
DESCRIPTION SILICON WAFER CLEANING AGENT TECHNICAL FIELD [0001]The
present invention relates to a technique of cleaning a silicon
substrate (a wafer) in production of semiconductor devices, the
purpose of which being production yield improvements of devices
having such a circuit pattern as to be particularly fine and to be a
particularly high aspect ratio. BACKGROUND OF THE INVENTION
[0002]Semiconductor devices for use of network household electric
appliances are being further desired to he sophisticated, in and low
in power consumption. Accordingly, the trend toward micro-scale
circuit pattern has been developed, wtth 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. 10003]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 with the trend toward
micro-scale pattern circuit. Therefore, alternation with a dilute
hydrofluoric acid-based cleaning agent is taking place. iik9004]
cdearli 



With this tue problems about the damages to the wafer due to been
solved; however; problems due to an aspect ratio increased  with the
end toward micro-scale pattern in the semiconductor devices have
become obvious. In other words, a phenomenon where the pattern
co:lapses 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. l0005ilThe 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          w aspect ratio causes a difference ju
the ca.pltlary force which the pattern.  [0006].A.ceorth. gly, it is
expected by decreasingcapillary "bite that the difference in the
capillary force clue to the difference in height of residual liquid
is reduced thereby resolving the pattern collapse. The magnitude of
the capillary farce is the absolute value of P obtained by the
equation as represented below. It is expected from this equation that
the capillary force can. he reduced if decreasing y or coso,
[00071Pni2 / y X cosOIS (v: Surface tension,bitem 



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, winch results in the trend. to inCreaS0 cost).
It is therefore said that there are limitations to adaptable
patterns, f1ir 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 ler decreasing cost) to
suppress the pattern collapse. This method is a method of setting a
contact angle to around 90 to bring cos0 close to 0 so as to reduce
the capillary throe to the limit thereby suppressing the pattern
collapse, it0009.1However, the thus disclosed technique cannotthe
present abject, because: it is directed to the resist pattern or for
ret rming 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, th.e use of liquid nitrogen. or the like are
proposed as the method of preventing the pattern collapse in the
semiconductor devices. However, arty of these needs a treatment in a
closed  system or a batch in contrast to the conventional cleaniim
processes and therefore involves issues in view of cost such as
throughput, though effective to some extent. 



ERENCES ABOUT PRIOR ART Patent Publication 100111.Patent
Publ.Application Publication No. 2008498958 PatentJapanese Patent
Application Publication No 5-999836 SUMMARY OF THE INVENTION
1001.2iIn production of semiconductor devices, a surface of acon
wafer Is a. surface having a finely uneven pattern. An object of the
present invention is 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 'vafer having at its
surface a finely uneven pattern. 00.1.31According to the present
invention, there is provided a clean  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 deaning
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 GA
mass% relative to the total quantity of 100 mass% of the
water-repellent cleaning liquid and an organic solvent are mixed and
contained. thereby a capillary hires of not higher than 2.1 MN/rn2 or
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 



I00141The water-repellent cleaning agent may be a cleaning agent for
a silicon wafer A second cleaning agent) characterized in that: the
water-repellent cleaning liquid is a liquid in which the
water-repellent compound and the organic so I vent are mixed and co
ntaille d; the water-repellent compound is mixed and contained
therein 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 contains a nitrogen compound-containing solvent;
the nitrogewcontai cling solvent is a solvent whose element to be
bonded to nitrogen is carbon thereby presenting a capillary force of
not higher than 2.1..MlNim2 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. [001.51The following description is a description common
between the first cleaning agent and the second cleaning agent,
unless specified. [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 s are used,
[001Additionally, 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 tan 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 againstmixture 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. [00181In cleaning the silicon wafer in which an uneven
patter 



the water-based cleaning liquid containea 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 via:&r a
surface having a finely uneven pattern. Additionally, the water-based
cleaning liquid may be provided to the con wafer through providing
the water-repellent cleaning liquid to the silicon wafer,
Furthermore, the water-repellent cleaning liquid and the  5
water-based cleaning liquidhe provided to the surface of the silicon
wafer while being substituted. with a cleaning liquid different. from
the cleaning liquids under a condition where the different cleaning
liquid is retained in the recessed. portion of the surface of the
silicon wafer. [00191The cleaning agent for the silicon wafer of the
present, invention is 



comprised of two or more cleaning liquids and is used while
substituting a cleaning liquid retained in the recessed portion with
another cleaning liquid. The cleaning agent is finally removed, from
the surface of the silicon wafer, [00201While the surface of the
silicon wafer is cleaned by the cleaning agent for the silicon wafer
of the present invention, the recessed. portion of the. surface of
the silicon wafer is to temporarily retain the water-repellent
cleaning liquid. With this retention, the recessed portion is brought
into a surface condition provided with water repellency by the
water-repellent compound. 100211In the present invention, the
water-repellent- compound has a reactive moiety chemically bondable
to Si element in the silicon wafer, and a    Irophobic group. With
this, the surtace 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 repellenc.y, 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 sili< ix wafer. [00221If the water-repellent
compound containedthe ate epellent cleaning liquid is less than. 0.1
mass% relative to the total quantity of 100 mass% of water-repellent
cleaning liquid, the surface of the recessed portion cannot
sufficiently obtain the surface condition provided with water
repellency, [00221Additional]y, the water-repellent cleaning liquid
in the first cleaning agent contains a mixture of: the
water-repellent compound having a reactive 6 moiety chemically
bondable to Si element in the silicon wafer and a hydrophobic group;
and the organic solvent, so that the surface of the recessed portion
can readily reach the surface condition sufficiently provided with
water repellency with a short period. of time, 



[0024]Additionally, the second cleaning agent is those of nch element
to he 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 is made, a surface haying- a
finely uneven pattern 2, [Fig. 2]A view showing a part of aa cross
section. 1.           [Fig, A schematic view showing a condition
where a cleaning liquid 8 is retained in a recessed portion 4 in a
cleaning process.           [Fig, 4] 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 exhi excellent pattern
collapse-preventability. When using the cleaning- agent, therefore, a
cleaning process of a production naethod 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 an the silicon wafer having the finely uneven pattern at
its surface is increased, 



10027] 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 3110te 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,  [00281 A
cleaningion waler having the Finely uneven pattern at its surface,
usiii,g the s'iTh on waiei cleanin agent of the present invention,
preferably includes: a stop of making a silicona surface with a
finely uneven pattern, followed by. providing a wateribased cleaning
liquid to the surface and retaining the water-based cleaning liquid
in recessed portions;          a. step of substituting the
water-based  cleaning liquid retained in the recessed portions with a
cleaning liquid A different from the water-based, cleaning liquid;
a step of retaining a water-repellent cleaning liquid in the recessed
portions in order to make surfaces of the recessed portions of the
uneven pattern have v,rater repellency; and a step of removing. the
cleaning age [0029]Furthermore, after the step of retaining the
water-repellent cleaning liquid in the recessed portions, the
water-repellent cleaningretained, in 



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.
[0030]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 heating the
silicon wafer. [0031.1Additionally, in the step of removing the
cleaning. agent, between the step of removing. the cleaning liquid
retained in the recessed portions ilfOra the recessed portions by
drying and the step of irradiating the surface of the silicon wafer
with hght 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  liquid comprised of the water-based solution th
the recessed portions after providing, the cleaning liquid B,
followed by removing the water-based cleaning hi by drying. [00In a
first cleaning agent, the water-repellent cleaning liquid liquid
comprising a water-repellent compound having a. reactive moiety which
can chemically hind with Si element in the silicon wafer and a
hydrophobic group, or a liquid in which the water-repellent compound
or not less than 0.1 mass% relative to the total quantit of 100 mass%
of the water-repellent cleaning Lind and an organic solvent are 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 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
quanttyof 100 mass % of the water-repellent cleaning liquid.
[003311In a second cleaning agent, the water-repellent cleaning
liquid is 



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. t homogeneous water repellency, while a
smaller content thereof tends to make it difficult to bring the
surfaces of the recessed portion.s 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
prethrably 0,2-30 mass% relative to the total quantity of 100 mass%
of the water-repellent cleaning liquid.. [0034]in 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 solventAkin between the water-repellent  into the
surface condition of sufficient water repellency in. a short time.
Additionally, it is preferable that the nitrogen-containing solvent
is at least one selected from the group consisting of tertiary amide,
tertiary amine, 1 .hlk;rh2.pyrrolidone and compounds having pyridine
ring. [0035]Concrete examples of the nitrogen-containing solvent are
NAT-dimethylforrnamide, N,N-diinethylacetamide, triethylamine,
tripropylamine, Nmothvl- 2-pyrrolidone, pyridine, pyrazine, pcohne
and the like. In particular, Ar, N-dimethyllormamide and
N-methyl.-2-pyrrolidone are rable because these are hard to form an
insoluble solid when mixed with aterrepelient compound, [0026]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 niass% 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. [00371In the. pattern
forming step of making the surface of the silicon 



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 ma 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 haying a finely uneven pattern. [003$]incidentally, the
silicon wafer includes those on which surface a silicon oxide film
such as native oxide f,rmal oxide film, a gas-phase  10 least a part
of its uneven pattern is to be silicon oxide when forming the. uneven
pattern, [00391Additionally, also against a wafer comprised of two or
more components including silicon and/or silicon oxide, it is
possible to provide its surface of silicon and/or silicon oxide w.
repellency. The wafer comprised of two or more components includes
those o thigh surface a film of shcon and/or silicon oxide such as a
native oxide film, a thermal oxide film, a ga.s-phase synthesized
film. fa CVD film, etc.) and the like is formed or those in which at
least a part of its uneven pattern is to be silicon and/or silicon
oxide when forming the uneven pattern. [0040] After making the
surface of :he silicon wafer a surface having a finely uneven
pattern, cleaning of the surface is conducted in the use of the
water-repellent cleaning liquid> failowed by removing the
water-repellent cleaning liquid by drying or the like. However; if
the recessed. portions have a small width and projected portions have
a large aspect ratio, a pattern collapse is to be easily induced.
Thepattern is defined, as shown in TN Fig. 2. Fig. 1 is a schematic
plan view of a silicon wafer 1 whose surface is made a surface
having. a finely uneven pattern, while Fig. - is a part of an a-a'
cross section in Fig. I, 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 inn and when the
aspect ratio is not less than 4, particularly not less than 6.
[0041.],ble example of the present invention, the surface of 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. cleaning liquid retained in the
recessed portions is substituted, with the  11 examples of the
different cleaning liquid A are the water-repellent cleaning liquid
specified by the present invention; water; an organic solvent; a
mixture of these; a mixture of these and at least one or more kinds
of acid., alkali and surfactant; and the like. Additionally, when
usin.g other than the water-repellent cleaning liquid as the
different clean:liquid preferable to substitute the different
cleaning liquid A with the water-repellent cleaning liquid under a
condition where the different cleaning noinid A is retained in
recessed portions 4. [0042]Additionally; examples of the organic
solvent, one of preibrable examples of the different cleaning liquid.
A. are hydrocarbons, esters, ethers, ketones, halogen-containing
solvents, sulfoxide-based solvents, alcohols, derivatives of
polyhydric alcohol, nitrogen-containing solvents, and the like.
l0043.1 .A.diiitionally, it is particularly preferable that the
organic solvent, one of preferable examples of the different cleaning
liquid A, is an aprotic solvent since the water-repellent compound is
reactive with protic solvent. Incidentally, the aprotic solvent means
both an aprotic polar solvent and an aprotic nonpolar solvent.
Examples of such an aprotic solvent inchtde 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, heptan.e, octane
an.d the like. Examples of the esters are ethyl acetate, propyi
acetate, butyl acetate, ethyl acetoacetate and. the like. Examples of
the ethers are diethyl ether, dipropyl ether, dibutyl ether,
tetrahydrofuran, :hexane 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; pethuorocarbons such as perfluoroectane,
periltionmona.ne, peril ue N.:cyclone nte ne, perfluorocycloh.exa.ne.
hexafluorobenzene and the like; hydrofluorocarbons such as
1,1,1,3,3-pentallanrobutane, octalluorocyclopent a 1102,3-dihydrodeca
flUOropentane,ZEORORA-H  methyl perfluoroisohutvi ether, methyl
perflutirobutyl ether, ethyl perillionibutyl ether, ethyl
perfluoroisobutyl ether, ASAHL-CLIN AE-3000 (produced by Asahi Glass
Co., Ltd.), Neve HFE-7100, Novec HiFE7200, Novae 7300, Novae 7600
(at* te produced by 3M Limited) and the like; chlorocarbons such as
tetrachkiromethane and the like; hydrochlorocarbons such. as
chloroform and the like; chlorofluorocarbons such as
dichlercslifluorginetha tie and the like; hydrae:lain rofluorecarh
en.s such as i,1.- 2, 2, 3,3,3 -p entailu oroprop a ne
,3-pentafinoropropane,-chIoro3,3,3-tnfl.uoropropene, 



