
1 SPECIFICATION TITLE OF THE INVENTION:  LIQUID CHEMICAL FOR FORMING
PROTECTING FILM 5 TECHNICAL FIELD  [0001] The present invention relates to
a technique of cleaning a substrate (a wafer) in semiconductor device
fabrication or the like. BACKGROUND ART 10 [0002] Semiconductor devices for
use in networks or digital household electric appliances are desired to be
further sophisticated and multifunctional, and to be low in power
consumption. Accordingly, the trend toward micro-patterning for circuits is
continuing. Together with the continuation of micro-patterning, a pattern
collapse in the circuits has become a significant 15 problem. In
semiconductor device fabrication, a cleaning step is greatly used for the
purpose of removing particles and metal impurities. As a result of this,
the cleaning step occupies 30-40% of the whole of the semiconductor
fabrication step. A phenomenon observed in the cleaning step when an aspect
ratio of pattern is high due to the micro-patterning for semiconductor
device is a 20 pattern collapse, in which a gas-liquid interface that comes
about collapses the pattern at the time of passing therethrough and at the
time of drying the wafer after cleaning or rinsing. [0003] In Patent
Publication 1, there is disclosed a method of suppressing the pattern
collapse, i.e., a technique of changing a cleaning liquid from water 25 to
2-propanol before the gas-liquid interface passes through a pattern.
However, this is said to have some constraints, for example, in that an
adaptable aspect ratio of pattern is not higher than 5. [0004]
Additionally, Patent Publication 2 discloses a technique directed toward a
resist pattern as a method of suppressing the pattern collapse. This 30 is
a method of decreasing a capillary force as far as possible thereby
suppressing the pattern collapse.  2 [0005] However, the thus disclosed
technique is directed toward the resist pattern and is for reforming a
resist itself. Moreover, it can finally be removed together with the resist
so as not to need to estimate a process of removing a treatment agent after
drying. Therefore, this cannot be applied to 5 the objects of the present
invention. [0006] Additionally, there is set forth in Patent Publication 3
a cleaning process for: conducting surface-reforming of a wafer surface
formed having an uneven pattern with a film containing silicon, by
oxidation or the like; forming a water-repellent protecting film on the
surface by using a water-soluble 10 surfactant or a silane coupling agent;
reducing the capillary force; and preventing the pattern collapse.
[0007]Furthermore, in Patent Publications 4 and 5, there is disclosed a
technique for preventing the pattern collapse by conducting a
hydrophobicity-imparting treatment in the use of a treatment liquid 15
containing:asilylationagentrepresentedby N, N - dime thy la mino tr im e
thy ls il an e; and a solvent. Prior Art Document Patent Publication
[0008] Patent Publication 1: Japanese Patent Application Publication No. 20
2008-198958 Patent Publication 2: Japanese Patent Application Publication
No. 5-299336 Patent Publication 3: Japanese Patent No. 4403202
Patent Publication 4: Japanese Patent Application Publication No. 25
2010-129932           Patent Publication 5: International Application
Publication No. 10/47196 Pamphlet SUMMARY OF THE INVENTION Problems to be
Solved by the Invention  30 [0009] The present invention relates to a
technique for cleaning a substrate (a wafer) in semiconductor device
fabrication and the like, the objective of  3 which is to enhance the
production yield of devices having such a circuit pattern as to be
particularly fine and high in aspect ratio, and more particularly to a
water-repellent liquid chemical and the like with the objective of
improving a cleaning step which tends to induce a wafer having at its 5
surface an uneven pattern to cause an uneven pattern collapse.
Hitherto, there has generally been used a wafer containing silicon element
at its surface; however, a wafer containing at its surface an element such
as titanium, tungsten, aluminum, copper, tin, tantalum and ruthenium
(hereinafter, they may sometimes be referred to as "metal-based element")
has 10 become used together with the diversification of the pattern.
However, in a case where a wafer having at its surface a substance that
does not sufficiently contain reactive functional groups (e g, silanol
groups), such as the wafer containing the above-mentioned metal-based
element at its surface, it is not possible to form a water-repellent
protecting film for preventing the pattern 15 collapse even if the
treatment liquid or treatment method discussed in Patent Publications 3 to
5 is used, which is a problem in that the pattern collapse cannot be
prevented.           Challenges for the present invention are: to form a
water-repellent protecting film on a wafer having an uneven pattern at its
surface and 20 containing at least one kind element of titanium, tungsten,
aluminum, copper, tin, tantalum and ruthenium at surfaces of recessed
portions of the uneven pattern (hereinafter, such a wafer sometimes be
referred to as "a metal-based wafer" or merely "a wafer"), at least on the
surfaces of the recessed portions so as to reduce interaction between a
liquid retained in the recessed portions and 25 the surfaces of the
recessed portions thereby improving a cleaning step which tends to induce
the pattern collapse; and to provide a liquid chemical for forming the
protecting film, i.e., a liquid chemical which able to form the
water-repellent protecting film. Means for Solving the Problems  30 [0010]
The pattern collapse is to occur when an gas-liquid interface passes
through the pattern at the time of drying a wafer after cleaning the wafer
with  4 a cleaning liquid. The reason therefor is said that a difference in
height of residual liquid of the cleaning liquid between a part having high
aspect ratio and a part having low aspect ratio causes a difference in
capillary force which acts on the pattern. 5[0011]Accordingly, it is
expected, by decreasing the capillary force, that the difference in
capillary force due to the difference in height of residual liquid is
reduced thereby resolving the pattern collapse The magnitude of the
capillary force is the absolute value of P obtained by the equation as
shown below. It is expected from this equation that the capillary force can
be 10 reduced by decreasing y or cose. [0012]P= 2 x ix cosO/S          (In
the equation, y represents the surface tension of a liquid retained in the
recessed portions, 0 represents the contact angle of the liquid retained in
the recessed portions to the surfaces of the recessed portions, and S
represents 15 the width of the recessed portions.) [0013]In the present
invention, there is formed a water-repellent protecting film at least on
the surfaces of the recessed portions of the uneven pattern when a liquid
that remains in the recessed portions after the protecting film has been
formed is removed from the recessed portions or dried. Therefore, 20 the
capillary force which acts on the recessed portions is so reduced that the
pattern collapse becomes difficult to occur. Additionally, the protecting
film is to be removed after the drying step. 



[0014] A liquid chemical for forming a water-repellent protecting film,
according to the present invention (hereinafter, the liquid chemical may 25
sometimes be referred to as "a liquid chemical for forming a protecting
film" or merely "a liquid chemical") is a liquid chemical including: an
agent for forming a water-repellent protecting film (hereinafter, the agent
may sometimes be referred to as merely "a protecting-film-forming agent"),
the agent being for forming a water-repellent protecting film 30
(hereinafter, the film may sometimes be referred to as merely "a protecting
film") on a wafer after a cleaning step for the wafer and before a drying
step for 5 the wafer, the wafer having at its surface an uneven pattern and
containing at least one kind element of titanium, tungsten, aluminum,
copper, tin, tantalum and ruthenium at surfaces of recessed portions of the
uneven pattern, the water-repellent protecting film being formed at least
on the surfaces of the 5 recessed portions; and a solvent,          the
liquid chemical being characterized in that the agent for forming a
water-repellent protecting film is a compound represented by the following
general formula [1]. 0 II P -(011MR2)2-a 10          (In the formula [1],
1/1 represents a Ci-Cis monovalent hydrocarbon group the hydrogen elements
of which may partially or entirely be replaced with a fluorine element(s).
R2 mutually independently represents a monovalent organic group having a
CI-Cis hydrocarbon group the hydrogen 15 elements of which may partially or
entirely be replaced with a fluorine element(s). a is an integer of from 0
to 2) [0015] By using the protecting-film-forming agent represented by the
above-mentioned general formula liii, it becomes possible to form a
water-repellent protecting film at least on the surfaces of the recessed
portions 20 of the metal-based wafer. In the protecting-film-forming agent,
P-OH group and/or P=0 group (hereinafter, these may sometimes be referred
to as "a functional moiety") have compatibility with a substance containing
the metal-based element. Incidentally, "having compatibility" means that
Van der Waals force, a static interaction or the like acts between the
surface of the 25 substance containing the metal-based element and the
functional moiety of the protecting-film-forming agent thereby causing
adsorption and/or that the surface of the substance is reacted with the
functional moiety of the protecting-film-forming agent to build a chemical
bond thereby causing  6 adsorption.Additionally, Rl is a hydrophobic moiety
of the protecting-film-forming agent. Therefore, when the
protecting-film-forming agent is adsorbed on the metal-based element of the
metal-based wafer, hydrophobic moieties are arranged outward from the
surface of the wafer 5 thereby imparting repellency to the wafer surface.
[0016]Furthermore, it is preferable that the protecting-film-forming agent
is a compound represented by the following general formula [2]. 0 II[ 2 ]
R3 - P -(OH)2              (In the formula [2], R3 represents a C1-C18
monovalent hydrocarbon 10 group the hydrogen elements of which may
partially or entirely be replaced with a fluorine element(s).) [0017]As the
metal-based wafer, it is possible to cite those containing at least one
kind element of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at the surfaces of the recessed portions of the uneven pattern,
15 preferably those containing at least one kind element of titanium,
tungsten, aluminum and ruthenium, and particularly preferably those
containing titanium element. In a case of a wafer containing silicon
element at the surfaces of the recessed portions of the uneven pattern,
there are a multitude of silanol groups (SiOH groups) on the surfaces.
These silanol groups serve as 20 reaction points to be reacted with a
silane coupling agent, so that the water-repellent protecting film can
easily be formed on the surfaces of the recessed portions. On the other
hand, in a case of the metal-based wafer, the surface has fewer reaction
points like the silanol groups, so that it is difficult to form the
protecting film with a compound such as the silane coupling agent. 25
Additionally, in the present invention, the wafer having at its surface an
uneven pattern means a wafer which is in a condition where the uneven
pattern has already been formed on the surface by etching, imprint or the
like Moreover, it is possible to adopt a wafer on which another process
such as  7 metal routing has been performed, as far as the wafer has an
uneven pattern at its surface. 



[0018]The liquid chemical for forming a protecting film, according to the
present invention is used in such a manner as to substitute a cleaning
liquid 5 with the liquid chemical during a cleaning step for the
metal-based wafer. Additionally, the substituted liquid chemical may be
substituted with another cleaning liquid. [0019]Furthermore, a
water-repellent protecting film of the present invention is a
water-repellent protecting film formed on a wafer after a 10 cleaning step
for the wafer and before a drying step for the wafer, the wafer having at
its surface an uneven pattern and containing at least one kind element of
titanium, tungsten, aluminum, copper, tin, tantalum and ruthenium at
surfaces of recessed portions of the uneven pattern, the water-repellent
protecting film being formed at least on the surfaces of the 15 recessed
portions by retaining the liquid chemical for forming a water-repellent
protecting film at least in the recessed portions. The water-repellent
protecting film is characterized by being formed of a compound represented
by the general formula [1] and serving as an agent for forming a
water-repellent protecting film. Incidentally, the water-repellent
protecting 20 film of the present invention may be such as to contain a
reaction product having as the primary component a compound represented by
the general formula [11. [0020]The cleaning liquid is substituted with the
liquid chemical for forming a protecting film after the cleaning step, and
the liquid chemical is 25 retained at least in the recessed portions of the
uneven pattern as discussed above, during which the protecting film is
formed at least on the surfaces of the recessed portions of the uneven
pattern. The protecting film of the present invention may be not
necessarily continuously formed and not necessarily uniformly formed.
However, in order to impart more excellent water 30 repellency, it is
preferable to form the protecting film continuously and uniformly.  8
[0021] In the present invention, the protecting film means a film formed on
the wafer surface so as to reduce the wettability of the wafer surface, i e
, a film imparting water repellency to the same. In the present invention,
the water repellency means to decrease a surface energy of a surface of an
article thereby 5 weakening the interaction between water or another liquid
and the surface of the article (i.e., at the interface), such as a hydrogen
bond, intermolecular forces and the like. The effect of reducing the
interaction is particularly exhibited with water, but the effect of
reducing the interaction is exhibited also with a mixture liquid of water
and a liquid other than water or with a liquid 10 other than water. With
such a reduction of the interaction, the contact angle of the liquid to the
article surface can be increased. [0022] Furthermore, a method for cleaning
a wafer, according to the present invention is a method for cleaning a
wafer having at its surface an uneven pattern and containing at least one
kind element of titanium, tungsten, 15 aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern. The
method including at least:          a protecting-film-forming step where a
liquid chemical for forming a protecting film is retained at least in the
recessed portions of the uneven pattern; 20a drying step of removing liquid
from the uneven pattern by drying; and a film-removing step of removing the
protecting film,          wherein the liquid chemical for forming a
protecting film is a liquid chemical containing an agent for forming a
water-repellent protecting film, the 25 agent being for forming a
water-repellent protecting film at least on the surfaces of the recessed
portions,          the cleaning method being characterized in that the
water-repellent protecting film is formed of a compound represented by the
general formula [1] and serving as an agent for forming a water-repellent
protecting film. 30 Effects of the Invention [0023] The protecting film
formed from the liquid chemical for forming a  9 protecting film, according
to the present invention is excellent in water repellency. Therefore, in a
wafer having at its surface an uneven pattern and containing at least one
kind element of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven 5 pattern, the
film reduces the interaction between liquid retained in the recessed
portions and the surfaces of the recessed portions, and by extension brings
about the effect of preventing the pattern collapse. By using the liquid
chemical, a cleaning step conducted in a method for producing the wafer
having at its surface an uneven pattern is improved without lowering 10
throughput. Accordingly, the method for producing the wafer having the
uneven pattern at its surface, conducted in the use of the liquid chemical
for forming a protecting film of the present invention, is excellent in
productivity. [0024] The liquid chemical for forming a protecting film,
according to the present invention is adaptable to uneven patterns having
the aspect ratio 15 expected to rise more and more, for example, an aspect
ratio of not less than 7, which allows cost reduction in producing more
sophisticated semiconductor devices. In addition, the liquid chemical is
adaptable without considerably modifying conventional apparatuses and
therefore results in being one applicable in production of various kinds of
semiconductor devices. 20 BRIEF DESCRIPTION OF THE DRAWINGS  [0025] Fig. 1
is a schematic perspective view of a wafer 1 of which surface is made into
a surface having an uneven pattern 2. Fig. 2 is a schematic view showing a
part of a-a' cross section of Fig. 1. 25Fig. 3 is a schematic view showing
a condition where a liquid chemical 8 for forming a protecting film is
retained in recessed portions 4 in a cleaning step. Fig. 4 is a schematic
view showing a condition where a liquid is retained in the recessed
portions 4 on which the protecting film is formed. 30 MODE(S) FOR CARRYING
OUT THE INVENTION  [0026] As the metal-based wafer, it is possible to cite:
those obtained by  10 coating a surface of a silicon wafer, a wafer formed
of a plurality of components including silicon and/or silicon oxide (Si00,
a silicon carbide wafer, a sapphire wafer, various compound semiconductor
wafers, a plastic wafer or the like with a layer formed of a matter
containing titanium element such as titanium, 5 titanium nitride, titanium
oxide and the like, a matter containing tungsten element such as tungsten,
tungsten oxide and the like, a matter containing aluminum element such as
aluminum and aluminum oxide and the like; a matter containing copper
element such as copper and copper oxide and the like, a matter containing
tin element such as tin and tin oxide and the like, a matter 10 containing
tantalum element such as tantalum nitride and tantalum oxide and the like
or a matter containing ruthenium element such as ruthenium and ruthenium
oxide and the like; those in which at least one layer of a multilayer film
formed on the wafer is the layer formed of a matter containing the
above-mentioned metal-based elements. The step of forming the uneven 15
pattern is conducted on a layer including a layer of a matter containing
the above-mentioned metal-based elements. Additionally, there are also
included those in which at least a part of the surfaces having the uneven
pattern becomes a matter containing at least one kind element of the
above-mentioned metal-based elements at the time of forming the uneven
pattern. 20 [0027] In general, a surface treatment using a liquid chemical
for forming a protecting film of the present invention mostly undergoes,
before it is conducted, the following pretreatment steps as exemplified by:
a pretreatment step 1 of making a wafer surface into a surface having an
uneven pattern; 25a pretreatment step 2 of cleaning the wafer surface by
using a water-based cleaning liquid; and           a pretreatment step 3 of
substituting the water-based cleaning liquid with a cleaning liquid A
different from the water-based cleaning liquid (hereinafter it may
sometimes be referred to as merely "a cleaning liquid A"). 30Incidentally,
either the pretreatment step 2 or the pretreatment step 3 may be omitted in
some cases. 11 [0028]In the pretreatment step 1 as a pattern-forming
method, a resist is applied to the wafer surface first of all. Thereafter,
the resist is exposed through a resist mask, followed by conducting an
etching removal on the exposed resist or an unexposed resist, thereby
producing a resist having a 



