Doc Code: PET.POAWDRW
Document Description: Petition to withdraw attorney or agent {3883}
PTO/BIAIRS

1-1
Approved for use through 03/31/2021. OMB 0651-0035
1.5, Patent an ermark Office . DEPARTMENT OF COMMERC

Reduction Act of 1995 no bersons are reguired To respond to a ¢

Appiicatian Number 14/893,375, Patent No. 8,581,713
REQUEST FOR WITHDRAWAL [ Fing e e 014
AS ATTORNEY OR AGENT AND First Named inventor David Tikkanen
CHANGE OF Art Unit 2844
CORRESPONDENCE ADDRESS | Bxaminer Name Vibol Tan
\K ;rla:.;lt;fr‘e' Docket 6@080@8 j

To: Commissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1458

Please withdraw me as attorney or agent for the above-identified patent application, and
all the practitioners of record;

car
, OF

ﬂ the practitioners {with registration numbers} of record listed on the attached paper{s)
L]

the practitioners of record associated with Customer Number: 30589

NOTE: The immediately preceding box should only be marked when the practitioners were appointed using the listed
Customer Number.

The reason{s} for this request are those described in 37 CFR:

111118}y L 11.116{8}2) B 11 2166)3)
B 111160 [ 1111632 [ 111.136(b)3)
Fl11.118(004) [ l1116(0)5) [ 111.1380K8)

11. 116{b}{7} Please explain below:

Certifications

Check each box below that is factually correct. WARNING: f a box is left unchecked, the request will likely not be
approved.

1. 88 |/We have given reasonable notice to the client, prior to the expiration of the response period, that the
practitioner{s}
intend 1o withdraw from eraployment.

2. @: I/We have delivered to the client or a duly authorized representative of the client ali papers and property {including
funds} to which the client is entitled.

318

—

1/ \We have notified the client of any responses that may be due and the time frame within which the client must
respond.

Piease provide an explanation, if necessary:

|Page 1 cf 2]

This celiscten
Process) an api

information is required by 37 CFR 1.34. The information is required to obtain or retain a benefit by the public which iz to file {and by the USPTO to
cation. Cenfidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 15 minutes to complete, including
gathering, preparing, and submitting the complated application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you reguire to complete this form and/er suggestions for reducing this burden, should be sent o the Chief information Officer, U.S. Patent and
Trademark Office, .5, Depsrtment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOV SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, dlexandris, VA 22333-1450.

if you need assistance in completing the form, call 1-800-270-8149 and select option 2.

ADVANCED LIGHTING CONCEPTS LLC - EX 1004



PTO/AIASES {(4-13}

Approved for use through 03/31/2021. OMB 0651-0035

t).5. Patent and Trademark Office, L.S. DEPARTMENT OF COMMERCE

Under the Pagerwork Reduction Act of 1935, no persons are required to respond 1o a collection of information unless it displays a valid OMR control number.

REQUEST FOR WITHDRAWAL AS ATTORNEY OR AGENT
AND CHANGE OF CORRESPONDENCE ADDRESS

Complete the following section only when the correspondence address will change. Chianges of address will only be accepted to an applicant.
Change the correspondance address and direct ail future correspondance to:

Al D The address of the applicant associated with Customer Number:

OR

. Applicant

sddress 219 W, Wilshire Bivd. Suite 104D

ey Oklahoma City | s= Ok »73116 | lUS
reestone 4 () 5-520-9220 == Jenn@onyxtheater.com

{am atthorized to sign on behalf of myseif and all withdrawing practitioners.

signature fANIN M. Roblf

name Ann M. Robi Registration No. 71541

adaress GOS W, Sheridan

City Qkiah@ma Cgty State Q K Zip ?3 ‘? 02 Country iﬂjS

Date Apﬂi 28, 2021 Telephone Ne. 405.807-2800

NOTE: Withdrawal is effective when approved rather than when received.

[Page 2 of 2]

This collection of information is reguired by 37 CER 1.38. The information is reguired to obtain or retain a benefit by the public which is te file {and by the USPTC to
process) an application. Confidentiality is governed U.S.C 122 snd 37 CFR 121 and 1.14. This collection Is estimated to take 15 minutes to complete, including
gathering, preparing, and submirting the completed application form to the USFTO. Time will vary depending upon the individual case. Any comments on the
amcunt of time you reguire o complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S, Patent and
Trademark Oifice, U.S. Department of Commerce, P.Q. Box 1450, Alaxandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.

if you need assistonce in completing the form, cal! 1-800-PTO-8199 and sefect option 2.




Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-579) requires that you be given certain information in connection with your
submission of the atlached form relaled to a patent application or palenl. Accordingly, pursuant fo the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.B.C. 2(b)}{(2), (2) furnishing of the informalion solicited is voluntary; and (3} the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is {o process and/or examine your submission
related 1o a patent application or patent. I you do not furnish the requested information, the U.S. Palent and
Trademark Office may not be able o process and/or examine your submission, which may resull in termination
of proceedings or abhandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

(€8]

4

The information on this form will be {reated confidentially to the exient allowed under the Freedom of
information Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this sysiem of records
may be disclosed o the Depariment of Justice 1o determine whether disclosure of these records is
required by the Freedom of Information Act

A record from this system of records may be disclosed, as a routine use, in the course of presenting
avidence to a court, magistrate, or administrative tribunal, including disclosures 1o opposing counsel in
the course of seltiement negoliations.

A record in this system of records may be disclosed, as a routine use, 1o a Member of Congress
submitling a request involving an individual, 1o whom the record perains, when the individual has
requesied assistance from the Member with resped! to the subject matter of the record.

A record In this system of records may be disclosed, as a routing use, 1o a contractor of the Agency
having need for the information in order {o perform a coniract. Recipients of information shall be required
fo comply with the requirements of the Privacy Act of 1974, as amended, pursuani to 5 U.8.C. 852a(m).
A record related {o an International Application filed under the Patent Cooperalion Treaty in this system
of records may be disclosed, as a routine use, io the International Bureau of the World Intelleciual
Property Organization, pursuant to the Pateni Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, 1o another federal agency for
purposes of National Security review (35 U.8.C. 181} and for review pursuant {o the Alomic Energy Act
42 US.C 218(c)).

A record from this system of records may be disclosed, as a routine use, o the Administrator, General
Servicas, or hisfher designee, during an inspection of records conducted by G3A as part of that agency’s
responsibiliy to recommend improvements in records management practices and programs, under
authorily of 44 U.8.C. 2804 and 2808. Such disclosure shall be made in accordance with the GBA
regulations governing inspection of records for this purpose, and any other relevant (e, GSA or
Commerce) directive. Such disclosure shall not be used 1o make determinations about individuals.

A racord from this system of records may be disclosed, as a routine use, 1o the public after either
publication of the application pursuant to 35 U.S.C. 122(b) orissuance of a patent pursuant to 35 U.S.C.
151. Furher, a record may be disclosed, subject to the limilations of 37 CFR 1.14, a5 a rouline use, {0
the public if the record was filed in an application which became abandoned or in which the proceedings
were {erminated and which application is referenced by either a published application, an appilication
open to public inspection or an issued palent.

A record from this system of records may be disclosad, as a routine use, to a Federal, Stale, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or
regulation.



Electronic Acknowledgement Receipt

EFS ID: 42579615
Application Number: 14893375
International Application Number:
Confirmation Number: 6653

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL
DEVICES

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

30589

Filer: Ann M. Robl/Bradley Thompson
Filer Authorized By: Ann M. Robl
Attorney Docket Number: 6008.008
Receipt Date: 28-APR-2021
Filing Date: 23-NOV-2015
Time Stamp: 15:07:06

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
205655
1 Transmittal Letter 6008008_SB21Transmittal_042 o 2
82021.pdf
614fa3f474a06fadf8fa7c1afd51dad2215a7:
de

Warnings:




Information:

177092
5 Petition to withdraw attorney or agent | 6008008_AIA83Withdrawal_04 o 3
(SB83) 282021.pdf ﬂMamg]ﬂamuzz:eosﬁﬂﬂdgcs%f
Warnings:
Information:
Total Files Size (in bytes): 382747

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Doc Code: TRANLLET
Document Description: Transmitial

TRANSMITTAL
FORM

{fo be used for ali correspondence after initial filing)

Letter

PTO/SB21 (07-08)

Approved for use through 12/31/2020. OMB 0651-0031

O §

224
mber

LS. Patent and Trademark Offi

ce; U8, REPARTMENT OF

OME

COMMERCE
uher.

Fiting Date

June 25, 2014

First Named Inventor

David Tikkanen

At Unil

2844

Examiner Name \ibol Tan

3

K Total Number of Fages in This Submission

Attorney Docket Number 008 008

J

ENCLOBSURES {Check all that apply)

Fee Transmiltal Form

[:} Fee Aftached

Amendment/Reply

[:3 After Final

D Affidavits/deciaration(s)

Ll

L]

Exiension of Time Request
Express Abandonment Request

Information Disclosure Statement

Drawing{s)

Licensing-related Papers

Petition

Petition to Convertio a

Provisional Application

Power of Attormey, Revocation
Change of Correspondence Address
Terminal Disclaimer

Reguest for Refund

IR L

CD, Number of CD(5)

i:l {andscape Table on CD

After Allowance Communicationto TC
Appeal Communication to Board
of Appeals and interferences

Appeal Communication to TC
{Appeal Notice, Brief, Reply Brief}

Proprieiary information

Status Letler
Cther Enclosure(s) (please dentify
below):

HiNININENIN

Cetlified Copy of Prioiity
Document(s)

Reply to Missing Paris/
Incomplete Application
Reply {o Missing Parts
under 37 CFR 1.52 or 1.53

0 DO

Remarks

Electrenically Transmitted:

1) sb21 Transmittal {1 page); and,

2) aia83 Requesi for Withdrawal as Attormey or Agent and Change of Comrespondence Address

{Z pages)

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Dunfap Codding, P.C.