1"2-dichloro-3,3,3- ifilaropropene and the like; perflutiroethers;
perfluoropolyethers; and the like. Examples of the sulfoxide-based
solvents are dimethyl sulfoxide and the like, 'Examples of the
derivatives of polyhydric alcohol having no hydroxyl group are
acetate-based compounds such as diethyle.nc. glycol menoethyl ether
acetate, ethylene glycol monennetnyl ether acetate, ethylene glycol
monobutyl ether acetate, propylene glycoi nienomethyl ether acetate,
propylene glycol nimitiethyl ether acetate and the like. Examples of
the nitrogen-containing solvents having no N-B bond are   Ardiale
thyllorm a m id e N,thylace ta mi de, N-methyl-2oli triethylamine,
pyridine and the like. [00441Fig, $ is a schematic view showing a
condition where a 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 EVEC cross section in Fig. I. At
the time of the cleaning process, the water-repellent cleaning liquid
is         onto a silicon wafer I in which an. uneven pattern. 2 is
formed. At this time 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, [00,15]In a case of providing the rater-based cleatthrough the
substit ion of the water-repellent cleaning liquid under a condition
temp onretained in the recessed portions 4 with a cleaning liquid
different  13 



recessed portions 4ted with the cleaning liquid B '''erent fro
water-repellent cleaning liquid. Examples of the different cleaning
liquid B are water-based cleaning liquids comprised of a water-based
solution; an organic solvent; a mixture of the water-based cleaning
liquid arid the organic solvent; a mixture of these and at least one
or more kinds of acid, alkali and surfactant; and the like.
Particularly, the water-based cleaning liquid, the organic solvent or
the mixture of the water-based cleaning liquid and the organic
solvent is preferable. Additionally, when. using other than the water
based cleaning liquid as the different cleaning liquid 13, it is
preferable. to substitute the cleaning liquid with the water-based
cleaning liquid. under a condition where the cleaning liquid other
than the water-based cleaning liquid is retained in the recessed
portions 4. [00461Apies if the organic solvent., one of preferable
examples of the different cleaning liquid B, are hydrocarbons,
esters, ethers, ketones, halogen-containing solvents, milfoxide-based
solvents, alcohols, derivatives of polyhydric alcohol,
nitrogen-containing solvents and the like. [0047]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, dipropyi ether, dibutyl ether,
tetrahydroluran, dio.xane and the like. Examples of the ketones are
acetone; acetyla.cetone, methyl ethyl ketone; methyl propyl ketont-
methyl butyl ketone and the like, Examples of the halogen
'containingsolvent are; perfluorocarbons such as perfluoroectano,
perfluoronon a ne,perfittorricyclopentanc,perfluorocycloliexane, he x
a flu orob e n ze n eandthelike;hydrofi uo roca rho ssuchas
1,1,3,3.-pentalluorobuta ne,octafluorocyclopen t ane, 2,3
-dihydrodecallue.ropentane, ZEORGRA-H (produced by ZEON CORPORATION)
and the like; hydrofluoroetliers such as methyl perfluoroisobutyl
ether, methyl periluorobutyl ether, ethyl perfiborobutyl ether, ethyl
perfluoroisobutyl ether, ASAFURLIN AE-3000 (produced by Asahi Glass
1.4 



Co., Ltd:), Novee FfE,'E-7100, Novec HEE-7200, Novec 7300, Novric
7600 (any is produced by 3M Limited) and the like; chlorocarbons such
as tetrachloroine,thane and the like; hydrochleroearhons such as
chloroform and the like; chlorofluorocarbons such as
dichloredifluororaethane and the like; hy d rechlorell 1); Oren a r
bons such as 1, 1-dieloro- 2,2, ;3,3, 3 -peopape ,3-dichlore-
1,1,2,2, 3 -p ent aflueroprop a1'chloro3$,3'tri.f1uoropropeite,
sulfoxide and the like. Examplesalcohols are methanol, ethanol,
propanol, butanol, ethylene glycol, 1,3-propanediel and the like,
Examples of the derivatives of pob,thydric 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 mormethyl ether, dielhylene glycol
monoethyl ether acetate, ethylene glycol menometlivl ether acetate,
ethylene glycol monobtityl ether acetate, propylene glycol monomethyi
ether acetate, propylene glycol monoethyl ether acetate and the like.
Examples of the nitrogen-containing solvents are formanaide,
AT,W-diniahylformaintde, il(4.1V-dimethylacetainide,
Nmethyl-2-pyrrolidene, diethylamine, triethylaniine. pyridine and the
like, [0048]An example of the water-based cleaning liquid is water,
of one  containrE 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 waterbased cleaning liquid increases a
contact angle 0 formed between the surface of the recessed portions
provided w ah 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'hasd. cle 



is retained in the recessed portions 4 provided with water repellency
by the water-repellent compound is shown in Fig, 4.A silicon wafer of
the schematic  15 view of Fig, 4 shows a part of the at' cross
section El Fig. 1, The surfaces of the recessed portions 4 are
brought into a surface condition 10 provided with water repellency by
the water-repellent compound. Then, with an unit chemically bondable
to Si, the surface condition 10 provided with water repellency is
kept on the surface of the silicon wafer even when the water-based
cleaning liquid 9 is removed from the recessed portions 4, [00501The
capillary force is, on the assumption that the surface of recessed
portions formed at the silicon wiir surface provided with water
repellency- by the water-repellent cleaning liquid, i.e. the recessed
portions 4 as shown in Fig, 4 is brought into the surface condition
10 and that water is retained in the recessed portions, preferably
not greater than 2,1 MN/m2. A capillary force of not greater than
2,1. IMNIin2 makes the pattern collapse difficult to occur, and
therefore is preferable. Additionally, when a smaller the capillary
force makes the pattern collapse further difficult to occur, so that
the capillary force is particularly preferably not greater than 1,5
MN/m2; much more preferably not greater than 1,0 MN/m2. Furthermore,
it is ideal to put the capillary three to (10 MN/m2- as close as
possible by adjusting the contact angle to the cleaning liquid to be
around 00 [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 albino! group (Si-Off group). Examples thereof are:
halogen group suck as chloro group, hrotno group and the like; Si-N
bond with isocyanate group, amino group, dialkylamino group;
isothiocya flate group, azide group, acetamide group, silaza , "
NT(CH C 0 CH              imidazole ring, oxazolidinone ring,
morpholine ring- or the like; Si-O-C bond with. al,koxy group,
actitoxy group, trifluoroacetoxy group, -001,111:9=CHCOCIl3,
-00,111:3)=N-Si(CH3)s, -0C(CF0=-N-Si(12143)3; -(10-Nfi-SitefF3Xt or
the like; Si-O-S bond with alkylsulfonate group,
perflueroalkylsullonate group or the like; rdtrile group; and the
like. Additionally, examples of the hydrophobic group are a
monovalent organic  



16 group 'nevi/ iy drocarbon group and a monovalent organic groupC-F
bond. Such a water-rep:41mm compound is to swiftly react at it with
silanol group of a silicon oxide layer of the uneven pattern of the
silicon wafer so as to be chemically bonded to Si element in the
silicon wafer through siloxiine bond. With this, it becomes possible
to coat the surface of the wafer with hydrophobic groups, thereby
allowing reducing the capillary force in a short time.
[00521Furthermore, it is preferable. in the water-repellent cleaning
liquid; that the water-repellent compound having the reactive moiety
chemically bondable to Si element in tile silicon wafer and the
hydrophobic group is comprised of at least one selected from the
group consisting of the following 'al formulas [1].121 and N.
[0(152.1[I R3Si(CI-102Y 



Now, each of Ri, R2 'and R is a monovalent orzanic group having
hydrocarbon. group with a carbon number of I to 18 or a. monovalent
organic group having perflueroalliyl chain with carbon number of I to
S. X represents chioro group. isocyanate group, alkoxy group, acetoxy
group, trifluoroacetoxy group, -0C(CH)=CHCOCIIiia, alkylsulforiate
group, peril tioroalkyisuironate group, or nitride group. \L
represents a. monovalent Organic group whose element to be bonded to
Si Is nitrogen, a is an integer of from I to 3 while b and c are
integers of from 0 to 2, and the total of a, b and c 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. [0051) Additionally, it is particularly preferable that
each of RI of the general formula [1i, it of the general. formula
[2], and R of the general formula [3] is Criftm4 (rr=1-18) or
C,F20t1GH2G112 (n=1-8). 100551Examples of usable water-repellent
compound represented by the general formula [1] are:
alitylchlorosila.ne such as (218ThiSielti, C11112SiC14, Cli3SiC13,
C15H3'iSi(abbi)C12, CioH21Si(CH)C19,  17
C61113Si(CB3)(-12,C3E7Si(CH3)012,(CI13)2S1(112,Cud12,38i(CH3)2C1,
CisH218A1H3)2E1, C8H138i(CH3)3E1, C31178i(EIT3)2E1, (CH:03SiCi,
(0113)2SiEled and the like; fluoroalkylchlerosilane such as
C8F1ICH2CH2SiC13, CF13(1112CH2SiC13, O4EXH2EII2Sii_113,
(.11CH2CH2SiC113, C8F17(1112EltSi(C11:)C12, CsF13CH2CH2SifCELO012,
C4F9C1120-128i(CH2)C12, CEXH2CF-128ACIT5)C12,
CsFi7CH2CH2Sii,EI12/2E1, Col3CH2CH2Si(CE13)2C1, C4F9CH2CH2SiXH302C1,
CFXH2C112Si(CH2)2C1, Cf3CH2CH28iXH3)HCA and the like; or a
water-repellent compound in which chioro group of the above-mentioned
chloresilane is replaced with isocyanate group, alkoxy group, acetoxy
group, brifluoroacetoxy group, -0C(CH3)=CHCOCH2, alkylsulfonate
group, perfluoroalikylealfonate group, or nitrile group. The
particularly preferable are chloro group, isocyanate group and alkoxy
group. [00561Examples of usable water-repellent compound represented
by the general formula [2] are (CILNSiNHSA,1113:13,
Cjim.SiX1-,131h2NHS-i(CH)2C2ls,
Cald7Sdens)2NHSACROX21-E,C6H1381(C113)2NIISifeW2CcH13,
(16HoSii.0113)2NFISACH3)2C6115,{C,EH213Si}3N,{E2Th5Sif,C1102hN, 



