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(57) Abstract: Disclosed are a substrate processing method and a substrate processing apparatus, which are capable of forming a
high dielectric film by a sputtering method within one same vacuum chamber, said high dielectric film being that is reduced in
oxygen defects and traps by hot carriers. A substrate processing method according to one embodiment of the present invention
comprises: a first step wherein a substrate to be processed (102) arranged within a film-forming chamber (100) is heated, and a
metal film is deposited on the substrate to be processed (102) by physical deposition using a target (106); and a second step
wherein a gas containing an element that oxidizes the metal film is supplied into the film-forming chamber (100), and the metal
film is oxidized within the chamber by thermal oxidation.
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HO11L29/788(2006.01)1,

C23C14/08(2006.01) 1,
H01L27/115(2006.01) 1,
HO1L29/792(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

HO1L21/31(2006.01)1,
H011L29/78(2006.01) 1,
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HO1L21/316,
H011L29/788,

c23Cc14/08,
HO1L29/792
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H01L27/115, HO1L29/78,
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1994-2010

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
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entire text; fig. 1
& US 2009/0202807 A
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entire text; fig. 1 to 10
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cited to establish the publication date of another citation or other
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“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet

1 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

l:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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Continuation of Box No.III of continuation of first sheet (2)

Document 1: JP 2003-249497 A (Matsushita Electric Industrial Co., Ltd.),
5 September 2003 (05.09.2003), entire text, fig. 1-10

Document 2: WO 2007/148795 Al (National University Corporation Kitami
Institute of Technology), 27 December 2007 (27.12.2007),
entire text, fig. 1

Document 1 discloses technical features such that a gate insulating
film of a MOSFET is formed by forming a metal film on a semiconductor
substrate by a sputtering method using a metal target at a substrate
temperature of 0-300°C and then oxidizing the metal film at a substrate

temperature of 0-300°C, thereby forming a metal oxide film; the sputtering
step for forming the metal film and the oxidation step for oxidizing
the metal film are carried out in one same vacuum processing apparatus;
the sputtering step for forming the metal film and the oxidation step
for oxidizing the metal film are repeated; the metal film formed by
sputtering is a Hf, Zr, Al, Ti or Ta film; the oxidation is carried out
in an oxidizing atmosphere of oxygen molecules, oxygen ions, oxygen
radicals, N,0 or the like; and the vacuum processing apparatus is provided
with an inert gas-introducing means.

Document 2 discloses technical features such that a metal oxide film
is formed by forming a metal film on a substrate by a sputtering method
usingametal target andthenoxidizingthemetal filminthe sameprocessing
chamber while setting the substrate temperature at a temperature from
room temperature to 300°C; the sputtering step for forming the metal film
and the oxidation step for oxidizing the metal film are repeated; the
metal film formed by sputtering is a Hf, Zr, Ti or Ta film; the oxidation
is carried out using oxygen radicals; and the vacuum processing apparatus
is provided with an inert gas-introducing means.

Consequently, the inventions of claims 1 and 2 are not novel over
the inventions set forth in documents 1 and 2, and thus do not have a
special technical feature.

Judging from the special technical features of claims 1-10 at the
time of the order for payment of additional search fees, the claims are
considered to contain the following two groups of inventions respectively
linked by the special technical feature mentioned below.

The inventions of claims 1 and 2, which do not have a special technical
feature, are considered to fall under invention group 1.

(Invention group 1) claims 1, 2, 4-6 and 8-10
Claims 1 and 2 do not have a special technical feature.
Sinceclaims4-6andB8-10arerelatedtopracticallyexaminedinventions
(namely, the inventions of claims 4-6 and 8-10 are inventicns to which
a well-known conventional art is merely added, or inventions which are
different only in the categories), they are considered to fall under
invention group 1.

(Invention group 2) claims 3 and 7

A method having the feature of claim 3.

Since claim 7 is related to an invention which is different from the
invention of claim 3 only in the categories, claim 7 is considered to
fall under invention group 2.

Form PCT/ISA/210 (extra sheet) (July 2009)
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