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UT Ref: P1921 CONFIDENTIAL

ARSIGNMENT OF RIGHTS AGREEMENT

THIS AGREEMENT is made and effective a5 of the 270 day of November, 2018 (ihe
“Fffective Date™)

BETWEEN:

THE GOVERNING COUNCIL OF THE
UNIVERSITY OF TORONTO, o corporation
vested with the government, managenment and
copired of the University of Toronto by the
{iniversity of Toromio Act, 1971 and having
offices at Banting Institote, 100 College Street,
Suite 413, Toronto, ON MSG 113, Canada

(hereinafter the “Assignor™)

- and -

FINISAR CORPORATION, a manufacturer
of optical communication components  and
subsysterns with an office located at 1389
Moffert Park Drive, Sunnyvale, CA, US.A

{(hereinafter the “Assignee”)
{individually a “Party”, collectively the “Parties”)

WHERFEAS the University entered inte a Sponsored Research and Collaboration Agreement
{“SRA") with the Assignee, effective November 23, 2018, as further amended Ociober 23, 2016
and Cotober 27, 2007, for a project entitled “S§i photonic platform SiN for a low cost Course
Wavelength Division Multiplexing (CWDM | solution” (the “Project”™); and

WHERFAS the Project sponsored by the Assignes was led by Prof. Joyce K. Poon of the
Diepartment of Electrical and Computer Engineering at the University, and

WHEREAS onder the terms of the SRA and in the performance of the Project, Joyee Kat See
Poon, Jared Card Mikkelson, Antoine Bois, Zheng Yong ("University Invenfors™) wiule
employed by the University of Toronto in collaboration with certaiu co-inventors from Pinisar
Corporation created a series of inventions as listed and more fully set forth in the Confidential
Invention Disclosures under Schedule “A” appended hereto (collectively, the “Inventions™); and

WHEREAS pursuant to Section 2.2 () of the SRA, herein incorporated by reference, the
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UT Rel: P1921 CONFIDENTIAL

Parties onderstand that these Inventions developed under the joint collaboration are Jointly
Owned with the Assignee on an equal and undivided basis; and

WHEREAS pursnant to Section 1.2 (§) of the SRA, the Assignee has been granted an exclusive
option to purchase all right, title and interest in the Jointly Obwned Inventioms and related
Intellectual Property Rights; and

WHEREAR the Assignee is desirous of acquiring all of the Assignor’s right, title and interest,
world-wide in the Jointly Owned Inventions and related Intellectual Property Rights for
commercial exploitation; and

WHEREAS the University is willing to assign #s ontire right, titde and interest in the Jointly
Owned Inventions and related Intellectual Property Rights to the Assignee for the pre-approved
purchase price set forth in the SRA; and

WHEREAS o faciliiate this assignment of rights by the University o the Assignee, the
University Inventors have assigned all of their rights, title and interest in and to their respective
Inventions to the University by way of separate intermal assignments to the University

MOW THEREFORE in copsideration of the premises and the muiual covenants, forms,
conditions and agreements contained herein, and other good and valnable consideration, the
sufficiency of which is hereby acknowledged, the Parties hereto agree as follows:

1. Definitions
The following terms have the following meanings in this Agreement:

“4 ffiliate” shall mean, with respect to any Person, any other Person directly or indirectly
controlling, controlled by or onder comunon control with the first Person. The ferm
“conptrel” means the ability to direct the management and policies of such Person,
whether through ownership of equity, by contract oy otherwise;

“Assigned Assets” mean the Inventions and related Intellectual Property Rights;

“Confidential Information” means the specific terms and conditions set forth in this
Agreement, the koow-how, and any information, which 1S non-public, confidential or
proprieiary in nature, including, without limitation, business information, trade secrels,
and any information related o the Inventions, related technnlogy, Patents or Intellectual
Property Rights, whether written, oral or in electronic form, provided that tangible
materials are marked a3 confidential, and provided that information given orally is
identified as confidential at the tme of disclosure, and confirmed as confidential in
writing within fifteen {13} days, but shall not inclade information that: (3) is or becomes
generally available 1o the public other than as a result of any act by a receiving Party 1o
this Agreerment; (i} is rightfully received from a third party without simtlar restriction or

Page 2
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without breach of this Agresment; (i) a receiving Party is able io demonstrate, in
writing, was known {0 § oo a son-confidential basis; or (iv) was independently developed
by a receiving Party without the use of any of the Confidential Information;

“Patents” means the paients andfor patent apphbcatioms listed 1o Scheduly 07 and
includes divisions, re-examination or rencwals based on the foregoing patents andfor
patent applications, any patents which may issue on, from or as a result of any of the
foregoing and any reissue of said patents, The Parties hereto may, by mutual written
agreement, amend Schedule “C” 10 include or npdate the details of any Patent filed for

and shall form an integral part of this Agreement;

“Patent Costs” means the legal and other fees incorred directly in the process of
establishing and maintaining the legal protection of the rights in the Inventions;

“Indellectual Property Bights” means all Patons, copyrights, trade nawmes and other
intellectual property righis related to the Inventions, whether registered or not, owned by

“Invenfions” means the nventions listed and set forth under Schedule A7 hereof: and

“University” means the University of Toronto.

2. Assignment of Rights

Subject to the terms and conditions of this Agreement, the Assignor hereby assigns to the
Assignes, all right, titde and iwterest in and o the Assigned Assets (buf withow! any
representafion or warraniy as io the nature, extent or validity theveaf), the right to apply for
patents in every couniry, the right to sublicense o its Atfiliates, receive any letters patent
that may issue from any such applications, and the night to sell or hicense the Assigned
Assets.

[

Retained Licenses

Notwithstanding the rights granted above, the Parties confirm, acknowledge and agree that
the Assignor refains a rovalty-free, non-exclusive, perpetual, irrevocable license to use the
Assigned Assets for non-conunercial, research, educational and admunistralive puarposes,
without cost and in psrpetuity.

4, Fateni Prosecution

{a} Patent Prosecution by Assignee: Assignee shall continue to bear the responsibility
o prosecute and matntain the Patents in accordance with i3 standard practices,
Assignee shall have sole discretion with regard to patent filing and patemt

Page 3
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prosecution matters, Al Patent Costs associated with the prosecotion, maintenance
of any Patents filed for the nventions and lsted in Schedole “C7 and any other
patent applications filed thereon, including provisional, regular, continuation,
continuation-in-part and divisional applications, patents issuing thereon and any
reissue o extension thereof, occurring on or after the Effective date of this
Agreement shall be the responsibility of the Assignee. Assignee shall also be
responsible, at its own discretion for the costs associated with the enforcement and
defense of any patents that issue for the Inventions,

(by Patent Prosecution Supporl: Assigoor shall provide isput and such assistasce to
Assignee, 88 Assignee may reasonably reguest, with regard t¢ patent prosecution
matiers, and will also co-operate with Assignee on the signing of all patent and legal
docoments and sych other matiers without unreasonable delay to affect the transfor

of Intellectnal Property Rights to the Assignse.

5 Consideration

Pavment. As consideration for the assignument of the Assigned Asseis o the
Assignes, the Assignes shall pay the Assigoor a purchase price (the “Fee”) of One
hundred and fifty thoosand Ustied States dollars (US$150,000.00) within ninety
{50 days from the date of last signature on the Agresment. For greater certainty,
the Fee shall not inclode any Bens or encumbrances, or any deductions for third
party payments, disbursements, patent expenses, legal costs, or taxes,

o~
2
s

{b} Payment {o Assignor. The Fee set out herein shall be made via a cheque made
pavable 1o “The Governing Council of the University of Tovonto”.

{3 Payment to University Imventors. Assigoor shall be solely responsible for
caiculating and distributing o the University Inventors their share of income in
accordance with Assignor’s own policy. The Assignee shall not be responsible
for any payment (o the University Inventors under or in conmection with this
Agreement.

&  Confidentisl Information

It is confemplaied that, from time 1o fime during the couwrse of the performance of this
Agreement, either Party wmay disclose its Confidential Information to the other Party.
Each Party shall not: {a) use or disclose Confidential Information received from the other
Party for any purpose other than the performance of the receiving Party’s obligations

ereunder; or (b) disclose Confidential Information to any third party. Each Party shall
take such reasonable measures to maintain the other Party’s Confidential Information as
confidential as if takes [0 protect its own proprigtary and confidential information, and in
any event no fess than a reasonable degree of care. Each Party shall be responsible for

Page 4
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the imposition of the confidentiality provisions provided for herein upon il own staff,
consultants and other advisors prior to disclosing any Confidential Information to such
representatives.

7. Disclalmers

The Assigned Assets are assigned o the Assignee by the Assignor on an “as is” basis,
and the Assignor disclaims all representations, warranties and conditions of any kind,
whether express or iraplied, statutory or otherwise, including without Himitation:

{a} all representations, warraniies and conditions as to the patentebility, validity,
scope of enforceability of the Assigned Assets:

() all representations, warrantics and conditions that any use of the Assigned Assets
will be free from infringement of intellectual property rights of any third party;
and

{c} all representations, warrapties and conditions as 1o guality, merchantable quality,
merchantability or fitness of the Assigned Assets for any particular purpose.

8, Termination

{a} In the event that the Assignee fails to pay the Fee as ontlined onder Section 5 and
is not able to cure the breosch within ninety (90} days of notification of the failure
to pay by the Assignor, the Farties bereto acknowledge and agree that any portion
of the Fee which has been paid to the Assignor shall be forfeited by the Assignes
and shall remain the property of the Assignor. Purther, any rights granted hereln
by the Assignor (o the Assignee shall imumediately terminate.

{b} Ternunation of this Agreement shall not relieve any of the Partics of obligations
accrued under this Agreement prior to the date of termination.

8, Indemnity

The Assignee shall indemnify and save the Assigonor harmiess from and against any loss
arising out of or pursuant to any claims or demands in connection with the Assigned
Assets and all costs, damages and expenses (including reasonable legal fees) incurred by
the Assignor and in connection therewith, except where such claims are caused by the
Assignor’s use of the Assigned Asseis contemplated under Section 3 herein.

18, Release

Save and except for the right to enforce the terms of this Agreement, the Assignor
releases the Assignee from any and all claims that the Assignor may now have or may in
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1%

future have in respect of the Assigned Assets,

Further Assurances

CONFIDENTIAL

The Assignor agrees to do all acts necessary and 0 execute all documents necessary or
desirable, at the Assignes’s cost and expense, to fulfill the provisicus of this Agreement,
to give the Assignee the full benefit of this Agrecmpent and {o secure and svidence
gwnership of the Assigned Assets in favour of the Assignee.

Motices

Notices under this Agreement will be sent to the Parties as follows or to such other
person as a Party may designate in wnling:

{a}

(b}

in the case of a notice to the Assignors

The Governing Council of the University of Toromo

Innovations & Partnerships Office
Banting Institute, 413-100 College Street,
Toronts, ON MG 115, Canada

Attention: Jennifer Fraser
Title: Director, Innovations

Tel: 416.946-55158
E-mail jen fraser @uioronioga

En the case of a notice to the Assignee:

For Technical/Scientific Matters:

Finisar Corporation
1389 Moffenr Park Drive
Sunnyvale, CA 9408%, US.A,

Attention: Daniel Mabgerefteh
Title: Darector of Technology

Telh 31G-721-1933
Email, danielmahgerefteh @ finisar.com

With o copy to {(for Patent/Legal Matters):
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Finisar Corporation
1389 Moffer Park Drive
Sunnyvale, CA 84089, U5 AL

Attention: Christopher E. Brown
Title: Bxecutive Vice President and Chdef Counsel

Tel: 78145338948
Email: chris brown@finisar.com

Any notice given by personal delivery shall be conclusively desmed (o have been given
on the day of actual delivery thereot and, if given by registered mail, on the second
business day following the deposit thereof in the mail.

i3,  Discellanesus

{a) Titles used in this Agreement are for the purposes of convenience only and shall
not be used in the interpretation of this Agreement. The attached schedules form
part of this Agreement.

{t) This Agreement supersedes any discussions or other agreements between the
Parties and is the ontire agreement of the Parties with respect to its subject matier.
No change or modification will be valid anless it is in writing and signed by both
Parties,

{) The Parties are independent contractors, and there 8 no joint ventwre or
parinership formed hereby.

(e} This Agreement will be governed by and construed in accordance with the laws of
the Province of Ontario in Canada. In the event that a count of competent
jurisdiction holds any provision of this Agrecment to be tgvalid, such holding will
have no effect on the romaining provisions of this Agreement, which will
continge in full foree and effect,

(&) Thizs Agreement binds and inures to the bepefit of the Parties hereto and thelr
respective helrs, successors and permitted assigns.

H This Agreement may be exscwmied by signatures delivered by lfacsimule
transmission or delivered electronically in optically scanned formy andfor it may
be simultaneously executed by the Parties in multiple counterparts, each of which
will be considered 10 be an origingd nstrurnent, and all of which taken together,
where each Party has executed at lgast one counterpart, will constitute one and the
same nstrument.

Devorns T
} ugc i
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UT Reft P1921 CONFIENTIAL

{g} in the event thal any terms or any part of any term of this Agreement is
determined to be void or unenforceable by a court of competent jurisdiction, such
termn or part of a term shall be considered separate and seversble from this
Agreernent and the remaining terrs shall continue in full force and effect

IREMAINDER OF PAGE LEVT INTENTIONALLY BLANK;
SIGMATURE PAGE FOLLOWS]
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COMFIDENTIAL

IN WITNESS WHEREOF, the Parties have caused this Agreement o be exconted as of the

Eifective Date.

THE GOVERNING COUNCIL OF THE
UNTVERSITY OF TORONTO

Per:

f RS
Por o o e
Name: Christopher B Usle

=
&

Title: Vice President, Advanced Development

.
. s

. § ™NE

PR H KK i 5 NTH \
{Dates Vo Mlaesl A 8HS

H AR 4 ALY { s N\

A 3 3

4§ \

H 3

N N

§ 3

{ H

kY N

A\ 3

RSN

Troeyes 03
Fage v
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REEL: 049679 FRAME: 0531



UT Ref: P1921 CONFIDENTIAL

SCHEDULE “&>
LIST OF CONFIDENTIAL INVENTION DISCLOSURES

{See attached for copies of Pisclosures)

eciosure ID} Invention Tile rsclesire Bate

10003189 High Efficiency Graling-to-Grating Optical Coupling Ful 28, 2016
for Multi-chip Integration

10003194 Birefringence Control of Silicone Nitride-on-Silicon Aug 3, 2016
Optical Wavegnides and Photonie Cireuits

ID003215 Birefringence Compensation by Serially Varving the Ang 29, 2016
Wavegnide Widith
10003351 Wavelength Filtering and Polarization (deymultiplexing | May §, 2017
via Non-Adiabatic Transiiions
10003606 Adiabatic Polarization Rotator-Splitier May 10, 2018
100034807 Adiabatic Polarization Rotator Combiner May 10, 2018
PATENT

REEL: 049679 FRAME: 0532



UNIVERSITY OF

 TORONTO

o

inngvations &
Tel: {418) 878 F%?

OFFICE OF THE VICE-PRESIDENT,
RESEARCH AND INNOVATION

an i\) \.3 N

N e n
MHG LS

This form is used to record inventions made using U of T resources, facilities and/or funds managed by U of T and is to be
completed by the inventor(s) to satisfy their obligations under U of T’s Inventions Policy. For step by step information on
how to complete the form, please refer to the invention disclosure quide.