(,C111302FESINHS1f CH3)21H,EF3CH2C1128dCH3)2NIISi(CH3)2CH2CII2CF3,
C4FsEll2CELSdEIHANHSi(CH3)2C,112CH3C4F9,
EsFrsE112CL,Sife1W2NHSA.11113)2CH2CF1206P'13,
CsFr7C1-12CH281(CHs)2NESi(EfIa)2CH2C,H2C8F37, iCF3CH2CH28i(C1--0213N,
and the like* Particularly disilazane where ci in the general formula
l21 M 2 is preferable* [0057]Furthermore, examples of usable
water-repellent compound represented by the general formula [2] are
compounds where Y is -NH2, -NWIT3)2,-N(C2H3)2,NHCO CIL,-N3,-N=C=S,C
HO GO ETFL,    C,H3)C0C ba, -N=C(CIT3)0Si(0113)3,
-N=C(CF2)08i,(CH3)B, -NHOO-08dCH3)3, -NHCO-NE-SUICH:03, inlidazole
ring, oxazolidinone ring, morpboline ring or the like. [00581
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 he a dirtier. The  18 s low
inal group in the silicon oxide lasr4". silicon wafer, so that th
required to provide the surface of the &diem wafer with water
repellency is increased, As the solvent for the water-repellent
cleaning liquid, therefore, other than water, i.e the organic solvent
is used, The organic solvent is acceptable if able to dissolve the
water-repellent compound therein; and preferably usable examples
thereof are hydrocarbons, esters, ethers, ketones, halogen-containing
solvents, sulfoxid.e- based solvents, alcohols, derivatives of
,polyhydric alcohol, nitrogen-containing solvents, and the like. 



100591However, 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
1110a as both an aprotic polar solvent and. an aprotic nonpolar
solvent. Examples of such an aprotie solvent include hydrocarbons,
esters, ethers, ketones, halogen-containing solvents, sulfoxide-based
solvents, derivatives of pelyhydric alcohol having no hydroxyl group,
and nitrogen-containing solvents having no N-11 bond, Examples of the
hydrocarbons are toluene, benzene, xylene, hexane; heptane, octane
and the like. Examples of the esters are ethyl acetate, propyi
acetate, butyl acetate, ethyl actitoacetate 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: perfluorocarhons such as perfmortiectane,
perfluoronenanti, perfluorticyclopentane, perfluorocyclohexane,
hexacmorobenzene and. the like; hydroliuoroca3tons such as 1, 1, L
3,3-penta uerobuta ne, octalluerocyclopentane, 2,3-dthydrodec a it
ropentane, WAORORA-H (produced by ZEON CORPORATION) and the like:
hydrofluoroethers such as methyl. perfluoroisobotyl ether, methyl
perfluorobutyi ether, ethyl perfloorebutyl ether, ethyl
perfluoreisobutyl ether, ASARI ELIN AE-3000 (produced by Asalii Glass
Co., Ltd), Novee HFE-7100, Novec HFE-7200, Novec  1.9 7300, Noyec
7600 (any is produced by 3M Limited) and the like; chlerocarbons such
as tetrachloromethane and the like; hydrochlorocarbens such as
chloroform and the like; chlorofluorocarbons such as
dichleredilluoromethane and the like; hydrochlorofluorocarbons such
as 1,1-dicloro-2,2,3,3,3-pentafinoropropane, 3-diehloro- ;1,2, 2;
13-pe tafluorop rep a Tle,ropropene.
2-dichlitro-323,3-trifuoreprouene and the like; perfiu.oroother.,3;
perlitiorepolyethers; and the like. Examples of the suifoxide-based
solvents are dimetbyl suilfoxide and. the like. Examples of the
derivatives of polybydric alcohol having no hydroxyl group are
acetate-based compounds such as diethyle,ne glycol menoethyl ether
acetate, ethylene glycol monomethyl ether acetate, ethylene glycol
mon.obutyl ether acetate, propylene glycol monemethyl ether acetate,
propylene glycol inonoethyl ether acetate and th.e like. Examples of
the nitrogen-containing solvents having no N-H bond are
hylfortnami de, Ar,N-dimethylacetamide, N-me thy1-2-pyrrolido
triethylamine, pyridine and the like. [00601A.dditionally, it is
preferable to use a uninflainmable one as the 0.1g a n ic solvent
since the water-repellent cleaning liquid becomes uninflamma.ble or
becomes highflash 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 uninflainniable
organic solvent. [00811Additionally, a very :small quantity of water
may be presentthe organic solvent. However, when the wafer is
contained in the solvent in 'ge 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, [00621AclditEonally. a
catalyst may be added to the water-repellent cleaning  20 liquid in
order to accelerate the reaction between the water-repellent compound
and the wafer surface. The preferably used as such a catalyst are
acids containing no water such as trifiuoroace.tic acid,
triflueroacetic anhydride, pentafluoropropionic acid; p entaft OrOp
ropionic anhydride, trifiuorom.ethanesujfonjc acid,
trifluorernethanesulfonic anhydride, sulfuric acid, hydrogen chloride
and the like; bases such as ammonia, alkylamine, dialkylamine and the
like; nitrogen -containing aprotic solvents pyridine;
dimethylformanaide and. the like: salts such as ammonium sulfide;
potassium ac metbyihydroxyamine hydrochloride; and a metallic complex
or a metallic salt of tin, aluminum; titanium or the like.
Particularly, if taking a catalytic effect and cleanliness into
account; the preferable are acids containing no water, such as
trifluoroacetic acid, triflutiroacetic anhydride,
trifluoromethanesuifonic acid; trifluoromethan.esulfenic anhydride,
sulfuric acid, hydrogen chloride and the like, [0063]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%. l00641Moreover, 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 'V, 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,  21 followed by removing the cleaning
agent, is conducted, This step includes:          a step of removing
the cleaning liquid retained hi the recessed portions from the
recessed portions by drying, and          a step of irradiating the
surface of the silicon wafrr with light or beating the silicon water.
fooc6.1the time of removing the donning liquid. from the recessed
portions, the cleaning liquid retained in the recessed portions is
preferably the water-based cleaning liquid. In this case, it is
preferable Le conduct a step of retaining the water-based cleaning
liquid comprised of the water-based solution in the recessed portions
after the step of retaining the water-repellent cleaning liquid in
the recessed portions, through the substitution of the water-
repellent cleaning liquid retained in the recessed, portions with the
cleaning liquid B different from the water-repellent cleaning liquid.
Incidentally, when the cleaning liquid s removed from the recessed
portions, the cleaning liquid retained in the recessed portions may
be the water-repellent cleaning liquid or the different cleaning
liquid B. [0067] in the step of removing the cleaning liquid from the
recessed portions, the cleaning liquid is removed by drying, The
drying-is preferably conducted by a conventional drying method such
as spin drying, IPA (2-propanol) steam drying, Marangoni drying,
heating drying, warm an drying, vacuum drying and the like. [00681In
the step of irradiating the surface of the silicon wafer with light
or 



heating the silicon wafer, the surface condition 10 where the
surfacethe 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 urn and shorter than 240 um (corresponding to bond,  energies of
them, i e., 58-80 keal/mol, 83 kcal/mol. and 110 kcallnatilk As the
light source therefor, there Is used. a metal halide lamp, a
low-pressure mercury light, a high-pressure mercury light, an exeimer
lamp, a carbon arc or the like. The intensity of the ultraviolet
irradiation is preferably not less than 100 rnWricm2, particularly
preferably not less than 2 "E-mi.2, for example, as a measurement
value by the illuminance meter (Uitravio UM-10 produced by Konica
Minolta, Light-Receptor 0M-360 sity meter .ensjt.tvity  wavelength :
345 mu, measured wavelength range : 310 to 400 Limn, incidentally, an
irradiation intensity less than. 100 mWiein2 takes a long time to
remove the surface condition 10 provided with water repellency.
[0070]Additionally; in the case of removing the surface condition 



provided with water repellency by light irradiation, i particularly
preferable to generate active oxygen in parallel with decomposing
components of the surface condition 10 provided with water repellency
by ultraviolet rays and then to induce oxidation-volatilization of
the components of the surface condition 10 provided with water
repellency by the active oxygen, since a treating time is to be saved
thereby As the light source therefor, the low-pressure mercury light
or the excimer lamp is used. {00711In. the case of heating the
silicon wafer, heating of the silicon wafer conducted at 400 to 700
CCI, preferably at 500 to 700 "C. It: is preferable to keep the
heating time from 1 to 40 mm, preferably from 10 to 30 min,
Additionally, this step may be conducted in combination with. ozone
exposure, plasma irradiation, corona discharge or the like. EXAMPLES
[00721To m1 ilicx-in wafer have a sod t efinely uneven pattern and to
stibstitute a cleaning liquid retained in recessed portions with
another cleaning liquid are already-established techniques, as
discussed lin conventionally: known literatures and the like. In the
present invention, therefore, evaluations of water-repellent cleaning
Liquid. were mainly:  23 angle of liquid drop, and the surface
tension of the cleaning liquid, as clearly represented by the
equation discussed as the background of the technique P=2 X v><
cosOIS (y: Surface tension, el Contact arige, hi: Pattern width). 



In a case of a cleaning liquid retained an the recessed portions d of
the 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 may be derived from the equation and the evaluation
of the contact angle of liquid drop on the surface con di boll 10
provided with water repellency Incidentally, M Examples, a
representative of a water-based cleaning agent was used, ie., water
00733 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, \ ?An)
Evaluation of the contact angle of waterdrop tor evaluating the water
repellency is conducted by dropping several microliters of waterdrop
ell a. surface of a sample (substrate) and then by measuring an
tingle .formed between the wate.rdrop and the substrate surface, as
discussed in JIS R $257 Cresting mathrid of wettability of glass
substrate surface). However, in the case of the silicon ivalbr 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 perfornaed by providing the water-repellent
cleaning liquid to an even silicon wafer so as to bring about a
EarfaC0 anintiOn provided with water-.repellency and then regarding
the surface condition as a water repellency-provided surface
condition 10 of the silicon wallai at which surface an uneven pattern
2 iS linnibu. 00761Details will be discussed below. Hereinafter,
there will be discussed  



an evaluation method for the silicon wafer provided with the cleaning
liquid, the preparation of the water-repellent cleand results of
evaluations after providing the water-repellentdeath silicon wafe
[00771[Evaluation Method For Silicon Wafer To Which.er-Rlent Cleaning
Liquid Is Provided] As an evaluation, method for the silicon wafer
provideii the water-repellent cleaning liquid, the following
evaluations (1) toa performed.. [0078](1) Evaluation of/tact Angle of
Surface Condition Provith 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
vtwas obtained by calculating P by using the following equation.
[0080]P=2 )K yxcesOIS where y Is a surface tension, U is a conattE
width, Incidentally, in a pattern having a line width of 45 nal 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 nin and the wafer
surface is silicon oxide, when the cleaning liquid is 2-propanol
(Surface tension: 22 mNfini, Contact angle to silicon oicide:1 ), the
capillary force is 0,98 MN/m2. On the other hand, in a ease of water
having the largest surface tension among liquids other than mercury
(Surface tension: 72 ninfin,  Contact angle to silicon oxide2,5the
capillary force1 31 MN/m.2. Therefore, the objective was set to the
midpoint, 2.1 MN/m.2. A capillary force of not greater than 2.1 MN/m2
, at the time of retaining water, was determined as an acceptable one
(indicated in Tables with "A"). Meanwhile, an unacceptable one i.s
indicated with "B", l00811(3) Removability for Surface Condition
Provided with Water Repellency by Water-Repellent Cleaning Liquid 



