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CLAIMS
[Claim 1]
A process for cleaning a wafer having an uneven pattern at its surface,
eharacterized-bydneludingthe process comprising at least the steps of:

cleaning the wafer with a cleaning liquid;

substituting the cleaning liquid retained in recessed portions of the wafer
with a water-repellent liquid chemical after cleaning; and

drying the wafer,

wherein the cleaning liquid contains 80 mass% or greater of a solvent
having a boiling point of 55 to 200 °C, and

wherein the water-repellent liquid chemical supplied in the substitution
step has a temperature of not lower than 40 °C and lower than a boiling point of the
water-repellent liqguid chemical thereby imparting water repellency at least to
surfaces of the recessed portions[[.1],

the wafer is a wafer containing at least one kind of element of titanium,

tungsten, aluminum, copper, tin, tantalum and ruthenium at the surfaces of the

recessed portions, and

the water-repellent liquid chemical contains at least one kind selected from

the group consisting of compounds represented by the following general formulas [6]

to [12] and salt compounds thereof and a solvent.

R8-P(=0)—(OH)(R%3-¢ [6]

[In the formula [6]. R8 represents a Ci-Cis monovalent hydrocarbon group

the hydrogen elements of which may partially or entirely be replaced with a fluorine

element(s). R? mutually independently represents a monovalent organic group

having a C-Cis hydrocarbon group the hydrogen elements of which may partially or

entirely be replaced with a fluorine element(s). gis an integer of from 0 to 2.]

RI-C(=0)-X¢ [7]

[Tn the formula [7]. R1° represents a monovalent organic group having a

C1-Cis hydrocarbon group, or a monovalent organic group having a
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C1-Cs fluoroalkyl chain. X* represents a group selected from the group consisting of a

fluoro group, chloro group, bromo group and iodo group.]

R1IR12R1BN [8]

[In the formula [8], R represents a monovalent organic group having a

(1-Cis hydrocarbon group, or a monovalent organic group having a Ci-Cs fluoroalkyl

chain. R!? represents a hydrogen element, a monovalent organic group having a

Ci-Cis hydrocarbon group, or a monovalent organic group having a C-Cs fluoroalkyl

chain. R! represents a hydrogen element, a monovalent organic group having a

C1-Cis hydrocarbon group, or a monovalent organic group having a Ci-Cs fluoroalkyl

chain.]

R14-C(=0)-X5-X¢ [9]

[In the formula [9], R!4 represents a monovalent organic group having a

(11-Cis hydrocarbon group, or a monovalent organic group having a Ci-Cs fluoroalkyl

chain. X5 represents an oxvgen element or sulfur element. X6 represents a group

selected from the group consisting of a hydrogen element, alkyl group, aromatic group,

pyridyl group, quinolyl group, succinimide group, maleimide group, benzoxazole group,

benzothiazole group and benzotriazole

may be substituted with an organic group.]

RI5(X7x [10]

[In the formula [10], X7 mutually independently represents at least one

group selected from the group COI]SiStiﬂj.{ of an isocvanate group, mercapto group,

aldehyde group. ~-CONHOH group and eyelic structure containing a nitrogen element.

A is an integer of from 1 to 6. R! represents an organic group having a Ci;-Cis

hydrocarbon group, or an organic group having a Ci-Cs fluoroalkyl chain. This is a

compound formed by substituting the “A” number of group(s) selected from an

isocyanate group, mercapto group, aldehyde group. —CONIHOH group and cyclie

structure containing a nitrogen element for the same number of h

RIS-X8 [11]
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[In the formula [11], X8 represents a cyclic structure containing a sulfur

element. R'S represents a hydrogen element, a monovalent organic group having a

C-Cis hydrocarbon group, or a monovalent organic group having a Ci-Cs fluoroalkyl

chain.]

RI-C(=0)-X9-C(=0)-R1®_ [12]

[In the formula [12], R!7 represents a monovalent organic group having a

C1-Cig hydrocarbon group, or a monovalent organic group having a Ci-Cs fluoroalkyl

chain. R!8 represents a monovalent organic group having a Ci-Cis hydroearbon group,

or a monovalent organic group having a Ci-Cs fluoroalkyl chain. X represents an

oxvgen element or a sulfur element.]