Signature /Ann M. RobY/

Printed hame
Ann M. Robi

Date April 28, 2021

Reg. No.

71.541

fé”

CERTIFICATE OF TRANSMISSION/MAILING

\

the date shown below.

I hereby certify that this correspondence is being facsimile fransmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner Tor Palents, P.O. Box 1450, Alexandiia, VA 22313-1450 on

Sighature
FAnn M. Robl/

Ann M. Robi

K!’iiped of printed name

Date | Aprit 28, 2021

S

This collection of information is required by 37 CFR 1.5, The information is required to cbtain or retain a benefit by the public which is to file {and by the USPFTO to

process) an application. Confidentiality is governed by 35 US.C

E el
(yeed

and 37 CFR 1.1 and1.14. This collection is estimaled to 2 hours to compleie, inciuding

gathering, preparing, and submitling the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.5. Patent and

Tradem

k Cffice, U.S. Department of Commerce, P.O. Box 1450, Alexandrig, VA 22313-1453. DC NOT SEND FEES OR COMPLETED FORMS TS THIS

ADDRESS. SEND TO: Conimigsioner for Patents, P.O. Box 1450, Alexandria, YA 22313-1450.

if you need assistance in comnpleting the form, calf 1-800-PTO-8189 and sefect opfion 2.



Privacy Act Statement

The Privacy Act of 1874 {P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related 1o a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: {1} the general authority for the
collection of this information is 35 U.S.C. 2(0){2); (2) furnishing of the informalion soliciied is voluniary;
and (33 the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is 10 process and/or examine your submission related {0 a patent application or patent. i you do
not furnish the requested information, the U.S. Palent and Trademark Office may not be able to
process and/or examine your submission, which may result in terminatlion of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Acl (5 U.8.C 5352a). Records from
this system of records may be disclosed {o the Department of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence {0 a courl, magistrale, or adminisirative tribunal, including disclosures to
opposing counsel in the course of settiement negoliations.

A record in this system of records may be disclosed, as a routine use, 1o a Member of
Congress submilting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect {o the subject matller of the
record.

A record in this system of records may be disclosed, as a rouling use, {0 a contracior of the
Agency having need for the information in order {o perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amsanded, pursuantio 5 U.S.C. 55Za{my).

A record related 1o an international Application filed under the Patent Cooperation Treaty in
this system of records may be disclosad, as a routine use, o the Inlernational Bureau of the
World intellectual Property Organization, pursuant {o the Falent Cooperation Trealy.

A record in this system of records may be disclosed, as a routine use, {0 another federsl
agency for purposes of National Securily review (35 U.S.C. 181) and for raview pursuant to
the Alomic Energy Act (42 U.5.C. 218{0)).

A record from this sysiem of records may be disclosed, as a rouine use, 1o the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authorily of 44 U.8.C. 2804 and 2808, Such disclosure shall
be made in accordance with the GSA regulations govemning inspection of records for this
purpose, and any other relevant (e, GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, o the public after
either publication of the application pursuant {0 35 U.8.C. 122(b} or issuance of a patent
pursuant o 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, 1o the public if the record was filed in an application which
became abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

A racord from this system of records may be discloged, as a routine use, to a Federal, Siate,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
viclation of law or regulation.



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/893,375 11/23/2015 David TIKKANEN K8001051WOUS

CONFIRMATION NO. 6653

34236 POWER OF ATTORNEY NOTICE

GOWLING WLG (CANADA) LLP

50 QUEEN STREET NORTH, STE. 1020 O T R

P.0. BOX 2248 000000122315385

KITCHENER, ON N2HBM2

CANADA

Date Mailed: 01/06/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/30/2020.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ltaba/

page 1 of 1



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/893,375 11/23/2015 David TIKKANEN 6008.008
CONFIRMATION NO. 6653
30589 POA ACCEPTANCE LETTER
DUNLAP CODDING, P.C.

PO BOX 16370

O O R
OKLAHOMA CITY, OK 73113 000000122415526

Date Mailed: 01/06/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/30/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ltaba/

page 1 of 1



PTO/AIASO {07-17)

Approved for use through 03/31/2021. OMB 0651-0035

LS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person is required te respond tc a collection of information uniess it displays a valid OMB control number

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attachad
statement under 37 CFR 3.73{c}.

| hereby appoint:

X Practitioners associated with Customer Number: | 30588

OR

-
i [ Practitioner{s) named helow {if mare than ten patent practitioners are to be named, then a customer numiber must be used):
[—
Registration Ragistration
Name R A Name RISTOR
Number Number

As attorney{s} or agent{s) to represant the undersignaed before the United States Patent and Trademark Office {USPTO) in connaction with
any and ail patent agplications assigned only to the undersigned according to the USFTO assighment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73{c) to:

il

The address associated with Customer Number: 3@589

OR

-------- Firm or individual name
Address
City State Zip
Country
Tetephona Email

Assignee name and address: 0y o

218 W, Wilshire Bivd, Suite 104D
Qxighoma City, Cklahoma 73146

A copy of this form, together with a statement under 37 CFR 3.73{c} {Form PTO/AIA/I6 or equivalent} is required to be
filed in pach application in which this form is used. The statement under 37 CFR 3.73{c} may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignes.

Signature j;,, ;% Date  12/20/2
name Jon Upton Telephone 405-520-9220
Titte Manager, Mate. LLC

This collection of information is required by 37 CFR 1.34, 1.32, ancd 1.33. The information is required to obtain or retain a benefit by the public, which is to update
{and by the USPT0 to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 US.C. 122 and 37 CFR 111 and g
collection is estimated to take 18 minutes to complete, including gathering, preparing, and submitting the completed application form to the Us Time will vary
depending upon the individusl case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TQ THIS AD! . SEND TQ: Commissioner for Patents, P.0O. Box 1450, Alexandria, V4 22313-1450.

if vou need assistance in completing the form, cal! 1-800-PTO-8199 and sefect option 2.




PTO/AIA/GE (08-12)
Approved for use through 01/31/2013. OME 0851-0031
1.8, Patent and Tradernark Office; U 8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, ne persens are reguired o respond o a collection of information uniess it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Lumastream Canada ULC

Applicant/Patent Owner:

Application No./Patent No.: 9991713 B2 Filed/lssue Date; _March 7, 2017
Titeg: APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES
Mate. LLC .2 fimited Hability corporation

(Name of Assignee; {Type of Assignee, e.g., corparation, partnership, university, governiment agency, aic.)

¥

states thal, for the patent application/patent identified above, it is {choose gne of options 1, 2, 3 or 4 helow):
- The assignee of the entire right, title, and interest.

2. [:] An assignee of less than the entire right, title, and interest (check applicable box}:

_J The extent {by pQ“‘Qg,f‘tag{,‘: of its ownership interestis %. Additional Statement{s) by the owners
hoiding the balance of the interest must be submitted to account for 100% of the ownarship interast.

E Thare are unspecified percentages of ownership. The cther parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and inferest.

3. u The assignee of an undivided interest in the entirely {a complete assignmaent from one of the joint inveniors was made).
The other parties, inciuding inventors, who together own the entire right, title, and interest are:

Additional Statement{s) by the cwner(s} holding the balance of the interest must be submiited 1o account for the entire
right, title, and interast,

4. D The recipient, via a court proceeding or the like (2.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transier is altached,

The interest identified in opticn 1, 2 or 3 above (not option 4) i evidenced by aither (choose gne of options A or B below):

Al m An assignment from the inventor{s) of the patent application/patent identified above. The assignment was recorded in
tha United States Patent and Trademark Office atBet , Frambe , or for which a copy
therecf is attached.

B. E A chain of title from the inventor(s}, of the patent appiication/patent identified above, o the current assignee as follows:

1 From: Havid Tikkanen and Kyle Hathaway To: Lumastream Canada ULC

The document was recorded in the United States Patent and Trademark Office at

Reel U32870 , Frame 0281 , Ot for which a copy thereof is attached.
5 From: -Hmastream Canada ULC To: Lumastream, inc.

The document was recorded in the United States Patent and Trademark Office at
Reei V94134 , Frame 0033 . or for which a copy thereof is attached.