1. Title of Invention:

through the use of U of T resources (i.e. faculty, students, postdocs, staff, visiting scientist, etc). Attach separate

pages if necessary.

| SURNAME, GIVEN Uof T
| NAMES . PERSONNEL NO
 (if applicable)

: Poon, Joyce

. 993899
Kai See :

Mikkelsen, = 1092195
. Jared Carl

*if invention is assigned o Uof
agrm::d o by the parlies inan g

o affiliated
L institutions)

| Electrical and

. Computer
- Engineering

.....................................

DEPARTMENT | AFFILIATION
{List apy cross | WITHUof Tfi.e.
. appointments or Ffoculty, research

. gs50¢., post-doc,
student, stoff, :
Lvdsitoreted b
i joyce.poon@

Faculty
3 . utoronto.ca

: Electrical and
: Computer
. Engineering

PhD student

. CONTACT
¢ INFORMATION
¢ {non-tiof T
. malling address,
ghone, foax}

| 24 Wellesley
LSt W, #2212,
. Toronto, ON,
| MY 2X6
| 416-262-0571

jared mlkkelsen@
- mail.utoronto.ca

. 2155

Mayflower

Blvd., Oakuville,

ON, L6H 4E6
905-399-3109

| EMAIL ADDRESS : g
. CONTRIBUTION

I3

¢ {“optional)

{ FOR IPO USE ONLY:

Disclosure Date: Juty 23
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U of T Confidential Invention Disclosure

resources (i.e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
information and email address.

?Bér{.éi“M‘éngérért"éii"Ei}ii's"érébrpbrauon -
| 1389 Moffett Park Dr., Sunnyvale, CA 94089, USA

 daniel mahgereften@finisar.com 1-310-721-1955

Contributors {\\mm ventors): List all individuals ator external to U of T who have not made an inventive contribution

Location(s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
burlding, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building
Finisar Corporation, 48800 Milmont Dr., Fremont CA, 94538
{ Finisar Corporation, 1389 Moffett Park Dr., Sunnyvale, CA 94089, USA

Invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

! The invention is a grating coupler conf iguration that improves the optical coupling between two chips using a pair of
: grating couplers. 5

. Background: In the field of silicon (Si) integrated photonics, one of the major chalienges is the low-cost and efficient

. integration of a semiconductor laser (typically realized in compound semiconductor materials, like indium phosphide
(InP)) onto a Si photonic chip. Finisar Corp. has been working on a solution in which an InP laser is integrated on :
top of a Si photonic chip using a transmitter grating coupler defined in the InP that sends the light to a large-area
receiver grating coupler in the Si photonic die. The receiver grating coupler scatters the light from the laser into an

in-plane waveguide.

. In their previous work (Finisar background IP), the receiver grating coupler had a “positive angie” design, in which
. the light propagation in the in-plane waveguide (in the Si die) is in the same direction as the lateral component of

 the propagation direction of the incident light.

This invention is a receiver grating coupler with a “negative angle” design, in which the light propagation in the in-
plane waveguide (in the Si die) is in a direction opposite to the lateral component of the propagation of the incident
! light. The negative angle reduces high order scattering directions to improve the coupling efficiency in the
fundamental order (i.e., agnle). In a specific implementation using silicon nitride (SiN), the coupling efficiency is

. improved by about 1dB compared to previous approach using a “positive angle”. The negative angle modifies the

configuration of the coupled system of two chips.

An added benefit of the negative angle grating is that the electric fields in the transmitter and receiver grating

PATENT
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U of T Confidentizl Invertion Disclosure

3 . Please see the enclosed slides.

Dlssemmation

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
mcludmg dates.

{" None ™ Yes (please provnde detalls)

Fundmg

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equipment; efc.).

RIS FUND #

Finisar
i Corporation

Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:

material transfer, data transfer, software licence, confi dentlallty, collaboration, and/or sponsored research?

] " No ™ Yes (please provnde detalls)

Yes. This invention has been made under a sponsored research agreement between Finisar and U of T. The
U of T reference number is 2015-1761. ;

Patent Applications:

Have any patent apphcatlons or other intellectual property protections been filed in respect of this invention?

" No {" Yes (please provide details)

Yes F|n|sar has background IP and filed for a provisional appllcatlon F1 002 12677US01.

Warranty:

I/We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).
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..............................................
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Finisar Background IP

« Two chip integration solution using a pair of grating couplers

— For laser (InP) integration onto silicon (Si) photonic die containing
a silicon nitride (SiN) layer

PATENT
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Electric field mo__m:o n profile in a
uni

Light from Transmitter (Tx)

grating coupler

m_m ctric field radiation profile in a
niform Rx grating coupler
>A xponential dec 5

Receiver (Rx) grating
coupler, “positive” m:@_m e

_._@Z _: in- _u_m:m <<m<m@c_o_m
transferred to Si layer (under the
SiN layer) as necessary




Invention

 Negative angle Rx grating coupler

Light from
laser

dﬂm@ @ oupler




ylmicrons)

Example Receiver Grating Coupler
Max. upward directionality: -1.35 dB

Emission angle: -37.56 degrees

o

Full Field Profile |E|

Upward Direction

b 36 43

¥{OHCTOnS)

”

ality

1% S N
c Uy gt
.w 5\.&..\
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O ne- o
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a o
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.3 — — : ; - ; r _ ——
|20 .27 128 1.5 1.3 11 132 1% 154 .35
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Upward Directed Radiation Profile |E|

T .
0.2+
015
Q.14
IR M_
. \.,..(,/,,.,,_m /:/
0 .f,,/ e T T T T T -
-1H & 10 el B8] 40 20 il
X{microns)
Far-Field Projection
14008 for upward directed radiation profile
1.2e-005
12008

SR

Ge-006 -

42-006

e

0

- 103

0 0 m 20 o0 s 100
angle

&
(=
&



P4
445

SALLEL.
o,

rtensi

M

Gvrns
7

7
\\k.
G5
7

s
s

7

s

0541

049679 FRAME:

REEL



[ S I o
a4
TSN
g Ge R
G ML N v
8o 2
hl a2
Gro o) I

PATENT
049679 FRAME

0542

REEL



RIS PNy

PATENT
049679 FRAME

0543

REEL



PATENT
049679 FRAME

0544

REEL



srstn

//
%
K]

W

%
Y
T,

]
”/////////

%,
%,
Pz

////4,’////

£

G,
gy
%

vl
2

1/,,///’/4
.77
% 74
7///////(}

/
’///////

4
VA
77,
7
’//////

s
%

2
7//////

¥

DA,
7
2 %
”’///////

AT F

o

z 7z
7
W
Y7 7
pZ
P
G

%

z
oy,
Wt

Inbanem

luojoyd pue sap

1e211d0o uo2lI|IS-uo-apiaiu
UODI|IS JO |0JJU0D adusbulljallg

INDJIO O

S}

PATENT
REEL: 049679 FRAME: 0545



Concept

eff, e,
TM mode is slightly more delocalized and
the electric field points vertically.



Example design

* Thicknesses
—  Si: 150 nm
— SiO, spacer between SiN and Si: 350 nm
— SiN: 600 nm (refractive index 1.9)

« The plots below show the effective indices of the first several modes vs. SiN or Si widths
(with the Si or SiN width fixed)

« Zero birefringence point is circled
* Note: The highest blue line (TEOS) corresponds to a mode confined solely in the Si

Si Width: 410 nm SIN Width: 770 nm
2.6 28
2.4 2.6
.............................. 2 4 o ————
x 22" wnTEDS < I
m ,,,,,,,,,, TMOS ,m N.Nzi ~—TEOS
2 2 -~-TEOA © ~TMOS
S e TE1S g 5 Wg = 410 nm TEOA | |
Y 1g. TTMOA  Wgiy = 770 nm m ~TE1S
R T S TM1S 18 jS@P
............................................................................................................................................. 1.
1

750 800 850 1.4 " ; . : "
A 420 440 460 480 500
SiN Width (nm) Si Width (nm)
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0.01

0.005

Hybrid mode
(Ner TE — Nesr ) Birefringence

-0.005

Birefringence dependence

TE hybrid SiN-Si mode
TM hybrid SiN-Si mode

Si widths

e 410 YM
430 nm
~=450 nm
w4 70 M
=490 nm

790 800 810 820 830 840
SiN Width (nm)

780

850

500

480

460

Si Width (nm)

440

420

750

(n

PATENT
EL: 049679 FRAME: 0548

eft TE — Neft i) W

x10-3
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800
SiN Width (nm)
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Modal Profiles

* Profiles shown for Si width of 410 nm, SiIN width of 770 nm
« TM hybrid mode interacts with both SIN and Si

TE hybrid mode TM hybrid mode

.

b

o
[rod]

)
.
W..

v (microns)
¥ (mitmns)

v} YT oy
X {PRcrons ¥ ITHCIons;
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Mode overlap loss, adiabatic tapers
« If Siis abruptly introduced below an SiN waveguide, there is loss due to
modal mismatch
Hybrid TE Mode _<__m3m§ awv _L_ﬁ:a TM Mode Mismatch (dB)
00 .
mbmo 0.045 =
W»mo WM\
= 3
& 440 -0.05 &

750 800
SiN Width (nm) SiN Width {(nm)

« To reduce loss, the Si can be adiabatically introduced under the SiN. Si tip width
cannot be too narrow to transform the TE mode in the SiN waveguide into the TE

mode of the Si
| SiN

Top view

I 1
Adiabatic SiN taper/ Adiabatic m_
edge coupler Si taper



 Birefringence < 10-3 can be maintained over entire O-band =
— Designs shown are for SiN width of 770 nm and Si width of 410 m
nm
4
2.6 _ _ _ _ 15%10 _ _ _
2.4} ] 3
C
S
(O]
5 > [~TE0S B
£ ~~TMOS gQ
2 2r |~TEOA 1 20
9 - TE1S =
i, gl |[—TMOA ] T T_
L
T
1.6¢ 1 —
260 1280 1300 1320 1340 1360 1260 1280 1300 1320 1340 1360

Wavelength (nm) Wavelength (nm)
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Optimal SiN width for

Tolerance to thickness variations
« For Si widths between 400-500 nm, there is always a corresponding SiN
width which makes the birefringence zero for the thicknesses on p.3
860
o Thicknesses
O 840} Si: 150 nm
o SiO, spacer: 350 nm
£ 820; SiN: 600 nm (refractive index 1.9)
()
© 800t
@
O
N 780+
760

420 440 460 480 500
Si Width (nm)

o



 Birefringence mainly sensitive to Si thickness variation z
« Reason: hybrid TM mode migrates more into Si if Si layer is thicker m
Deviation of Si thickness from
4 nominal value of 150nm Overlap Loss
20219 _ _ _ _ 11— _ _ | _
. 0]
e =10 AN I
15! s () M ,,,,,,,,,,,,,,,,,z,,,,.%,,,,,.,,, l = (0.98} 1
- A +\_ O nm a,,,,%,,,,o,,,,,‘,,,%,%% m
= — 0.96 |
5107 . 1 3
c | Wa —
| 2094 TN -
= 5 . =l TN
= - £ 0.92; NG |
m = ////////////
0 g e TE SN
—~ 0.9 N g
g ~TM ////
5 0.88 _

420 440 460 480 500 420 440 460 480 500
Si width (nm) Si width (nm)
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Birefringence Worst Case Deviation

e Since increases in Si thickness are more detrimental than
decreases, it may be beneficial to bias design away from optimal
point to minimize the “worst case” birefringence

 Considering a +/- 10 nm Si thickness variation:

— Minimal worst case birefringence so far is 0.0054 for SiN width of 800
nm and Si width of 410 nm. This sets an upper limit on the allowable
delay line lengths for the MZ| arms

500

Si Width (nm)
D
(8}]
o

750 500
SiN Width (nm)
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Effective Index

1.698

1.697}

1.696

1.635}
1.654}
1.693¢
1.652¢

1.631

Bent Waveguide Birefringence

Birefringence increases as bend radius decreases
Plots below are for SiN width of 770 nm, Si width 410 nm

—TMOS
—TEOA |

50 100 150 200

Bend Radius (um)

2.5

TMOS-TEOA Birefringence
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Bent Waveguide Birefringence

Phase accumulation difference A¢=2m/A An_(TTR/2) vs. bend radius R

Indicates that R = 20 ym is optimal for this waveguide cross-section (wg, = 770 nm,

Wg; = 410 nm)

Ag

0.23

0.22
0.21}

0.2
0.19}
0.18}
0.17)\

0.16

20 40 60 80 100
Bend Radius (um)
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Reducing polarization dependence

1. Choose waveguide cross-section with near zero birefringence
— Bias design point at slightly thinner Si

— The operation point is sensitive to waveguide dimensions (especially thickness
variations)

2. Equalize the birefringence by using two types of waveguide cross-
sections, one with positive birefringence and one with negative
birefringence, so the overall birefringence cancels.

— Can choose widths that are more variation tolerant

— Broader band operation may also be possible

B1=(Nest1E — NesrTm)1 > 0
_wm (Negt qm — Neg j<_vm < o

r_ ht Lig

B,L, =B,L,

//

(9%}
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UNIVERSITY OF

TORONTO

OFFICE OF THE VICE-PRESIDENT,
R ESEARCH AND INNOVATION

This form is used to record inventions made using U of T resources, facilities and/or funds managed by U of T and is to be
completed by the inventor(s) to satisfy their obligations under U of T’s Inventions Policy. For step by step information on

how to complete the form, please refer to the inventi

on disclosure gquide.

% %
CONTRIBUTION |

LT ot dnventon:
Birefringence compensation by serially varying the waveguide width
2. inventors and Contribufors:
through the use of U ofT resources (i.e. faculty, students, postdocs, staff, visiting scientist, etc). Attach separate
pages if necessary.
| SURNAME, GIVEN U of T PERSONNEL DEPARTMENT EMAIL ADDRESS CONTACT
NAMES NO (if applicable) {List any cross 5 INFORMATION

GInEmenis or

Computer
. Engineering

Kai See

| Bois, Antoine 15823349 Electrical and
5 . Computer
. Engineering

eU; T i “H}
L Student,

i3S, rlr?(}.“u.,

3

;::‘afﬁ ViSO, ¢
i joyce.poon@ ,
' St. W., #2212,

i utoronto.ca
; Toronto, ON,
- M4Y 2X6
. 416-262-0571
MASc student | antoine.bois@ 181 rue de
mail.utoronto.ca | 'Affluent, Lévis,

i QC, GTA 5CT,
i 647-639-1086

{Foptionadl

¢ FOR IPO USE ONLY:

. Disclosure Date:  August 2%, 2016
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(3

Uof T Confidential Invention Disclosure

N

NVENIE! List all individuals who have made an inventive contribution to this disclosure using non-U of T
resources (| e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
mformatlon and email address.

Lo winvantoesl List all individuals at or external to U of T who have not made an inventive contribution
but have contrlbuted to the development of the invention. Please include name, organization and email address.

L ocation{s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
building, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building
invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

i The invention is the birefringence compensation in photonic circuits by varying the waveguide width in a serial way.