5 desired uneven pattern. Additionally, the resist having an uneven pattern
can be obtained also by pushing a mold having a pattern onto the resist.
Then, the wafer is subjected to etching. At this time, the parts of the
wafer surface which corresponding to recessed portions of a resist pattern
are etched selectively. Finally, the resist is stripped off thereby
obtaining a wafer having 10 an uneven pattern. [0029] By the
above-mentioned pretreatment step 1, it becomes possible to obtain a wafer
having at its surface an uneven pattern and containing at least one kind
element of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern. 15 [0030]
Examples of the water-based cleaning liquid used in the pretreatment step 2
are water and an aqueous solution obtained by mixing at least one kind of
an organic solvent, hydrogen peroxide, ozone, acid, alkali and surfactant
with water (the aqueous solution having a water content of not less than 10
mass%, for example). 20 [00311 Furthermore, in the pretreatment step 2, the
substitution with the water-based cleaning liquid may be conducted twice or
more. The water-based cleaning liquids to be used in this case may be those
different from each other. [0032] If recessed portions have a small width
and projected portions have a 25 large aspect ratio, and if the surface is
cleaned with the water-based cleaning liquid in the pretreatment step 2 and
subsequently the water-based cleaning liquid is removed by drying and the
like or if water is removed by drying and the like after substituting the
water-based cleaning liquid with water, a pattern collapse is to easily
occur. The uneven pattern is defined as shown in 30 Fig. 1 and Fig. 2. Fig.
1 is one example of a schematic perspective view of a wafer 1 of which
surface is made into a surface having an uneven pattern 2.  12 Fig. 2 shows
a part of an a-a' cross section in Fig. 1. A width 5 of recessed portions
is defined by an interval between a projected portion 3 and the projected
portion 3, as shown in Fig. 2. The aspect ratio of projected portions is
expressed by dividing a height 6 of the projected portions by a width 7 of
the 5 projected portions. The pattern collapse in the cleaning step is to
easily occur when the recessed portions have a width of not more than 70
nm, particularly not more than 45 nm and when the aspect ratio is not less
than 4, particularly not less than 6. [0033] The cleaning liquid A used in
the pretreatment step 3 refers to an 10 organic solvent, a mixture of the
organic solvent and a water-based cleaning liquid, or a cleaning liquid
into which at least one kind of acid, alkali and surfactant is mixed with
these. Furthermore, it is preferable to perform a step of retaining the
liquid chemical for forming a protecting film at least in the recessed
portions of the uneven pattern upon substituting the cleaning 15 liquid A
with the liquid chemical for forming a protecting film of the present
invention (the protecting-film-forming step). [0034]In the present
invention, a style for cleaning the wafer is not particularly limited so
long as the liquid chemical or the cleaning liquid can be retained at least
in the recessed portions of the uneven pattern of the wafer. 20 Examples of
the style for cleaning the wafer are: a single cleaning style represented
by spin cleaning where a generally horizontally held wafer is rotated and
cleaned one by one while supplying a liquid to the vicinity of the center
of the rotation; and a batch style where a plurality of wafer sheets are
immersed in a cleaning bath to be cleaned. Incidentally, the form of the
liquid 25 chemical or the cleaning liquid at the time of supplying the
liquid chemical or the cleaning liquid at least to the recessed portions of
the uneven pattern of the wafer is not particularly limited as far as it is
in a condition of liquid at time of being retained in the recessed
portions, and is exemplified by liquid, vapor or the like. 30 [0035] The
organic solvent, which serves as one of the preferable examples of the
cleaning liquid A, are exemplified by hydrocarbons, esters, ethers,  13
ketones, halogen-element containing solvents, sulfoxide-based solvents,
lactone-based solvents, carbonate-based solvents, alcohols, polyalcohol
derivatives, nitrogen element-containing solvents and the like. [0036]
Examples of hydrocarbons are toluene, benzene, xylene, hexane, 5 heptane,
octane and the like Examples of esters are ethyl acetate, propyl acetate,
butyl acetate, ethyl acetoacetate and the like. Examples of ethers are
diethyl ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane and
the like. Examples of ketones are acetone, acetylacetone, methyl ethyl
ketone, methyl propyl ketone, methyl butyl ketone, cyclohexanone and the
like. 10 Examples of the halogen-element containing solvents are:
perfluorocarbons such as perfluorooctane, perfluorononane,
perfluorocyclopentane, perfluorocyclohexane, hexafluorobenzene and the
like; hydrofluorocarbons such as 1,1,1,3, 3-pentafluorobutane,
octafluorocyclopentane, 2,3-dihydrodecafluoropentane,ZEORORA-H(produced by
ZEON 15 CORPORATION) and the like; hydrofluoroethers such as methyl
perfluoroisobutyl ether, methyl perfluorobutyl ether, ethyl perfluorobutyl
ether, ethyl perfluoroisobutyl ether, ASAHIKLIN AE-3000 (produced by Asahi
Glass Co., Ltd.), Novec 7100, Novec 7200, Novec 7300, Novec 7600 (any of
these are produced by 3M Limited) and the like; chlorocarbons such as 20
tetrachloromethane and the like; hydrochlorocarbons such as chloroform and
the like; chlorofluorocarbons such as dichlorodifluoromethane and the like;
hydrochlorofluorocarbons such as 1, 1- dichloro - 2,2,3,3,3 -p
entafluoroprop ane , 1,3- dichloro-1, 1,2, 2,3-pentafluoroprop ane ,
1-chloro-3,3,3-trifluoropropene,
1,2-dichloro-3,3,3-trifuoropropeneandthelike;perfluoroethers; 25
perfluoropolyethers; and the like. Examples of the sulfoxide-based solvents
are dimethyl sulfoxide and the like. Examples of the lactone-based solvents
are y-butyrolactone, y-valerolactone, y-hexanolactone, y-heptanolactone,
y-octanolactone, y-nonanolactone, y-decanolactone, y-undecanolactone,
y-dodecanolactone,5-valerolactone,5-hexanolactone,5-octanolactone, 30
6-nonanolactone, 5- decanolactone, 5-undecanolactone, 5-dodecanolactone,
s-hexanolactone and the like. Examples of the carbonate-based solvents are
14 dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, propylene
carbonate and the like. Examples of alcohols are methanol, ethanol,
propanol, buthanol, ethylene glycol, diethylene glycol, 1,2-propanediol,
1,3-propanediol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
1,4-butanediol, triethylene 5 glycol, tripropylene glycol, tetraethylene
glycol, tetrapropylene glycol, glycerine and the like. Examples of the
polyalcohol derivatives are ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol
monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol 10 monopropyl ether, diethylene glycol
monobutyl ether, triethylene glycol monomethyl ether, triethylene glycol
monoethyl ether, triethylene glycol monopropyl ether, triethylene glycol
monobutyl ether, tetraethylene glycol monomethyl ether, tetraethylene
glycol monoethyl ether, tetraethylene glycol monopropyl ether,
tetraethylene glycol monobutyl ether, propylene glycol 15 monomethyl ether,
propylene glycol monoethyl ether, propylene glycol monopropyl ether,
propylene glycol monobutyl ether, dipropylene glycol monomethyl ether,
dipropylene glycol monoethyl ether, dipropylene glycol monopropyl ether,
dipropylene glycol monobutyl ether, tripropylene glycol monomethyl ether,
tripropylene glycol monoethyl ether, tripropylene glycol 20 monopropyl
ether, tripropylene glycol monobutyl ether, tetrapropylene glycol
monomethyl ether, butylene glycol monomethyl ether, ethylene glycol
dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl
ether, ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl
ether acetate, ethylene glycol monobutyl ether acetate, ethylene glycol
diacetate, diethylene 25 glycol dimethyl ether, diethylene glycol ethyl
methyl ether, diethylene glycol diethyl ether, diethylene glycol buthyl
methyl ether, diethylene glycol dibutyl ether, diethylene glycol monomethyl
ether acetate, diethylene glycol monoethyl ether acetate, diethylene glycol
monobutyl ether acetate, diethylene glycol diacetate, triethylene glycol
dimethyl ether, triethylene glycol diethyl ether, 30 triethylene glycol
dibutyl ether, triethylene glycol butyl methyl ether, triethylene glycol
monomethyl ether acetate, triethylene glycol monoethyl  15 ether acetate,
triethylene glycol monobutyl ether acetate, triethylene glycol diacetate,
tetraethylene glycol dimethyl ether, tetraethylene glycol diethyl ether,
tetraethylene glycol dibutyl ether, tetraethylene glycol monomethyl ether
acetate, tetraethylene glycol monoethyl ether acetate, tetraethylene 5
glycol monobutyl ether acetate, tetraethylene glycol diacetate, propylene
glycol dimethyl ether, propylene glycol diethyl ether, propylene glycol
dibutyl ether, propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate, propylene glycol monobutyl ether acetate,
propylene glycol diacetate, dipropylene glycol dimethyl ether, dipropylene
glycol methyl propyl ether, 10 dipropylene glycol diethyl ether,
dipropylene glycol dibutyl ether, dipropylene glycol monomethyl ether
acetate, dipropylene glycol monoethyl ether acetate, dipropylene glycol
monobutyl ether acetate, dipropylene glycol diacetate, tripropylene glycol
dimethyl ether, tripropylene glycol diethyl ether, tripropylene glycol
dibutyl ether, tripropylene glycol monomethyl ether acetate, 15
tripropylene glycol monoethyl ether acetate, tripropylene glycol monobutyl
ether acetate, tripropylene glycol diacetate, tetrapropylene glycol
dimethyl ether, tetrapropylene glycol monomethyl ether acetate,
tetrapropylene glycol diacetate, butylene glycol dimethyl ether, butylene
glycol monomethyl ether acetate, butylene glycol diacetate, glycerine
triacetate and the like. Examples 20 of the nitrogen element-containing
solvents are formamide, N, N-dimethylformamide, /V,N-dimethylacetamide,
/V-methy1-2-pyrrolidone, diethylamine, triethylamine, pyridine and the
like. [0037]Incidentally, it is preferable that the cleaning liquid A is an
organic solvent or a mixture liquid of water and an organic solvent in view
of the 25 cleanliness. Furthermore, it is preferable that the organic
solvent contains a water-soluble organic solvent (so as to have a
solubility of not smaller than 5 mass parts by weight relative to 100 parts
by weight of water) because it can be easily substituted for the
water-based cleaning liquid. [0038] Additionally, in the pretreatment step
3, the substitution with the 30 cleaning liquid A may be conducted twice or
more. More specifically, the water-based cleaning liquid used in the
pretreatment step 2 may be  16 substituted with a first kind of cleaning
liquid A, and successively, the first kind of cleaning liquid A may be
substituted with two or more kinds of cleaning liquid A different from the
above-mentioned cleaning liquid A, and then the liquid chemical for forming
a protecting film may be substituted therefor. 