[Page 1 of 2]
This collection of Pfor'*:at on is required by 37 GFR 3.73{(b). The information is required to ablain or retain a benefit by the publ- W‘W ch is o file {and by the USPTC to
ion. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 111 and 114, This coilection is esti inutes to complete, ﬂc! ding
. and submitting the complatad application fcfrn o the USPTO. Time will vary Jeper:u g upon the ants an the amount
c ti'ne yw reguire t0¢ complete this form and/or suggestions for reducing this burden, should be sent to the Chief :r“ormahm u r. LS. Patent and Trademark

Qffice, LJ.8. Department of Commerse, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOQT 8END FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Cgmmasssgner for Patents, P.O. Box 1450, Alexandria, VA 223131450

If vou need assistance in complering the form, call 1-800-PT0-9199 and select option 2



PTO/AIACE {08-12)

Approved for use through 01/31/2013. OMB 0651-0031

LS. Patent and Trademark Office; U5, DEPARTMENT OF COMMERQCE

Under the Pagerwork Heduction Act of 1865, no persons are required 1o respond to a collection of information unless il displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73{c}

3 From: Lumastream, inc. To: E Craftsmen Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel %4134 »»»»»»»»»»»»»» , Frame 0330 ,,,,,,,,,,,,,,,,,,,, , or for which a copy thereof is attached.
4. From: B Craftsmen Corporation T Mate LLC
The document was recorded in the United States Patent and Trademark Office at
Resl 054709 . Frame ge4t , or for which a copy thereof is attached.
5. From: To
The document was recorded in the United States Patent and Trademark Office at
Resl . Frame , or for which a copy thereof is attached.
&. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame . or for which a copy thereof is attached.

m Additional documenis in the chain of title are lisied on a supplemental sheet{s).

m As requirad by 37 GFR 3.73{c}{1}{}}, the docurmentary evidence of the chain of title from the original owner 1o the
assignes was, or concurrently is being, submittad for recordation pursuant to 37 CFR 3,11,

INOTE: A separate copy {.e., a trtue copy of the criginal assignment docurment(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned {(whose titie is supplied below) is authorized 10 act on behalf of the assignes.

fAnn M. Robl/ 12/30/2020

Signature Date

Ann M. Robl 71,541

Printed or Typed Name Title or Registration Number

[Page 2 of 2]




Electronic Acknowledgement Receipt

EFS ID: 41526085
Application Number: 14893375
International Application Number:
Confirmation Number: 6653

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL
DEVICES

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Ann M. Robl/Anne Burns
Filer Authorized By: Ann M. Robl
Attorney Docket Number: K8001051WOUS
Receipt Date: 30-DEC-2020
Filing Date: 23-NOV-2015
Time Stamp: 17:15:29

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
170466
6008008 _sb21_Transmittal_12
; _Sb21_ — 1
1 Transmittal Letter 302020 pdf no
bb9b6fd13d055a5d287a3e521e1c6cc4963
7092d

Warnings:




Information:

109294
2 Power of Attorney 6008008_AIA80_POA_1230202 no 1
0.pdf
c60f338ba5264e1d2dc7f2111c5256ae3d4d
1537
Warnings:
Information:
82062
3 Assignee showing of ownership per 37 | 6008008_AIA96_Statement_12 o 2
CFR3.73 302020.pdf
0a98c63239fe10353ae7c014a782dbd27ef2
ad7c
Warnings:
Information:
Total Files Size (in bytes): 361822

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Approved for use through 07/31/2012. OMB 0851-0081

g collec of g

14/893,375

LS, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ies b 1

Filing Date November 23, 2015

First Named Inventor David Tikkanen

At Unil 2844 (conf. no. 6653)

Examiner Name \ibol Tan

K Total Number of Fages in This Submission

Attorney Docket Number 008 008

J

ENCLOBSURES {Check all that apply)

Ll

L]

0 DO

Fee Transmiltal Form

[:} Fee Aftached

Amendment/Reply

[:3 After Final

D Affidavits/declaration(s)
Exiension of Time Request
Express Abandonment Request

Information Disclosure Statement

Cetlified Copy of Prioiity
Document(s)

Reply to Missing Paris/
Incomplete Application
Reply {o Missing Parts

under 37 CFR 1.52 or 1.53

Drawing{s)

Licensing-related Papers

Petition

Petition to Convertio a

Provisional Application

Power of Attormey, Revocation
Change of Correspondence Address

OO0 0

Terminal Disclaimer

Reguest for Refund

IR L

CD, Number of CD(5)

i:l {andscape Table on CD

See Remarks

After Allowance Communicationto TC
Appeal Communication to Board
of Appeals and interferences

Appeal Communication to TC
{Appeal Notice, Brief, Reply Brief}

Proprieiary information

Status Letter
Cther Enclosure(s) (please dentify
below):

Remarks

Electronically Transmitied: December ?, 2020

1) sb21 Transmittal (1 page),
2) AIABD Power of Attarmey {1 page), and
3) AIADS Statement Under 37 CFR 3.73{c) (2 pages).

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

DUNLAP CODDING, P.C.

Signature

Ann M. Rebl

Printed hame

Ann M. Robi

Date

December 30, 2020

Reg. No. 71,541

fé”

CERTIFICATE OF TRANSMISSION/MAILING

\

I hereby certify that this correspondence is being electronically transmitted to the USPTQ or deposited with the United States Postal Service witl
sufficient postage as first class mail in an envelope addressed to: Commissioner Tor Palents, P.O. Box 1450, Alexandiia, VA 22313-1450 on
the date shown below:

Sighature

FAnn M. Robl/

K!’iiped of printed name

Ann M. Robi

Date {December 30, 2020

S

This collection of information is required by 37 CFR 1.5, The information is required to cbtain or retain a benefit by the public which is to file {and by the USPFTO to

process) an application. Confidentiality is governed by 35 US.C

E el
(yeed

and 37 CFR 1.11 and1.14. This coliection is

estimaied to 2 hours to compleie, inciuding

gathering, preparing, and submitling the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.5. Patent and

Tradem

ADDRESS. SEND TO: Conimigsioner for Patents, P.O. Box 1450, Alexandria, YA 22313-1450.

k Cffice, U.S. Department of Commerce, P.O. Box 1450, Alexandrig, VA 22313-1453. DC NOT SEND FEES OR COMPLETED FORMS TS THIS

if you need assistance in comnpleting the form, calf 1-800-PTO-8189 and sefect opfion 2.



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/893,375 03/07/2017 9591713 K8001051WOUS 6653
34236 7590 02/15/2017
Gowling WLG (Canada) LLLLP
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248
KITCHENER, ON N2H6M?2
CANADA
ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

LUMASTREAM CANADA ULC, Calgary, AB, CANADA,;
David TIKKANEN, Waterloo, ON, CANADA;
Kyle HATHAWAY, Kitchener, ON, CANADA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

3 42? g 7590 1171072016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
GOWlll’lg WLG (Canada) LLP S(tiz(lites P(ZiStal Sﬂf;rvwe vlvnh sufficient postage (i(i)r first l():lass mallbln an anelo;{e
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
50 QUEEN STREET NORTH, STE. 1020 transmitted to the USPTO (571) 273-2885, on the date indicated below.
P.O. BOX 2248 —
KITCHENER, ON N2H6M2 Depostors vamne)
CANADA (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/893.375 11/23/2015 David TIKKANEN K8001051WOUS 6653

TITLE OF INVENTION: APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/10/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TAN, VIBOL 2844 315-301000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list .
CFR1363). 0P ( printing on the patent fron! pag | Gowling WLG (Canada) LLP
(1) The names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 5 Jeffrey W. Wong
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
LUMASTREAM CANADA ULC Calgary, Alberta, Canada

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividual ¥ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
M Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies ™ The director is hereby authorized to charge the regulred fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number _5 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Heffrey W. Wong/ Date January 24, 2017

Authorized Signature

Typed or printed name Jeffrey W. Wong Registration No. 46414
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Electronic Patent Application Fee Transmittal

Application Number: 14893375

Filing Date: 23-Nov-2015

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL

DEVICES
First Named Inventor/Applicant Name: David TIKKANEN
Filer: Jeffrey Wong/Ryan Waugh
Attorney Docket Number: K8001051WOQOUS
Filed as Large Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 1501 1 960 960




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

9260




Electronic Acknowledgement Receipt

EFS ID: 28145556
Application Number: 14893375
International Application Number:
Confirmation Number: 6653

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL
DEVICES

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Jeffrey Wong/Ryan Waugh
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: K8001051WOUS
Receipt Date: 24-)JAN-2017
Filing Date: 23-NOV-2015
Time Stamp: 10:12:39

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $960

RAM confirmation Number

012417INTEFSW00009794501613

Deposit Account

501613

Authorized User

Jeffrey Wong

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)




37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 {Miscellaneous fees and charges)

37 CFR 1.492 (National application filing, search, and examination fees)

37 CFR 1.492(a) (Basic national fee only)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

228060

1 Issue Fee Payment (PTO-85B) K8001051WOUS-Issue-Fee- no 1

Transmittal.pdf
3786067f0f4b448876be33a573ca728bb4e

b%eb1

Warnings:

Information:

30770
2 Fee Worksheet (SB06) fee-info.pdf no 2
4e895b00ace0180848a0abdd 1¢6561695bd
Warnings:
Information:
Total Files Size (in bytes): 258830

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

34236 7590 1111072016 | EXAMINER |
Gowling WLG (Canada) LLP TAN, VIBOL
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248 | ART UNIT PAPERNUMBER |
KITCHENER, ON N2H6M?2 2844
CANADA

DATE MAILED: 11/10/2016

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.

