég’r?%ﬂlgi o’fwéilélﬂi %osn go Wafer". shown i rﬁfhe
eval uat i orforgesatl theofimbabhere2watdrewa o néaihe dmglse3. A NBYmEhwhsalr fsdeegd.r eat nment
was 70" and therefore the water repellency-providing effect 48 was

exhi bilﬁed.EX\HBﬁN%FHPNyQFtﬁEFE&ENE%Eymm the tine where water was
retai ned W@ 4% 1 QMV .ﬁnd th%{efore the capillary force was snall

Addi ti onal ;, 1he con é&?”hwa ¢ after W irradiation was smaller than 10 O,
so that renoval ob thgyelyaindRRe)d oGy It Hed8H s ivadeeh £9 AelithisORfabaS
achieved. 5 Furthernore, the Ra value of the wafer after UV irradi ati on was
smal l er than 0.5 Bm \Hrbjectddl pértianswesheqriftiemed t hat t he wafer was not

eroded at the tinme of cleaning and that the residue of the water-repellent
cl eaning |iquid ditd n&ecfg%ﬁ?giﬁprélppér"?@beip@?%Pati on. 1101341[ Exanpl e 401

10Thegrlq)'anner was g!l t\ﬂ%ltgaoﬁh@%@é@g@éﬁrtgx aM th the exception that the

silicon wafer was i Mmersed 1 n pure wa or 1 mn and then in iPAfor 1
mn after being igner $BdghhoMil pédje@el otibAs aqueous sol ution for 2 mn,
foll owed by being i mersed in HFE-7100 for 1 min, in "(2) Ceaning of

Silicon Wafer". AS shdValthrfthe peoieciest portianssult of Table 2, the contact

angle after the 15 surface treatnent was .74. and therefore the water
repel | ency- provi dPng I?%Itn%%u]geﬂ‘ﬁttﬁ]ﬂeédp REdeCe i IRV?lolnﬁé capillary

force at the tinegwher I [ . : t he
capillary force mgs sé§?¥§l%%ﬁ???%ﬁﬁﬁ?&?ﬁﬁ%2@%gﬂ?§éﬁwggg?§ﬂg?%gﬁffﬁﬁg@
irradiggt i on was smal | Gurfdwn dditisn tpratidednovth ofatdre mpeHency by a
repel | ency-provided surface condition was achieved. 20 Furthernore, the Ra
val ue of twetenafepellant eempundy adi ati on was smaller than 0.5 nm with which
it was confirnmed that the wafer was not eroded at the tine of cleaning and
that the residue of the water-repellent cleaning liquid did not remain
after UV irradiation. [01351] Exanple 411 25The manner was all the sane as
Exanple 15 with the exception that the silicon wafer was i mMmersed in pure
water for 1 mn after being imrersed in hydrofluoric acid aqueous sol ution
for 2 mn, in "(2) Ceaning of Silicon Wafer". As shown in the eval uation
result of Table 2, the contact angle after the surface treatnent was 74
and therefore the water repellency-providing effect 30 was exhi bited.
Additionally, the capillary force at the tine where water was retai ned was
0.9 MNVnR and therefore the capillary force was small. 49 Additionally,
the contact angle after UV irradiation was snaller than 10 , so that
renoval of the water repellency-provided surface condition was achi eved.
Furthernore, the Ra value of the wafer after UV irradiation was snaller
than 0.5 nm with which it was confirmed that the wafer was not eroded at



[ 01361] Exanpl e 42] The manner was all the sanme as Exanple 41 with
the exception that CTFP was used as the organic sol vent other than the

al coholic solvent in the 10 water-repellent cleaning liquid. As shown in
the evaluation result of Table 2, the contact angle after the surface
treatnment was 72' and therefore the wat@ repellency-providing effect was
exhi bited. Additionally, the capillary force at the tinme where water was
retained was 1.0 MN' n2 and thereforedﬂsﬁlmgpi |lary force was small.
Additionally, the contact angle after I'rradi ati on was 15 snmaller than 10
, SO that [cesmyal of Whelewales acepe! thenc yilidody wdesh mwixff/@ CRRYY tirkRenas
achieved. Furthernore, the Ra value of the wafer after irradi ati on was
smal | er t hpattdnS atmitswisurfade] cthe tclewsingomigentrefdrt the siticonafeafenaseingt
eroded at the tinme of cleaning.and that the residue of the water-repellent
cl eaning | Memzagﬁatthaéﬁéieml%rfl@ﬁ gty P%BlPeaﬂ%GHr.l ef(‘)‘%tﬂlf‘ﬁﬁéi‘%rsé 431