[Claim 2]

A process for cleaning a wafer, as claimed in Claim 1, ¢harpeterized—in
thatwherein the cleaning liquid is at least one liquid selected from the group
consisting of organic solvents, water, and aqueous solutions obtained by mixing at

least one kind of the organic solvents, acids, alkalis and oxidizing agents with water.

Mool
that-the-wafer-is-awafer-containing-a-silicon-element-at-the-surfaces-of the recessed
pertions—and—that—the—waterrepelenttliquid-chemical is-ene-—containingasilicon
compound-A-represented-bythe following-general-formula1]-or-one eontaining-the
stheon-eompound-Aand-an-aeid-or-a-base—

— RS X

—— [n-theformula— R\ mutually-independently represents—a—monovalent
erganie-group-having a-C=Cis-monevalent-hydreearbon-group-the—
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seleeted-from-the-group-consisting-of-a-menovalentfunetional croup-efwhich-element
clement-to-be-bonded-to-n-sihicon-elementis oxveen, a-halege
aad—CO-NH-SHEH Js-group—a-is-an-

e
—————A-process-for-cleaning-a-wafer—as-claimed-in Claim 3 characterizedin-that
%W&%ﬁ%m%&ﬁpﬂ%&w&lﬁeﬂmw%mw—m
he—following—general formula—{3l-and-its
‘on—tris(trifluoroacetate);
teiatkoxybarein—beren—tedhioride—nnd—n—sitheon compound B represented by the
——RS0)0H—|2]

——[n-the formula 2] Rérepresents-a-Ci-Cis-monovalent-hydrocarbon-group
e

—— RCEOOH—[3]

———Huthedormula 3] R representsa-Ci=Cramonovalent-hydeocarhongroup
RS X e o—4}
————Hn—the—formula—{4;—R\—mutually—independently —represents —a—C-Cus
rmenevalent—hydroearbon—group—the—hydrogen—elements—eof which-may partially or
rine—elementls)— Additionally— X2 —mutually
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of-ehloro-group,—OCO-R*(R5is-a-C1-Cis-monovalent-hydroearbon-group-the-hydrogen
and—0S5(0)s-R-(Ré-is-a-C1=Cis-monovalent-hydrocarbon group-the hydrosen-clements

that—the—acid—is—at-least—one—seleeted—from—the proup—eonsisting—of trimethylsilyl
trifluorencetate—brimethylsilyl—riflueromethanesulfonate,——dimethylsilyl

trifluoroacetnte,—deeyldimethylsilyl trifluoremethanesulfonate—dodeeyldimethylsilyl

[Cleim6]
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and-n-silicon-eompoun

———— RS X 5]

i the ki B e bede e s—a—1=Cs
ments-ofwhich-may-partinlly—or

eﬂﬂf%be%wheem%ﬂkmwe@ﬂ@ﬂ%@a)—‘%démﬁaﬂﬂy—kg—m&%&a&y

mdependently represents—a—monovalent—funetional—group—of-—whieh—element—to—be

bended—to-a—=silicon—elementais-nitrogen; the-monovalent funetional-group—peossibly

dzed in
that the-waleris nwafer-containineatleast-one kind-of-element-of tibanhuntungsten;

———In the formula-16] R® represents-a-Ci-Cix-monevalent-hydroearbon-group
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with—a—fluorine—elementls)—RV\—mutuallyindependently represents—a—monovalent
organie-group-having a-C1-Cis-hydroearbon-group-the - hydrogen-elements-of which-may
orine-element(s)—eis-an-integer-of from-0

pati
t0-2.]
——RN-E=0)-XA
— n-theformula 7 -R_pepresents—a—monovalent-organicgroup-having o
C3-Cis-hydreearbongroup—or-a-monovalent-erganie-group-havinga-61=Csfluereallsyl
chain—X*represents—a-group-selectedfrom—the-group-eonsisting-of-afluore-group;
—— RHR¥RBN 8]
Ci=Cis-hydreearbonsroup—er-a-menovalent-organie-group-having—a-C1-Csfluocroalkyl
chain—RY“ represents—a—hydrogen—element—a—moneovalent-erganic—group—having—a
€=Ce-hydreenrbongroup—er-a-monovalent-organie-group-havinga-Ci-Cs-fuereallyl
chain— RV pepresents—a—hydregen—element—a—monovalent—organie—group—having &
C;-Cis-hydrocarbon-group—or-a-monovalent-erganiegroup-having a-Ci=Co-fluorealleyl
B
0 Rpu C(=0) X»-Xe6_ [g]
— n-the formula {9} RH vepresents—a-monovalent-organie-group—having-a
YOy fluorentierd