5 [00391 Moreover, in a case where the water-based cleaning liquid used in
the pretreatment step 2 can be substituted directly with the liquid
chemical for forming a protecting film, the substitution with the cleaning
liquid A (the pretreatment step 3) may be omitted. [00401 Fig. 3 is a
schematic view showing a condition where the liquid 10 chemical 8 for
forming a protecting film is retained in recessed portions 4 in the
protecting-film-forming step. The wafer of the schematic view of Fig.3
shows a part of the a-a' cross section in Fig. 1. At this time, a
protecting film is formed on the surfaces of the recessed portions 4
thereby imparting water repellency to the surfaces. 15 [00411 Incidentally,
where the protecting film can be formed by the liquid chemical of the
present invention is on a surface of a portion of the matter containing at
least one kind of element among the metal-based elements, in the uneven
pattern. Accordingly, the protecting film may be formed at least on a part
of the surfaces of the recessed portions of the metal-based wafer. 20
Additionally, also on a wafer formed of a plurality of components including
the matter containing at least one kind of element of the metal-based
elements, it is possible to form the protecting film on the surface of the
matter containing at least one kind of element of the metal-based elements
Examples of the wafer formed of a plurality of components further include:
those in which the matter 25 containing at least one kind of element of the
metal-based elements is formed at least at a part of the surfaces of the
recessed portions; and those in which at least a part of the surfaces of
the recessed portions becomes the matter containing at least one kind of
element of the metal-based elements at the time of forming the uneven
pattern. 30 [00421Incidentally, the liquid chemical for forming a
protecting film, according to the present invention can easily form an
excellent water-repellent  17 protecting film on the surface of an article
containing titanium element at its surface. Therefore, it is preferable
that the wafer is a wafer having at its surface an uneven pattern and
containing titanium element at the surfaces of the recessed portions of the
uneven pattern. 5 [0043] The liquid chemical for forming a protecting film
is a liquid chemical containing a protecting-film-forming agent for forming
a protecting film after a cleaning step for a metal-based wafer and before
a drying step for the metal based wafer at least on the surfaces of the
recessed portions and an organic solvent, and is characterized in that the
agent for forming a water-repellent 10 protecting film is a compound
represented by the following general formula [1]. II[ 1 ] RI P (0})a(R2)2-a
(In the formula [1], R1 represents a CI-Cis monovalent hydrocarbon group
the hydrogen elements of which may partially or entirely be replaced with a
fluorine element(s). R2 mutually independently represents a 15 monovalent
organic group having a CI-Cis hydrocarbon group the hydrogen elements of
which may partially or entirely be replaced with a fluorine element(s). a
is an integer of from 0 to 2.) [0044] A hydrocarbon group contained in R2
of the general formula [1] is exemplified by alkyl group, alkylene group,
those in which hydrogen elements 20 are partially or entirely substituted
with a fluorine element(s), and the like. [0045] Additionally, it is
preferable that the above-mentioned R2 is -OW (R4 is a hydrocarbon group
having a carbon number of 1 to 18). Additionally, it is preferable that R4
has a carbon number of 1 to 8 and particularly 1 to 4, since the water
repellency is more excellently imparted thereby. Moreover, R4 is 25
preferably a straight-chained alkyl group. [0046] As the compound
represented by the general formula [1], it is
possibletociteCI-1313(0)(OH)2,C213513(0) (OH)2,C3I-17P(0)(OH)2,  18
C81117P(0)(0102,C91-1191)(0)(0102,C 101{21P (0)(0102,C111123P(0)(0102,
C121{25P(0) (0102, C 131{27P (0) (0 In 2, C 1411291)(0) (0102, el 51{31P
(0) (0 102, C16H33P (0) (0 102,C 171{35P (0) (0 102,C 181{37P
(0)(0102,C6H5P (0)(0102, CF3P (0)(0102,C2F5P (0) (010 2,C3F7P (0) (0 102,C
4F9P (0) (0102, 5
C5F11P(0)(OH)2,CsF1sP(0)(0M2,C7F15P(0)(01-)2,CsF17P(0)(OH)2,
CF3C2H4P(0)(01I) 2,C2F5C211413(0)(01)2,C3F7C2H4P (0)(0102, C4F9C2114P (0)
(0102,C5F11C21-1413 (0) (01%,C6F13C2H4P (0)(0102, C7F15C 2114P (0)(0102,
C5F17C2H4P(0)(OH)2, and those obtained by substituting -P(0)(0I-)2 group of
the above compounds with -P(0)(OH)OCH3 group, 10 -P(0)(01)0C2H5 group,
-P(0)(OCH3)2 group or -P(0)(0C2H5)2 group. [0047]Furthermore, in the
protecting-film-forming agent, it is preferable that a of the general
formula En is 1 or 2 in order to impart a better water repellency. The
protecting-film-forming agent is more preferably a compound represented by
the following general formula [2] in which a is 2. 0 II R3 P -(011)2 15
(In the formula [2], R3 represents a C1-C18 monovalent hydrocarbon group
the hydrogen elements of which may partially or entirely be replaced with a
fluorine element(s).) [0048] Examples of RI and R3 of the general formulas
[1] and [2] are: alkyl 20 group; phenyl group; phenyl group the hydrogen
element of which is substituted with alkyl group; naphthyl group; these
hydrocarbon groups whose hydrogen elements are partially or entirely
substituted with a fluorine element(s); and the like. [0049] Moreover, it
is preferable that R1 and R3 of the general formulas [1] 25 and [2] have a
carbon number of 2 to 16, particularly preferably 4 to 14 and much more
preferably 6 to 14, since the water repellency is more excellently imparted
thereby. Additionally, it is preferable that the hydrocarbon group whose
hydrogen elements may partially or entirely be substituted with a  19
fluorine element(s) is alkyl group and particularly a straight-chained
alkyl group. If a straight-chained alkyl group is used as the hydrocarbon
group, hydrophobic moieties of the protecting-film-forming agent tend to be
arranged perpendicularly to the surface of the protecting film at the time
of forming the 5 protecting film thereby more excellently imparting a
water-repellency-imparting effect, which is further preferable. Moreover,
RI and R3 of the general formulas [1] and [2] bring about a far better
water repellency so as to preferably be a hydrocarbon group whose hydrogen
elements are partially or entirely be substituted with a fluorine
element(s). 10 [0050] Additionally, the protecting-film-forming agent may
exist in the form of a salt represented by the general formulas [1] and
[2]. The salt can be cited by ammonium salt, amine salt and the like.
[0051]Furthermore, the protecting-film-forming agent contained in the
liquid chemical for forming a protecting film preferably has a
concentration of 15 0.0005 to 2 mass% relative to the total quantity of 100
mass% of the liquid chemical. A concentration of smaller than 0.0005 mass%
tends to make the water-repellency-imparting effect insufficient, while
that of larger than 2 mass% tends to be insoluble in an organic solvent. A
concentration of 0.001 to 1 mass% is more preferable, and 0.0015 to 0.8
mass% is particularly 20 preferable. [0052] As the organic solvent used for
the liquid chemical for forming a protecting film, it is preferable to use,
for example, water, an organic solvent, a mixture liquid of water and an
organic solvent. The organic solvent is exemplified by hydrocarbons,
esters, ethers, ketones, halogen-element 25 containing solvents,
sulfoxide-based solvents, lactone-based solvents, carbonate-based solvents,
alcohols, polyalcohol derivatives, nitrogen element-containing solvents,
and a mixture of these. [0053]As concrete examples of the organic solvent,
it is possible to cite the 



same as those that have been applied to the cleaning liquid A. 30 [0054]
Additionally, it is preferable to use a nonflammable one as a part or the
entire of the solvent since the liquid chemical for forming a protecting
film  20 becomes nonflammable or increases in flash point thereby reducing
the risk of the liquid chemical. Most of the halogen-element containing
solvents are nonflammable, so that such a halogen element-containing
nonflammable solvent can be preferably used as a nonflammable organic
solvent. 5 Furthermore, water can be preferably used as the nonflammable
solvent too. [0055] Additionally, in view of safety under the fire
protection law, it is preferable to use a solvent having a flash point
exceeding 70C as the above-mentioned solvent. [0056] Moreover, according to
"Globally Harmonized System of Classification 10 and Labelling of
Chemicals; GUS", a solvent having a flash point of not higher than 93C is
defined as "a flammable liquid". Therefore, when a solvent having a flash
point exceeding 93C is used as the solvent, the liquid chemical for forming
a protecting film tends to have a flash point exceeding 93C even if the
solvent is not nonflammable one. Hence the liquid chemical hardly 15
applies to "the flammable liquid", which is preferable in view of safety.
[0057] Additionally, most of the lactone-based solvents, carbonate-based
solvents, alcohols having a high molecular weight or two or more OH groups
and the polyalcohol derivatives have high flash point. It is therefore
preferable to use these solvents because the risk of the liquid chemical
for 20 forming a protecting film can be reduced. In view of the safety, as
the above-mentioned solvent, it is more preferable to use those having a
flash point exceeding 70C such as y-butyrolactone, y-valerolactone,
y-hexanolactone, y-heptanolactone, y-octanolactone, y-nonanolactone,
y-decanolactone, y-undecanolactone, y-dodecanolactone, 6-valerolactone,
6-hexanolactone, 25 6-octanolactone, 6-nonanolactone, 6- decanolactone,
6-undecanolactone, 6-dodecanolactone, e-hexanolactone, propylene carbonate,
heptanol, octanol, ethylene glycol, diethylene glycol, 1,2-propanediol,
1,3-propanediol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
1,4-butanediol, triethylene glycol, tripropylene glycol, tetraethylene
glycol, tetrapropylene glycol, 30 glycerine, diethylene glycol monomethyl
ether, diethylene glycol monoethyl ether, diethylene glycol monopropyl
ether, diethylene glycol monobutyl ether,  21 triethylene glycol monomethyl
ether, triethylene glycol monoethyl ether, triethylene glycol monopropyl
ether, triethylene glycol monobutyl ether, tetraethylene glycol monomethyl
ether, tetraethylene glycol monoethyl ether, tetraethylene glycol
monopropyl ether, tetraethylene glycol monobutyl ether, 5 dipropylene
glycol monomethyl ether, dipropylene glycol monoethyl ether, dipropylene
glycol monopropyl ether, dipropylene glycol monobutyl ether, tripropylene
glycol monomethyl ether, tripropylene glycol monoethyl ether, tripropylene
glycol monopropyl ether, tripropylene glycol monobutyl ether,
tetrapropylene glycol monomethyl ether, ethylene glycol dibutyl ether, 10
ethylene glycol monobutyl ether acetate, ethylene glycol diacetate,
diethylene glycol ethyl methyl ether, diethylene glycol diethyl ether,
diethylene glycol buthyl methyl ether, diethylene glycol dibutyl ether,
diethylene glycol monomethyl ether acetate, diethylene glycol monoethyl
ether acetate, diethylene glycol monobutyl ether acetate, diethylene glycol
diacetate, 15 triethylene glycol dimethyl ether, triethylene glycol diethyl
ether, triethylene glycol dibutyl ether, triethylene glycol butyl methyl
ether, triethylene glycol monomethyl ether acetate, triethylene glycol
monoethyl ether acetate, triethylene glycol monobutyl ether acetate,
triethylene glycol diacetate, tetraethylene glycol dimethyl ether,
tetraethylene glycol diethyl ether, 20 tetraethylene glycol dibutyl ether,
tetraethylene glycol monomethyl ether acetate, tetraethylene glycol
monoethyl ether acetate, tetraethylene glycol monobutyl ether acetate,
tetraethylene glycol diacetate, propylene glycol diacetate, dipropylene
glycol methyl propyl ether, dipropylene glycol monomethyl ether acetate,
dipropylene glycol monoethyl ether acetate, 25 dipropylene glycol monobutyl
ether acetate, dipropylene glycol diacetate, tripropylene glycol dimethyl
ether, tripropylene glycol diethyl ether, tripropylene glycol dibutyl
ether, tripropylene glycol monomethyl ether acetate, tripropylene glycol
monoethyl ether acetate, tripropylene glycol monobutyl ether acetate,
tripropylene glycol diacetate, tetrapropylene glycol dimethyl 30 ether,
tetrapropylene glycol monomethyl ether acetate, tetrapropylene glycol
diacetate, butylene glycol diacetate, glycerine triacetate and the like.
22 Additionally, as the above-mentioned solvent, it is much more preferable
to use 5 5-undecanolactone, 5-dodecanolactone, e-hexanolactone, propylene
carbonate, ethylene glycol, diethylene glycol, 1,2-propanediol,
1,3-propanediol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
1,4-butanediol, triethylene glycol, tripropylene glycol, tetraethylene
glycol, tetrapropylene glycol, 10 glycerine, diethylene glycol monomethyl
ether, diethylene glycol monopropyl ether, diethylene glycol monobutyl
ether, triethylene glycol monomethyl ether, triethylene glycol monoethyl
ether, triethylene glycol monopropyl ether, triethylene glycol monobutyl
ether, tetraethylene glycol monomethyl ether, tetraethylene glycol
monoethyl ether, tetraethylene glycol monopropyl ether, 15 tetraethylene
glycol monobutyl ether, dipropylene glycol monopropyl ether, dipropylene
glycol monobutyl ether, tripropylene glycol monomethyl ether, tripropylene
glycol monoethyl ether, tripropylene glycol monopropyl ether, tripropylene
glycol monobutyl ether, tetrapropylene glycol monomethyl ether, ethylene
glycol diacetate, diethylene glycol buthyl methyl ether, diethylene 20
glycol dibutyl ether, diethylene glycol diacetate, diethylene glycol
monomethyl ether acetate, diethylene glycol monoethyl ether acetate,
diethylene glycol monobutyl ether acetate, triethylene glycol dimethyl
ether, triethylene glycol diethyl ether, triethylene glycol dibutyl ether,
triethylene glycol butyl methyl ether, triethylene glycol monomethyl ether
acetate, triethylene glycol 25 monoethyl ether acetate, triethylene glycol
monobutyl ether acetate, triethylene glycol diacetate, tetraethylene glycol
dimethyl ether, tetraethylene glycol diethyl ether, tetraethylene glycol
dibutyl ether, tetraethylene glycol monomethyl ether acetate, tetraethylene
glycol monoethyl ether acetate, tetraethylene glycol monobutyl ether
acetate, tetraethylene glycol diacetate, 30 propylene glycol diacetate,
dipropylene glycol diacetate, dipropylene glycol monomethyl ether acetate,
dipropylene glycol monoethyl ether acetate,  23 dipropylene glycol
monobutyl ether acetate, tripropylene glycol dimethyl ether, tripropylene
glycol diethyl ether, tripropylene glycol dibutyl ether, tripropylene
glycol monomethyl ether acetate, tripropylene glycol monoethyl ether
acetate, tripropylene glycol monobutyl ether acetate, tripropylene glycol
diacetate, 5 tetrapropylene glycol dimethyl ether, tetrapropylene glycol
monomethyl ether acetate, tetrapropylene glycol diacetate, butylene glycol
diacetate, glycerine triacetate and the like. [0058] Furthermore, from
reasons of imparting a more excellent water repellency, it is preferable to
use: hydrocarbons, esters, ethers, ketones, 10 lactone-based solvents,
carbonate-based solvents, polyalcohol derivatives having no hydroxy group,
water, or a mixture liquid of these. Additionally, in consideration of
substitutability with the water-based cleaning liquid, it is preferable to
use: polyalcohol derivatives having no hydroxyl group; water; or a mixture
liquid of these. In order to more greatly dissolve the 15
protecting-film-forming agent, the above-mentioned solvent may contain some
alcohols. In this case the concentration of the alcohols is preferably not
larger than 10 mass%, particularly preferably not larger than 5 mass%, much
more preferably not larger than 3 mass% relative to 100 mass% of the liquid
chemical for forming a protecting film. 20 [0059] Additionally, in order to
accelerate the formation of the protecting film due to the
protecting-film-forming agent, a catalyst may be added to the liquid
chemical for forming a protecting film The added amount of the catalyst is
preferably 0.01 to 50 mass% relative to the total quantity of 100 mass% of
the protecting-film-forming agent. 25 [0060] When increasing the
temperature of the liquid chemical for forming a 



