DESCRI PTI ON SI LI CON WAFER CLEANI NG AGENT TECHNI CAL FI ELD [ 0001] The
present invention relates to a technique of cleaning a silicon
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cdeart [0002] Semiconductor devices for use of network or digital household
electric appliances are being further desired to be sophisticated,
multifunctional and low in power consumption. Accordingly, the trend toward
micro-scale circuit pattern has been developed, with which micro-sizing of
particles is advanced so as to cause reduction in production yield. As a result of
this, a cleaning process for the purpose of removing the micro-sized particles is
frequently used. As a result of this, 30-40% of the whole of the fabrication
process is occupied with the cleaning process.

[00038] On the other hand, in a cleaning conventionally performed with a
mixed ammonia cleaning agent, damages to the wafer due to its basicity
becomes more significant with the trend toward micro-scale pattern circuit.
Therefore, alternation with a dilute hydrofluoric acid-based cleaning agent is
taking place.

[0004] With this, the problems about the damages to the wafer due to
cleaning have been solved; however, problems due to an aspect ratio increased
with the trend toward micro-scale pattern in the semiconductor devices have
become 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 thereby largely reducing the yield, which has become a
significant problem.

[0005]  The pattern collapse occurs at the time of taking the wafer out of a

cleaning liquid or a rinsing liquid. It is said that the reason thereof is that a

difference in height of residual liquid between a part of high aspect ratio and a
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[0007] P=2XyXcosB/S (y: Surface tension, 0: Contact angle, S: Pattern
width).

In Patent Document 1, a technique of replacing water as a cleaning
agent with 2-propanol before the gas-liquid interface passes through the
pattern is disclosed as a method of decreasing y to suppress the pattern
collapse. This method is effective for preventing the pattern collapse; however,
a solvent having small y such as 2-propanol and the like is also small in normal
contact angle, which results in the trend to increase cos0. It is therefore said
that there are limitations to adaptable patterns, for example, an aspect ratio of
not higher than 5.

[0008]  Additionally, in Patent Document 2, a technique directed to a resist
pattern is disclosed as a method for decreasing cos6 to suppress the pattern
collapse. This method is a method of setting a contact angle to around 90° to
bring cosB close to 0 so as to reduce the capillary force to the limit thereby
suppressing the pattern collapse.

[0009] However, the thus disclosed technique cannot be applied to the
present object, because: it is directed to the resist pattern or for reforming a
resist itself; and a final removal together with the resist is possible so as not to
need the assumption about a method of removing a treatment agent after
drying.

[0010]  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 in the

semiconductor devices. However, any of these needs a treatment in a closed
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to provide a silicon wafer cleaning agent for improving a cleaning process
which tends to induce a pattern collapse, in a method of producing the silicon
wafer having at its surface a finely uneven pattern.

[00183]  According to the present invention, there is provided a cleaning
agent for a silicon wafer having a finely uneven pattern at its surface (a first
cleaning agent), the cleaning agent being characterized in that: the cleaning
agent contains at least a water-based cleaning liquid and a water-repellent
cleaning liquid for providing at least recessed portion of the uneven pattern
with water repellency during a cleaning process; the water-repellent cleaning
liquid is a liquid comprising a water-repellent compound having a reactive
moiety chemically bondable to Si element in the silicon wafer and a
hydrophobic group, or a liquid in which the water-repellent compound of not
lower than 0.1 mass% relative to the total quantity of 100 mass% of the
water-repellent cleaning liquid and an organic solvent are mixed and
contained thereby presenting a capillary force of not higher than 2.1 MN/m? on
the assumption that water is retained in the recessed portion formed at the
surface of the silicon wafer provided with water repellency by the
water-repellent cleaning liquid.

[0014] The water-repellent cleaning agent may be a cleaning agent for a

silicon wafer (A second cleaning agent) characterized in that: the
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[0016] In the cleaning agent of the present invention, each cleaning liquid is
mutually independently used, and at least two or more kinds of the cleaning
liquids are used.
[0017]  Additionally, in the present invention, water repellency is used in a
sense that a surface energy of a surface of an article is decreased thereby
reducing an interaction between water or other liquid and the surface of the
article (an interface), such as hydrogen bond, intermolecular forces and the like.
The effect of reducing an interaction against water is greatly exhibited;
however, the effect of reducing an interaction against a mixture liquid of water
and liquid other than water or against liquid other than water is also exhibited.
With the reduction of the interaction, it is possible to increase a contact angle
of the liquid to the surface of the article.
[0018] In cleaning the silicon wafer in which an uneven pattern is formed,
the water-based cleaning liquid contained in the silicon wafer cleaning agent of
the present invention is provided to the surface of the silicon wafer upon
making the surface of the silicon wafer a surface having a finely uneven
pattern. Additionally, the water-based cleaning liquid may be provided to the
silicon wafer through providing the water-repellent cleaning liquid to the

silicon wafer. Furthermore, the water-repellent cleaning liquid and the
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patter [0021] In the present invention, the water-repellent compound has a
reactive moiety chemically bondable to Si element in the silicon wafer, and a
hydrophobic group. With this, the surface of the silicon wafer can keep the
surface condition provided with water repellency. Since the surface of the
recessed portion is under the condition provided with water repellency, the
capillary force at the time of removing or drying the cleaning liquid is so
reduced that the pattern collapse becomes hard to occur. Additionally, the
surface condition provided with water repellency can be removed by
irradiating the surface of the silicon wafer with light or heating the silicon
wafer.

[0022] If the water-repellent compound contained in the water-repellent
cleaning liquid is less than 0.1 mass% relative to the total quantity of 100
mass% of the water-repellent cleaning liquid, the surface of the recessed
portion cannot sufficiently obtain the surface condition provided with water
repellency.

[0023]  Additionally, the water-repellent cleaning liquid in the first cleaning

agent contains a mixture of: the water-repellent compound having a reactive
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cl eani ng agent of the present invention is provided to the surface of
the silicon wafer upon naking the surface of the silicon via: & a
surface having a finely uneven pattern. Additionally, the water-based
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t he wat er - hegely eiengicaBRi MGnHbEW dot Git BRséht cen thaf %fhcon wafer and a
Furthernore, the water-repellent cleaning |liquid and the

wat er - bas e@ydr@dmhxg groei ate thhe ovgated sp emlﬁ,es%th&ta@@ sjfrf@qrﬁeoﬁ the zespssed

fer while b bstit ut tha cl d diff
Uhe- ¢l eani RE TPRGFBSCaIEFo 0L UHLF PR BR WronEoret AP PEPe AT ghR K Wter

TS Seaungs i pecasen o of e s ce ot e,
present, i m]u onAdditionally, the sgcor?d cleaning agent is those of which element to
be bonded to nitrogen is carbon. With this, the surface of the recessed portion
can readily reach the surface condition sufficiently provided with water
repellency with a short period of time.
BRIEF EXPLANATION OF THE DRAWINGS
[0025) [Fig. 11 A schematic plan view of a silicon wafer 1 of which surface
1s made a surface having a finely uneven pattern 2.

[Fig. 2] A view showing a part of a-a’ cross section of Fig. 1.

[Fig. 3] A schematic view showing a condition where a cleaning
liquid 8 is retained in a recessed portion 4 in a cleaning process.

[Fig. 41 A schematic view showing a condition where a water-based
cleaning liquid is retained in the recessed portion 4 which is under a surface
condition provided with water repellency.

DETAILED DESCRIPTION

{0026] A silicon wafer cleaning agent of the present invention exhibits an
excellent pattern collapse-preventability. When using the cleaning agent,
therefore, a cleaning process of a production method for a silicon wafer having
a finely uneven pattern at its surface is improved without reducing throughput.
With this, the productivity of the production method conducted by using the
silicon wafer cleaning agent of the present invention on the silicon wafer
having the finely uneven pattern at its surface is increased.

[0027] The silicon wafer cleaning agent of the present invention is adaptable
to uneven patterns with increasingly growing aspect ratios, for example, an
aspect ratio of not less than 7, and allows cost reduction in producing more
sophisticated semiconductor devices. In addition to this, the agent is adaptable
without considerably modifying conventional apparatuses, which results in

adaptable one to production of various kinds of semiconductor devices.



conprised of two or nore cleaning liquids and is used while
substituting a cleaning liquid retained in the recessed portion with
another cleaning liquid. The cleaning agent is finally renoved, from
the surface of the silicon wafer, [00201Vhile the surface of the
silicon wafer is cleaned by the cl eaning‘agent for the silicon wafer
of the present invention, the recessed. portion of the. surface of
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the recessed portions may be substituted with a cleaning liquid B different
from the water-repellent cleaning liquid. Additionally, it is more preferable to
take a step of retaining a water-based cleaning liquid comprised of a
water-based solution in the recessed portions through the substitution with the
different cleaning liquid.
[0080]  Additionally, the step of removing the cleaning agent includes:

a step of removing the cleaning liquid retained in the recessed
portions from the recessed portions by drying; and

a step of irradiating the surface of the silicon wafer with light or
heating the silicon wafer.
[0031]  Additionally, in the step of removing the cleaning agent, between the
step of removing the cleaning liquid retained in the recessed portions from the
recessed portions by drying and the step of irradiating the surface of the silicon
wafer with light or heating the silicon wafer, there may be taken: a step of
providing the cleaning liquid B to the recessed portions and then removing the

cleaning liquid B by drying; or a step of retaining the water-based cleaning



[ 0024] Addi tionally, the second cleaning agent is those of nch el enent
to he bonded to nitrogen is carbon. Wth this, the surface of the
recessed portion can readily reach the surface condition sufficiently
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bring the surfaces of the recessed portions into a surface condition of
homogeneous water repellency, while a smaller content thereof tends to make
it difficult to bring the surfaces of the recessed portions into a surface condition
of sufficient water repellency in a short time. Therefore, the water-repellent
compound is preferably 0.2-50 mass% and particularly preferably 0.2-30
mass% relative to the total quantity of 100 mass% of the water-repellent
cleaning liquid.

[0033] In a second cleaning agent, the water-repellent cleaning liquid is a
liquid in which the water-repellent compound of 0.1-50 mass% relative to the
total quantity of 100 mass% of the water-repellent cleaning liquid and an
organic solvent is mixed and contained. Incidentally, a larger content of the
water-repellent compound tends to make it difficult to bring the surfaces of the
recessed portions into a surface condition of a homogeneous water repellency,
while a smaller content thereof tends to make it difficult to bring the surfaces
of the recessed portions into a surface condition of sufficient water repellency
in a short time. Therefore, the water-repellent compound is preferably 0.1-50
mass% and particularly preferably 0.2-30 mass% relative to the total quantity
of 100 mass% of the water-repellent cleaning liquid.

[0034] 1In the second cleaning agent, the organic solvent contains a
nitrogen-containing solvent whose element to be bonded to nitrogen is carbon.
With the nitrogen-containing solvent, a reaction between the water-repellent

compound and Si element in the silicon wafer is accelerated so as to



10027] The silicon wafer cleaning agent of the present invention is
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[0086] The nitrogen-containing solvent is preferably not less than 0.0005
mass%, more preferably not less than 0.001 mass%, much more preferably not
less than 0.005 mass% relative to the total quantity of 100 mass% of the
water-repellent cleaning liquid. The nitrogen-containing solvent of not less
than 0.0005 mass% can readily bring the surfaces of the recessed portions of
the silicon wafer into the surface condition of sufficient water repellency in a
short time.
[0087]  In the pattern forming step of making the surface of the silicon wafer
a surface having a finely uneven pattern, a resist is applied to the surface of
the wafer first of all. Thereafter, the resist is exposed through a resist mask,
followed by conducting an etching removal on an exposed resist or a unexposed
resist, thereby producing a resist having a desired uneven pattern.
Additionally, the resist having the uneven pattern can be obtained also by
pushing a mold having a pattern onto a resist. Then, etching is conducted on
the wafer. At this time, recessed portions of a resist pattern are etched
selectively. Finally, the resist is stripped off thereby obtaining a silicon wafer
having a finely uneven pattern.
[0038]  Incidentally, the silicon wafer includes those on which surface a

silicon oxide film such as native oxide film, a thermal oxide film, a gas-phase

synthesized film (a CVD film, etc.) and the like is formed or those in which at



t he recessed portions may be substituted with a cleaning liquid B
different fromthe water repellent cleaning liquid. Additionally; it

is nore preferable to take a step of retaining a wat er - based cl eani ng
liquid conprised of a water-based SO|Ut'gﬁ the recessed portions

t hrough the substitution with the different cleanlng ['iquid.

[ 0030] Addi tionally, the step of renoving the cl eaning agent includes:

a step of nesmvhngaitthef ¢lseanbign |jaqtdich 1etaimediliddnt BRideeea&ESEdorming the
portions fromthe recessed portions by drying; and a step o

i rradiati ngieNengutface of the silicon wafer with light heating the

ol can ng. 400K DARAHAANG ST B REy RGIok HOTRPARH net | Ty @ more
retained 'raoh@%neﬁ% aqdm LhenRs attug asmtb%c Eﬁﬁsﬁﬁ% @8?&15?&%(\)Ag¥rov1de its

drying and t step |rra irating e sur i con

with hght eurheat bhgsiliben shhdeensieber oxideeetiay ber takellendy. SRR fafer
providing the cleaning liquid B to the recessed portions and. then

renovi ng t lsemairessdi QfngQ @pumprB coyrmpinpgindndes tlstseprowhieh aimiang at filen of
ter-b d.cl d of th b | t

e T cooee Sl aEr e stidlyy yﬁs&%&% (Aol @A T & Gherrant oxide AT,

fol | oned bﬁ ggﬁpaébrgntﬁgs&@a%tmb ghﬁﬂ%fh@) Qttdtex Gl ngmLQﬁ &} Rose in

first clea en e water-repellent’cleaning |qU| I qui

conpri si ng whivatarienepeljantof ¢ommoevish bavieng 18.toneaclicve Jmi/et yilwdhcdkide
can chemcally hind wwth Si elenent in the silicon wafer and a
hydr ophobi ¢"kfito{psmisg télelliléﬂ)ie@ pattwm ch t he wat er-repel | ent conpound

or not les mass% r el t uant.i t of 0 ss%
of the wat 196%@pelf‘ O é%nt a?fhc? aweoflgk?ﬁﬁcwé TV Ent U HPES ﬁ%&g &
and cont ai pggly hneAant altbyn, @e!aﬁﬁ%%f m@tsatlfaceflst&%mt@& lﬁ%%' tlgent)f the
conpound tends to make it difficult to bring the surfaces of

recessed povdteomspélidot a;lemmhgchquuhdfdllamed)fb_w;harmgmmgushmmeter repellent

repel l ency, while a smaller content t hereof tends to nake it
di fficult tctﬁ@rmﬁdquﬁg%u neegsorot hey hge r dewsyen 1pshe iteprsspAtmeraions have a

surface con am an ﬁI aﬁ&f fol G{H BX\REO%{S e!;lllgregrcél a é%cg rBH(Q)r %Btahgggtfollapse

Ther ef or e, er-re e orrpoun s preter

and particud 86 |b)é dusetfyemwc&dOTBeaﬁlmsf/atrtet@t@, ﬂ@f1h@dta{l,'9s}§(9ifﬁl1n Fig. 1 and
quanttyof 100 mass % of the water-repellent cleaning |iquid.

[003311I n &igegofidz.cl ear nghagenic, plehevinat of ar epebhennfcal tanhoge surface is

liquidis
q made a surface having a finely uneven pattern, while Fig. 2 is a part of an a-a’

cross section in Fig. 1. A width 5 of a recessed portion is defined by an interval
between a projected portion 3 and a projected portion 3, as shown in Fig. 2. The
aspect ratio of the projected portion is expressed by dividing a height 6 of the
projected portion by a width 7 of the recessed portion. The pattern collapse in
the cleaning process is easily induced when the recessed portion has a width of
not more than 70 nm, particularly not more than 45 nm and when the aspect
ratio is not less than 4, particularly not less than 6.

[0041] 1In a preferable example of the present invention, the surface of the
silicon wafer is made a surface having an uneven pattern, followed by
providing the water-based cleaning liquid on the surface and then retaining
the water-based cleaning liquid in the recessed portions. Then, the water based
cleaning liquid retained in the recessed portions is substituted with the

cleaning liquid A different from the water-based cleaning liquid. Preferable



liquid in which. the water-repellent conpound of 0.1-50 nass%
relative to the total quantity of 100 nmass% of the water-repellent
cleaning, liquid and an organic. solvent is m xed and contai ned.
Incidentally; a larger content of the t.er-repel | ent compound tends
to make it difficult to bring the surfaces of the recessed portions

into a Suréﬁé&ﬁPfe‘%n@ thORi@Erent NOIBYSNBOER] WoL RS thePehtaPthe Mt 8eBning
smal |l er content thereof tends to make it difficult to bring the

surf aces ofiqultespecisdbd therpiesans invdrdian; watelase wgadid $@menf; a mixture

sufficient ter repellency in a short tine. Therefore, th _ )
wat er - r epe? L BIBBHHEE | tb?%ﬁ épémtylee,stlon%@rrpaeg&}% ﬁﬁﬁxd@mlhahwnd

pret hrabl y,((2:3 tmﬁﬁ%’ r§leAl k€ nghgkﬁgﬁeflﬁ);gg ﬁﬂ@ﬂ“&é{ngf ojcglgrm%%%%" the

of the water-repellent cleaning 1iqui I'n the second ¢l eani ng

agent, thewarganipelisekVverRhntONt Rl aNitheodeliecant dleanigs BOLYENA, it is
whose el enment to be bonded to nitrogen is carbon. Wth the

ni t r ogen- corafeiatiladgo sobsiatintakibe déeweencleheingdienidrapath éhe wateroeppBent
surface condition,of .sufficient er repell ency,.i.n. hort tine.. .
Addi t 1 onal 1aning el orRfel o copitiam & e r Hise Rt FiAgiasi apd A is
is at |easf.iqne el - group consisting of tertiary am de,
tertiary angl ne, 1 ﬁﬁ?gﬁdzﬁg{?rléo ?'done and conpounds havi ng pyridine
ring. [003Bj0g@ahcr etdlienanplyeexafntloe of thogergaaoat eilnémg snkvehtprfeable
NAT- di et hyl f orrnam de, N, N-diinethyl acetam de, triethyl am ne,

tripropyl agFHEplasnet Hv diffenept itanipgeliapyl Adiane hispedibeas, ssttnse ethers,
and the like. In rticular, A, Ndjinethyllqrman de and

ety - - SRl RiRE M Pate g sebERe” HILERT 238G splyopsem alsonols
i nsol ubl e gl givbenrs P addMctdcAar hﬁﬂ@éér@%n&qmp%i&qvemo%@dmfe like.
nitrogen-contai ning solvent is preferably not |ess than 0.0005 nass%
more pref eld@ddy notddiessallyant @s QATtivakedy protdrabby ehpt eher alaniaciolvent,
| ess than 0.005 nass%relative to the total quantity of 100 nass% of

the wat er - Pepell | iterabéamxagpleguiiathe frdenent r @gaRLio AR Hifg 15 Gy @Rtotic

f | han. . 0. 0Q0 i % di | . h f
Cecessed et PEnsmE (hom @Rt ton R Hhe n e Eah 0l SMERERE0 B Spiont.
suf fici entyyagekta1gpehd edifr)btiicns&veﬁﬁolgﬂeatrﬂ.sr@otlh_[ QR34 HoRict pSlar PRIV &N and an

form ng step of maeking the surface of the silicon

aprotic nonpolar solvent. Examples of such an aprotic solvent include
hydrocarbons, esters, ethers, ketones, halogen-containing solvents,
sulfoxide-based solvents, derivatives of polyhydric alcohol having no hydroxyl
group, and nitrogen-containing solvents having no N-H bond. Examples of the
hydrocarbons are toluene, benzene, xylene, hexane, heptane, octane and the
like. Examples of the esters are ethyl acetate, propyl acetate, butyl acetate,
ethyl acetoacetate and the like. Examples of the ethers are diethyl ether,
dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and the like. Examples
of the ketones are acetone, acetylacetone, methyl ethyl ketone, methyl propyl
ketone, methyl butyl ketone and the like. Examples of the halogen-containing
solvent are: perfluorocarbons such as perfluorooctane, perfluorononane,
perfluorocyclopentane, perfluorocyclohexane, hexafluorobenzene and the like;
hydrofluorocarbons such as 1,1,1,3,3-pentafluorobutane,
octafluorocyclopentane, 2,3-dihydrodecafluoropentane, ZEORORA-H
(produced by ZEON CORPORATION) and the like; hydrofluoroethers such as



a surface having a finely uneven apattern, a resist is applied to the
surface of the wafer first of all. Thereafter the resist is exposed
through a resist na foll owed by conducting an etching renoval on an
exposed resi st or a unexposed resist, t eby producing a resi st

havi ng a desired uneven pattern. Additionally, the resist having the
uneven pat an 0 i ned .al p L ng .o

pattern on%’gertg y?eslin egr ?l,uO%ule ﬂ?uge)i{lc h?’%ﬁg&%/s llé%%ct Z’& gglﬁglf%gﬁng e?t.he,&t sthyl

this tine, pepteseedtPOrdthenNseByla pbesiSloi RS Ntdke ATABIKLIN AE-3000
selectively. Finally; the resist is stripped off thereby obtaining a

si li con waf@rodvayd by st dllaygs Ghevienl. ) af dver 1 FEODBY], iNMorcadd 17200t Nevec
silicon wafer includes those on which surface a silicon oxide film

such as nat’PVe brvere 7600 fany éxpaedydedRy aVghempisds andiidrel lalaat chlopegegbons
foit tt iS, to b ili i de.;wh f i t he.

o 112 unoren, pali e et .06, 811 680 orl deuhn, hermiag he,. incvep

nor e COMpORRMSforRChHAI 118 Bké;l QAR AN BEaHonlsCARHOXd A&hlbtodifluoromethane

possible to provide its surface of silicon and/or silicon oxide w

repel | encyandhe waftbe conprlilsed of thyelrochlopsfencoopdrent s i ncéudes as
those o thigh surface a filmof shcon and/or silicon oxide such as a
native oxi del flidlero 2 2thddmenietlueopidpanea ga. s- phase synt hesi zed

film fa fil et g. dthe like is forned_or .t ho in which at

| east a parts Biehbs brieh & Bt CaPIPEIUE e o1 | | COHORRG o Cut I BRtopene,
oxi de Vmenlf%ﬁf@hrl‘ ot§,§,31€'qu¥1?&08?6l}§e${en' [ £040] ‘ﬁfl(% er F‘fﬁlé! ng ggﬁﬂuoroethers;
surface of ‘he silicon’wafer a surface having a finely unevén

pattern, c @ﬁﬂDﬁMF@fye?th@r§ uhldage like. CoREMel b thet RBf0LS@ BhsbA®olvents are
wat er-repellent cleaning |iquid> fail owed by renoving the

wat er - r epetirenathydl eafivxige| auoditdheblikdr Wxagnplest die the kierivadwensenf pdlyhydric

the recessed. portiaons hav small width and projected portions have
a large asBEC@POfaha‘GpganﬁaﬁyarWYéogr%}&ealies acatate luser GOMPAYEEH, such as

Thepat tern ;i fin s _sho in.INFig., 2. Fig 14s schemat,i

ol an-vi ow SIS B o fEaRRR e ifae b RinseeliRal PRERERBIEYT ether
having. a Lidgky RSV ' ' 5tal 1h

cross section in Fi g‘:ﬁ{lé ﬁiké\nle%? ﬁolgﬁgileeécﬁ?ggg%tggg, %é’?’? :I%rhéjlélsy% 1e?kl1 (ﬁleoén ethyl
by an int eetladr dretaeeprepyieap etyed npoiddtanl 3tlancha@tater Dhdchedikpofkiadiples
3, as'shown in Fig, 2, The aspect ratio of the projected portion is
expressed bY dihA di mgregeme¢qtini®ngf tedventsj eb@&dng)ornbon?‘ﬁﬁa Woddh are

T e SRRas. AR s RN TRUBES el e ShE G yptidone
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[0041. ], bl ppexdnpl eigof3 iie, RERSQRtic MeeNtdhekinkhe Swdaiase Whetd& cleaning
liquid 8 is retained in the recessed portions 4 in the cleaning process. A silicon
wafer of the schematic view of Fig.1 shows a part of the a-a’ cross section in Fig.
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.
[0045] In a case of providing the water-based cleaning liquid through the
substitution of the water-repellent cleaning liquid under a condition

temporarily retained in the recessed portions 4 with a cleaning liquid different

from the cleaning liquid, the water-repellent cleaning liquid retained in the



silicon wafer is made a surface ha.ving an uneven pattern, followed
by providin.g- the water-based cleaning |liquid on the surface and
then retaining the water-based cleaning liquid in. the recessed
portions. Then, the water based. cleani liquid retained in the
recessed portions is substituted, with the 11 exanples of the

different cleani [.quid.A are.the watersrepell.ent,.cl. ing |igquid
Specitiod Byene Breadih finsBheibiea iR Bt St ganiELad ifered hom che
m xture of ; J X : : e I ] ki :

o “aci d. . Ariear f e HE R MRt oA ol [ g uid B
usin. g othafe:t h/&meﬁ'bﬁsé’&ﬂtc@é’aﬂiﬁgelihﬂf&s 6b19pRised bf Quinthtasbhbed solution; an
different clean:liquid preferable to substitute the different

cl eani ng | brgamdc Aolventt; &heixtatenf thpeldtentbackdahemynigi lguid andetheaorganic
condition where the different cleani ng1 noinid Ais retained in )
recessed p&?ivpBhs? Mixtoruof Naerer pphaltl lpasteqnener agowt ke of gal calkali and
sol vent, one of, preibr e anpl e f the different cleaning |iquid.

a are hyarSeariBite sl b oEKE! ParSetlashorbe WarEhaR et e dtid, the
sol vent s, i de- | ' i fys o

pol yhydri caa_%rgﬁp%?v%ﬁfggg%%- %ggﬁlgrlep%gﬁgﬁvégenﬁéée\gggleﬁzn?iH%%%ud and the
10043. 1 . Aoglidriti eflakhy, id tpreferP@Id.i @deaﬁbﬁan?,efveh@b! fisidpatothR® than the
organi ¢ solvent, one of preferable exanples of the different cleaning
liquid A mstanbaprdticansog teniid sisnde differaat eteamepgllicent B onpoupcfesable

reactive with gr otic solvent. Incidentally, the aprotic solvent neans
both an apfotibstpeitartheotloamingahauignwaidy thd wateripased clegmestliquid under a