Under the following conditions, the sample was irradiated with LIV
rays from a metal halide lamp :kir 2 hours, Those having a contact
angle to waterdrop of not larger than 30 after the irradiation was
determined as an acceptable one (indicated in Tables with "Ai.
Meanwhile, an unacceptable one is indicated with "B". [0082je Lamp:
M015-L312 produced by EYE GRAPHICS CO.,LTD. antensi  Illuminance: 128
InWicm2 as a measurement vat(the following conditions  Measuring
Apparatus: Ultraviolet intensity, Meter (UM-10 produced by Konica
Mine  light-Receptor: .UM-360 (Lighteiteceptive Wavelength 310 to 400
nut, Peak Wavelength: 365 Measuring' vlde Irradiance Measurement 



[00831(4) Evaluation of Roughness of Silicon Wafer Surface after
Removing Waterncy-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: Ha (inn). Incidentally, Ha is
one which is three-dimensionally enlarged by applyin.g the centerline
average roughness defined by ,IIS 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  26 Ra value of not higher than 1 nal after
removing the water repellency-provided surface condition, the wafer
surface was considered not to be eroded and not to have a residue of
the water-repellent, cleaning liquid thereon, so as to be determined
as an acceptable one (indicated in Tables with "A"). Meanwhile, an
unacceptable one is indicated with "B". [0084][Mathematical Equation
ii            where Xi. and Xa and is and VT represent a measuring
range fl the X coordinate and the Y coordinate, respectively. So is
an area on the assumption. that a measured surface is ideally flat,
and is a value obtained by (X-R-Xi) X (Ya,--Yr:). Additionally, FOC:t
represents a height at a measured point (X,Y.) while Zo represents
an. average height within the measured surface. 



/0085)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 I (1) Preparation Wate .-Repollent Cleaning
Liquid         A mixture of 3 g of trii iethylchlorosilane
RCIT3)3S1C1i 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 lic1uid 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        s%
hydrofluoric acid, aqueous solution for 2 min. Mowed by being
immersed in pure water for 1. min and then in acetone for 1 [00881(3)
Surface Treatment of Silicon Wafer Surface by Water-Repellent  27 



Cleaning Liquid         The waterrepellent cleaning liquid prepared
in the "(1) Preparation of Water Repellent (leaning Liquid" was
heated to 50 C, followed by immersion in the cleaning liquid for 30
min, Thereafter, the silicon wafer was immersed in 2-propano1 for I
Mill and then immersed. in. pure water ihr 1 raM, 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.
As a. result of evaluating the obtained wafer in a manner as
discussed in the ..Evaluation Method For Silicon Water To Which
Water-Repellent Cleaning Liquid is Provided], one having had an
initial contact angle of snialler 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 Re value of the
wafer after 1IV. irradiation was smaller than 0.5 urn, 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 .111V irradiation. (00901[Table II      30 [00021
Example 2 



The manner was all the same as Example 1 with .he exception that the
waterrepellent compound 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 the water repellency
-providing; effect was exhibited.. Additionally; the capillary force
at the tune where water was retained was 1,2 MiNlirt2 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 liTV irra illation. 10093ilExa
The manner was all the same as Example I with the exception that
hexamethyldisilazane [tCHO:iSiNETSilitaflids1 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
MNIm.2 and therefore tho capillary force was small. Additionally, the
contact angle after LIV 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 ITV
irradiation was smaller than 0.5 um, 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 wa.s all the same as
Example 1 with the exception that noropropy0trichlorosilane
[CF:iCITselif2SiC13] was used 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  31
repe]lency-provdmg effect was excellently exhibited, Additionally the
capillary force at the time where water was retained was 0.2. 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 um, 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. 



[00951 Example 5          The manner was all the same as Example 1
with the exception that ftrifitioropropyhmethyldichlorosilane
[CF3G112C.H2Si(CHOCI.2] 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
isviNlin2 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 walla- after UV
irradiation was smaller than 0.5 urn, 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. [00961 Example 6          The manner was all the
same as Example with the exception that
trifluoropropylkiimethylchlorosilane [CF3CII2CH2Si(C11.)20] was used
as the water-repellent compound. As shown in the evaluation result of
Table 1., the contact anghi 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. MN/n2 and therefore the capillary force was small.
Additionally, the contact angle after UV irradiation was  smaller
than 10 ,so that removal oil the -water repellency-provided surface
condition was achieved. Furthermore, the .Rla value ot 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 ILIV irradiation. [00971 Example 7          The manner
was all the same as Example 1 with the exception that
ectadecyldimethylchlorosilane [Cilfilht7Si(CH02(.111 was used as the
water-repellent compound" As shown in, the evaluation result of Table
1, the contact angle after the surface treatment was 88 ami
there:fere the water repellency-providing effect, was excellently
exhibited, .Additionally, the capillary three at the time where water
was retained. was 0.1 MN7m2 and therefore the capillary force was
small..A.dditionally, the contact angle after TIV irradiation was
smaller than 10 ' , so that removal of the water repellency-provided
surface condition. was achieved. Furthermore, the Re value of the
wafer after ity irradiation was smaller than 0.5 inn, with which t.
was confirmed that the wa.far was not eroded at the time of cleaning
and that the residue of the water-.repellent cleaning liquid did. not
remain after UV irradiation. [0098Maniple O          The manner was
all the same as Example I. with the exception that
trimethylefilorosilane tall-1.03Siell and
trilluoropropyldinaethylehlorositano CFriCH.2(11:12SiitHal2C1.1 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
mass3b. As shown in the evaluation result of Table 1, the contact
angle after the surface treatment was 75 and therefore the water
repellency-providing effect. was exhibited. .Additionally, the
capillary force at the time where water was retained was (18 IVINIm.2
and therefore the capillary force was small, .Additionally, the
contact angle after UV irradiation was smaller than 101, so that
removal of the water repeilency-provid.ed surface condition was



irradiation was smaller than 0.5 urn, with which it was confirmed
that the waihr was not eroded at the time of cleaning and that the
residue of the water repellent cleaning liquid did not remain after
1W irradiation. 00991 Example 9           The manner was, all the
same as Example 1 with the exception that hydroflutiroether
ClIFE-71.00 produced by 0M Limited) 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 74 a.nd therefore the water repellency-providing effect
was exhibited. ..(?ftiditionally, the capillary. force at the thne
where water was retained was 0.9 MNI3n2 and therefore the capillary
force was small. Additionally, the contact tmgle after tiV
ir.radiation was smaller than 1.0 so that removal of the water
repellency-provided surface conditacin was achieved. Furthermore, the
Ra value of the wafer after CV irradiation was smaller than 0.5 utri
with winch it was confirmed. that the water was not eroded at the
time of cleaning and that the residue of the water-repellent cleaning
liquid did not remain after UV irradiation. [01001 Example 10
The manner was all the same as Exam.ple 1 with the exception that a
halogen-containing solvent CZEGRORA.-11 produced. by ZEON CORPORATION
2, 2,3,3, 4- hep orecyclop entan el was used as the organic solvent
contained in the water-repellent cleaning liquid.. As shown M the
evaluation result of Table 1, the contact angle after the surface
treatment was '78 and therefore the water repellency -providing
effect tvas exhibited. Additionally, the capillary force at the time
where water was retained was 0.7 1VINinoi and therefore the capillary
throe was small. A.dditionally, the contact: angle after UV
irradiation was smaller than 10 , so that remeval, of the water
repellency-provided surface condition was achieved. Furthermore, the
.1-6 value of the wafer after 'EN irradiation was smaller than 0,5
urn, with which it was confirmed that the wakr tsTas not eroded at
the time of cleaning and that the residue of the water-repellent
cleaning liquid did not remain after  irradiation, 01.1Example 11 The
manner was all the same as Example 1 with the exception that
diclaloro-3,3,3-trilluaropropene (DCTEP) was used as the organic 



ed in the water-repellent cleaning liquid"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,-e capillary force at the time where water was retained
was 1.0 MINI/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
TIV irradiation was smaller than 0,5 mu, 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, [01021Example The manner was all the same as Example
1 with the exception that "flmm), -chlor0-3, 3,3- trilkoropropene
(u'llik9 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 74' and
therefore the water repellency-providing effect was exhibited.
Additionally; the capillary force at the time where water was
retained was 0.9 MNIm2 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 Da value of the wafer after UV
irradiation was smaller than 0.5 inn, 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 irra diation, [01031Example 13 The manner was s all the same as
Example 9 with the except:km that,  35 at the
;.,.ilacisic:ernentioned -(3) Surface Treatment of Silicon Wafer
Surface by Water Repellent Cleaning Liquid" the silicon water was
immersed in 2-iopa.nol fin.- 1 min after being immersed in the
svaterrepellent cleaning liunid and that the silicon wafer was
finally taken out o.0 2-propanol, followed by spra-yung air thereon
to remove 2-propianel :Croix: the surface thereby obtaining a wafer
provided wit.h 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 tnne where water was retained was 1.0
IlsiNtin2 and therefore the capillary force was small. Additionally,
the contact angle after UV irradiation was smaller than 10 , so that.
removal of the water repeldency-provided surface condition was
achieved. Furthermore, the Rs value of the wafer after ITV
irradiation was smaller than 0,5 man with which it was confirmed that
the wafer was: net eroded at. the rune of cleaning and that the
residue of the water-repellent cleaning liquid did not remain aftc,r
UV irradiation. 



l0104l Example 14           The manner was all the same as Example 13
with the exception that OCTFP was used as the organic solvent
contained in the water Tepellent cleaning liquid. As shown in the
evaluation 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 time where
water was retained was 1.1. MN/n:2 and therefore the capillary force
was small. Additionally: the contact angle after 1.1V irradiation was
sr:miler 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 rim, with which it
was confirmed that the wafer was not eroded at the inie of cleaning,
and that the residue of the water-repellent cleaning liquid did not
remain after :IV irradiation. [0105]Example 15 The manner was all the
same as Example 9 with the exception that,  36 at the
above-mentioned. "(3) Surface Treatment of Silicon Water Surta by
Water-Repellent Cleaning Liquid", the silicon wafer was immersed in
pure water for 1 min after being immersed in the water-repellent
cleaning liquid and that the silicon wafer was finally taken out of
the pure water, followed by spraying air thereon 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 74 and therethre, the water
repelleney-providing effect was exhibited, Additionally, the
capillary force at the time where water was retained was 0.9 NINtra2
and. therefore the capillary three 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 Ha 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       -repellent cleaning liquid did not remain after UV
irradiation, [0106]Exa Mple 16          The manner was all the same
as Example 15 with the exception that DcrFp was used as the organic
solvent contained in the water-repellent cleaning liquid, As shown in
the evaluation result of Tabile 1, the contact angle after the
surface treatment was 72and therefore the water repellency-providing
effect was exhibited. Adthtionally, 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
/1111, with which it was continued that the wafer was not eroded at
the time of cleaning and that the residue of the i,,,Fater-repellent
cleaning liquid did not remain aftertIV irradiation. 