protecting film, the protecting film can be formed in a shorter time. A
temperature at which a uniform protecting film can be readily formed is not
lower than 10C and lower than the boiling point of the liquid chemical.
Particularly, it is preferable to keep a temperature of not lower than 15C
and 30 not higher than a temperature 10 C lower than the boiling point of
the liquid chemical. It is preferable that the temperature of the liquid
chemical is kept  24 at the above-mentioned temperature while the liquid
chemical is being retained at least in the recessed portions of the uneven
pattern. Incidentally, the boiling point of the liquid chemical means the
boiling point of a component having the most amount among components
contained in the water-repellent 5 liquid chemical, in mass ratio. [0061]
After the protecting film-forming step, the liquid chemical that remains at
least in the recessed portions of the uneven pattern may be substituted
(hereinafter, this may sometimes be referred to as "a subsequent cleaning
step") with a cleaning liquid different from the above-mentioned 10 liquid
chemical (hereinafter, this cleaning liquid may sometimes be referred to as
"a cleaning liquid B"), and may subsequently be brought into a drying step.
Examples of the cleaning liquid B are: a water-based cleaning liquid, an
organic solvent; a mixture of the water-based cleaning liquid and the
organic solvent; those into which at least one kind of acid, alkali and a
surfactant is 15 mixed; those in which the protecting-film-forming agent
used for the liquid chemical for forming a protecting film is contained at
a concentration lower than that of the liquid chemical; and the like. From
the viewpoint of removing particles and metal impurities, it is more
preferable that the cleaning liquid B is water, an organic solvent or a
mixture of water and the 20 organic solvent. [0062]Furthermore, in the
subsequent cleaning step, the substitution with the cleaning liquid B may
be conducted twice or more. More specifically, the liquid chemical for
forming a protecting film may be substituted with a first kind of cleaning
liquid B, and successively, it may further be substituted with 25 two or
more kinds of cleaning liquid B different from the first kind of cleaning
liquid B. The liquid chemical may be brought into the drying step
thereafter. [0063] The organic solvent, which is one of the preferable
examples of the cleaning liquid B, is exemplified by hydrocarbons, esters,
ethers, ketones, halogen-element containing solvents, sulfoxide-based
solvents, alcohols, 30 polyalcohol derivatives, nitrogen element-containing
solvents, and the like. [0064] As concrete examples of the organic solvent,
it is possible to cite the  25 same as those that have been applied to the
cleaning liquid A. [0065] Moreover, if an organic solvent is used as the
cleaning liquid B, the water repellency of the protecting film formed on
the wafer surface by the liquid chemical of the present invention tends to
reduce little by the 5 subsequent cleaning step. [0066] There is shown in
Fig. 4 a schematic view showing a state where a liquid is retained in the
recessed portions 4 provided with water repellency by the liquid chemical
for forming a protecting film. The wafer as shown in the schematic view of
Fig. 4 shows a part of the a-a' cross section in Fig. 1. The 10 surface
formed having the uneven pattern is coated with a protecting film 10 by the
liquid chemical thereby being provided with water repellency. Furthermore,
the protecting film 10 is retained on the wafer surface even when the
liquid 9 is removed from the uneven pattern. [0067] When the protecting
film 10 is formed at least on the surfaces of the 15 recessed portions of
the uneven pattern of the wafer by the liquid chemical for forming a
protecting film, a contact angle of from 50 to 130 is preferable on the
assumption that water is retained on the surfaces, because the pattern
collapse becomes difficult to occur thereby. The closer to 90 the contact
angle is, the smaller the capillary force acting on the recessed portions
becomes. It is 20 therefore further preferable that the contact angle is 60
to 120, particularly preferably 65 to 115 because the pattern collapse
becomes further difficult to occur. Furthermore, the capillary force is
preferably not higher than 2.1 MN/m2. The capillary force of not higher
than 2.1 MN/m2 is preferable because the pattern collapse becomes difficult
to occur. Additionally, a lower 25 capillary force makes the pattern
collapse more difficult to occur, so that a capillary force of 1.6 MN/m2 or
lower is further preferable and that of not higher than 1.4 MN/m2 is
particularly preferable. Furthermore, it is ideal to put the capillary
force close to 0.0 MN/m2 as much as possible by adjusting the contact angle
to the liquid to around 90. 30 [0068]Then, as discussed in the drying step,
there is conducted a step of removing a liquid from the uneven pattern by
drying, the liquid being retained  26 in the recessed portions 4 on which
the protecting film is formed by the liquid chemical. At this time, the
liquid retained in the recessed portions may be the liquid chemical used in
the protecting-film-forming step, the cleaning liquid B used in the
subsequent cleaning step, or a mixture liquid of these. The 5 mixture
liquid is one in which the protecting-film-forming agent is contained in
the liquid chemical for forming a protecting film at a concentration lower
than that of the liquid chemical. The mixture liquid may be a liquid which
is on the way to substitution of the liquid chemical with the cleaning
liquid B, or a mixture liquid obtained by previously mixing the
protecting-film-forming 10 agent with the cleaning liquid B. In view of the
cleanliness of the wafer, it is particularly use water, an organic solvent,
or a mixture of water and the organic solvent. Additionally, it is possible
to bring the cleaning liquid B retained on the unevenly patterned surface
after once removing liquid from the unevenly patterned surface. Drying may
be conducted thereafter.  15 [0069] Incidentally, in a case of performing a
cleaning treatment (the subsequent cleaning step) after a surface treatment
with the liquid chemical, a time for this step, i.e. a time to retain the
cleaning liquid B is preferably not shorter than 10 seconds, more
preferably not shorter than 20 seconds from the viewpoint of removing
particles and impurities from the unevenly patterned 20 surface. In view of
the effect of maintaining a water-repellent performance of the protecting
film formed on the unevenly patterned surface, if an organic solvent is
used as the cleaning liquid B, the water repellency of the wafer surface
tends to become easily maintained even after conducting the subsequent
cleaning step. On the other hand, a too long time for the cleaning 25
treatment can reduce the productivity, and therefore the time is preferably
within 15 minutes. [0070]In the drying step, a liquid retained on the
uneven pattern is removed by drying. The drying is preferably conducted by
a conventionally known drying method such as spin drying, IPA (2-propanol)
steam drying, 30 Marangoni drying, heating drying, warm air drying, vacuum
drying and the like.  27 [0071] Then, as discussed in the film-removing
step, there is performed a step of removing the protecting film 10. In the
case of removing the water-repellent protecting film, it is effective to
cleave C-C bond and C-F bond in the water-repellent protecting film. A
method therefor is not particularly 5 limited so long as it is possible to
cleave the above-mentioned bonds, and exemplified by: irradiating the wafer
surface with light; heating the wafer; exposing the wafer to ozone;
irradiating the wafer surface with plasma; subjecting the wafer surface to
corona discharge; and the like. [0072] In the case of removing the
protecting film 10 by light irradiation, it 10 is preferable to conduct an
irradiation with ultraviolet rays having a wavelength of shorter than 340
nm and 240 nm (corresponding to bond energies of C-C bond and C-F bond in
the water-repellent film, i.e., 83 kcal/mol and 116 kcal/mol,
respectively). As the light source therefor, there is used a metal halide
lamp, a low-pressure mercury lamp, a high-pressure 15 mercury lamp, an
excimer lamp, a carbon arc or the like. In the case of the metal halide
lamp, the intensity of the ultraviolet irradiation is preferably not less
than 100 mW/cm2, particularly preferably not less than 200 mW/cm2, as a
measurement value obtained by the illuminance meter (Intensity meter UM-10
produced by Konica Minolta Sensing, Inc., Light-Receptor UM-360 20 [Peak
sensitivity wavelength: 365 nm, Measured wavelength range: 310 to 400 nm]).
Incidentally, an irradiation intensity of less than 100 mW/cm2 takes a long
time to remove the protecting film 10. Additionally, in the case of the
low-pressure mercury lamp, the ultraviolet irradiation is performed with
shorter wavelengths so that removal of the protecting film 10 is achieved
in a 25 short time even if the intensity is low, which is therefore
preferable. [0073] Additionally, in the case of removing the protecting
film 10 by light irradiation, it is particularly preferable to generate
ozone in parallel with decomposing the components of the protecting film 10
by ultraviolet rays and then to induce oxidation-volatilization of the
components of the protecting film 30 10 by the ozone, since a treatment
time is saved thereby. As the light source therefor, the low-pressure
mercury lamp, the excimer lamp or the like is used.  28 Moreover, the wafer
may be heated while being subjected to light irradiation. [0074] In the
case of heating the wafer, heating of the wafer is conducted at 400 to 1000
C, preferably at 500 to 900 C. The heating time is preferably kept from 10
seconds to 60 minutes, more preferably from 30 seconds to 10 5 minutes.
Additionally, this step may be conducted in combination with ozone
exposure, plasma irradiation, corona discharge or the like. Furthermore,
the light irradiation may be conducted while heating the wafer. (00751 As
the method for removing the protecting film 10 by heating, there are a
method of bringing a wafer into contact with a heat source, a method of 