Exanpl es of such an,aprotic, solvent inchtde_ hydrocarbons, esters, .
o or s ko AR i Seaaing Ryt UM BRrlRs Beraebagibaning liquid
sol vent s, %efét}iﬂiéd’ﬁxstﬁér q%gérﬁ’gwfor@ &'ohol havi ng no hydroxyl group,

and nitrogen-containi ng solve aving no N-H bond. Exanples of the
hydr ocar bofisy g€ t&&&'ﬁ%alt&er@}%ﬁ{)le%yt)?%’e Bex@ne, sHeRhANoBe QF!FAFerable
an.d the |1 ke. Exanples of the esters are ethyl acetate, propyil

acetate, butyhpaacthities deffeyntadesvagelighel ) chret gddockebortsx agpéss edhers,
the ethers are diethyl ether, dipropyl ether, dibutyl ether,

t et r ahydr oketoares, : helagee-andaimieg| idoéverExanphldsxide -lase dk etobrastsar elcohols,
acetone, acetyl acetone,_ nethyl ethyl ketone, nethyl propyl ketone,_.

met hyl  but $eriRabgAS ohREYETIG aleohEy apprasnspnthalpgPeyeRt 8Rtdibsi lneg

I t : th b h fl t
per i 1 ti onniifd e, et TP GeO NI JEHENET RYSS ABS CPRFALBPBESRT oivleRs, hwsane,
nexat | yor ohenesne anthd ! ik IVALALLYOL 0EPAbRBSSUSh Ayl pctate prony

1,1, 1, 3, 3-pent al 'anr obut ane, oct al T'uor clopent a ydro
f 1 UOr opent angaZEQRApAlde 4Rt Bitly1pichd MR S 2RAt Yk 18t elxa Bl oS the ethers

perflutirobutyl ethér, ethyl perillionibutyl ether, ethyl

per f | uor oi sobhdigthyétchber, dASANLY]GLthNr AELRAPD e(lprrodenedyldyofdsahi d@ass and
Co., Ltd.), Neve HFE-7100, Novec H FE7200, Novae 7300, Novae 7600

(at* te prtudiee. byxampledriof dbtp hadneReard keetats, graetalekeives ushtlad ethyl
tetrachki ronmet hane and the |ike; hydrqchl orocarbons such.

chl or of or nFaHE %eﬁeﬁyaéeroeﬁl Sptine dne it CRRG SN fhe Be. Bxamples of

di chlercsl jfl ﬂgi(ggi_erﬁgéoh@?%@%ﬁs:p yé)rrféea ﬁ%%rfﬁfp%qgg%ryogﬂsﬂsgc%f Ly 8E§ﬁ§(r)rhooctane,

en. s SUCh. as |, or opr
, 3- pent af i DOrMRBRBASHeCh! Or 03,3, Bat Rl cpLarsopene, perfluorocyclohexane,

hexafluorobenzene and the like;  hydrofluorocarbons such as
1,1,1,3,3-pentafluorobutane, octafluorocyclopentane,
2,3-dihydrodecafluoropentane, ZEORORA-H (produced by ZEON
CORPORATION) and the like; hydrofluoroethers such as methyl
perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl ether,
ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi Glass



1"2-dichloro-3,3,3- ifilaropropene and the like; perflutiroethers;
perfl uoropol yethers; and the |ike. Exanples of the sul foxi de-based
sol vents are dinethyl sulfoxide and the |ike, 'Exanples of the
derivatives of pol yhydric al cohol havinglﬂo hydr oxyl group are
acet at e- based conmpounds such as diethyle.nc. glycol nenoethyl ether

tate, ethyl | ] t ayl ) t | | .
rononey "SI TGPIRLALTE. ETSADE, Sl P PR M P, DSl o
propyl ene ghyaakedi Myt i 1yl Lathher) acstat ech%ndhg('a,e 'dh'f@rocgi‘@(gﬂé eSufh  as
t he nitrogen-containing solvents having no N-B bond are Ardi al e

t hyl | or m a tatriadhbrdpdebphacerddating 1ide, hivdagitylocdobind s byl @Modgform and
pyridine and the like. [00441Fig, $ is a schematic view showi ng a
condi ti on wherkke: ehleapilnerocaguirgs 8uils asetlaimMedbdifiubtenedoessechd the like;

ortions 4.in the. c]eanin rocess. A silicon wafer of the schenatic
\F;i ew of Fi &Y%reﬂﬁﬁkogéuw%lgf&pﬂ& hBIRVES ¢l dsaicd@er 2.8 rpitaliuorgpropane,
the tinme ofy & | eanin ocess, the water-repell.ent cleaning liquid
R S R L S M £ A
formed. At lti”d%ﬁlbfWB}’?igﬁfifﬁWﬁ'b?ﬁ%e cl eaphng li,gui d i1, br O%Q'hu'o%egchers;

a condition retained at |east I recessed portions 4 as shown |

Fig, 3, thewrelyoionpdydthagswaikthd BRel Eeagypléoof 18 sEtes8ebaRRHIJMNSHts are
4, [00,15]In a case of providing the rater-based cl eatthrough the
substit i oniekethile swiosrde epel Ithat likkedhiangplesquf dhandewhalcondi hiahanol,
Ejle][r%) e?g;? t %Ij_lgggoll, np%o?)%nroic%iiaer?ol?oertthly?ennse 4g13Vr\::otl,h I%SF;}rggghggiolll gg:idthe like.
Examples of the derivatives of polyhydric alcohol are acetate-based compounds
such as diethylene glycol monoethyl ether, ethylene glycol monomethyl ether,
ethylene glycol monobutyl ether, propylene glycol monomethyl ether, propylene
glycol monoethyl ether, diethylene glycol monoethyl ether acetate, ethylene
glycol monomethyl ether acetate, ethylene glycol monobutyl ether acetate,
propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether
acetate and the like. Examples of the nitrogen-containing solvents are
formamide, N, N-dimethylformamide, N,N-dimethylacetamide,
N-methyl-2-pyrrolidone, diethylamine, triethylamine, pyridine and the like.
[0048] An example of the water-based cleaning liquid is water, or one
containing water with which at least one or more kinds of an organic solvent,
acid and alkali is mixed as its main component (for example, a water content of
not smaller than 50 mass%). Particularly, the use of water for the water-based
cleaning liquid increases a contact angle 0 formed between the surface of the
recessed portions provided with water repellency by the water-repellent
cleaning liquid and the liquid, so as to reduce the capillary force P and further
to make stains hard to remain on the surface of the wafer after drying, which is
therefore preferable.
[0049] A schematic view of a case in which the water-based cleaning liquid
1s 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



recessed portions 4ted with the cleaning liquid B''"erent fro

wat er-repell ent cleaning liquid. Exanples of the different cleaning
liquid B are water-based cleaning |iquids conprised of a water-based
solution; an organic solvent; a m xture t he wat er - based cl eani ng
liquid arid the organic solvent; a m xtu of these and at | east one

or more kinds, %E F‘?%aég g\ké?gﬂ&u@%@ th&'h faa%}(?sgtsgcﬁ?ﬁ 1}1% kfhe surfaces of the

Particularly cleanin € or an| ¢ solven

the m xtur ee&fssén@ombﬁé 4basedoq Eﬁﬁit@ga suﬂbktdjccﬁfditlbhel(pﬂiﬂﬁﬂildéd w1th water
solvent is preferable. Additiona fgmwhen usi n ot her than the water

based cl eanfpellé¢nayubd e whserdidifed tCQDIlletamdlg hegudth n jumit ghemically

Cl eant ng | PaRADLy sk the cRERCEicGR g 4O dHEV i g TGP o ey is kept
than the VV{Z‘)tneI:r e%ﬁ*%ice% 's{iﬁc&ﬂ Wé'féjr dverl ﬁ%eh%% dvgtetrtl?ageﬁccq§§ﬁ g liquid 9

portions 4. [00461Api es e organic so t one of preferab

exanpl es ofis t«d&eodedfﬁrxﬂmheebmé&@okhqus(4 B, are hydrocarbons,

esters, ers ket ones, hal ogen-contai ning solvents, mlfoxi de- based
sol vent s O%(Nol sT a@ﬂpubanyv gCeofs, smtgbnﬁﬁsn@lmm%ﬁmt the surface of recessed

ni t r ogen- cont | n| nd the.l | ke.. [004 th

hydr ocar bon’é’r Pgs #13%‘ h%ﬁ?é‘f?é‘ w)? %‘gfa e&”é‘ﬁ%gx(ﬂg‘}éhinv eScrteQﬁgency by
and the |ikge v@%@%b é]léﬁt él@@nﬁ&tl?diéldaiﬁ Bidwdceasst féﬁlorﬁrﬁﬁslshown in Fig.
acetate, butyl aceta ethyl acetoacétate and the Exanpl es of

the ethers 4a'rsebnb1g}ityintetﬁher suidhpr opyditetrhéd, adid Bhbylwaetehes, retained in the

t et rahydr ol ur an, d| 0. xane and the like. Exanples of the_ketone
acet one; ac?é?%ﬁlsa derbras, reiRyablemgf gﬂ@éﬁ%‘n@‘arﬁrgthMNﬁ‘Pop&calPéﬁB %orce of

met hyl butyl . @gg@% and, EereMN}ﬁ?Z %i{)b@%%s é)f&e}rp%oﬁg]}? uﬁﬁ‘ﬁcu t_to occur, and

' cont ai ni ngsol are, p uor ocar nons as per or oec

per f1 uor on@ReefBR REpidfLMIE] AYaltapentaRehAehfdnkoNocyied @épﬂms}eforé@nfékes
a flu orob e n ze n eandthelike; hydrofi uo roca rho ssuchas

1,1, 3, 3. -péhe abahmemnluullapsm,fm:tﬂmﬁ'l didfioaly clooperurt sanghat2ilg capillary force is
-~ di hydr odecal I ue, r pen ZEORGRA- H pr oduc CORPORAT,
and the nu@@r IR SR T BT %t%&ﬁqg’ér’fmﬂ @%@oﬂf%ﬁﬁp\gly not

cLTer, ot B oL M €l B RGBT BPULY MG e

1.4 0.0 MN/m? as close as possible by adjusting the contact angle to the cleaning
liquid to be around 90 °.
[0051] Additionally, in the water-repellent compound of the water-repellent
cleaning liquid, having the reactive moiety which can chemically bind with Si
element in the silicon wafer and a hydrophobic group, the reactive moiety is
exemplified by those who can react with silanol group (Si-OH group).
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(CH3)COCHj,
-N(CH3)COCF3, imidazole ring, oxazolidinone ring, morpholine ring or the like;
Si-O-C bond with alkoxy group, acetoxy group, trifluoroacetoxy group,
-OC(CH3)=CHCOCHs, -OC(CH3)=N-Si(CH3)3, -OC(CF3)=N-Si(CHs)s,
-CO-NH-Si(CH3)3s 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
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as tetrachl oroi ne,thane and the |ike; hydrochl eroearhons such as
chlorof orm and the like; chlorofluorocarpons such as

di chl oredi fl uororaethane and the like; hy d rechlorell 1); Oen ar

bons such as,d, hhveiehones ; ardl aRE BoftLhk ¥rBup havi -F
1,1, 2,2, 3§-%dpentévafgieuggg%craggggﬁrc%ﬁgr@3%, 38)?63%?111u8?%pr o%gi 'Pg aving C

sul f oxi de anddt Bech kkeateExappllesat@oholisd & & setfhlgnebet et Hanelactive moiety
propanol , butangl, ethylene glycol, 1,3-propanediel and the like -
Exanpl es ofvlth&llaspl grtun ek ao‘ﬂﬁﬁ% pmﬁdHY@r&? ¢BRAGIMEIEE RldpER éll%@@eﬂhcon
conpounds i.et ene. ol hyl e , et

ronomet hyl “ATREES A8 R I b1 sanac ot Skt TRl Sy Plet GRrough

monomet hyl sRbReke bBhAPYWiIEREhEH, Vi€ YechRIcEBIRYIbIE D @bat dhelhytane ogkNEbater
nmonoet hyl ether acetate, ethylene glycol nenonetlivl ether acetate,

et hyl ene gWitlolhywwnpbohicygroetplke thawdtyatBowpro pyileriaggthe ohpbmonéirhgiin a
et her acet a.he, etpr opyl ene gl ycol nonoethyl ether acetate and the |ike.
Exanpl es of2PHe 1’ r ogen- cont ai ni ng sol vents are fornanai de,

Nt hyl 2. STV | G T Ry A e P et Ry e e, ™ B 2 sloamige g

l'i ke, [0048h4n texanpher-adpdihetwad@bohaselaeinganhagrdaictive dmideatdlemically
of one containrE water with which at | east one or nore kinds of an )
or gani ¢ soboedableats dlapldnzdkalin the miled wsfén sndathe doyenbabiq Boeup is

the Use of YREBICAoH §h iRk Brbaey <) B8 A0 U Pt essed (e ollbning
cont act anggﬁepalffgfm@agaﬂqy@q%t@%]surface of the recessed portions
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Now, each of R!, R2 and R3 is a monovalent organic group having
hydrocarbon group with a carbon number of 1 to 18 or a monovalent organic
group having perfluoroalkyl chain with a carbon number of 1 to 8. X represents
chloro group, isocyanate group, alkoxy group, acetoxy group, trifluoroacetoxy
group, -OC(CH3)=CHCOCH;, alkylsulfonate group, perfluoroalkylsulfonate
group, or nitrile group. Y represents a monovalent organic group whose
element to be bonded to Si is nitrogen. a is an integer of from 1 to 3 while b and
¢ are integers of from 0 to 2, and the total of a, b and ¢ i1s from 1 to 3.
Furthermore, d is an integer of from 0 to 2 and e is an integer of from 1 to 3.
[0054] Additionally, it is particularly preferable that each of R! of the
general formula [1], R2 of the general formula [2], and R3 of the general
formula [3] is CmHam+1 (m=1-18) or CyF2n+1CH2CHz (n=1-8).

[0055] Examples of usable water-repellent compound represented by the
general formula [1] are: alkylchlorosilane such as Ci1sH37SiCls, CioH2:SiCls,
CgH13SiCls, C3H7SiCls, CH3SiCl;, CisH37Si(CH3)Clz, CioH21Si(CH3)Cly,



is retained in the recessed portions 4 provided with water repellency
by the water-repellent conpound is shown in Fig, 4. A silicon wafer of
the schematic 15 view of Fig, 4 shows a part of the at' cross

section El Fig. 1, The surfaces of the r?gessed portions 4 are

brought into a surface condition 10 provided with water repellency by

t he water-repellent conpound. Then, with an unit chem cally bondabl e

to Si, theGsihfacE€Ho0niti orC,HifOMsHEe, wi t KCHBLEiClepel | @ndisBECH3)2Cl,

kept on the surface of the silicon wafer even when th t er - base _
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repel | ency ey, AHECHBSATL,! epel | ent (glreapin9r)diow d. i-e. tOR,CRCEsRsCl,,
portions 4 as shown in Fig, 4 is brought into the surface condition

10 and t haCsWat@CHBECAINEH, i rICdtheCHeCERSEW RO 4, 0nC,Fgii e @Ha®i(CHs) Cl.,
not greater_ than 2 A capillar f not greater tha
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therefore | . dgi t | Dj

force make?‘? R(gglfﬁ??fz?rl @%@Fﬁ%p@@%&%@gﬂd @@%@%RQHSWQ and
the capill ghy fiRECr S PRktdroMpalibyt pécﬁﬁ?&@xb& Yil Ok hei1eadifbrd N&dub f the
M\ n2; nmuch nore preferably not greater than 1,0 M\ nR. Furt hernore,

it is ideakhbboe puntideedealpiordatand repli@d( EEhMNboPanas groose aldsoxy group,
possi bl e by adjusting the_contact angle to ean] liquid to be
around 00 POYUSEY ABEIUR. oHAfIRGroaCAtG e ShRer iégggﬁ%_n@imgﬂn dlbylsphlenate

can. cnent o8I TaP g aRPpRatly i fmale WOy Ao BREHIC R, Xl Bticulanly
hydr ophobi grgfeesiple dlaeHleackiow, iR bﬁatégmhﬂfaﬂkﬁxybgrdmse who

can react with albino! group (Si-OTt group). Exanples thereof are:
hal ogen gr &Qﬁ@uckEa@pr&‘?S)pé wreddp, W hicgtnep e Jenugommb urive repkesengid My the

bond with i socyanate qrouyp, am di | am up,; . ..
oot hi ocyasina rsupnt; o8 i R iRl (it ChDeBsi(cr, Cutts,
NT(CH C O ; e ring, oxazel idi i .
m)ﬁphol i ne@r?iHr?SE(CngS)%IEHe{%liwﬁgsggmb C bond i t h?’6&‘1%%3931%%%8,“01{3)2CGH13’
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the' 1 ke: & HoltTpONASCHR alkyl Sul 1 St up\ CHNFSI (CH),CHLGH, OF,
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monoval ent (RFGAMECH,Si(CHs):NHSi(CHs):CH2CH2CF 13,
CsF17CH2CH2S1(CH3)2NHSi(CH3)2CH2CH2CsF17, {CFsCH2CH2Si(CHs)2}N, and
the like. Particularly, disilazane where d in the general formula [2] is 2 is preferable.
[0057]  Furthermore, examples of usable water-repellent compound
represented by the general formula [2] are compounds where Y is -NHo,
‘N(CHs)2, -N(C:Hy)2, -NHCOCHs, -Ns, -N=C=S, -N(CHs)COCH;,
N(CH3)COCF3, -N=C(CH3)OSi(CHs)3, -N=C(CF3)OSi(CHz)s,
-NHCO-0Si(CHs)s, -NHCO-NH-Si(CH3)3, imidazole ring, oxazolidinone ring,
morpholine ring or the like.
[0058] Additionally, if water is present in the water-repellent cleaning liquid,
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



16 group 'nevi/ iy drocarbon group and a nonoval ent organic groupC F
bond. Such a water-rep:41nm conpound is to swiftly react at it with
silanol group of a silicon oxide |ayer of the uneven pattern of the
silicon wafer so as to be chemcally bonded to Si elenment in the
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[0(152. 1[ | TR3ShEEAnit02vent is acceptable if able to dissolve the water-repellent
compound therein; and preferably usable examples thereof are hydrocarbons,
esters, ethers, ketones, halogen-containing solvents, sulfoxide-based solvents,
alcohols, derivatives of polyhydric alcohol, nitrogen-containing solvents, and
the like.
[0059] However, using the aprotic solvent as the organic solvent since the
water-repellent compound is reactive with the protic solvent is particularly
preferable because water repellency becomes readily exhibited in a short time.
Incidentally, the aprotic solvent means both an aprotic polar solvent and an
aprotic nonpolar solvent. Examples of such an aprotic solvent include
hydrocarbons, esters, ethers, ketones, halogen-containing solvents,
sulfoxide-based solvents, derivatives of polyhydric alcohol having no hydroxyl
group, and nitrogen-containing solvents having no N-H bond. Examples of the
hydrocarbons are toluene, benzene, xylene, hexane, heptane, octane and the
like. Examples of the esters are ethyl acetate, propyl acetate, butyl acetate,
ethyl acetoacetate and the like. Examples of the ethers are diethyl ether,
dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and the like. Examples
of the ketones are acetone, acetylacetone, methyl ethyl ketone, methyl propyl
ketone, methyl butyl ketone and the like. Examples of the halogen-containing
solvent are: perfluorocarbons such as perfluorooctane, perfluorononane,
perfluorocyclopentane, perfluorocyclohexane, hexafluorobenzene and the like;
hydrofluorocarbons such as 1,1,1,3,3-pentafluorobutane,
octafluorocyclopentane, 2,3-dihydrodecafluoropentane, ZEORORA-H
(produced by ZEON CORPORATION) and the like; hydrofluoroethers such as
methyl perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl
perfluorobutyl ether, ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000
(produced by Asahi Glass Co., Ltd.), Novec HFE-7100, Novec HFE-7200, Novec



Now, each of R, R2 "and R is a nonoval ent orzanic group having
hydrocarbon. group with a carbon nunber of | to 18 or a. nonoval ent
organi ¢ group having perflueroalliyl chain with carbon nunber of | to
S. X represents chioro group. isocyanate,group, alkoxy group, acetoxy
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alitylchlorosila.ne such as (218Thi Sielti, C11111a28i C:H{ CI i 3Si 13,
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organic solvent since the water-repellent cleaning liquid becomes

uninflammable or becomes high in flash point to reduce the risk of the
water-repellent cleaning liquid. The halogen-containing solvent is large in
number of the uninflammable one. Such a halogen-containing uninflammable
solvent can be preferably used as a uninflammable organic solvent.

[0061] Additionally, a very small quantity of water may be present in the
organic solvent. However, when the water is contained in the solvent in large
quantity, the water-repellent compound is hydrolyzed by the water so as to be
sometimes reduced in reactivity. It is, therefore, preferable to set the water
content in the solvent low. The water content at the time of being mixed with
the water-repellent compound is preferably less than 1 mole, particularly
preferably less than 0.5 mole relative to the water-repellent compound in mole
ratio.

[0062] Additionally, a catalyst may be added to the water-repellent cleaning
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liquid, the reactive noiety of the water-repellent conpound is
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reactive with this silano] group. As a_result, water-repellent )
conpounds &€ b]giﬁ@%epocbfé’é}f{eoﬁﬁér the Itke: bageptjush aspammenig, |adfiylamine,
i nal group 4 il i l.asr4" . silicon.wafer, so that th ...
required tgll%rk é’\ﬁ;iﬁggﬁ‘% h‘%&gur agg{ec’) gftﬁ%g%f:%%a\}\ﬁybgr %rpﬁmv\/ﬁ?g’?nts pyridine,
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cleaning liquid, therefore, other than water, i.e the organic sol vent

is used, Th\eeta’cganheﬂsdhyémxyia_sniaechpdahjhéoﬁiﬂe;akmlml tao rdetsSbt venplex or a
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containing no water, such as trifluoroacetic acid, trifluoroacetic anhydride,
trifluoromethanesulfonic acid, trifluoromethanesulfonic anhydride, sulfuric
acid, hydrogen chloride and the like.
[0068] The added 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. The catalytic effect is reduced when the added amount is small, so
that it is not preferable. Additionally, excessively increased catalyst can cause
a fear of eroding the wafer surface or remaining as impurity on the wafer,
rather than improves the catalytic effect. The added amount of the catalyst is,
therefore, preferably from 0.001 to 5 mass%.
[0064] Moreover, if the temperature is increased, the water-repellent
cleaning liquid becomes liable to bring about a surface condition where the
surfaces of the recessed portions are provided with water repellency, in a short
time. The temperature liable to bring about a surface condition homogeneously
provided with water repellency is preferably kept at 10 to 160 °C, particularly
at 15 to 120 °C. It is preferable to keep the temperature of the water-repellent
cleaning liquid at the temperature also when the water-repellent cleaning
liquid is retained in the recessed portions 4.

