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(57) Abstract: An apparatus for detecting electromagnetic radiation within a target frequency range is provided. The apparatus in-
cludes a substrate and one or more resonator structures disposed on the substrate. The substrate can be a dielectric or semiconductor
material. Each of the one or more resonator structures has at least one dimension that is less than the wavelength of target electro -
magnetic radiation within the target frequency range, and each of the resonator structures includes at least two conductive structures
separated by a spacing. Charge carriers are induced in the substrate near the spacing when the resonator structures are exposed to the
target electromagnetic radiation. A measure of the change in conductivity of the substrate due to the induced charge carriers provides
an indication of the presence of the target electromagnetic radiation.
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A. CLASSIFICATION OF SUBJECT MATTER
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X US 2005/0093023 A1 (RASPOPIN et al.) 05 May 2005 (05.05.2005), entire document especially | 1-4, 11-14, 20-22, 24,
Figs 2-3, 8; paras [0015], [0019], [0024], [0026], [0030], [0035] 46/(1-4,11-14,20-22,24),
: 98-100, 104-109
Y : 5-10, 15-19, 23 46/(5-
10,15-19, 23), 80-92,
101-103
Y " [ CAletal., "A NOVEL TERAHERTZ SENSING DEVICE COMPRISING OF A PARABOLIC 5, 7-10, 46/(5,7-10), 87,
REFLECTIVE SURFACE AND A BI-CONICAL STRUCTURE," December 2009' (12.2009) 89-92, 101-103

[online] [retrieved on 07 May 2014 (07.05.2014)). Retrieved from the Internet:
URL= <http://www jpier.org/PIER/pier97/05.09090902.pdf> pgs 67-70

Y US 2010/0079217 A1 (MORTON et al.) 01 April 2010 (01.04.2010), entire document especially | 6, 46/(6), 88
Fig 4; paras [0048]-[0049]

Y US 2007/0222693 A1 (POPA-SIMIL) 27 September 2007 (27.09.2007), entire document 15, 46/(15)
especially para [0021]

Y US 2010/0276597 A1 (OUVRIER-BUFFET) 04 November 2010 (04.11.2010), entire documeht 16-19, 46/(16-19)
especially para [0014]

Y US 2012/0091342 A1 (BERGER et al.) 19 April 2012 (19.04.2012), entire document especially | 23, 46/(23), 102, 103
para [0066]

| Further documents are listed in the continuation of Box C.
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*  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 underlymg e invention

“E” 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
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“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
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“P* document published prior to the international filing date but later than  «g»  4ocument member of the same patent family
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4,264,881 A (DERONDE) 28 April 1981 (28.04.1981), entire document especially col 5, Ins | 80-92 g
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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:

D Claims Nos.:

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

2. I:I Claims Nos.:

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

3. D 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:
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 examined, the appropriate additional examination fees must be paid.

Group I: claims 1-24, 46/(1-24), 80-92, 98-109: drawn to an apparatus, image sensor, and method for detecting radiation within a
frequency range which includes a substrate having one or more resonator structures disposed on the substrate wherein the resonator
structures include at least two conductive structures separated by a spacing such that the charge carriers are generated near the
spacing based on an enhanced electric field induced by a resonant response to the electromagnetic radiation and based on a measure
of conductivity an indication of the presence of the electromagnetic radiation is provided. Claims 98-103 are specifically drawn to a
method for detecting a polarization of target electromagnetlc radiation through use of the above apparatus for detecting radiation within
a frequency range.

-- Please See Continuation Sheet --

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

—

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

D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

3.
only those claims for which fees were paid, specifically claims Nos.:

4. 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.:
1-24, 46/(1-24), 80-92, 98- 109

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.

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.

l___l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of BOX |ll -- Observations where unity of invention is lacking

Group ll: claims 25-45, 46/(25-45): drawn to an apparatus for detecting radiation within a frequency range which includes a substrate
having a first conductive structure and a second conductive structure which are separated by a spacing and wherein the apparatus
detects the electromagnetic radiation of different polarizations.

Group lll: claims 47-67, 93-97: drawn to an apparatus for detecting radiation with a frequency range w_hiéh includes a substrate having
a resonator structure and a coupling structure which is not in physical contact with the resonator structure.

Group IV: claims 68-79: drawn to an apparatus for detecting radiation within a frequency range which includes a substrate, a first
conductive structure and a second conductive structure alined in a longitudinal antenna arrangement with a spacing separating the first
conductive structure from the second conductive structure and first and second electrodes. )

The inventions listed as Groups |-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Group | requires measurement of a conductivity based on generated charge carriers and said measurement of conductivity providing an
indication of the presence of the target electromagnetic radiation, not found in the other groups.

Group Il requires detecting target electromagnetic radiation of different polarizations, not found in the other groups.

Group lil requires a first coupling structure disposed on the substrate and which is not in physical contact with a first resonator structure,
not found in the other groups. '

Group IV requires the conductive structures alined in a longitudinal antenna arrangement along a z-direction of the substrate wherein a
spacing separate an end of the first conductive structure from an end of the second conductive structure, and first and second '
electrodes, not found in the other groups.

Shared Features:

The only technical features shared by Groups |-V that would otherwise unify the groups are an apparatus and method for detecting
electromagnetic radiation within a target frequency range; the apparatus having a substrate comprising a dielectric material or a
semiconductor material; at least one resonator structure, first and second conductive structures with a spacing separating a first end of
the first conductive structure form a first end of the second conductive structure and a polarization.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
disclosed by US 2005/0093023 A1 to Raspopin et al. (hereinafter Raspopin), 05 May 2005 (05.05.2005), which discloses an apparatus
and method for detecting electromagnetic radiation within a target frequency range (Abstract, para [0018], [0023]; Fig 8) with a substrate
(4) comprising a dielectric material or a semiconductor material (insulating layer 6; semiconductor superlattice 8), at least one resonator
structure (para [0024], [0026]) disposed on the substrate, each of the resonator structures comprising at least two conductive structures
(metal mirrors 2, 14) separated by a spacing (para [0024], [0026], resonator formed by first and second metal mirrors) and a polarization
(para [0024]).

As the shared technical features were known in the art at the timé of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups I-IV therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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