10 bringing a wafer into a heated atmosphere such as a heat treatment
furnace, and the like. The method of bringing a wafer into a heated
atmosphere can easily and uniformly provide the wafer surface with energy
for removing the protecting film 10 even in a case where two or more wafers
are subjected to a treatment. This method is operationally convenient,
achieves the treatment 15 within a short period of time and has high
treatment ability. Therefore, this is an industrially advantageous method.
[0076]In the case of exposing the wafer to ozone, it is preferable to
expose the wafer surface to ozone generated by ultraviolet irradiation
using the low-pressure mercury lamp, low-temperature discharge using high
voltages or 20 the like. The wafer may be irradiated with light or heated
while being exposed to ozone. [00771 In the film-removing step, the
protecting film on the wafer surface can be efficiently removed by
combining the above-mentioned light irradiation, heating, ozone exposure,
plasma irradiation and corona discharge. 25 EXAMPLES  [0078] To make a
wafer surface into a surface having an uneven pattern and to substitute a
cleaning liquid retained at least in recessed portions of the uneven
pattern with another cleaning liquid are techniques that have been
variously studied and already been established as discussed in other 30
literatures and the like. Accordingly, in the present invention,
evaluations of a liquid chemical for forming a protecting film were mainly
performed.  29 Additionally, as apparent from the following equation, a
pattern collapse greatly depends on the contact angle of the cleaning
liquid to the wafer surface, i.e. the contact angle of liquid drop, and on
the surface tension of the cleaning liquid. 5P=2x yx cosO/S          (In
the equation, y represents the surface tension of a liquid retained in the
recessed portions, 0 represents the contact angle of the liquid retained in
the recessed portions to the surfaces of the recessed portions, and S
represents the width of the recessed portions.) 10In a case of a cleaning
liquid retained in recessed portions 4 of an uneven pattern 2, the contact
angle of liquid drop and the capillary force acting on the recessed
portions (which force is regarded as an equivalent of the pattern collapse)
are in correlation with each other, so that it is also possible to derive
the capillary force from the equation and the evaluations made on the 15
contact angle of liquid drop to a protecting film 10. In Examples, a
representative of a water-based cleaning liquid, water, was used as the
cleaning liquid. [0079] However, in the case of a wafer having an unevenly
patterned surface, it is not possible to exactly evaluate the contact angle
of the protecting film 10 20 itself, the protecting film being formed on
the unevenly patterned surface. [0080] An evaluation of the contact angle
of waterdrop is conducted by dropping several microliters of waterdrop on a
surface of a sample (a substrate) and then by measuring an angle formed
between the waterdrop and the substrate surface, as discussed in JIS R 3257
(Testing method of wettability of 25 glass substrate surface). However, in
the case of the wafer having a pattern, the contact angle is enormously
large. This is because Wenzel's effect or Cassie's effect is caused so that
an apparent contact angle of the waterdrop is increased under the influence
of a surface shape (roughness) of the substrate upon the contact angle. 30
[0081]In view of the above, in the present examples, the liquid chemical is
provided to a wafer having a smooth surface to form a protecting film on
the  30 wafer surface, on which various evaluations were performed by
regarding the protecting film as the protecting film 10 formed on a surface
of a wafer 1 having at its surface the uneven pattern 2). In the present
examples, "a wafer having a titanium nitride film" (represented by TiN in
Tables) which has a 5 titanium nitride layer on a silicon wafer having a
smooth surface, "a wafer having a tungsten film" (represented by W in
Tables) which has a tungsten layer on a silicon wafer having a smooth
surface, and "a wafer having a ruthenium film" (represented by Ru in
Tables) which has a ruthenium layer on a silicon wafer having a smooth
surface were used as the wafer having the 10 smooth surface. [0082]Details
will be discussed below. Hereinafter, there will be discussed: a method for
evaluating a wafer to which a liquid chemical for forming a protecting film
is provided; a preparation of the liquid chemical for forming a protecting
film; and evaluation results after providing the liquid chemical for 15
forming a protecting film to the wafer. [0083] [Method for evaluating Wafer
to which Liquid Chemical for forming Protecting Film is provided]
As a method for evaluating a wafer to which a liquid chemical for forming a
protecting film is provided, the following evaluations (1) to (4) were 20
performed. [0084] (1) Evaluation of Contact Angle of Protecting Film formed
on Wafer Surface           About 2 pl of pure water was dropped on a wafer
surface on which a protecting film was formed, followed by measuring an
angle (contact angle) 25 formed between the waterdrop and the wafer surface
by using a contact angle meter (produced by Kyowa Interface Science Co.,
Ltd.: CA-X Model). In this evaluation, a wafer having a contact angle
within a range of from 50 to 130 to the protecting film was classified as
an acceptable one. [00851(2) Evaluation of Capillary Force 30The capillary
force (the absolute value of P) was obtained by calculating P by using the
following equation.  31 P=2x yx cosO/S           (In the equation, y
represents the surface tension of a liquid retained in the recessed
portions, 0 represents the contact angle of the liquid retained in the
recessed portions to the surfaces of the recessed portions, and S
represents 5 the width of the recessed portions.)          Incidentally,
the present example was made on the assumption that a wafer formed having a
line-and-space pattern the line width (the width of the recessed portions)
of which was 45 nm, as an example of a pattern shape. The pattern having a
line width of 45 nm tends to cause its collapse in a case where 10 a
cleaning liquid used when a gas-liquid interface passes through the uneven
pattern is water, while the pattern collapse tends to be difficult to occur
in a case of 2-propanol. If the wafer surface is titanium nitride, tungsten
or ruthenium, for example, the contact angle of 2-propanol to the surface
is 0.5 in either case, and similarly the contact angle of water is 2 in
either case. Also 15 concerning the other matters containing titanium
element, tungsten element or ruthenium element (such as titanium, titanium
oxide, tungsten oxide and ruthenium oxide), the degree of the contact angle
is as much as the above. In a case where the pattern width is 45 nm and the
wafer surface is titanium nitride (the wafer having the titanium nitride
film), tungsten (the wafer 20 having the tungsten film) or ruthenium (the
wafer having the ruthenium film) and where the cleaning liquid is
2-propanol (Surface tension: 22 mN/m), the capillary force is 0.98 MN/m2.
On the other hand, in a case of water (Surface tension: 72 mN/m) having the
largest surface tension among liquids other than mercury, the capillary
force results in 3.2 MN/m2. 25 [0086] (3) Removability of Protecting Film
Under the following conditions, a sample was irradiated with UV rays from a
metal halide lamp for 2 hours, upon which an evaluation of removability of
the protecting film at the film-removing step was made. A sample on which
waterdrop had a contact angle of not larger than 30 after the 30
irradiation was classified as acceptable one.  Lamp: M015-L312 produced by
EYE GRAPHICS CO., LTD.  32 (Intensity: 1.5 kW)  Illuminance: 128 mW/cm2 as
a measurement value obtained under the following conditions  Measuring
Apparatus: Ultraviolet Intensity Meter (UM40 5 produced by Konica Minolta
Sensing, Inc.) 



Light-Receptor: UM-360 (Light-Receptive Wavelength : 310-400 nm, Peak
Wavelength: 365 nm)  Measuring Mode: Irradiance Measurement       [00871
(4) Evaluation of Surface Smoothness of Wafer after removing 10 Protecting
Film          The surface was observed by atomic force microscope (produced
by Seiko Instruments Inc.: SPI3700, 2.5 micrometer square scan). Then,
there was obtained a difference ARa (nm) in the centerline average surface
roughness Ra (nm) of the surface of the wafer between before and after the
15 cleaning. Incidentally, Ra is a three-dimensionally enlarged one
obtained by applying the centerline average roughness defined by JIS B 0601
to a measured surface and is calculated as "an average value of absolute
values of difference from standard surface to designated surface" from the
following equation. 20 [00881 1YX Ra=f Bf RI F(xx)-Z01 dXdY So YTXL
Here, Xi, and XR, and YB and YT represent a measuring range in the X
coordinate and the Y coordinate, respectively. So represents an area on the
assumption that the measured surface is ideally flat, and is a value
obtained 25 by (XR-Xpx(YR-YT). Additionally, F(X,Y) represents the height
at a measured point (X,Y). Zo represents the average height within the
measured surface. [0089] The Ra value of the wafer surface before the
protecting film was formed thereon and the Ra value of the wafer surface
after the protecting film was removed therefrom were measured. If a
difference between them (ARa)  33 was within 1nm, the wafer surface was
regarded as not being eroded by the cleaning and as not leaving residues of
the protecting film thereon, and therefore classified as an acceptable one.
[00901[Example ii 5(I-1) Preparation of Liquid Chemical for forming
Protecting Film          A mixture of 0.002 g of octadecylphosphonic acid
[C151137P(0)(OH)2] serving as an agent for forming a water-repellent
protecting film and 99.998 g of propylene glycol monomethyl ether acetate
(hereinafter referred to as "PGMEA") serving as an organic solvent was
stirred for about 18 hours thereby 10 obtaining a liquid chemical for
forming a protecting film, in which liquid chemical the
protecting-film-forming agent had a concentration of 20 mass ppm relative
to the total quantity of the liquid chemical for forming a protecting film
(hereinafter referred to as "a protecting-film-forming agent
concentration"). 15 [00911(I-2) Step of Cleaning Wafer (Pretreatment Step)
As a pretreatment step 2, a wafer having a smooth titanium nitride film (a
silicon wafer formed having on its surface a titanium nitride layer of 50
nm thickness) was immersed in 1 mass% aqueous hydrogen peroxide for 1
minute at room temperature, and then immersed in pure water for 1 minute.
20 Furthermore, as a pretreatment step 3, the wafer was immersed in
isopropyl alcohol (hereinafter referred to as "iPA") for 1 minute. [00921
(I-3) From Step of Forming Protecting Film on Wafer Surface to Drying Step
As a protecting-film-forming step, the wafer having the titanium 25 nitride
film was immersed in the liquid chemical for forming a protecting film at
20 C for 10 minutes, the liquid chemical having been prepared in the above
"(I-1) Preparation of Liquid Chemical for forming Protecting Film" section,
thereby forming a protecting film on the wafer surface. Thereafter, the
wafer having the titanium nitride film was immersed in iPA for 1 minute, as
a 30 subsequent cleaning step. Then, as a drying step, the wafer having the
titanium nitride film was taken out of iPA, followed by spraying air
thereon to  34 remove iPA from the surface. [0093] As a result of
evaluating the obtained wafer having the titanium nitride film in a manner
discussed in the above [Method for evaluating Wafer to which Liquid
Chemical for forming Protecting Film is provided] section, a 5 wafer in
which an initial contact angle before the surface treatment was smaller
than 100 was confirmed to have a contact angle of 106 after the surface
treatment, as shown in Table 1. With this, a water-repellency-imparting
effect was excellently exhibited. Additionally, as a result of calculating
the capillary force at the time of retaining water by 10 using the equation
discussed in the above "Evaluation of Capillary Force" section, the
capillary force was so small as to be 0.9 MN/m2. Additionally, the contact
angle after UNT irradiation was smaller than 100, so that removal of the
protecting film was achieved. Furthermore, the ARa value of the wafer after
UV irradiation was within 0.5nm, with which it was confirmed that the wafer
15 was not eroded at the time of cleaning and that residues of the
protecting film did not remain after UV irradiation. [0094][Table 1]  35
Evaluation results Surface smoothness ([1,Ra [rim) ) Within 0. Within 0. 51
Within 0.51 IS '1111111111T1  Within 0. 51 I su!tium  Within 0.5j Within 0.
51 19 0  6141 H11 Within 0.51 Within 0.51 Iso!Lium Within 0.51 Within 0.51
Within 0. 51 Within 0. 51 Within 0.51 Within 0. 51 



Within 0. 51 SD; 1111114  IS 071 1111111M1 19 06!1.114  Within 0. 51 Within
0. 51 Within 0. 51 Within 0. 51 Within 0.51 1_9 1711111M  I Within 0.5! 11
611111  Removability of protect ing film (Contact angle r ] )  01>  01>
111.>  01.>  01>  01.>  01.>  01>  01.>   01>  01> 01>  0 L> 01.> 01.> 01.>
01>  OL> 01.> OL>  ot>I 01.>  01> 01> 111.> 01.>  01>  OL>    Capillary
force ( NIN/m71) <Calculated value> I6 o 90   9 t   9 '0  9 '0  'L  11  



S  E '0  '0 E  '0 Z 'L E '0 9 '0 6 'L  '0 Z '0 Z 0  LCF P1 -- Z E '0 .- .-
'L  Li  Z  4- .-cu = u a, t- to cu ---,  a,,-, ..-. to- "... 0 ea ce = a, -
CD. 1... ...r 901 86 I86  001  86  101  001.  DL Z6  86 56  86 96 86 89 96
66 Jli SR 6 P6 Z6 179 P6 96 801  801 01 L OIL ZIA   _ .., .10 0 CD -- IV -
- a-. ,.. bp . 



C 0 o3 - a ot> 01> o I DI> 01>  01.> 01>  01> OL>  ot> 01>   o t> 01> 01.>
01> 01> 01> 01.> 01.> 0 L>  01> OL>  01> OL> 01> 01.>  01>  111.> 01.>
Subsequent cleaning step ie      1    L  .- .- .- .- FL       ..-      1
IL 



ta 0 C to C'-a, c c -a a c aa et .- a) ea -?- a, = o a, ,0 C-, 2 = t., _ co
Vd!  Vd! Vd!  Vd! Vd!  Vd!  Vd! Vd! Vd! Vd! Vd! Vd! Vd!     Vd!  Vd! Vd!
Vd! Vd! Vd!  Yd!  Vd!  Yd! Yd! Protecting- film-forming step a, n IC E ot
717 01. 01.  01. 01. 01. 01  01. 01. 01  711-1 01. 01 01. 01 01 Of.  



01  01.  01. 1._  01. (IL  01.  01. 01  Ici., a) ,- ^ a 0  6_0 4-, a, ca Ca
I- 5- azI 711r1 CIZ OZ OZ  017 OZ OZ OZ  OZ OZ OZ OZ OZ OZ OZ 017  OZ OZ OZ
OZ  OZ  OZ 017  OZ  OZ  017  CL  OZ ....      ?.... C to 0 aa  C E 0, C -a
to a. ca .- a, a, O. Vd!1  Vd!    Yd!  Vd!  Vd!  Vd! Vd! 