The mapner | e S I Lt h. I t . P was
used a§ t ﬁe@%@%rﬁa@%gof;%%%%t ]ﬁ(gergatn%e{ﬁ{ t e‘»%tfegollﬁgﬁlgﬁggﬁ%égﬁ? 5 %ﬁlﬁg%g

wat er - r epgJrb@fiting! £8NkaGt lai quidhsedSpsiM dfnthd1anesanughiinr @sth twaferTabl e
2, the contact angle after the surface treatnent was 72' and therefore the
wat er 25 rrepelléreyc dupingy adélagnife procenss adhihsitt @ dvatkgdepedent cgmponad
capillary force at the tine where. e s, fetajined was..1.0 n2 anpd

t her ef or e RAVARE FpYeACLYS MgleLy C%ﬁgn\é\% ﬁ)?ﬁa’a]iet ﬁogs’a]rr} fhe FHEOBO%& a’éfﬂ@l e
after UV i R=INE r ' S e t f.er
repel | ency}{%dggéﬁ%lgn%% écs:agﬁicg%d?{%c \Jﬁfglsverélé h&ﬁgﬁlnéuﬁzﬁsﬁ%,ﬂﬁr@tﬁa

val ue1of tdodvermafae rafdedraddc@tain¢diti tid aataverepeiieht efealing ligudd.nm with

which it was confirned that the wafer was not eroded at the tinme of
cleaning and that the residue of the 50 water-repellent cleaning liquid

did not r in ter irradiation.. [013 Exanpl e 44], . . The nner
wns arl tHoTamd e efirlsratis Ngeph foha! Do RORCE Hin Haimed in ORI

et hyl di metdpl60ep1,881 inafigad GRHARJHEHR) ST dntas at'96skiasnd ReIMBd B Fedre RElk! ent
5 conpound. As shown in the evaluation result of Table 2, the contact angle
after t he groupaoasistingtafeitohds with aaadbtiheveflerefiue grader than 10.

repel | ency-providing effect was exhibited. Additionally, the capillary
forcelat the tinme where water was retained was 0.7 MV n2 and therefore the

oL A, RGN Yo 0B A Ol

irradiati mal | er renoval

repel | encycRiRV2, ¢Bdrsstetiace 16 ORgE thowav@sraellieay esmpbunt RemPRiRs dtheadta
value of the wafer after W/ irradiation was snmaller than 0.5 nm wth which
it was cornfriersedettedfitom hbe gadwy covsisting of theifedloating menet atfonmaudasebldiand and
that the r[Efi due of the water-repellent cleaning liquid did not remain
after UV i¥t-adiation. 15 [0139][ Exanpl e 451 The manner was all the
sane Example 1 i eption at propyl di net hyl chl orosi | ane
[CSH?%B( CH3) 2C1] %@L%l@%ﬁ%?ﬁé%m erEI?epeI | ent conpound. As shown in the
eval uati on resul t [RESil@HLe. A1 NTE:-cont de] angl e after the surface treatnent
was 82 and therefore the water repellency-providing 20 effect was _

exhi bited. Additi &eapl Rt mn@u@léqoimd@pepdemge represpBle AnERoRRER e DHATERNKAS
retained was 0.5 MV nd therefore the capillar arc S I