[0065]  Then, a step of removing the cleaning liquid retained in the recessed

portions 4 provided with water repellency by the water-repellent compound,
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since the water-repellent cleaning liquid becomes uninflama. ble or

becones hi[giobBash Ipdihatstee of edudeatihe thé skr@ke bi€he silicon wafer with light or
heating the silicon wafer, the surface condition 10 where the surface of the
silicon wafer is provided with water repellency is removed.
[0069] In 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

of 350-450nm, 340 nm and shorter than 240 nm (corresponding to bond
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| arge in nunber of the uninflanmabl e one. Such a hal ogen-contai ni ng
uni nf | anmabl e sol vent can be preferably used as a uninfl ai nni abl e
organi ¢ solvent. [00811Additionally, a vgyy :small quantity of water
may be presentthe organic solvent. However, when the wafer is

contained in the solvent in' ge quant i tg, t he wat er-repel | ent
conpound i snerEeDIOY 2BENby.¢ h&SuHt Eraldwohs83 dkeb¥nydmnd 18§ ked(uel. As the

the_sol ventiEhbyictiFrb Wt o SHEERIS. rod Ho TEFI, MORdBal g i RACCRure
the water- ﬁ%%ﬁ}fgggﬁ%ﬁfﬂé}ggréﬁgﬁzé gﬁgcrﬁm gig]h'?sg‘n LRam 1{5%'1 »a carbon arc or

particularly pr relative to

wat er - r epethenkecPhpannshdity obtle tatrhvioldt00B2LAcd saRaddayply @aot less than
cat al yst maé be added to the water-repellent cleaning 20 liquid in
order to aélelrerdew?t hertiederiyoprdierabdematHeswvaben -38pel Wam 2, donpoandle,

0 s come o T T B BB SR e Sy moter
triflueroagayig gawdehds KB%‘IE@%HQ&QPL?&H@RE&(;%% VP TBE ik & PBtivity

ropi oni ¢ anhydride, trifi'uorom ethanesujfonjc a
trifluorerwavhbneshl f diic mnbhydrdadareds uvhueletigalti dangydr dgen t6hlooi cenl).
and the like; bases such as ammoni a, al kyl am ne, dial kyl am ne and the

li ke; nitrbyafeniedint apnirngdiapiost indeBety éerssthayr il@P maW/cm? takes a long time
di et hyl fogorranai de..and. the | i(i.«%: Sf‘gt S sacg as amri‘:oni umﬁul fide;

pot assi um pr%?%‘i/ﬂﬁ?/a'flfé?ﬁ%ﬁ?% Hdr o8RG aET B &' mePEr TRe" conpl ex

or a netal [gozegal tA@itiindilyal iwmiREMtadd (AN MBLOInd N6l iskBface condition 10
Particularly, 1f taking a Catalytic effect and cleanliness into

account ; tphewded entblietar ecadlasydonl gl tnirngdiadiosati eis, pstoinlady preferable
trifluoroacetic acid, triflutiroacetic_anhydride, ]
trifluoronet BEREEUES BFiTEE LVEent I PREBYInBIHAflesamImosHI% captipmenge, of the

Lt rorone L or! ke, [:0063] The. adde t
of the car ot thEREM A0 BEIIRFchAFatd* RS 1Y ARG P TRU fana
total quantidry tof id@QcdTassdhQbn tvideatiatelion epelthentoepBRORNd . of THE: surface

catalytic effect is reduced when the added anount is small, so that
it is not prwtiipable.prgdied ondhl yaexcessilelyy brctleasetiveatatgest gace a

cause a fear of eroding the wafer surface or, repaini as i rity on
t he wafer, %Pa?%r tpﬁﬁngﬂ ifr 8GesaYHE srabyt ¢ éggeggﬁgﬁ@r&gg refor, the
amount  of W%@és%ld%efc%ryﬂ%q{tqr%ﬁ’exmxﬁgﬁﬁ:ﬁg Ysffem 0,001 to 5

mass% | 00641Mor eover, |1f enperature 1S 1 Nncreased, the

wat er - r epeldoant clleamiengskioflied thecoreslitoablet hdatimgomdiRudilidon wafer is
surface condition where the surfaces of the recessed portions are

provi ded wiarlugae@at defdiol L0, nuelferabhopt 500rke, i€ eitpemaeipreble to keep
liable to fri about a surface condition h ene rovi ded. .with
wat er r epeﬁ?eeﬁg tl_flg%brpgffz(?rgbf?zo l@@p‘f“%tprfgeﬁag’rfggﬁ)m&%%?‘gin&m'§$§}WQP311Y’
15 to 120 {1s ddepl Snddf efeelBRiS fq ﬁ?%nﬁﬁ%a&ﬁ)@%ﬁﬁufﬁ)r@ ekﬁss re, plasma
wat er-repellent cleaning liquid at the tenperature al so whe tlhe
wat er repelrredtatoreanrargy Hisqhhckd or tlet Bkaed in the recessed portions
4,
EXAMPLES
[0072]  To make a silicon wafer have a surface with a finely uneven pattern
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 water-repellent cleaning liquid were mainly

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



[ 0065] Then, a step of renpbving the cleaning liquid retained in the
recessed portions 4 provided wth water repellency by the
wat er -repel Il ent conpound, 21 followed by renoving the cleaning

agent, is conducted, This step includes:gg a step of renoving
the cleaning liquid retained hi the recessed portions fromthe
recessed portions by drying, and a step of irradiating the

surface of angke sf lifeohdwaf, randvthé shicglee tensieats g tlhensid ligond was elearly
fooc6. 1the tinme of renmpving the donning liquid. fromthe, recessed
portions, FHEFeEPRies %mt)]i“? g atPR dagGrsged ﬁsgﬁéﬂa&g&wﬁ pothta tednigue
preferably the watgr api-n o[V t Qi Lty Sq:
preferable Le con uc% Q?%tqge)%/gf esg!rfna?%gg Sled;ll\/\/a e?zoglgé%da%]%é%nﬁngpattem
liquid comptidged of the water-based solution in the recessed portions

after the step of retaining the water-repellent cleaning liquid in
t he recessbuapmstidmscleahmaughuidhectsubst it thé oecested pertwatert-of the uneven

I | eaning |i qui d ined in t , porti ith the .
cloani ng | FAFER BE AT BPRE 1 (el MBICAIFICRON Lt CaPUlHDAg P gt is
I nci dental Ly, ng oLt qui r :

port1 ons.. (RS GG G 1+ G Pet bihda: n Ehe! ateb8ey par TERERRy wih

be the wat eiich epelr] enthLalanapdlhhyolbi-e afaytheddhit@rem thé 80hNiign and the
liquid B. [0067] in the step of renoving the cleani ng liquid fromthe
d

recessed pevaluenon phéhel eanipayg angiuiod Nguidedpvedibyhdr yimgee Thedition 10

Grying- BreLSLgRl, SORGUCL e, o, 3 conuent onal, o Tethod Such e,

heat O e U BB /LB VAW Qyppd e ke, [06eut

or [0078] 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 the water
repellency-provided surface condition 10 itself.
[0074]  Evaluation of the contact angle of waterdrop for evaluating the water
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.
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
surface shape (roughness) of the substrate upon the contact angle.
[0075] In view of this, in the present invention, various evaluations are
performed by providing the water-repellent cleaning liquid to an even silicon
wafer so as to bring about a surface condition provided with water-repellency
and then regarding the surface condition as a water repellency-provided
surface condition 10 of the silicon wafer at which surface an uneven pattern 2

1s formed.

[0076] Details will be discussed below. Hereinafter, there will be discussed



heating the silicon wafer, the surface condition 10 where the
surfacethe silicon wafer is provided with water repellency is
renmoved, [0069]1n the case where the surface condition 10 provi ded
with water repellency is renoved by Iigh%1 irradiation, it is
effective to cleave Si-C bond, C C bond fid G- F bond in the surface

condi tion 19 Q{;% 'agl*[?)ﬂ me%ﬂod\@&f Eher Sﬁﬁ!oh?v@ﬁ?erggrowg?d"@s}i% 'thg%lalt&n}epellent
conmpound. I'n order to achieve is, 1t is preferable to conduct an

i rradi ati orlaMdiRgUlididyit@keprdapstidavbnehyayeteengpblenf cBahidOMpuid, and
340 urn and shorter than 240 um (corresponding to bond, energies of
them i e. resgtgof kealyatsins Hiekeavidioe. therdaterorepe Henhaleianknadiquid to the
i ght sourc .there}.or, there Is used. a netal halide |lanp, a

| ow- pr essursgh‘f?é’r%’ﬁ §-1ight, a high-pressure mercury light, an exei mer

| amp, 2 carbemar clgfalbiBobl KhuthdReFhIBSHE YWATl N WhEAYYPARL Repellont

irradiation 1s preferably not less than 100 rnWicn®, particularly

pr ef er abl y Gletinlraskidquidis Prokrdud] 2, for exanple, as a neasurenent

value by the illum nance nmeter (U travio UM 10 pr oduce? by Konica .

M nol ta, Light-Reclptdr oM BaBos; mpthed dpr thgspificopi ppleraveyiiegt with the

rradi at o 1A CRATLO Seep RN anish k ol Wup o EPata RS TAE f (4P Bere

remove the psufdrafg] condition 10 provided with water repellency.
[0070] Additionally; in the case of renmpoving the surface condition
[0078] (1) Evaluation of Contact Angle of 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 “A”). Meanwhile, an unacceptable one is indicated with “B”.
[0079]  (2) Evaluation of the capillary force

The capillary force (the absolute value of P) was obtained by
calculating P by using the following equation.
[0080] P=2XyXcosO/S

where y is a surface tension, 0 is a contact angle, and S is 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 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-propancl
(Surface tension: 22 mN/m, Contact angle to silicon oxide:l"), 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,



provided with water repellency by light irradiation, i particularly
preferable to generate active oxygen in parallel w th deconposing
conponents of the surface condition 10 provided with water repellency
by ultraviolet rays and then to induce oﬁ)dati on-vol atilization of

t he conponents of the surface condi tion pr ovided wi th water

repel I ency d%%lt!i%]: gr%% 1Y @.10X Q%?Or e{;}ﬁeé n@ortcqu 3! SVIQ/RE 'fﬁ% efore,

t hereby As source essure mercury

or the eXCltH@roH%@de/é Svatsesh td Oc@lzlﬁqhapome 2CP5MN7fn2hQ@tch mahkye force of not
silicon wafer eating of the silicon wafer conducted at 400 to 700

CCl, prefegapbpr ahaEOIJl NN7@O , 'aC.the ttime of pemlatwg)mtelo viksehe tdranined as an

fer TR R ER B Al R SR ot R

exposure, plas orp» corona di scharge or the |ike. EXAMPLES
[00721To n’g 4 %(dllcélee\%a?&ﬂh rr?ave a sod t efinely uneven pattern and to

stibstitut éO(aBﬁl ead) nRdrhawilitet dmeduiface ecrssedopoMiooidedr hth Water
anot her cleaning liquid are already-established techniques, as
di scussed ﬁe@eblgmsetha‘emﬂ&epmﬂmﬂleamm&mwl and the like. In the
present invention, r eval uations of ., wat er-repell.ent,.c

| yndesShatEy

Li quid. were mai n flgw eﬁgrcpa@ﬁwrm 8pe Sampenga R jFppated Wit
tension of ;Lhe aa{"rﬁ'(gcall'}giéﬂc glla'g}ﬁﬁgljo {hﬁui@pi‘ 5@“11%@1&% t@@ntact angle to

equation di scuss as the e techni que P=
cosO S (y: waietdop dfensi birgeelth@ard(actafesi ges ihvhdiRadn evas d\edirh)med as an
acceptable one (indicated in Tables with “A”). Meanwhile, an unacceptable
one is indicated with “B”.
[0082] - Lamp: MO015-L312 produced by EYE GRAPHICS CO.,LTD.
(Intensity: 1.5 kW)
* Illuminance: 128 mW/cm? as a measurement value under the
following conditions
+ Measuring Apparatus: Ultraviolet Intensity Meter (UM-10
produced by Konica Minolta)
* Light-Receptor: UM-360
(Light-Receptive Wavelength : 310 to 400 nm, Peak Wavelength:
365 nm)
* Measuring Mode: Irradiance Measurement
[0083] (4) Evaluation of Roughness of Silicon Wafer Surface after Removing
Water Repellency-Provided Surface Condition
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
1s one which is three-dimensionally enlarged by applying the centerline
average roughness defined by JIS B 0601 to a measured surface and is
calculated as “an average value of absolute values of difference from standard

surface to designated surface” from the following equation. If the wafer has an



In a case of a cleaning liquid retained an the recessed portions d of
t he uneven pattern 2, the contact angle of liquid drop and the
capillary force which is considerable as an equivalent. of the
pattern collapse are In correlation with each other, so that the
capillary force nay be derived fron1the5@§uation and the eval uation

of the cont ct an Uld d op the surfa co

O o e nR aIRR R R ik ritan | 2 8k PRgin €586 5 betidndprovided
represent aghi/ﬁc%oﬁdmﬁ;rprthwﬁ@r cl.eankb %saaﬁmdéa@a Ab%q@ hd &ode®BdRd not to
00733 However, in a case where the silicon wafer has a finely uneven

pat tern at have surbabe, of hhepatter repalesitgrefinoaniiqpidi theredhersef es eo be
IS not ﬁosm ble to exactly evaluate the water E’ pel I (i\ngx of the
@g Tay

Wat er repelPERENEAGRA ABACCER e @neomaiicrbi 1o | with ") Meanwhile,
Eval uat i Onaﬁfuﬁzﬂ:% P%tlg %qu%&cg{ed/\@m{%,op tor evaluating the water
repellency is con dropping several mcroliters of waterdrop

ell a. surf{@sst]of [M§ﬁmﬂ1§tlé§1up§{1§ﬁbﬁ)1]and then by neasuring an
tingle .formed between the wate.rdrop and the substrate surface, as

di scussed inJIS R $257 Orqstln mat hrig of wettablllty of glass
substrate surface). wever, i Ro r having
i-[h norﬁ:;l FQS Thi er| @j\b

a pattern, the cont “angke ly'l ecause
"Wenzel's effect or Cassie“® eff i s “caused. That is because an
apparent contact angle of the wat erdrop is increased under the

influence of a. sughageXshapeXeraupghness) Yofrebhessiths atseripgnahpe in the
cont act angq 0075]In view of this, in the present invention,
various evadl waprdingtar anpethor Baceousinpicoy refpegtivaly. wae eis- @a@peiteenon the

Ear {200 anPHE ORI €t T G U ThoP dB N T AME S eP R e PGS dtAiped by
the surf achﬁ@gﬁkt(mny SAQldW% llffqﬁ?i ‘\m g%re%[eﬁ é dedkiskt heGemeasured %omt

condi tion t he si I con surtrace an uneven pat ter
2 i S linni m,Y)O@HﬂélZatxapk@se\mth Ianhevedag@ hesect welhow.thblaneanafedesyrface.

there will be discussed i

[0085(1 The following Examples 1 to 44 exemplifies a first cleaning agent
while the following Comparative Examples 1 and 2 are opposed to the first
cleaning agent. Results of these are shown in Table 1 and Table 2
[0086] Example 1

(1) Preparation of Water-Repellent Cleaning Liquid

A mixture of 3 g of trimethylchlorosilane [(CH3)3SiCl] serving as a
water-repellent compound and 97 g of toluene serving as an organic solvent
was stirred for 5 min thereby obtaining a water-repellent cleaning liquid
having a concentration of the water-repellent compound (hereinafter referred
to as “a water-repellent compound concentration”) of 3 mass% relative to the
total quantity of the water-repellent cleaning liquid.
[0087]  (2) Cleaning of Silicon Wafer

An even silicon wafer with a thermal oxide film (A Si wafer having on
its surface a thermal oxide film layer of 1 micrometer thickness) was 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.

[0088] (3) Surface Treatment of Silicon Wafer Surface by Water-Repellent



an evaluation nmethod for the silicon wafer provided wth the cleaning
liquid, the preparation of the water-repellent cleand results of

eval uations after providing the water-repellentdeath silicon wafe
[00771] Eval uati on Method For Silicon Wafer To Wi ch. er-R ent C eaning
Liquid I's Provided] As an eval uation, nephliod for the silicon wafer
provideii the water-repellent cleaning liquid, the follow ng

eval uati ons%llglkl. t og.(gerfor med.. [0078] (1) Evaluation of/tact Angle of
Surface Condi-fi8 et lb‘fit h Wat er Repel |l ency by Water- Repel | ent

Cl eaning Liquid

The water-repellent cleaning liquid prepared in the “(1) Preparation

of Water-Repellent Cleaning Liquid” was heated to 50 °C, followed by

immersion in the cleaning liquid for 30 min. Thereafter, the silicon wafer was

immersed in 2-propanol for 1 min and then immersed in pure water for 1 min.

Finally, the silicon wafer was taken out of the pure water and then an air was

sprayed thereon, thereby removing the pure water from the surface.

[0089]  As aresult of evaluating the obtained wafer in a manner as discussed

in the [Evaluation Method For Silicon Wafer To Which Water-Repellent

Cleaning Liquid Is Provided], one having had an initial contact angle of

smaller than 10" before a surface treatment changed to have a contact angle

of 74° after the 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 the capillary force”, the

capillary force 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.

[0090] [Table 1]
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condition having a contact angle within a range of from50 to 120 was
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a wat

foll owed by nmeasuring an angle

(contact angle) forned between the waterdrop and the wafer surface by
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Pure water of about 2 microliters was dropped on a wafer surface

provided with water repellency,

a contact,

Ltd, :

Gy [ oMV onv (2L)¥ | 01> |3uoploN|3udp joN|3uopON| duog | 0 0§ vd! € d4.10d 101S5(°HO) 0g o(dwex3
(E0) v My onv @V Q) |BUop JON |auop JON [auop 30N | Buog 0¢ 05 vd! 3 001£-33H 101S*(*HO) 6 adwex3
oy | 0NV ('Y | (0)v | 01> | _8uogq |[suoploN| auog |auoploN| 0 05 vd! B d4.100 101S°HO) gz 3|dwex3
GOy | OV o5 (VIgy | v | ob u duop JoN| auoQ |duop JoN| 0 05§ vd! g 001/~-34H 101S*(*HO) Lg 8jdwexy
= B V3IWO+001L d
a.,m.wz E@x@ 5 SQW suoq |suop 30N| 0F 0 vd! £ 344 101S(*HO) 9z 8jdwex3
= +=-G-0-T - Tt 7 ojdwex3
LY. [OoD)E .1 ENY auo(Q |BUOp ION| 0F 08 Vd! £ V3IWOd 10!1S*(*HO) S
B E Sy + (11 O suog |auop 1oN| 0 08 vd! £ d4100 101S*(°HO) vZ aldwex3
L 50) Y [o)® b Oy o . auoq |auop 0N | 0¢ 05 vd! € 004L-33H 101S5(*HO) £2 sdwex3
T = T QY 5 auog |[euop 1oN| 0Of 05 vd! ) suanoL [0S CHO) 77 a|dwexg
Orw) D | Sis) O . gt H Buop 30N| euog | O 08 2U0380Y 3 d410d 10!S5(*HO) 1z o_Jmew
G V|, 0¥ T HO¥ suop JoN| suog | of 05 3u0}ady 3 001£-34H 101S¥°HO) 07 @|dwexy
G@<. 58@1 P By o auop 1oN| suog | OF 05 30380y 3 d410d 10!S**HO) 61 sidwexg
Gp& ,mu.ls.._rvvﬂ o ﬁlvw auog euoq | Ot 05 ENISER £ d4100 10'S5(*HD) 8| 9jduwexy
Jabv.o. GV suog | euog | ot 05 sucja0y € 44100 101S¥(*HO) L} oidwex3
J%I%A.E.I - auop 0N |Uop 30N | O 05 8U0}e0Y £ d4100a 101S5(*HO) g} sjdurexy
CIE@R E G0V O W0V ] 01| P08 & eupq_[euop 30N [eUop N | OF 05 3030y £ 0017-34H 10IS*HO) o] ejdwexg
=l ovvkl —(0I))® +b .41V 3 -Bhﬂm 0 01O W EUOPIAE| euoq |3UopION| O 0§ 3U03R0Y 13 d4100a 191$¢*HO) y| Sjdwex3
[@Y PEETY b @V o CeLy o o0 euoh {8uop 30N| euo@ |auopION| O¢ 08 U030y 3 001L-34H 101S°HO) gl ajduwex3
ER)Y OO O @iy iy 3 Ao @Ud ¢ 3Bpd_| °ued |euep ION| 08 08 ou0}ady £ dilo 101S5HO) ¢l 8|duex3
LSO B [~ (0¥ p ey L eV o QY] teudg [ sweqll| suoq |euopioN| OF 0§ U030y g d41900 [DISHHO) 11 sjdwex3]
US| 0@ @ L0y o dsiy | 0> (2Uad |- %R4y| °2ued [3uopioN| 0F 0S U030y 3 H-VH0O403Z 10S*(*HO) 01 8|dwex3
eSS QY S0Py o ey L Gueg (U auwed™-| auog |auopioN| 0f 08 au0dYy £ 001L-33H 1018°(°HO) § Sidwex3
A — g © = QuIg 1= oo auo auop 30 au0}aoy [ auanio} 10°CHO) g o|dwex3y
Q) Memvrm o mom R @hm« g mmv; S mmr £ Y i 08 HO*HO 40+10'S (CHO)
Ml.%:u n@®® & J0Y J BY @ 0> | UK H@ﬂ suoq [euop I0N| 0E 05 3U03e0Y £ auan(ol 10YHOYS H 0 | L ardwexg
—5Ios) v daﬂvv.{. ('t [y avLm_ wau ; oWQV suo@ [auop IoN| 0¢ 05 3U0380Y £ suvaniol [ 10%CHD)IS HO HOE4D | 9 ardwex3
oy 2 € (@) & mv By o L8y dennlu 2u0d_ > 9IC auoq |euop 3oN| 0f 0S 3U0Ja0Y e susniol [ 39(*HO)SPHOPHO 40 | § 8jdwex3
Lm.evk Nop) & & Hmmwk +— @gl \vawl sauag w;n\VnD auoq |[auop oN| 0F 0s auo0}ady [3 ausn|og EOISPHOHO 4D ¥ 8|dwex3]
&m.wvdr |@LWVVK ha ,awmx Arug.mv v A4 o ,t:ﬁ * Juo euoq [wuop joN| 0¢ 05 auojady ) auan(o| P(CHO)SHNISY(FHD) | € sldwex3
C6R) O N F WZhv O (S8R Q) 01 —2vqm = RAO| 3ueg [B3UopION| 0 08 2u03ady ! susnjo| 101S*(*HO) ¢ 3|durexy
=) ¥ |4, ¥ £ oY v+ ar> |-uog - 8dq-| euog |euopioN| o€ 05 uo}ady 3 auan|o | 1D1S¥(EHO) | ejdwex3
ewmmn#m“_m”_u:wnwdmy c Q.—_N© D H..'
— 9! gan — < Q u— [ I enp —_ [%ssew]
@Edqmmlm m Awuomm_zwnw% : ogmn ﬂm.._m < = T zm. JueA|0S - J03EM YUM Buisull |uoljRUSIUOD d
S$IUYBNgy ool_t [Z&/NW] m&m.mf = NG E g yum Suidiq [unw] 0. Jsye uues}o punodwos SRS punoduwos
= = @ v SHjoeu . ¥ U swi] |sJnjesadway olues.Q Jua||adali—ialepm
Wom:hnla S:o__o\me D um W _M%/_%amw%ugmucm RV 2 © bmc.E.w& Suiuea)n g 104 pOsn JusAloS juajledals '
4338 n¥e8o 0 ’ = —1aiep)
O oo D N~ < O L -
m w:_@o:ﬁmmu — O O 4] mE_L: o
O>X>X0_-0 O === = m
CCOO0O® _TwowmOC enlea" S oo
S o) w.m m_:.mﬂL auﬂawﬂ © w >0 m @ekmzon ns 4833 pinbl uoisJaww] v_:w%_ Mc_:ww_u pInbij Butuea|o jua||edal-Jelepp
m © % ¥ % o Mv n  » W o) < W o - _cm_ WomnWLoam; D gHeUiyaSely . Wsljedauiziem o
= = — = ~i —s 40 Juawiead |
IR N T
ol 0BOCE WLV W= DD
— = on DOUVE®TOLO® OB CC ©w @
.ma —_ 0 - Q0T -0 —.— - O .COT
SN0 NO=-0@B4——ew Cy4-— 0O —_— O .=
© © © T V- Qe 3J3Q>330QT ®© ST O
%VtO. ccc , . SNTCTCN ®©. —C



[0082j e Lanp:
I'll um nance:

Those having a cont act

the sanple was irradiated with LIV
| arger than 30 after the irradiation was
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[ 00831(4) Eval uation of Roughness of Silicon Wafer Surface after
Renovi ng Wat er ncy- Provi ded Surface Condition The surface was
observed by atom c force mcroscope (produced by Sei ko Instrunents

Inc.: SPI3700, 2,5 microneter square scag?, t her eby obt ai ning the
centerline average surface roughness: Ha (inn). Incidentally, Ha is

one which is three-dinensionally enlarged by applyin.g the centerline
average rolgbpzlss Hehimdd 2y ,11S B 0601 to a neasured surface and is
cal cul ated as "an average val ue of absolute values of difference from
standard surface t6l8e8AgRAT Shssylf the sanie amipirenplsl 1 owthdhequsepidan that

I f the waf h an__ 2 val ue_qf not higher than al afger .
remvi ng_ ¢ RECWLTer PRRarreadg PR icaBi niPaBeved aal £ drmafhd” dsrehowm in
surface washeQRalWeied rBOlIL 0 H®1£M108Rd caRth BN N0 AARYE LR glﬁ%é@&eggment
the water-repellent, cleaning liquid thereon, so as to be determ ne

as an acceptabb8 oned(ihditateihe watablregelenidy-plvidindeaffabi lveys ashibited.
unacceptable gne is indicated with "B". [0084][ Mat hemati cal Equation

i PH o Aadirenlvsthe anillrey dorgeiat thectowe W preg@ier & areepdaimasgwas 1.2

onge 1SS AT D8 NSO U oS RLS g S B
and is a vahge ahbailmedryibfoRwis stall¥athan110)"., HAaki@RaaY of FCwtater
represents a height at a neasured point (X Y.) while Zo represents
an. aver agechdilgimy wiavhied t hefasasonddisur¥aseachieved. 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.
[0093] Example 3
The manner was all the same as Example 1 with the exception that
hexamethyldisilazane [(CHs)3SiNHSi(CHs)s] was used as the water-repellent
compound. As shown in the evaluation result of Table 1, the contact angle after
the surface treatment was 55° and therefore the water repellency-providing
effect was exhibited. Additionally, the capillary force at the time where water
was retained was 1.8 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.
[0094] Example 4
The manner was all the same as Example 1 with the exception that
(trifluoropropyltrichlorosilane  [CF3CH2CH2SiCls] was wused as the
water-repellent compound. As shown in the evaluation result of Table 1, the

contact angle after the surface treatment was 86° and therefore the water



/0085) The followi ng Exanples 1 to 44 exenplifies a first cleaning

agent while the follow ng Conparative Exanples 1 and 2 are opposed to
the first cleaning agent. Results of these are shown in Table 1 and
Table 2. [0086] Exanple | (1) Preparatiofy Wate .-Repollent C eaning

Li quid A mxture of 3 g of trii 1ethylchlorosilane

RCI T3) 3S1Cli serving as a water-repellent conpound and 97 g of

t ol uene sersnallpnas ranvdiganiedfestl verst wesllsnilyr eekliibite8. nmdnlditienely, the

obtaining a water-repellent cleaning |icluid having a_concentration
of the wat %E?‘vaéﬁﬁlf;)é aéotr%ﬁoﬁﬁ%e (TS Wateervreretdagdy gagd 2aMN/m? and

wat er - r epe Egsnﬁ‘: t i.an -3 %re Lve t

t ot al quant}ﬁqﬂg%ogg %?Eggﬁgtl er-r g%eﬁ?éﬁ&é?'éﬁ%}%ﬁ%ﬁ%hﬁ% : éoﬁ%%étﬁé%e ar}?er uv
C eani ng ofrr&illdtton Wakersmaller thaAN e¥en sikbd CORat WalBbvAW tdY ahe water
thermal oxide film (A Si wafer having on its surface a thermal oxide

filmlayerrefellenoyqrowstedr stihfackness)itinas wamercheded. Furthe¥more, the Ra
nyoof | ot 1 AOUEOUS S Lon, Lor 2 NpuE Y, DL 10 g i
Surface TrgatmBakifedSIHAtCAR WafS w R LhReCBYs YR &L +ReP %lflc?e[};ltnin%7and that
the residue of the water-repellent cleaning liquid did not remain after UV
irradiation.

[0095] Example 5
The manner was all the same as Example 1 with the exception that
(trifluoropropyl)methyldichlorosilane [CF3CH2CH2Si(CH3)Clz] was used as the
water-repellent compound. 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 excellently exhibited. Additionally, the
capillary force at the time where water was retained was 0.3 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.