Vd!  Vd!    Vd!  Vd!  Yd!  Yd!     Vd!     Yd!   , cu w-ca 3 Nil    Nil
Nil  NLL Nil  Nil   N1.1.  Nil   Nil  Ljuu  Nil  Nil N ! 1   Nil  Nil   Nil
Nil  Nil  Nil Liquid chemical for forming protecting film Protecting-
film-forming agent concentration [mass pm] OZ OZ  0 09 09 OS  09  



OS 09 OZ  OE  OS 09 09  09  09  09  0001  OS  001  00E ODE 00  00  00 OS
001 001  001  00S  Solvent PGMEA  V3P1Od  PGMEA  PGMEA  PGMEA  PGMEA  Cyc I
ohexanone  1lid!  dHl  Water  PGMEA  V3P1Od  PGMEA  Cyc I ohexanone   Jam
PGMEA  PGMEA  PGMEA  PGMEA  1/31110d  Cyc I ohexanone  Yd!  Water  PGMEA
V3219d  PGMEA  PGMEA  VSNI9d  Vd!/%911Dd  Protecting-film - forming agent
Cl21132P (0) (OH) 2  Cl2H25P (0) (OH) 2  C12F125P (0) (0)il 2  C121-12513
(0) (OH) 2  Ci2H251) (0) (OH) 2  C12H22P (0) (OH) 2  



3 (FICO (0) ds7Hz13  C12H25P (0) (OH) 2  C12F125P (0) (OH) 2  3 (HO) (0)
d7711713  7 (HO) (0) PH(113  C10H2IP (0) (DH)2  C101121P (0) (OH) 2  CI P
(0) (DH)2  7(H0) (0) d171-1I3  7(HD) (0)d 2HI3  7(HD) (0) dialt ID  C10H2IP
(0) (0C2115) 2  2(HD) (0) eld73  z (HO) (0) r1711d73  G8H17P (0) (OH) 2  Iz
(HO) (0) d71[170  (HO) (0) d711-173  C8F11213 (0) (OH) 2  C8F112P (0) (OH)
2  Cell 3-O2HCP (0) (OH) HO) (0) d-H173-N90  C6F13-C2H4-P (01 (OH) 2
06F13-C21-14-P (0) (OH) 2 O6F13-C2H4-P (0) (OH) 21  1 Examp I e 1  1
Example 2 [Examp I e 3  a 1 nisex3 I 9 Kam] 1 Example 6 1 aldmex] I 18
aldmexd I 1 Example 9  (H. a =ex] I tt 1 ExamP 1 e 12  I Examp I e 13  1
Examp I e 14  lExamp I e 15 1Examp 1 e16 I Examp 1 e 17  81 a rdwex31
lExamp I e 191 Example 20  lExamp 1 e 211 lExamP I e 221 lExamp I e 231
lExamP I e 241 'Example 251 lExamp I e 261 lExamP I e 271 lExample 261
Example 291 JDC alcimexj  36 [0095][Examples 2 to 841          Upon
suitably modifying those used in Example 1 (i.e., the
protecting-film-forming agent, the solvent for the liquid chemical for
forming a protecting film, the protecting-film-forming agent concentration,
the time for 5 the protecting-film-forming step, the temperature of the
protecting-film-forming step and the cleaning liquid for the subsequent
cleaning step), the surface treatment was conducted on a wafer. Then,
evaluations were performed thereon. The results are shown in Table 1 to
Table 3. 10[0096][Table 21  37 Evaluation results 



Surface smoothness (Arta fnmn  Within tO. 51 Within 0.5 Within 11.51 Within
0.5  Within 0.5 Within 0.5  Within 0.5 Within 0.51 Within 0.5  Within 0.5
S_T T!LI I i!M 19 '17-111111/11 'OT !URI !M 1 Within 0.51 Within 0.51
Within 0.51 Within 0.51 s09 v!LIIIM Within  Within 0.5  S TT !!!!41!A
Within 0. 51 Within 0.5 Within 0.51 TT- 11111315 Within 0.51 'OT IMO FM
SL1144!M Within 0. 51 9gMil !MI  Removabi Ii ty of Protecting file rrne22,2
ODI oL>1 oL>   01>I 01>  L>I oL>I 01>  L> 131.> 01.> 01> 01> 01.> 01.> CIL>
0 L> L> CR> 0 L> 01.> 



l>  01> 01.> 01> CIL>  Capillary force UMN/O) <Calculated   1gal ILL .1. PD
VD    I.JiL L FL Z Z Z 'L Z Z  Z Z  FL FL FL FL Z Z FL  Iz  -1J 0..1 .0
,t.,cu to - 0 to E +a td +a r- .0 C = 4- 1- 0 0 ea az = cp CJ. an , .....
.-. 1-1 . .--. .._. SOL 96  011 011  96  96 OIL (301  SOL 21.1. L Z LI 



Z m zu eLL L  Z 11 ZLL  Z11. 2I. LL  Z1.1 I 21-.1 LI L Z1.1 Z1.1  Z  LL Z L
- 4-. ca a a., - ca - .-. 120. = 0 pa _ c  0 1> I OL>  oL> 01.> oL>  I oL>
01>  01.>  01>  01> 01>    OL>I LOL> I 01.> L> I 0 L>  11.7 L> IThn I Dt> I
oL> IL> I in> IOL>  Subsequent cleaning step cp n    FL  



01> F LL      L   L     I  IL    ._ ..., 0.0 0 0 to 0 4- 0 C C -0 0 = Co =
cc a.3 _ 41 an IVd I Vd !  Vd ! Yd! Vd !  ! ! ! Vd ! Vd !  Yd! Yd!  Vd !
Yd! Yd! Lid! !  Yd! Yd! Vd !  Yd! Yd Yd! Vd ! Yd ! Vd!  Lid! Vd ! Yd!  



6 .=  01 7:117 DL DL 01  IDL  01 DL  DL  01 DL Lou oL  DL DL DL  01 DL  HIL
01 DL 01 01. 01. 01. 01. (IL  (IL   Pro t ec f iim-f! sti ICI CD 0. = a 6
+. a) to C-1 a I- ,-  OZ OZ ozI Dv 02  ozI OZ OZ OZ  DgI CIZ D zI DzI 0zI
ozI ozI 0zI OZ OZ  



OZ  OZ OZ OZ OZ  02 OZ 02 OZ  OZ OZ -p- 1.- C 00 o cu o a to co al 0 1- -
= a  Yd! Yd!  Vd ! ! Yd! Yd!  Yd!  Yd!  Vd I  !  Vd Yd! Vd !  Vd! Vd!   Yd!
Yd!  Yd!  Yd! Yd!  Yd ! Yd  Yd ! Vd !  Yd! Vd I  Vd !  Yd! .., - to  NU.
NU.  N!1  N )1  N! F. N!1 N!1  N!.1  NLL  N!1  N!1 N!1  N!1  N  



N N  Nil I NLL N!1  N  N!.1 N!1  N (1 N!1  N (1 I N!1 N!1 114)11 N!1 : NLL
Liquid chemical for forming protecting film Protecting- film-forming agent
concentration  001  001  001  001  001  001  001  001  001  013S  00S 009
009  00S  00S  00S   00S  OCIS 00S 00S  009 00S 00S 00S  00S 009I 005 'mot
out  0001  , Solvent  Cyclohexanone  Vd!  Water  Water  3119d  DEGME
DEGDEE  DEGEEA  Vd I /V33930  



DEGEEA/iPA  DEGEEA/IPA/ Water  Vd!/109  JeleA/Vd1/100  Vd1/V0921
PGDA/iPA/Water Vd!/3MODE  13BGDA/iPA  13BGDA/iPA/ Water 14BGDA/iRA
DPGMEA/iPAi DPGMEA/IPA/ Water  Vd!/111031  TEGBME/iPA/ Water GBL/DPGMEA/iPA
GBLIDPGMEA/ iPA/Water  GET/PGMEA/IPA  JOT OW /Vd1/V31l9d/109  DEGEEA/PGME-3
1 DEGEEA/iPA  DEGEEA/IPA/ Water  Protecting -film- forming agent  I
C5F13-C2F14-P (0) (OH) 2 66F13-C2H4-P (0) (OH) 2 I C6F13-C2H4-P (0) (OH) 2
I C6F13-C2H4-P (0) (OH) 2 1 C2F13-C2HeR (0) (OH) 2  I C6F13-C2H4-P (0) (OH)
2  C6F13-C2H4-P (0) (OH) 2 C6F13-C2H4-P (0) (OH) 2  C6F23-C2H4-P (0) (OH) 2
[ (40) (0) d-L'Ha3-fid90 I C6113-C2H4-h (0) (OH) I C6F13-C2H4-P (0) (OH) 2
j(H0) (0) d-W3-zliz3 1 I C6F13-S2H4-P (0) (OH) 2  I C8F13-B2H4-13 (0) (OH)
2 1 C6F13-C2H4-P (0) (011) 2 I (HO) (0) d-Na0-"193  C6F13-02F14-P (0) (OH)
2 1 C6F13-C244-R (0) (OH) 2 1 C6F13-C2H4-P (0) (OH) 2 C2F12-C2F14-P (0)
(OH)7 1 C2F13-C21-14-P (0) (OH)7  C2F13-C21-14-P (0) (OH) 2 1 C2F13-C2F14-P
(0) (04)2 z (1-10) (0) d-11123-Eldz0 1 C6F13-C2H4-P (0) (OH) 2 C6F13-C2H4-P
(0) (OH) 2 1 C6F13-C2H4-P (0) (OH) 2 CEF13-C2H4TP (0) (OH) 2 I
C6F1a-C2114-P (0) (OH) 2   



lExample 31 I Example 32  I Examp I e 33 I Examp I e 34 IExample 35  I
Example 36 I Example 37 Example 38 'Example 39 OP a idalexd 1.17 0lemex31 I
Example 42 Emir ir---(13 Exariorl lExample Example 46 Examp 1 e 47 I
Example 48 lExample 49 I Examp I e 50 LS a 1 dulex3 'Example 52 '.iExample
53i 1 Esamp I e 54 gg ainwex31 I Example 56' LS OldWEX3 Example 58 Example
59 og ainmexi  38 [0097][Table 31 Evaluation results Surf ace smoothness (
A Ra [um)) I! 4141 Within 0. 51 ISWT MUM I '0 MHO 19 'DT u!Ill !A Within
5.51 Within 0.5 Within 0.5 s.0 T- 101.11!M . Within 0. 51 W-T OHM Within
0.51 IS 0uqi Within  Within 0.51 Within 0.51 Within 0.51 TIT o!LIUM Within
0.51 Within 0.51 Within 0.51 Iottiqutt !Within 0.51 Within 0.51
Removability 



of Protecting film (Contact angle It L> 11117-- 01> 01> 01>  01> 01>  01>'
L> 0 I.> 01> 01> l> 01> 01> 01> 01> 0 L> 01> 01> 01> ot>I  o >, -La O - a -
o z o - a --- a N./ Z 17.1 I3.1 I71  I71 I71 Z Z 8 '0  L .- '0 9 '0 9 '0 L
L Z V 'L Z cr. V 1  91  ... .6.0 0 rt5 - a/ Ili a - ... a ..- ..- -. = =..-
.... co - on= V .6.. 



ztt ZLt  I7L1  1-77H zit 711 71.1 VOL 1711 901 1177077 vat 09 92 76 92 179
176 06 Ivs 1/9 79  al La CD +- 4-1 0 0 0 a   I01>  I0L>   FIT  01> 01>
717-] I at> 01> 01> at> at> 01> 731.7 717 01> Trin 7317 at> I Subsequent
cleaning step cu i-i = I- u      IL  



I-  ....4- a 0 C a C- a = a -0 a = ca a -a = 4- a a . al to a -- a co - .
1WI!  HdC 1Vd! 1Vd! I"! Vd! Yd! Vd! Water  Yd! Vd 1 Vd!  Vd!_ Yd!  Vd!  Vd!
Lid!  Vd! Vd! Vd!  Protecting- film-forming step  al R e POT    at  01 01
at 



01  01 01 01  01  01    at 01  01  01   01  01  Ia CD l ^ a = E -  0 a" a
,__I I- '- 107 17   07 I03  (17 OZ 07 07  OZ OZ  OZ  07  03  OZ  OZ  OZ OZ
aroI 07  OZ  OZ  oz ...    6- c CO o a c .-- a c., c -a a a oa a , .... - a
-p-- ., - , a WI! Yd!  WI!  Vd!   Vd! Vd! Vd!    



