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INTERNATIONAL SEARCH REPORT

International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC - HO01G 9/20; HO1L 51/42; HO1L 51/46 (2020.01
CPC -

)

HO01G 9/2059; HO1L 51/0032; HO1L 51/4226; HO1L 51/4253

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

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

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

See Search History document

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 US 7,772,556 B2 (Reddy ct al.) 10 August 2010 (10.08.2010) Entire document, especially 1-3, 7, 19, 29/(2, 19)

- Abstract, col 3 In 16-23, 46-57; col4In 3-6;col5In63-65 | eeeececcmccemccececeeeeeee

Y 8, 20, 29/20, 41-44

Y CN 103,764,769 B (Fuji Photo Film Co. Ltd.) 17 August 2016 (17.08.2016) Entire document, 8, 20, 29/20, 41-44

especially para [0251]; [0334]

A US 5,440,664 A (Harrington et al.) 8 August 1995 (08.08.1995) Entire document 1-3, 7-8, 19-20, 29/(2, 19-
20), 41-44

A US 8,486,252 B2 (Hsiang Lin) 16 July 2013 (16.07.2013) Entire document 1-3, 7-8, 18-20, 29/(2, 19-
20), 41-44

A US 8,679,587 B2 (Chang et al.) 25 March 2014 (25.03.2014) Entire document 1-3, 7-8, 19-20, 29/(2, 19-
20), 41-44

A US 2010/0304954 A1 (Sogabe et al.) 2 December 2010 (02.12.2010) Entire document 1-3, 7-8, 19-20, 29/(2, 19-
20), 41-44

A US 5,075,171 A (Kondo et al.) 24 December 1991 (24.12.1991) Entire document 1-3, 7-8, 19-20, 29/(2, 19-
20), 41-44

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t e_f{)ubllcanon date of another citation or other
special reason (as specified)

0" ducunmentielerring lo an oral disclosure, use, exhibition or other means

"B 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 apﬁllcauon but cited to understand

the principle or theory underlying the invention

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

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

Date of the actual completion of the international search

19 August 2020

Date of mailing of the international search report

04 FEB 2011

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
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Box No. 11 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:

1. I__—] Claims Nos.:

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

2. D 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. M Claims Nos.: 4-6, 16-18, 30-40, 45-46, 65-69, 76-77
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lII  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. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D 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. ,X 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.:

1-3, 7-8, 19-20, 29/(2, 19-20), 41-44

Remark on Protest I: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.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Continuation of:
Box IIl Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I+: Claims 1-3, 7-15, 19-29, and 41-44 directed to an article comprising: a substrate; and a copper halide layer on the substrate;
wherein the interfacial free energy between the substrate and the copper halide layer allows the copper halide layer to be free of
discontinuations of sizes of about 5§ nm2 or greater; and wherein the copper halide layer conforms to the shape of the substrate. The
article will be searched to the extent that the article encompasses an article comprising: a metal substrate; and a copper halide layer on
the metal substrate; wherein the interfacial free energy between the metal substrate and the copper halide layer allows the copper halide
layer to be free of discontinuations of sizes of about 5 nm2 or greater; and wherein the copper halide layer conforms to the shape of the
metal substrate.

It is believed that claims 1-3, 7-8, 19-20, 29/(2, 19-20), and 41-44 read on this first named invention, and thus these claims will be
searched without fee to the extent that they encompass the combination, composition and method, described above.

Applicant is invited to elect additional composition(s) and method(s), wherein each additional composition and method elected will
require one additional invention fee. Applicants must specify the claims that encompass any additionally elected composition and
method. Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what was
indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the ‘+' group(s) will
result in only the first claimed invention to be searched. Additionally, an exemplary election wherein different actual variables are
selected is suggested.

An exemplary selection would be an article comprising comprising: a metalloid substrate; and a copper halide layer on the metalloid
substrate; wherein the interfacial free energy between the metalloid substrate and the copper halide layer allows the copper halide layer
to be free of discontinuations of sizes of about 5 nm2 or greater; and wherein the copper halide layer conforms to the shape of the
metalloid substrate (claims 1-3, 9, 21, 29/(2, 21), 41-44).

Group II: Claims 47-64 and 70-75 directed to a method of fabricating an article, comprising: providing a substrate; and depositing a
copper halide layer on the substrate using a chemical vapor deposition process; wherein the interfacial free energy between the
substrate and the copper halide layer allows the copper halide layer to form free of discontinuations of sizes of about 5 nm2 or greater;
and wherein the copper halide layer conforms to the shape of the substrate, and a method of fabricating a CuCl, CuBr, or Cul layer
comprising: providing a substrate; and depositing the CuCl, CuBr, or Cul layer on the substrate using a chemical vapor deposition
process, wherein the chemical vapor deposition process comprises a reaction between
vinyltrimethylsilane(hexafluoroacetylacetonato)copper(l) and a hydrogen halide selected from the group consisting of HC1, HBr, and HI.

Group Il requires a method of fabricating a CuCl, CuBr, or Cul layer comprising: providing a substrate; and depositing the CuCl, CuBr, or
Cul layer on the substrate using a chemical vapor deposition process, wherein the chemical vapor deposition process comprises a
reaction between vinyltrimethylsilane(hexafluoroacetylacetonato)copper(l) and a hydrogen halide selected from the group consisting of
HC1, HBr, and HI, not specifically required by Group I+.

Common Technical Features:

The inventions of Group I+ share the technical features of an articte comprising: a substrate; and a copper halide layer on the substrate;
wherein the interfacial free energy between the substrate and the copper halide layer allows the copper halide layer to be free of
discontinuations of sizes of about 5 nm2 or greater; and wherein the copper halide layer conforms to the shape of the substrate.

Groups I+ and Il share the technical feature of an article comprising: a substrate; and a copper halide layer on the substrate.

However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is obvious
over US 7,772,556 B2 to Reddy et al. (hereinafter 'Reddy'). Reddy discloses an article (Abstract - ... This invention relates to a detection
system for detecting an analyte in a fluid medium...') comprising: a substrate (Abstract - *...The detection system comprises a substrate
that provides mechanical stability and is sized and shaped to intercept an infrared beam..."); and a copper halide layer on the substrate
(col 3 In 48-57 - *...Any suilable reactive material or comblnations of different reactive materials can be coated on the substrate. The
reactive material is infrared amenable... In a particular embodiment, the reactive material is a metal halide, and more particularly a
copper halide such as Cul or CuBr...'); and wherein the copper halide layer conforms to the shape of the substrate (col 4 In 3-6 - '...The
coating of reactive material can have any suitable thickness, which can vary widely depending on a particular application. In one
embodiment, the reactive material forms a relatively thin coating or film on the substrate..."), but does not further specifically disclose
wherein the interfacial free energy between the substrate and the copper halide layer allows the copper halide layer to be free of
discontinuations of sizes of about 5 nm*2 or greater. However, as Reddy discloses that the films may be uniform (col 5 In 63-65 - "...In a
second approach, uniform films were deposited by thermal evaporation in an evaporation chamber using approximately 50 mg of pure
Cul...") it would have been obvious to one of ordinary skill in the art to create the article wherein the interfacial free energy between the
substrate and the copper halide layer allows the copper halide layer to be free of discontinuations of sizes of about 5 nm”2 or greater,
through routine experimentation.

As Lhe shared lechnical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups I+ and I lack unity under PCT Rule 13.
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