Ada t | onal 5D BV DB P ELra I L 2 SRR LN ChaS Lkl TP 1R 210

so that r t : = L OV : C |t NOSE
achi eved. u%{t aelrgir}%trogf?a%ﬁ%eﬁ{)l?gbva J&%Bﬁ?ﬁ( %I%gﬂv\w/algg% 112%’ {etfﬁ %\(;ﬁ?%téﬁh;ﬁ?? on was
smal | @5 t aom2bt® 85RAmM utwially inddiepéndénthasecxestntae tndriataléritcongahér grap not
eroded at the tinme of cleaning and that the residue of the water-repellent
cl eani ng Ihajing Bydraserborergrionraiith a\carppadratthes. of dram) [lcéephd a2t e
Exanpl e 1] The nper was the same as.Exanpl with.the exception that the
30 wat or - PBEEPTRREE OFERE i OLP Qo B el HOPLR I HBAT 1D T 18 B0 PUSRP e er
I'n other W%ﬂls? flong !t l&uai&%aag;z@tllﬁﬁt@m&ep&@mpyr rdfeSlnisSanWadindgy the
wat er 51 repellency-provided surface condition was eval uated. As shown in
t he eval uagroap sesdled GfonT afblee gPoup henssirgc bf drdbgewfgrohe, wakexy wasup, |,
which is small. Additionally, the capillary force at the ti wher e wat er
was r&0ai regtewis 3. Zrampne,  flenreacetenge. Brpend1l [CoHeRLEECHUS HHap e

21 -OC(CH2)=N-Si(CHs)s, -OC(CFs)=N-Si(CH,)s, -CO-NH-Si(CHs)s, alkylsulfonate



The manner was the sane as Exanple 1 with the exception that 3.0g of
trimethylchlorosilane and 94.6 g of i PA were mxed, and 2.4 g of 0.1N
nitric acid aqueous solution (pH 1) was added thereto, followed by stirring
at roomtenperature for about 24 hours thereby obtaining a water-repellent
cleaning 10 liquid. In other words, thi&3 Conparative Exanple used a

wat er-repellent cleaning liquid containing a water-repellent conpound in

which a reactive i et I : - [ ' ul t
of Tabi e FophenetRSbXASHRAERS, ¢85, rER 12180,  dhd {nBKBL HRh Bk

Addi ti onaldpyup tWigoeaibnleat Yo benoadall tbiM ik inmﬁlgé&e.r@is/\@ﬁeﬁte 8 of gloai Nad was
3.1 MW n2, which is |arge. 15 EXPLANATI ON OF REFERENCE NUMERALS

[ 014211Si |13. Bachveff ean@ Eiis ehyintegey e et t0etor. t et tatakeolsa, | 4 andk ciafom Ads at
its surface 3ProjectedéPortions of%ﬁge p ttgén.4Recessed ?rtigns of the
pattern 265WWHthegnotsm ¢ isatetdege P Bnt to Pﬁ%?né?“ﬁﬁéoglﬁP% %@ por ti ons
7TWdt hoof the projected portions 8Cleaning liquid retained in the recessed
portions 4 9Water-based cleaning liquid retained in the recessed portions 4
2510 Surf fceaieradli ti on deoNindesbartifar wadititon eRELY, eRCYabyeRinah§TofGIRah! ent
conmpound. 52 CLAIMS [Claim 1] A cleaning agent for a silicon wafer having a
finely unevenChaint & chatadteszediif abat théergirwasplgnadethe fadgeoholie splvandon
waf er being characterized in: that the cleaning agent for the silicon wafer
cont ai ns éF“*%%éPr@H%SaBFEF-based cleaning liquid and a water-repellent
cleaning liquid for providing at | east a recessed portion of the uneven
pattern with water repellency during a cleaning process; and that a

wat er 10epdCiigin 5¢ onpoundeinitigh@oentr foact sivieomen ey aehdninted by abgrndatibémt o Si
in the silicon wafer and a hydrophobi c group, and an organic solvent

cont ai ni ng ta Claiast4, gshamatetised én tbat she enganic soliepdds éga agemhodicrfodvent t he
wat er - r epel Idgn | eani r}& li.qui d.. [.Cl ali rr}) 1A1cl eani ng agent for a silicon
waf er, as A1GR RGOSR EHAREE WHRFARBAP E® Y hat the al coholic sol vent
is at |least one selected fromthe group consisting of alcohols with a
carbon nunmber of not greater than 10. 15 [C ai m 31A cl eaning agent for a
silicon wdf@aim &3 cl airrddaningChgdnn for er siliican wafer, clsarlanhed iz edyi of Claamn t he
wat er -r epel | ent conpound conprjses at |east one sel ?cte fror;p t he groufp

consi 3bi ngt &7 Claian PorhavacherigrchBY Deinsphin tossakia gapillapy force of a surfdce o
20(R1), Si 113t H -+ - 3C4- a- b- 1 i - - dHd -, . Her e,
R e (e kb e pRteloR At S RS rhec 0 HIAEMML ba] that yater i1

hydr ocar baitg@dPinithd fceaddaoporishest the fueficd $0tHS Wicéh RRANRY akBith
organi ¢ group having fluoroal kyl chain with a carbon nunber of 25 from1l to