— Hn-the formula HOL XPmutually-independently-represents-at-least—
one-group-selectedfrom-the group-consisting ef anisoeyanate groupmereapto—

-~

group, tldehye
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group—having—a—C1=Cis—hydroearbon—group—or—an—organie—group—having—a—61-Cs
—~CONHOH-group-and-eyelestrueture-containing-a nitrogen—elementfor-the—same
number-of hydrogen-element(s)-]

— R.X8_ [11]

— I theformula X8 represents—a-eyelie-structure-containing a-sulfue
element—RYrepresents 0 b H-organic-group-having a
$1-C1s-hydroearben-group,—er-a-meneovalent-erganic-group-having-a-01-Csfluerealkyd
chaind -

— RTC=0) =0 R

— [In-theformula 2l RV represents-a-monovalent-organie-group-havinga
C=Cis-hydrecarbon-group,ora menovalent-organic-group-having-a-€1-Csfluorealkyl
chain—R ¥ represents-a-monovalent-organie group-having-a-01-Cis-hyvdroearbon-group;
or-a-meonovalent-organie group-having -a-C1-Cy-fluerealleyl-ehain—X"represents—an

[Claim 93]

A process for cleaning a wafer, as claimed in Claim 1 or 2 any-ef Claims1-te
8 charaeterized—in-thatwherein the water-repellent liquid chemical supplied in the
substitution step has a temperature of not lower than 70 °C and lower than a

temperature represented by (the boiling point of the water-repellent liquid chemical —

10 °C).

[Claim 164]
A water-repellent liquid chemical used in a process for cleaning a wafer as

claimed in any of Claims3+t6-9 Claims 1, 2 and 93.




[Claim 5]

A process for cleaning a wafer having an uneven pattern at its surface,

wherein the process compriges at least the steps of:

cleaning the wafer with a cleaning liquid;

substituting the cleaning liquid retained in recessed portions of the wafer

with a water-repellent liquid chemical after eleaning: and

drving the wafer,

wherein the cleaning liguid contains 80 mass% or greater of a solvent

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

wherein the water-repellent ligquid chemical supplied in the substitution

step has a temperature of not lower than 40 °C and lower than a beiling point of the

water-repellent liquid chemical thereby imparting water rvepellency at least to

surfaces of the recessed portions,

the water-repellent liguid chemical comprises an organic solvent selected

from the eroup consisting of hydroecarbons, esters, ethers, ketones, halogen

element-containing solvents, sulfoxide-based solvents, lactone-based solvents,

carbonate-based solvents, polyalcohol derivatives having no OH group, nitrogen

element-containing solvents having no N—H group and a mixture liquid of these,

the wafer is a wafer containing a silicon element at the surfaces of the

recessed portions, and

the water-repellent liquid chemical is one containing a silicon compound A

represented by the following general formula [1] or one containing the silicon

compound A and an acid or a base.

(RJ)aSI (H)I)XJ 4-ab []]

[In the formula [1], R! mutually independently represents a monovalent

organic group having a Ci-Cis monovalent hyvdrocarbon sroup the hydrogen elements

of which may partially or entirely be replaced

............. Y gicAl LAcAARY

Additionally, X! mutually independently represents at least one group selected from

the group consisting of a monovalent functional group of which element to be bonded

to a silicon element is nitrogen, a monovalent functional group of which element to be
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bonded to a silicon element is oxvgen, a halogen group., a nitrile group and

—CO-NH-Si(CH3)z group. a is an integer of from 1 to 3. b is an integer of from 0 to

2. The total of a and b is 1 to 3.]

[Claim 6]

A process for cleaning a wafer, as claimed in Claim 5, wherein the cleaning

liquid is at least one liquid selected from the group consisting of organic solvents,

water, and aqueous solutions obtained by mixing at least one kind of the organic

solvents, acids, alkalis and oxidizing agents with water.