Yd!     Vd! Vd!    Vd!  Vd!  Vd!  ,.. C) ...- co 3 N11  Nil Nil Nil Nil Nil
! 1 N11.    N11  N11   N11   N11 Nil  N11  Nil  N11  NI1   Liquid chemical
for forming protecting film Protect i ng- f i lm-f orm i ng agent
concentration [mass nom] 0001 Iout  0001 0001 0001 0001 0001 0001 0001 0001
00Sl 001  001  001  002  009  0001  009 009  009  



009  009  0001  0001  ... = co a_ o cn DPGMEA/iPA/ Water  Water GBL/DPGMEA/
iPA/Water GBL/PGMEA/ i PA/Water GBL/DPGA/ iPA/Viater GBL/13BGDA/ iPA/Water
GBL/TEGBME/ iPA/Water GBL/DEGEEA/ iPA/Water DEGEEA/iPA 01-31119d /V33930
THOME PGMEA DEGEEA V3119d1 PGMEA %GNU  aumexay -1:013A3 Yd!1  Water
Y31)19d1 PGMEA )/3110d  Protecting-film- forming agent C6F13-C2H4-P (0)
(OH) 3-C2114-P (0) (OH12 C6F13-G2114-P10110H) 2 G6F13-02114-P 101 10H) 2
G6F13-C2114-P (0) (OH) C6F13-C21-14-P (0) (OH) 2 G6F1y-C2F14-P (0) (OH) 2 a
OHO) 101d-ilila3-2120 z (140) (Old-aln-z120 I C6F13-C2114-P 10) IOW 2 1
G5F13-C2H4-P (0) (OH) 2 1 05E13-02H4-P (0) (OH) 2 I C4E9-C2H4-P 10) (011) 2
I G4F9-C2F14-P 10) (OH) 2 1 G61413P (0) (OH) 2 1 E6H13P (0) (OH) 2 1 C6H13P
(0) (OH) 2 C6H13P (0) (OH) 2 1 WV (0) (OH) 2 I C6H13P (0) (OH) 2 1 CAP (0)
(OH) 2 (HO) (0) d6HP3  1 C4H9P (0) (OH) 2 



3 (HO) (0) d9H20  aldilleX3 lExamp le 621 19 aldmex3 Example 64 199 9ldmex3
99 aldmex3 19 aldwexd 99 9ldmeX 69 a iduvex3 lExamp I e 70 II 91dWEX3 171
aldillEX3 Example ItqL aldiund 'Example 75' 9L aldVJmXd1 'Example 77 ig(
OldWEX3 6L aldweqi 'Example 801 18 91ftex]i 179 alcimexl lExample 83
Example 84  39 [00981Incidentally,intheTable,"C12H25P(0)(OH)2"means
dodecylphosphonic acid. "C10H21P(0)(OH)2" means decylphosphonic acid.
"CioH2IP(0)(0C2H5)2" means diethyl decylphosphonate. "C81-117P(0)(0/)2"
meansoctylphosphonicacid."CsF13-C2H4-P(0)(OH)2"means 5
perfluorohexylethylphosphonic acid."Cos- C2H4-P(0)(OH)2" means
perfluorobutylethylphosphonicacid."C61-112P(0)(OH)2"means hexylphosphonic
acid."C411213(0)(01-)2" means butylphosphonic acid. "Cs1-15P(0)(0f1)2"
means phenylphosphonic acid.Additionally, "PGME" means propylene glycol
monomethyl ether. "DEGME" means diethylene 10 glycol monomethyl ether.
"DEGDEE" means diethylene glycol diethyl ether. "DEGEEA" means diethylene
glycol monoethyl ether acetate. "GBL" means y-butyrolactone. "PGDA" means
propylene glycol diacetate. "TPGDME" means tripropylene glycol dimethyl
ether. "13BGDA" means 1,3-butylene glycol diacetate. "14BGDA" means
1,4-butylene glycol diacetate. 15 "DPGMEA" means dipropylene glycol
monomethyl ether acetate. "TEGBME" means triethylene glycol butyl methyl
ether. "TEGDME" means triethylene glycol dimethyl ether. Furthermore,
"PGMEA/iPA" means a solvent obtained by combining PGMEA and iPA at a mass
ratio of 99.5:0.5. Furthermore, "DEGEEA/iPA" means a solvent obtained by
combining DEGEEA and iPA at a 20 mass ratio of 99.5:0.5. "DEGEEA/iPA/water"
means a solvent obtained by combining DEGEEA, iPA and water at a mass ratio
of 94.9:0.1:5. "GBL/iPA" means a solvent obtained by combining GBL and iPA
at a mass ratio of 95:5. "GBL/iPA/water" means a solvent obtained by
combining GBL, iPA and water at a mass ratio of 95:4:1. "PGDA/iPA" means a
solvent obtained by combining 25 PGDA and iPA at a mass ratio of 99.5:0.5.
"PGDA/iPA/water" means a solvent obtained by combining PGDA, iPA and water
at a mass ratio of 94.9:0.1:5. "TPGDMEHPA" means a solvent obtained by
combining TPGDME and iPA at a mass ratio of 99.5:0.5. "13BGDA/iPA" means a
solvent obtained by combining 13BGDA and iPA at a mass ratio of 99.50.5.
"13BGDA/iPA/water" means a 30 solvent obtained by combining 13BGDA, iPA and
water at a mass ratio of 94.9:0.1:5. "14BGDA/iPA" means a solvent obtained
by combining 14BGDA  40 and iPA at a mass ratio of 99.5:0.5. "DPGMEARPA"
means a solvent obtained by combining DPGMEA and iPA at a mass ratio of
99.5:0.5. "DPGMEA/iPA/water" means a solvent obtained by combining DPGMEA,
iPA and water at a mass ratio of 94.9:0.1:5. "TEGBMERPA" means a solvent 5
obtained by combining TEGBME and iPA at a mass ratio of 99.5:0.5.
"TEGBME/iPA/water" means a solvent obtained by combining TEGBME, iPA and
water at a mass ratio of 94.9:0.1:5. "GBL/DPGMEARPA" means a solvent
obtained by combining GBL, DPGMEA and iPA at a mass ratio of
49.75:49.75:0.5. "GBL/DPGMEA/iPA/water" means a solvent obtained by 10
combining GBL, DPGMEA, iPA and water at a mass ratio of 47.45:47.45:0.1:5.
"GBL/PGMEA/iPA" means a solvent obtained by combining GBL, PGMEA and iPA at
a mass ratio of 49.75:49.75:0.5. "GBL/PGMEARPA/water" means a solvent
obtained by combining GBL, PGMEA, iPA and water at a mass ratio of
47.45:47.45:0.1:5. "DEGEEA/PGME-3" means a solvent obtained by 15 combining
DEGEEA and PGME at a mass ratio of 97:3. "DEGEEA/iPA-2" means a solvent
obtained by combining DEGEEA and iPA at a mass ratio of 98:2.
"TEGBME/iPA-2" means a solvent obtained by combining TEGBME and iPA at a
mass ratio of 982. "GBL/DPGA/iPA/water" means a solvent obtained by
combining GBL, DPGA, iPA and water at a mass ratio of 20 47.45:47.45:0.1:5.
"GBL/13BGDA/iPA/water" means a solvent obtained by combining GBL, 13BGDA,
iPA and water at a mass ratio of 47.45:47.45:0.1:5. "GBLITEGBME/iPA/water"
means a solvent obtained by combining GBL, TEGBME, iPA and water at a mass
ratio of 47.45:47.45:0.1:5. "GBL/DEGEEARPA/water" means a solvent obtained
by combining GBL, 25 DEGEEA, iPA and water at a mass ratio of
47.45:47.45:0.1:5. "DEGEEA/PGME-10" means a solvent obtained by combining
DEGEEA and PGME at a mass ratio of 90:10. [0099][Example 85] (II-1)
Preparation of Liquid Chemical for forming Protecting Film 30A mixture of
0.002 g of octadecylphosphonic acid ]C15H37P(0)(OH)21 serving as an agent
for forming a water-repellent protecting film and 99.998 g  41 of PGMEA
serving as an organic solvent was stirred for about 18 hours thereby
obtaining a liquid chemical for forming a protecting film, in which liquid
chemical the protecting-film-forming agent concentration was 20 mass ppm.
[01001(II-2) Step of Cleaning Wafer (Pretreatment Step) 5As a pretreatment
step 2, a wafer having a smooth tungsten film (a silicon wafer formed
having on its surface a tungsten layer of 50 nm thickness) was immersed in
1 mass% aqueous ammonia for 1 minute at room temperature, and then immersed
in pure water for 1 minute. Furthermore, as a pretreatment step 3, the
wafer was immersed in iPA for 1 minute. 10 [0101] (II-3) From Step of
Forming Protecting Film on Wafer Surface to Drying Step          As a
protecting-film-forming step, the wafer having the tungsten film was
immersed in the liquid chemical for forming a protecting film at 20 C for
10 minutes, the liquid chemical having been prepared in the above "(II-1)
15 Preparation of Liquid Chemical for forming Protecting Film" section.
Thereafter, the wafer having the tungsten film was immersed in iPA for 1
minute as a subsequent cleaning step. Then, as a drying step, the wafer
having the tungsten film was taken out of iPA, followed by spraying air
thereon to remove iPA from the surface. 20 [0102] As a result of evaluating
the obtained wafer having the tungsten film 



in a manner discussed in the above [Method for evaluating Wafer to which
Liquid Chemical for forming Protecting Film is provided] section, a wafer
in which an initial contact angle before the surface treatment was smaller
than 100 was confirmed to have a contact angle of 68 after the surface
treatment, as 25 shown in Table 4. With this, the
water-repellency-imparting effect was exhibited. Additionally, as a result
of calculating the capillary force at the time of retaining water by using
the equation discussed in the above "Evaluation of Capillary Force"
section, the capillary force was so small as to be 1.2 MN/m2. Additionally,
the contact angle after UV irradiation was 30 smaller than 10, so that
removal of the protecting film was achieved. Furthermore, the ARa value of
the wafer after UV irradiation was within  42 0.5nm, with which it was
confirmed that the wafer was not eroded at the time of cleaning and that
residues of the protecting film did not remain after UV irradiation.
[01031[Table 41  43 Evaluation results Surface smoothness (OiRa[rim))
1Within 0. 51 'Within 0. 51 Within 5 19 OT 15 'OT 19 19 OT- ()NUM Within
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ulqHMF is o; Within 0.51 i(IT olL1141 Within 0. 51 9 TIT ulqnM !M Within 0.
51  CiT PRIMA 9 TIT 1.111.11!M 9Til; TIT PIMA  Removability of protecting
film (Contact angle r])  ot.> IDI>  Iot>  01.> 01>  Crn  01>  
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0001. 0001. 0001 0001  a.a C CD = - 0 0.1 PGMEA  1Vliled  PGMEA auouexaq
Dias PGMEA auouexaii  01040 1 V33930  1Vd I/V93010  iiiEGEEMPA /Water 1 Vd
I /)/119d  DEGEEA/iPA  I Vrli/lBD  GBL/iPA/ Water 1 Vdi/VON  Vd1/3110Ddi
H3BGDA/iPA 1148GDA/iPA 1Vd1/V3WOd0  DPGMEA/IPA /Water ITEGBME/iPA
DEGEEA/iPA DEGEEA/iPA /Water GBL/DEGEEA /iPA/Water GBL/DPGMEA /IPA/Water
GBL/PGMEA/ iPA/Water  ProteCting-film- forming agent C13H37P (0) (OH) 2 I
C12H25P (0) (OH) 2 I C12F125P (0) (OH) 2 C121125H (0) (OH) 2 C5F13-C2H4-P
(0) (OH) 2 I C6F13-C2H4-P (0) (OH) 2 C6F13-02114-H (0) (OH) 2 G6P13-C2H4-P
(0) (OH) 2 G6F13-C2H4-P (0) (OH) 2 C6P13-C2H4-P (0) (OH) 2 C6F13-C2114-P
(01 (OH) 2 I (HO) (0) d-1-113-i"dg3 C6F13-C2H4-P (0) (OH) 2 C6F13-C2H4-P
(0) (OH) 2 O5F13-O2FIrP (0) (OH) 2 C5h3-C2H4-P (0) (OH) 2 12 (HO) (0)
d-1120-21d90  O6F13-O2F14-P (0) (OH) 2 2 (HO) (0) d-'1120-2Y0 C6F13-C2H4-P
(0) (OH) 2 G6P13-G2H4-P (0) (OH) 2 



G6P13-C2H4-P 101 (OH) 2 C6P13-C2114-P (0) (OH) 2 G6P13-02H4-P (0) (OH) 2
06P13-C2H4-P (0) (OH) 2  Example 85 Example 86 1 Example 87 1E8 piquing 68
a 119  06 Pidmpx3 1 16 almax3  I Example 92 1 E6 aidiugx] I Example 94 1
Example 95 I Example 96 L6 pidivex3 86 a laW8X9  I Example 99 I Example 100
I Example 101 'Example 102 POI a I day] 1 Example 104 1501 a 1 Wax] 901 a 1
dala83 1 Lot airimpx3 Example 108 601 a lawax9  44 [0104][Examples 86 to
109]          Upon suitably modifying those used in Example 85 (i.e., the
protecting-film-forming agent, the solvent, the protecting-film-forming
agent concentration, and the temperature of the protecting-film-forming
step), the 5 surface treatment was conducted on a wafer. Then, evaluations
were performed thereon. The results are shown in Table 4. [0105][Example
1101 (III-1) Preparation of Liquid Chemical for forming Protecting Film A
mixture of 0.002 g of octadecylphosphonic acid [C181137P(0)(OH)2] 10
serving as an agent for forming a water-repellent protecting film and
99.998 g of PGMEA serving as an organic solvent was stirred for about 18
hours thereby obtaining a liquid chemical for forming a protecting film, in
which liquid chemical the protecting-film-forming agent concentration was
20 mass ppm. [0106](III-2) Step of Cleaning Wafer (Pretreatment Step) 15As
a pretreatment step 2, a wafer having a smooth ruthenium film (a silicon
wafer formed having on its surface a ruthenium layer of 300 nm thickness)
was immersed in 1 mass% aqueous ammonia for 1 minute at room temperature,
and then immersed in pure water for 1 minute. Furthermore, as a
pretreatment step 3, the wafer was immersed in iPA for 1 minute. 20 [0107]
(III-3) From Step of Forming Protecting Film on Wafer Surface to Drying
Step          As a protecting-film-forming step, the wafer having the
ruthenium film was immersed in the liquid chemical for forming a protecting
film at 20 C for 10 minutes, the liquid chemical having been prepared in
the above "(HI-1) 25 Preparation of Liquid Chemical for forming Protecting
Film" section. Thereafter, the 'wafer having the ruthenium film was
immersed in iPA for 1 minute as a subsequent cleaning step. Then, as a
drying step, the wafer having the ruthenium film was taken out of iPA,
followed by spraying air thereon to remove iPA from the surface. 30 [0108]
As a result of evaluating the obtained wafer having the ruthenium film in a
manner discussed in the above [Method for evaluating Wafer to which  45
Liquid Chemical for forming Protecting Film is provided] section, a wafer
in which an initial contact angle before the surface treatment was smaller
than 100 was confirmed to have a contact angle of 72 after the surface
treatment, as shown in Table 5. With this, the water-repellency-imparting
effect was 5 exhibited. Additionally, as a result of calculating the
capillary force at the time of retaining water by using the equation
discussed in the above "Evaluation of Capillary Force" section, the
capillary force was so small as to be 1.0 MN/m2. Additionally, the contact
angle after UV irradiation was smaller than 10, so that removal of the
protecting film was achieved. 10 Furthermore, the 4Ra value of the wafer
after UV irradiation was within +0 5nm, with which it was confirmed that
the wafer was not eroded at the time of cleaning and that residues of the
protecting film did not remain after UV irradiation. [0109][Table 5]  46
Evaluation results  Surf ace smoothness ( Ra Dim] Within 0.51 901111111M
Within 0.51 5 TIT u111418 Within 0.51 Within 0.51 
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0001  .... = 0 > _ 0 Cil 1/91110d  PGMEA  PGMEA  ouomati  olofio .101831 1
PGMEA  auouexaq  oloA0 Water  DEGEEA  DEGEEA/iPA  Vp11/1/3110d  DEGEEA/iPA
DEGEEA/iPA/ Water  Vd1/183 GBL/IPA/ Water  1141/V00d  TPGDME/IPA
13BGDA/iPA  14BGDA/iPA  DPGMEA/IPA  DPGMEA/iPA/  Water  TEGBME/iPA
VcII/V33030  Jam /Vc11/V38920  'GBL/DEGEEA/ iPA/Water  GBL/DPGMEA/
iPA/Water  GBL/PGMEA/ iPA/Water  Protecting-film- forming agent z (HO) (0)
dLEW10  z (HO) (0) dszliall  I (HO) (0) dsaHaL0  a (HO) (0) ds211210
C121-125P c. 2  06F13-C2H4-P (0) (OH) 2 26E13-C2H4-P (0) (OH) 2
C6F13-C2FI4-P (0) (0F) 2  CcF13-C2H4-2 (0) (OH)2 C5113-C2F14-2 (0) (OH) 2
C6F13-C2HrP (0) (OH) 26E13-C2f14-P (0) (OH) 2  C6F13-C2H4-P (0) (OH)
C5F13-C2114-P (0) (OH) 2 (HO) (0) d-1111/3-E1J23 C5F13-C2114-P (0) (OH) 2
a (HO) (0) d-frHz0-'1d93  3-C2H4-P 10) (OH) 2 06E13-22H4-P (0) (OH) 2
C6F13-C2H4-P (0) (OH) v  