[0107]Example 11 The manner was all the same as Example 11 with the
exception at the a cI"(31) Surface Treatment of Silicon Wafer Surface
by  Water-Repellent'quid", the silicon wafer was immersed in the
water-repellent dee ning liquid, followed by spraying air thereon.
thereby removing the water-repellent cleaning liquid from. its
surface, and subsequently that the silicon wafer was immersed in
2-pro utnel for 1. min and pure water for 1 min tiod finally taken
out of th.e pure water, followed by spraying air thereon to remove
the p e 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 12 and therefore the water repellency-providing effect
was exhibited. Additionally; the capillary force at the time where
water was retained was 1.0 li\INIPO and therefore the capillary force
was small_ Additionally, the contact angle after UV irradiation was
smaller than 10 aso that removal of the water repellency-provided
surface condition was achieved.. Furthermore, the Ra value of the
wafer after I.TV irradiation was smaller than     nm, with which it
was confirmed that the wafer was not eroded at the time of cleanin.g
and that the residue of the water-repellent cleaning liquid did not
remain after Li V irnE4di a ti on. "01081Example 18 The manner was
the same as Example 11. with e exception at the above-mentioned "(d)
Surface Treatment of Silicon Wafer Surface lay Water-Repellent
Cleaning Liquid", the silicon wafer was immersed in the
water-repellent cleaning liquid followed by spraying air thereon
thereby removing the water-repellent cleaning liquid from its
surface, and  



no l. far 1 min and on to remove 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, .A.dditionally, tile
capillary force at tile time where water was retained was 1,1 .MIN/m2
and therefore the capillary force was small Additionally the contact
angle after UV irradiation  38 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 u'radiation was
smaller than. 0,5 inn, 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.
[0109]Example 19          The manner was all the same as Example 11.
with the exception that, at the abeve-rdentioned "(3) Surface
Treatment of Silicon Wafer Surface by Water-R,epellent Cleaning
Liquid"" the silicon wafer was immersed in the water-repellent
cleaning liquid, followed by spraying air thereon to remove the
water-repetlent cleaning liquid from its surface, and,sequently that
the silicon wafer was immersed in pure water for 1 nun 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
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 forc!e 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 um,
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. 10110]Example 20
The manner was alt the same as Exan .e 9 with the exception that, at
the abovesmentionecl "(3)e Treatment of Silicon Wafer SurThce 



Water-Repellent 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
repellency-provmed surface condition. As shown in the evaluation
result of Table 12 the contact angle after the surface  39 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 MNT/in.2 and therefore the capillary force was
small, Additionally, the contact angle after UV irradiation, was
smaller than 10      removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ea value of the wafer after
LIV 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
ITV irradiation. [01111Example 21          The manner was all the
same as Example 20 with th.e exception that
cis-1,2-dichieria-3,3,3-trifinoropropene (DETFE0 was used as the
organic solvent contained in the water-repellent cleaning liqind. As
shown in the evaluation result of Table I, the contact angle after
the surface treatment was 72and 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-provideii surface condition was
achieved. Furthermore, the Ra value of the wafer after UV irradiation
was smaller than 0.5 nod, with which it was confirmed that the wafer
was not eroded at the time of cleaning and the residue of the
water-repellent cleaning liquid did not remain after UV irradiation.
[01.121Example 22           the manner was all the same as Exanwith.
the exception that the silicon wafer was itamersed in pure water for
1 min and immersed in 2-propanol (IPA) for I min after being
immersed. an hydrofluoric acid aqueous solution, at the
above-mentioned '02I 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' three at the time where
water wa.s retained was 1.0 



MNIm.2 and therefore the capHiarv force was small. Additionally, the
contact angle after CV 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 1131A, 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. 1,01131Example 23          The manner was all tile same
as Example 9 with the exception that the silicon wafer was immersed
in pure water for I min and immersed in 2propanol (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
evaluator?n 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 IVEN1m2 and therefore the capillary force
was small. Additionally, the contact angle after IN irradiation was
smaller than 10 so that removal of the water repellency-provided
surface condition was achieved. Furthermore, the Pa value of the
wafer after IN is:radiation was smaller than 0,5 rim, with which. it
was confirmed that the wafbr was ror:t eroded at the time of cleaning
mid that the residue of the waternmellent cleaning liquid did no
remain after IN irradiation. 1.01141Example 24 The manner was all the
same as Example 11the exception that the silIcon wafer was immersed
in pure water for 1 mm and immersed in 2-propanol (4PA) for 1 mm
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 .NINina2 and therefore the capillary force
was small. Additionally, the contact  angle alter UV inwas suaaller
than 10 , so that removal of tthe water reperipncy-provided surface
condition was achieved. Furthe al ore, the Ria value of the water
after UV irradiation was smaller than 0.5 inn: with which it was
confirined that the water was Iint, eroded, at the tune of cleaning
and t t the residue of the water-repellent cleaning liquid did not
remain after UV irradiation. ;0115Example 25 



The manner was all the same as Example 24 with the exception that
PC-MEA 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 66and the
PC, fore the w a t8r repellency-providing effect was exhibited.
Additionally, the capillary three at the time whore water was
retained was 1.3 MN/m2 and therefore the capillary force was small.
Additionally, the contact angle alter liAT irradiation was smaller
thanso that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ea value of the wafer after
irradiation was smaller than 0.5 am, with which it was confirmed that
the water was not eroded at the time of cleaning and that the residue
of the water-repellent cleaning liquid did not. remain after UV
irradiation. [01161 Example 26            The manner was all the same
as Example 24 with the exception that HEE-7100 and PCLNI:EA 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 75 e and therefore the
water repelioncy-praviding effect was exhibited. Additionally, the
capillary force at the time where water was retained was 0.3 Mhtini.2
and. therefore the capillary force was small Additionally the contact
angle after CV irradiation was smaller than , so that removal of the
rsater repellency-provided surface condition was achieved.
Furthermore, the Ra value of the wafer after UV irradiation was
smaller than 0.5 urn, with \yhich it was cortfirined that the wafer
was not eroded at the tune of cleaning and that. the residue of the
12 water-repellent cleaning liquid did not remain after UV
irradiation. In 1 ri Example 2: 



The rammer was all the same as Example 13 with the exception that the
silicon wafer was immersed ittpure water for 1 nxnancinnmersed in ,.
2-propano:. , lOr I nun after being immersed in hydrofluoric acid
aqueous solution at the above-mentioned "(2) Cleaning of Silicon
I,Valler". As shown in the evaluation result of Table the contact
angle after the surface treatment was 70 and therefore the water
repellency-providing effect was exhibited. Additionally, the
capillary The at the time where water was retained was 1,1
and therefore the eanillary force was small. Additionally, the
contact angle after 'CV irradiation was smaller than 10 , so that
removal of the water repellency-provided surface condition was
achieved.. Furthermore, the Re value of the wrafor after 1.3A3
Irradiation was smaller than 0,5 nin, with which 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 IllAr
n'radtation. [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"propantil PA) for I. min
after being immersed in hydrofluoric acict aqueous solutton at the
above-mentioned "1'23i Cleaning of1iilicon 'Wafer'. A,s 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 MINATI2 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 Eta value of the
wafer after IJAr irradiation was smaller than 0.5 nrn, 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.  4 3 [0119]Example 29 



The manner was all the same as Example 20 with Inc exceptio the
silicon wafer was immersed in pure water for 1 min and immersed in
2-propatiol (IPA) for 1 mm after being immersed in hydrofluoric acid.
aqueous solution at the above-mentioned "(2) Cie/a:Mug- of Silicon
Wafer". As shown, in the evaluation result of Tabth 1, the contact
angle after the surface treatment was 72 and therefore the water
repellency-providing effect was exhibited. Ailditionallv, the
capillary force at the time where water was retained was 1,0 MN/1112
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 nin, with which it was confirmed.
that the wafer was not eroded at the time of cleaning and that tiae
residue of the water-repellent cleaning liquid did not remain after
I.JV irradiation, 1:012Example 30          The manner was all the
same as Example 21 with the exception that the silicon wafer was
immersed in pure water for 1 iann 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 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 three
was small. Additionally, the contact angle after UV irradiation was
smaller than 1(1 so that removal of the water repellency-provided.
surface condition was achieved. Furthermore, the Ha value of the
wafer after UV irradiation was smaller than 0.5 nin, 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, [01.211Example 31            The manner
was all the same as Example 1 with the exception that the silicon
wafer was immersed in pure Water kir 1 min, immersed. in 2"propanol
(IPA) for 1 min and. inunersed in toluene for 1 nun after being
immersed ha hydrofluoric acid aqueous solution at the above"mentoned
'32) l-i)leaning of Silicon Wafer". As shown in the evaluation result
of Table 2; the contact amide after the surface treatment was rie and
theriidbre the water repellency-providing; effect was exhibited.
A.dditionally, the capillary farce at the time where water was
retained was 0.9 'MN'im2 and. therefore the capillary force was
small. Additionally, the contact angle after IINt? irradiation was
smaller than 10 ' , so that removal of the water repellency-provided
surface condition was achieved. Furthermore, the ha value of the
wafer after UV irradiation was smaller than 0,5 um, 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. [0122Example 32           The manner
was all the same as Example 9 with the exception that the silicon
wrilln: was immersed in pure water for 1 min, immersed. ';:o.
2-propanal (WA) tbr 1 .min and immersed in hydroftooreether
al.FE-7100 produced by 3M Limited) for 1 min after being immersed in
hydrofluoric acid aqueous soiution at the abovennentionefl v.(2)
Cleaning of Silicon Wafer'', As shown in the evaluation .result of
Table 2, the contact angle after the surface treatment was 74 and
therefore the water repellency-providing effect was exhibited..



The manner was all the same as Example 1 with the exception that the
silicon Wafe r was immersed in pure water for I min after being
immersed in hydrofluoric anid aquet5US Sol ution the aliosopmentioned
"(.2) C1earung of         Wafer"...As sliown 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 elTect was exhibited.
Additionally, the capillary force at the time where water was
retained was 1.1..NINhal2 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 Re value of the
-wafer after UV irradiation was smatter than 0.5 mu, with which it
was confirmed that the wafer was not eroded at the tune of cleaning
ancl that the residue of the water-repellent cleaning liquid did not
remain after 1,TV irradiation. 01211 Example 34           The manner
was all the same as Example P with the exception that the silicon,
wafer was iminerned in pure water fbr 1. min after being immersed in
hydrofluoric acil. aqueous solution at the abovenimationed -(2)
Cleaning of Silicon Wafer". As shown in the evaluation result of
Table 2, the contact angle after the surface treatment was 70and.
theretlsre the water repellency-providing effect, was exhibited.
Additionally, the capillary force at the time where water was
retained was 1.1. .NINAto2 and therefore the capillary force was
small. Additionally, the contact angle after'DV irradiation was
smaller than 10 SU that removal of the water ropellency"provided
surface condition was achieved. Furthermore, the Ra value of the
wafer alter UV irradiation was smaller than 0.5 um, with which it was
confirined 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 11V irradiation, :01251Example 35           'Ihe manner
was afl the same as Example 28 with the exception that ethvid ethy
lehlorooll a ne C2H5Si(1,i113)2Cli was used as the water-rope ilex:::
compound. As shown in the evaluation result of Table 2, the contact
angle after  46 the surface treatment \vas: 76 e and. therafbre the
water repellency-providing effect was egiailirh:id. Additionally, the
tb.pillary force at the time where water was retained. was 0,8and.
therefore the capillary force was small_ 



