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(87) Abstract: LEO is easily produced with stable quality. In one embodiment of
a method for manufacturing a microhole optical element, a plurality of holes are
formed side by side in a substrate, the extension lines in the depth direction of each
hole are directed to a common intersection point located outside the substrate, and
the holes intersect a common spherical surface centered on the intersection point,
the method comprising: a hole forming step for forming the plurality of holes in the
substrate, and a reflective layer forming step for forming a reflective layer on the
inner wall of each of the plurality of holes.
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Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. G21K1/06, GO02B5/08, G21K1/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2019
Registered utility model specifications of Japan 1996-2019
Published registered utility model applications of Japan 1994-2019

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2015-7647 A (TOKYO METROPOLITAN UNIV., JAPAN 1, 3-4
Y AEROSPACE EXPLORATION AGENCY) 15 January 2015, 5, 9-11
A paragraphs [0025], [0029]-[0033], [0036]1-[00371, 2, 6-8

fig. 2, 10 & JP 2012-37440 A

Y JP 4025779 B2 (JAPAN AEROSPACE EXPLORATION AGENCY) 5, 9-11
26 December 2007, paragraph [0033], fig. 1, 6 & US
2006/0158755 Al, paragraph [0044], fig. 1, 6 & US
2009/0262900 A1l & EP 1688963 A2

A JP 2015-510581 A (RIGAKU INNOVATIVE TECHNOLOGIES, 2, 7-8
INC.) 09 April 2015, paragraph [0027], fig. 2 & US
2013/0164457 Al, paragraph [0027], fig. 2 & WO
2013/101571 Al & EP 2798646 Al & CA 2861582 Al

A JP 2016-31340 A (TOKYO METROPOLITAN UNIV., JAPAN 6—-8
AEROSPACE EXPLORATION AGENCY) 07 March 2016,
paragraphs [0025]-[0028] (Family: none)

I:' 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
to be of particular relevance the principle or theory underlying the invention
“B” earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“Q"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
08 May 2019 (08.05.2019) 21 May 2019 (21.05.2019)
Name and mailing address of the [SA/ Authorized officer
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915, Japan Telephone No.
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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:' Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' 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:' 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

L. I:' 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.

W

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

I:' 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.

I:' No protest accompanied the payment of additional search fees.
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<Continuation of Box No. III>

Document 1: JP  2015-7647 A (TOKYO METROPOLITAN UNIV., JAPAN AEROSPACE
EXPLORATION AGENCY) 15 January 2015, paragraphs [0025], [0029]-[0033],
[0036]-[0037], fig. 2, 10 & JP 2012-37440 A

(Invention 1) Claims 1-5 and 9-11

Document 1 discloses “a method for manufacturing a fine hole optical
element, the method being characterized by comprising: a hole formation step
for forming a plurality of holes in the substrate; and a reflective layer
formation step for forming a reflective layer on an inner wall of each of the
plurality of holes”. Accordingly, claims 1 and 3-4 lack novelty in light of
document 1, and thus do not have a special technical feature. However, claim
2 dependent on claim 1 has the special technical feature of “comprising: a
modification step for irradiating the transparent substrate with a beam to
generate multiphoton absorption, thereby modifying sections in which the
holes are supposed to be formed; and a removal step for removing the sections
modified by the modification step to form the holes”. Thus, claims 1-4 are
classified as invention 1.

Also, the invention in claims 5 and 9-11 is inventively associated with
claim 1, and is thus classified as invention 1.

(Invention 2) Claims 6-8

It cannot be said that claims 6-8 have a technical feature identical or
corresponding to that of claims 1-5 and 9-11 classified as invention 1.

Also, although c¢laims 6-8 are dependent on claim 1 classified as
invention 1, the technical feature added to claim 1 in which “during the hole
formation step, a plurality of first slit holes, extending in a line shape
along the surface of the substrate, are formed up to an inner point of the
substrate in the thickness direction, and a plurality of second slit holes,
extending in a line shape along the back surface of the substrate and in a
direction crossing the plurality of the first slit holes, are formed from
said inner point to the back surface of the substrate” has little technical
relevance to the technical feature of claim 1 of comprising the hole
formation step and the reflective layer formation step. Accordingly, claims
6—-8 are not considered to be inventively associated with claim 1.

Also, claims 6-8 are not substantially identical or equivalent to any
of the claims classified as invention 1.

Thus, claims 6-8 cannot be classified as invention 1.

Also, claims 6-8 have the special technical feature in which “during
the hole formation step, a plurality of first slit holes, extending in a line
shape along the surface of the substrate, are formed up to an inner point of
the substrate in the thickness direction, and a plurality of second slit
holes, extending in a line shape along the back surface of the substrate and
in a direction crossing the plurality of the first slit holes, are formed
from said inner point to the back surface of the substrate”, and are thus
classified as invention 2.

Form PCT/ISA/210 (extra sheet) (January 2015)
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