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FIG. 19

< (57) Abstract: A system incorporating safety features, for optical power transmission to receivers, comprising an optical resonator
having end reflectors and a gain medium, a driver supplying power to the gain medium, and controlling its small signal gain, a beam

o steering apparatus and a controller to control at least the beam steering apparatus and the driver. The controller responds to a safety risk
occurring in the system, by outputting a command to change at least some of the small signal gain of the gain medium, the radiance of
the optical beam, the power supplied by the driver, the scan speed or the scan direction and position of the beam steering apparatus, or
to register the scan pose which defines the location of said optical-to-electrical power converter. The controller may also ensure a high
overall radiance efficiency, and may warn of transmitted power not received by a targeted receiver.
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A . CLASSIFICATION OF SUBJECT MATTER
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CPC - G01 N 2 1/00; G06M 7/00; H01 J 3/1 4 ; H01 S 3/0627; H02M 3/1 58; H04B 10/00 (201 7.02)

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

B. FIELDS SEARCHED

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

USPC - 250/216; 250/221; 372/96; 398/130 (keyword delimited)

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

See Search History document

C . DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 8,525,097 B2 (ALPERT et al) 03 September 2013 (03.09.2013) entire document 1, 2

Y 3-5

Y W O 2014/206463 A 1 (HUAWEI TECHNOLOGIES CO., LTD.) 3 1 December 2014 (31 .12.2014) 3-5
entire document

A US 2014/0126603 A 1 (DELLA-PERGOLA et al) 08 May 2014 (08.05.2014) entire document 1-5

A US 2003/0197863 A 1 (SNELLING et al) 23 October 2003 (23.10.2003) entire document 1-5

P,X US 9,312,701 B 1 (WI-CHARGE LTD) 12 April 2016 (12.04.2016) entire document 1-5

□ Further documents are listed in the continuation of Box C . I See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or priority
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

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
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 bespecial reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed
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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 7(2)(a) for the following reasons:

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

□ 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. Claims Nos.: 6-21, 27-41
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 .4(a).

Box No. Ill 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(s).

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

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

3. 1As 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 . 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.:

1-5

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

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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Continued from Dox No. Ill 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 examined, the appropriate additional examination fees must be paid.

Group I, claims 1-5, drawn to a system for optical wireless power transmission to at least one power receiving apparatus.
Group II, claims 22-26, drawn to a system for optical wireless power transmission to at least one power receiving apparatus, said system
comprising changing the radiance of said optical beam.

The inventions listed as Groups l-ll 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: the special technical feature of the Group
I invention: wherein said optical 'beam has a radiance of at least 8kW/m 2 /Steradian and the overall radiance efficiency of the
transmission between said transmitter and said at least one power receiving apparatus is at least 20% as claimed therein is not present
in the invention of Group II. The special technical feature of the Group II invention: changing the radiance of said optical beam;
changing the power supplied by said driver; changing the scan speed of said beam steering apparatus; changing the pose of said beam
steering apparatus; and recording the scan pose which defines the location of said optical-to-electrical power converter as claimed
therein is not present in the invention of Group .

Groups and I I lack unity of invention because even though the inventions of these groups require the technical feature of a system for
optical wireless power transmission to at least one power receiving apparatus, said system comprising: an optical resonator having end
reflectors and adapted to emit an optical beam; a gain medium comprising either (i) a semiconductor device, or (ii) a solid host doped
with Neodymium ions and in optical communication with a filter attenuating radiation for at least one frequency having a wave number in
the range 8,300 cm-'.to 12,500 cm-', said gain medium being positioned inside said optical resonator and having a first bandgap energy,
said gain medium being thermally attached to a cooling system and configured to amplify light passing through it; a driver configured to
supply power to said gain medium, and enabling control of the small signal gain of said gain medium; a beam steering apparatus
configured to direct said optical beam in at least one of a plurality of directions; an optical-to-electrical power converter located in said at
least one power receiving apparatus and configured to convert said optical beam into electrical power having a voltage, said
optical-to-electrical power converter having a second bandgap energy; a detector configured to provide a signal indicative of said optical
beam impinging on said optical-to-electrical power converter; and a controller adapted to control at least one of the status of said beam
steering apparatus and said driver, said controller receiving a control input signal at least from said detector, this technical feature is not
a special technical feature as it does not make a contribution over the prior art.