8. R2 nut ualrfacei ndepevidedt wth epates erdrsellenop new dhenwadeyeeriedlegit otlpahiang ng
hydr ocarbaon group with a carbon nunber of from1l to 18 or a nonoval ent
organi c gr havi ng fluoroal kyl chain with a carbon nunber of from1l to 8.
Addi tisgnal Iy, X mutually independently represents at |east one group

sel ected fromthe group consisting of hal ogen group, al koxy group, 30

acet oxygr d@airi 7| uor aaeLleex¥PE0eI c106h HHS) FEdAoE IR0 vidRhE GHIp F el {<dds) 3,
-0C(CF8)=N-Si (CH3) 3, -CO NFI-Si §CHS)3 al kyl sul fonate
during a cleaning process for a silicon wafer having at its surface a finely
uneven pattern, at least to a recessed portion of the uneven pattern, the
water-repellent cleaning liquid being used during a cleaning process for the
25  silicon wafer and characterized in that a water-repellent compound having a
reactive moiety chemically bondable to Si in the silicon wafer and a

hydrophobic group, and an organic solvent containing at least an alcoholic

solvent are mixed and contained in the water-repellent cleaning liquid.

30 [Claim 8] A cleaning method for the surface of the silicon wafer which

method uses the cleaning agent for the silicon wafer as claimed in any of Claim



53 group, perfluoroal kyl sul fonate group, nitrile group and a nonoval ent
organi ¢ group whose elenent to be bonded to Si is nitrogen. a is an integer
of from1l to 3. Each of b and cis an integer of fromO to 2. The total of

a, band cis from1l to 3. Furthernore, d is an integer of fromO to 2. e is
an integer of from1 to 3. 5 [COaim41/4leaning agent for a silicon wafer,
as clainmed in any of Claiml to Caim3, characterized in that the organic
sol vent i heyal ¢ i.cys0l. : ' : [

cl eani ng :Jgéch?j 1?15? %;O% |eICikg%r%yl%%gﬁ?oqiaggﬁc%g{;}%%ﬂ&%Feﬁrﬂf\rgﬁg %‘&gE%% ét%gé% aim
4, charactghiae@nkNattbale 3o SR cloas@hy eitfuid Fréhehal aatadd 6f 80 véRbnand a
hal ogen-cont ai ni ng uni nfl ammabl e sol vent. [C ai m 6] A cl eaning agent for a
silicon wafafer, sisleabtibmedréatmemt seledtbdifrnni3he grougicansasingaiaremtiatinged by
being able to set a capillary forge of. a syrface of the recessed. portion at
51" W 2 The pedacipliihe BOKURERGT Pl Jltie AL LRE RGO T HED, BEdoseq

portiop of the. surface o iljcan wafer which surface is provided with
wat er EepéFP8%3§ hf lﬁgn&g%é§i$%%%§@ént cleaning liquid. 20 [Caim7]A

wat er-repellent cleaning liquid for providing water repellency, during a

cl eaning process for a silicon wafer having at its surface a finely uneven
pattern, at least to a recessed portion of the uneven pattern, the

wat er-repel l ent cleaning liquid being used during a cleaning process for
the 25 silicon wafer and characterized in that a water-repellent conpound
having a reactive noiety chemcally bondable to Si in the silicon wafer and
a hydrophobi c group, and an organi c sol vent containing at |east an

al coholic solvent are m xed and contained in the water-repellent cleaning
liquid. 54 1 to Caimé6, the cleaning nmethod being characterized by
including a step of conducting, after renmoving the cleaning liquid fromthe
surface of the silicon wafer, at |east one treatnent selected fromthe
group consisting of irradiating the surface of the silicon wafer with
l'ight, heating the silicon wafer, and 5 exposing the silicon wafer to
ozone.