[Claim 7]

A process for cleaning a wafer, as claimed in Claim 5, wherein the

water-repellent liguid chemical contains acid and that the acid is at least one selected

from the eroup consisting of hydrogen chloride. sulfurie acid, perchloric acid,

phosphoric acid, sulfonic acid represented by the following general formula [2] and its

anhvdride, carboxylic acid represented by the following general formula [3] and its

anhvdride, alkyl borate ester. aryl borate ester, horon tris(trifluorcacetate).

trialkoxvboroxin, boron trifluoride and a silicon compound B represented by the

following general formula [4].

R2S(0):0H _ [2]

the hydrogen elements of which may partially or entirely be replaced with a fluorine

R3COOH [3]

[In the formula [3], R3 represents a Ci-Cjz monovalent hydrocarbon group

the hydrogen elements of which may partially or entirely be replaced with a fluorine

element(s).]

(R Si(H)iX2pcq 4]

[In the formula [4]. R* mutually independently represents a Ci-Cia

monovalent hydrocarbon group the hydrogen elements of which may partially or




81

entirely be replaced with a fluorine element(s). Additionally, X* mutually

independently represents at least one egrvoup selected from the group consisting of

chloro group, “OCO-R? (R5 is a C-Cia_monovalent hvdrocarbon group the hvdrogen

clements of which may partially or entirely be replaced with a fluorine element(s).)

and —0S(0):—R¢ (RS is a C1-Cis monovalent hydrocarbon group the hvdrogen elements

of which may partially or entirely be replaced with a fluorine element(g).). ¢is an

integer of from 1 to 3. dis an integer of from 0 to 2.  The total of ¢ and dis 1 to 3.]

[Claim 8]

A process for cleaning a wafer, as claimed in Claim 5 or 7, wherein the acid

is at least one selected {rom the group consisting of trimethyvlsilyl trifluoroacetate,

trimethylsilyl trifluoromethanesulfonate, dimethvlsilyl trifluoroacetate, dimethylsilyl

trifluoromethanesulfonate, butyldimethylsilyl trifluovoacetate. butyldimethylsilyl

trifluoromethanesulfonate, hexvldimethylsilyl trifluoroacetate, hexvldimethylsilyl

trifluoromethanesulfonate, octyldimethylsilyl trifluoroacetate, octyldimethylsilyl

trifluoromethanesulfonate, decyldimethylsilyl trifluoroacetate, decvldimethylsilyl

trifluoromethanesulfonate, dodecyldimethvlsilyl trifluoroacetate and

dodecvldimethylsilyl trifluoromethanesulfonate.

[Claim 9]
A process for cleaning a wafer, as claimed in any of Claims 5, 7 and 8.

wherein the silicon compound A is al least one selected from the group consisting of

hexamethyldisilazane, trimethylsilyl dimethvlamine, trimethylsilyl diethvlamine,

tetramethyldisilazane, dimethylsilyl dimethylamine, dimethylsilvl diethvlamine,

1.3—dibutvltetramethvldisilazane, butyldimethvlsilyl dimethylamine,
butyldimethylsilyl diethylamine, 1.3-dihexvltetramethyldisilazane,
hexyldimethylsilyl dimethylamine, hexyldimethylsilyl diethylamine,
1.3-dioctyltetramethyldisilazane, octyldimethylsilyl dimethylamine,

octyldimethylsilyl diethylamine. 1,8-didecylietramethyldisilazane. deevldimethylsilyl

dimethylamine, decyldimethylsilyl diethylamine, 1.3-didodecyltetramethyldisilazane,
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dodecyldimethylsilvl dimethylamine and dodecyldimethylsilvl diethylamine.

[Claim 10]

A process for cleaning a wafer, as claimed in any of Claims 5 and 7 to 9.

wherein the water-vepellent liguid chemical contains a base and that the base is at

least one selected from the group consisting of ammonia,

NN, N’ N'-tetramethylethylenediamine triethvlenediamine dimethylaniline,

alkvlamine, dialkylamine, trialkylamine, pyridine, piperazine. N-alkylmorpholine

and a silicon compound C represented by the following general formula [5].