Specifically, US 8,525,097 B2 (ALPERT et al) 03 September 2013 (03.09.2013) teaches a system for optical wireless power
transmission to at least one power receiving apparatus (power transmitting system comprising an electrically powered transmitter T, and
a receiver R, which allows extraction of electric energy in order to power a mobile electronic device, col. 10, lines 39-43), said system
comprising: an optical resonator (T and R form a laser resonator, in which significant power circulates in the form of a laser beam, col.
10, lines 53-55) having end reflectors (arrangement of mirrors constitutes a ring resonator, col. 10, lines 53-58; col. 11, lines 4-20; fig. 2)
and adapted to emit an optical beam (as the system usually exhibits bidirectional laser oscillation, two output beams may generally occur
at the output coupler, though from one to six beams is also feasible, col. 10, lines 7-1 ; one of the mirrors in the retroreflector R should
be an output coupler 14, col. 11, lines 16-20); a gain medium comprising either (i) a semiconductor device (the transmitter contains the
laser gain medium, which may be pumped with a laser diode, col. 10, lines 58-63; VECSEL, col. 12, lines 24-28), or (ii) a solid host
doped with Neodymium ions (the laser crystal may be of Nd:YAG in the form of a thin disc 60, col. 12, lines 32-37, 47-55) and in optical
communication with a filter attenuating radiation for at least one frequency having a wave number in the range 8,300 cm-'.to 12,500 cm-',
said gain medium being positioned inside said optical resonator (T and R form a laser resonator; the transmitter contains the laser gain
medium, col. 10, lines 53-63) and having a first bandgap energy (col. 10, lines 53-63; col. 12, lines 24-28), said gain medium being
thermally attached to a cooling system (laser crystal may be directly mounted on a heat sink 66, which can be air cooled, water-cooled,
or Peltier cooled, col. 12, lines 33-37) and configured to amplify light passing through it (amplifying, laser-active part, col. 5 , lines 38-41;
amplifying mirrors, col. 13, lines 20-23; abstract); a driver configured to supply power to said gain medium, and enabling control of the
small signal gain of said gain medium (driver electronics, col. 28, lines 15-17); beam steering apparatus configured to direct said optical
beam in at least one of a plurality of directions (a deformable mirror whose shape is adjusted to bring the focal point to the correct
position could use the laser power as the input parameter to control the deformable mirror, col. 14, lines 45-49); an optical-to-electrical
power converter (photovoltaic cell 16, col. 11, lines 16-20) located in said at least one power receiving apparatus (fig. 2; col. 11, lines
16-20) and configured to convert said optical beam into electrical power having a voltage (one of the mirrors in the retroreflector R
should be an output coupler 14, partially transmitting the light to a photovoltaic cell 16, or other conversion device, from which electric
power may be taken to power the mobile device associated with the receiver, col. 11, liens 16-20), said optical-to-electrical power
converter having a second bandgap energy (col. 11, liens 16-20); a detector configured to provide a signal indicative of said optical
beam impinging on said optical-to-electrical power converter (during lasing, the system must verify at all time that the receiver
[containing PV cell 16] receives essentially all of the power, and not just part of it; this can be achieved by means of a monitor and
control system, which follows the power output, and looks for unnatural changes in its level, col. 4 , lines 33-41); and a controller adapted
to control at least one of the status of said beam steering apparatus and said driver (a deformable mirror whose shape is adjusted to
bring the focal point to the correct position could use the laser power as the input parameter to control the deformable mirror, col. 14,
lines 45-49), said controller receiving a control input signal at least from said detector (means of a monitor and control system, which
follows the power output, and looks for unnatural changes in its level, col. 4 , lines 33-41; [monitor and control system]; a mirror
mechanically deformable according to an applied control signal, claim 9; said applied control signal is related to a characteristic of the
laser beam of said lasing system, claim 10; col. 5 , lines 17-25; col. 6, lines 51-59).

Since none of the special technical features of the Group I or II inventions are found in more than one of the inventions, unity of invention
is lacking.
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