[0096] Example 6
The manner was all the same as Example 1 with the exception that
(trifluoropropyl)dimethylchlorosilane [CFsCH2CH2Si(CHs)2Cl] 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

force was small. Additionally, the contact angle after UV irradiation was



Cl eaning Liquid The waterrepellent cleaning |iquid prepared

in the "(1) Preparation of Water Repellent (leaning Liquid" was

heated to 50 C, followed by immersion in the cleaning liquid for 30

mn, Thereafter, the silicon wafer was i rsed in 2-propanol for |

MIIl and then imersed. in. pure water i 1 raM FinallY, the

silicon wafer was taken out of the pure wat er and then an air was

spr ayed t hemedler thwer 8By , reonthvitnembealpof ehoat@er freprilehey supfaled. surface

As a. result of evaluating the_obtained wafer_in a manner as
di scussed P?\mf KON, Wiaa PRI B IEé&rFMHP:‘Eﬁe dibe; B@nvvh{eepfrbevwaéw after UV

Wat er - Repe i V|d hV|n

initial goill![rggiatganfﬁ&eﬂsg mlsle rllﬂglﬁql 9 han &'ggh% 8&38}5 UVF? ?lfg’a?tdn{é}?ﬁt the
changed t owhavie veaL Bt agbdanghe thE tidfd" oﬁfcre%lﬁgeaxﬁyrthaﬁecﬂer e&difBBlof the
as shown in Table 1, thereby exhibiting a water repellency-providing
effect. Ad lwlattelonabdlyentacéealmgslululdahdcxwtauhaatmragftethVcapadliaarqn force

at the ti Vg})ﬁ ter s retai ned by using the equation discussed.

in the abgﬁ%O ntl aluation of the capillaryforce t he

capillary force 2804 hhece rfs k %)6}8' I I }flgrecee;\)@on that
e con te | Was

smal | . Additi onal I y, act angle a rradl [ on

smal | er t hastall@cylds@etRAthl@pBY@he Of [@ﬁﬂgwﬁ(@ﬂejz@?l l engy- pied degs  the
surface condition was achi eved. Furthernore, the Re value of the

waf er af t ewatenreralleadi cmiomnhsAs mabher it lha yabuation rnastth whilehlei 1, the
was confirne S, not eroded at t ani ng

and t hat tﬁ(érﬂﬁaég a@@ihglffwfffh@l%a%ﬁ“? dpetimapRt &%aggngap q ea'e%ﬂr. 1'f]i’(ﬁ’t""atel”

rE>e(gan‘lplneaf2t %pefllje:h%y'ﬂr'b(/ﬁﬂhgt et ( %@@%I@e@ieﬁtw exhibittQ. [ %(P(?l%lonally, the

capillary force at the time where water was retained was 0.1 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.
[0098] Example 8

The manner was all the same as Example 1 with the exception that
trimethylchlorosilane [(CH3)3SiCll and trifluoropropyldimethylchlorosilane
[CF3CH2CH2Si(CH3)2Cl] were used as the water-repellent compound at a mass
ratio of 50:50 and that the total concentration of the water-repellent compound
was 3 mass%. As shown in the evaluation result of Table 1, the contact angle
after the surface treatment was 76 ° and therefore the water
repellency-providing effect was exhibited. Additionally, the capillary force at
the time where water was retained was 0.8 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



The manner was all the same as Exanple 1 with . he exception that the
wat errepel | ent conpound concentration was set to 1 mass% As shown in
the evaluation result of Table 1., the contact. angle after the

surface treatment was 63 and therefore {he water repellency
-providing; effect was exhibited.. Additionally; the capillary force

at the tune where water was retained was 1,2 MNirt2 and therefore

t he capi | | arpdfagrae wees sswmlel . thaddDt5 onal Wyth tteclcontvaet canfiteedf tlert the
W irradiatign was snaller than 10 , so that renova f the water

repel | encyVEiow ivisd n8hraraded ol (i8R Hasleasmis eyl tl?taF tther Frsieue tafethe

Ra value o r . pation | . than,0.5 nm
wi th whi ch("ia{t&emé c}gerrllft?:frlérfae% n?ﬁh‘i‘{lﬁgh%’é’ JPmiin A ﬂe]?gléé%ﬁ%“’t“he time
of cl eani nfpogwid thaimbhegr esi due of the water-repellent cleaning
liquid did not remain after IiTVirra illation. 10093il Exa

The manner was al IThhezame wss Blhitpl eahewist Bxthglexicepth tre thadption that
hexanet hyl di si |l azane [t LS NETSI litaflid was. used as the )
wat er - r epeﬁvamfft%%ﬁ{%%@%%vwwﬁwﬁby;ﬁ I&é‘%’ﬁ%@ vasusedgp therganic
1, the con af ter t t t : - and. therefore

the vator FOSeRf anraletin e SHLERRALSE MRRh e Tiatqr o SIFRG! Thoihe

the capil | avylub@logereatilt HETAlIaEL Whercenadtein MBS it tlen@d-fad@srehtent was
MNIm 2 and therefore tho capillary force was snall. Additionally, the

contact andfte afmér thexeipre ddieatiasar weepedealcy wrroviving 16ffects ovashatxhibited.
removal of ,t.he.wat.er repell.ency:provided surface condition was

achi eved. léﬂf}pftﬁ%’i‘ﬂi’? é,iletoﬁgﬂg%l‘"%/%e%atgﬁ? RELGAY RGreaV BT Wy retained was 0.9
i rradi ati oy \BS:2 I : i ' i ' ,

that the waPart,aae Urelnd il contThry e he oldil ARARIH I e contact
resi due of ahpe afatell¥ epellisgiin elacam aided gt d0di do nhht remeval ef ey water

W irradiation, [0094] Exanple 4 The nmanner wa.s all the sane as
Exanpl e 1 ViReAlepke rageslsdi shriasat comstibionopymt rckit sidosFsifermore, the Ra

[CF:iCl Tsel |f2SiC13] S e . the, water-re lent c ound.. .As ... .
shown in tﬁ%luéav(g%lgt‘?'%%rraﬁeﬁlﬁg Eolfml‘gﬁflgnlv,va% ﬁgpagkﬁteti’@f‘ @ﬁg}% R fhpphich it
the surfacgakr@ariveild Was B8 wand Vhenet reddd 8 WBL &Ime ¥ cleani andhthat
repe] | ency-provdnyg effect was excellently exhibited, Additi onaPFy t he
capi |l ary flor cesidtiet tfethé meateherpelatieclasasng e qiinle didvast OceZnaiNaiRr UV
and therefore the capillary force was small, Additionally, the

cont act anﬂ]r%d%i‘ft%%% W. irradiation was smaller than 10 , so that

removal of wat el hency-provi ded surface condition was
achi eved. Q}:@Aer r;%ae@s&iebl?a val ue of the wafer after UV irradiation

was snaller than 00 tHannwirtdayhilGhe ishrWass Eah jleedwiiiathd Heopefodlthat a

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

wat er - r epehhlgenclosamimyg | i gsdldeds d n&lE(BBﬁisRAer t eprdflidedr adibat i olZEON
CORPORATION: 1,1,2,2,3,3,4-heptafluorocyclopentane) was used as the
organic solvent contained in the 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 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



[ 00951 Exanple 5 The manner was all the sanme as Exanple 1
with the exception that ftrifitioropropyhnethyldichlorosilane

[ CF3GL12C. H2Si (CHOCI . 2] was used as the water-repellent conpound. As
shown in the evaluation result of Table % the contact angle after
the surface treatnent was 84 ' and therefore the water

repel | ency-providing effect was excellently exhibited. Additionally;
the capil | ampdiagioe at the time where water was retai ned was 0.3

i sviNin2 ﬁp therefore the capillary force was small. Additionally,
the contac | e Bxe@Plel: i rradiation was smaller than 10 , so that

removal of the wat r e - V] sur e gondi ti,on_ was .
achi eved. Further rr'gff’1 %,Iggxﬁlléérl?ﬁgéaq%gl%g S%?egﬁa%%%glp af gﬁéhﬂle .exceptlon that
irradiati 0BisV\@,Q'(ﬁﬁﬁldrS’f&S,Bat!}ii@u@ro?'i*@pery{é D OMERD ifaghagse@onid IR organic
that the wafer was not eroded at the time of cleaning and that the
resi due of stlventvatoetairepelih eite slaganivegelldrjuildading Inptidr ehmighoafit én the
.U irradiation.. [009 nf?nner was all the

sa_rT;el as Ex gﬁﬁ?twq Wsﬁﬁg?ﬁﬁéﬁ@:ﬁf },Sﬁhletqg)é]ﬂ:act argig atter the surface treatment was
trifluoroprgpy ‘ég{dl"gh@}%fﬁpé 01 Qs '&%?Sk%%ﬁ%:n%%%&% 13}%9@ V82 )fsh‘%g;ted.

as the water-re nt conpound. evaruatron re
Table 1., naeigenidgtthanghilladht fircé Re tsurthaeeyhé kBN wiaSetPineddRds 1.0
therefore the water repellency-providing effect was exhibited.

Addi t i onal MN/mhendapidrefary ther caiblary Herdei wes wivenld. Wdtletiomaldy, the contact
retained was j]..J. n2 and.therefore the capil.lary force wa 1.
Addi ti onal PQ?iet ?Fie’&w{ é’iﬁaﬁ it Vae Al ﬁ?% Pat ?Bﬁh%éemgwafpgﬁe water

than 10 ,s i - | >V.- DF OYAL ac
Condi t1on tehdtBnch SIRNMod surllle cURMEloT PR | SRR P AR he Ra
after UV ivahdi étthenvwas «Somd UBT irk HdimthrbwaBsmWildr tMainch 5l AimWasith which it

confirmed that the wafer was not eroded at the tine of cleaning and
that the r@&sisdealigmeadehajather wagpgevpenotareded ag the quing ofidemoing and that

remain after ILIM irradjation. [00971 ample 7 . : The nmanner

was al | thgh%gﬁﬁl\éélf %ﬁgh%l%a*fr\bl"‘?ﬁ ?ﬂ'é%i‘??gﬁb‘gi Bpuid,gdid not remam after UV
ect adecyl diggtigahl orosilane [Cilfil ht7Si (CHO2(. 111 was used as the

wat er -repel | ent conpound” As shown in, the evaluation result of Table

1, the cont@d2]angbeambiei2t he surface treatnent was 88 ani

there:fere the water repellency-providing effect, was excellently
exhi bited, .AdditibraPrsanemuasgpt thapgmenredxgmnlpd vk thhereentaerthat

was ret ai ned; So Q. er the capijlary,.force was
smal | .. A dgi%thll%@a?’%y% tﬂﬁﬁ%ﬁ@ﬁ%ﬁ%@ﬁ? frer ﬂ‘%du rFadi B i OrFARES solvent
snmal | er thaghth@néd in SOetRaterf Viaht Qfledti@ gV €. repehbRAcYr PROVKARM tion
surface condition. was achieved. Furthernore, the Re value of the

waf er af t eresully of rliakdk dt tbe comtacd reai dleraftdrathe)sBrinne trevtohemhivels 74° and
was confirped that the wa.far was not erodeqd at the {inme of cleanin

and that t HETPLRE e BRHEDAHPRR: PRRpEITG Il BARER G o AN R omanst the
remain aft : ir | atian, Mol : h )

all the sar%j{eplgg riéx%%g% %ttle{éwt{xﬁgsﬁe exc%%te ?ovr‘qa§ hrg{ ainel walP 0 MR and
tri met hyl efhidref@sithanepildhty brl3wiaeldmANdAdditionally, the contact angle after UV
trilluoropropyldi naethyl ehl orositano CFri CH 2(11:12SiitHal 2C1. % wer e
used as thETaAtadton epelsl empaldenpomd d0 a nass thai oremosel 50f atle water

that the total, concentrati on of the ter-repell ent coppound was 3

mass3b.  AsTUHONRCT PIONe, Ao oRoRdRinT BhS TNeverd Fathesmee the Ra
angle afte e r.f t en S, 41 o
r egel I ency?%%v? [ ﬁg‘ﬁgfefr ea{:ftﬁé.3II wastrgx %?%%eﬁgg _skghgliﬁtg{]ag} f){}?n%@@é&%h which it

capillary feseenditrntdietidimheriald watelotwasdé@taithediwasof(A8ahiWaN M 2hat
and therefore the capillary force was small, .Additionally, the

cont act ante rasidae of/the radieatriconlloat cdevmtiner lighah did notseermhat after UV

removal of.t hg. wat er repeil ency-provid.ed surface condition was
1irradiation.

[0103] Example 13

The manner was all the same as Example 9 with the exception that,



irradiation was smaller than 0.5 urn, with which it was confirned

that the wai hr was not eroded at the tine of cleaning and that the
residue of the water repellent cleaning liquid did not remain after
IWirradi ation. 00991 Exanple 9 5The manner was, all the

sane as Exanple 1 with the exception tha% hydr of | uti r oet her

Cl 1 FE-71. 00 produced by OMLimted) was used as the organic sol vent

cont ai ned ih thhealwaeenentipekilent(3k Beaficagltdaduicsht ofASilghovWaifer Bheface by
evaluation result of Table 1, the contact angle after the surface _
tr eat nent eyfepehlgnt ndrlerpie t Hslwdt ethe epéicpencyalsr owasi ngneprest in
was exhibited, .. (@ftiditi.onakly, the capillary. force at the,thn :
wher e wat etr2 VA apé% zgﬁgrngdm\/\%lsgh?g hoig 157 ﬁ&setadhé?e%r YT hl{%ag]{?amng
force was sig@kd anAddidii1Radiliven thef QHaGhallfBhRATF8N 0ftd-Vropanol, followed
ir.radiation was snmaller than 1.0 so that renoval of the water

r epel | encybpr epiadedgsanf aberewondbt achoveva® pachiesedrorkuthdh equnise, thheeby
Ra value of the wafer after CV.irradiation was smaller than 0.5 utri

wi th wi nchOPHIRERE 8 gFtieF mEEVIOeH Y 1th oWkt lete PRAS DB Ter see s vatageneondition.
time of cl ' d - resi dye h ter-repellent.clganin
liquid di donotorant (BBl BFORIRL S b T oo tactinel aer (i sndace

The manner tiagmint whe BENELAE tExamRl thd Wikl ﬂe@%ll@ﬁ%@%@ﬁﬂiﬁ%@ﬁe@t was
hal ogen- cont ai ni ng sol vent CZEGRORA. - 11 produced. by ZE TI ON

2, 2,3,3, 4xhieiedoradjoiomlént tre ebpubsyudedeastt tie dimanimhesol wandr was
contained in the water-repellent cleaning.liqujd.. sho Mt he

eval uat i on'7&auFd W@ST&b(?eﬁhYﬁ?%ea nﬂ}féﬁf(’afﬁgltbeaf’?@f lﬁrﬁe\?g‘iﬂef Jeas small.
t r eat ment o e : - - i o

ol foct tval o e R o b, S RGO N PLRU B Mlap 10, o0

wher e wat echagerhetal sfethenastdy. pbUeNeyoiro aidd dt hinfedoten difiencaps hkBleved.
throe was small. A dditional Ily, the contact: angle after UV
i rradiati offuwibkershalel ehe fisanalie of the wiiar aferelal irrafiative wasemaller than

repel | ency-provi ded, surface condit.ion ) hi eved. Furthernpre, the .
RS va s 00 St ih R BAF o G Rl A waF ok SEHR bt R time
urn, with I 3 fi : - 8 t 1

the time off G aar e o o s oot e pa et T A did ot
cl eani ng | rguibdh ditdr AdY ireraatioafter irradiation, 01.1Exanple 11 The

manner was, all .the sanme _as Exanple 1 with the exception that
di cl al or o-@]@,‘g-tr]ﬂml@&ﬂ%ﬂ)ﬁopene (DCTEP) was used as the organic

The manner was all the same as Example 13 with the exception that
DCTFP was used as the organic solvent contained in the water-repellent
cleaning liquid. 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/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.
[0105] Example 15

The manner was all the same as Example 9 with the exception that,



ed in the water-repellent cleaning liquid"As shown in the eval uation
result of Table 1, the contact angle after the surface treatnent was

72 and therefore the water repellency-providing effect was exhi bited.
Additionally,-e capillary force at the ti where water was retained

was 1.0 MNI/nmR and therefore the capillary force was snmall.
Additionally, the contact angle after UV irradiation was smaller than

10 , so that therdak obntiheedat é8) Bepkickehent preovidetilisunf Waéer Surface by
condition was achieved, Furthernore; the Ra value of the wafer after
TIV i rradi dtaten Reeslleral Clepnimadagusl’ mihewiigonnvaleri wanasn ewased nadpure

t hat the waf s not _eroded at the ti .of .cl eaning a hat the .. .
resi due O}N%taﬁér gﬁ’f elrl?lrnépaéf reﬁ?mcgl gahig® i“&tﬁhﬁ Wiagernlgetpeﬁllgﬁéi eaping liquid
UV i rradi ahh@hak QRO 2URAMRLE THE s TRINES th8s i of NS SAMEwAs

1 with the exception that "fal nl%) , S-chI g}JrrO-B, 3, 3(-) tri ?koroprgg)eq?\’gemdby
(u'1'1i k9 wasragsed asr ttheresgatharedbgl wendindopt ai nedei nwitheh is in a water
wat er-repell e cleaning liqujid. As shown in the evaluation result of
Table 1, tH& iﬂﬁc&zﬂm& desuriper qomdilapnf dceshowentimehe waslrationngsult of
t herefore t | - i,din ffect was exhi bited.

addi t1 onal 1501 he i RSt SRk BESK R R Bl SR lREn R Hasend therefore
retai ned wese %aQemwleaﬁ%pxbbﬁﬁﬁ%@ffect Q@qscéﬂiibit@HyAﬁﬁit‘i@nélﬂiﬁ tﬁ@aéa?illary
Additionally; the contact angle arter UV irradiation was snaller than
10 so t hat faregewdhedfimehehwet erateepels erieinqgr oasdefl M frdcen ¢ ohelictfbenthe

was achi eved,. Furthernore, t value of _the wafer after UV__ . o

i rradiati ofPRIAETE fBTqeevas ﬁ&%ﬁqg.ggﬁiﬁ%ﬂnﬁm ﬁhW‘fPEFﬁqttaWﬁg adar Pvhgadiation
t hat the r erode t j j t .

resi due o:‘,\@{aﬁes nY\/\\gl? eel?@{aenpgl())l ’eérg)t ﬁ%:altelgﬁll(h}é’l q}alf g%‘? g{a%%%&%%%%gﬁ&i%%l%equsé}rface

-Wirra diatdionn [(QL03dExa8p] &uldhdieorsanner Rwasakieabf thBewsde ad&sr UV
Exanple 9 with the except:kmthat, 35 at the

.., .11 aci sireadiatent mowesmallgy thanf @de nTreatihemthiof iSiviconnfiafied that the
Surface by ter Repellen aning.Liquid’ the siljcon ter was
Ceraed | WS i RGF SPHod & Redh TBecP! Gleeans rnet 4BAt | e Fesiane of the
svat errepe - I [;upi . Sidd .

finally tawgﬁé%ﬂfﬂegggt%?ep%déggggﬁasi 6?%15?1%;?13&&%?9&’%&%}11? \e?)?]lér eon

to renmove DIN6dpi diedmplr ®6x: the surface thereby obtaining a wafer

provided wit.h a water repellency-provided surface condition. As
shown in the eval ubt§ Biesuves o}l thepieandg asthiveareplet bz tvibhghe eapemion that

t he surfac t t 72,,and therefore the water, .

repel | ency-ﬁgrlf)l\glllad‘lgﬁg i ﬁ’ﬂ‘e@F R OB RGP R .nt“ A(a)d)lt_f“}lbeﬁ]all?yifhe[ fgater-repellent
capi | lary flenaen@tiqhlie ANSoWhehehwat@lludasn et it Red WS 11419 contact angle
I1siNtin2 and therefore the capillary force was small. Additionally,

t he cont actftangltbeaf swerfatdV irasddicatti owawas7Smal | eand hatetfore sahiehatvater

removal of the water repel dency-provided surface. condition was

achi eved. ’Ffi}’reﬁ]r?écﬁﬁ)rré}’“ﬁﬂé qreecy g g eahikhed wafdrtionalbs theycapillary force at
irradiatio , it [ [ contirmed th
e our oy BRI 0208 S TRRALER YUTRLE AREORRRIETEY e
resi due of firbe wat esmaepeld®@iibnelloanhdedrdtabi drdild 4¥ely Meveimadfdttod was

W irradiation.
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.
[0107] Example 17

The manner was all the same as Example 11 with the exception that,

at the above-mentioned “(8) Surface Treatment of Silicon Wafer Surface by



| 0104l Example 14 The manner was all the same as Exanple 13
wi th the exception that OCTFP was used as the organic sol vent

contained in the water Tepellent cleaning liquid. As shown in the

eval uation result of Table 1, the contact- angle after the surface
treatment was 70and. therefore the water repellency-providing effect

was exhibited. Additionally, the capillary force at the tinme where

wat er was Neédtairfdehebesit1CleatenLadd thersefiore whier caps| inamerfet da the
was small. Additi o@rﬁd ly: the co ,ta_c& ?P?ugl e after 1.1V irradiati on was
sr:omler tKatengery eHacledgnpgaliasid ¢ HalaEde Yy SpERYIBEC Wi rib¢rey thereby
surface conditi achi . rih I the. . | ue..of th

waf er afte?g’b\?'v?rp% \ggiﬁ%t ﬁ)g%t%\\%,:rgpgrlrgﬁ er%fet éﬁgo.lgﬁlrlﬁﬁl] f\{félvlmt hlt i%‘fﬁ??e’ and
was confir geHsdaintiheh NefIRr siWasn Rt fe BhRdeG RbridiBid DR ophn6l 83N Rbn and
and that the residue of the water-repellent cleaning I'iquid did not
remai n af t enre IWatearr i atinom. axjd I06]lEx anipdre olb dthehaeraniwer waksy, dbllotvhd by
sane as Exanple 9 with the exception at, 36 at t

above- ment FBfRd1E" {8) thegeozc &0 ﬁe%(f‘f?e%ge RIS W HEHK {;‘gﬁbrthsuﬁlﬁléfagg, thereby
VWat er - R | . i iqui-d". t P ] . .
vaer: ekl etk 8301 AO AN 05, SAD,NEES 195 LTRSS . s

cl eani ng | kHYWA @Nthd Bahldhersiéhdoof Wabes 1Wese thagddt Yartak &FtQUthOurface
the pure water, followed by spraying air thereon thereby obtaining a

waf er whi chrdagniemtawaat'é rapeltheredyrep thyivdeir stepklleacrpmdiidiog e¢fist was
shown in the evaluation.result of Table 1,.the contact angle after
t he surfac@xbhgqcﬁeé@%%ngiﬁy’aﬁlbe 1R dorgeng rtime Where water was
repel | eney- ol ef:f g@c exhi bi ddi t.i t

F@Ea‘?}{é@ R%ﬁ 1 §Chivasz exhh bik&dro,RAdiL %ggh\i,\%‘zg; cﬁ}gcevaKE? a%mall.

capillary force at e time where water was retain

and. t her efAvidetibhellgadid tatrtyct Angk afsr $Malitnadiddoh ivomakialleiri®an 107, so
contact angle after UV irradiation was snaller than 10 , so that .
renoval of thversiper! plede wehey renedlengedrevidedcedaerdrendpiopagas achieved.

hi d. t h t f.th .aft . UV
' rad at] of YHLGHE She SR BETHIE Wrdr SHCH Y (- ORG e g Y fathan
the wafer wasnAPtwRhOFELHAE wecdd i tch€an Rarandak %}3 tegg&%{/ g8t eime

of the -repellent cleaning liquid did not remain a

i rradiati onf cle@hd6g Bxa Wpltethbbresidue of thélheatomneesllavtsclabhirtghBqsaatrdid not
as Exanple 15 with the _exception that DcrFp was used as the organic

sol vent coke@ianediies WérWéﬁéFmPepel lent cleaning liquid, As shown in

t he eval uaf res f bile 1, the contact angle after the
surface tri%%nt %léém%%-rg therefore the water repellency-providing

effect was exhi bi teHe nAsihidd @B3lalYshet EnEARIH ABRY1d OF GetIAthd Bdti® that,
where water was retained was 1.0 MNVn2 and therefore the capillary

force was stahe. abxodimieotiankeyg, tRe SoofacacTranmigletast Srlidov WafediSatrfar by

was snal l et _than 10 . so_that. reppval  of. the water : _
repel | ency%t@\?' et s GleadBRAHIBA walke adhrey suater Fiasnhapmsracd tige the

[
Ra val ue o fier. . {: i At t.h
e v Shdr Y oG R SRS WP gperes
the time ofeglogaiy nghandvifatrebbRehesiciugifl tihuid, , frbat et epelthent and
cleaning liquid did not remain aftertlV irradiation.
subsequently that the silicon wafer was immersed in 2-propanol for 1 min and
finally taken out of 2-propanol, followed by spraying air thereon to remove
2-propanol from the surface thereby obtaining a wafer which is in a water
repellency-provided surface condition. 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 force was small. Additionally, the contact angle after UV irradiation



[0107] Exanpl e 11 The manner was all the sane as Exanple 11 with the
exception at the a cl"(31) Surface Treatnent of Silicon Wafer Surface
by Water-Repellent' quid", the silicon wafer was i mersed in the

wat er-repel l ent dee ning liquid, foll owedgby spraying air thereon.

t hereby renoving the water-repellent cleaning liquid from its

surface, and subsequently that the silicon wafer was i mersed in

2-pro ut newgsoymallentlmand psw chatateenofadrof theiwatei oebdliemalytyravakehsurface

. , foll b i ir th t enove
The b o wabeRRIRRY AT 28 hierag e HTENEBHOBh i iy VAL bErhaREEr éfias UV
a water re | Sy - i_ded fac ndi tij.gn. shown in_the
eval uati onﬁ)qujggg%}t%%& %ts) 3 ']f?u{}hagl @Oﬁ% act Qvé I%@Ptlérw?%gogmfna?gethat the

treatnent vagedZvanchdheiogbar g the walebs aRalihencyd Rhayi iende&HLECL the
was exhibited. Additionally; the capillary force at the tinme where

wat er was mettaimepkelivas de®ninig\lidNkiEQlidnabtteen mforfeet W& vapdidtaomy f orce
was smal | _ (ﬁid ihtiopnally, the contact angle after UV irradi ati on was

smal | er th& asg*emae denoval of the water repel | ency- provi ded
surface condition i ev ~11EHrt [ th val,ug of the.

waf er after |.TV i?@gﬁ@ %n‘g\%sag 11s‘Hrrllalel %}j‘glﬁg?ﬁ%xam&eﬁ% W\?\%}} ﬁhe ’i‘%erP%ﬂn that,
was confi r gedhth@aiovich@ewaibaed WaS3nSluricedeth A diten ft R oaf WelieaBuRfte by
and that the residue of the water-repellent cleaning liquid did not
remai n af t &Yateir RepelleB4 dCleanting ohiquid’ 081 xanpire vigeThe apamnercrwat in the

th anple . 11. with e.exception t he above-nentioned " (d)
Sur f age. Tr SATREAP OIS P eeest B SHIPHE bY S Hargr RGBT @hto remote the
e . Liqui d" 0 N :

chrar, PSper ik rop iyl RAEH, 803 MTRLARL, Hohhppgppyly et he

t her eby r esiliongvifee wad Brirfeepal lreptirchvean fig 1 kddizhd fieMlyts8ken out of the

surface, and ) )
pure water, followed by spraying air thereon to remove the pure water from the

surface thereby obtaining a wafer which is in a water repellency-provided
surface condition. As shown in the evaluation result of Table 1, 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.
[0110] Example 20