z MW M1 (1-N33-M190 C0F13-C2114-P (0) (992 I C6F13-C2H4-P (0) (OH) 2
E6813-C2H4-P (0) (OH) 2 C6F13-C2H4-P (0) (OH)L1 C5F13-C2F14-P (0) (OH) 2
(HO) (0) d-111123-E1493  lExample 110 'Example  111  311 8lowex3I C11 01
ftex lExamp I e 114 Example 115 lExample 116 'Example 117 'Example 118
'Example 119  'Example 120 I Example 121 331 aldWBX] 'Example 123 I Example
124 1931. oiamexdi 931 aiamex31 Example 127 1 Example 128 'Example 129 a I
dwexa 'Example 131 'Example 132 I Example 133 117E1 aiamex3 931 aidwex3 9E1
aidnX3  47 [0110i[Examples 111 to 136]          Upon suitably modifying
those used in Example 110 (i.e., the protecting-film-forming agent, the
solvent, the protecting-film-forming agent concentration, and the
temperature of the protecting-film-forming step), the 5 surface treatment
was conducted on a wafer. Then, evaluations were performed thereon. The
results are shown in Table 5. [Mn] [Comparative Example ii          The
procedure of Example 1 was repeated with the exception that the liquid
chemical for forming a protecting film was not provided to the wafer 10
having the titanium nitride film. In other words, the present Comparative
Example was such as to evaluate a wafer the surface of which was not coated
with the protecting film. From the evaluation results shown in Table 6, it
was confirmed that the contact angle on the wafer was so small as to be 14
and that the capillary force at the time of retaining water was so large as
to be 3.1 15 MN/m2. [0112][Table 61  48 Evaluation results cn ..-. cL,cn a
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30000 30000 30000  30000 30000 30000  +. C C) > - 0 01 I To auaniol To I
ouanioi To To I auanioi To auaniol  Protecting- film-forming agent  1012c
(cH3) [ (CH3) 33 21i1H (CH3) 3S i N (C113) 2  DISCC (413) HIV [1(CUD) I
(CH3)33 iN (CHO 2 I ID!V(CHD) I1N7 [ISc (413) (CH3) 33 i N (CH3) 2
Comparative Example 1 Comparative Example 2 Comparative Example 3
Comparative Example 4 Comparative Example 5 Comparative Example 6
Comparative Example 7 Comparative Example 8 Comparative Example 9
Comparative Example 10 Comparative Example 11 Comparative Example 12  49
[0113][Comparative Example 21          First of all, a mixture of 3 g of
trimethylsilyl chloride RC113)3SiC1] (a silane coupling agent) serving as a
protecting-film-forming agent and 97 g of toluene serving as a solvent was
stirred for about 5 minutes thereby obtaining 5 a liquid chemical for
forming a protecting film, in which liquid chemical the
protecting-film-forming agent concentration was 30000 mass ppm. Then, the
cleaning and the surface treatment were conducted on a wafer having a
titanium nitride film by the same method as Example 1. From the evaluation
results as shown in Table 6, it was confirmed that the contact angle on the



10 wafer after the surface treatment was 18. The water-repellency-imparting
effect was not observed. Additionally, the capillary force at the time of
retaining water was so large as to be 3.0 MN/m2. [01141[Comparative Example
31 The procedure of Comparative Example 2 was repeated with the 15
exception that hexamethyldisilazane ([(CH3)3Sil2NH) was used as the
protecting-film-forming agent. From the results as shown in Table 6, it was
confirmed that the contact angle after the surface treatment was 20. The
water-repellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as to be 3.0
MN/m2. 20 [0115][Comparative Example 4]          The procedure of
Comparative Example 2 was repeated with the exception that trimethylsilyl
dimethylamine RCH3)3SiN(CI-13)21 was used as the protecting-film-forming
agent. From the results as shown in Table 6, it was confirmed that the
contact angle after the surface treatment was 20. 25 The
water-repellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as to be 3.0
MN/m2. [0116] [Comparative Example 5] The procedure of Example 85 was
repeated with the exception that the liquid chemical for forming a
protecting film was not provided to the wafer 30 having the tungsten film.
In other words, the present Comparative Example was such as to evaluate a
wafer the surface of which was not coated with the  50 protecting film.
From the evaluation results shown in Table 6, it was confirmed that the
contact angle on the wafer was so small as to be 14 and that the capillary
force at the time of retaining water was so large as to be 3.1 MN/m2. 5
[01171[Comparative Example 61           First of all, a mixture of 3 g of
trimethylsilyl chloride [(CH3)3SiC11 (a silane coupling agent) serving as a
protecting-film-forming agent and 97 g of toluene serving as a solvent was
stirred for about 5 minutes thereby obtaining a liquid chemical for forming
a protecting film, in which liquid chemical the 10 protecting-film-forming
agent concentration was 30000 mass ppm. Then, the cleaning and the surface
treatment were conducted on a wafer having a tungsten film by the same
method as Example 85. From the evaluation results as shown in Table 6, it
was confirmed that the contact angle after the surface treatment was 14.
The water-repellency-imparting effect was not 15 observed. Additionally,
the capillary force at the time of retaining water was so large as to be
3.1 MN/m2. [01181[Comparative Example 71          The procedure of
Comparative Example 6 was repeated with the exception that
hexamethyldisilazane (ftCH3)3Sil2NH) was used as the 20
protecting-film-forming agent. From the evaluation results as shown in
Table 6, it was confirmed that the contact angle after the surface
treatment was 8. The water-repellency-imparting effect was not observed.
Additionally, the capillary force at the time of retaining water was so
large as to be 3.2 MN/m2.  [01191 [Comparative Example 81 25The procedure
of Comparative Example 6 was repeated with the exception that
trimethylsilyl dimethylamine [(CH3)3SiN(CH3)21 was used as the
protecting-film-forming agent. From the evaluation results as shown in
Table 6, it was confirmed that the contact angle after the surface
treatment was 10. The water-repellency-imparting effect was not observed.
30 Additionally, the capillary force at the time of retaining water was so
large as to be 3.2 MN/m2.  51 [012W [Comparative Example 91           The
procedure of Example 110 was repeated with the exception that the liquid
chemical for forming a protecting film was not provided to the wafer having
the ruthenium film. In other words, the present Comparative 5 Example was
such as to evaluate a wafer the surface of which was not coated with the
protecting film. From the evaluation results shown in Table 6, it was
confirmed that the contact angle on the wafer was so small as to be 14 and
that the capillary force at the time of retaining water was so large as to
be 3.1 MN/m2. 10 [0121] [Comparative Example 10]          First of all, a
mixture of 3 g of trimethylsilyl chloride [(CI-13)3SiC1] (a silane coupling
agent) serving as a protecting-film-forming agent and 97 g of toluene
serving as a solvent was stirred for about 5 minutes thereby obtaining a
liquid chemical for forming a protecting film, in which liquid chemical the
15 protecting-film-forming agent concentration was 30000 mass ppm. Then,
the cleaning and the surface treatment were conducted on a wafer having a
ruthenium film by the same method as Example 110. From the evaluation
results as shown in Table 6, it was confirmed that the contact angle after
the surface treatment was 14. The water-repellency-imparting effect was not
20 observed. Additionally, the capillary force at the time of retaining
water was so large as to be 3.1 MN/m2. [0122] [Comparative Example 11]
The procedure of Comparative Example 10 was repeated with the exception
that hexamethyldisilazane (RCH3)3Sil2NH) was used as the 25
protecting-film-forming agent. From the evaluation results as shown in
Table 6, it was confirmed that the contact angle after the surface
treatment was 20. The water-repellency-imparting effect was not observed.
Additionally, the capillary force at the time of retaining water was so
large as to be 3M MN/m2. [0123] [Comparative Example 121 30The procedure of
Comparative Example 10 was repeated with the exception that trimethylsilyl
dimethylamine [(CH3)3SiN(CH3)2] was used as  52 the protecting-film-forming
agent. From the evaluation results as shown in Table 6, it was confirmed
that the contact angle after the surface treatment was 22. The
water-repellency-imparting effect was not observed. Additionally, the
capillary force at the time of retaining water was so large as 5 to be 3.0
MN/m2. Explanation of Reference Numerals  [01241 1Wafer 2Uneven pattern of
a surface of the wafer 10 3Projected portions of the pattern 4Recessed
portions of the pattern 5Width of the recessed portions 6Height of the
projected portions 7Width of the projected portions 15 8Liquid chemical for
forming a protecting film, retained in the recessed portions 4 9Liquid
retained in the recessed portions 4 10Protecting Film  53 CLAIMS [Claim 1]A
liquid chemical for forming a water-repellent protecting film, the liquid
chemical including: an agent for forming a water-repellent protecting film,
the agent 5 being for forming a water-repellent protecting film on a wafer
after a cleaning step for the wafer and before a drying step for the wafer,
the wafer having at its surface an uneven pattern and containing at least
one kind element of titanium, tungsten, aluminum, copper, tin, tantalum and
ruthenium at surfaces of recessed portions of the uneven pattern, the
water-repellent 10 protecting film being formed at least on the surfaces of
the recessed portions; and a solvent, 



the liquid chemical being characterized in that the agent for forming a
water-repellent protecting film is a compound represented by the following
15 general formula La II P -(OH)a(R2)2a          (In the formula [1], RI
represents a Ci-Cis monovalent hydrocarbon group the hydrogen elements of
which may partially or entirely be replaced with a fluorine element(s). R2
mutually independently represents a 20 monovalent organic group having a
Ci-Cis hydrocarbon group the hydrogen elements of which may partially or
entirely be replaced with a fluorine element(s). "a" is an integer of from
0 to 2.) [Claim 21A liquid chemical for forming a water-repellent
protecting film, 25 as claimed in Claim 1, characterized in that the agent
for forming a water-repellent protecting film is a compound represented by
the following general formula [2].  54 [21 R3 P -(OH)2           (In the
formula [2], R3 represents a C1-C1s monovalent hydrocarbon group the
hydrogen elements of which may partially or entirely be replaced with a
fluorine element(s).) 5 [Claim 31A water-repellent protecting film formed
on a wafer after a cleaning step for the wafer and before a drying step for
the wafer, the wafer having at its surface an uneven pattern and containing
at least one kind element of titanium, tungsten, aluminum, copper, tin,
tantalum and 10 ruthenium at surfaces of recessed portions of the uneven
pattern, the water-repellent protecting film being formed at least on the
surfaces of the recessed portions by retaining a liquid chemical for
forming a water-repellent protecting film as claimed in Claim 1 at least in
the recessed portions, the water-repellent protecting film being
characterized by being 15 formed of a compound represented by the general
formula [1] and serving as an agent for forming a water-repellent
protecting film. [Claim 41A method for cleaning a wafer, the wafer having
at its surface an uneven pattern and containing at least one kind element
of titanium, 20 tungsten, aluminum, copper, tin, tantalum and ruthenium at
surfaces of recessed portions of the uneven pattern, the method including
at least:           a protecting-film-forming step where a liquid chemical
for forming a protecting film is retained at least in the recessed portions
of the uneven pattern; 25a drying step of removing liquid from the uneven
pattern by drying; and  55 chemical containing an agent for forming a
water-repellent protecting film, the agent being for forming a
water-repellent protecting film at least on the surfaces of the recessed
portions,          the cleaning method being characterized in that the
water-repellent protecting film is formed of a compound represented by the
general formula [1] and serving as an agent for forming a water-repellent
protecting film. 