(RN Si(H) X34.c¢ _[5]

[Iln the formula [5], R7 mutually independently represents a Ci-Cis

monovalent hydrocarbon group the hydrogen elements of which may partially or

entirelv _be replaced with a fluorine element(s). Additionally, X3 mutually

independently represents a monovalent funectional group of which element to be

bonded to a silicon element is nitrogen. the monovalent functional group possibly

containing a fluorine element or a silicon element. eis an integer of from 1 to 3. fis

an integer of from 0 to 2. The total of e and fis 1 to 3.]

[Claim 11]

A process for cleaning a wafer, as ¢laimed in any of Claims 5 to 10, wherein

the water-repellent liquid chemical supplied in the substitution step has a

temperature of not lower than 70 °C and lower than a temperature represented by

(the boiling point of the water-repellent liquid chemical — 10 °C).

[Claim 12]

A water-repellent liquid chemical used in a process for cleaning a wafer as

claimed in any of Claims 5 to 11.

[Claim 13]

A process for cleaning a wafer having an uneven pattern at its surface,
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the process comprising at least the steps of:

cleaning the wafer with a cleaning liquid;

substituting the cleaning liquid retained in recessed portions of the wafer

with a water-repellent liguid chemical after cleaning: and

drving the wafer,

wherein the cleaning liquid contains 80 mass% or greater of a solvent

having a boiling point of 556 to 200 °C, and

wherein the water-repellent liquid chemical supplied in the substitution

step has a temperature of not lower than 40 °C and lower than a boiling point of the

water-repellent liquid chemical thereby imparting water repelleney at least to

surfaces of the recessed portions,

wherein the wafer contains a silicon element at the surfaces of the recessed

portions, and the water-repellent liquid chemical is one containing a silicon compound

A vrepresented by the following general formula [1]: or one containing the silicon

compound A and an acid or a base:

(Rl),S] (H) lefi-_a-b [1]

[In the formula [1]. R! mutuallv independently represents a monovalent

organic group having a Cy-Cis monovalent hydrocarbon group the hydrogen elements

of which may partially or entirely be replaced with a fluorine element(s).

Additionally, X! mutually independently represents at least one group selected from

the group consisting of a monovalent functional group of which element to be bonded

to_a silicon element 18 nitrogen, a monovalent functional group of which element to be

bonded to a silicon element is oxygen, a halogen group, nitrile group and

—~CO-NH-Si(CHa)a group. _ais an integer of from 1 to 3. Ais an integer of from 0 to

2. The total of 2 and his 1 to 3.] and

‘wherein the boiling point of a component the amount of which is the largest

in mass ratio among components of the water-repellent liquid chemical is not less

than the boiling point of the cleaning liquid.

[Claim 14]
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A process for cleaning a wafer, as claimed in Claim 13, wherein the cleaning

liguid is at least one liquid selected from the sroup consisting of organic solvents,

water, and agueous solutions obtained by mixing at least one kind of the organic

solvents, acids, alkalis and oxidizing agents with water.

[Claim 15

A process for cleaning a wafer. as claimed in Claim 13, wherein the

water-repellent liquid chemical contains acid and that the acid is at least one selected

from the eroup consisting of hydrogen chloride, sulfuric acid. perchloric acid,

phosphoric acid. sulfonic acid represented by the following general formula [2] and its

anhydride, carboxylic acid represented by the following general formula [3] and its

anhvdride, alkyl borate ester, aryl borate ester, boron tris(trifluoroacetate),

trialkoxvboroxin, boron trifluoride and a silicon compound B represented bv the

following general formula [4].

R2S(0):0H  [2]

[In the formula [2], R? represents a C1-Cis monovalent hydrocarbon group

the hydrogen elements of which may partially or entirely be replaced with a fluorine

element(s).]
R3COOH [3]

[In the formula [3]. R3 represents a Ci-Cis monovalent hydrocarbon group

the hydrogen elements of which may partiallv or entirely be replaced with a fluorine

element(s).]