The manner was all the same as Example 9 with the exception that,
at the above-mentioned “(3) Surface Treatment of Silicon Wafer Surface by
Water-Repellent Cleaning Liquid”, air was sprayed on the silicon wafer after
taking the silicon wafer out of the water-repellent cleaning liquid thereby
obtaining a wafer which is in a water repellency-provided surface condition. As

shown in the evaluation result of Table 1, the contact angle after the surface



nol. far 1 mn and on to renove is in a water repellency-provided
surface condition. As shown in the evaluation result of Table 1, the
contact angle after the surface treatnent was 70' and therefore the

wat er repel |l ency-providing effect was ex bbi ted, .A dditionally, tile
capillary force at tile tinme where water Was retained was 1,1 .M N nR
and therefore the capillary force was small Additionally the contact
angl e aftertréMnmentadiaat 76n 2138 thasefsmaltherwbtwnrel@llesoy tpratidiagoaédct was
of the water _repellency-provided surface condition was achi eved,

Fur t her mor 8XhiléeRa Adiitianaty.t kae vimakagy tlepceuvtuthadinme srheangs water was

smal | er than,_. iLnn, Wt i¢h, it s .confirnmed that the wafer

was not er% téadgga t“ﬂag tq}?reﬁ/{)wrgﬁegﬂfinéﬁglﬁcﬁoﬁeha %t ﬁgpflgastiydtfgr%ﬁ Yhg small
vat er - r epeld @fitioah B3 HGcd i@t dndidafiet emRidNiafibe wilshidIRd @0 5o
[ 0109] Exanpl e 19 The manner was all the sanme as Exanple 11.

wi th the exbeptréemovahaf thatvat e rabdicecy denvidnednfid) cGutit@acewas achieved.
Tr eat ment SL' i con \\%f 3{ Surface by Water-R, Ie‘&gl_ | ent d eaning

Li qui d"" t REEPeyBgre. iaedra wakig nrsswaiarmaiitee Unatiepdradial pastsmaller than

cl eani ng | igui I | i n iy _thereon to renpve th .
wat er_-rgapetolc']%#lig1 ’c‘{’gg}n‘?ﬁgﬂl JitBészng r%)rrlrl\q ?‘?gﬁghﬁea%vg, “Talg;? S Séﬂitl‘f‘ga{‘ﬁ]a‘? time
the siliconfwafefinvasd tHEN §R0rddRYbE tMatRItel-QEpdildiinclaRdind 1iRakd Yid not
taken out of the pure water, followed by spraying air thereon to

renove t he rporeenwdteerUVriomdihtiosur f ace t her eby obt ai ni ng a waf er

which is i wat er repel | ency-provided surface condition. As shown
in the evalrrgl%lf]i]on ﬁégmrﬁe&l Table 1, the contact angle after the

f treat ment | - i di
of T ect was. oxi bi t o0° TGl walHIPHR] B Sy B0 W BN R thar
wher e wat ecisne®-dehairdey)3\sasriAubrdNop@n@ndCheTef afgs t heedaR | bidd Yorganic

force was small|l _ Additionally, the contact angle after UV

i rradi ati ofolvgas ewdkimad thavhel vafertrhnellente ingflighiel. WAt eshown in the
repel | ency-provided surfa ndi ti on was, achj eved. Furthernore, the

Ra vl e SF R Bt PETaBh T tierontioh Al el Haf SKHaRe T dmity was
Wi th whi ch 7t “vas, £ oMelERd {Natwhhe YehSlie M8S, AREQRIOLeM Al whiee i

of cleaning and that tehe resi dueWof t\r‘ivglf)wa% er-re_peihl?lrgﬁt cfga‘rﬁ{%gge;{hmed'
['iquid di dAblitiveadinthaf tegrillbhf forcaditathieoimel®héd] eaephes2@tained was 1.0

The manner _was alt the same as Exan .e 9 with the exception that, at
t he aboveshehMérieyl thersyereTiheaeaptargiiogia pegnsmatleAdgarivhelly, 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 22

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 immersed in
2-propanol (GPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. As shown in
the evaluation result of Table 1, 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



Wat er - Repel l ent Cleaning Liquid., air wa.s sprayed on the silicon

wafer after taking the silicon wafer out of the water-repellent

cleaning liquid thereby obtainin.g a wafer which is in a water

repel | ency-provmed surface condition. As,shown in the eval uation

result of Table 12 the contact angle aftéer the surface 39 treatnent

was 74 and therefore the water repellency-providing effect was

exhi bi t ed, Midint'i conhlthyrefoteetleapipilary fhorecesatshhl. tidugtinhetlg, wat esntact
was retained. wa 0.{? IWNT/jn.2 and therefore the capillary force was
smal |, Addiaﬁgé%a?qey YH@W%W@%W%@FI@ lgr than U0 i soddieat PPy ahgs the water
smal I er th ter repell,ency;p ded surf

condi t1 on e deav R S sror an e kB8 oqIBREI PROMARSH | BF°

LIV irradi %ﬂ@é‘of‘ﬁ% SiaEd) Sftet 1ANIQa8idtBn WiakniGh i dn Wnﬁp%ﬂtﬁr{ﬂth it
that the wafer was not eroded at the tine of cleaning and that the

resi due of Watseconﬁuened éhet tlentvadbeanisngtl drgdied adi tthenomer ehdeanafd end that
ITV|rrad|a 011% IEX mpl e 21 The _manner was all the

same as Exa |r@s i ?hWét%?x’G?é)ﬁ*pieBﬁ qlwmg liquid did not remain after UV
cis-1, 2- dl%ﬁbﬁ%.ﬁ0§,3,3 trifinoropropene (DETFEO was used as the

organi ¢ solvent contained in the water-repellent cleaning ligind. As
shown in theiwlal ugkhaplsegult of Table I, the contact angle after

the surface treatnent was 72and therefore the water

repel | ency- provi di e ehfiever was dkhhbishe: adddiamnoiead Myith the exception that
capillary force .at the,time where ter was retained was 1.0 M\ nR

and t her ef (’.iﬁ‘é FHeOr apiler aF §S FBIRErSRes s MaItE . WAHRS {§loRalily, apfgmmersed in

contact angle bigf (PA) foF adiah| a&@erwﬁglel bl d a0 1 rjyg_r?ﬂﬁgn\%\g\%gd aqueous

removal of t'he water repellency-provi surface co

achi eved. Eulhithar aptles abbee-Beentadiigl of () helewal ey ofBtiefonUWaifsradisatiod in
was smaller than 0.5 nod, with which it was confirned that the wafer
was not er dHedvatuatien resrdt of Tobémni Hep apetachencés pflge the suhéace treatment

water-repellen ¢l eani di d, not in afte radi ati

o 2 eantiie 735 Sad Afbrelod meliyed? rop M- S Hing e leO SRR ERDited.

t he except !.Aﬂﬂhﬁbﬁﬁllgr hﬁleséa{ﬂlﬂgﬂf ‘fﬁ%@ratvﬁ% ﬂlﬁl@%hé?@Wa@ePWa% W&t &led @4s 1.0

1 mn and inmersed in 2-propanol (IPA) for mn a bel ng

i mersed.  afNhydraofd dosieforaciltt agpitlous fooleutiaansmall. thilitionally, the contact
i of Silicon Wafer"., As shown in the

above-nenti oned I eani ng

eval uation a%&]ﬂftebp"?aﬂaéh%tw@ rescoReder thaglld ‘arsodhat femsiyied g she water

et YT AN AL A SR 90 SIS LB

wat er wa. s vhgiahhawk %ﬁerla@er Uv 1rrad1at1on 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.
[0114] Example 24

The manner was all the same as Example 11 with the exception that

the silicon wafer was immersed in pure water for 1 min and immersed in
2-propanol (iPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. 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? and therefore the capillary force was small. Additionally, the contact



MNIm 2 and therefore the capH arv force was small. Additionally, the
contact angle after CV irradiation was smaller than 10 so that

renmoval of the water repellency-provided surface condition was

achi eved, Furthernore; the Ra value of t wafer after UV irradiation
was smaller than 0,5 1131A, with which it was confirned that the

waf er was not eroded at the time of cleaning and. that the residue of

t he wat er - aeghl dfdent U eanilimgidn guiscsndider tom t@min thiit egmbal of the water

i rradi ati on. 01131Exa The man e s_,all tile sanme
as Exanpl e'® etl}?yiMQVEi;%Ie gar?et rerdithe svas asht r PR ermasesdde Ra
in pure wgu o the r 1r§§(§jxaltﬁn2\95§) B&%Q1el‘(tlh]aA)0 B%rm Wtr{%}éwhlch it

after being 1 merse ['uori ¢ "aci d agueous soO ution

above- ment W@Q@nﬁrﬁ?e)d ma&aﬂnen@am‘r Whb lrﬁ)@rérm;@at rché\slrﬁb%mléarhlhgeand that
eval uator?n result of Table 1, the contact angle after the surface
treat ment Wes rzgidandott ber of oiee-rehellomt etearepel liemdy dpt owi diemgaef béet UV
was exhibited.. Additionally, the capillary force at the tinme where

water was F&edia Eﬁlwas 1.0 | VENLn2 and therefore the capillary force
was smal | ti %@4 e contact angle after IN irradi ati on was

smal | er thanq% i r%@mval of the water repellency-provided

surface condition mnﬂﬁﬁ‘lee\/ﬁﬁh aBwhehemi® ke Exddigp By alitie tiod ek&ﬁ)tlon that

wafer after IN is:radiation was smaller than 0,5 rim with which. it
was confi rR@zMEﬁawatShelswéfaﬁr thasongenit sehwaédeattaitel i nheofwateeanpedent
md that t resi wat.er nnel | ent .cl eani,n | qui id no

remain af tQF apN'g %ﬁowﬁ Bt 3 et ?ﬁsﬁﬁgfh’ﬁﬂﬁ%?’ g@%cwﬁ% Regle
same as Exé‘fofetiiét %ﬁ%&epue%n{ t &vQ sgd | eon av?g obEMRESE Ay ater
in pure water for 1 mm and i nmerse propano or nmm

af ter bei ngpelizacgedoblihy drffifck wosd @xhﬁblfbchqu&@uﬁ)rﬁﬂlwtth@rba@ﬁHéﬂe force at
above -nentioned "(2) Cleaning of Silicon Wafer". As shown in the

eval uat i onthiee8a WhETTARtEr Was Iéatmst wes h%MN/Ia?ta@ld theseue ftheeapillary

t r eat ment s 70 andt ere ter re eIIe ect
was exhi bi 89 Wi YD aﬁ[{ﬁoﬁf’ﬂgﬁgaﬁ% F1Aa oP@g ff W Wﬁ‘@rt’é’n Was
vater was &gahaenadanasol; Lo Nahi ﬂé%i’oxﬂdldoﬂﬂ%%fa&'é? %@811@&&5} b&@xhne %f‘r?ace
was small. Additionally, the contact angle alter i nwas suaal

than 10 , smdihat werowvdlievdd.t Fhethwaterrer eper Rpneyhier ofnttiedwaﬂarrf after uv
condition was_ achieved. Furthe al ore, the R a_value of the_wa

after UV i PFABia&dol dfasma n@ant%nnm 5VithnWhap it At Whi ﬁonﬁrmaé that the

Conrt | Mo PN SRSy I 85 OBk Rt U0 Shech AT
remai n af t@atdMrdpelidai ald0ing 1QAI8 XMk @cBRin after UV irradiation.
[0116] Example 26
The manner was all the same as Example 24 with the exception that
HFE-7100 and PGMEA were used as organic solvent in the water-repellent
cleaning liquid at a mass ratio of 97:3. As shown in the evaluation result of
Table 1, the contact angle after the surface treatment was 76° and therefore
the water repellency-providing effect was exhibited. Additionally, the capillary
force at the time where water was retained was 0.8 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



The manner was all the same as Exanple 24 with the exception that

PC- MEA was used as the organic solvent contained in the

wat er-repellent cleaning liquid. As shown in the evaluation result of
Table 1, the contact angle after the surface treatnment was 66and the
PC, fore the wa t8r repellency-providing effect was exhibited.
Additionally, the capillary three at the tine whore water was

retai ned wagtargemallarg cerninadrafidried tivé reapiihlaavey YYriceadiasiosnal | .
Addi ti onal he .cont a ngle alter |1 AT irradiation was snaller

t hanso that(}/]rlgﬁm aﬁ?x fen%/?wat er repell ency provi ded surface

condi tion was aCh"ﬂ;{fﬂlarF gtn\p%g gﬁrtﬁe sta E}ggalh Of3 the, &lc tﬁ(ﬁ‘gfhat

irradiation was smaller t am WI'[ t was confirne

t he wat er was sildlonemeded vats thendriso® iof pateaniteg fandl that ddie imesédue in
of the water-repel I?nt cleaning liquid did not. remain after WY
i rradi ati of: prpnan@ll iBRanpt @ mén after being mtlrheraedrnrmehydmﬂtmrlc ahel saueous

Ex | 4 h « 7100
neet ne oriAle'd oﬁthfgﬁ'eexceﬁ*t PRl or O CI PRl B Tater g shpwg in
mass rati oq0f e@:zlu%mdﬁsre%ﬁ?e"?f TRplhe t%\éaédiﬁﬁhtoﬂr%%ﬁsé‘étér %?’ner £ Ge ]tr?#gﬁent

contact angle after the surface tréatnent was e and t ore

wat er repelviaonoy- mmdlltﬂemjoﬁ ftretwaas ehilkintedroddngi«dfak| yastdigibited.
capillary force at _th i me_where Water was retained was 0.3 Mhitini.2

and. ther eAédtthnﬁhcébplcaaﬂ}arWoﬁOé@e Washe wane Wiekdietw aival wgs ﬂfh@ﬂa@dt\mﬁ 1.1

ongi o 1 Aud AR 188 ABHAE b8 e SRR e e

Fur t her nor gy olehgtBatwalwedRftiddhe avahes1af tiem YY° i &6 adhatd by Xest the water

smal | er than 0.5 urn, with \yvhich it was cortfirined that the wafer

was not er mjn@dileatytmevtdsede soffack eamidigioandvashatchidvee. r Bsiidieenofret e Ra

Il r2r \ggf :[ I- I)%E)I%HP the Cl y @E?eé" ljég'ullrlga 121910?10vga£ grrrrlaalllrér%fh;%rO 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 28

The manner was all the same as Example 14 with the exception that

the silicon wafer was immersed in pure water for 1 min and immersed in
2-propanol (iPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. 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? 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.



The ramer was all the same as Exanple 13 with the exception that the

silicon wafer was imrersed ittpure water for 1 nxnancinnnersed in ,.

2-propano:. , IO | nun after being imersed in hydrofluoric acid

aqueous soI ution at the above-nentioned 7{2) Ceaning of Silicon
,Valler". As shown in the evaluation result of Table the contact

angle after the surface treatnent was 70 and therefore the water

repel | encyl@pridli di igaeipleed was exhibited. Additionall y the

capillary The at the tine where water was retal ned was

and therefore the EAAPIARSE VaF @8 Wessanaes Byggapty %(Pléi‘{lﬂ?th?h?éiceptlon that

|
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Irradlatlon was smaller than 0,5 nin, wth which was confirned that
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above-nmentioned "1'23i Ceaning ofliilicon 'Wafer'. A's shown in

eval uat i onME4aut tandf thléacbfca”e 1thet ¢tepiblony detce waglsmalit Addithenslly, ft:imecontact

treat ment -was, 70, an herefore the wat el l ency-providi ng effect
was exhi bi FBE® af'g‘%ﬁ\} siafiafion Wélséé’bﬁ‘ﬁ?rawf épcesﬁttﬁf"ﬁée‘lniof‘@ ghewater

vater vas Al ysided MM 2o S0&] Achidyar CRRLUAYOLOTES Ra

was smal | . 1t 'y, the contac angea I'rradiation was

smal | er t haalukbShethaferrfomval @tadibeioradas shelRld ©¥neyo provi daeh which it
:surface condition was achi eved. Furthernore, the Eta val ue of the

waf er aft ewarsmnﬁrfmeeﬂdﬂmﬁ B warswak et erhaed 0 3ha rtnnewftqheamm\amd that
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remai n af tp&ag{\gticﬁ{_am ation. 4 3 [0119] Exanple 29
[0120] Example 30

The manner was all the same as Example 21 with the exception that

the silicon wafer was immersed in pure water for 1 min and immersed in
2-propanol (GPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. As shown in
the evaluation result of Table 1, 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.

[0121] Example 31



The manner was all the same as Exanple 20 with Inc exceptio the

silicon wafer was imrersed in pure water for 1 mn and inmersed in
2-propatiol (IPA) for 1 mmafter being i nmersed in hydrofluoric acid.
aqueous solution at the above-nentioned ;{2) Ci el/a:Mg- of Silicon
Wafer”. As shown, in the evaluation resu of Tabth 1, the contact
angle after the surface treatnent was 72 and therefore the water

repel | ency- provi di'Hge effeodr was adk bidbted. asAEkdintilenaiith thdiexception that
capillary force ,at the tine where water was retained was 1,0 MV 1112
and t her ef B?% YHEOR apAfararas drgeexied shaPyre Agdlieri §alll yoin, hemmersed in

contact angl ifpradiatio | l,er n 10. ,,s0.th .
renoval of gtﬁgs\%g?fer(%pgrl gn%igl/ﬁ pa{r}b(%l/\?%lé'%g}sasﬁgf la{lc&zg@lgﬁlgi Olro%] WA ﬁtter being
achi eved. . ifuidrBed MRMN8drbheoRa aad beuebut Relwad ekt aht &hoW-mentioned “(2)
irradiation was smaller than 0,5 nin, with which it was confirned.

t hat the weilerningsoindilicenodederdt Ashehavimen ghecdvednatign amdutthaft Thbee?2, the
resi due of the wat eli-l’ el | .ent %eani ng liquid did.not remain after

1. JV irradf¥tidsh ange athfl §ug@gee treatmentrfE@sghnepnfddegpiore Hoe water
sanme as Ex W -1 he ' ; t bl fer .

i mersed | gé%gt}r%él% W 8&“%1;8? ef? %%gﬁgag%%h%%%'s}ggdﬁ%é%ﬁgpcl)cggncga}pﬂ(ﬁ?& GREE W2t
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at the above-nentioned "(22 cleaning of Silicon Wafer". As shown in

t he eval uafdron wesuimabf biena]lyt ke conttact sandt eafedrt 7Vt heagunticacevas

et VB AR ST ety AP ST ol
wat er was E%Edcg!ti%ﬁd Sadhilv MV %A L e efar & ot anfef‘Bf't 7 ¥akdY G&er UV

was smal | . Itionally, the contact angfe after rradiati on was

smal | er t hamrad{ati®o wtdzatmaélepuwalanod. 3 hen Waliedr wigpk!lit engy cphfivindadthat the
surface condition was achi eved. Furthernore, the Ha val ue_ of the
waf er af t eWalfr i¥asadohtarenethey Shaltive ehalvaoisg mud that Hhehiehdie of the

was confirnped that ,ih fer s .nof. ,eroded at the fi of. cl eani ng
and. “that  trder Ealeltrd® s e EraR Hiarnemte A HY Frtiedoid not
remai n aft gy1ddy i rmadhatd 9n, [01. 211Exanple 31 The manner

was all the same as Exanple 1 with the exception that the silicon

waf er was i mmer sedl'he npumeerWaberalkile damierngs Esxmerided wiith 2Hpeapanodn that

(I'PA) for éhrrin,and. i nunersed in toluene for 1 nun after being _
i mer sed hERhydhet ubried HEsd aauesed 89| ReTeonvaiert K dbevy nepitregd in
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A.dditionally, the capillary farce at the tinme where water was
retai ned wagueng sqINtiomPatatith abber-efarteondie cédi Cleamyng of Selias Wafer”. As

smal | . Additi onal If}ii the1 cont act ngé tgr [INt? irradiation was
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wafer after irradi ati on was smaF er 11tI%an 8 Eu)m W # i C itfeﬁ/aswalS

confirmed thiabitdde madrional, note %b?ﬂﬁﬁ-y dbrdehat tine tohecheant ngadhid was
that the residue of the water-repellent cleaning liquid did not
remai n af t eetainpd  wpad Dt i MIN/nf?0 122Extpeé&ra2 the capillaryTHerceanmer small.

Wil el RTELn TR B hEREF F0r TR seag mallpr that 107, so
2- I g ' in. :
a1 CFE 7100 b ortanarr iy e T el P A priy R FLRRL AR IR n e gehigved

hydr of | uor Fareitirth @queledRas@ilubioinhatwihe Ahavennenhdenefd whs laller than
Cleaning of Silicon Wafer'', As shown in the evaluation .result of

Tabl e 2, tHé vontwth vanghet afseonfirercgutiacide webtrmeas naasrddedamdthe time
therefore t wat er rgp?llleﬂ y-provid%' g effect Wzﬁ exhi bited.. .
t t pelle

of cleaning an at theresidue of the water-re nt cleaning liquid did not
remain after UV irradiation.

[0123] Example 33



The manner was all the same as Exanple 1 with the exception that the
silicon Wafe r was inmmersed in pure water for | mn after being

i mrersed in hydrofluoric anid aquet5US Sol ution the aliosopnentioned
"(.2) Clearung of Wafer"...As sljown in the evaluation result

of Table 2, the contact angle after the surface tire:tit:nen:: was 70
and therefore the water reptdiency-pro' ddlitc4 el Tect was exhibited.
Addi tional ly, the Thpinhtangr Wascdl dte shaet asExaharle Wwati8r thasxception that
retai ned s 1.1..N Nhal 2 and theraf.ore the capjllary fofrce was .

smal | . Ad\él\?}t“? SHECRY W A taHeW 8 ARIREISERGREP Wit BRTAOMOT 1 BHP et nP g immersed
smal ler th T ] Y= Pf O .
surface coﬁg}lg ?gﬁ?u\/\(}alis?@g% |%@ie/%|.us L?}l%ﬁgrrl\r%g&gé a,:b ﬁggﬁg&?/tgﬁyﬁéeﬁ of K@ﬁgleamng of

-waf er af t giliddvi Wrafaei atsi hbwasn sABllvaludthan rfs1 8t 38, TaMid b, v ebnialct angle
was confirnmed that the wafer was not eroded at the tune of cleaning

ancl that tfierrddiedusndhce hdrewnesntr epelsl €M cl eanidg thegefodedi henowater
remai n after TV irradi.ation. 01211 a e .. The_.manner
hae a1t el BB YA D L i GHnally the SRR Torce at
waf er was iy i ; : . r n
notr of | aor D S SFharB PUE W Fltalidlg ae TAANIGE A DL MIR A8 dplary

C eani ng ofor&k | waonsiéaflerAddib®nshigwihi ncdiltacevaldat afoear Nesultradfation was
Table 2, the contact angle after the surface treatnment was 70and.
t her et | sr eséleaithem ABpeldoeral- prroviali gt eter wasllexhy birpeded surface

Addi ti onal | the capill orce at the tinme _where wa was

et ai ned w4t SRRAE Ve o FERUBPE. (- BdpTr i o Gecs ek after UV
smal | . Addi,t5analdy wddenCoRtada 20N &ndf {&ih %ibfxri%ddvéé 'cBHfiX‘%A%él that the
smal l er than 10 SU that renoval of the water ropellency”provide

surface condif¢i ernwast aobidededt. thertiher obekartihg Rad whkbbethef rédidue of the
wafer alter UV irradiation was snmaller than 0.5 um _with which it was

confi ri nedVekex renfalapdr@dramas ot detiddud mmalpeitend orradwdmimg and

t hat the resigduye he er repellent cleaning liquid did not
remain aftg)rsﬁ%qv ?@’r‘%’&' g\leg%n, : 01251Exanpl e 35 "1 he manner

was afl the same aph&ExPhE ¥8sWil bhd BErRXES PikaoipTbhatyigt NG dxBiWon that
| ehlorooll a ne C2H5SI (1,i113)2CIi was used as the water-rope ilex:::

conpound. Hse shan Wafarheaenameatsednnresyl watdr abl enid, aftdebeont acmersed
anole af er, g the surface Licatmn Luasi, 70 e and. theratbrecthe s
E EeP;‘ lorareytSng(,rogl:\S’iaaltf?Ita”P%s]E éo%% Eﬁg \#g%ﬁiat\{\a’? ré&h@'o@%‘bl%? £10e gmct 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
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.
[0125] Example 35
The manner was all the same as Example 23 with the exception that

ethyldimethylchlorosilane [C2H5Si(CH3)2Cl] was used as the water-repellent

compound. As shown in the evaluation result of Table 2, the contact angle after



.Additionally, the contact anfile after UV irradiation was snaller

than 10 that re na oval of flu water repellency-provided surface

cum | I i onachi eved. Furthernore, the Ra value of the wafer after 11V
irradiation was "smaller than (15 urn, wth 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 i rradi 8té enrface0te2BdExtaivaeal6 acand therefore Tive wraneepde @S -aldviding

t he sane as anple 23 with e.exceptjon that. ,
propyl di me€ 9%%15&9%&%(5-%55@@ lwsﬁ&lcaegfﬁry\/@g%§éaha§1mﬁewhere water

wat er - r epe n . iLn;the luation r It of Table
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Additionally, the capillary force at the tinme where water was

ret ai ned wasatOydnovall defhei watandpebenef orevided saidd amdifionceawashieved.
irradi ati on was

snail .Additiaonally, the_contact angle after
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and that the residue of the water-repellent cleaning liquid did not
remai n af t eemehn afteadi Btiionlial@an27. 1Exanpl e Sl The manner

wee all th Exa b g wth the exception that. the
wat er r epel f%]ﬁfdﬁl 2@%% gui d was obtained by setting the
wat er -repel | ant CW&%%ggailaéﬂe%rﬁg gét k Y294 0y %ﬁ?'e%g%&jan that

mass% trilluoroacetic aci ative to t tal quantity o

mass' | 4 of ptdig/ldaherhylepelkddnine (@A HE)Y Ui dwadAsushion the Wi r-repellent
eval uation result of Table 2, the contact angle after the surface

t r eat ment . Co@soBBdeAanbowhenehsr e al hatigatrepuliep diabén ytlpr evitachgngle after
eti-iitt s exhi bited.. Additionall t he illary three at the ...
Crine wher Broatbpthect it haa il ot KRB e ke  apeRnphgroviding
capi |l ary £arGewiase:&8Bkhtly ddhipgddit Ipmzﬁhbﬁalw,hﬁl&%af)ﬁﬁryafb&b@ AR time
W irradiation was smaller ‘than 10 , so that renoval of "the water

r epel | encywireow ivdedr swrsf @t eineonsias DahMidsnaehil eheckfoFutlidexpiblney fodve was

Ra val ue of the er after ITVirradiation was_snaller. than 0.5 nm
with whi chsmrlhgs ptire dhe antad e eHtens) hdtrasiaden wues speltqrnghan

o ! S0, L G %, Bl N8l SRR SR ion v
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.