For a given thickness, h, of a waveguide layer, two waveguide cross-sections with widths, wy and w; are chosen.

i The cross-section with width w, will have a birefringence, By = (ntg,1 — ntm1), Where ntg; and noy 4 are the effective

i indices of the transverse electric (TE) and transverse magnetic polarized fundamental mode, respectively, of the

i waveguide. The cross-section with width w;, will have a birefringence, B> = (g2 — ntm2). Concatenating these two
| types of waveguides serially in a photonic device, can allow for the overall birefringence to be compensated.

| Waveguide lengths of L; and L, are chosen for widths of w; and ws, respectively, such that ByL; + B,L, = mh. This
| type of strategy can also be incorporated into designs that use differential (or “parallel”) architectures for

| birefringence compensation in devices such as Mach-Zehnder interferometer filters.

Please see the enclosed slides for details.

Dissemination:

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
including dates.

. None {" Yes (please provide details)

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equment etc.).

SPONSOR PROJECT TITLE RIS FUND # ‘
Finisar Si Photonics for Coarse Wavelength Division Multiplexing (CWDM) 500138
i Corporation i f
PATENT
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Uof T Confidential Invention Disclosure

7. Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:
material transfer, data transfer, software licence, confidentiality, collaboration, and/or sponsored research?

s

i No i Yes (please provide details)

Yes. This invention has been made under a sponsored research agreement between Finisar and U of T. The U of
T reference number is 2015-1761. |

8. Patent Applications:

Have any patent applications or other intellectual property protections been filed in respect of this invention?

B

: No " Yes (please provide details)

No.

9. Warranty:

I'We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).

| NAME (typed):

Joyce Poon August 12, 2016

Antoine Bois August 12, 2016

SUBMISSION INS TRUCTIONS:
Please send an electronic draft of the disclosure form 1o the |P Officer for review prior to obtaining signatures.

| Once reviewsd for completeness and accuracy, the completed and signed form shouid be returmed fo the P
\ Officer vig email gt jp oI oremiagy, insparson, or by mail

If you need any assistance, please contact the 1P Dhicer.

PATENT
REEL: 049679 FRAME: 0560



srstn

o,
/
////,,,

p
//////

//
79",
{//

ity

Ve

77

///

//

e

%,

s

77,
’/////////

%,
2

/”’"’"’4

YA
///
//////
////
1/,,,//
//f/,
’I//
sy
r////
Vi {/,
VA
/,//

///

//////

¥

DA,
5/¢

’// /
i
v,

Yo
O
et

//”
/////

//
f//
r//////

1)

UIPIM
apinbanem ay) bulhien Ajjelss
2 AQ uonjesuadwoo sousbuujeig

REEL: 049679 FRAME: 0561



Concept

« Consider two waveguides sections with the same height that are
concatenated with each other

PATENT
REEL: 049679 FRAME: 0562

— 1. height = h, width = w., length = L, Birefringence: B, =n,,,-n,,,
— 2. height = h, width = w,, length = L, B, = Mgy =Ty
Light > -
-9 % T Light
N M/// //v/ M//// /voi
_l _|m
Phase-shift of TE component after Phase-shift of TM component after
propagating through both sections propagating through both sections
27T 27
ﬁﬂm = HASELP + SEUNNNV ﬁ@& = HA:@EP + Sguwhwv
The birefringence of the total system is compensated if ¢ =¢ +2mx _ﬂm@_&

This implies B L +B L =mA




There are many ways to achieve B,L, + B,L, = mA

An example is m = 0, B, and B, have opposite sign
— Choose w, > h, w, <h

PATENT
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Also possible for B, B, > 0 through choice of m, L,, L,

For a variation tolerant design, we seek

min(AB L, +AB L))

Assuming the variation in

the length is negligible
where

@%S @%S @%S . . Lo
DmS — p U >§S + @\\M Al + p = An + ... Is the possible variation in _.u:_M
U % u :

12




Extensions

Such a concept can also be combined with the differential birefringence compensation
scheme proposed by Finisar for polarization-insensitive Mach-Zehnder interferometer filte

Finisar concept

sider 3 MZAD with extrg lengths Ly and Lo m osach arm re
wicih and lengih in both srms automatically .h,,%,.%%wxwmm
nothing pasrficular must be done abowt the bends.}

We require:

e = p & N m?ww
oose = U such thatl we antomatically satisly all A, and as such do not depenid on
s specific central éfﬁm%ﬁw Choosmg m = § also Ieads to shorter delay lengths, without

any downside, With B = ny

other conditior

g, Loy g do and 83 &% Q.EEEM spacing, this gives:

G

-
P
Ll

b
o
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* For a MZI, having B,L, = B,L, is robust to dimensional
variations, but because L, # L,, there is some leftover
sensitivity. =
« For a MZI, using the differential compensation is generally better Em:m
the series approach, which requires B,L, =-B,L, (L; and L, in
series).

REEL: 049679 FRAME: 0566

* Because B, and B, are the same sign, it is also robust to
variations of the waveguide material index, though this can be
achieved better with the series approach that has B, < 0 and B,
> 0 and comparable L, and L.

» Choice of series or parallel approach depends on which variation
(dimension vs. index) is likely to be stronger.

* For the MZI directional couplers: use square cross-section
waveguides for simplicity.



* L, and L, in series in one arm, and L; and
L, in series in the other in a MZI

« Combines parallel and series approaches

 To solve the residual birefringence variation
due to AL in a MZ|

 Needs two more conditions to solve the
linear system. Examples can be:

L =L,

Li+L,=L+L,

- L, L,, L, or L, to specific values,
* Or any other variation.
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“
b

e, L3317

SiN waveguide, 600nm tall
Channel spacing of 20nm, near a wavelength of 1310nm

The shortest solution

converges to series case.
L,=L,=11 um
L,=L,=0pum

Lombapby =iy

Other solutions are of the form:

e _L = _|m =11+ X4 pm

ﬂ _Lo” =L, =X, um

R TR T T with (X, — X,) / X; << 1
SRR

o
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b, {1av91)

%
%

PATENT

With nonlinear optimization criterion as min(x L;) and linear optimization
criterion maintained as:

HEHRY

Failed to converge

Converge to series case with L, + L, = 22 ym,
L.=L,=0um

Most solutions of the form L, = x, + 22 ym, L,
=0, L; =X, Ly =0 with (X, = X,) / X4 << 1
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Uof T Confidential Invention Disclosure

'&: List all individuals who have made an inventive contribution to this disclosure using non-U of T
resources (i.e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
information and email address.

L i sl List all individuals at or external to U of T who have not made an inventive contribution
but have contrlbuted to the development of the invention. Please include name, organization and email address.

Location{s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
building, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building

invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

\ The invention is a polarization diverse wavelength demultiplexer/multiplexer which uses a unique wavelength-

| sensitive polarization rotator (PR). The PR relies on a polarization-based Mach-Zehnder interferometer that uses a

| non-adiabatic coupler. The non-adiabatic coupler has an L-shaped cross-section, for which the two lowest order

i modes have 50:50 TE:TM polarization mixtures. Incident TE or TM polarized light excite these hybrid modes, which
i are then converted into TE and TM modes of a birefringent waveguide. The TE and TM modes accumulate different
i phase-shifts in this waveguide, and are then recombined using a second non-adiabatic coupler with mode

i converters. Depending on the phase-shift accumulated in the birefringent waveguide, the interference is used to

i demultiplex signal according to wavelength and polarization. Different configurations are possible with the addition

. of standard broadband polarizations splitters or polarization-splitter-rotators.

| Please see the enclosed slides.

Dissemination:

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
including dates.

&

™ None {" Yes (please provide details)

Funding:

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equipment, etc.).

SPONSOR PROJECT TITLE RIS FUND #
Finisar Si Photonics for Coarse Wavelength Division Multiplexing (CWDM) 500138
i Corporation ,
PATENT
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Uof T Confidential Invention Disclosure

7. Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:
material transfer, data transfer, software licence, confidentiality, collaboration, and/or sponsored research?

{™ No {" Yes (please provide details)

Yes. This invention is being disclosed under a sponsored research agreement between Finisar and U of T. The U
. of T reference number is 2015-1761.

8. Patent Applications:

Have any patent applications or other intellectual property protections been filed in respect of this invention?

™ No " Yes (please provide details)

9. Warranty:

I/We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).

| NAME (typed): i SIGNATURE:

SUBMISSION INSTRUCTIONS:
Please send an electronic draft of the disclosure formito the |P. Officer for review prior to obtaining signatures.

| Onee reviewed for completeness and accuracy. the completed and signed form should be returned to the 1B

L Officer via email at pailissrluivroninags, in-person, of by mail,

Hyounesd any assislance, please contactthe B Oiticer,
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* Use wavelength sensitive polarization rotator

Wavelength DEMUX concept

* Only 2"¥wavelength channel is polarization rotated:

Input

V/H\._._m\ V/HHZ
V/N\._._m , V/N\._._/\_

ATe, A
Mre, More LTE A2, TESTM %N
) ) V/Hr.:m

X N TE wavelength sensitive polarization

\ polarization rotator m_u:ﬂm_, V/NHm¢j<_
polarization

splitter — Ao TE

/ wavelength sensitive polarization

™ polarization rotator m_u:ﬁm_, VJj/\_
V/Hm_‘z\ V/N\._|_<_

V/H\._._<_\ V/N\ ™M -5TE

Xn

Can further rotate the polarization of A, to obtain only
TE outputs.

Can add a polarization combiner for each wavelength in
a receiver for a polarization insensitive design.
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REEL: 049679 FRAME: 0574



* Basedon asecond order lattice filter, but uses non-adiabatic couplers

input non-adiabatic
coupler (50/50)

high

non-adiabatic

e Equivalentto

birefringence
waveguide

]
ki

coupler (29/71)

high

Wavelength sensitive polarization rotator

Y o 5

PO
Relative wavalength {nm]

birefringence
waveguide

non-adiabatic
coupler (8/92)

Horst, Folkert, et al."Cascaded Mach-Zehnder wavelength filters

in silicon photonics for low loss and flat pass-band WDM (de-)
multiplexing." Optics express 21.10 (2013): 11652-11658.

output
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Non-adiabatic coupler

* Example of cross-section (L-shaped Si):

* Tapering down too fast induces mode mixing.

* The lowest order 2 modes are TE-TM hybrid, with nearly 50:50 TE:TM mixtures.

* Combining two such couplers leads to a birefringence-based MZI:

e
7] ~ 20

PATENT
REEL: 049679 FRAME: 0576

Y [microns)

21 i kd

® {rndcrons}

CModedist

w sﬂonﬁ effective inder wavelength {pmd | loss (dBfom) TR polavabion fraction (B

/////// /////ﬂ%///////////// TETTTT

s i 52

iy Thae
////////

Consider TE input
(TM is input is the
reciprocal)

Interference

depends on the phase difference accumulated
through theintermediate waveguide




Transfer matrix model (for pure TE input)

* Nominal lattice parameters, with n the number of polarization splitters in series.

» -17.7 dB crosstalk assumed for polarization splitters (based on some early simulations).

R

7 a8
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Notes

e High birefringence waveguides can be used to shorten nominal MZI
lengths

e Couplers are short due to the non-adiabatic design -> compact
implementation

* Non-adiabatic couplers have a broadband operation

PATENT
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Example topology for lattice block (in si)

Non-adiabatic transitions to cross-sections with 50:50 hybrid modes is mirrored to achieve arbitrary coupling
ratios between 0 and 100%. Robustness, coupler length, and wavelength sensitivity are not compromised.

50/50 Delay 29/71 Delay Delay 8/92
(approx. 4 pm) (approx. 200 pm) (approx. 4 um)  (approx. 200 pm) (approx. 200 um)  (approx. 4 um)

Full etch height: 300 nm
Partial etch height: 165 nm
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* A high birefringence leads to multimode waveguides, but shorten the necessary delays.

* nisthe groupindex.

Width of delay sections

R
N3
N
&
¥
W
e,
e
%Y

RS

e

......
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Width of delay sections

e 440 nm x 300 nm cross-section supports 4 modes with reasonable index separation:

* Few mode waveguides can be manageable using adiabatic transitions that do not excite
higher order modes

* Widening the delay waveguides is a common technique for phase error mitigation:

“In these CMZ devices we have reduced the sensitivity to width variations by widening the waveguides in the delay arms
[14], from thestandard width of 500 nm to awidth of 1.0 um. In the widened waveguides, the sensitivity of the optical
phase to width-variations is reduced by a factor of 5. This also makes the delay line waveguides multi-modal, but we use
10 um long parabolic tapers to couple adiabatically between the multi-mode and mono-mode sections of the device to
avoid excitation of the higher order modes.” (same ref. as on slide #3)

PATENT
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Sensitivity — Delay sections

* Dimensional variations will likely to lead to a similar increase or decrease in both the TE and TM
effective indices, leading to the same overall birefringence. Thisis unlike a conventional
interferometer with different waveguides with their own set of independent, uncorrelated
perturbations.

* Any perturbation that affects all delay lines equally lead to the same filter shape, but shifted in
wavelength. Thisis unlike a filter that actively tries to match the TM and TE responses, with their
own wavelength sensitivity to this shift. Here, the birefringence is the only wavelength sensitive
element, so this problem is eliminated.

PATENT
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Alternate versions (1)

Input

V/Hn_‘m\ V/H\._|_<_

V/N\._._m , V/N\._._<_

AMTe, A
AMTe, A LTE, A2T™
Are, M 1,TE» A TM STE
V/qu¢j<_ ! >NH_<_ —>TE TE wavelength sensitive polarization
\ polarization rotator m_u:ﬁm_,
wavelength sensitive _uo_m rization
polarization rotator m_u__ﬁm_,
/ wavelength sensitive UO_mINmZOS
™ polarization rotator m_u:ﬁm_,
Arme Aore 5T
V/HHZ\ V/N\._._m

V/H\._._m

V/N\._._<_

V/N\._._m

V/H._._<_

Canadd a polarization combiner for

each wavelength
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Alternate versions (2

input

TE

wavelength sensitive
polarization rotator

polarization

rotator-splitter

wavelength sensitive
polarization rotator

polarization
rotator-splitter

output (TE)

MUX atthe transmitter end

\\\\\\\
/

TE

wavelength sensitive
polarization rotator

polarization
rotator-splitter

wavelength sensitive

polarization rotator

polarization

TE (chanl) — — —_ (laser 1)

TE¢hant | TE input

TEchana | TM input

rotator-splitter

TE (chan2) «———— (laser 2)
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U of T Confidental Invention Disclosurs

Extomnat Inveniors: List all individuals who have made an inventive
rasoyrces de. sponsor emplovees, academic collaborators, ste). 4

. Condributors {Non-Invendors): List all individuals at or sxdernal to U of T who have not made an nventive contribution
bt have contributed to the development of the invention. Please include name, organization and emall address.

3. Location{s} of Work:

Please list all locations (U of T and sxternal) of the work leading to this invention, be spacific (e, deparimant,
budiding, hospital, efc).

Dapariment of Electrical and Compuler Enginesring, Galbraith bullding

4. lnvention Desoription:

Planse provids a description of this invention for evaluation, hiohlighting its novel or patentables aspects. Attach
separate pages if necessary,

The invention is an adiabatic polarization rotator-splitter (PRS) based on siicon nitride (SN wavaguide The
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fabrication precision of SN waveguids is not high. The design usss a partially eiched layer in the BiN wavaguide
e, SiN b wavequides) to reduce the polarization crosstalk,

5, Dissemingtion:

List all publivations, absiracts, presentations or any other furms of public dissemination regarding this work,
inciuding dales.
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. Funding:

Provide details regarding any funding used in the development of this invention {i.=. salary or stipend support,
materials, sguipment, ste.).
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7. Related Agresments,

Was the work izading to this invention subjest to any written or oral contract{s) or othar agraement(s} such as:
material transfer, daia transfar, softwars licence, confidentiality, coliaboration, andfor sponsored research?