.Additionally, the contact amfile after UV irradiation was smaller
than 10 that re na oval of flu water repellency-provided surface
cumillionachieved. Furthermore, the Ra value of the wafer after IIV
irradiation was "smaller than (15 urn, 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.. :01.261Exainea. ao           The manner W. OS all
the same as Example 23 with the exception that.
propyldimethyltchlorosilaide les1:17SICCI402C1 was used as the
water-repellent compound. As shown in the evaluation result of Table
2, 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 IttlNelni.2 and therefore the capillary force was
snail .Additionally, the contact angle after UV. irradiation was
smaller than 10 , so that removal of the water reptillency-pravided
surface condition was achieved. Furthermore, the Ha value of the
wafer after UV irradiation was smaller than 0.5 urn, with winch 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. 01.27.1Example SI           The manner
wee all the same as Example g with the exception that. the
waterrepellent cleaning liquid was obtained by setting the
water-repellant compound concentration to 5 mass% and by adding 0.1
mass% trilluoroacetic acid relative to the total quantity of 100
mass'l4 of the water-repellent cleaning liquid. As shown in the
evaluation result of Table 2, the contact angle after the surface
treatment. was 86 e and therefore the water repellency-providing
eti-iitt was exhibited.. Additionally, the capillary three at the
trine where water was retained was 0,2 NIN7ro.2 and therefore the
capillary force was small.  47 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 water after ITV irradiation was smaller than 0.5 nm,
with which it was confirmed that the wafer was not eroded at the time
of cleaning and that the residue of the water-repellent cleaning
liquid did not remain after UV irradiation. [0128] Example 38 



The in.anner was all the same as Example 3 with the exception that
the water-repellent cleaning liquid was obtained by setting the
water-repellent compoimd 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 liquid...As shown in the
evaluate a result of Table 2, the contact angle after the surface
treatment was 80 and therefore the water repellency-providing effect
was exhibited. Additionally, the capillary force at the time where
water was retained was 0.2 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 Eta value of the
wafer after UV irradiation was smaller than 0.5 nm, with which it was
confirmed that the wafer was not eroded at the time of cleaning and
that: the residue of the water-repellent cleaning liquid did not
remain after UV irradiation, [0129] Example 39          The manner
was all the same as Example $7 with ,he exception that the silicon
wafer was immersed in pure water for I. mill and immersed in
prepanol (i.P.A) for I. min after being immersed in hydrofluoric acid
aqueous solution at the above-mentioned Cleaning of Silicon Wafer"
and the FIFE-7100 and PCMEA were, used as the organic solvent
contained in the water-repellent cleaning liquid at a mass ratio of
973. As shown in the evaluation result of Table 2; the contact angle
after the surface treatment was 88  and thereibre the water
repellency-providing effect was exhibited. Additionally, tb.e
capillary force at the tune where water was retained was 0.2  M.Nirn2
and. therefore the capillary force was small, Additionally, the
contact angle alter UV irradiation wa.e, 3 mailer than 10 , so that
removal of the water repellency-provided surface condition was
achieved. Furthermore, the Ha value of the wafer after UV irradiation
was smaller than 0.5 mu, 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 TIV irradiation.
[0130l Example 40 The manner was all the same as Example 38 with the
exception that the silicon  



was immersed th pure water thr 1 min and immersed in 2-propanol ri
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 973. 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 IVINIm2 and therefore the capillary farce
was small. Additionally, the contact angle after 1.3-V irradiation
was smaller than 10 , so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the
Pia value of the wafer after UV irradiation was smaller than 0.5 inn,
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 1.iV 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 84and
therefore the water repellency-providing effect was
exhibited.Additionally',capillary three at the time where water was
retained was 0.3 MNIni.2 and therefore the capillary  force was
small, Ad.itonally the contact angle after UV irradiation was smaller
than 10 , so that removal of the water repellency-provided surface
condition was achieved. Furthermore, the Ha value of the water after
11V irradiaton was smaller than 0,5 tun, with which it was confirmed
that the waho: was not eroded at the time of cleaning and that the
residue of the water-repellent cleaning liquid. did not remain after
IN irradiation, [01321 Example 42           The manner was all the
same as Example 40 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 84and therefore the water 



repellency-providing effect was 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 aortae condition was achieved.
Furthermore, the ha value of the wafer irradiation was smaller than
0,5 urn, 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 CV irradiation, [0133] Exam
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
inunersi=id in 2-propariol for 1 min after being immersed in t liquid
and that the silicon wafer was finally taken out     lent cleaning
ropanol, followed  by spraying air thereon to remove 2-propanol from
the surface thereby obtaining a wafer provid.ed, with a water
repellency-provided. surface condition, As shown in the evaluation
result of Table 2, the contact angle after the surface treatment was
841 and thunders the water repellency-providing effect was exhibited.
Ad.ditionally, the capillary farce at the time where w ki was  50
tionaliy; the contact angle after LIV irradiation was smaller than 10
, so that removal of the water repeliency-provided surface condition
was achieved. Furthermore, the Ra value of the wafer after UV
irradiation was smaller than 0,5 mu, 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. 



[01341 Example 44 The manner was all the same as Example 42 with the
exception that, the above-mentioned "Surface Treatment of Sffic011
Wafer Surface by       'Repellent Cleaning Liquid", the silicon wak:r
was immersed in 2-propanoi. for 1 min after being immersed in the
water-repellent cleaning liquid and that the silicon wafer was
finally taken out of 2-propano], followed by spraying air thereon. to
remove 2-propancl 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 840 and therefore the water
repellency-providing effect was exhibited. Additionally the capillary
force at the time where water was retained was 0.:$ IVINtra2 and
therefore the capillary force was small. .Additionally, the contact
angle after UV irradiation was smaller than 100, 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 ran, 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 Ucl irradiation,
[0135]Comparative Ex in          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 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
NINini2, i.e. large.  51 [013$]Comparative Jxampie 2 The manner was
the same as Example I with the exception th. of
trimethylchlorosilan,e Reli3)3SiCIJ was mixed with. 94.6 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
2, the contact angle after the surface treatment was 20i.e. small, 



while the capillary force at the time where water was retained was
2.7 .MINtin2, te, large. [0.137]The following Examples I 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 (I) Preparation of
Water-Repellent Cleaning Liquid           A mixture of 3 g of
trimethylchlorosilane [(CH3)aSiCliI serving as a wa ,e ipellent
compound, 10 g of AT.N-dimethylformamide serving as a
nitrogencontain.ing solvent and 87 g of as an organic solvent: other
than the nitrogen-containing solvent was stirred for 5 min thereby
olitainin.g 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 ter-repellent cleaning liquid (hereinafter
referred to as a nitrogen-containing compound concentration") of 10
mass%, [01391(2) Cleaning of Silicon Wafer An even silicon wafer with
a thermal mode film (A Si wafer having on its surface a thermal oxide
film layer of I micrometer thickness) was immersed -% hydrofluoric
acid aqueous solution for 2 min, followed by being  



inmersed in pure water for 1 min and then in acete MAO](3) Surface
Treatment of Silicon Wafer Surface by Wterli.epellent Cleaning
The silicon wafer was Immersed in the water-repellen,.. cleaning
liquid' prepared at the above mentioned, "a) Preparation of
Water-Repellent Cleaning Liquid" at 20 c'C for 10 min. Thereafter,
the silicon wafer was immersed in 2-propariol lbr 1 min and. then
immersed in pure water for 1 n Finally; the silicon wafer was taken
out of the pure water, thawed by spraying air thereon, thereby
removing the pure water from the surface. [0141]As a result of
evaluating the obtained wafer in. a manner as discussed in the
[Evaluation Method For Silicon Wafer lb Which Water-Repellent
(leaning Liquid is Provided], one having had an initial contact angle
of smaller than 10 betbre a surface treatment changed to have a.
contact angle of 80 aft i vwSurface treatment, as show -a in Table 8,
thereby- exhibiting an excellent water repellency-providing effect.
Additionally; as a result of calculating- the capillary fiflT2 at the
time where water was retained, the ca.pillar3T force was 0.8 MN/m2
and therefore the capillary force was small Additionally; the contact
angle after UV irradiation was smaller than 10 e - that removal of
the water repellency-provided surface condition was achieved.
Furthermore, the Ra value of the wafer after DV irradiation was
smaller than     inn, 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   



5 3       the water-repellent compound concentration was set to 1
mass%, As shown in the evaluation result of Table 3, 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 MNIm2
and thetefote 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 Re value of the wafer after UV irradiation
was smaller than 0,5 um, with which it was confirmed that the wafer
was net eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after IN irradiation, 



l01441Example 3         The manner was all the same as Example I with
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 treatment and therefore the water
repellency-providing effect was exhibited. Addition.ally, 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 1.0 so that
removal of the water repellency-provided surface condition was
achieved, Furthermore, the Ha value of the wafer after UV irradiation
was smaller than 0.5 mu, 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,
5l Example 4         The manner was all the same as Example I with
the exception that iVrate -2-pyrrolidon.e (NNW) 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 Nency-providing  55 effect was exhibited.
Additionally, the capillary force at the time where water was
retained was 0.9 l'riN7m2 and therefore the capillary force was
small. Adtflt.lonaIh the contact angle after DV irradiation was
smaller than 10', so that removal of the water repellency"preVaded
surface condition was achieved. Furthermore, the Eta value of the
wafer after Ust? irradiation was smaller than 0.5 rim; with which it
was continued 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 T.IV irradiation. 101401 Example 5             The
manner was all the same as Example 1 with the exception that
ftrifinorooropylithinethylchlorosiban.e Wati dsed as the
water-repellent compound. As shown in the evaluation result of 'fable
3, the contact anale after the surface treatment was 80 ami therefore
the water repellency-providing effect was excellently exhibited.
Additionally the capillary throe at the tine where water was retained
was 0.6 Allldlinz and therefore the capillary farce was small.
Additio.natly, the contact angle after UV irradiation was smaller
than 10 , an that removal of the water repellency--provided surface
condition was achieved. Furthermore, the Ha value of the wafer after
UV irradiation was smaller than 0.5 ran, with which it was confirmed
that the wafer was not eroded at the tune of cleaning and that the
residue of the water-repellent cleaning liquid did not remain after
1.Til irradiation. 1.0147Example 6             The manner was all the
same as Example 1 with the exception that
ftrilluoropropyl)inetlayidichlorosilane rec.? rat .111-t tt,.qS
et:Eel tte Litn water-repellent compound. As shown in the evaluation
result. of 'fable 3, the contact angle after the surface treatment,
was 74 and therefore the water repellency-providing effect was
exhibited. .Aitirlitionally; the capillary force at the time where
water was retained was 0.9 anti therefore the capillary force was
small. Additionally, the contact amide after UV irradiation was
smaller than 10' so that removal of the water repellency-provided
surface 