[0127] Example 37

The manner was all the same as Example 3 with the exception that
the water-repellent cleaning liquid was obtained by setting the water-repellent
compound concentration to 5 mass% and by adding 0.1 mass% trifluoroacetic
acid relative to the total quantity of 100 mass% of the water-repellent cleaning
liquid. As shown in the evaluation result of Table 2, the contact angle after the
surface treatment was 86~ and therefore the water repellency-providing effect
was exhibited. Additionally, the capillary force at the time where water was

retained was 0.2 MN/m2 and therefore the capillary force was small.



The in.anner was all the same as Exanple 3 with the exception that

the water-repellent cleaning liquid was obtained by setting the

wat er -repel | ent conpoi nd concentration to 5 ma ' and by adding 0,1
mass% trifiuM Gagetic anhydride relative,to the total quantity of 100
ma. ss% of the water-repellent cleaning I?Zui d...As shown in the

evaluate a result of Table 2, the contact angle after the surface

treat ment vakli80nalg theeceftaceanbk wételUV épeldiency wprovindilleg tefahetd | so
was exhibited. Additjionally, the capillary force at the tinme where

wat er was tetlareadvwast d@ezwwrhmmiﬁmﬁmreme@l théaceapinditiop Wereehieved.
was smal | . ;Addi tional | he contact angle aft UV irradi ation S

ol er t RARTLBTIS il HoRel e RATRALT | ApBF RS g R lor than
surface condi hipRyWASYRER 88 cdHILIET PRLEhd @ﬁf@ﬁaé’ﬁ'ﬁﬁ%r&fl d BEthe time
wafer after UV irradiation was snmaller than 0.5 nm wth whi c% It was

confirmed bphaleamieg wafdethatahenatsidiodethatvdtberépatofcleheanyt Hguahdid not
that: the residue of the water-repellent cleaning |iquid did not

remai n af t epmen igfteidi ¥urowliation29] Exanpl e 39 The manner
was all th 3@ Exan%lgg $7 with ,he exception that the silicon
waf er was se f(%m&]] water for I. mll and imersed in

aqueous sol ution at the above-nentioned C eaning of Silicon

and t he FI He #k00r-ance ] RENVEA: aveime, ligsiddv as obtiened dariectingl thenvater-repellent
contained in the water-repellent cleaning |iquid at a nmass ratio of _
973. As shevmppﬁnﬁar@néemr@&%%w PeBAPt o otndr g aldngt(hé reapt aci imeoacetic

after the 3%&@?@%%&%@1?&2 EE) t\ﬁ%sto%g}] qgllgl gg?eo'r&giﬂ I%b%slaél% )‘é’:flttﬁr%_\gater'repellent

repel | ency-pr was exhi _ _
capillary Eléh@l@nﬁlliqhﬁ&_ AyBRowhehe Hiad Rl uwas n ek altnEFdrams 20 tRe chhMdtdigle
and. therefore the capillary force was small, Additionally, the

cont act angfteraltther &Mfaee adrettnoeninvawes 386mi | er anHantlkdeforso theat water

renoval of the, water repell ency-provided surface.condition wa

AP IR A R st A S RV R A A S e e
was smal | e i i.ch i i f .
vas ot er b S QttaBidvale fadphiGihodd Wi SNIN/ETathd BRCIONG, R Bloillary

wat er - r epekdreat wakeanibiig Addjtioshadiyd thet cérevmat miafle esftdd VUVY haddattion. was
[ 01301 Exanple 40 The manner was all the sane as Exan?l e 38 with the
exception shmllerhidrag; 10cereo that removal of the water repellency-provided surface

condition was achieved. Furthermore, the Ra value of the wafer after UV

prepanol (i.P.A) fDhe lmaihét dhkefl] PEL B9nid B ERed bR ?%ﬁﬂi’fthé'\(/%é(;'gg;r)ﬁgﬁQhat

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 39

The manner was all the same as Example 37 with the exception that
the silicon wafer was immersed in pure water for 1 min and immersed in
2-propanol (iPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer” and the
HFE-7100 and PGMEA were used as the organic solvent contained in the
water-repellent cleaning liquid at a mass ratio of 97:3. As shown in the
evaluation result of Table 2, the contact angle after the surface treatment was
86 ° and therefore the water repellency-providing effect was exhibited.

Additionally, the capillary force at the time where water was retained was 0.2



was imrersed th pure water thr 1 min and i mersed in 2-propanol ri

for 1 mn after being imersed in hydrofluoric acid. aqueous sol ution

at the above-nentioned "(2) Cleaning of Silicon Wafer' and the

HFE- 7100 and PGVEA were used as the or gaﬂéc sol vent contained in the
wat er-repellent cleaning liquid at a mass ratio of 973. As shown in

the evaluation result of Table 2, the contact angle after the surface
treat nent WaN/186 aantthdhefefotle thellway dbrdepelsl @ng- prdoviichadyefHeeedntact
was exhibited, Additionally; the capillary force at the tinme where

wat er was PEEH Adar ha¥ igasiatpmwis smalleneher dde  tsadheappoxey of sheavater

ras Sl R OBkt acd R SRR Sl b VAR e

repel | encyyprvidas surdas@e condithon tWaswashineyied: (i bRehAOLEh thSich it
Pia value of the wafer after UV irradi ation was smaller than 0.5 inn,

wi t h whi chvids sasimont thatethd hateit vaswafterrodad ataheerioded deabligy dndehat
of cleaning and. that the residue of the water-repellent cleaning

l'i quid di dUhotrepiing af dbe e ateringpetlenticAtawns [lowsh |dsk gyl eemain after UV
The manner ix"f’%ﬁiaclicl) the sane as Exanple 39 with the exception that

PGVEA was Uséed'as"the or gani ¢ solvent contained in the

wat er - r epelhgq] cl EaRinp@e lbqui d. As shown in the evaluation result of
Tabl e 2, the contact angle after the surface treatnent was 84and

t heref ore the wat e€fhe epahheneys pllothiediange efsf lexda mpés 38 with the exception that
exhi bi ted\.Nagdi tjonally: ,capillary three at the ti gcl?a where water was .
r et ai ned e (ﬁlfSCQ%\IIVYﬁf.eQ VERY EHBP e B! PREe cHBle Mty 1 peRcendagimersed in

Smal ! o 2hgphiny Loy aeptagfaandlenatbet, M LIl A0 eA AR SIRLBkous

than 10 renoval o € Wwat er repellency-pr su

condi tion welsitashi:gvad abdnvthesmmeesd t Né2HTMahiiey off ShrRonateifedf b8l the
11V irradi aton was smaller than 0,5 tun, with which it was confirned

t hat the w&HOE &Y aot BHAEBA atere hesedi pe tofe of gramicngpluert chmtainhé in the

residue of the water-repgellent cleaning liquid. did.not remain after

N1 rradh afioORr TR Beaphe H@id at 2 mASyii i ffon ! fackh| OpHE 10 the

same as Exappl& ¢t Wi BP?aGPéC%,H?HeO&n%Qé‘E af) ter five Eﬁﬁgcf’liretzﬁgxen&swas

organi ¢ solvent contained, in the water-repeflent cleaning Iiquid.

shown in. 8Be’ ewaldiahieorforesite vofteTabbgelPendyherovodingc tefanyl waaf éhibited.

the surface treatnent was 84and therefore the water )
Additionally, the capillary force at the time where water was retained was 0.2
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.
[0131] Example 41

The manner was all the same as Example 39 with the exception that

PGMEA was used as the organic solvent contained in the water-repellent
cleaning liquid. As shown in the evaluation result of Table 2, 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 MN/m?2 and therefore the capillary



repel | ency-providing effect was exhi bited. Additionally, the

capillary force at the tinme where water was retained, was 0.3 MV nR

and therefore the capillary force was snmall Additionally, the contact
angle after UV irradiation was snaller tg?n 10 , so that renoval of

the water repell ency-provided aortae conditi on was achi eved.

Furthernore, the ha value of the wafer irradiation was snaller than

0,5 urn, wiftdvewhiashsintalaAddoidriallyedhichadnttahe mafler afvas Ut nemddedoat was
the tine of cleaning and that the residue of the water-repellent

cl eani ng | isgalter ehap Aot renbhat apmeralcyt ithe abpeari vpelpoes3romdad surface
The manner was..all the sane as le 41 with the,exception that,. at
(he above. FERTIGHba oY 35 RaTefado et et Atine Tt e [PLh e, Pefr e’ UV
by Vat er - Repeldi enbn Gl garha)dd aitid'0.5 the, il Fiz@l@ic}“]ai‘te&/ay)’ac%nﬁrm%d that the
inunersi=id in 2-propariol for 1 min after being immersed int liquid

and t hat t lweafsi [weomovaderdedast fthoatiine békémraut and dhent tlod eagidug of the
ropanol, followed by spraying air thereon to renove 2-pragpanol from
the surfacaatRerepsiiop: dpanmg Aawsr &d pricieraaiedalter U aradiagion.

repel | ency:[_g%%i deﬂ. sunface condition, As shown in the eval uation
result of 2, f‘ﬁ%lpé% act angle after the surface treatnment was

841 and thunders tHgeWRLEher RRE!JIENEY s PV JiRgef £ qgtwf&/?%&%ﬂcggﬁ%ﬁ-that

Ad.ditionally, the capillary farce at the tinme where w

tionaliy, tHHeMdohtaet wedl es afiteeprgdnici salaehtatooininad simihé ewatdrarepklent
, So that renoval of th ter repeliency-provided surface condition
was achi evé .amagtlmﬁl&m&,s oW Rl ki {7 Va0 Sl oy Talp s thy Contact angle

irradiati 01 £gS ! Elgjéfgkgtanctr%aeéfl% watsh %i ch i tangatsﬁlg%@%}{rene%é h%ater

the wafer was not ero _ Ime of cleaning ant € residue
of the wat eppslepely-entvidheanfib@ Wadui:thiditddnotddigsahly afieetapMary force at

irradiation.

the time where water was retained was 0.3 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
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.
[0133] Example 43

The manner was all the same as Example 41 with the exception that,
at the above-mentioned “(3) Surface Treatment of Silicon Wafer Surface by
Water-Repellent Cleaning Liquid”, the silicon wafer was immersed in
2-propanol for 1 min after being immersed in the water-repellent cleaning
liquid and that the silicon wafer was finally taken out of 2-propanol, followed
by spraying air thereon to remove 2-propanol from the surface thereby
obtaining a wafer provided with a water repellency-provided surface condition.
As shown in the evaluation result of Table 2, 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 MN/m? and therefore the capillary force was small.



[01341 Exanpl e 44 The manner was all the same as Exanple 42 with the
exception that, the above-nentioned "Surface Treatnent of SfficOll

Waf er Surface by "Repellent Ceaning Liquid', the silicon wak:r
was i mersed in 2-propanoi. for 1 mn aft:)ﬁr being i nmersed in the

wat er-repellent cleaning liquid and that "the silicon wafer was

finally taken out of 2-propano], followed by spraying air thereon. to
renove 2- prAaphniohallyothd bentsut hagk tfter @by ipbtdaatibngvas swaflerr than 107, so
provi ded, with a water repellency-provided surface condition. As _
shown in thBakvamgesel shthewater sfpethics ovidesl switer cortigion wasachieved.

h f 840, and. t.h h L
ropel | ency IOFOURHIRG Akt VAHE Bbrebd. ATt T, BAaHi 3y tha asappligy ghan

force at thes LBy WReK RiMA &F a deSh1:6h &l BESk VRS wlfeSwh VI 884804t the time
therefore the capillary force was snmall. .Additionally, the contact

angl e aft eof Manmngdirat tloat thesresidahd ef thdamtdD0epdbenthdbananplighidiid not
the water repellency-provided surface condition was achi eved.

Fur t her mor &6M@ERB aREn/aVyeraiating waf er after UV. irradi ation was

smal ler th 5 ran, wi,th which it was confirned that the wafer was
not er odedTQ]t%]he Elxam g?qél eani ng and that the residue of the

wat er-repel | ent cl @8Rignhé b o0 theQlmé %g@mﬁgeeam Weth khE @db&@itiNihat,
[ 0135] Conparative Ex in The manner was the sane as Exanple 1

with the extepei dmvehatentivecdat d8) Sepéldectite athearti ogSiliqui Watas Swoface by

provided to.the silicon wafer, In_ othey rds, .in this Conparative _
Exanpl e, a%wﬁeﬁmfeeﬁ ;@eﬁﬂl% n%{ﬂrq‘lgoe\%généilﬁ‘?% Yatelprees dogngrepd in

wat er repebl t .sho i emal uat.i o) It of .
Table 21 nd EapRalif Tof R ol &fier Ve Pl tnUE VR FRb I Rhning
t he- capi | | aigyid encetlatt tHesilich® Wik ey natiaklvas keat L2 Wasp3ndl, followed

NINini2, i.e. large. 51 [013%$]Conparative Jxanpie 2 The manner was
the same adyExanpiieg| aw ttherdm drceptioga £iprophnol from the surface thereby

trimethylchlorosilan,e.Reli3)3SiClJ was mxed with. 94. of L.

5 br opanol CPRERJRE Aok T Ishdu Byt gt B e el e nict e i face condition.
aqueous solautd - ST r

2 hours. thoreby sbt st ny AR P I P P BN ESRELE pHER: 4br ROUhntace
ot her wor dsredtmdrhi sa€otvparatd theffanplle aawat sipeilepelieotvidihgasttag was

liquid containing a water-repellent conpound hydrolyzed at its
reactive nérBiiitethsAddaidonallg Erpwepiiarhdorsraiatiationimes orhetsf wrdbt evas

2, the Contre Cating@ glweasaf(}.g r NhQPm§ ugl}clgc%hérre%oa]}enet%te V(\%%ﬂ%{:(ljli'y eforcsena\!vlié 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.

[0135] Comparative Example 1

The manner was the same as Example 1 with the exception that the
water-repellent cleaning liquid was not provided to the silicon wafer. In other
words, 1n this Comparative Example, a wafer which is in a surface condition
not provided with water repellency was evaluated. As shown in the evaluation
result of Table 2, the contact angle of the wafer was 3", i.e. small, while the

capillary force at the time where water was retained was 3.2 MN/m?, i.e. large.



while the capillary force at the tine where water was retai ned was
2.7 .MNtin2, te, large. [0.137] The follow ng Exanples | to 31
exenplifies a second cleaning agent while the foll ow ng Conparative
Exanples 1 and 2 are opposed to the second. cleaning agent. Results
of these are shown in Table 3. [0138] Ex le 1 (I) Preparation of

Wat er - Repel G eani ng_Ligui d A m xture of 3 g of
trimet hyl CIL(:)ft;ér‘élsi |§§%‘p ?Qﬁl&??@ﬁaﬁﬁ’ﬁe ngr ving as a wa ,e ipellent
compound, 10 g of e Maismthys tios sRmeds BLAMPNI1 38tRA the exception that 3.0 g

ni trogencontain.ing sol vent and 8735. of as an organic solvent: other
than the npf togenhglohi@onilage $EINenti Glas sstinbresdwitdr 946rd of 2 heopbyol (PA),

of t e vt SNTYEEL VAR REtRoL a0k O o PR AU SRR yobf rdfpand
vt or 1 opel TERPECaEaung (Satictprbil ook AR 4F REREL o8y Bbotaining o

concent r at iseneptepditenti dle ogen- Benidailni nges olords! i ehidtCoaphoative Example,
total quantity of the ter-repellent cleaning |liquid (hereinafter
referred t 6 agtarwppeldgin-ctomiagnilingidorvantingonc erteatepallpnsf cargpound

et TP I TR R RGN ST
filmlayer opfrah1dhCERaRh£fack RO 8SR) WRScUTIRS 8% tn etV HAOTAAIOr i €. small,
aci d aqueous solution for 2 mn, followed by being
while the capillary force at the time where water was retained was 2.7 MN/m2,
l.e. large.
[0137]  The following Examples 1 to 31 exemplifies a second cleaning agent
while the following Comparative Examples 1 and 2 are opposed to the second
cleaning agent. Results of these are shown in Table 3.
[0138] Example 1
(1) Preparation of Water-Repellent Cleaning Liquid
A mixture of 3 g of trimethylchlorosilane [(CH3)3sSiCl] serving as a
water-repellent compound, 10 g of N N-dimethylformamide serving as a
nitrogen-containing solvent and 87 g of toluene serving as an organic solvent
other than the nitrogen-containing solvent was stirred for 5 min thereby
obtaining a water-repellent cleaning liquid having: a concentration of the
water-repellent compound relative to the total quantity of the water-repellent
cleaning liquid (hereinafter referred to as “a water-repellent compound
concentration”) of 3 mass%; and a concentration of the nitrogen-containing
solvent relative to the total quantity of the water-repellent cleaning liquid
(hereinafter referred to as “a nitrogen-containing compound concentration”) of
10 mass%.
[0139]  (2) Cleaning of Silicon Wafer
An even silicon wafer with a thermal oxide film (A Si wafer having on
its surface a thermal oxide film layer of 1 micrometer thickness) was immersed

in 1 mass% hydrofluoric acid aqueous solution for 2 min, followed by being



inmersed in pure water for 1 min and then in acete MAQ (3) Surface
Treatnment of Silicon Wafer Surface by Werli.epellent C eaning

The silicon wafer was Inmmersed in the water-repellen,.. cleaning
l'iquid prepared at the above nentioned,59a) Preparation of

Wat er - Repel l ent Cleaning Liquid" at 20 ¢'C for 10 mn. Thereafter,
the silicon wafer was imersed in 2-propariol Ibr 1 mn and. then

i mer sed | Hnpisreedat dre grater gorri main yud then si pretoneviaf drmwas t aken

out of theppu r hawed spraying ai ¢ thergon, ther )
Femovi ng ¢ MR o Gt o e Sl Phsa oo NP PAS o s 1 Wgfer Repellent
eval uati ngcthg,igbt@apgd wafer in. a manner as discussed in the

[ Eval uati on I\/btlhgd It—lor Silicon Wafer | b Wi ch Water-Repell ent

(l eaning Liquid isI'kr aviicad]wafenewhavimedraed an ihé twaterc@pediecht aslghging
of smaller than 10 betbre a surface treatnent changed to have a.

contact anfnBibPrepaist: at thasudvecaenteaehent) Pasparidwn afi WateiRepgllent
t hereby- exhi bi.ti ng. an ;excel].en ter, repell.ency-.provyjding effect.

Addi t i onal @‘?a%gag}%‘él&l t?toféoca#:c?f%aﬁpng}l h gﬁéﬁl%lr’a%eﬁ]%lc?? ‘é’la%‘flhé" ag
time wher e Walgte Vas ZF}I?xtdi‘)'aﬁ%fi forl 18015200 khat 3ol IsE8 WAL GaMY AR 1 min.
and therefore the capillary force was small Additionally; the contact
angl e af t eFiddMly, thadiladtonowatasy ssred ket otthahtlOpere whibat, folésmwyvalbyafpraying

the water repellency-provided surface condition was achi eved.
Fur t her nor 11 {5EeRy tharely BImera ardfeer uee Wakerpvony thediatiheon was

ol e O AT L SO L 88
\[Ng& irz ] { $ggildeemb ¢heanitd iMuikhditbnailikarainieAf e WHYCH rwadiaRibfMent
Cleaning Liquid Is Provided], one having had an initial contact angle of
smaller than 10" before a surface treatment changed to have a contact angle
of 80" after the surface treatment, as shown in Table 3, thereby exhibiting an
excellent water repellency-providing effect. Additionally, as a result of
calculating the capillary force at the time where water was retained, the
capillary force was 0.6 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.

[0142] [Table 3]
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| 01441Exanpl e 3 The manner was all the same as Exanple | wth

e exception that the nitroge.rcontainin.g COD14)0 wad concentration

was set to 2 es? As shown in the evaluation result of Table 3, the
contact angle after the surface treatnent and therefore the water

repel | ency-providing effect was exhibited: Addition.ally, the

capillary f at 1fbme where water was retained was 0,7 MV nR

and t her ef 56)%@% Ig%%ﬁpll‘%?y force was snmall. Additionally; the

contact angle afteThdWmhhhadiaki ANtMaSastehd BkabliB Lwitls 0hé hdception that
removal of the water repellency-provided surface condition was

achi eved, Foe vtgenoepellettectsapvandieontertthetinafvers adit tr 1 vassbadisatliconn in

was smaller, than. 0.5 nmu, wt ich i.t was confirmed. that the wafer
was not er SREVAIIALHE F‘?#t 8? %L%E, e 8‘?fbtafhépg¥ehéﬁﬁé§gﬁl§é‘rg?cec hgatment
wat er - r epe ntocl i QL6 dj in. . i iati .5
o S oo 2c! ER ARLIRY oot ref e g n el L ibiced

t he except Aaklitibaslly,tat @pilapy forek it ahe i fhNNWhemas atised.asas thheed was 1.0
ni t rogen-cont ai ni ng sol vent, As shown in the evaluation result of

Tabl e 3, t AéNGBAteack theigfereatheepanilars forescwasrwas hemddiienglyablee contact
therefore th er ncy-providin 55 effect was hi bited.

Addi i onal Py 219 RSCE LY Piefieth SulhmaRe® thEE hera Vil dbiiifat of the water
retai ned waspQichdy-BiNada %ﬁfé&erc%?ftﬁbﬁ hgaSapilibady TR MBSre, the Ra
small. Adtflt.lonal’h the contact angle after DV irradiation was

smal | er t hanlddof tleowtkiat aftentWalrraflidtier watem sld@pethan0ys' preMad@dvhich it

surface conditi or} was_achi eved. Furthernore, the Eta value of the
waf er af t ePVagstoniinmpeditant ohe Wades aisiat emdad gitghe) imewk Heamies and that

was contin h th fer.,was _not erqded at,.the;tj. f _cleanin

and that ¢ aC aSRinge OF 1B R e in) FERTRY Lo il n aSHRER Bfler UV
remai n aft @fraflidtiohrradi ati on. 101401 Exanple 5 The

manner was all the same as Exanple 1 with the exception that
ftrifinorot@opyl i tHkaemhyl3chl or osi ban. e Wati dsed as the

wat er -repel | ent conpound. As shown jn the eval uation re,sulﬁ}ﬁ1 of 'fable

3, the contact analBeappBRe} Hassit £he sapeeat rermples! sothiet teeationethat

th t - 1 di ffect | | hi, bi

addi 1 onal 15° reSRELPh Mg R bR ARG R el ke B LA B Ao
was 0.6 Al khdiicnzvanshtibier eisone drheaprpid | gy doatss Was1s Bltbr the surface
Additio.natly, the contact angle after UV irradiation was snall er

than 10 , &reathemtreasved  oind hbewdber thepehteencgpelpmoyidesidoef affect was
. .Furthernore, the val ue of the er after

OV 11 adh ab RO s SAHIGRa RaHho. G ALY WPEE K &heitl%mgglfe%rfﬁ iFaied was
that the }A@%tﬁfing\@s“}ﬁgt k7 Oﬂ@ﬁ{rﬁg 538 ttﬂgﬁ%lf&te Ct!h‘(}?gfag)gltlw fo.txlgé H&gr small.

residue of the water-repel cl eani ng qguid remai n” a

1.Til irradidditionall}. hAdaepPhagh after UV irradidbi®@n®Rapeimatas: thdn tibe | so
sane as Exanple 1 wth the exception that o

ftrill uor ophopydmpnel diathadivehtorasilleans previded anrfatd tondition gSs achieved.

et:Eel tte_Litn water-repellent c ound. S 1 in.the eval uation
result. of F'Uf rgnare, h%q%bﬁﬁ Y \E!agﬁfrt é&q mmagé%'éo’ﬁr"%ﬁ ler than
was 74 andpt f or. - L.dj ffect 5
ot bi t od. O AREE P AR RS EARAEIL R THAPLEY WO WS R o830 ot the time

wat er was bEtRianesls wasl thfl @t fedides ef ke videraapelibat ¥1d@n6€ 1WASd did not
small. Additionally, the contact am de after UV irradiati on was

smal | er t hagmam adlertBHtirrashietian. of the water repel | ency- provi ded
surface [0145] Example 4

Q
P!

