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INTERNATIONAL SEARCH REFORT

JP 2020-514783 A 2020.5.21

International application No.
PCT/US 18/15553

A, CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO28B 5/18 (2018.01)
CPC

- G028 6/3502; G028 27/42; G02B 27/425; G0O2B 5/18; G02B 5/1814

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

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 documnentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of
See Search History Document

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.

A US 2015/0218834 A1 (NICHOL et al.) 06 August 2015 (06.08.2015), entire document, 1-45, 49-93
especially; para [0005],[0136], [0148], [0255)

A US 2016/0238772 A1 (DIGILENS Inc.}18 August 2016 (16.08.2016), entire document, 145, 49-93
espadially; para [0002], [0004], [0036]), [0039], [0048]

1-45, 48-93

US 2010/0165660 A1 {WEBER et al.) 01 July 2010 (01.07.2010), entire document
US 2014/0204455 A1 (POPOVICH et al.) 24 July 2014 {24.07.2014), entire document 1-45, 49-83
US 201140242670 A1 (SIMMONDS) 06 October 2011 (06.10.20%1), entire document 1-45, 49-03

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

D See patent family annex.

Special categories of cited documents: “f  later document published afler the intemational filing date or priority
“A” document defining the general state of the ari which is not considered date and not in conflict with the applic but cited 10 v
t0 be of particular relevance the principle or theory underlying the invention
*E™ earlier application or patent but published on or after the i T Sl of particular relevance; the claimed invention cannot be
filing date considered novel or cannet be considered to involve an inventive
“L"  document which may throw doubls on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or othér wym 4 of Lar rel the claimed i cannot be
special reason (as specified) - considered o involve an inveniive step when the document is
“Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious 16 a person skilled in the art
“P*  document published prior to the inter | filing date but later than  «g~ i
the priority date clain%ed ‘& document member of the same patent family

Date of the actual completion of the international search

06 Angust 2018

Date of mailing of the international search report

19 SEP 2018

Name and mailing address of the [SA/US

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

Facsimile No.  §71-273-8300

Authorized officer:
Las W, Young

PCT Halpdask: 571-272-4300
PLT QSP; 571-272-7774

Form PCT/IS Af210 {second sheet) (Tanuary 2015)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/15553

Box Neo. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasens:

1, I:l Claims Nos.:
becanse 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 intermational,application that do not comply with the prescribed requirements to such an
extent that no meaningful intemational search can be carried out, specifically:

3. D Claims Nos.:

k they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a),

Box No. 1l Observations where unity of invention is lacking {(Continuation of item 3 of first sheet)

This International Searching Authotity 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 ba axamined, the appropriate additional examination feas must be paid.

Group I: claims 1-45 and 48-93: drawn to a waveguide device and mathod to mitigate banding.
Group 11: claims 46-48: drawn to a color waveguida,

--See Extra Sheet--

1. I:I As all required additional search fees were tmely 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 Autherity did not invite payment of
additional fees.

3. I:l 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
&Sgl:g ;o the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:] 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)) (January 2015)
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INTERNATIONAL SEARCH REPORT Intemational application No.

PCT/US 18/15553

Continuation of: Box 1ll - Observations where unity of invention is lacking--

The inventions listed as Groups | and 11 do not relate to a single general inventive concept under PCT Ruls 13.1 because, under PCT
Rule 13.2, they lack the same or carrasponding special tachnical featuras for the following reasons:

Special technical features:
Group | raquires a debanding opllc capable of mitigating banding effects of an illuminated pupil, such that the extracted light s a
substantially flat ilumination prefile having mitigated banding. not found in the other groups.

Group Il requires at least two optical substrates stacked upon sach wthar; at lsast twa input stops, each Input stop is within a different
optical substrate, each in a different plane, wherein each input step includes an outer dichroic porticn to shift pupil and mitigate color
banding, not found in the other groups.

Sharad Features:

The cnly technical features shared by Groups | and |l that would ctherwiss unify the groups are a waveguide device comprising: at
least one optical substrate; at least one light source; at least one light coupler capable of coupling incident light from tha light source with
an angular bandwidth into a total intamal reflaction (TIR) within the at laast one optical substrate such that a unigue TIR angle I defined
by each light incidence angle as determinad at the input grating; at least one light extractor for extracting the light from the optical
substrate.

Howevar, these shared technical features do not represent a contribution over prior ait, because the shared tachnical features are
disclosed by US 2016/0238772 A1 to DigiLens Inc. (hersinafter ‘DigiLena') 18 August 2016 (18.08.2018), which discloses a weveguide
davice (para [0003) -1t is a first object of the invention to provide a waveguide fold grating with an angular bandwidth that addresses the
full angular capability of a waveguide.) comprising: at least ona optical substrate (para [0059) -A waveguide device based on any of the
above-described embediments may be Implemented using plastic substrates using the materials and processes disclosed in PCT
Application No.: PCT/GB2012/000680, entited IMPROVEMENTS TO HOLOGRAPHIC POLYMER DISFERSED LIQUID CRYSTAL
MATERIALS AND DEVICES.); at least one light source (para [0056) -A typical HMD architecture Is a waveguide one or more stacked
Input gratings for coupling in collimated light from an image generator, one fold grating, and ane or more outpul gratings for output
verfically and horizentally pupil-expanded fight towards an eye box form which the full Image may be viewsd.); at least ona light coupler
capable of coupling incident light frarm the light source with an angular bandwidth into a total internal reflection (TIR) within the at least
one optical substrate such that a unique TIR angle is defined by each light Incidence angle as determined at the input grating (para
[0038], [0056] -In some smbodiments the TIR surfaces may be curved In one or two arthogenal directions. The grating has a k vectar
1009, whera a k-vector is conventionally definad as the unit vector normal ta the grating fringe surfaces, A waveguide input coupler,
which is not iltustrated, couples input light 1001 with a multiplicity of input ray angles as reprasented by tha rays 1002-1005 into the
wavaguide. The waveguide input coupler may be a grating or prism.); at least ong light extractor for axtracting the light from the optical
substrate (para [0039), [0048] -Unlike a conventional vertical axtraction grating, tha light dees not leave the waveguide. Note that when &
rey ancounters the grating, regardless of whather it intersects the grating from above or below, a fraction of it changes direction and the
remaindar continues unimpedad).

As the shared technical features were known in the art at the ime of the invention, they cannot ba considered special technical features
that would otharwise unify the groups.

Groups | and Il therefore lack unity under PCT Rule 13.

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