14/893,375 11/23/2015 David TIKKANEN K8001051WOUS 6653

TITLE OF INVENTION: APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/10/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

34236 7590 11/10/2016
Gowling WLG (Canada) LLP
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

KITCHENER, ON N2H6M?2
CANADA (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/893,375 11/23/2015 David TIKKANEN K8001051WOUS 6653
TITLE OF INVENTION: APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/10/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TAN, VIBOL 2844 315-301000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3
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DATE MAILED: 11/10/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
14/893,375 TIKKANEN ET AL.
Notice of Allowability \E/;;Tmr QQZ ;Jmt iy irst Inventor to File)
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to after final amendment filed 10/27/16.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-5,7-11 and 19-21. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20161103



Application/Control Number: 14/893,375 Page 2
Art Unit: 2844

1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.

Allowable Subject Matter
2. The following is an examiner’s statement of reasons for allowance: in
combination with other limitations of the claims, the cited prior arts fail to teach or
suggest wherein if the load power exceeds the predetermined power limit, the power
limit controller internally generates and transmits a signal to the current source
controller to control the load power to the load, wherein the signal is based on internal
controls, as required by amended claim 1.
3. Claims 1-5, 7-11, and 19-21 are now in condition for allowance.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vibol Tan whose telephone number is (571)272-1811.
The examiner can normally be reached on Monday-Friday (7:00 AM-4:30 PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Alex Taningco can be reached on (571) 272-8048. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.



Application/Control Number: 14/893,375 Page 3
Art Unit: 2844

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Vibol Tan/
Primary Examiner, Art Unit 2844



Receipt date:

Doc code: IDS
Dec description: Information Disclosure Statement (IDS) Filed

10/27/2016

PTO/SB/08a (03-15)

Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14893375
Filing Date P015-11-23
First Named Inventor |JTIKKANEN, David

Art Unit 2844

Examiner Name TAN, Vibol

Aftorney Docket Number K8001051W0OUS

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
Jv. T/ 1 17804189 P010-09-28 KOEHLER ET AL.

If you wish to add additional U.S. Patent citation information please click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner
Initial*

Cite No

Publication
Number

Kind
Code1l

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number? Code2j Code#| Date PR Passages or Relevant

Document .

Figures Appear
1
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
, .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite s . ; '
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T=

publisher, city and/or country where published.

EFS Web 2.1.17



Receipt date: 10/27/20186

Application Number 14893375

Filing Date 2015-11-23
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT .

. Art Unit 2844

( Not for submission under 37 CFR 1.99)

Examiner Name TAN, Vibol

Aftorney Docket Number K8001051WOUS

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature /VIBCL  TAN/ Date Considered 11/03/2016

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17



Recaipt date: 10/27/2016

Application Number 14893375

Filing Date 2015-11-23

INFORMATION DISCLOSURE

First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT

.. Art Unit 2844
( Not for submission under 37 CFR 1.99)

Examiner Name TAN, Vibol

Aftorney Docket Number K8001051WOUS

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [Jeffrey W. Wong/ Date (YYYY-MM-DD) 2016-10-27
Name/Print Jeffrey W. Wong Registration Number 46414

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17




Raceipt date: 10/27/2016

Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Application/Control No.

Applicant(s)/Patent Under Reexamination

14893375 TIKKANEN ET AL.
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;4593375 TIKKANEN ET AL.
H“m m“ “W m“ m“ m“ “ “W “‘ “‘ . o
VIBOL TAN 2844
O Claims renumbered in the same order as presented by applicant O CPA O T.b. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 1 17
2 2 18
3 3 1 19
4 4 12 20
5 5 13 21
6
6 7
7 8
8 9
9 10
10 1
12
13
14
15
16
NONE
Total Claims Allowed:
13
(Assistant Examiner) (Date)
/VIBOL TAN/
Primary Examiner.Art Unit 2844 11/03/2016 O.G. Print Claim(s) O.G. Print Figure
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In The Matter of United States Patent Application:

Applicant . Lumastream Canada ULC

Application No. : 14/893,375

Filed : June 25, 2014

Title . APPARATUS AND METHOD FOR MONITORING AND LIMITING
POWER TO SSL DEVICES

TC/A.U. . 2844

Examiner . TAN, Vibol

Docket No. : K8001051WOUS

Conf Number . 6653

Date . October 27, 2016

MAIL STOP AF

Commissioner for Patents
P.O. Box 1450 QK TO ENTER: /v.1/

Alexandria VA 22313-1450

AMENDMENT AND RESPONSE TO OFFICE ACTION

In response to the Office Action of September 6, 2016, please amend the above-identified

application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of

this paper.

Remarks/Arguments begin on page 5 of this paper.

Gowling WLG (Canada) LLP Page 1
EDC_LAWA 1555129\1
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UNITED STATES PATENT AND TRADEMARK OFFICE

BIB DATA SHEET
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CONFIRMATION NO. 6653
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In The Matter of United States Patent Application:

Applicant . Lumastream Canada ULC

Application No. : 14/893,375

Filed : June 25, 2014

Title . APPARATUS AND METHOD FOR MONITORING AND LIMITING
POWER TO SSL DEVICES

TC/A.U. . 2844

Examiner . TAN, Vibol

Docket No. : K8001051WOUS

Conf Number . 6653

Date . October 27, 2016

MAIL STOP AF

Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT AND RESPONSE TO OFFICE ACTION

In response to the Office Action of September 6, 2016, please amend the above-identified

application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of

this paper.

Remarks/Arguments begin on page 5 of this paper.

Gowling WLG (Canada) LLP Page 1
EDC_LAWA 1555129\1



US Patent App. No. 14/893,375
Amendment dated October 27, 2016
In response to Office Action of September 6, 2016

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Previously Presented) Apparatus for controlling power to a solid state lighting (SSL)
device load comprising:

a power circuit for receiving power from an external source;

at least one power limit connected to the power circuit;

at least one output current driver for supplying a load power to the SSL device load,
the at least one output current driver connected to the at least one power limit;, and

a power limit controller,;

wherein the power circuit transmits the power to the at least one power limit which, in
turn, transmits a current to the at least one output current driver;

wherein the power limit controller directly or indirectly monitors a level of the load
power and controls the at least one power limit to reduce the level of the load power for a
predetermined period of time when the load power exceeds a predetermined power limit;

wherein if the load power exceeds the predetermined power limit, the power limit
controller internally generates and transmits a signal to the current source controller to
control the load power to the load;

wherein the signal is based on internal controls.

2. (Original) The apparatus of claim 1 wherein the at least one power limit is integrated within

one of the at least one output current drivers.

3. (Original) The apparatus of claim 1 wherein the at least one power limit comprises:
the power limit controller;
a power monitor; and
a fault optocoupler,
wherein if the load power exceeds the predetermined power limit, the power limit

controller transmits a signal to the fault optocoupler to control the load power.

Gowling WLG (Canada) LLP Page 2
EDC_LAWA 1555129\1



US Patent App. No. 14/893,375
Amendment dated October 27, 2016
In response to Office Action of September 6, 2016

4. (Original) The apparatus of claim 3 further comprising:
a power circuit controller;
wherein the fault optocoupler transmits a signal to the power circuit controller to

control the power being supplied to the power limit.

5. (Original) The apparatus of claim 1 wherein the at least one output current driver
comprises:

an output current source;

a current sense; and

a current source controller.

6. (Cancelled)

7. (Original) The apparatus of claim 1 wherein the power limit controller comprises a digital

filter.

8. (Original) The apparatus of claim 7 wherein the power limit controller comprises at least

one port.

9. (Original) The apparatus of claim 8 wherein the at least one port receives instructions to

calibrate the at least one power limit to the predetermined power limit.

10. (Previously Presented) The apparatus of claim 3 wherein the power monitor comprises a

current sense.

11. (Previously Presented) The apparatus of claim 1 wherein the at least one output current

driver reduces the load power by a pulsing technique.

Claims 12-18. (Cancelled)

Gowling WLG (Canada) LLP Page 3
EDC_LAWA 1555129\1



US Patent App. No. 14/893,375
Amendment dated October 27, 2016
In response to Office Action of September 6, 2016

19. (Previously Presented) The apparatus of claim 2 wherein the at least one power limit
comprises:

the power limit controller;

a power monitor; and

a fault optocoupler,

wherein if the load power exceeds the predetermined power limit, the current source

controller transmits a signal to the fault optocoupler to control the load power.

20. (Previously Presented) The apparatus of claim 1 wherein the at least one output current

driver reduces load power by a constant current reduction technique.

21. (Original) The apparatus of claim 1 wherein the SSL device load is one of an organic light
emitting diode (OLED) load, a light emitting diode (LED) load or a LED array load.

Gowling WLG (Canada) LLP Page 4
EDC_LAWA 1555129\1



US Patent App. No. 14/893,375
Amendment dated October 27, 2016
In response to Office Action of September 6, 2016

REMARKS/ARGUMENTS

Claims 1 to 5, 7 to 11, and 19 to 21 remain in the current application. Claims 12 to 18 have

been cancelled. Claim 6 was previously cancelled.

Claims 12 to 18 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by US Patent No.
7,671,571 to Burlak et al. (“Burlak”). Claims 12 to 18 have been cancelled. Applicant
respectfully reserves the right to file the subject matter of the cancelled claims. Retraction of

Examiner's rejection of claims 12 to 18 is respectfully requested.

For the above reasons, it is respectfully submitted that the application is now in condition for
allowance, which is requested. If there are any outstanding issues, the Examiner is invited to

contact the undersigned to discuss this matter further.