£ No £ Yes {ploass provids details)

Yes. This invention is being disclosed under a sponsored ressarch agreemant hetwsen Finisar and U of T. The
U of T reference number is 20151781,

8. Palent Applications:

Have any patent applications or cther intelleciual property protections been fiad in respect of this invention?

£ Mo {7 Yo {ploass provids deteiis)

Yes. A nor-provisional patent application was submitted on Nov. 28, 20M7.  US Patent Application numbear
15/828,838

8. Warranty:

We, the inverdors listed in Seclion 2(a), have read, understood and agree to aff of the praveding, and declare that all
of the informabon provided in this disclosure Is complete and correst. To the best of our knowledge, alf persons who
might legally make an ownership clalm in this Invention are identified in Section 2{g) and 2(b).
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Adiabatic Polarization Rolator Combiner

2. inwentors and Condributors:
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but bave contrisuled 1o the development of the invention. Plesse includs nams, organization and email address.

4. Location(s) of Work:

Please list ail locations (U of T and external) of the work lzading o this invention, be spacific (.. departmeant,
butlding, hospital, ste).

Department of Elecirical and Computer Engineering, Galbraith huilding

4. Invention Description:

Pleass provide s description of this invention for svaluation, highliohting is novel or nateniable aspects. Attach
sanarale pages # necessary.

The invention is an adizhatlic polarization rotator combiner (PRC) based on sificon nitride {SiN} waveguides. The
proposed PR is a polarization multiplexing device that can receive wo optical signals with TEND nolarization in two
BN waveguides. The second optical signal is first converted to TEGT mode and then TMOD mods. Then the
converted TMOO mode is combined with the othar input TEDD optical signal. The adiabatic PRC s optimized o be
insenaitive to the geometric variations of the Sib waveguide {e.g., waveguide height, side walt angis} for the given
infegrated photonic platform. This device can be implemented in the platform where fabrication precision of SN
waveguide is not high. The design uses a partially siched layer in the 3N waveguide e, SiN b waveguidas) to
reduce the polarization crosstalk.

5. Dissemination:

List &l publications, abstracts, presentations or any other forms of public dissemination regarding this work, including
dates.

% None {7 Yes {phease provide detalis)

None

8. Funding:

Provide delails regarding any funding used in the development of this inveniion {i.e. salary or stipend support,
migterials, eguipment, eic.),

SPONSOR PROSECT THFLE IS FUND ¥
Finisar Si Photonics for Coarse Wavelength Division Multivlexing {CWERA 500138
Corporation
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8 Patent Applications:

Have any patent applications or other intellectual propenty protections been filsd In respect of this invention?
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Yas. A non-provisional patent spplication was subrmittad on Nov, 28, 2017, US Patent Application number:
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MAME (typed)

SIGNATURE:

DATE:

Fheng Yong

May 18, 2618

Joves Kai See Poon

{
H
i

i

g

; LY
jFa" vy ;
;:' L {Jj M

RS

May 10, 2018

‘ \,?, 1

1
SO0
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e
ll

SUBMISBION INSTRUCTIONS:

i you need any assisiance, plegse contactthe 1P Officer,

Plesse send an electronic draft of the disclosurs form to the 1P Officer for review prior io obtaining signatures.

Once reviewed for complsteness and accuracy, the complated and sigred form should be relumed fo the 1P
Officer via emall ot ip.officer@utoronto ea. in-person, or by mail,
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UNIVERSITY OF

; CHEPICE OF THE YICE-PRESIDENT,
: TQ RQNT@ RESEARCH AND INROVATION

ASSIGNMENT
TO THE UNIVERSITY FROM INVENTOR
AND REVENUE SHARING AGREEMENT

This assignment and revenue sharing agreement (the “Agresment”) is between Joyoe K Poon, Jared C Mikkelsen,
thefr respective heirs, executors, administrators and assigns (collectively, the “inventor™) and The Governing Council
of the University of Toronto, its successars and assigns {collectively, the “University”).

WHEREAS, the Ihwentor has created cerlain inteflectual properly entifed "High Efficiency Grating-to-Grating
Optical Coupling for Multi-chip Integraion” (Disclosure No. 10003983) as more particularly described in the
disclosure form attached as Appendix 1 {the “Invention™),

AND WHEREAS, the University and the Inventor jointly own the invention under the University's Inventions Policy
{the “Policy”, including any successor policy thereto);

AND WHEREAS, rights are being granted to the research sponsor, Finisar Corporation, as a condition of the
Sponsored Research and Collaboration Agreement dated, Novembar 23, 2015

AND WHEREAS, in order to offer such rights to the sponsor, the Inventor wishes 1o assign its interest in the
invention to the University;

NOW THEREFORE this Agresment wilnesses that in consideration of the mutual covenants contained herein and
other good and valuable consideration, the recaipt and sufficiency of which are hereby acknowledged by sach of the
parties, the parties covenant and agree as follows:

1. Definitions. In addition {0 any terms defined above, in this Agreemant:

{8} “Commercialization Costs” means the legal and other fess incurred directly in the process of
establishing and maintaining the legal protection of rights in the Invention:

{t} “Management Fee® means a fes for services provided by the University In connaction with its
commercialization of the Invention: and,

{c} "Net Revenue” means the royalty, loensing and other income or equivalent financial relum received
by the University from the assignment or licensing of the rights in the lnvention, less any. (&
Commarciglization Costs; and (i) amounts payable fo third parties under prior written agresments
that directly relate to the Invention, including but not limited to funding and collaboration agreements.

4. Assignment. The Invenior hereby assigns to the University al right, title and interest, whatever the same
may be {but withcut any representation or waranty as 1o the nature, axient or validity thereof) which the
inventor now has or may in the future have in the Invention, including, without imitation, the right to apply for
patents in Canada, the United States of America and any other country, the right to receive any letiers

3 Raferance No:10003188
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patent that may be Issued from any such applications and the right to sell, ficense or assign the Invention or
the rights thereto.

Disclosure. The Inventor shall make full and complete disclosure of the Invention fo the University, and
shall make available to the University any physical embodiments of the Invention and other data that will be
or that may be useful to the University in exercising its rights in the Invention.

Assistance. The Inventor shall execute, acknowledge and deliver all such further assurances and do al
such acts as may be necessary o camy out the intent and purpose of this Agresment, including withouwt
limitation, to executs powers of attomey and other documenis required to maintain intellectual property
profection of the Invention, and shall review and provide comments with respect o such intellectual property
protection as and when requested by the University.

Revenue Sharing,

{8) Subject to 5(b}, the University shall distribute sixty percent {80%) of the Net Revenue to the Invenior,
The remaining forty percent (40%) of the Net Revenue shall be relsined by the University and
distributed in accordance with the Policy,

{b} H the Inventor is also the founder of a company and the Universify assigns or licenses the Invention i
that company, the Inventor agrees to waive all right to recelve its share of the Net Revenue,

Equivalent Revenus, If an amangement for commercialization of the invention is made which provides
consideration other than cash, the University may liguidate the non-cash assels o the extent # deems
necessary to recover Commercialization Costs. The parties shall share the proceeds of such non-cash
consideration in the same proportion as provided in section 5.

Payments. Any money to be paid by the University under this Agresment shall be paid to the Inventor in
Canadian funds in the proportions set out in the altached Appendix 2, annually on or before the thirlisth
{30%) day following the anniversary of the Effective Dats.

Term and Terminstion. This Agreement enlers info force as of the Effective Date and shall continue unii
terminated in accordance with this section. Unless otherwise agreed in writing by the parties:

{8} the Universily may ferminate this Agresment by providing ninety (80} days written natice fo the Inventor,
or,

{b} if the Universlty has nol made reasonable efforis fo enter info an agreement with a third parly to
commercialize the Invention within two (2) years of the Effective Date, the Invenlor may request the
termination of this Agreement and reassignment of the Invention to the Invantor by providing rinety (80}
days witten notice to the University;

In elther case, the parfies shall execute an assignment of the University’s rights in the Invention ip the
invenior on ferms {0 be negoliated by the parties in good faith,

2 Fefrence No: 10003488
PATENT
REEL: 049679 FRAME: 0594



8. indemniy. The University shall indemnify and save the Inventor harmiess from and against any loss
arising out of or pursuant to any claims or demands in connection with the Invention and all costs, damages
and expenses (including reasonable legal fees) incured by the Inventor in connection therewith, axcapt to
the extent caused by the breach of any obligations of the Inventor herein or of any representations or
warranties given by the Inventor in the disclosure form attached as Appendix 1.

10. Acknowledgement and Release. The Invenlor acknowledges fhat, because of the speculative nafure of
the undartaking to commercialize the Invantion, the University cannot guarantee that the resulls will mest
the objectives sought. The University may enter into an Agency Agreement in its Sole discration and, if so,
shall provide & copy of the Agency Agreement fo the Inventor, Save and except for the right to enforce the
terms contained in this Agreement, the Inventor releases the University from any and all claims that the
inventor may now have or may in fulure have in respect of the Invention. Any disputes grising under this
Agreement shall be resolved by the parties in accordance with the dispute resolution procaduras sat out In
the Policy,

1. Counterparts. This Agreement may be execuled by signatures defivered by facsimile transmission or
defivered electronically in optically scanned form; andfor it may be simultaneously executed by the Inventors
in multiple counterparts, each of which will be considered fo be an original instrument, and all of which taken
together, where each Inventor has executed at least one counterpart, will constitule one and the same
insirument.

REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK
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Agssistant Vice-President, innovation, Partinerships and
Entreprensurship

. LSS e " .
Executed at Tornto, Ontario this = __day of __ > SOF S 8%" o048 tihe “Effective Date)
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APPENDIX 2

Distribution of Net Revenus

The Inventor directs he University to distibute 50% of the Nef Revenue o each Inventor in the following propartions:

Joves K Poom: 5%
Jared § Mikkelsen: 25%
Total: 100%
8 Refuroncs ¥or 0003188
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UNIVERSITY OF

 TORONTO

o

inngvations &
Tel: {418) 878 F%?

OFFICE OF THE VICE-PRESIDENT,
RESEARCH AND INNOVATION

an i\) \.3 N

N e n
MHG LS

This form is used to record inventions made using U of T resources, facilities and/or funds managed by U of T and is to be
completed by the inventor(s) to satisfy their obligations under U of T’s Inventions Policy. For step by step information on
how to complete the form, please refer to the invention disclosure quide.

1. Title of Invention:

through the use of U of T resources (i.e. faculty, students, postdocs, staff, visiting scientist, etc). Attach separate

pages if necessary.

| SURNAME, GIVEN Uof T
| NAMES . PERSONNEL NO
 (if applicable)

: Poon, Joyce

. 993899
Kai See :

Mikkelsen, = 1092195
. Jared Carl

*if invention is assigned o Uof
agrm::d o by the parlies inan g

o affiliated
L institutions)

| Electrical and

. Computer
- Engineering

.....................................

DEPARTMENT | AFFILIATION
{List apy cross | WITHUof Tfi.e.
. appointments or Ffoculty, research

. gs50¢., post-doc,
student, stoff, :
Lvdsitoreted b
i joyce.poon@

Faculty
3 . utoronto.ca

: Electrical and
: Computer
. Engineering

PhD student

. CONTACT
¢ INFORMATION
¢ {non-tiof T
. malling address,
ghone, foax}

| 24 Wellesley
LSt W, #2212,
. Toronto, ON,
| MY 2X6
| 416-262-0571

jared mlkkelsen@
- mail.utoronto.ca

. 2155

Mayflower

Blvd., Oakuville,

ON, L6H 4E6
905-399-3109

| EMAIL ADDRESS : g
. CONTRIBUTION

I3

¢ {“optional)

{ FOR IPO USE ONLY:

Disclosure Date: Juty 23
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U of T Confidential Invention Disclosure

resources (i.e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
information and email address.

?Bér{.éi“M‘éngérért"éii"Ei}ii's"érébrpbrauon -
| 1389 Moffett Park Dr., Sunnyvale, CA 94089, USA

 daniel mahgereften@finisar.com 1-310-721-1955

Contributors {\\mm ventors): List all individuals ator external to U of T who have not made an inventive contribution

Location(s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
burlding, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building
Finisar Corporation, 48800 Milmont Dr., Fremont CA, 94538
{ Finisar Corporation, 1389 Moffett Park Dr., Sunnyvale, CA 94089, USA

Invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

! The invention is a grating coupler conf iguration that improves the optical coupling between two chips using a pair of
: grating couplers. 5

. Background: In the field of silicon (Si) integrated photonics, one of the major chalienges is the low-cost and efficient

. integration of a semiconductor laser (typically realized in compound semiconductor materials, like indium phosphide
(InP)) onto a Si photonic chip. Finisar Corp. has been working on a solution in which an InP laser is integrated on :
top of a Si photonic chip using a transmitter grating coupler defined in the InP that sends the light to a large-area
receiver grating coupler in the Si photonic die. The receiver grating coupler scatters the light from the laser into an

in-plane waveguide.

. In their previous work (Finisar background IP), the receiver grating coupler had a “positive angie” design, in which
. the light propagation in the in-plane waveguide (in the Si die) is in the same direction as the lateral component of

 the propagation direction of the incident light.

This invention is a receiver grating coupler with a “negative angle” design, in which the light propagation in the in-
plane waveguide (in the Si die) is in a direction opposite to the lateral component of the propagation of the incident
! light. The negative angle reduces high order scattering directions to improve the coupling efficiency in the
fundamental order (i.e., agnle). In a specific implementation using silicon nitride (SiN), the coupling efficiency is

. improved by about 1dB compared to previous approach using a “positive angle”. The negative angle modifies the

configuration of the coupled system of two chips.

An added benefit of the negative angle grating is that the electric fields in the transmitter and receiver grating

PATENT
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U of T Confidentizl Invertion Disclosure

3 . Please see the enclosed slides.

Dlssemmation

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
mcludmg dates.

{" None ™ Yes (please provnde detalls)

Fundmg

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equipment; efc.).

RIS FUND #

Finisar
i Corporation

Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:

material transfer, data transfer, software licence, confi dentlallty, collaboration, and/or sponsored research?

] " No ™ Yes (please provnde detalls)

Yes. This invention has been made under a sponsored research agreement between Finisar and U of T. The
U of T reference number is 2015-1761. ;

Patent Applications:

Have any patent apphcatlons or other intellectual property protections been filed in respect of this invention?

" No {" Yes (please provide details)

Yes F|n|sar has background IP and filed for a provisional appllcatlon F1 002 12677US01.

Warranty:

I/We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).

PATENT
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U of T Confidential Invention Disclosure
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Finisar Background IP

« Two chip integration solution using a pair of grating couplers

— For laser (InP) integration onto silicon (Si) photonic die containing
a silicon nitride (SiN) layer

PATENT
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UNIVERSITY OF

TO ONTQ OFFICHE OF THE VICE PRESIDBENT,
g R ) HESEARCH AND INNOVATION

ASSIGNMENT
TO THE UNIVERSITY FROM INVENTOR
AND REVENUE SHARING AGREEMENT

This assignment and revenus sharing agreament {the “Agresment”) is between Joyce K Poon, Jared C Mikkalsen,
their respective heirs, executars, sdministrators and assigns (cofiectively, the “Inventor”) and The Goveming Council
of the University of Toronto, its successors and assigns (collectively, the “University™).

