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(87) Abstract: The purpose of the present invention is to pro-
vide a technology capable of reducing the reached temperature
of a semiconductor module disposed on the most downstream
side, and miniaturizing a heat sink. This semiconductor device
comprises: a housing; a mounting plate fixed in the housing and
having a plurality of openings; a plurality of heat sinks respec-
tively attached to the plurality of openings in the mounting plate;
a plurality of semiconductor modules respectively mounted on
the plurality of heat sinks; and a cooling fan provided in the
housing and blowing air to the plurality of heat sinks. The plu-
rality of heat sinks are disposed along a first direction parallel to
an air blowing direction of the cooling fan. Among the plurality
of heat sinks, the dimension in a second direction orthogonal to
the first direction of a heat sink disposed on the upstream side
is smaller than the dimension in the second direction of a heat
sink disposed on the downstream side.
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A. CLASSIFICATION OF SUBJECT MATTER

HOIL 23/467(2006.01)i; HOIL 23/36(2006.01)i; HO5K 7/20(2006.01)i
FI:  HO11.23/46 C; HO11.23/36 Z; HOSK7/20 H

According to International Patent Classification (IPC) or to both national classification and IPC
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Minimum documentation searched (classification system followed by classification symbols)

HO011.23/467; HO1L.23/36; HOSK7/20
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fig. 1, 17
X WO 2018/097027 A1 MITSUBISHI ELECTRIC CORPORATION) 31 May 2018 9
(2018-05-31)
paragraphs [0036]-[0039], [0046], [0058], fig. 17, 28
D Further documents are listed in the continuation of Box C. See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application «X” document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step

“E” earlier application or patent but published on or after the international )
E PP p P when the document is taken alone

filing date
“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0 document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
20 November 2024 03 December 2024
Name and mailing address of the ISA/JP Authorized officer

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan
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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:

Document 1: JP 10-150284 A (YASKAWA ELECTRIC CORP.) 02 June 1998 (1998-06-02) paragraph [0005],
fig. 1-3  (Family: none)

Claims are classified into the following two inventions.

(Invention 1) Claims 1-8 and 10

Claims 1-8 and 10 have the special technical feature of a “semiconductor device comprising: a housing; an
attachment plate which is fixed inside the housing and includes a plurality of openings; a plurality of heat sinks
which are respectively attached to the plurality of openings of the attachment plate; a plurality of semiconductor
modules which are respectively mounted on the plurality of heat sinks; and a cooling fan which is provided to the
housing and blows air to the plurality of heat sinks, wherein the plurality of heat sinks are disposed along a first
direction parallel to an air blowing direction of the cooling fan, and the dimension of the heat sink in a second
direction perpendicular to the first direction, , the heat sink is disposed on the windward side among the plurality of
heat sinks, is smaller than the dimension of the heat sink disposed on the a leeward side in the second direction,” and
are thus classified as invention 1.

(Invention 2) Claim 9

Claim 9 shares, with claim 1 classified as invention 1, the common technical feature in which a heat sink
including the semiconductor module mounted on an attachment plate fixed to the housing is attached. However,
the technical feature does not make a contribution over the prior art in light of the disclosures of document 1 (in
particular, paragraph [0005], fig. 1-3), and thus cannot be said to be a special technical feature. Also, there are no
other same or corresponding special technical features between claim 9 and claim 1.

Additionally, claim 9 does not depend from claim 1. Furthermore, claim 9 is not substantially identical to or
similarly closely related to any of the claims classified as invention 1.

Therefore, claim 9 cannot be classified as invention 1.

Moreover, claim 9 has the special technical feature of a “method for manufacturing a semiconductor device
comprising the steps of: forming a semiconductor module in which the semiconductor element is mounted on a fin
base and the semiconductor element is sealed by a sealing material such that a first uneven portion of the fin base
on the side opposite to a side on which the semiconductor element is mounted is exposed; preparing a heat sink in
which a second uneven portion fitting to the first uneven portion is formed on a heat sink base and a plurality of heat
dissipation fins are integrated with the heat sink base on a side opposite to the second uneven portion; mounting the
heat sink on a jig which is inserted between the plurality of heat dissipation fins of the heat sink and receives a press
load; integrating the fin base and the heat sink; fixing a attachment plate to the housing; and mounting and fixing
the semiconductor module, which is integrated with the heat sink, to the attachment plate” and are thus classified as
invention 2. and are thus classified as invention 2.
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1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

3. D 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. D 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 D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D 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.

D No protest accompanied the payment of additional search fees.
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