The Commissioner is hereby authorized to charge any additional fees, and credit any

payments, to Deposit Account No. 501613, in the name of Gowling WLG (Canada) LLP.

Respectfully submitted,

By:_/Jeffrey W. Wong/
Jeffrey W. Wong
Agent for Applicant
Reg. No. 46414
Gowling WLG (Canada) LLP
Suite 1020
50 Queen Street North
P.O. Box 2248
Kitchener, Ontario N2H 6M2
Canada
T 519-575-7543
F 519-579-0141
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on amendment filed 8/24/16.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1-5 and 7-21 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)X] Claim(s) 1-5.7-11 and 19-21 is/are allowed.
7)X Claim(s) 12-18 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 8/24/16is/are: a)X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) l:l Other-

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
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1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
DETAILED ACTION
Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

3. Claim(s) 12-18 is/are rejected under 35 U.S.C. 102(a)(1) as being anticipated by
Burlak et al. (U. S. PAT. 7,671,571).

In claim 12, Burlak teaches all claimed features in Figs. 1-2, a method of
controlling power to a solid state lighting (SSL) device load (104 could represent a lamp;
col. 2, line 65) comprising:

receiving an input power (110);

delivering load power (power signal 112 supplies power to the load 104; col. 2,
line 52) to the SSL device load (104);

monitoring current level in load power (col. 5, line 2; 126 could also ensure that
an excessive amount of current and/or power is not supplied to the load);

reducing load power (col. 4, line 67; output power device 102 allows the load 104
to pull a reduced amount of current or power from the output power device 102) to the

SSL device for a predetermined period of time after a predetermined operational fault
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condition (a reference temperature measurement of the output power device 102 is
approaching a critical level; col. 4, lines 58-59) is met;

wherein if the load power exceeds (excessive amount of current and/or power) a
predetermined power limit, transmitting an internally generated signal (from 126 to 124)
to a current source controller (120) to control the load power to the SSL load (104);
wherein the generated signal is based on internal controls (col. 5, lines 6-7; 126
includes any hardware, software, firmware, or any combination thereof read on the
internal controls).

In claim 13, Burlak further teaches the method of claim 12 wherein the
predetermined operational fault condition is one of a single component failure, an
external light emitting diode (LED) fault and an overload condition (a passive short
circuit condition; col. 9, line 35).

In claim 14, Burlak further teaches the method of claim 12 wherein monitoring
current level in load power comprises: sensing current delivered by an output bus
(interconnect between 120 and 126) to a power limit (126) or sensing current delivered
to a load by an output current driver.

In claim 15, Burlak further teaches the method of claim 12 further comprising:
gradually increasing load power (power signal 112) to a normal operational power level.

In claim 16, Burlak further teaches the method of claim 15 wherein the load
power (power signal 112) is gradually increased at predetermined time intervals

(inherent).
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In claim 17, Burlak further teaches the method of claim 15 wherein the load
power (power signal 112) is gradually increased in predetermined power increments
(inherent).

In claim 18, Burlak further teaches the method of claim 12 wherein if a maximum
power threshold is met, load power delivered to the load is disabled (col. 3, line 17;

...causes output power device 102 to stop providing the power signal 112 to the load

104).
Allowable Subject Matter

4. Claims 1-5, 7-11 and 19-21 appear to comprise allowable subject matter.
Response to Arguments

5. Applicant’s arguments with respect to claims 12-18 have been considered but

are moot because the arguments do not apply to any of the references being used in
the current rejection.

6. Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any
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extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vibol Tan whose telephone number is (571)272-1811.
The examiner can normally be reached on Monday-Friday (7:00 AM-4:30 PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Alex Taningco can be reached on (571) 272-8048. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Vibol Tan/
Primary Examiner, Art Unit 2844
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("6191568") or ("2014200450") or
("2010308455") or ("2259055") or
("2484179") or ("2010308455") or
("201202742186") or ("20160029448") or
("101686591") or ("2494852") or
("5773394") or ("20100045210") or
("2011051859")).PN.
S2 47 (("8299987") or ("20130049634")).PN. US-PGPUB; {OR OFF 2016/04/01
USPAT; 14:30
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S3  #20411 §(power adj converter) same controller US-PGPUB; {OR ON 2016/04/01
same (abnormal or fault or (over adj USPAT; 14:36
threshold or current or power or USOCR;
voltage)) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
4 11435 i(power adj converter) same controller US-PGPUB; iOR ON 2016/04/01
same (abnormal or fault or ((over or USPAT; 14:38
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exceed$3) adj (threshold or current or USOCR;
power or voltage))) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S5 {70 (power adj converter) same controller US-PGPUB; iOR ON 2016/04/01
same (abnormal or fault or ((over or USPAT; 14:40
exceed$3) adj (threshold or current or USOCR;
power or voltage))) same ((light adj FPRS;
emitting adj (diode or element) or EPO; JPO;
led.u/c.) or (solid adj state adj lighting) or {DERWENT;
ssl.u/c.) IBM_TDB
640 (power adj (converter or circuit$2)) same {US-PGPUB;{OR ON 2016/04/01
controller same (abnormal or fault or USPAT; 14:50
((over or exceed$3) adj (threshold or USOCR;
current or power or voltage))) same FPRS;
((light adj emitting adj (diode or element) {EPO; JPOC;
or led.u/c.) or (solid adj state adj lighting) iDERWENT;
or ssl.u/c.) same (power adj limit$4) samei| BM_TDB
driver
S7 40 (power adj (converter or circuit$2)) same {{US-PGPUB;iOR ON 2016/04/01
controller same (abnormal or fault or USPAT; 14:50
((over or exceed$3) adj (threshold or USOCR;
current or power or voltage))) same FPRS;
((light adj emitting adj (diode or element) $EPO; JPO;
or led.u/c.) or (solid adj state adj lighting) iDERWENT;
or ssl.u/c.) same (power adj limit$4) sameiil BM_TDB
driv$3
S8 0 (power adj (converter or circuit$2)) same {US-PGPUB;{OR ON 2016/04/01
controller same (abnormal or fault or USPAT; 14:52
((over or exceed$3) adj (threshold or USOCR;
current or power or voltage))) same FPRS;
((light adj emitting adj (diode or element) $EPO; JPO;
or led.u/c.) or (solid adj state adj lighting) §iDERWENT,;
or ssl.u/c.) same (output adj driver) [BM_TDB
S9 i (power adj (converter or circuit$2)) same {{US-PGPUB;{OR ON 2016/04/01
(abnormal or fault or ((over or exceed$3) {USPAT; 14:53
adj (threshold or current or power or USOCR;
voltage))) same ((light adj emitting adj FPRS;
(diode or element) or led.u/c.) or (solid EPG; JPO;
adj state adj lighting) or ssl.u/c.) same DERWENT;
(output adj driver) IBM_TDB
S10 36 controller same (abnormal or fault or US-PGPUB; iOR ON 2016/04/01
((over or exceed$3) adj (threshold or USPAT; 14:53
current or power or voltage))) same USOCR;
((light adj emitting adj (diode or element) §FPRS;
or led.u/c.) or (solid adj state adj lighting) #EPO; JPO;
or ssl.u/c.) same (output adj driver) DERWENT;
IBM_TDB
S11 4379 converter same controller same (abnormal jUS-PGPUB;{OR ON 2016/04/01
or fault or ((over or exceed$3) adj USPAT; 15:03
(threshold or current or power or USOCR;
voltage))) same ((light adj emitting adj FPRS;
(diode or element) or led.u/c.) or (solid EPG; JPO;
adj state adj lighting) or ssl.u/c.) DERWENT;
IBM_TDB
S12 {0 converter same controller same (abnormal jUS-PGPUB;iOR ON 2016/04/01
or fault or ((over or exceed$3) adj USPAT; 15:03
(threshold or current or power or USOCR;
voltage))) same ((light adj emitting adj FPRS;
(diode or element) or led.u/c.) or (solid EPG; JPO;
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adj state adj lighting) or ssl.u/c.) same DERWENT;
(power adj limit$4) IBM_TDB

S13 439 converter same controller same (abnormal jUS-PGPUB;{OR ON 2016/04/01
or fault or ((over or exceed$3) adj USPAT; 15:09
(threshold or current or power or USOCR;
voltage))) same ((light adj emitting adj FPRS;

(diode or element) or led.u/c.) or (solid EPO; JPO;
adj state adj lighting) or ssl.u/c.) same DERWENT;
(dim or dimmer or dimming) IBM_TDB

S14 443534 {(HO5B33/0815 HO5B33/0818 US-PGPUB; {OR ON 2016/04/04
HO5B33/0827 H05B37/02 HO5B37/029 USPAT,; 12:00
HO5B39/04 HO5B41/36 HO5B33/089 USOCR,;

HO5B33/08986).CPC. FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S15 14189 {iS14 and (abnormal or fault or ((over or US-PGPUB; iOR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:01
power or voltage))) USOCR;

FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S16 {3650 iiS14 and (abnormal or fault or ((over or US-PGPUB;iOR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:14
power or voltage))) and ((light adj USOCR;
emitting adj (diode or element) or FPRS;
led.u/c.) or (solid adj state adj lighting) or {EPO; JPO;
ssl.u/c.) DERWENT;