The manner was all the same as Example 1 with the exception that
N-methyl-2-pyrrolidone (NMP) was used as the nitrogen-containing solvent. As
shown in the evaluation result of Table 3, the contact angle after the surface

treatment was 74 ° and therefore the water repellency-providing



condition was achieved. Furthernio.re, the Fa value of the wafer

after W irradiatiimwas smaller than 0.5 inn, with which it was
confirnmed that the wafer was not eroded at the tinme of cleaning and

that the residue of the water-repellent ﬁéeani ng liquid did not

rrnain after UV irradiation. [01481Exanmple 7 The manner was

all the sanme as EXaM pie | with the exception that hydroll noreether

(I : TEE- 71006ffprioducedckhhhitefl EAdHitmirtadly) thasapséadryabrtdet ashganne wheventater
whi ch is ether than%(%he ni trogen-cont ai ni ng and contained in the

wat er - r epeManieiE@Bethi wigs |Q-%ul§@*1/m&s a8RoWEIEfPIEhEh e AP U YO TcesRE Fhall.
Table 3, t > g h ce tireat ment was..80 .and o

t her ef or e %éﬁ @,g{‘gﬁkr@%&@g%@;?é#&%&‘?ﬁg\g Iferﬁl((:if TR VR EPPSE |t§an 10", so
exhi bi t ed. tihedi-dhenal diythet RatGaRigelRhYy-phov R datudthe tddmEtivhekss Weh&fved.
was retained was 0.6 ilyttslra2 and therefore the capillary tree was
smal |, Addifuirtmainhyre, the Rzontlaet ofahgl veafaf tadte V'V 1rradiizatdnowawasnaller than
smal | er thﬁgi 10 , s th.ah renoval of the water repellency-provided
surface cofd Plorvihas” Aichileves. condir sttether walqavgange eggdachat the time
waf er afte W Lati | h i wihth which it .

was confir Prfeg%ta hgéétg k‘g %%Eé:‘?@arlae%{m;l& gffatr}%edgg t(g]i ;’?%egpe{qtn%é%?m& @%‘ﬁﬁd;%ld 1o0

and t hat themben Sfte&18Vefrddigtivat errepelient cleaning liquid did not
remain after INirradiation. 0149; :Exanple 8 The manner was

al | the saftl4d BExEwnpheldbwith the exception that

015-1, 2-di chi ero” ,3-triflnoro ene (Dtl'rEP) was used as the,.
organi ¢ sol vent maT}g‘h n?%mquhg,astqﬂgﬂg)q ﬁ%m&fi 5 g@‘éﬁzﬂﬁn]t At gFeeption that
cont ai ned n; . i el N .t

cval uat i on'r Ao PR RRY o B 1, (I RO PIRCTL A as the
treat ment wasei?8e@gitbrithemeponied t At isbowaaierthe epellheney -esaki i Mable 3, the
effect was exhibited. Additionally, the capillary force at the tine

wher e wat efORESt reateas mdtprwee ouriapmytiatanent N‘é&%%@r eanHethegpfork ahy water
force was smal| . Additnj.nall he cont ac le after, - .
irradiati oﬁe%Le%Hﬁogfdlpﬁan%i‘#ﬁ, B t BN eﬁkéﬁ%&a?"ﬁ’f"%% &%anauy’ the
repel I encyepriovi-deg sunfage GRdiwhOn WaseAGPhEURE kU LRST 5] §inkie

Ra val ue of:ﬂglhe g\/af ér gfter W i rvgadi ati oﬁ was sma ]lnéﬂrd %vﬁgnﬁg_ gﬂﬁé ; and
wi t h whi chthdrefas tbenfipilieg fohet whhem8Y. Skdiafceralky dise aattaet adgld @ter UV
the tine of cleaning and th%g the resithi,e of the water-reps:|ent

cl eani ng | FERAGIHIH Wi6t SRwaeh Hiaker 191V i r Padithet orempual 5of Eampwater

9 I I sane as_ Ex l e, 1.wi 1;h the
excepti on %aefpaetﬂeffégmalg?ﬁe-%?zl}" ?—cte r wﬁht%%rn oﬁ"r’%sp_e%czﬁ%)%?ﬂzEF SsE i thgs Ra
the organi ¢ab@l yfere whfeehfis TWNhREadiRadnt REs Rk d10geNconHal Al RAt1@thich it
contaned in the water"repellent cleaning liquid. As shown in the
eval uat i onwreswinfirofedTelirtetl®, wafe wantatteradgl et dhtaimehd Semfiageand that
t r eat ment s 78and tth%-l[‘lefore t he wat er . T :
e residue o e water-repellent cleaning liquid did not remain after UV
irradiation.
[0147] Example 6
The manner was all the same as Example 1 with the exception that
(trifluoropropyl)methyldichlorosilane [CF3CH2CH2Si(CH3)Cls] was used as the
water-repellent compound. As shown in the evaluation result of Table 3, 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



repel l ency- providing effect was exhibited. Additionally, the

capillary force at the tine where water was retai ned was 0.7 MNAn2

and therefore the capillary force was snmall. Additionally, the

contact angle after UV irradiation was spmller than 1.0 , so that
removal ef the WL3.ter repellency-provided surface condition was
achieved. Furthernore, the Ra value of the wafer after UV irradiation
was smal | econidipr) v&as anhiewetlh Baritbérhoresaishec Gaf ivahed of hae thdemaffar UV
was not eroded. at the ti m.i of cleaning and that the resune of

t he
wat er - r epeP{"8fa R AFhMA i hadt §-hérmy 8l Wiiehet wps confirmed that the

cirradiati le 1 : The manner s.all t.he

sane as Ex%?lleqﬁ%\n]x@i hgggx%teﬁ ?otrllmtehg ,de:aa?ntghaen(gt}:é\/\g@-tfbeenf?%aga of the
' (3) SurfacrelrepdiiaitclodniSig Iigom Mdr@dtefenSuif At bW MéberRapel | ent
Cleaning Liquid", the silicon wal 6ii was inanersed in 2-propanol for

1 min aftefObtilng Exmemded in the water-repellent cleaning |iquid and
that the silicon r,ﬁ'i efrr was fipally taken_out of 2-propane"”, i

fol | owed by sprayihge &eDRHeFasl 6h¢ sapireas] Ath Witk Ghe ereeption that

surface t hﬁ%ﬁ?&ﬂ%@%ﬂém{ﬁﬂﬁﬁ ﬁoﬁc@%b@rgwﬁﬂitggﬁta@uﬁeg 45 the organic

repel | enci pprovi surface con own in eva

result of Jelbkat3whidhe i€ vhactthangkRe alitpdgehh@ngbidiaceahieasi®Mted WaSthe
80 and therefore the water repellentirproviding effect was

excel | ent | yadshirthalbant deanitmiconahidy As Rbowapin tler yvdlormc®ratesitie of iTmble 3,
where wat er, was retained .00 riliNididL and erefaore th

capil lary ﬂb? 8@%@ aé‘ﬁ% "fl%.%glf ﬂbedis‘t‘}”flaﬁ%lq‘if", T V&%%Qct aaﬂéﬁér%fgifﬁhwater
rradiati onSRAIEIRLLRLIdASN dborSayilabu AR Blniie Bl aitionally. the
repel | ency-provi ded !surface condition was achi eved. Furthernore: the

R a val ue ofpiiheywafer aaftler tidve iwhadi atiten was 2o@iledr wiahan.¢ BBNOnS and

um with which it was confirped that the wafer was not eroded at the
time of cl BHeHgeriharapraart vsce weisdwealdi Adwsionapyerhe epetiact angle after UV

deaning liquid.did n remain after LMW iorradiatjon. [01521Ex le Il
The rrannerﬁ\?\‘/gglagﬁnt 5 Ssatq’r%al_s}l%r hgtaarhpl}gllo_’ wet httbﬁg & QH?foﬂPt g water
I CTFP was 488t R§- g0 R0 a6 S0kyEMi ot £ 4 $iET FLlbalk e, the Ra
nitrogen”containing and contained in the svaer"repellent cleaning

l'i qui d"As shbwnofi thethefeeedtarat/Voirr a dsul dn whs Fabdleer3hatrh@ 5oomt adth which it
angle after the urfadg%tr atrre?t was 78Q and_therefore the water

repel | encyYprdHPrdir Fracthewds xRt EroAgdiat itoAdimg, oftheaning and that
capillary at t i r refai .was 0,7 IVIN,

and t her ef glgée(}tg ﬁlghgagff]lt‘%%a orelr(.?geﬂ\/\gégscrlrag gfifipgA%(g}l]{hlegﬁ%\ﬁoﬁ "Tha" Ml uv
contact angledaftier. | TV irradi ation was snmaller than 10 so that

renmoval of the water renellency"provid.ed surffice condition was

achi eved. HuUrd%er foxanpiad Ra val ue of the wafer after LV irradiation
was smal |l er than 5rim with jch it was confirmed that the wafer
was not eroded. atliPh&FiHE Wﬁs\gﬁiegt?ﬁ AYCEnd® E’fﬁfnl{lﬁel ?’Vég} e egeentpen that

wat er - r epel.i ; i LiQLH L r i f iyradigtion, .
I0153Exanp e 15 EUReR B, 5l Gl Al P e vk e RSl reanic
with the exdepiht omhichais oghet hBaaboNe nifBitenonedaiidy SHAf @ifained in the

Treatnment. of Silicon Wafttr :Surface bK Wat er - Repel I ent Cl eani ng

Li qui d', tWetei rerdlenieaferningsligmiersedhpwnpor thavar@uatom tesviln oaffabie 3,
bei ng i nmer,sed i.n the ter-repellent cleaning | Lquid and that the
silicon wa{}éer CW&'@C# ?‘ﬂsﬁla ?ﬁ?’éwbeng‘bﬁlﬁ‘c%%ret%@eﬁﬁr"gaﬁzger ?na&g%%ﬁ% Hye water
sprayi ng ajd,diherx t.al ni g waf - OV i th r
rePelleli cw—pPr nggggoggiﬁ?;t:’%ffe%gn\g%?i%%} ﬂ;ﬂé\g %Hg%&?% ’%él\@e%/ 1@3%‘?}){‘6;1#% at
result of flabtiendwhehe wett acts anghe ditaero. v eNsurlacetideai @Bl Wasllary
till™ and therefore the water re{)el | ency-provng effect was extMently
exi | i dnual forpeidives oranlly Adisticapilyl ahy forteet amglheaftemd Mharedimier was

was retained s 0.6 d-Nini.2 and tlierefare the capthary farce was
Shalfet t?lan 56 , so that removal OF tﬁe water rep%henc;y'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



59 value of tlita wafer after CV irradiation was smaller :Than 0.5

TIM with which it was confirnmed that the wal'er W2.3 not eroded at

the time of cleaning and that the residue of the water-repellent
cleaning liquid did re4- remain after 1ly;irradiation. 10154] Exanple

12 The manner was ail the same as Exanple 12 with the
exception that DeTipp was used as the war:no solvent which is other

t han. the miafepgens cont @iodedgaaribe comeaphetbamnghenddbet - hepetsidnt of the
cleaning |iquid, sho in the evaluation result Table 3, the
contact andf eﬁff?@kf‘ﬁ:ecvigﬁﬁn&]éq‘ﬂﬁég@n@ﬁm% ﬁfléeraﬁgf PRRAEEIE ¢ he

wat er repel y- i effect was exhibited. Addithmally, the
capillary {d())?%:bea aFE%%IZJp??%E where water was ire tamed was 0.7

M\Alint2 and therelhsenihge€apisldiaeye thieea @ asimllel 1 vAgdihé @RabdNon that
the contact angle after W irradiation was smaller than 10' so that
removal of ltdhdowmmBer 3 teiflelorepmpepe IR wasfaed eohik bigmmamlvent which
achieved. Furthernpre; the.fita value of the wafer after tf\l'

T adi ot off GUBSLABRT e RAMOBe% CPRIFINNGE RARhFeRtaIPed s Rt iegagrellent
that the wefen;vasiej £ by M1 0B |

resi due of teheu:‘/\\gt g‘r -(Irl'epgegﬂgﬂtn alc %Haén?‘}n%{{ﬁlgfﬁirgggﬁgj fl?%béggﬁgﬁﬁtcgﬂ%#: angle

Ovirradi at béler 1tHR155dHxa#plteedidnent was 78 THe nmanderthmasfoabl fHe water
sanme as Exanple 8 with the exception that., at the aboye-nentioned

"(3) Surf atepettesmy ey 1&neSkiledonayetdibised f Addithynallattde- Rap8irerforce at
d eaning Liquid ', .the sili f i d i :
wnter- r opetHekEae MigtE siptergurut Cegn b Rae B NBVayahst Hierefarer s pangliary

renove thefpatey,tepghiient g g \'}\}gg thi qwrgsagf Ioinﬂégé SafRlr imya%ad%ﬁ%)% was

subseque.ntly the silicon wafer I mrer se - propanol tar

and ni nnef aedilien fhuwre 10S;, tdot gratf crmavalnoh thadvjenatdpgllcakemrouidedf surface
the pure water, liallowed by spraying air thereon Co renove the pure
wat er fr onfeHE oGy fade athien ey fopthemneny, dhenBrerapiovt dde Wader after UV

t i ded - surf ditio.n. As shown in t
eval uat | on' raS Lot rabret8E B B5nRk: il rdRaf B endoblFre; e che
treat nent wage 80 andstdietefiose thheiMat 8f I@REhEeNSY - eV E‘Qsiﬁﬁfae(%t the

was excellently exhibited. .Ad.ditionally, the capillary force at the
ti me wher ewwaeerewdentelledmed wasid0]i6 ndB0esNini XtantlV tiretdisgion.

capillary small . Additionally the contact angle after W
irradiati oh%éj \é\ﬁ]';?“l“é‘ﬂ’ll? An 10 , so that renmoval of the water

repel | ency-provid ht i chi t he

e “val o of the warali 4R, AN hRD.A8 ACRAEKER, TGN Syt tha,

urn, with whitkb ddoveaseatohed Ed3) ShatacehErambemtwesSNbnevedsad Sakface by
the time of cleaning- and that the residue of the water-repellent

cl eani ng | Wted Feinglieot (Brameaflieuidl ithe adilanorwafeExanpd eithnersed in
2-propanol for 1 min after being immersed in the water-repellent cleaning
liquid and that the silicon wafer was finally taken out of 2-propanol, followed
by spraying air thereon to remove 2-propanol from the surface thereby
obtaining a wafer provided with a water repellency-provided surface condition.
As shown in the evaluation result of Table 3, the contact angle after the surface
treatment was 80° and therefore the water repellency-providing effect was
excellently 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



The manner s all the sanme as Exanple 8 with the exception that, at
above-nentioned 73) Surface Treatnment of Silicon Wafer Surface by

Wat er Rctpel l ent. cleaning Liquid", the silicon wafer was |inniersed

in the water- Ikon cleaning liquid, follgyed by spraying air thereon

to renmove the water-repellent cleaning |l1quid fromits surface, and
subsequently the silicon water was i mersed in 2-propanol for 1 mn

and, fi nal 0y nakevitburhoh 12 voroopadeimed ohd tothedwhiersprayiongraded at the time
t hereon to renove 2-propanoi. fromthe -face thereby obtainjng a_.

waf er pr ovPHEARRRE o8 aértheelﬁém%emlpﬁ HAHE e R T ecle R By HABH djk not
shown in t I i resyli. of Table 3, the contact angle after

t he surfacgg??igrgtaﬁ%tﬁt%g&éﬁggﬂ "therefore the water

repel | ency{pranji di ngaefifieqt was excellently exhibited. Additionally;

the capillary thrce at the tinme where water was retained was 0.6

M N in2 and. therefbe enaimeercaps lallathe faome esswasampid L0 vAddithe excepigoethat

angle afte jrradiation was smaller than 10 sqQ .t hat renpval of
the wat er bégﬁﬁ?enws PSS déd def SEE284n dPILV Rt wgu%hﬂ%veﬁer than the
Furt her nore; ) : f d e drradiat ) WaSy: -
smal ler t hgﬁtrég% r%u8~n y@\lﬁ&ﬁg \ﬁ%‘ldc%&ﬁta %(gﬁ% gc:}ll%i ‘&fr’lwe%?pteﬁg%l @tcg(g&v\}a\?%elrlql\}\ﬁis s

not erodedshRbwhhie thdrevfustieanifigt andabha, the chesidumt Ahe the surface
water-repellent cleaning liquid did not remain after UV irradiation.

[ 0157] Exanpteatagnt was 78  Thel fharederavdle ay dterheepsilnpcaprexanpg ef@ct was
wi th the exceptijo t, at._the above-nenti oned ( Surface Treat nment

of Siicon %ﬁ‘@?{%ﬂr}f\g@émwﬂ%l ﬁ%‘atcélp?’#%’tyelfJP% aélggﬁnth@el Pfrg, water was
foll owed b i air~t 'y r - 20 e e

cl eani ng |¥%t3“|9{§@‘¥r e s%ﬁ@e,ég%dﬁzu goeréi i%‘gt |C§ﬁ%lﬁle6§ﬁﬁ‘!tei aras small.
waf er was Adetisedlly,nhputertwat engleasiftdr MV iandiftioaltys sakéRraltnofo | so

the pure water, followed by spraying ail' thereon to renpbve the intro
wat er fronthat eemsaydaelethenepbdyraisl gngy myosidesf sirfprovimbgion Whs achieved.

wat er repell] ency-provided, surfac onditio hown. i.n t he

eval uat i onklpég&b%/rf‘?%ﬁe’?gﬁﬁ@ value, et%@o‘ﬁ? c?taﬁ?i‘#g@e' W%@Ptf%f’véﬁr%%%?r than
treatment wasn80 i Wwhehet oL (g EEhieRR! WanaYwRE Ak dirbB Ehf 8L time
was excellently exhibited. Additionally, the capillary three at the

ti me wher eohateemingsndetlaitnidd wasl @ 6f MM ekt repe lddieclefioirer tiheid did not
capillary- force %ﬁ@{}'ﬂ | Addititmally, the contact angle after WV
i rradi ati o”R®RAS™ SHEHI FHERAOn, so that renmoval of the water

repel | ency id rf condition was achieved.. Furthernore, the
Ka val ue olﬁ% waeg)eig&gfl?g? LYV irradiation was snmaller than 0.5 rim

with winch it was Thahhimes fhatall fige YakerawWaBsangle er Rdedtial eih$ tldnEnat,
of cleaning and that the residue O the water-repellent cleaning

l'iqui d di dahcheradmaienmahtionedV (Bt &dirdtdeoRreatd1ss1Ekanplon Wafer Surface by
' The manne sall th ne.as anpl e .7 wi.th the _exception that, at

the. above. MEHEr drrr 1o%) CBATHAE d Hiahe nii SHICOS: Fidon WAt UPTSTPF e Dure
by Water R i Lquj d:  ai S iLi .
waf er afte?‘&?gt?ﬁ% 1%‘232%8%0(%%%?‘3?1%’&&0 li}ﬁeg(he%?egr 1§e (Zlﬁlflhﬁ%nhquld
cl eani ng | khadithat heeehcablaifed AgsainaiertaRe@vuded the thra Wwaiee! followed by

repel I ency-provided surface condition.. As shown in the eval uation
resul t: of sirablleg3alin Héecom ddteranyl ebiafinerg thewsiaf acevidedatmeht 2 water

was 82 and therefore th ter re el({. ncy-proyidine ettbrit was

excel | ent | §e}é§ ’Bﬁyt}é’a"'&g“di,\t%% Fléj)’,n _lﬁ_Bnc PRIy Fhi'8s %Yalflﬁélo_fli trsult of
wher e vt e ! Shakopthoranhe AM ! A7 20 INREENENGad BB “CARA! dhBtdfore
farce was snall Additionally,” the contact angle after I

i rradi ati ophsasatsiraldpeilehbaprd@diSOdihat wemexadllaftl} hehwated. Additionally,
repel | ency -provided surface condition was achi eved, Furthernore, the
Ha val ue ofhe lwepuédrerfoate et thw timeadhatd vrtwas asmedthered as @65Mam? and

with which jt s confirped that the er n eroded at the tjne
there\%ire ﬁle capillary force was sﬂll\g{l. Ad‘éﬁ;?oneﬁiy, tfle contact angfe a{‘ter uv
irradiation was smaller than 10 ° , so that removal of the water

repellency-provided surface condition was achieved. Furthermore, the Ra



62 reniain after UV irradiation, 0159] Exanple 18 The manner 'vas all
the SWIle as Exanple 17 with the exception that D ws used as
the organic solvent which is other than the introgen-containing and.
contained in the water-repellent cleaninggilnaid. As shown Mthe

eval uation result of Table 2, the contact angle after the surface
treatnent was 80 n and therefore the water repel | ency-providing effao
was excel | eatisgobiiv Wlaf@daftemaﬁf tiradad thon wtalsesm@lﬂﬂﬂ theny Otohnes vaitth wiieh it

time where water sOGIVINI al. | a d therefqre t

capi |l ary W@%‘%‘%ﬁf‘ ?’bWéISI I}Ottﬁé?géér’i"t fAmg! ‘éffcgfa%%ng gd that
irradiatio I, re

repel | ency@pé\gas%ﬁ? éﬁrt ggggg%rgdébteﬂlgﬁ(em%gﬂgc i g@égl. %réﬁe#ﬁ%ﬁa@ fﬁeer L
Ita val ue ofratiecigater altar UV irradi ation was snmaller than 0.5 inn,

with which it was cenfirtned that the wafer was not eroded at the
time of (|é&ahiflg ahdatiyde 18he resi due of the wat er-repel | ent cl eaning

liquid did not ren;Fnafter UV|r di ation, 160] I.el )

The manner was al l bﬁén‘é%%r ‘3?3@ RATe, Sy x%‘ﬁ‘@ h&%etq:@?ppﬁg that
silicon wafgr f i: '

2- pr opanol (|r]|;2ap?) @@E{@g@n ﬁ%a%r %C i %’%ggd%}ﬁgﬁydm E%?i tc:}Tan thie

aci d aqueoustrsgbticbatniaing tahel m&%&nhajh@eﬂaféﬁﬂe@ll%@mldlélaﬂfng liquid. As
Silicon Wafer)). As shown in the evaluation result of Table 3, the

cont act angh@waf tethe heakaticac eewlé@f rhahie @aﬁhmoamttmlefa:ft@ thm surface

ter repel ro T tt bited., Additio
\(,:Vgpi Il ar)F/) ﬁ’aggyeé][tp‘fvﬁ\él t![q OWa\Aﬁg? %59 Iﬁpgﬂ%gayipg'gv%jf 18g effect was
fylINtinl f | S | d n
e sont anPReItIRiE! ARIAGLER. f‘%%.%?ﬁ%%ﬂ‘m“féf%%t B I NRRI Yk was

renmoval of rétenwat erasr épel MNtmz panyi decresorrel abe Q:apdlatnyorfom was small
achi eved, drgaher more, the Re. value of the wafer after

i rradiati ofAWAEOBARY e @qxléﬁct)aagleaﬁftewq% Adeptipp msmﬂqrrm 10°

t hat the at t e tine n|n that th

resi due CIW(E%%t ré%? gzrgp %g ! (fpeér? Rit] Hmalﬁ dic Lo [ p or?ée}gje?nnwé‘fgtaé’ leved.
WV irradi a@tﬁﬂhex@@&@l%ﬁé éRHJ{Iﬁh?eoof the wafer after! 87 {ﬁaﬂﬁtﬂi@%ﬁl ém&ﬂ@r than
sanme as Exanple 19 with the exception that HEE-7100 was used as the

or gani ¢ solventn, qutbhzvhshalt vexs tdrdirmb b thit tlogenfcontaimit rgoded at the time

contai ned i t he wat repellent cle ng liquid. As. shnvn jn t
oval uat i onF élbeawn%fa e the xandont gla% VG seRt it $1PP81%}1ﬂ&bfbdld not

treatment yas .f{ Ak he wat er repellency-providing effect
was excel | ent y &xhi bi tedﬁ(ﬁéﬁopl onally the capillary force at the
time where[owpdsr V\Eﬁaﬁﬁﬂ@.lllqed was 0.7 | VEN7i a0 and therefore the

capillary farce was small. .Additioniill the contact an&e after
irradiati on was snBh¢eranhanwie all see shate aeRovalplofd whh et exceptlon that,

i Ta valub: SBIR A5 Ut BeR RO KR meongell svst.s BMLUIRILE L0 1y
T n, WU e NipRsucoN TR gkt b e, WSROl B g Al e
l'iquid di dwatet-regstbdnt @édeimnUVqiid, Eﬁﬁll(ﬁtire@lby spRapihgliraiiekeor?io remove the
water-repellent cleaning liquid from its surface, and subsequently the silicon
wafer was immersed in 2-propanol for 1 min and immersed in pure water for 1
min and finally taken out of the pure water, followed by spraying air thereon to
remove the pure water from the surface thereby obtaining a wafer provided
with a water repellency-provided surface condition. As shown in the evaluation
result of Table 3, the contact angle after the surface treatment was 80° and

therefore the water repellency-providing effect was excellently exhibited.