WHEREAS, the Invenlor has crealed cartain intellectual property entitled “Birefringence Control of Silicone Nitride-
on-Silicon Optical Waveguides and Photonic Circults™ (Disclosure No. 10003154} as more particularly described in
the disclosure form attached as Appendix 1 (the “Invention™);

AND WHEREAS, the University and the Inventor jointly own the Invention under the University's fnventions Policy
{the “Pelicy”, including any succassor policy thereto);

AND WHEREAS, rights are being granted to the research sponsor, Finisar Corporation, a5 a condition of the
Sponsored Research and Collsboration Agreement dated, November 23, 2015;

AND WHEREAS, in order to offer such rights to the sponsor, the Inventor wishes Io assign its interest in the
Invention to the University;

NOW THEREFORE this Agreement withesses that in consideration of the mutual covenants contained hersin and
other good and valuable consideration, the receipt and sufficiency of which are hereby acknowledged by each of the
parties, the parfies covenant and agres as foliows:

1. Definitlons. In addition to any terms defined above, in this Agreement:

{&) “Commercialization Costs” means the legal and other fess incured dirsctly in the prooess of
astablishing and maintaining the legal protection of fighls in the Invention;

{b} “Management Fee" means a fae for services provided by the University in connection with #ts
sommaercialtization of the Invention; and,

{c} “Het Revenus” means the royally, licensing and other income or equivalent financial retum received
by the University from the assignment or loensing of the rghts In the wention, less any: (B
Commerciaiization Costs; and (i} amounts payable to third parties undar prior written agreements that
directly relale to the Invention, including but not limited to funding and collaboration agreements.

2. Assignment. The lnventor hereby assigns fo the University al right, title and interest, whatever the same
may be {but without any representation or warranly as o the nature, exient or validity thereof} which the
inventor now has or may in the fulure have in the Invention, including, without lmitation, the right to apply for
patents in Canada, the United Slates of America and any oiher couniry, the right to receive any letlers

1 Raferance No: 10003134
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patent that may be issued from any such applications and the right to sell, icense or assign the Invention or
the rights therelo.

Disclosure. The Inventor shall make full and complete disclosure of the Invention to the Universily, and
shall make available to the University any physical embodiments of the Invention and other data that will be
or that may be useful io the University in exercising ifs rights in the Invention.

Assistance. The Invenior shall execute, acknowledge and daliver all such further assurances and do il
such acts as may be necessary to camy out the intent and purpose of this Agreement, including without
limitation, to execute powers of altomey and other documents required to maintain intellectual property
protection of the invention, and shall review and provide comments with respect to such intellactual property
protection as and when requested by the Univarsity,

Revenue Shating.

{a} Subject to 5{b), the University shall distribute sixty percent (60%) of the Net Revenus to the Invertor,
The remaining forty percent (40%) of the Net Revenue shall be relained by the University and
distributed in accordance with the Policy.

{b) H the Invenior is also the founder of a company and the University assigns o licenses the invention fo
that company, the Inventor agrees fo waive all right to receive its shars of the Net Revenue.

Equivalent Revenue. if an arrangement for commercialization of the Invention is made which provides
consideration other than cash, the University may liquidate the non-cash assels fo the exient it deems
necessary fo recover Commercializalion Costs. The partiss shall share the proceeds of such non-cash
consideration In the same proporfion as provided in section 5.

Payments, Any money to be paid by the University under this Agreement shall be paid to the Inventor in
Canadian funds in the proportions set oul in the attached Appendix 2, annually on or before the thirtieth
{301} day following the anniversary of the Effective Date.

Term and Termination. This Agreement enters inlo force as of the Effective Date and shall confinue until
{erminated in accordance with this section, Unless otherwise agresd in wriling by the parties:

{a) the Universily may terminate this Agresment by providing ninety {80) days writien notice fo the Inventor,
of,

{b) if the University has not made reasonable efforts to enter into an agreement with a third parly to
commercialize the Invention within two {2} years of the Effective Dale, the invenior may request the
termination of ihis Agreement and reassignment of tha invention to the Inventor by providing ninsty (30
days written nofice to the Universily;

In either case, the parties shall execuls an assignment of the Univarsity's rights in the Invention fo the
inventor on terms to be negotiated by the parfies in good faith.

2 Helprence No: 10803198
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8. indemnity. The University shall indemnify and save the Inventor harmiess from and against any loss
arising out of or pursuant to any claims or demands in connaction with the invention and all costs, damages
and expenses (including reasonable legal fees) incured by the Inventor in connection therewith, excapt fo
the extent caused by the breach of any obligations of the Inventor herein or of any representations or
warranties given by the Inventor in the disclosure form attached as Appendix 1.

10. Acknowledgement and Release, The Inventor acknowledges that, because of the speculative nature of
the undertaking to commercialize the Invention, the Universily cannot guarantee that the resulls will mest
the objectives sought. The University may enter Into an Agency Agreement in its sole discretion and, if so,
shall provide a copy of the Agency Agresment ip the invantor. Save and except for the right to enforce the
terms contained in this Agreement, the Invenior releases the University from any and all claims that the
inventor may now have or may in future have in respect of the Inveniion. Any disputes arising under this
Agreement shall be resclved by the parties in accordance with the dispule resolution procedures set out in
the Policy.

11. Counterparts. This Agresment may bs executed by signatures deliversd by facsimile transmission or
delivered electronically in oplically scanned form; and/or it may be simultaneously sxecuted by the Inventors
in mulliple counterparts, each of which will be considered to be an original instrument, and all of which taken
together, where each Inventor has executed at least one counterpart, will constitute one and the same
instrument.

REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK
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# adatan Bovs - Jared C Midcalsen

The Governing Councll of the ijmvefssty gﬁs’f oronto

} /? > éw

$

Derek Newtan
Assistant Vice-Fresident, Innovation, Parinerships and

Entreprensurship

5 o8
Executed at Toronio, Ontario this & day of

A 2016 (the “Effective Date”)
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APPENDIX 1

invention Disclosure Form

§ Reference No:1000314
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APPENDIX 2

Distribution of Net Revenuse

The Invenior dirscts the Universily fo distribute 80% of the Net Revenue fo each lnventor in the following proportions;

Joves K Poon: 5%
Jared C Mikkelsen: 25%
Total: 100%
g Rafasncs Nov 10003194
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Concept

eff, e,
TM mode is slightly more delocalized and
the electric field points vertically.



Example design

* Thicknesses
—  Si: 150 nm
— SiO, spacer between SiN and Si: 350 nm
— SiN: 600 nm (refractive index 1.9)

« The plots below show the effective indices of the first several modes vs. SiN or Si widths
(with the Si or SiN width fixed)

« Zero birefringence point is circled
* Note: The highest blue line (TEOS) corresponds to a mode confined solely in the Si

Si Width: 410 nm SIN Width: 770 nm
2.6 28
2.4 2.6
.............................. 2 4 o ————
x 22" wnTEDS < I
m ,,,,,,,,,, TMOS ,m N.Nzi ~—TEOS
2 2 -~-TEOA © ~TMOS
S e TE1S g 5 Wg = 410 nm TEOA | |
Y 1g. TTMOA  Wgiy = 770 nm m ~TE1S
R T S TM1S 18 jS@P
............................................................................................................................................. 1.
1

750 800 850 1.4 " ; . : "
A 420 440 460 480 500
SiN Width (nm) Si Width (nm)
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Modal Profiles

* Profiles shown for Si width of 410 nm, SiIN width of 770 nm
« TM hybrid mode interacts with both SIN and Si

TE hybrid mode TM hybrid mode

.

b

o
[rod]

)
.
W..

v (microns)
¥ (mitmns)

v} YT oy
X {PRcrons ¥ ITHCIons;
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Mode overlap loss, adiabatic tapers
« If Siis abruptly introduced below an SiN waveguide, there is loss due to
modal mismatch
Hybrid TE Mode _<__m3m§ awv _L_ﬁ:a TM Mode Mismatch (dB)
00 .
mbmo 0.045 =
W»mo WM\
= 3
& 440 -0.05 &

750 800
SiN Width (nm) SiN Width {(nm)

« To reduce loss, the Si can be adiabatically introduced under the SiN. Si tip width
cannot be too narrow to transform the TE mode in the SiN waveguide into the TE

mode of the Si
| SiN

Top view

I 1
Adiabatic SiN taper/ Adiabatic m_
edge coupler Si taper



 Birefringence < 10-3 can be maintained over entire O-band =
— Designs shown are for SiN width of 770 nm and Si width of 410 m
nm
4
2.6 _ _ _ _ 15%10 _ _ _
2.4} ] 3
- C
S
(O]
5 > [~TE0S B
£ ~~TMOS gQ
2 2r |~TEOA 1 20
9 - TE1S =
i, gl |[—TMOA ] T T_
L
T
1.6¢ 1 —
260 1280 1300 1320 1340 1360 1260 1280 1300 1320 1340 1360

Wavelength (nm) Wavelength (nm)
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Optimal SiN width for

Tolerance to thickness variations
« For Si widths between 400-500 nm, there is always a corresponding SiN
width which makes the birefringence zero for the thicknesses on p.3
860
o Thicknesses
O 840} Si: 150 nm
o SiO, spacer: 350 nm
£ 820; SiN: 600 nm (refractive index 1.9)
()
© 800t
@
O
N 780+
760

420 440 460 480 500
Si Width (nm)

o



 Birefringence mainly sensitive to Si thickness variation z
« Reason: hybrid TM mode migrates more into Si if Si layer is thicker m
Deviation of Si thickness from
4 nominal value of 150nm Overlap Loss
20219 _ _ _ _ 11— _ _ | _
. 0]
e =10 AN I
15! s () M ,,,,,,,,,,,,,,,,,z,,,,.%,,,,,.,,, l = (0.98} 1
- A +\_ O nm a,,,,%,,,,o,,,,,‘,,,%,%% m
= — 0.96 |
5107 . 1 3
c | Wa —
| 2094 TN -
= 5 . =l TN
= - £ 0.92; NG |
m = ////////////
0 g e TE SN
—~ 0.9 N g
g ~TM ////
5 0.88 _

420 440 460 480 500 420 440 460 480 500
Si width (nm) Si width (nm)
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Birefringence Worst Case Deviation

e Since increases in Si thickness are more detrimental than
decreases, it may be beneficial to bias design away from optimal
point to minimize the “worst case” birefringence

 Considering a +/- 10 nm Si thickness variation:

— Minimal worst case birefringence so far is 0.0054 for SiN width of 800
nm and Si width of 410 nm. This sets an upper limit on the allowable
delay line lengths for the MZ| arms

500

Si Width (nm)
D
(8}]
o

750 500
SiN Width (nm)
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Effective Index

1.698

1.697}

1.696

1.635}
1.654}
1.693¢
1.652¢

1.631

Bent Waveguide Birefringence

Birefringence increases as bend radius decreases
Plots below are for SiN width of 770 nm, Si width 410 nm

—TMOS
—TEOA |

50 100 150 200

Bend Radius (um)

2.5

TMOS-TEOA Birefringence
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Bent Waveguide Birefringence

Phase accumulation difference A¢=2m/A An_(TTR/2) vs. bend radius R

Indicates that R = 20 ym is optimal for this waveguide cross-section (wg, = 770 nm,

Wg; = 410 nm)

Ag

0.23

0.22
0.21}

0.2
0.19}
0.18}
0.17)\

0.16

20 40 60 80 100
Bend Radius (um)
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Reducing polarization dependence

1. Choose waveguide cross-section with near zero birefringence
— Bias design point at slightly thinner Si

— The operation point is sensitive to waveguide dimensions (especially thickness
variations)

2. Equalize the birefringence by using two types of waveguide cross-
sections, one with positive birefringence and one with negative
birefringence, so the overall birefringence cancels.

— Can choose widths that are more variation tolerant

— Broader band operation may also be possible

B1=(Nest1E — NesrTm)1 > 0
_wm (Negt qm — Neg j<_vm < o

r_ ht Lig

B,L, =B,L,

//

(9%}
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UNIVERSITY OF

TORONTO O seAKCH AN INNOVATION

ASSIGNMENT
TO THE UNIVERSITY FROM INVENTOR
AND REVENUE SHARING AGREEMENT

This assignment and revenue sharing agreement (the “Agresment”} is between Joyce K Poon, Antoine Bois, thelr
respective heirs, executors, adminisirators and assigns {collectively, the “inventor™) and The Goveming Councll of
the University of Toronto, its sucesssors and assigns (collectively, the “University™).

WHEREAS, the Inventor has created certain intellectual property entiled “Blrefringence Compensation by Serially
Varying the Waveguide Width" (Disclosure No. 10003215} as more particularly described in the disclosure form
attached as Appendix 1 {the “Invention™;

AND WHEREAS, the Universily and the Inventor joinily own the Invention under the Univarsity's Inventions Policy
{the “Policy”, including any successer policy thereto);

AND WHEREAS, certain rights are being granted to the research sponsor, Finisar Corporation, s a condition of the
Sponsor Research and Collaboration Agreemem dated, November 23, 2015;

AND WHEREAS, in order {o offer such rights 1o the sponsor, the Inventor wishes o assign its interest in the
Invention to the University,;

NOW THEREFORE this Agreament wilnesses that in consideration of the mutual covenants contained herein and
other good and valuable consideration, the raceipt and sufficiency of which are hereby acknowledged by sach of the
parfies, the parties covanant and agree as follows:

1. Definiions. In addifion to any terms defined above, in this Agreement;

(a) “Commerclalization Costs” means the legal and other fees incumed direclly in the process of
gstablishing and maintaining the legal protection of rights in the Invention;

(b} “Management Fee” msans a fee for services provided by the University in connection with #is
commercialization of the Invention; and,

{c} “Net Revenue” means the royally, licensing and other Income or equivalent financial refum received
by the University from the assignment or Hicensing of the rights in the Invention, less any: (i)
Commerclalization Costs; and {ii) amounts payable o third parties under prior written agreements that
directly relate to the Invention, including but not fimited to funding and coliaboration agreements.

2. Assignment. The Inventor hereby assigns io the Universily all right, titie and interest, whatever the same
may be (but without any representation or warranty as to the nature, extent or validity thereof) which the
inventor now has or may in the future have in the Invention, including, without limitation, the right to apply for
patents in Canada, the United States of America and any other country, the right 1o receive any letters

1 Refarence No: 10003215
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patent that may be issuad from any such applications and the right to sell, license or assign the Invention or
the rights therelo.

Disclosure. The inventor shall make full and complste disclosure of the Invention to the Universily, and
shafl maka available o the University any physical embodiments of the Invention and ofher data that will be
or that may be useful to the University in exercising its rghts in the Invention.

Assistance. The Invenior shall axeculs, acknowledge and deliver all such further assurances and do all
such acls as may be necessary {0 carry out the infent and purpose of this Agreemert, including without
fimitation, to execute powers of altorney and other documents required fo maintain intellsciual property
protection of the Invention, and shall review and provide comments with respect io such intellectual property
protection as and when requesiad by the University,

Revenue Sharing.

{8} Subjeci io 5(b}, the University shall distribute sixly percent (80%) of the Net Revenue o the Invenior.
The remaining forty percent (40%) of the Net Revenue shall be retained by the University and
distributed In scoordancs with the Poliy,

{b) If the Inventor is also the founder of a company and the University assigns or icenses the Invention to
ihat company, the inventor agrees fo walve all right to receive its share of the Net Revenue.