IBM_TDB

S17 {2090 {iS14 and (abnormal or fault or ((over or US-PGPUB; {OR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:15
power or voltage))) and ((light adj USOCR;
emitting adj (diode or element) or FPRS;
led.u/c.) or (solid adj state adj lighting) or §EPO; JPO;
ssl.u/c.) and converter DERWENT;

IBM_TDB

S18 {558 S14 and (abnormal or fault or ((over or US-PGPUB; {OR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:15
power or voltage))) and ((light adj USOCR;
emitting adj (diode or element) or FPRS;
led.u/c.) or (solid adj state adj lighting) or §EPO; JPO;
ssl.u/c.) and (power adj converter) DERWENT;

IBM_TDB

S19 4555 S14 and (abnormal or fault or ((over or US-PGPUB; iOR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:16
power or voltage))) and ((light adj EPG; JPO;
emitting adj (diode or element) or DERWENT
led.u/c.) or (solid adj state adj lighting) or
ssl.u/c.) and (power adj converter)

S20 159 S14 and (abnormal or fault or ((over or US-PGPUB; iOR ON 2016/04/04
exceed$3) adj (threshold or current or USPAT; 12:17
power or voltage))) and ((light adj USOCR;
emitting adj (diode or element) or FPRS;
led.u/c.) or (solid adj state adj lighting) or #EPO; JPO;
ssl.u/c.) and (power adj converter) and DERWENT;

(output near1 driver) IBM TDB
S21 49 lumastream adj canada adj ulc.as. US-PGPUB;iOR ON 2016/04/04
USPAT 14:27
S22 10 ("20110204820") .PN. USPAT CR OFF 2016/04/04
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. ! t 3 114:37 ‘
S23 {1 ("20110204820").PN. US-PGPUB; OR OFF 2016/04/04
USPAT 14:37
S24 412 (("20110204820") or ("8525446")).PN. US-PGPUB; OR OFF 2016/04/04
USPAT 14:59
825 i1 ("20070103086").PN. US-PGPUB; {OR OFF 2016/04/04
USPAT 15:05
S26 {2776 {controller same (digital adj filter) US-PGPUB; {OR OFF 2016/04/05
USPAT 10:39
S27 {762 controller near5 (digital adj filter) US-PGPUB; {OR OFF 2016/04/05
USPAT 10:39
S28 {0 (controller near5 (digital adj filter)) same {{US-PGPUB;{{OR OFF 2016/04/05
(output near1 driver) USPAT 10:40
S29 i1 (controller near5 (digital adj filter)) same {{US-PGPUB;{{OR ON 2016/04/05
(output near1 driver) USPAT 10:40
S30 4 (power near1 controller near5 (digital adj {US-PGPUB;{jOR ON 2016/04/05
filter)) USPAT 10:42
S31 4 (power near1 controller) near5 (digital adj jUS-PGPUB;{OR ON 2016/04/05
filter) USPAT 10:43
832 416 (power near1 controller) same (digital adj {US-PGPUB;{OR ON 2016/04/05
filter) USPAT 10:44
S33 40 controller same (digital adj filter) same US-PGPUB; HOR ON 2016/04/05
(electronic adj ballast) USPAT 10:46
S34 416 controller same (digital adj filter) and US-PGPUB; {OR ON 2016/04/05
(electronic adj ballast) USPAT 10:46
S35 12641 ii((solid adj state adj light$3) or ssl.u/c. or {US-PGPUB;OR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:41
or led.u/c.) same ((fault$1 or abnormal) {USOCR;
adj condition) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S36 16 ((solid adj state adj light$3) or ssl.u/c. or {{US-PGPUB;iOR ON 2016/08/30
(light adj emiting adj (didode or element)) {{USPAT; 13:43
or led.u/c.) same ((fault$1 or abnormal) {USOCR;
adj condition) same (power adj limit) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S37 i1 ((solid adj state adj light$3) or ssl.u/c. or {US-PGPUB;¥OR ON 2016/08/30
(light adj emiting adj (didode or element)) i USPAT; 13:56
or led.u/c.) same (fault$1 or abnormal) USOCR,;
same (power adj limit adj controller) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
38 2 ((solid adj state adj light$3) or ssl.u/c. or {US-PGPUB;iOR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:56
or led.u/c.) same (power adj limit adj USOCR,;
controller) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S39 13540 i((solid adj state adj light$3) or ssl.u/c. or {{US-PGPUB;{OR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:57
or led.u/c.) same (power near USOCR;
controller) FPRS;
EPO; JPO;
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DERWENT;
IBM_TDB
$40 {135 ((solid ad] state adj light$3) or ssl.u/c. or {US-PGPUB;iOR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:57
or led.u/c.) same (fault$1 or abnormal) USOCR;
same (power near1 controller) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
HA1 12 ((solid ad] state adj light$3) or ssl.u/c. or {US-PGPUB;i{OR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:58
or led.u/c.) same (fault$1 or abnormal) USOCR;
same (power near1 controller) same FPRS;
protect$3 EPO; JPO;
DERWENT;
IBM_TDB
42 #2096 i((solid adj state adj light$3) or ssl.u/c. or {US-PGPUB;:{OR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 13:59
or led.u/c.) and (fault$1 or abnormal) and {USOCR,;
(power near1 controller) and protect$3 FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
43 16 ((solid ad] state adj light$3) or ssl.u/c. or {{US-PGPUB;iOR ON 2016/08/30
(light adj emiting adj (didode or element)) {USPAT; 14:00
or led.u/c.) and ((fault$1 or abnormal) adj{USOCR;
condition) and (power adj limit adj FPRS;
controller) and protect$3 EPO; JPO;
DERWENT;
IBM_TDB
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In The Matter of United States Patent Application:

Applicant : Lumastream Canada ULC

Application No. : 14/893,375

Filed : June 25, 2014

Title . APPARATUS AND METHOD FOR MONITORING AND LIMITING
POWER TO SSL DEVICES

TC/A.U. . 2844

Examiner . TAN, Vibol

Docket No. : K8001051WOUS

Conf Number . 6653

Date . August 24, 2016

MAIL STOP AMENDMENT

Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT AND RESPONSE TO OFFICE ACTION
A petition for a one-month extension of time is submitted herewith. In response to the Office

Action of April 27, 2016, please amend the above-identified application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 5 of

this paper.

Amendments to the Drawings begin on page 9 of this paper and include attached

replacement sheets.

Remarks/Arguments begin on page 10 of this paper.
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

Amendments to the Specification:

Please replace the fifth paragraph on page 6 (lines 25-30) with the following amended
paragraph:

In operation, the secondary controller 38 includes an averaging digital filter 1 which
takes a set, such as 1024, of readings for current over a period of time and then
calculates an average value and compares this value to a predetermined power limit.
In one embodiment, the predetermined power limit may be set at about 97 watts. If
the power level is at or exceeds the predetermined limit, the secondary controller 38

will assert one or more power limit options.

Please replace the second paragraph on page 8 (lines 3-7) with the following amended

paragraph:

With further reference to output current driver 20, the current source controller 48 is
further connected to the current source 44 and current sense 46 via control lines 56
and 58 respectively and also connected to port 50 for programming and calibrating
various parameters. As shown in Figure [[1]]_1a, the voltage sense 52 is connected in
parallel with the LED load 14, however, in other embodiments, the voltage sense 52

may be omitted.

Please preplace the fifth paragraph on page 8 (lines 23-26) with the following amended
paragraph:

Furthermore, the power from the output bus 28 is transferred to the output current

source 44 of the output current divider driver 20 via the power limit 18. The power

monitor 30 senses current or power (via the current sense 36) delivered from the

output bus 28 and transmits this current information to the secondary controller 38.

Gowling WLG (Canada) LLP Page 2
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

Please preplace the sixth paragraph on page 8 (lines 27-29) with the following amended

paragraph:

In further aspects of operation, the current source 44 provides a constant current
output 2 to the LED load 14 while the current sense 46 provides a feedback signal to
current source controller 48 to regulate the current supplied to the LED load 14. The

output voltage

Please preplace the third paragraph on page 11 (lines 6-10) with the following amended

paragraph:

When the power from the output bus 28 is transferred to the output current source 44
of the output current divider driver 20 via the power limit 18, the power monitor 30
senses current (via the current sense 36) delivered from the output bus 28 and may
also sense voltage (via the voltage sense 34) across the output bus 28 and transmits

this current and/or voltage information to the secondary controller 38.

Please preplace the fourth paragraph on page 11 (lines 11-16) with the following amended

paragraph:

Turning to Figures 2a to 2d, schematic graphs illustrating various examples of LED
power source operation when an operational fault condition occurs is shown. In the
following graphs, the Y-axis relates to the power level being supplied to or used by
the LED power source while the X-axis is a reflection [[on]] of elapsed time. In the
current figures, the power level reflected on the Y-axis is the power transmitted from
output bus 28 to the input of output current source 44-by-the-currentsense-36-and-the
yvoliage-sense-34-(where-approprate)}.

Please preplace the second paragraph on page 14 (lines 7-14) with the following amended

paragraph:

Gowling WLG (Canada) LLP Page 3
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

As will be understood, the secondary controller 38 may limit the power from the
output bus in other scenarios, such as, but not limited to transmitting a signal through
a data line to the current source controller 48 to reduce the average output current
either gradually or stepwise to the LED load 14 and a subsequent or stepwise
increase in average current after a period of time. Alternatively, the secondary
controller 38 may complete a sequence of tasks attempting to reduce the output
power to the LED load first and them then if it is determined that the power level
being supplied still exceeds beyond a predetermined power limit, as sensed by the

power monitor 32, assert a shutdown of the power circuit 16.