RHSIAD X240 [4

e

javl
=
5

[In the formula [4]., R* mutually independently represents

£ 1l

monovalent hydrocarbon group the hvdrogen elements of which ma artiall

entirely be replaced with a fluorine element(s).  Additionally, X* mutually

independently represents at least one group selected lrom the group consisting of

chloro group, ~OCO-R5 (R? is a C1-Cis monovalent hydrocarbon group the hyvdrogen

elements of which may partially or entirely be replaced with a fluorine element(s).)

and —0S(0):—R¢ (RS is a Ci-Cis monovalent hydrocarbon group the hvdrogen elements




of which ma ki ' i S: J. ¢1s an

integer of from 1 to 3. dis an integer of from 0 to 2. The total of cand dis 1 to 3.]

[Claim 16]

A process for cleaning a wafer, as claimed in Claim 13 or 15, wherein the

acid 1s at least one seleeted from the egroup consisting of trimethylsilyl trifluoroacetate,

trimethvlsilyl trifluoromethanesulfonate, dimethylsilyl trifluorpacetate, dimethylsilyl

trifluoromethanesulfonate, butyvldimethylsilyl trifluoroacetate, butyldimethvlsilyl

trifluoromethanesulfonate, hexyldimethyvlsilyl trifluoroacetate, hexyldimethylsilyl

trifluoromethanesulfonate. octvldimethylsilyl trifluoroacetate, octyldimethvlsilyl

trifluoromethanesulfonate. decyldimethylsilyvl trifluoroacetate, decyldimethvlsilyl

trifluoromethanesulfonate, dodecvldimethylsilyl trifluoroacetate and

dodeeyldimethvlsilyl trifluoromethanesulfonate.

A process for cleaning a wafer, as claimed in any of Claims 13, 15

and 16,

[}

wherein the silicon compound A is at least one gelected from the group consisting of

hexamethyldisilazane, trimethylsilyl dimethylamine, trimethylsilyl diethylamine,

tetramethvldigilazane, dimethylsilyl dimethvlamine, dimethylsilyl diethylamine,

butyldimethylsilyl dimethvlamine.

butvldimethylsilyl diethylamine 1,3-dihexyltetramethyldisilazane
hexyldimethyvlsilyl dimethylamine, hexvldimethyvlsilyl diethylamine,
1. 3-dioctyltetramethyldisilazane octyldimethylgilyl dimethvlamine,

octvldimethyvlsilyl diethyvlamine, 1,3—-didecyltetramethyldisilazane, decyldimethylsilyl

dimethylamine, decyldimethylsilyl diethyvlamine, 1.3—didodeeylietramethyldisilazane,

dodecyldimethylgilyl dimethylamine and dodecyldimethylsilyl diethylamine.

[Claim 18]

as 01911‘\'\0(‘] mm anv ﬁ‘F (\1
Ly A Laeiantaiohe fel feaay hn s

laims 13 and 15 to 17,

wherein the water-repellent liquid chemical containg a base and that the base is at
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least one selected from the group consisting of ammonia,

N.N,N’ . N’-tetramethvylethvlenediamine, triethvlenediamine, dimethylaniline,

alkvlamine, dialkyvlamine, trialkvlamine, pyridine, piperazine, N-alkylmorpholine

and a silicon compound C represented by the following general formula [5].

RN SiI(H) X340r (5]

[In the formula [5), R7 mutually independently represents a Ci-Cis

monovalent hydrocarbon group the hvdrogen elements of which mav partially or

entirely be replaced with a fluorine element(s). Additionally, X3 mutually

independently represents a monovalent functional group of which element to be

bonded to a silicon element is nitrogen, the monovalent functional group possibly

containing a fluorine element or a silicon element. eis an integer of from 1to 3. fis

an integer of from 0 to 2. The total of e and fis 1 to 3.]

[Claim 19]

A process for cleaning a wafer, as claimed in any of Claims 15 to 18

wherein the water-repellent liquid chemical supplied in the substitution step has a

temperature of not lower than 70 °C and lower than a temperature represented by

(the boiling point of the water-repellent liquid chemical —10 °C).

[Claim 20]

A water-repellent liquid chemical used in a process for cleaning a wafer as

claimed in any of Claims 15 to 19.