Equivalent Revenue. If an armangement for commercialization of the Invention Is mads which provides
consideration other than cash, the University may liquidate the non-cash assels fo the exteni i deems
necessary o recover Commerciglization Costs. The parties shall share the procesds of such non-cash
consideration in the same proportion as provided in saction 5.

Payments. Any money to be paid by the Universiy under this Agreement shall be paid to the Inventor in
Canadian funds in the proportions sef out in the attached Appendix 2, annually on or before the thirtieth
(308} day following the anniversary of the Effective Date.

Term and Termination. This Agreement enters into force as of the Effective Date and shall continue until
tarminaied in accordance with this section. Unless otherwise agreed in writing by the parties:

{8} the University may terminate this Agresment by providing ninety (80) days writlen notice fo the Inventor,
or,

{b} if the University has not made reasonable efforfs fo enter info an agreement with a third parly o
commercialize the Invention within two (2} years of the Effective Date, the Inventor may request the
termination of this Agreement and reassignment of the Invention to the Invenior by providing ninety (30}
days written notics to the University;

i either case, the parties shail execute an assignment of the University'’s rights in the Invention fo the
Inventor on terms to be negotisted by the parties in good faith.

2 Rafarencs No:10003215
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9. indemmity. The University shall indemnify and save the Inventor hammiess from and against any loss
arising out of or pursuant to any clalms or demands in connection with the Invention and all costs, damages
and sxpenses {including reasonable legal fees) incurred by the Inventor in connection therewith, except to
the extent caused by the breach of any obligations of the Inventor hereln or of any representations or
warranties given by the Invenior In the disclosure form attached as Appendix 1.

10. Acknowledgement and Release. The Inventor acknowledges thal, because of the speculative nature of
the undertaking io commercialize the Invention, the Unlversity cannot guarantee that the resuls will meet
the objectives sought. The University may enter Into an Agancy Agreement in s sole discration and, f so,
shall provide a copy of the Agency Agresment fo the Inventor, Save and except for the right fo enforce the
ferms contained in this Agreement, the Inventor releases the University from any and all claims that the
Inventor may now have or may in fulure have in respect of the Invention. Any disputes arsing under this
Agresment shall be resolved by the parties In accordance with the dispuis resclution procedures set out in
ths Policy.

11. Counterparts. This Agreement may be exscuted by signatures delivered by facsimile transmission or
delivered electronically in oplically scanned form; and/or it may be simultanecusly executed by the Inventors
in multiple counterparts, each of which will be considered to be an original instrument, and all of which taken
together, where each Invenior has execuled af least one counterpart, will constitute one and the same
instrument.

REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK

3 Haferance No:10003215
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Witness inventor

J asmpf W « fﬁf’)? e
- Joyce K Poon /
i "R’W 1 e Pe

Antoine Bols

The Governing Council of the Univem};ﬁﬁféi Toronto

R ; e" :';". F '?_-"
% \_\\ !( B F
NN &
Y R o §
Derek Newton
Assistant Vica-President, innovation, Parinerships and
Enfreprensurship

£
el /%f by ive Diate”
Executed at Toronto, Ontario tiis day of G , 2018 {ihe “Effective Date")

4 Reference Ne: 10003215
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APPENDIX 1

Invention Disclosure Form

8 Raference No: 10003215
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UNIVERSITY OF

TORONTO

OFFICE OF THE VICE-PRESIDENT,
R ESEARCH AND INNOVATION

This form is used to record inventions made using U of T resources, facilities and/or funds managed by U of T and is to be
completed by the inventor(s) to satisfy their obligations under U of T’s Inventions Policy. For step by step information on

how to complete the form, please refer to the inventi

on disclosure gquide.

% %
CONTRIBUTION |

LT ot dnventon:
Birefringence compensation by serially varying the waveguide width
2. inventors and Contribufors:
through the use of U ofT resources (i.e. faculty, students, postdocs, staff, visiting scientist, etc). Attach separate
pages if necessary.
| SURNAME, GIVEN U of T PERSONNEL DEPARTMENT EMAIL ADDRESS CONTACT
NAMES NO (if applicable) {List any cross 5 INFORMATION

GInEmenis or

Computer
. Engineering

Kai See

| Bois, Antoine 15823349 Electrical and
5 . Computer
. Engineering

eU; T i “H}
L Student,

i3S, rlr?(}.“u.,

3

;::‘afﬁ ViSO, ¢
i joyce.poon@ ,
' St. W., #2212,

i utoronto.ca
; Toronto, ON,
- M4Y 2X6
. 416-262-0571
MASc student | antoine.bois@ 181 rue de
mail.utoronto.ca | 'Affluent, Lévis,

i QC, GTA 5CT,
i 647-639-1086

{Foptionadl

¢ FOR IPO USE ONLY:

. Disclosure Date:  August 2%, 2016
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(3

Uof T Confidential Invention Disclosure

N

NVENIE! List all individuals who have made an inventive contribution to this disclosure using non-U of T
resources (| e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
mformatlon and email address.

Lo winvantoesl List all individuals at or external to U of T who have not made an inventive contribution
but have contrlbuted to the development of the invention. Please include name, organization and email address.

L ocation{s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
building, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building
invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

i The invention is the birefringence compensation in photonic circuits by varying the waveguide width in a serial way.

For a given thickness, h, of a waveguide layer, two waveguide cross-sections with widths, wy and w; are chosen.

i The cross-section with width w, will have a birefringence, By = (ntg,1 — ntm1), Where ntg; and noy 4 are the effective

i indices of the transverse electric (TE) and transverse magnetic polarized fundamental mode, respectively, of the

i waveguide. The cross-section with width w;, will have a birefringence, B> = (g2 — ntm2). Concatenating these two
| types of waveguides serially in a photonic device, can allow for the overall birefringence to be compensated.

| Waveguide lengths of L; and L, are chosen for widths of w; and ws, respectively, such that ByL; + B,L, = mh. This
| type of strategy can also be incorporated into designs that use differential (or “parallel”) architectures for

| birefringence compensation in devices such as Mach-Zehnder interferometer filters.

Please see the enclosed slides for details.

Dissemination:

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
including dates.

. None {" Yes (please provide details)

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equment etc.).

SPONSOR PROJECT TITLE RIS FUND # ‘
Finisar Si Photonics for Coarse Wavelength Division Multiplexing (CWDM) 500138
i Corporation i f
PATENT
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Uof T Confidential Invention Disclosure

7. Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:
material transfer, data transfer, software licence, confidentiality, collaboration, and/or sponsored research?

s

i No i Yes (please provide details)

Yes. This invention has been made under a sponsored research agreement between Finisar and U of T. The U of
T reference number is 2015-1761. |

8. Patent Applications:

Have any patent applications or other intellectual property protections been filed in respect of this invention?

B

: No " Yes (please provide details)

No.

9. Warranty:

I'We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).

| NAME (typed):

Joyce Poon August 12, 2016

Antoine Bois August 12, 2016

SUBMISSION INS TRUCTIONS:
Please send an electronic draft of the disclosure form 1o the |P Officer for review prior to obtaining signatures.

| Once reviewsd for completeness and accuracy, the completed and signed form shouid be returmed fo the P
\ Officer vig email gt jp oI oremiagy, insparson, or by mail

If you need any assistance, please contact the 1P Dhicer.
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Concept

« Consider two waveguides sections with the same height that are
concatenated with each other

PATENT
REEL: 049679 FRAME: 0639

— 1. height = h, width = w., length = L, Birefringence: B, =n,,,-n,,,
— 2. height = h, width = w,, length = L, B, = Mgy =Ty
Light > -
-9 % T Light
N M/// //v/ M//// /voi
_l _|m
Phase-shift of TE component after Phase-shift of TM component after
propagating through both sections propagating through both sections
27T 27
ﬁﬂm = HASELP + SEUNNNV ﬁ@& = HA:@EP + Sguwhwv
The birefringence of the total system is compensated if ¢ =¢ +2mx _ﬂm@_&

This implies B L +B L =mA




There are many ways to achieve B,L, + B,L, = mA

An example is m = 0, B, and B, have opposite sign
— Choose w, > h, w, <h

PATENT
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Also possible for B, B, > 0 through choice of m, L,, L,

For a variation tolerant design, we seek

min(AB L, +AB L))

Assuming the variation in

the length is negligible
where

@%S @%S @%S . . Lo
DmS — p U >§S + @\\M Al + p = An + ... Is the possible variation in _.u:_M
U % u :

12




Extensions

Such a concept can also be combined with the differential birefringence compensation
scheme proposed by Finisar for polarization-insensitive Mach-Zehnder interferometer filte

Finisar concept

sider 3 MZAD with extrg lengths Ly and Lo m osach arm re
wicih and lengih in both srms automatically .h,,%,.%%wxwmm
nothing pasrficular must be done abowt the bends.}

We require:

e = p & N m?ww
oose = U such thatl we antomatically satisly all A, and as such do not depenid on
s specific central éfﬁm%ﬁw Choosmg m = § also Ieads to shorter delay lengths, without

any downside, With B = ny

other conditior

g, Loy g do and 83 &% Q.EEEM spacing, this gives:

G

-
P
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b
o

0641
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Note: For the TM FSR to match also
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* For a MZI, having B,L, = B,L, is robust to dimensional
variations, but because L, # L,, there is some leftover
sensitivity. =
« For a MZI, using the differential compensation is generally better Em:m
the series approach, which requires B,L, =-B,L, (L; and L, in
series).

REEL: 049679 FRAME: 0643

* Because B, and B, are the same sign, it is also robust to
variations of the waveguide material index, though this can be
achieved better with the series approach that has B, < 0 and B,
> 0 and comparable L, and L.

» Choice of series or parallel approach depends on which variation
(dimension vs. index) is likely to be stronger.

* For the MZI directional couplers: use square cross-section
waveguides for simplicity.



* L, and L, in series in one arm, and L; and
L, in series in the other in a MZI

« Combines parallel and series approaches

 To solve the residual birefringence variation
due to AL in a MZ|

 Needs two more conditions to solve the
linear system. Examples can be:

L =L,

Li+L,=L+L,

- L, L,, L, or L, to specific values,
* Or any other variation.
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e, L3317

SiN waveguide, 600nm tall
Channel spacing of 20nm, near a wavelength of 1310nm

Losb L =L I
Zhatyet, The shortest solution

converges to series case.

L,=L,=0pm

Other solutions are of the form:

e _L = _|m =11+ X4 pm

ﬂ _Lo” =L, =X, um

R TR T T with (X, — X,) / X; << 1
SRR

o
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’
7

b, {1av91)

%
%

PATENT

With nonlinear optimization criterion as min(x L;) and linear optimization
criterion maintained as:

HEHRY

Failed to converge

Converge to series case with L, + L, = 22 ym,
L.=L,=0um

Most solutions of the form L, = x, + 22 ym, L,
=0, L; =X, Ly =0 with (X, = X,) / X4 << 1
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APPENDIX 2

Distribution of Net Revenue

The inventor directs the University fo distribute 50% of the Net Revenue to each Invenior in the following proportions:

Joyoe K Poon: 80%
Anfoine Bois: 20%
Totak: 100%
g Refgmnces No:10003215
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UNIVERSITY OF

'EO O N’E‘Q OIFFICE OF THE VICK-PRESIDENT,
R BESEARCH AND INNOVATION

ASSIGNMENT
TO THE UNIVERSITY FROM INVENTOR
AND REVENUE SHARING AGREEMENT

This assignment and revenus sharing agresment (the “Agreement”) is between Joyce K Poon, Anfoine Baols, thelr
respective helrs, executors, administrators and assigns {coliectively, the “inventor”) and The Goverming Council of
the University of Toronto, its successors and assigns {collectively, the “University”).

WHEREAS, the Inventor has crealed cerlain infellectual propesty entitied “Wavelength Filtering and Polarization
{deifuitiplexing via Non-Adiabatic Transitions” {Disclosure No, 10083351} as more parlicularly described in the
disclosure form attached as Appendix 1 {the “invention™);

AND WHEREAS, the University and the Inventor jointly own the Invention under the University's Inventions Poficy
{the “Policy”, including any succassor policy thersto);

AND WHEREAS, righls are being granted to the research sponsor, Finisar Corporation, as a condition of the
Sponsor Research and Collaboration Agreement made effective November 23, 2015 and amended subsequently on
October 23, 2016,

AND WHEREAS, in order to offer such rights to the sponsor, the inventor wishes fo assign #ts interest in the
inverdion o the Universily;

HOW THEREFORE this Agresment witnesses that in consideration of the mulual covenants contained herein and
cther good and valuable consideration, the receipt and sufficiency of which are hereby acknowledged by each of the
parties, the parties covenani and agree as follows:

1. Definitions. In addition {0 any terms definad above, in this Agresment;

{a) “Commercialization Costs” means the lsgal and other fess incurred direclly in the process of
establishing and maintaining the legal protection of rights in the Invention,

(@) “Management Fee” means a fee for services provided by the University in connsction with is
commercialization of the Invention; and,

(b} “Net Revenusg” means the royally, licensing and other income or equivalent financial retumn recelved
by the University from the assignment or licensing of the rights In the Invention, less any: )
Commercialization Costs; and (i} amounts payable to third parties under prior writien agreements that
directly relate to the invention, including but not imited to funding and collaboration agreements,

2. Assignment. The Inventor hereby assigns fo the University all right, fitle and inferest, whatever the same
may be (but without any representation or warranly as to the nature, exient or validity thereof) which the
Inventor now has or may in the future have in the Invention, including, without limitation, the right fo apply for

1 PATRENT No:10003351
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patents in Canada, the Uniled States of America and any other country, the rght fo recelve any leflers
patent that may be issuad from any such applications and the right to sell, Bcense or assign the Invention or
the rights thereto,

Disclosurs. The lnvenltor shall make full and complete disclosure of the Invention to the University, and
shall make available to the University any physical embodiments of the Invention and other data that will be
or that may be useful o the University in exercising ifs rights in the Invention.

Assistance. The Inventor shall execuie, acknowladge and deliver all such further assurances and do aff
such acls as may be necessary o carry out the intent and purpose of this Agresment, including without
fimitation, to execute powers of atlomay and other documents required fo maintain intellectual property
protection of the Invention, and shall review and provids comments with respect fo such inteflectual property
protection as and when requasted by the University,

Revenue Sharing.

{a} Subject to &{ly), the University shall distribule sixty percent (60%) of the Net Revenue 1o the Inventor.
The remaining forly percent {40%) of the Net Revenue shall be relained by the University and
distributed In accordance with the Policy.

{a} If the invenior is also the founder of a company and the University assigns or ficenses the Invention to
that company, the Inventor agrees {o walve all right 1o recelve its share of the Net Revenus,

Equivalent Revenus. If an amangement for commercialization of the Invention s made which provides
sonsideration other than cash, the University may lquidate the non-vash assels o the exient # deems
necessary o recover Commercialization Costs. The parties shall share the procseds of such non-cash
consideration in the same proportion as provided in section 5.