Gowling WLG (Canada) LLP Page 4
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Currently Amended) Apparatus for controlling power to a solid state lighting (SSL) device
load comprising:

a power circuit for receiving power from an external source;

at least one power limit connected to the power circuit;

at least one output current driver for supplying a load power to the SSL device load,
the at least one output current driver connected to the at least one power limit; and

a power limit controller;

wherein the power circuit transmits the power to the at least one power limit which, in
turn, transmits a current to the at least one output current driver;

wherein the power limit controller directly or indirectly monitors a level of the load
power and controls the at least one power limit to reduce the level of the load power for a
predetermined period of time when the load power exceeds a predetermined power limit;

wherein if the load power exceeds the predetermined power limit, the power limit

controller internally generates and transmits a signal to the current source controller to

control the load power to the load:

wherein the signal is based on internal controls.

2.(Original) The apparatus of claim 1 wherein the at least one power limit is integrated within

one of the at least one output current drivers.

3. (Original) The apparatus of claim 1 wherein the at least one power limit comprises:
the power limit controller;
a power monitor; and
a fault optocoupler,
wherein if the load power exceeds the predetermined power limit, the power limit

controller transmits a signal to the fault optocoupler to control the load power.

Gowling WLG (Canada) LLP Page 5
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

4. (Original) The apparatus of claim 3 further comprising:
a power circuit controller;
wherein the fault optocoupler transmits a signal to the power circuit controller to

control the power being supplied to the power limit.

5. (Original) The apparatus of claim 1 wherein the at least one output current driver
comprises:

an output current source;

a current sense; and

a current source controller.

6. (Cancelled)

7. (Original) The apparatus of claim 1 wherein the power limit controller comprises a digital

filter.

8. (Original) The apparatus of claim 7 wherein the power limit controller comprises at least

one port.

9. (Original) The apparatus of claim 8 wherein the at least one port receives instructions to

calibrate the at least one power limit to the predetermined power limit.

10. (Currently Amended) The apparatus of claim [[2]]3 wherein the power monitor comprises

a current sense.

11. (Currently Amended) The apparatus of claim [[6]]1 wherein the at least one output

current driver reduces the load power by a pulsing apparatustechnigue.

12. (Currently Amended) A method of controlling power to a solid state lighting (SSL) device

load comprising:

Gowling WLG (Canada) LLP Page 6
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

receiving an input power;
delivering load power to the SSL device load;
monitoring current level in load power;

Hmitingreducing load power to the SSL device for a predetermined period of time after

a predetermined operational fault condition is met;

wherein if the load power exceeds a predetermined power limit, transmitting an

internally generated signal to a current source controller to control the load power to the SSL

load:;

wherein the signal is based on internal controls.

13. (Currently Amended) The method of claim 12 wherein the predetermined operational

fault condition is one of a single component failure, an external light emitting diode (LED)

fault and an overload condition.

14. (Original) The method of claim 12 wherein monitoring current level in load power

comprises:

sensing current delivered by an output bus to a power limit or sensing current

delivered to a load by an output current driver.

15. (Original) The method of claim 12 further comprising:

gradually increasing load power to a normal operational power level.

16. (Original) The method of claim 15 wherein the load power is gradually increased at

predetermined time intervals.

17. (Original) The method of claim 15 wherein the load power is gradually increased in

predetermined power increments.

18. (Original) The method of claim 12 wherein if a maximum power threshold is met, load

power delivered to the load is disabled.

Gowling WLG (Canada) LLP Page 7
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

19. (Currently Amended) The apparatus of claim 2 wherein the at least one power limit
comprises:

the power limit controller;

a power monitor; and

a fault optocoupler,

wherein if the load power exceeds the predetermined power limit, the pewerlimit

current source controller transmits a signal to the fault optocoupler to control the load power.

20.(Currently Amended) The apparatus of claim [[6]]1 wherein the at least one output current

driver reduces load power by a constant current apparatusreduction technigue.

21. (Original) The apparatus of claim 1 wherein the SSL device load is one of an organic light
emitting diode (OLED) load, a light emitting diode (LED) load or a LED array load.

Gowling WLG (Canada) LLP Page 8
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

Amendments to the Drawings:

The attached sheets of drawings includes changes to Figs. 1a, 1b, 4a and 4b. These sheet
replace the original sheets including Figs. 1a, 1b, 4a and 4b.

Attachment: Replacement Sheets (4)

Gowling WLG (Canada) LLP Page 9
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

REMARKS/ARGUMENTS

Claims 1 to 5 and 7 to 21 remain in the current application. Claims 1, 10to 13, 19 and 20 have

been amended and Claim 6 cancelled.

Portions of the specification have been amended to correct typographical errors and to clarify

the teachings of the specification.

The drawings have been objected to as not complying with 37 CFR 1.83(a). The Examiner
has stated that the features of the power limit controller, the digital filter, the constant current

apparatus and the pulsing apparatus must be shown in the figures.

Applicant has amended Figures 1a, 1b, 4a and 4b to replace the term “secondary controller’
with the term “power limit controller” with respect to the item associated with reference number
38. Support for this amendment can be found in at least paragraph 30 of the published
application which states “The power limit 18 includes a power monitor 32 (having a current
sense 36), a secondary, or power limit, controller 38.....”. Figures 1a, 1b, 4a and 4b have also
been amended to include a digital filter 1 within the secondary, or power limit, controller 38.
Support for this amendment can be found in at least paragraph 33 of the published application
which states “In operation, the secondary controller 38 includes an averaging digital filter”.
Paragraph 33 has also been amended to include the reference number “1” for the digital filter.
With respect to the constant current apparatus, Claim 20 has been amended to replace the
word “apparatus” with the word “reduction technique”. Support for this amendment can be
found in at least paragraphs 43, 44, 48 and 81 of the published application. Reference number
"2" has been added to Figures 1a, 1b, 4a, 4b and paragraph 43 reflecting the constant current

output.

With respect to the pulsing apparatus, Claim 11 has been amended to claim the load power
being reduced by a pulsing technique. It is respectfully submitted that support for this
amendment can be found in at least paragraph 44 of the published application. In paragraph
44, the specification states “The current source controller 48 regulates the output current

provided to the LED load 14 and also provides apparatus for reducing the average current to

Gowling WLG (Canada) LLP Page 10
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

the LED load 14 via a gate pulse signal with a variable duty cycle through control line 56”.
Applicant respectfully submits that it can be seen that a pulsing technique is being used to
reduce the average current to the LED load 14. Further support can be found in paragraph 48
which states “If an operational fault condition such as an over power event occurs, the current
source controller 48 may reduce the average current (or power) to the LED load 14 by a
dimming pulse including a variable duty cycle through control line 56 to the current source 44”.
In other words, a pulsing technique is being used to reduce the load power. Retraction of

Examiner’s objection to the drawings is respectfully requested.

Claims 1, 3, 4, 6 to 8, 11 and 19 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112(pre-
AlA), second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which is regarded as the invention. More specifically, the Examiner
has suggested that the term “the power limit controller” is not supported by the specification.
Applicant respectfully disagrees. Along with its mention on page 2 (as stated by the Examiner),
the term “power limit controller” is also included in paragraph 30 of the published application
as outlined above. As can be seen, the power limit controller may also be seen as the
secondary controller. Applicant respectfully submits that the function of the power limit

controller is fully supported by the specification when one looks at the description.

With respect to the pulsing apparatus, Claim 11 has been amended as outlined above. Claim
10 has been amended to correct its claim dependency from Claim 2 to Claim 3. Retraction of

Examiner’s rejection of Claims 1, 3, 4, 6 to 8, 11 and 19 is respectfully requested.

Claims 1, 2, 5, 6, 12 to 18 and 21 are rejected under 35 U.S.C. 102(a)(1) as being anticipated
by US Patent Publication No. 2011/0204820 to Tikkanen et al. (“Tikkanen”). The independent
claims have been amended to include the subject matter of "wherein if the load power exceeds
the predetermined power limit, the power limit controller internally generates and transmits a
signal to the current source controller to control the load power to the load" and "wherein the
signal is based on internal controls." Support for this amendment can be found in at least

paragraph 36 of the published application.

Gowling WLG (Canada) LLP Page 11
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016
In response to Office Action of April 27, 2016

In paragraph 36, the specification discloses various power limit options which may be
performed if power limiting is required. As discussed in the specification, the system may
transmit a change in light intensity command (in the form of control information) when power
limiting is required. As such, control information is translated into on-time and off-time
information and transmitted as a gate pulse to reduce the average output current when power
limiting is required. As can be seen in Figures 1a, 1bv, 4a and 4b, there is no external
transmitter connected to the system. In this manner, it will be understood that any power
limiting signals are generated internally based on internal determinations. As discussed in
paragraph 37, a shutdown command may be transmitted from the power limit controller over
command line 43 to the fault optocoupler to disable the power circuit. Again, it can be seen
that the signal is generated internally before being transmitted by the power limit controller
based. The internal signal is generated based on signals from the internal power monitor

within the system.