Additionally, the capillary force at the time where water was retained was 0.6



The manner was all the same as .Exanple 19 with the exception that
DCTFP was used as the organic solvent which is other than the

ni trogen-containing and contained in the water-rim|llent cleaning
l'iquid. AS shown in the evaluation resul ggof Table 3; the contact
angde after the surface treatnment was 78 and therefore the water

repel l ency-providing effect was excellently exhibited. Additionally,
the eapi | | &)/ mravel dheneiere: thee copidloey arer wwassmetlaiswsldtisnaly,Othe contact

NINl. m 2 and t hegef .the.capillary farce was snall" Additional.l

t he cont acP%ﬁ%Pé%ﬁiiFr@I??gﬁﬂ &t %’%ﬁﬁ%gh%ﬁ:hq erotihgh repavRapf the water
| of | - . i

o oved. ERERRLodvaRed | RRRAY AR s PEAEO0E, R ARore, the Ra

i rradi ati ovalasof tialvlaésr 4fan U0/ SrratiMtior taswhh £ied thavas iceRf iwilBAvhich it

that the wafer was rt eroded at the thne O cleaning and that. the
resi due of atecomdtiane¢ épel tlemwadteanisnptl drgded aditthenomer ehdeanafg end that

W irradiatjon. 10103 anple 22 . The manner was all .the

same as Ex I@%&W%Eﬁf’ﬁag‘?&@&eﬂ%ﬁt t%%ﬁmpﬁeﬁgaﬂ]éﬁﬂ idf By ogae after UV
imersed. i pMgoyater for 1 min and imersed in 2-prepanol (i PA)

for . mn after being imrersed in hydrofluoric acid aqueous

sol ution af0148 abBxermpdatlsoned ' (2) C eaning of Sithm WallEy. As

shown in th.e evaluation result of Table 3, the contact. angle after

the surface treat nbht pasnagwasdll Aoy etoecas Reawatler8 with the exception that,

repel I ency-providing eftliatt hi.bi ted.  Additi Ly, e
capillary f\ grtgl\é %?ov%héep %l%e%h\gf(g) \%E?ﬁ €8 e%t&eﬁtnﬁﬁgab@%o%qm%,f%e by
and t her et el 16 ARk | @[éﬁr{iﬁ??ﬁid’iﬁﬁ”,sm lsilifddihhenallay, ihBfrsed in the
contact angle after UV irradiation was snaller than 10 , so that

renoval of wadierwenp@lentegehhenclyypidoYiltede d by fspeaynondirttheneostso remove the
achi eved. Furtherﬁaﬁe, the Ra i/_al ue of the waft!? after W .

i rradiati o &% TehEl9 1 cleRar D ligurd fopiith sumiceraant siksegonmily fbg silicon
t hat the n r . ats. ti f .cl eani ng, and_t.hat -t he

resi due O}N@‘{ qél_a V\&g? e%?%ﬁe?(fgln 20#{;0 n%r{r?gefol(}qt}i dﬁcﬁ d*n tﬁrrl%lﬁi%i B gqut of
, Fs. [ irradigtipanol, 1016442 dEXANRr8yEE air thereon tol REMIBBNEHr¥BESnd! from the
the same as Exanple 22. with the exception that |i CTFP was used as

t he organi eusieledhereti chtdising hewafdvapravhdehivtith gemagentrap elileweyaprbvided
contained in tint, ter-repel |l ent. cl eani liquid. _As in.the

eval uat i on PESGF OB A ésssﬁlqulré 1goeagy? }ogx Ry ({fﬁgﬁﬁgr?ﬂa@@ contact

treatment was)e/6.@nd fiher fr%{a%i tihe, MaL.er & Qegbencyélﬁ)&ongeﬁgeeftpgggvater

was excel l ently exhi bited. tionally, the capillary tarce at

trine wher eepeieicywanviding neftbavasys 8 ekdilVartly anahities®ef ak@dithgially, the
capillary force was small. Additionally, the contact angle after UV

i rradi ati oRANASITEnEITERAlt Hith toe, where heaterewegatetameacharagafdr MN/m? and
repel | ency;provi ded surface gcondition S ieved. Fu"rtherincie,

e Ra val lEatorr sy ERPewasps Ron diiimaits thiaphert engir bitgr UV
nm Wi th whighiddionas Gondhaned that tibe waf ep Wﬁatn%nﬁfva@eefakhé N&ater

time of cleaning and that the residue of the waterrepellent cleaning

l'iquid di dredllareyeprovadddersudfader raddaioronyas 0Od@het&kafireh@4nore, the Ra
The nanner s a|l the same as _Exanple 17 with the exception, that
the silicoNaif e theaw afarmifeet V| Hrpdradicmres swallerihamy. 5 wwe el vinich it

2- propanol _(i P or inin after being i rsed ji.n hydrofluoric aci
aqueous solwt(JatSl ég\o)rllldc_artm ?%Eh‘%b@vew et 1" i e%? At ifr’ié‘eo‘f @Pi"?’é’&nand%bat
Water". Asishowsidud bf"%h@"\%t&tfe?}@ll%ﬁ% Wita@heT8RLE JidtAG cORLAS tafter UV
angl e after the surface treatnen
irradiation.
[0157] Example 16
The manner was all the same as Example 8 with the exception that,

at the above-mentioned “(3) Surface Treatment of Silicon Wafer Surface by

Water-Repellent Cleaning Liquid”, the silicon wafer was immersed in the



65 was 80" rind therefore the water repellency-providing effect. was
excellently exhibited. Additionally, the t-,apillary Ibrce at the

time where water :vas retained was 0.6 IIvINTrti2 and therefore the
capillary force was email. Al.dditianallyy the ix,ritact angle after

W irradiation was snaller than 10- that renoval of the 'water

repel l ency"provilled surface condition was achi eved. Furthernore. the
Ra val ue ofaftiersilantaiearingViqyidadilleyaghbwasramakiar thirmenoicranyve the

\(/)V} t 2' \é\ﬁaﬁ!‘ ﬁg}aé%w%%éfg;{théggg?}ggﬁéuﬁ]?rtovﬁflgﬁraf‘iﬁgﬁgg%}(f ré](-)} Sgﬂlg‘%}ﬁtlgghtei& 1con
liquid di dynot, (8RB IEFd8linT, %yﬁﬁ?ﬂf% i %Vant%&%%gﬁawé&eﬁoﬁéﬁ of the pure

The manner was all the sane a

DETFP was uwseer, absllbtvedogapireysel xgnthavdbehtd serabhierthe haurd Reater from the
ni trogen-cont ai ni ng and contained in the water-repellent cleaning '
liquid As SHOWEE ithexdhy evigivate arvaesuwrovetedrabtle a3watérerauiteany provided

I f f : 78 and, t heref t
opel | oncy BHAGT 4 RLGR cRt HA Ao R PRV LR PO AR bridiel sentact

the capi |l apylef oIfeg ahet RErtMBe (LS WALSL T etg :
I SINi n2 andgqteher ef or eet hercapi Ilary force SWavgéemati dnA gﬁggaﬁl? water

t he cont actepmilgphheygfroeidihi AR ffact adi & i emcel&mtmbkleﬂb.iﬁeldanA]ddltiﬁﬁally the
that. renoval of the water repellency”proviaed surface condition was
achi eved. FUHHIREY noFee afHdei binge vaheie ofatehevaafreraiapeevas, 0.6VMN/m? and

the v er W RSE e sABHM S PR pARerEb o R R e pEEE arté UV
residue ofirheiawaker whepehh @My cligani ng I’ quid dhg natmotemebn afd efater
1.1\7 irradiation. :0187PA X abikp t,f! The manner was al |

t he sane asrElamoyerovidedh sthfcexcepditom tat dchéewid. i Fonthwahesrenwase Ra
initriersed n p wat er for in, inmersed in 2-propimoi (i RA). for _ |
1. mm and Y%rcgrég‘eivﬁa SI%WeﬁygFrﬁd%%WéF s LteRrihannreryBg wilph which it
hydr of | uor| ' | UL | t - ' d,"(2

& cani ng.of "7 PESAMEME. AR NN AL A R0V 8 LIE RO L4 Bhe and that

Tabl e 3, ttie eesitlactofarigl @vﬂfeﬁr&épéh@pﬁ!é[é‘a&ﬁﬁ?lﬁ@@iﬂ”ﬁ{ﬁ nMASrefBadN@fter UV
therefore the water ri.pc: Wency-providing effect was exhi bited,

Addi t i onal tyadiei@rcapi | | ary force at the tine where waterretained

A 1t onal 5T R EUREECL angl o af ter (- 1V i1radiation was smaller

L 1,50, TPl B 1S 51 Sl 5 .

after UV iat &l abooer mastisned | €(3)t Banfaca STrmtmaint fviilicbn i Wav@s Surface by

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

that the r¥sitetisesellene Glateimne ksl nayr wreanrawed pguihe eiligonovafer after

remain af t@arkixllévtﬂer rsﬁgcio%t iw%?ér %91366911 tgé(a&gée%-rze%ellent cleaning liquid thereby
obtaining a wafer provided with a water repellency-provided surface condition.
As shown in the evaluation result of Table 3, the contact angle after the surface
treatment was 82° and therefore the water repellency-providing effect was
excellently exhibited. Additionally, the capillary force at the time where water
was retained was 0.5 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



The mariner was all the sane as Exanple 7 with the exception that the
silicon wafer was imersed in pure water for 1. nun, ininersed in
2-propanol (WA) for 1. mmand i nmersed in hydroilueroether (I1IFE-7100
produced by 3MI.:Mlted) for it nun aftgy being i mersed in

hydrof l uori c aci d aqueous solution at the above-nentioned "(2)
Cleaning of Silicon Wafert As shown in the evaluation result of Table
3, the con?%l@ﬂnaﬁéﬂeé GYtieradingosur f ace treatment was 78 and therefore

t he water Il e -providing effect was exhibited. Additionally,

the capill L(f@edf]or E@Z%I?lp?%h}gti nme where water was retai ned was O, 7

MN tia2 and.  ther el g ddieCHRL LIANL dohessBs, vt

the contact angle after W ir ragi at i onaq{lwagssna lﬁglraé !tl?]anl BE%%?E%E%MOH that
renoval of DidieF Ratvess r eped | escythbi rarghhlcedsdusfitacehéendid | Otherahan the

achi eved, Furthernore, the Fla value of the wafer after UV o

i rradi ati oRltages AaRtadringandocatpmnediin Khahveteritepatsnt shfdmmediqwat As
t he waf er s 11:1t eroded at-the.ta | eani ng,_and t hat .t he

resi due of \s'\ﬁ%\gnv\llgt & %%%ula@r?ln i° é\%?ﬂgaﬁqu’i ﬁledfx?f%i’?ﬁ? Rtexs ther syface
irradiatirea@iR81E¥as FE 28\d therefore the RgxtkRARREN ablidife 3

as Exanple | wth the exception ?rﬁa?ret hee sili conBW gilﬁ\gy?pwasl er%gg was
p Life watexcedfetngly beiibgeidmieldsednaliy, phdrafdillars €raciad thgue@esSwhere water

solution at the above -nentioned "(2) Cl.eaning of Silicon Wafer". As
shown in t WéSeledpingd oras &t YINsm *Tapfetlpreie duncaptllamngfacaives small.

t he surfac t t efQre the water o
repel | encygg%lgt\?lﬁd?%g the @zﬁtfz&v\%g&gx%?%ﬁ I‘&?rrﬂgbﬁ??rbﬁva% Wapﬁ]é than 10, so
capi |l ary floficerabvdlne thungawiere Nehey-piesideatairied Wasifod Kyt BbEMRed.
and therefore the capillary fanme was snaall. Additimm | the contact

angl e af t eFutlerinraradilat Renvalwasfehe Jaifeeraftdvad Vilradiasont wab sneatbarathan

of the water repel.lency-provided surface C. Ondlt 1011 WAS aCl || CVed.
Fur t her m)r§ 5 PR WA FA1IG le”atSH@“%éF\é% §¥%t eLWAates: W as Rt ergsiedugisthe time

smaller th . '] j j I t fer
not er oded(fi’f;(t:lg%l ﬁleﬂ%] ?rr%g t\oﬂtatt E F}églﬁlggidf “and g’tg @%*%&Bﬁe@%eﬁ%ﬁcée%@?ﬁg‘r’@q&d dfPnot
wat er " r epetdreain efteafiVigriaidgaiiendi d not remain afterliV irradiation,
1;1)170] EXE)]?&@? e 29 The manner was all the same as Exanpl e
28 with th epthermpkal9FI FE - 71. 00 was used as the organic

sol vent which is }Qer t han t he J'E#rggl%gsco t ai nilngl an @gnt ai ned i

t he wat er - r epel | ent™cEdH HgV P . PR et &Y ¢ £EFEPLion that

result of ¢abligeod: widter GRIM aGkn &Rgh &nablies \&%ﬁersfbrrf CRik 6 TR in
78 and therefore the water repellency-providing effect was

exhi bi t ed. 2Addpaian@Phy fot hemcapiftdrarginthneaeaded he hitlraumhie beidat esous
was retained was 0.7 IVIN n2 and thergefore the capillary force was _
smal | . AddPlrERa 4t thenab@sntgetionsdl e (35) deawng ol Adicani WafawasAs shown in

smal ler th * t r v f,.t he ter repell ency-provi ded
surface co% %‘?%l’rlll a\?\%sr}_ %%%ﬁtegﬁ?sfeﬁr%e?%geaflﬁgepf—‘zjg%éﬁ%éﬁaacﬁﬂﬁeatment
wafer aftehsUB T raaditdbiabravase SHBldrefofdIBM O R ofRin®l EfleMixGl dithibited.
was confirmed that the v.rafor was not erod.ed. at the tine of

cl eani ng afAddithanalishehe espdleryofortdet wat éimepehéentracdeanisngtdingdivdas 0.7
did not repni fter INjrradiation. 1.01.711Exanple 80 . The
manner M@meﬁéﬁsﬁ}%e@e gi FARLEano ficenw e pstaxld e prlidsnormay, the contact
et hyl di met o@q} ] . 5Si 110 T was,used as th

wat er - r epe%?%%[ﬁ fg%npou%g.gd%(s&oﬁ%%% %rrrxlg %1%%1%}\%35? ggt ¥ SRSEPQE ﬁ?rln.ovﬁi Oﬁ'gbe] ater

3, the contalleachglrevafeieuthReSHi@ER N Weal MRM eV 80 tidthore, the Ra
therefore the water repellency -providing effact was excellently

exhi bi t ed. vlodi afitbnal dipr aftdveU¥Vaprddiatipnf was cenadiert thenrt 0 enmherieh which it
wat er was retai ned s 0.5 AINIna2 and -therefore the capillary force
was smal ; \ Warteniamed hetddnt water Hagret sreded ot the|timgdifal¢ onngernd that

smal [ er t hﬁﬁ-} }Qsidues&' %ﬂeathgt%g%\églellgﬁt tc e(:"an%'g[g(:"lriqlrn‘:'&3 %.llé S5ty rdhain %?’%r uv
irradiation.

[0161] Example 20



eroded at the tinme of cleaning and that the residue of the

wat er-repellent cleaning liquid did not remain after UV irradiation_
10172, | Exanpl e 31 The marimr was all the sane as Exartiple

20 with the exception that propyldinmethytghloresilano was used as the
wat er -repel | ent conpound, As shown in the evaluation result of Table

2, the contact angle alter the surface treatnment was 84 and therefore
the water repel | entye praoviati vigs eflf @t savas aexteltheht l@vxeklmmbeteerdeptlon that

Addi ti ona t callla fbre at the. ti where VI a tar

r et ai ned w%ﬁF 1) ﬁ%p i nH bndf t Hr e1'6P@1% hgﬁ?f%\‘b‘i | VAP £i6r @éhﬁésthan the
smal | . Addi . f.ier L

smal | er t hg#r %@A Icas‘%t%lﬁﬁlgcrg{elﬁn%tgﬂgfhﬁ t\}/\l/gtve%l%rre%@?ﬁgﬁéf?%hr%@%dle%md 4
surface: cehehiienthwasyAchteyeebsulubt MabOBEethe thetada arllaiefafr fHhesWrace

a fer ater LIV irradiation was snaller than 0.5 nra. with which it
was confi r heatpeat, W@ﬁe7 Snafeerd Waerefote éhfode&teatrephﬁencmr@‘fldangaaffemg was

and. that the e f,  th t.er | ent...cl eani I ui.d did not
remai n af t 8F¢ 1r ]g’fqegn%dga@‘?@j‘@&n%ﬁr%ﬁfil]&}%r& %é hd time w ererfgter
manner was e I t p -

N, ater) rgta*él f%%%iﬁ?"f’.%&?’ W DR EXAEPIERA Iy e was small
waf er, In Aﬁkieﬂlom&)]ﬂijtheldmnttMtSa@l@p@ﬂt@ﬁ iUne iedingtien wﬁas)/\@rh@lle\i\hheh i6°,

in a surface condition not. provided with water repel l ency was
eval uat ed. thet el of thisevaieal teaeiloncy @ggwtdedfsurémeecqultme wonbabteved.

| f f | h
Tha b e whrtE o TS Reot iR gl Hhaovat® i Y SRRLaL R ya® el than
Conpar at i vg sEXaRV€h Zvhich it was chRGirMBNEI, Was ngfaerlsvg%% n?? &E?YF%H%%\%]%&% time

with the exception that 3-0 g of trimethyl chierosi

was m xed wf tleatOdapdathadEhbkiesiiet bfifcomwmaarde1(doM dBaing B4ubl did not
of 2-prepanol (i l1l3A) followed by adding 2,4 g of 0.1N nitric acid
agueous soF‘i}P?‘Hha?tﬁlp\i IU)a d¥¥doRtirring at roomtenperature for about

24 hours tLUelr y obt gya water-repellent cleaning liquid. In

ot her word th (S rrparative Exanple., a water-repellent
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excellently 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.
[0163] Example 22

The manner was all the same as Example 10 with the exception that
the silicon wafer was immersed in pure water for 1 min and immersed in

2-propanol (iPA) for 1 min after being immersed in hydrofluoric acid aqueous
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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/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.
[0164] Example 23

The manner was all the same as Example 22 with the exception that
DCTFP was used as the organic solvent which is other than the
nitrogen-containing and contained in the water-repellent cleaning liquid. As
shown in the evaluation result of Table 3, the contact angle after the surface
treatment was 76° and therefore the water repellency-providing effect was
excellently exhibited. Additionally, the capillary force at the time where water
was retained was 0.8 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.
[0165] Example 24

The manner was all the same as Example 17 with the exception that
the silicon wafer was immersed in pure water for 1 min and immersed in
2-propanol (iPA) for 1 min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. As shown in

the evaluation result of Table 3, the contact angle after the surface treatment
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nitrogen-containing and contained in the water-repellent cleaning liquid. As
shown in the evaluation result of Table 3, the contact angle after the surface
treatment was 78° and therefore the water repellency-providing effect was
excellently 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.
[0167] Example 26

The manner was all the same as Example 1 with the exception that

the silicon wafer was immersed in pure water for 1 min, immersed in
2-propanol (GPA) for 1 min and immersed in toluene for 1 min after being
immersed in hydrofluoric acid aqueous solution at the above-mentioned “(2)
Cleaning of Silicon Wafer”. As shown in the evaluation result of Table 3, the

contact angle after the surface treatment was 78° and therefore the water

repellency-providing effect was exhibited. Additionally, the capillary force at
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| east one The manner was all the same as Example 7 with the exception that
the silicon wafer was immersed in pure water for 1 min, immersed in
2-propanol (iPA) for 1 min and immersed in hydrofluoroether (HFE-7100
produced by 3M Limited) for 1 min éfter being immersed in hydrofluoric acid
aqueous solution at the above-mentioned “(2) Cleaning of Silicon Wafer”. As
shown in the evaluation result of Table 3, 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.
[0169] Example 28

The manner was all the same as Example 1 with the exception that

the silicon wafer was immersed in pure water after being immersed in
hydrofluoric acid aqueous solution at the above-mentioned “(2) Cleaning of
Silicon Wafer”. As shown in the evaluation result of Table 3, 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
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The manner was all the same as Example 28 with the exception that
HFE-7100 was used as the organic solvent which is other than the
nitrogen-containing and contained in the water-repellent cleaning liquid. As
shown in the evaluation result of Table 3, 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.

[0171] Example 30

The manner was all the same as Example 20 with the exception that
ethyldimethylchlorosilane [C2H5Si(CH3)2Cl] was used as the water-repellent
compound. As shown in the evaluation result of Table 3, the contact angle after
the surface treatment was 80  and therefore the water repellency-providing
effect was excellently exhibited. Additionally, the capillary force at the time
where water was retained was 0.6 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
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propyldimethylchlorosilane [C3H7Si(CH3)2Cl] was used as the water-repellent
compound. As shown in the evaluation result of Table 3, the contact angle after
the surface treatment was 84° and therefore the water repellency-providing
effect was excellently exhibited. Additionally, the capillary force at the time
where water was retained was 0.3 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.
[0173] Comparative Example 1
The manner was the same as Example 1 with the exception that the
water-repellent cleaning liquid was not provided to the silicon wafer. In other
words, in this Comparative Example, a wafer which is in a surface condition
not provided with water repellency was evaluated. As shown in the evaluation
result of Table 3, the contact angle of the wafer was 3°, i.e. small, while the
capillary force at the time where water was retained was 3.2 MN/m?, i.e. large.
[0174] Comparative Example 2
The manner was the same as Example 1 with the exception that 3.0 g
of trimethylchlorosilane [(CH3)3SiCl] was mixed with 100 g of
N, Ndimethylformamide (DMF) and 84.6 g of 2-propanol (iPA), followed by
adding 2.4 g of 0.1N nitric acid aqueous solution (pH 1.0) and stirring at room
temperature for about 24 hours thereby obtaining a water-repellent cleaning
liquid. In other words, in this Comparative Example, a water-repellent
cleaning liquid containing a water-repellent compound hydrolyzed at its

reactive moiety was used. As shown in the evaluation result of Table 3, the
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Silicon wafer
Finely uneven pattern that the silicon wafer has at its surface
Projected portions of the pattern

Recessed portions of the pattern

1

)

3

4

5 Width of the recessed portions
6 Height of the projected portions

7 Width of the projected portions

8 Cleaning liquid retained in the recessed portions 4

9 Water-based cleaning liquid retained in the recessed portions 4
10 Surface condition provided with water repellency by a

water-repellent compound.



cl eaning agent for the silicon wafer as clainmed in Claim]1,

conpri si ng: a. step of renoving the cleaning agent from
the surface of the silicon wafer after renoving the cleaning |liquid
fromthe surface of the silicon wafer. [C aim9]A cleaning nethod for
a surface of a silicon wafer, as clainmedpgin Caim8, further
conprising: a step of irradiating thes urface of the silicon wafer
with heating the silicon wafer after renoving the cleaning |liquid
fromthe surface of the silicon waf erCL{”@/Iaﬂ m 101A cl eani ng agent for
a silicon wafer, as clainmed in any of Clainms 1., 2 and 3, wherein the
organi c solvent mxed. with the %g)ellent conmpound is a derivative of

pol yhydri dcahsehdl haw pibaRenhyeedXYfords OReon wafer having a finely uneven

pattern at its surface, the cleaning agent being characterized in that: the
cleaning agent for the silicon wafer is comprised of two or more cleaning
liquids, is used while substituting a cleaning liquid retained in a recessed
portion with another cleaning liquid, and contains at least a water-based
cleaning liquid and a water-repellent cleaning liquid for providing at least the
recessed portion of an uneven pattern with water repellency during a cleaning
process; the water-repellent cleaning liquid is a liquid comprising a
water-repellent compound having a reactive moiety chemically bondable to Si
in the silicon wafer and a hydrophobic group, or a liquid in which the
water-repellent compound of 0.1-50 mass% relative to the total quantity of 100
mass% of the water-repellent cleaning liquid and an organic solvent are mixed
and contained; thereby presenting a capillary force of not higher than 2.1
MN/m2 on the assumption that water is retained in the recessed portion
formed at the surface of the silicon wafer which recessed portion is provided
with water repellency by the water-repellent cleaning liquid, and characterized
in that, in the water-repellent cleaning liquid, the water-repellent compound
having the reactive moiety chemically bondable to Si in the silicon wafer and
the hydrophobic group is at least one selected from the group consisting of the
following general formulas [1], [2] and [3].

(RDaSi(CHa)pHeX4-a-b-c [1]

[R2Si(CH3)2-¢HaleNH3-c [2]

R3Si1(CH3)2Y [3]

where each of R!, R2 and R3 is a monovalent organic group having
hydrocarbon group with a carbon number of 1 to 18 or a monovalent organic
group having perfluoroalkyl chain with a carbon number of 1 to 8. X represents
chloro group, isocyanate group, alkoxy group, acetoxy group, trifluoroacetoxy

group, -OC(CH3)=CHCOCHS;, alkylsulfonate group, perfluoroalkylsulfonate
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group, or nitrile group. Y represents a monovalent organic group whose
element to be bonded to Si is nitrogen. a is an integer of from 1 to 3 while b and
¢ are integers of from O to 2, and the total of a, b and ¢ is from 1 to 3.

Furthermore, d is an integer of from 0 to 2 and e is an integer of from 1 to 3.

[Claim 2] A cleaning agent for a silicon wafer, as claimed in Claim 1, the
water-repellent cleaning liquid is a liquid in which the water-repellent
compound and the organic solvent are mixed and contained, the
water-repellent cleaning liquid mixing and containing the water-repellent
compound in such an amount as to be 0.1-50 mass% relative to the total
quantity of 100 mass% of the water-repellent cleaning liquid, the organic
solvent containing a nitrogen compound-containing solvent, the nitrogen
compound-containing solvent whose element to be bonded to nitrogen is carbon,
the cleaning agent thereby being characterized in that a the capillary force
presented on the assumption that water is retained in the recessed portion
formed at the surface of the silicon wafer which recessed portion is provided
with water repellency by the water-repellent cleaning liquid is not higher than

2.1 MN/m?2.

[Claim 3] A cleaning agent for a silicon wafer, as claimed in Claim 2,
characterized in that the nitrogen compound-containing solvent is at least one
selected from the group consisting of tertiary amide, tertiary amine,

1-alkyl-2-pyrrolidone and compounds having pyridine ring.

[Claim 4] A cleaning agent for a silicon wafer, as claimed in any one of
Claim 1, Claim 2 and Claim 3, characterized in that the organic solvent mixed

with the water-repellent compound is an aprotic solvent.

[Claim 5] A cleaning agent for a silicon wafer, as claimed in any one of

Claim 1, Claim 2 and Claim 3, characterized in that the organic solvent mixed
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with the water-repellent compound is a halogen-containing uninflammable

solvent.

[Claim 6] A waterrepellent cleaning liquid used during a cleaning
process for a silicon wafer, the water-repellent cleaning liquid for providing the
silicon wafer having at its surface a finely uneven pattern with water
repellency at least on a recessed portion of the uneven pattern during the
cleaning process, characterized in the water-repellent cleaning liquid is a
liquid comprising a water-repellent compound having a reactive moiety
chemically bondable to Si in the silicon wafer and a hydrophobic group or a
liquid in which 0.1-50 mass% of the water-repellent compound relative to the
total quantity of 100 mass% of the water-repellent cleaning liquid and an
organic solvent are mixed and contained, and characterized in that, in the
water-repellent cleaning liquid, the water-repellent compound having the
reactive moiety chemically bondable to Si in the silicon wafer and the
hydrophobic group is at least one selected from the group consisting of the
following general formulas [1], [2] and [3].

(RDaSi(CH3)bHcX4-a-b-c [1]

[R2Si(CHs)s-aHaleNHs-c (2]

R3Si(CH3)2Y [3]

where each of R1, R2 and R3 is a monovalent organic group having
hydrocarbon group with a carbon number of 1 to 18 or a monovalent organic
group having perfluoroalkyl chain with a carbon number of 1 to 8. X represents
chloro group, isocyanate group, alkoxy group, acetoxy group, trifluoroacetoxy
group, -OC(CH3)=CHCOCHS;, alkylsulfonate group, perfluoroalkylsulfonate
group, or nitrile group. Y represents a monovalent organic group whose
element to be bonded to Si is nitrogen. a is an integer of from 1 to 3 while b and
c are integers of from 0 to 2, and the total of a, b and ¢ is from 1 to 3.

Furthermore, d is an integer of from 0 to 2 and e is an integer of from 1 to 3.
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[Claim 7] A water-repellent cleaning liquid used during a cleaning
process for a silicon wafer, the water-repellent cleaning liquid as claimed in
Claim 6, characterized in that: the water-repellent cleaning liquid is a liquid in
which the water-repellent compound and the organic solvent are mixed and
contained; the water-repellent compound is contained upon being so mixed as
to be 0.1-50 mass% relative to the total quantity of 100 mass% of the
water-repellent cleaning liquid; the organic solvent contains a nitrogen
compound-containing solvent; and the nitrogen compound-containing solvent

whose element to be bonded to nitrogen is carbon.

[Claim 8] A cleaning method for a surface of a silicon wafer, using a
cleaning agent for the silicon wafer as claimed in Claim 1, comprising:

a step of removing the cleaning agent from the surface of the
silicon wafer after removing the cleaning liquid from the surface of the silicon

wafer.

[Claim 9] A cleaning method for a surface of a silicon wafer, as claimed in
Claim 8, further comprising:

a step of irradiating the surface of the silicon wafer with light or
heating the silicon wafer after removing the cleaning liquid from the surface of

the silicon wafer.

[Claim 10] A cleaning agent for a silicon wafer, as claimed in any of Claims
1, 2 and 3, wherein the organic solvent mixed with the water-repellent

compound 1s a derivative of polyhydric alcohol having no hydroxyl group.