Payments. Any money o be pald by the University under this Agreament shall be paid fo the inventor In
Canadian funds in the proportions set out in the attached Appendix 2, annually on or befors the thirtieth
{30%) day following the anniversary of the Effective Date,

Termy and Terminalion, This Agresment enters into force as of the Effective Date and shall continue undi
terminated in accordance with this section. Unless otherwise agreed inwriling by the parties:

{a} the Universily may terminate this Agreement by providing ninety {80} days written notice to the Invenior;
or,

{a} i the Univarsity has nof made reasonable efforts to enter info an agreement with a third party o
commercialize the Invention within two (2) years of the Effective Date, the Inventor may request the
termination of this Agreement and reassignment of the Invention fo the Inventor by providing ninety (80}
days writlen notice fo the University;

In sither case, the parfles shall execute an assignment of the University's rights in the Invention to the
inventor on terms {0 be negotiated by the parties in good faith.
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9. indemnity. The University shall indemnily and save the Inventor harmless from and against any loss
arising out of or pursuant to any claims or demands in connection with the Invention and all costs, damages
and expenses {including reasonable legal Tees) incurred by the Inventor in connection therewith, except o
the extent caused by the breach of any obligations of the Inventor herein or of any representstions or
warranties given by the Inventor in the disclosure form attached as Appendix 1.

10. Acknowledgement and Release. The Inventor acknowledges thatl, because of the speculative nature of
the undertaking o commercialize the Invention, the Universily cannct guaraniee that the resulls will mest
the objsctives sought. The University may enter info an Agency Agreement in ifs sole discretion and, if so,
shall provide a copy of the Agency Agreement fo the Inventor, Save and excapt for the right to enforce the
terms contained in this Agreement, the Inventor releases the University from any and all claims that the
inventor may now have or may in Redure have in respect of the Invention.  Any disputes arising under this
Agreement shall b resolved by the partiss in accordance with the dispute resolution procedures sef out in
the Policy.

11, Counterparts. This Agreement may be exsculed by signatures delfivered by facsimile transmission or
daliverad electronically in optically scanned form; andfor it may be simultaneously execuled by the Inventars
in muitiple counterparts, each of which will be considered fo be an original instrument, and all of which taken
together, whers sach Invenfor has execuled at lsast one counterpart, will constitute one and the same
instrument.

REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK
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Witness

inventor
; g § e"“ ) N
=008 ¥, 3
Lot g
»\\e

TR
AU YU TG
Joyee K Roon =
An
The Governing Council of the Uniwbrsity of Toronto
_\i\\sg \ =
] S

Darsk Newton -

Assistant Vice-President, Innovation, Parinerships and
Entrepreneurship

SF

Execided at Toront, Ontario this

D
§ 7
& §

SN

day of \\

(3}

, 2017{the "Effective Date")
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APPENDIX Y

invention Disclosure Form
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UNIVERSITY OF

TORONTO

OFFICE OF THE VICE-PRESIDENT,
RESEARCH AND INNOVATION

This form is used to record inventions made using U of T resources, facilities and/or funds managed by U of T and is to be
completed by the inventor(s) to satisfy their obligations under U of T’s Inventions Policy. For step by step information on

how to complete the form, please refer to the invention disclosure quide.

1. Title of Invention:

2.

)
Q&

inventors and Contribuiors:

\
\\\ \\ \\\\\\\\\i
VENTOIT QU g Un

pages if necessary.

SURNAME, GIVEN U of T PERSONNEL
| NAMES i NO (if applicable)

. Electrical and
. Computer
. Engineering

. Poon, Joyce 993899 Electrical and
| Kai See i . Computer
5 . Engineering

. EMAIL ADDRESS . CONTACT
’ INFORMATION
: & eu: T enaili “H}

L Student,

AN - -
staff, visitor, eic

i3S, rlr?(}.“u.,

Graduate . antoine.bois@
student . mail.utoronto.ca | 'Affluent, Lévis,
5 . QC, GTA 5C1
. 418-836-0436
Faculty | joyce.poon@ 24 Wellesley
utoronto.ca St. W., #2212,
g i Toronto, ON,
i M4Y 2X6
. 416-262-0571

through the use of U of T‘ resources {(i.e. faculty, students, postdocs, staff, visiting scientist, etc). Attach separate

% %
CONTRIBUTION |

{Foptionadl

FOR IPO USE ONLY:
. Disclosure Date:

Disclosure No:
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(3

o

Uof T Confidential Invention Disclosure

'&: List all individuals who have made an inventive contribution to this disclosure using non-U of T
resources (i.e. sponsor employees, academic collaborators, etc). Please include names, organization, contact
information and email address.

L i sl List all individuals at or external to U of T who have not made an inventive contribution
but have contrlbuted to the development of the invention. Please include name, organization and email address.

Location{s) of Work:

Please list all locations (U of T and external) of the work leading to this invention, be specific (i.e. department,
building, hospital, etc).

Department of Electrical and Computer Engineering, Galbraith building

invention Description:

Please provide a description of this invention for evaluation, highlighting its novel or patentable aspects. Attach
separate pages if necessary.

\ The invention is a polarization diverse wavelength demultiplexer/multiplexer which uses a unique wavelength-

| sensitive polarization rotator (PR). The PR relies on a polarization-based Mach-Zehnder interferometer that uses a

| non-adiabatic coupler. The non-adiabatic coupler has an L-shaped cross-section, for which the two lowest order

i modes have 50:50 TE:TM polarization mixtures. Incident TE or TM polarized light excite these hybrid modes, which
i are then converted into TE and TM modes of a birefringent waveguide. The TE and TM modes accumulate different
i phase-shifts in this waveguide, and are then recombined using a second non-adiabatic coupler with mode

i converters. Depending on the phase-shift accumulated in the birefringent waveguide, the interference is used to

i demultiplex signal according to wavelength and polarization. Different configurations are possible with the addition

. of standard broadband polarizations splitters or polarization-splitter-rotators.

| Please see the enclosed slides.

Dissemination:

List all publications, abstracts, presentations or any other forms of public dissemination regarding this work,
including dates.

&

™ None {" Yes (please provide details)

Funding:

Provide details regarding any funding used in the development of this invention (i.e..salary or stipend support,
materials, equipment, etc.).

SPONSOR PROJECT TITLE RIS FUND #
Finisar Si Photonics for Coarse Wavelength Division Multiplexing (CWDM) 500138
i Corporation ,
PATENT
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Uof T Confidential Invention Disclosure

7. Related Agreements:

Was the work leading to this invention subject to any written or oral contract(s) or other agreement(s) such as:
material transfer, data transfer, software licence, confidentiality, collaboration, and/or sponsored research?

{™ No {" Yes (please provide details)

Yes. This invention is being disclosed under a sponsored research agreement between Finisar and U of T. The U
. of T reference number is 2015-1761.

8. Patent Applications:

Have any patent applications or other intellectual property protections been filed in respect of this invention?

™ No " Yes (please provide details)

9. Warranty:

I/We, the Inventors listed in Section 2(a), have read, understood and agree to all of the preceding, and declare that all
of the information provided in this disclosure is complete and correct. To the best of our knowledge, all persons who
might legally make an ownership claim in this Invention are identified in Section 2(a) and 2(b).

| NAME (typed): i SIGNATURE:

SUBMISSION INSTRUCTIONS:
Please send an electronic draft of the disclosure formito the |P. Officer for review prior to obtaining signatures.

| Onee reviewed for completeness and accuracy. the completed and signed form should be returned to the 1B

L Officer via email at pailissrluivroninags, in-person, of by mail,

Hyounesd any assislance, please contactthe B Oiticer,
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21/04/2017

Antoine Bois
Joyce Poon

UNIVERSITY OF TORONTO
FACULTY or APPLIED SCIENCE = ENGINEERING
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* Use wavelength sensitive polarization rotator

Wavelength DEMUX concept

* Only 2"¥wavelength channel is polarization rotated:

Input

V/H\._._m\ V/HHZ
V/N\._._m , V/N\._._/\_

ATe, A
Mre, More LTE A2, TESTM %N
) ) V/Hr.:m

X N TE wavelength sensitive polarization

\ polarization rotator m_u:ﬂm_, V/NHm¢j<_
polarization

splitter — Ao TE

/ wavelength sensitive polarization

™ polarization rotator m_u:ﬁm_, VJj/\_
V/Hm_‘z\ V/N\._|_<_

V/H\._._<_\ V/N\ ™M -5TE

Xn

Can further rotate the polarization of A, to obtain only
TE outputs.

Can add a polarization combiner for each wavelength in
a receiver for a polarization insensitive design.
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* Basedon asecond order lattice filter, but uses non-adiabatic couplers

input non-adiabatic
coupler (50/50)

high

non-adiabatic

e Equivalentto

birefringence
waveguide

]
ki

coupler (29/71)

high

Wavelength sensitive polarization rotator

Y o 5

PO
Relative wavalength {nm]

birefringence
waveguide

non-adiabatic
coupler (8/92)

Horst, Folkert, et al."Cascaded Mach-Zehnder wavelength filters

in silicon photonics for low loss and flat pass-band WDM (de-)
multiplexing." Optics express 21.10 (2013): 11652-11658.

output
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Non-adiabatic coupler

* Example of cross-section (L-shaped Si):

* Tapering down too fast induces mode mixing.

* The lowest order 2 modes are TE-TM hybrid, with nearly 50:50 TE:TM mixtures.

* Combining two such couplers leads to a birefringence-based MZI:

e
7] ~ 20

PATENT
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Y [microns)

21 i kd

® {rndcrons}

CModedist

w sﬂonﬁ effective inder wavelength {pmd | loss (dBfom) TR polavabion fraction (B

/////// /////ﬂ%///////////// TETTTT

s i 52

iy Thae
////////

Consider TE input
(TM is input is the
reciprocal)

Interference

depends on the phase difference accumulated
through theintermediate waveguide




Transfer matrix model (for pure TE input)

* Nominal lattice parameters, with n the number of polarization splitters in series.

» -17.7 dB crosstalk assumed for polarization splitters (based on some early simulations).

R

7 a8
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Notes

e High birefringence waveguides can be used to shorten nominal MZI
lengths

e Couplers are short due to the non-adiabatic design -> compact
implementation

* Non-adiabatic couplers have a broadband operation

PATENT
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Example topology for lattice block (in si)

Non-adiabatic transitions to cross-sections with 50:50 hybrid modes is mirrored to achieve arbitrary coupling
ratios between 0 and 100%. Robustness, coupler length, and wavelength sensitivity are not compromised.

50/50 Delay 29/71 Delay Delay 8/92
(approx. 4 pm) (approx. 200 pm) (approx. 4 um)  (approx. 200 pm) (approx. 200 um)  (approx. 4 um)

Full etch height: 300 nm
Partial etch height: 165 nm
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* A high birefringence leads to multimode waveguides, but shorten the necessary delays.

* nisthe groupindex.

Width of delay sections

R
N3
N
&
¥
W
e,
e
%Y

RS

e

......
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Width of delay sections

e 440 nm x 300 nm cross-section supports 4 modes with reasonable index separation:

* Few mode waveguides can be manageable using adiabatic transitions that do not excite
higher order modes

* Widening the delay waveguides is a common technique for phase error mitigation:

“In these CMZ devices we have reduced the sensitivity to width variations by widening the waveguides in the delay arms
[14], from thestandard width of 500 nm to awidth of 1.0 um. In the widened waveguides, the sensitivity of the optical
phase to width-variations is reduced by a factor of 5. This also makes the delay line waveguides multi-modal, but we use
10 um long parabolic tapers to couple adiabatically between the multi-mode and mono-mode sections of the device to
avoid excitation of the higher order modes.” (same ref. as on slide #3)

PATENT
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Sensitivity — Delay sections

* Dimensional variations will likely to lead to a similar increase or decrease in both the TE and TM
effective indices, leading to the same overall birefringence. Thisis unlike a conventional
interferometer with different waveguides with their own set of independent, uncorrelated
perturbations.

* Any perturbation that affects all delay lines equally lead to the same filter shape, but shifted in
wavelength. Thisis unlike a filter that actively tries to match the TM and TE responses, with their
own wavelength sensitivity to this shift. Here, the birefringence is the only wavelength sensitive
element, so this problem is eliminated.
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Alternate versions (1)

Input

V/Hn_‘m\ V/H\._|_<_

V/N\._._m , V/N\._._<_

AMTe, A
AMTe, A LTE, A2T™
Are, M 1,TE» A TM STE
V/qu¢j<_ ! >NH_<_ —>TE TE wavelength sensitive polarization
\ polarization rotator m_u:ﬁm_,
wavelength sensitive _uo_m rization
polarization rotator m_u__ﬁm_,
/ wavelength sensitive UO_mINmZOS
™ polarization rotator m_u:ﬁm_,
Arme Aore 5T
V/HHZ\ V/N\._._m

V/H\._._m

V/N\._._<_

V/N\._._m

V/H._._<_

Canadd a polarization combiner for

each wavelength
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Alternate versions (2

input

TE

wavelength sensitive
polarization rotator

polarization

rotator-splitter

wavelength sensitive
polarization rotator

polarization
rotator-splitter

output (TE)

MUX atthe transmitter end

\\\\\\\
/

TE

wavelength sensitive
polarization rotator

polarization
rotator-splitter

wavelength sensitive

polarization rotator

polarization

TE (chanl) — — —_ (laser 1)

TE¢hant | TE input

TEchana | TM input

rotator-splitter

TE (chan2) «———— (laser 2)
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APPENDIN 2

Distribution of Net Revenuse

The inventor directs the University to distribuie 60% of the Net Revenue o each Inventor in the Tollowing proporiions:

Jovee K Poon: 10 %
Anloine Buois; a0 %
Totah 100%
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UNIVERSITY OF

TORONTO R EsmARCH AND INNOVATION

ASSIGNMENT
TO THE UNIVERSITY FROM INVENTOR
AND REVENUE SHARING AGREEMENT

This agsignment and revenue sharing agreement (the “Agresmant”) is behween Joyes K Poon and Zhang Yong,
their respactive helrs, sxecutors, administrators and assigns {collectively, the "Invantor”) and The Govemning Councll
of the University of Toronlo, its suncessors and assigns {collectively, the “University™).

WHEREAS, the Inventor has crealed cerain intelleciugl proparly antitled *Adishatic Polarization Rolator-Splitter”
{Disclosure No. 10003808} as more particularly described in the disciosure form aliached as Appendi 1 (he
“Invention”)

ARD WHEREAS, the Universily and the Inventor jointly own the invention undar the University's fnvenfions Poficy

{the “Pediny”, including any successor policy tharstod:

AND WHEREAS, righls are being granted o the research sponsar, Finisar Corporation, as 3 condition of e
Spongored Research & Collaboration Agreement daled, November 23, 2015,

ARD WHEREAZ, in order to offer certain righls o the sponsor, the inventor wishes fo assign s inferest in the
invartion in the University;

ROW THEREFORE this Agreement witnesses thel in consideration of the mutual covenants contained hereln and
other good and valuable consideration, the recsipt and sufficizncy of which ars hereby acknovdedged by each of the
partias, the parties covenant and agres as follows:

1. Definitions. in addilion to any terms defined abovs, in this Agreement;

{aj “Commercialization Costs” means the legal and other fess incurred direclly in the process of
sslablishing and malntaining the legal profection of dghis In the nvantion;

armen
[
sty

“Management Fes” means 2 fos for sorvices provided by the Universily in connsction with ifs
commarclalization of the invention; and,

{¢}  “Hst Revenus” means the rovally, licensing and ofher income or squivalent financial return recsived
by the Univarsity from the assignment or lioensing of the rights in the Invention, less any: i
Commercialization Costs; and (i} amounts payable fo third parfies under prior writhen agreements that
diractly relate to the Invention, including but nol limited to funding and collaboration agresments.