condition was achieved. Furthernio.re, the Fa value of the wafer
after UV irradiatiim was smaller than 0.5 inn, 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
rrnain after UV irradiation. [01481Example 7          The manner was
all the same as EXaM pie I with the exception that hydrollnoreether
(I:TEE-7100 produced by. lEA Limited) was used as the organic solvent
which is ether 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 80 and
therefore the water repellency-providing effnct was excellently
exhibited. Additionally; the capillary- force at the time where water
was retained was 0.6 ilytts1ra2 and therefore the capillary tree 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 inn, with which it
was confirmed that the wafer was not eroded at the time of cleaning
and that the re Si &le of the waterrepelient cleaning liquid did not
remain after IN irradiation. 0149; :Example 8         The manner was
all the same as Example 1 with the exception that
015-1,2-dichiero"8,3,3-trifInoropropene (Dtl'rEP) 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 tltici water repelleney-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. Additninally, the contact. angle after -UV
irradiation was smaller than 10 , so that removal of the water
repellency-provided surface COSdi ;On was achieved. Furthermore; the
Ra value of the wafer after UV irradiation was smaller than 0.5 nal;
with which it was confirmed that the  57 Skrafer svas not eroded at
the time of cleaning and that the resithie of the water-reps:lent
cleaning ligind did :not remain after TIV irradiation. [0.150]Example
9             Ile manner was all the same as Example 1 with the
exception that 1-chlorti-3,3,3-tritlitoropropene (CTFE) was use ti as
the organic solvent which is other than the nitrogen-containing and
contamed in the water"repellent cleaning liquid. As shown in the
evaluation result of Table 3, the contact angle after the surface
treatment was 78and therefore the water 



repellency- providing effect was exhibited. Additionally, the
capillary force at the time where water was retained was 0.7 MNAn2
and therefore the capillary force was small. Additionally, the
contact angle after UV irradiation was smaller than 1.0 , so that
removal ef the W13.ter repellency-provided surface condition was
achieved. Furthermore, the Ra value of the wafer after UV irradiation
was smaller than 0.5 ran, with which tt was confirmed that the wafer
was not eroded. at the time of cleaning and that the resume of the
water-repellent cleaning liquid did net remain after bpi
:irradiation, [0151]Example 10             The manner was all the
same as Example 7 with the exception that, :at the above-mentioned
''(3) Surface Treatment of Silicon Virafer Surface by Water-Repellent
Cleaning Liquid", the silicon wal6ii was inamersed in 2-propanol for
1 min after being immersed in the water-repellent cleaning liquid and
that the silicon rs'i efrr was finally taken out of 2-propane",
followed by spraying an- thereon to remove 2-propantil from the
surface thereby obtaining a :v afer provided with a water
repellencipprovided surface condition. As shown in the evaluation
result of Table 3, the contact angle after the surface treatment. was
80 and therefore the water repellentirproviding effect was
excellently exhibited. Additionally, the capillary force at the time
where water was retained was 0.0 riliNlididL and therefore the
capillary force was small. .Additionally, the contact angle after UV
rradiation was smaller than 10 ,so that removal of the Water
repellency-provided !surface condition was achieved. Furthermore: the
Ria value of the wafer after UV irradiation was smaller than  D3 0.5
um; with which it was confirmed that the wafer was not eroded at the
time of cleaning find that the residue of the ,Anter-repelltmt
deaning liquid did not remain after :IV irradiation. [01521Example II
The manner was all the same as E:xanpk 110 with the exception that
liCTFP was used as the organic solvent. which is other than the
nitrogen"containing and contained in the svaer"repellent cleaning
liquid"As shown in the evaluation result of Table 3, the contact
angle after the surface treatment was 78Q and therefore the water
repellency-providing effect was exhibited, Additionally, the
capillary force at the time where water was retained was 0.7 IVIN/m2
and therefore the capillary force was small. Additionally, the
contact angle after ITV irradiation was smaller than 10 so that
removal of the water renellency"provid.ed surffice condition was
achieved. Furthermore, the Ra value of the wafer after LV irradiation
was smaller than 0.5 rim, 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.
10153Example 12            The manner was all the same as Example 7
with the exception that, at the above 'mentioned "(3) Surface
Treatment. of Silicon Wafttr :Surface by Water-Repellent Cleaning
Liquid', the silicon wafer was immersed in pure water for 1 min after
being immersed in the wa.ter-repellent cleaning liquid and that the
silicon water was finally taken out of the pure water, followed by
spraying air thereon thereby obtaining a wafer provided with a water
rePellelicw-Prov3ded surface condition, "As shown in the evaluation
result of Table 3, the contact angle after the surface treatment was
till` and therefore the water repellency-provng effect was extMlently
exilidnual. Additionally the capillary force at the time where water
was retained was 0.6 ltd-Nini2 and tlierefare the capthary farce was



59 value of tlita wafer after CV irradiation was smaller :Than 0.5
TIM, with which it was confirmed 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 11V irradiation. l0154] Example
12            The manner was ail the same as Example 12 with the
exception that DeTipp was used as the war:no 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 18 and therefore the
water repellency-provaling effect was exhibited. Addithmally, the
capillary force at the time where water was ire tamed was 0.7
Mi\lint2 and therelbre the capillary three 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 fita value of the wafer after tf\l'
irradiation was smaller than 0.5 inn, 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 net remain after
OVirradiation. 1,01551Example 14            The manner was all the
same as Example 8 with the exception that., at the aboye-mentioned
"(3) Surface Treatment of Silicon Wafer Surface by`Alater-Repellent
Cleaning Liquid'', the silicon wafer was immersed in the
water-repellent cleaning liquid, followed by spraying air thereon to
remove the water-repellent cleaning liquid from its st.irface, and
subseque.ntly the silicon wafer was immersed in 2-propanol tar 1 mm
and ninnefned in pure us:titer for 1 inin and finally taken out of
the pure water, liallowed by spraying air thereon Co remove the pure
water from the surface thereby obtaining a -wafer provided with a
water repellencyprovided :surface conditio.n. As shown in the
evaluation result of Table 3, the contact angle after the surfacc
treatment was 800 and therefore the water repellency-providing effect
was excellently exhibited. .Ad.ditionally, the capillary force at the
time where water was retained was 0,6  60 4Nini2 and. thethe
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
Ha. value of the wafer after IlAT irradiation was smaller than 0.5
urn, 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.. Example lb 



The manner s all the same as Example 8 with the exception that, at
above-mentioned 73) Surface Treatment of Silicon Wafer Surface by
WaterRctpellent. cleaning Liquid", the silicon wafer was linniersed
in the water- Ikon cleaning liquid, followed by spraying air thereon
to remove the water-repellent cleaning liquid from its surface, and
subsequently the silicon water was immersed in 2-propanol for 1 min
and, finally taken out of 2-propanel, followed by spraying air
thereon to remove 2-propanoi from the    -face 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 thrce at the time where water was retained was 0.6
MiNlin2 and. therefore the capillary force was small. Addition the et
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 mu, With which it was confirinted 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.
[0157]Example 16          The manner was all the same as Example 8
with the exception that, at the above-mentioned (3) Surface Treatment
of Siicon Wafer Surface by  el water-repellent cleaning liquid,
followed by spraying air thereon to re3110:70 the waterrepellent
cleaning liquid from its surface, and subseqiiently the silition
wafer was immersed in pure water tar 1 min and finally taken out of
the pure water, followed by spraying ail' thereon to remove the intro
water from th.e 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 repelleney-providing effect
was excellently exhibited. Additionally, the capillary three at the
time where water was retained was 0.6 MNlinalt and therefore the
capillary- force was small Addititmally, the contact angle after UV
irradiation was smaller than 10 , so that removal of the water
repellency-provided surface condition was achieved.. Furthermore, the
Ka value of the wafer after LYV irradiation was smaller than 0.5 rim,
with winch it was confirmed that the water was not eroded at the time
of cleaning and that the residue Of the water-repellent cleaning
liquid did not remain after UV irradiation. t01581Example 17
'The manner was all the same as Example 7 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 waterreftellent
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-providine ettbrit was
excellently exhibited Additionally, the capillary Three at the time
where water was retained was 0,5 MINitia2 and therefore the capillary
farce was small Additionally, the contact angle after Cril
irradiation was smaller than 10' SO that removal of the water
repellency -provided surface condition was achieved, Furthermore, the
Ha value of the wafer after UV irradiation was smaller than 0.5 am,
with which it was confirmed that the wafer was not eroded at the time



62 reniain after UV irradiation, 0159] Example 18 The manner 'vas all
the SW:Ile as Example 17 with the exception that        D w-s used as
the organic solvent which is other than the introgen-containing and.
contained in the water-repellent cleaning ilnaid. As shown M the
evaluation result of Table 2, the contact angle after the surface
treatment was 80 n and therefore the water repellency-providing effao
was excellently exhibited. .Additionally, the capillary three at. the
time where water was retained was 0.6 IVINInall and therefore the
capillary force was small. Additionally the contaet angle after 'UV
irradiation was smaller than 10 n ; so that removal of the water
repellency-provided surface condition was achieved. Furthermore, the
Ita value of the water altar UV irradiation was smaller than 0.5 inn,
with which it was cenfirtned that the wafer was not eroded at the
time of (leaning and that the residue of the water-repellent cleaning
liquid did not remain after UV irradiation, 0160]Example 19
The manner was all the same as Example 1 with the exception that the
silicon wafer was immersed in pure water fin I min and immersed in
2-propanol (iRaf) for I. min after being immersed in hydrofluoric
acid aqueous solution at. the abovennentained "(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 -provichritt effect was exhibited. Additionally, the
capillary force at the tittle where water was retained was 0.7
fyINtin1 and therefore the ca.nifla.rvforce was small. Additionally
the contact angle after ITv irradiation was smaller than 10 ; so that
removal of the water repelhincy"proyided surface condition was
achieved, Furthermore, the Re. value of the wafer after UV
irradiation was smaller than 0.5 ram, with which it was confirmed
that the wafer was not eroded. at the time of cleaning and that the
residue Cl the water-repellent cleaning liquid did not remain after
UV irradiation. E0161iExample 20             The manner was all the
same as Example 19 with the exception that HEE-7100 was used as the
organic solvent which is other than the nitrogen-containing and
contained in. the water-repellent cleaning liquid. As. shmvn in the
evaluation result of Table 3: the contact angle alter file surface
treatment was 73 and therefore the water repellency-providing effect
was excellently exhibited. Additionally the capillary force at the
time where water was retained was 0.7 IVEN7ia0 and therefore the
capillary farce was small. .Additioniill the contact angle after UV
irradiation was smaller than 10 , se that removal of the water
repellency-provided surface condition was achieved. Furthermore, the
lila value of the wafer after UV irradiation was smaller than 0.5
min, with which it was confirmed that the wafer was not eroded at the
time of cleaning and that the rendne of the water: epellent cleaning
liquid did. not remain after UV irradiation. :0162.1Example 21 



The manner was all the same as .Example 19 with the exception that
DCTFP was used as the organic solvent which is other than the
nitrogen-containing and contained in the water-rimillent cleaning
liquid. AS shown in the evaluation result of Table 3; the contact
angde after the surface treatment was 78 and therefore the water
repellency-providing effect was excellently exhibited. Additionally,
the eapillary force at the time where water was retained svas 0.7
NINI.m.2 and therefore the capillary force was small" Additionally
the contact angle after UV irradiation was smaller than 10 that
removal of the water repellencyproydded surf-ace conditlon was
achieved. Furthermore: the 'Eta value of the wafer after 'UV
irradiation was innaller than 0.5 rim: with which it was confirmed
that the wafer was rt eroded at the thne Of cleaning and that. the
residue of the water-repellent cleaning liquid did not remain after
UV irradiation. l01031Example 22            The manner was all the
same as Example 10 with the exception that the salicon wafer was
immersed. in pure water for 1 min and immersed in 2-prepanol (iPA)
for I. min after being immersed in hydrofluoric acid aqueous
solution at the above-mentioned '(2) Cleaning of Sithmn WallEy. As
shown in th.e evaluation result of Table 3, the contact. angle after
the surface treatment was 78 and therefore the water
repellency-providing eftliatt was exhibited. Additionally, the
capillary force at the time where water was retained was 0.7 mNqie,2
and theretbre 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 waft!? after UV
irradiation was smaller than 0.5 rim, with whicla it was confirmed
that the water was not eroded at the time of cleaning and that the
residue of the -water-repellent cleaning liquid did not remain after
;Fs./ irradiation. 101641 Example 23            The manner was all
the same as Example 22. with the exception that liCTFP was used as
the organic solvent which is other than the nitrogen-containing and
contained in tint, 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 farce at the
trine where water was retained was 0.8 iViv,mc 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. Fu"rtherincie,
the Ra value of the waltiti after UV rradiation 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 waterrepellent cleaning
liquid did not remain after UV irradiation. l0165.1Example 24
The manner was all the same as Example 17 with the exception, that
the silicon wafer was immersed in pure water Mr I mm and immersed in
2-propanol (iPA) for 1 inin after being immersed in hydrofluoric acid
aqueous solution at the above-mentioned ''(2) Cleaning of Silicon
Water". As shown in the evaluation result of Table 3, the contact
angle after the surface treatment  