2. Assignmand The Invantor hereby assigns 1o the University all right, title and interest, whatever the same may
be: {but without any reprasentation or warranly as % the nature, extent or valicly thereo) which the Inventor
now has or Ry i the fulure have in the invention, including, without imitation, the right to apply for palents in

1 Disolosure Ne: 10003608
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Canada, the United States of Ameriea and any olher coundry, the right 1o recelve any lstlers patent that may
he issued from any such applications and the right fo sell, licensa or assign the Invention or the rights thersto,

o2

Disclosure. The Invanior ehall make full and complele distiosurs of the Invention fo the University, and shall
ke gvaliabie o the Univarsily any physical embodimants of the Invention and olher date that will be or that
rmay be ussful to the University in axercising its righls In the invention,

4, Assistancs. The inventor shall exectie, acknowledge and defiver ail such further assurances and do all such
acts a3 may be necassary 1o carry ouf the intent and purpose of this Agresment, including without imiiation, o
exscute powers of attorney and ofher documents required to mainiain intellsctual property profection of the
Inverticn, and shalf review and provide comments with sespect to such inteliaciual propery protection as and
when requestad by the University.

234

Revenue Sharing.

fa} Subisct o 5{b), the University shall distribute sixly percent (807 of the Nat Revenue o the Invenior,
The remaining forty pement (40%) of the Net Revenue shall be relained by the University and
distributed in accordance with the Policy,

{b} K the Invenior s alsn the founder of 2 company and the University assigns o licenses the invention io
that company, the Inventor agress to walve gl right fo raceive its share of the Net Reverus,

8. Equivslant Revenue. if an amangement for commenialization of the invention is made which provides
consideration other than cash, the University may liguidale the non-cash assels i the exiend it deems
necessary o recover Dommercialization Cosls. The parties shall share the proceeds of such non-cash
consideration in the same proportion as provided in section &

7. Payments. Any money ¥ be pald by the University under this Agreamant shall be paid io the Invenior in
Canadian funds in the proportions set out In the sttached Appendix 2, annually on or before the thirfieth (30%)
day following the anniversary of the Effective Date,

8 Term and Termination. [THIS SECTION IS INTENTIONALLY DELETED

9. Indemnity. The University shall indemnify and save the invenfor harmiess from and againgt any loes arlslng
out of or pursuant to any claims or demands In connection with the Invention and all costs, damages and
axpanses {including reasonable fegal fees) ncurrad by the Inventor in connection therewith, excent fo the
extent causad by the breach of any obligations of the inventor hereln o of any representations or warranties
given by the Inventor in the disclosure form attached as Appendix L

16, Acknowledgement and Release. The inventor acknowladges that, becauss of the speculative natre of the
undertaking o commercigize the Inverdion, the University cannot guaraniee that the results will mest the
objectives sought. Save and except Tor the right to enforce the terms contained In this Agreement, the Invanior
raieasss the University from any and 2l olaims that the Inventor may now have or may in fulure have i
respact of the Invention. Any dispules arsing under this Agresment shall be resolved by the parliss in
ancordance with the dispute sssolution procedures set out in the Policy.

3 Disclosure Nor 0003608
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11, Counterparts. This Agreament may he ewsculed by signatrss delivered by facsimile transmission or
deivered slectronically in oplicaly scanned form; andfor it may be simullaneously executed by the nventors
i mudtiple counterpanis, each of which will be considered {0 be an origingl instrument, and all of which aken
togather, where each Inventor has executed 2t isest one courterpart, will consiilule one and the same
instrument,

REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK

(454

Disclosure Nor 10003803
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Witness fnventor

~
N

<30,
AR AR,

Thy Governing Council of the University of Toronto

.g&fﬁiﬁi@f

Mj
Derek Newton
Assiatant Vice-Prasident, innovation, Parinarships and
Entraprensurship
Exvecuted at Toronto, Ontario this 2?; day of /4 b £ , 2018 (hut made effective 08 May 2018, the
‘Effective Date’)
4 Dizciosura NorHIOOIE0S
PATENT
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APPENDIX 1

invention Disclosure Fomm

Disclosurs Mo 103808
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UNIVERSITY OF
{FFICE OF THE VICE-PRESIDEMNT
RESEARCH AND INNOVATION

Tel: {416} 8787833 | Fax: {416} 478-B052 | amaill ip.officer@uiorants.ca

This form bs used to record inventions made using U of T resources, faciiities andfor funds maenaged by U ol Tand s fo be
completad by the inventors} to satisfy their obligations under Y of T's Inventions Polioy. For atep by step information on
how to complete the form, pleass refier lo the nvantion disclosure guide.

1. Title of hvention:
ADABATIC POLARIZATION ROTATOR-SPLITTER

2. Inventors and Condributors:

a. Inventors atthe University of Toronto: List aff individuals who have made an inventive contribution 1o thia disclosure
through the use of U of T rescurces (Le. faculty, students, postdocs, staff, visiting scientist, gicl. Altach saparais

pages ¥ nacassary.

SURNARME, GIVEN | Uof T PERSONNEL | DEPARTRMENT AFFIIATION WATH | EMAIL ADDRESS CONTACT %

NARAES NG {if applicablal | (Listany cross Vot T {ie focuity, IMEORMATION CONTRIBUTION
spRointments or ressarch assoc., {ner-U of Tenalling | {*optiongl}
affifiated post-dog, student, addrass, phong,
institutions} staff, wisitor, et} ot

Yeong, fheng 1138846 Elentrical and Fhid student zheng. yongd 925 Bay strast, 80
Computer maiutoronto.ca | At 1104,

Engineering Toronto, ON
MER 34
S4T7H048871

Poon, Joyoe G232858 Electrical and Facully Joyes poondd 24 Wellesiey 14

;‘{35 Seﬁ C{}mputar uigrﬁn{g’ca S& W,, #2212,
Enginearing Torante, ON,

MAY 2X8

415-262-0871

" ¥ invention is assigned to UofT, percentage will be used a3 & basis for sharing future revenues, Revenue distriibution
agreed to by the parties in an assignment agresment will govern,

For more information, see ouwr Disclosure Guide.

FORPO USE ONLY:
Disclosure Bats:

May 18, 2018

Diaclosurs Nos

10003808

PATENT
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U of T Confidental Invention Disclosurs

Extomnat Inveniors: List all individuals who have made an inventive
rasoyrces de. sponsor emplovees, academic collaborators, ste). 4

. Condributors {Non-Invendors): List all individuals at or sxdernal to U of T who have not made an nventive contribution
bt have contributed to the development of the invention. Please include name, organization and emall address.

3. Location{s} of Work:

Please list all locations (U of T and sxternal) of the work leading to this invention, be spacific (e, deparimant,
budiding, hospital, efc).

Dapariment of Electrical and Compuler Enginesring, Galbraith bullding

4. lnvention Desoription:

Planse provids a description of this invention for evaluation, hiohlighting its novel or patentables aspects. Attach
separate pages if necessary,

The invention is an adiabatic polarization rotator-splitter (PRS) based on siicon nitride (SN wavaguide The
propossd PRS recelves an input oplical signal in one SIN waveaguide, and the input 5 & miviure of the two
polarization modss, TEOD and TMOD. The PRE first convert the incoming TROU fight to TEST light and then
saparate it as the TEQD mode in a second waveguide whils the Input TEQD mods is not converted and maintained in
the original waveguide. The adizbatic PRS is optimized to be insensithve 1o the geomatric variations of the SiN
wavaguide {e.g., wavaguide height, side wall angle). This device can be implamented In the platform where
fabrication precision of SN waveguids is not high. The design usss a partially eiched layer in the BiN wavaguide
e, SiN b wavequides) to reduce the polarization crosstalk,

5, Dissemingtion:

List all publivations, absiracts, presentations or any other furms of public dissemination regarding this work,
inciuding dales.

& Nore {7 Yes {please provide delails}

Nons

. Funding:

Provide details regarding any funding used in the development of this invention {i.=. salary or stipend support,
materials, sguipment, ste.).

SPONSOR PROJECT TITLE RIS FUND &
Finisar St Fhotonios for Coarse Wavelength Division Multiplexing (CWDM) 500138
Corporation

PATENT
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Y of T Confidential fnvention Disciosurs

7. Related Agresments,

Was the work izading to this invention subjest to any written or oral contract{s) or othar agraement(s} such as:
material transfer, daia transfar, softwars licence, confidentiality, coliaboration, andfor sponsored research?

£ No £ Yes {ploass provids details)

Yes. This invention is being disclosed under a sponsored ressarch agreemant hetwsen Finisar and U of T. The
U of T reference number is 20151781,

8. Palent Applications:

Have any patent applications or cther intelleciual property protections been fiad in respect of this invention?

£ Mo {7 Yo {ploass provids deteiis)

Yes. A nor-provisional patent application was submitted on Nov. 28, 20M7.  US Patent Application numbear
15/828,838

8. Warranty:

We, the inverdors listed in Seclion 2(a), have read, understood and agree to aff of the praveding, and declare that all
of the informabon provided in this disclosure Is complete and correst. To the best of our knowledge, alf persons who
might legally make an ownership clalm in this Invention are identified in Section 2{g) and 2(b).

MAME fyped): SIGNATURE; DATE :

Zheng Yong g ,49 }:; > , % May 19, 2018
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Tovee Kai See Poon i May 10, 2018
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SUBMISRION INSTRUCTIONS:
Flease send an slectronie drafl of the disclosurs form to the 1P Officer for review peior to obtaining signatures,

Onee reviewsd for comploleness and acourscy, the complated and signedform should be returmned D the 1P
Cfficer via amadl ot ip officer@utoronto.ca. in-person, or by mail.

Hyouneed any assislance, please contact the P Officar,
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APPENDIX 2
Distribution of Net Bevenue
The taventor dirscts the University 1o distribule 80% of the Net Revenus to each lnvarior in the following proportions:
Jovee K Poon: 1%
Zhena Yona 80 %
Total 100%
§ Disclosure NorH003608
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COFFICE OF THE VICE-PRESIDENT,
RESEARCH AND INNOVATION

CONFIDENTIAL INVENTION DISCLOSURE

innovalions & Partnerships Offic
Tel (418} 878-7T833 | Pax (416)

@ | Banling insliiule, Room 413 | 180 Coliege 8t Toronto ON MEG LS
G78-8052 | email ip. officer@uicronts ca

This form is used o record inventions made using U of T resources, facilities andlor funds mansgad by Uof Tandisto be
complsted by the inventor(s) to salisfy their obligations under U of T’s Inventions Policy. For step by step information on

haw to complete the form, please refer to the invention disclosure guids.

1. Title of Invention:

Adiabatic Polarization Rolator Combiner

2. inwentors and Condributors:

& inventors at the University of Toranioy Uist gt individuals who have made an inventive contribution to this disclosure
through the use of U of T resources (Le. facully, students, postdocs, staff, visiting scientis!, sic). Attach separate
pages f necessary.

SURNAME, UofT DEPARTMENT AFFIIATION EMAIL ADDRESS CETALT %
GIVER MARIES PERSONNEL MO {List any cross WiTHUof Tie IFORMATION CONTRIBUTION
i applivabie) eppointments or Soculty, reseqrch fnon-Uof T {*ontionnd)
gffifiated Qs post-dog, maifing address,
ingtifutions} student, staff, nhone, fox)
wisitor. et d
Yong, Zheng 1138848 Elactrical and Phid student zheng. yong@ 825 Bay sirest, 5
Compular meiutoronto.ca | APt 1104,
Engiresring Toronto, ON
MES 314
B47004687 1
Foon, Joves BO3808 Elactrical and Faculty Joyoe pooni® 24 Wellesley 10
Kal Ses Computer oronio.ca St #2242,
Enginsering Toranto, ON,
R4Y 2X&
418-282-0871
FOR PO USE ORLY:
Disclosure Dater  May 16, 2018 Disclosurs Moo 10003687
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U of ¥ Confidental Invantion Disciosums:

i invantion I8 assigned to UofT, percentage will be used as g basis for sharing fulure revenuss, Revenue distribution
agread fo by the parlies in an assignment agreement will govern,

For mors information, see our Disclosure Guide.

External Inventors: Ust gl individuals who have made an inventive contribution o this di
i vees, academic collaborators, ete). Plaase include names
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but bave contrisuled 1o the development of the invention. Plesse includs nams, organization and email address.

4. Location(s) of Work:

Please list ail locations (U of T and external) of the work lzading o this invention, be spacific (.. departmeant,
butlding, hospital, ste).

Department of Elecirical and Computer Engineering, Galbraith huilding

4. Invention Description:

Pleass provide s description of this invention for svaluation, highliohting is novel or nateniable aspects. Attach
sanarale pages # necessary.

The invention is an adizhatlic polarization rotator combiner (PRC) based on sificon nitride {SiN} waveguides. The
proposed PR is a polarization multiplexing device that can receive wo optical signals with TEND nolarization in two
BN waveguides. The second optical signal is first converted to TEGT mode and then TMOD mods. Then the
converted TMOO mode is combined with the othar input TEDD optical signal. The adiabatic PRC s optimized o be
insenaitive to the geometric variations of the Sib waveguide {e.g., waveguide height, side walt angis} for the given
infegrated photonic platform. This device can be implemented in the platform where fabrication precision of SN
waveguide is not high. The design uses a partially siched layer in the 3N waveguide e, SiN b waveguidas) to
reduce the polarization crosstalk.

5. Dissemination:

List &l publications, abstracts, presentations or any other forms of public dissemination regarding this work, including
dates.

% None {7 Yes {phease provide detalis)

None

8. Funding:

Provide delails regarding any funding used in the development of this inveniion {i.e. salary or stipend support,
migterials, eguipment, eic.),

SPONSOR PROSECT THFLE IS FUND ¥
Finisar Si Photonics for Coarse Wavelength Division Multivlexing {CWERA 500138
Corporation
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Uof T Confidential lmvention Disclosure

7. Related Agreaments:

Was the work leading to this invention subject to any writlen or oral contrack{s) or other sgreement(s) sush as:
material transfer, dals transfer, softwars licance, confidentiality, collaboration, and/or sponsorad ressarch?

" Mo 7 Yeu {please provide detalis

of T reference number & 20151781

Yes. This iwention is being disclosed under a sponsored research agresment behwaen Finisarand U of T. The U

8 Patent Applications:

Have any patent applications or other intellectual propenty protections been filsd In respect of this invention?

£ Mo ™ Yer {plesse provide detads)

15/826,673

Yas. A non-provisional patent spplication was subrmittad on Nov, 28, 2017, US Patent Application number:

9. Waranty:

{We, the Invendors listed in Seclion 2(a), have read. understood and agree to all of the praceding, and declare that all

of the information providad in this disclosure s complets and correct. To the best of our knowledgs, all persans who
might fegally make an ownership claim in this Invantion are identified in Section 2{a} and b

MAME (typed)

SIGNATURE:

DATE:

Fheng Yong

May 18, 2618

Joves Kai See Poon
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SUBMISBION INSTRUCTIONS:

i you need any assisiance, plegse contactthe 1P Officer,

Plesse send an electronic draft of the disclosurs form to the 1P Officer for review prior io obtaining signatures.

Once reviewed for complsteness and accuracy, the complated and sigred form should be relumed fo the 1P
Officer via emall ot ip.officer@utoronto ea. in-person, or by mail,
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