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 IlvIN/rti2 and therefore the
capillary force was email. Al.dditianallv, the ix,ritact angle after
UV irradiation was smaller than 10- that removal of the 'water
repellency"provilled surface condition was achieved. Furthermore. the
Ra value of the wafer after UV Irradiation was smaller than 0,5 am,
with wlu.cnit was canfirmed 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 TiAT irradiation. [0106]Example 25
The manner was all the same as Example 24, with the exception that
DETFP 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 excellently exhibited. Additionally,
the capillary foree at the tune where water was retained was 0.7
ISINlin2 and therefore the capillary force was email. Additionally,
the contact angle after liAT irradiation was smaller than 1.0 SO
that. removal of the water repellency"proviaed surface condition was
achieved. Furthermore, the ilia value of the wafer after 1.: V
irradiation was smaller than 0,5 am, with which it was confirmed that
the wafer was not eroded at the time of cleaning and that. the
residue of the water-repefient cleaning liquid did not. remain after
1.1\7 irradiation. :0187PA X abikp t,f!            The manner was all
the same as Example 1 with the exception that the silicon wafer was
initriersed n pure water for I min, immersed in 2-propimoi (iRA) for
1. mm and immersed in toluene tor 1 mm after heitnri 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 eontact angle after the surface treatment was 78 and
therefore the water ri.pc:Wency-providing effect was exhibited,
Additionally, the capillary force at  the time where waterretained
was 0,7 MN/In 2 and therefore the capillary three was small,
Adilitionally, the contact angle after (.1-V irradia.tion was smaller
than Id ,so that removal of the water repellency" rovide d surface
condition was :sclirieved. Furthermore, he Ra value of the wafer
after UV irradiation was smaller than (15 nm, with which it was
confirmed that the wafer was not eroded at the tune of cleaning and
that the residue of the water-repellinit cleaning liquid did not
remain after 11V irradiation. 1016d1 Example 27 



The mariner was all the same as Example 7 with the exception that the
silicon wafer was immersed in pure water for 1. nun, inimersed in
2-propanol (WA) for 1. mm and immersed in hydroilueroether (IIFE-7100
produced by 3M I.:Milted) for it nun after being immersed in
hydrofluoric acid aqueous solution at the above-mentioned "(2)
Cleaning ofSilicon Wafert 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
MNitia2 and. thereibre the capillary force was small. Additionally,
the contact angle after UV irradiation was smaller than 10 , that
removal of the water repellency-fir:willed surface condition, was
achieved, Furthermore, the Fla value of the wafer after UV
irradiation was smaller than 0.5 mu, with which it was confirmed that
the wafer was 11:1t eroded at-the tame of cleaning and that the
residue of the waterrepellent cleaning liquid did not remain after UV
irradiatirm. 01691Exa pie 28            The inanner was all the same
as Example I with the exception that the silicon W aleT was mmiersed
p Life 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 tune where water was retained was 0.7 fvlbl7m2
and therefore the capillary  fame was snaall. Additimmil the contact
angle after 1DI irradiation. was en-Jailer than 10  , so that removal
of the water repellency-provided surface C.Ondlt1011 WaS aCIIICVed.
Furthermore, the Ha value of the wafer after LV in:it:hit-ion was
smaller than 0.5 run, '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 afterliV irradiation,
1;1)170]Exa.m.ple 29           The manner was all the same as Example
28 with the exception that FIFE -71.00 was used as the organic
solvent which is other than the .nitrogenscontaining and contained in
the water-repellent cleaning liquid, As shown in the evaluation
result of 'Fable 3: the contact angle after the surface treatment was
'78  and therefore the water repellency-providing effect was
exhibited. Additionally, the capillary three at the tirne where water
was retained was 0.7 IVIN/m2 and therefore the capillary force was
small. Additionall\ the contact angle after UV irradiation was
smaller than 10*, so that removal of the water repellency-provided
surface condition was achieved,. Furthermore, the Re value of the
w-afer after UV irradiation was smaller than 0.5 mm, with which it
was confirmed that the v.rafor was not erod.ed. at the time of
cleaning and that the residue of the waterrepellent cleaning liquid
did not remain after IN irradiation. 1.01.711Example 80          The
manner WaS all the same as Exainple 20 with the exception that
ethyldimethylchlorosalane [(1211:5Sift121:1020.1 was used as the
water-repellent compound. As shown m the evaluation result. of Table
3, the contact a.ngle after the surface treatment was 80  and
therefore the water repellency -providing effact was excellently
exhibited. Additionally-, the capillary fiarce at the time where
water was retained was 0.5 AINIna2 and -therefore the capillary force
was smal;\ddito.ualh the contact. angle after 1"IV irradiation was
smaller than 10 ", so that removal of the water repellency"provided



eroded at the time of cleaning and that the residue of the
water-repellent cleaning liquid did not remain after UV irradiation_
10172,lExample 31          The marimir was all the same as Exartiple
20 with the exception that propyldimethylchloresilano was used as the
water-repellent compound, As shown in the evaluation result of Table
2, the contact angle alter the surface treatment was 84 and therefore
the water repellency-providing effect was excellently exhibited.
Additionally, the capillary fbree at the time where VI a tar was
retained was 0.3 fillNind2 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 Ha value of the W
a fer ater LIV irradiation was smaller than 0.5 nra. 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. 11173]Comparative Example.:          The
manner was the same as Example 1 with the exception that the
iN,,aterirepellent Meaning 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' 1,e.. small, while the capillary three at
the time where water was retained was 3.2 MN/n:2, i.e. large. 01711
Comparative Example 2          The manner was the same as Example 1
with the exception that 3-0 g of trimethylchierosilane i(CHil)SiCli
was mixed with 10.0 p of AT,Nkliniethviformanaide (DNIE) and 84.6 g
of 2-prepanol (i13A), followed by adding 2,4 g of 0.1N nitric acid
aqueous solution (p11 1.0) and stirring at room temperature for about
24 hours thereby obtaaning 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 evaluatirm result. of
Table 3, the  contact angle after the surface treatment was 15Le,
small, while the  capillary force at the time where water was
retained was 3.1 MN/m2: i.e. large, XFLANATION OF REFERENCE NUMERALS
Silicon wafer Finely uneven pattern that the silicon wafer has at its
surface Projected portions of the pattern 



Recessed portions of the pattern Width of le recessed portions Height
of the projected portions Width of the projected portions 8Cleaning
liquid retained in the recestie           Water-based cleaning liquid
retained in the recessed portions 4 10 Surface condition provided
with water repellency by a water-repellent compound.  CLAIMS Claim
IllA cleaning agent for a silicon wafer having a finely uneven
pattern at its surface, the cleaning agent being characterized inthe
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-r-based cleaning- liquid and a water-repellent cleaning liquid for
providingleast the recessed portion of an uneven pattern with water
repellency during a cleaning procese: the water-repellent cleaning
liquid is a liquid comprising a water-repellent compound having a.
reactive moiety chemically bendable 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 IOC) 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 baying 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 III, and la [11
f2S(ClI:4dIiCl]Nl:i[2] R2SlICI-102Y where each of RI, R2 and 11.2 is
a monovalent orgarig hydrocarbon group with a carbon number of 1 to
18 or a monovalent organic group haying perflueroalkyl chain with a
carbon number of 1 to S. X represents chair() group. isocyanate
group, alkoxy group, acetoxy group, trifluoroacetoxy group
OCClh)=C1-1COCIiit, alkylstamate grou.p, perfluoroalkylsulfoliate
group, or nitrile group.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 c is from 1 to 3. Furthermore, d is an integer of from 0 to 2 and
e is an integer of from I. to 3.  [Claim 21.A clea.nin
water-repellent cleaning liquid compound and the organic
water-repellent cleaning liquid  silicon wafer, as claimed in Claim
1, the  s a liquid in which the water-repellent solvent are mixed and
contained, the mixing and containing the water-repellent  compound in
such an amount as to be 0.1-50 mass% relative to the total quantity
of 1.00 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 m
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 M.Nifin 2.
[Claim diA cleaning agent for a silicon wafer,claimed in Claim 2,
characterized in that the nitrogen compound-containin solvent is at
least one 



:tiny amine,    with the water-repellent compound is an aprotic
solvent,  72 with the water-repellent compound is a
.halogenicon.taining uninflaminable solvent, [Claim 6]A
waterirepellent cleaning liquid used during a cleaning process kw a
silicon wafer, the water-repellent cleaning liquid for nroviding the
silicon wafer having at its surface a finely uneven pattern with
water repellency at 'least on a recessed portion of the uneven
pattern du.ring 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 Sun the silicon waliir 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 cleanthg the water-repellent compound
having the reactive moiety chemically bondable to Si in the silicon
wafer and the hydrophoabie group is at least one selected from the
group consisting of the following general ftwmulas [2 and 



; ltr . . lR2Si(CHOzebt.i.to \ .43)2 x           where each of 'R.",
R2 and R is a monovalent organic group haying hydrocarbon group with
a carbon number of 1 to 18 or a monovalent organic group having
nerflueroalityl ehein with a carbon number of I to 8. X represents
chloro group, isocyanate group, alitoxy group, acetoxy group,
trifluoroacetory group, -0 C (CH.3)= CH C CI-4, te group,
perfiuoroalkdsnitonate group, or nitrite 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 e are integers
of from 0 to 2, and the total of a, b and c is from 1 to 3,
Furthermore, Cl is an integer of from 0 to 2 and e is an  integer of
from 1 to 3,  0 [Claim 71A )..soititt process for a silicon wa. e no 



cleaning liquid used during a cleaning vater-re.pellent, cleaning
liquid as claimed in  Claim 6, characterized in that: the
water-repellent cleaning liquid is a liquid in winch the
water-repellent compound and the organic solvent are mixed and
contained; the water-repellent compound is contained open being- so
mixed as to he 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 nitrog
compound-containing solvent whose element to be bonded to nitrogen is
carbon. [Claim. 81A eleaniEug method for a surface of a silicon
wafer, using 



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 thes urface of the silicon wafer
with heating the silicon wafer after removing the cleaning liquid
from the surface of the silicon wafer. [Claim 101A cleaning agent for
a silicon wafer, as claimed in any of Claims 1., 2 and 3, wherein the
organic solvent mixed. with the %q)ellent compound is a derivative of
polyhydric alcohol having no hydroxyl group. 