In Tikkanen, inputs are received by the secondary controller, which controls the power limit,
from an external transmitter 76 (paragraph 35). These inputs include dimming or color mixing
information in the form of a serial data stream (paragraph 51). Control of the claimed invention
is via an internally generated signal. For at least these reasons, it is respectfully submitted
that the independent claims are patentable over the cited art. Retraction of Examiner’s

rejection of Claims 1, 2, 5, 6, 12 to 18 and 21 is respectfully requested.

Claims 7 to 9 have been rejected under 35 U.S.C. 103 as being unpatentable over Tikkanen
in view of US Patent No. 9,024,541 to Xie et al. (“Xie”). Notwithstanding the fact that Xie is not
citable in the current application, it is respectfully submitted that Xie is silent with respect to the
subject matter lacking in Tikkanen to obviate the independent claims. Retraction of Examiner’s

rejection of Claims 7 to 9 is respectfully requested.

For the above reasons, it is respectfully submitted that the application is now in condition for
allowance, which is requested. If there are any outstanding issues, the Examiner is invited to

contact the undersigned to discuss this matter further.

Gowling WLG (Canada) LLP Page 12
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US Patent App. No. 14/893,375
Amendment dated August 24, 2016

In response to Office Action of April 27, 2016

The Commissioner is hereby authorized to charge any additional fees, and credit any
payments, to Deposit Account No. 501613, in the name of Gowling WLG (Canada) LLP.

Respectfully submitted,

By:_/Jeffrey W. Wong/

Jeffrey W. Wong

Agent for Applicant

Reg. No. 46414

Gowling WLG (Canada) LLP
Suite 1020

50 Queen Street North

P.O. Box 2248

Kitchener, Ontario N2H 6M2
Canada

T 519-575-7543

F 519-579-0141
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Period for Reply
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Disposition of Claims*
5K Claim(s) 1-21 is/are pending in the application.
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6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-21 is/are rejected.
8)[] Claim(s) _____is/are objected to.
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* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
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Application Papers
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Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
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1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
DETAILED ACTION
Drawings
2. The drawings are objected to under 37 CFR 1.83(a). The drawings must show
every feature of the invention specified in the claims. Therefore, the power limit

controller, the digital filter, the constant current apparatus, and the pulsing apparatus

must be shown or the feature(s) canceled from the claim(s). No new matter should be
entered.

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in
reply to the Office action to avoid abandonment of the application. Any amended
replacement drawing sheet should include all of the figures appearing on the immediate
prior version of the sheet, even if only one figure is being amended. The figure or figure
number of an amended drawing should not be labeled as “amended.” If a drawing figure
is to be canceled, the appropriate figure must be removed from the replacement sheet,
and where necessary, the remaining figures must be renumbered and appropriate
changes made to the brief description of the several views of the drawings for
consistency. Additional replacement sheets may be necessary to show the renumbering
of the remaining figures. Each drawing sheet submitted after the filing date of an
application must be labeled in the top margin as either “Replacement Sheet” or “New

Sheet” pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner,
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the applicant will be notified and informed of any required corrective action in the next

Office action. The objection to the drawings will not be held in abeyance.

Claim Rejections - 35 USC § 112

3. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

4. Claims 1, 3, 4, 6-8, 11, and 19 are rejected under 35 U.S.C. 112(b) or 35 U.S.C.
112 (pre-AlA), second paragraph, as being indefinite for failing to particularly point out
and distinctly claim the subject matter which the inventor or a joint inventor, or for pre-
AlA the applicant regards as the invention.

In claims 1, 3, 4, 6-8, and 19, it is unclear what part of the circuit in the drawings
is the claimed “power limit controller” that is used to directly or indirectly monitor a level
of the load power and controls the at least one power limit to reduce the level of the load
power for a predetermined period of time when the load power exceeds a
predetermined power limit. The “power limit controller" is recited in summary of the
disclosure in page 2, lines 28 and 30; but not in the detailed description of the
specification that would be sufficient to provide clear support for what being claimed.

In claim 11, it is not understood what being referred to as the pulsing apparatus

because there is no support in the specification.
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5. Claim 10 recites the limitation "the power monitor" in line 1. There is insufficient

antecedent basis for this limitation in the claim.

Claim Rejections - 35 USC § 102
6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

7. Claims 1, 2, 5, 6, 12-18 and 21 are rejected under 35 U.S.C. 102(a)(1) as being
anticipated by Tikkanen et al. (US 2011/0204820).

In claim 1, Tikkanen teaches all claimed features in Fig. 3, apparatus for
controlling power to a solid state lighting (SSL) device load comprising:

a power circuit (47) for receiving power from an external source (42);

at least one power limit (50) connected to the power circuit (47);

at least one output current driver (52) for supplying a load power to the SSL
device load (56), the at least one output current driver connected to the at least one
power limit; and

a power limit controller (64);

wherein the power circuit (47) transmits the power to the at least one power limit

which, in turn, transmits a current to the at least one output current driver (52);
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wherein the power limit controller (64) directly or indirectly monitors ([0045];
monitored by controller 64) a level of the load power and controls the at least one power
limit to reduce (the power limit circuits 50 limit the energy to the loads in accordance
with the UL standard 1310 Class 2; [0045]) the level of the load power for a
predetermined period of time when the load power exceeds a predetermined power limit
(operating voltage).

In claim 2, Tikkanen further teaches the apparatus of Claim 1 wherein the at least
one power limit (50) is integrated within one of the at least one output current drivers
(52).

In claim 5, Tikkanen further teaches the apparatus of Claim 1 wherein the at least
one output current driver (52 in Fig. 6) comprises:

an output current source (92);

a current sense (94); and

a current source controller (90).

In claim 6, Tikkanen further teaches the apparatus of Claim 5 wherein if the load
power exceeds the predetermined power limit, the power limit controller (64) transmits a
signal to the current source controller (90) to control the load power to the load (56).

In claim 12, Tikkanen teaches all claimed features in Fig. 3, a method of
controlling power to a solid state lighting (SSL) device load (56) comprising:

receiving an input power (from 42);

delivering load power (by 50) to the SSL device load;

monitoring current level (monitored by controller 64) in load power;
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limiting load power (the power limit circuits 50 limit the energy to the loads in
accordance with the UL standard 1310 Class 2; [0045]) to the SSL device for a
predetermined period of time after a predetermined operational fault condition (caused
by component failure) is met.

In claim 13, Tikkanen further teaches the method of Claim 12 wherein the
predetermined operational fault condition is one of a single component failure ([0045]; In
the event of a single component failure within the output current driver module, the
power limit circuits 50 limit the energy to the loads in accordance with the UL standard
1310 Class 2), an external light emitting diode (LED) fault and an overload condition.

In claim 14, Tikkanen further teaches the method of Claim 12 wherein monitoring
current level in load power comprises: sensing current (92 in Fig. 6) delivered by an
output bus (48 in Fig. 3) to a power limit (50) or sensing current delivered to a load by
an output current driver.

In claim 15, Tikkanen further teaches the method of Claim 12 further comprising:
gradually increasing load power to a normal operational power level (inherent).

In claim 16, Tikkanen further teaches the method of Claim 15 wherein the load
power is gradually increased at predetermined time intervals (inherent).

In claim 17, Tikkanen further teaches the method of Claim 15 wherein the load
power is gradually increased in predetermined power increments (inherent).

In claim 18, Tikkanen further teaches the method of Claim 12 wherein if a
maximum power threshold is met, load power delivered to the load is disabled

(inherent).
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Claim 20 is rejected in the same manner as claim 6.

In claim 21, Tikkanen further teaches the apparatus of Claim 1 wherein the SSL
device load (56) is one of an organic light emitting diode (OLED) load, a light emitting
diode (LED) load or a LED array load.

Claim Rejections - 35 USC § 103
8. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences
between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a person
having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

9. Claims 7-9 are rejected under 35 U.S.C. 103 as being unpatentable over
Tikkanen et al. in view of Xie et al. (U.S. Pat. 9,024,541).

In claim 7, Tikkanen teaches the apparatus of Claim 1; with the exception of
teaching wherein the power limit controller comprises a digital filter. However, in the
same field of endeavor, Xie teaches in col. 5, line 49, the controller 202 includes a
digital filter (not shown).

Therefore; it would have been obvious to one ordinary skill in the art before the
effective filing date of the claimed invention to combine the teachings wherein the
controller includes a digital filter in order to process the multiple resonant periods to
obtain a single estimation of the resonant period, such as by averaging the multiple

resonant periods to obtain an average resonant period.
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In claim 8, Tikkanen further teaches the apparatus of Claim 7 wherein the power
limit controller (64) comprises at least one port (68).

In claim 9, Tikkanen further teaches the apparatus of Claim 8 wherein the at least
one port (68) receives instructions to calibrate ([0079]) the at least one power limit to the

predetermined power limit.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vibol Tan whose telephone number is (571)272-1811.
The examiner can normally be reached on Monday-Friday (7:00 AM-4:30 PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Alex Taningco can be reached on (571) 272-8048. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).
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If you would like assistance from a USPTO Customer Service Representative or
access to the automated information system, call 800-786-9199 (IN USA OR CANADA)

or 571-272-1000.

/Vibol Tan/
Primary Examiner, Art Unit 2844
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Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
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PCT/CA2014/050609 25 June 2014 (25-06-2014) 25 June 2013 (25-06-2013)
Applicant

LUMASTREAM CANADA ULC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according to
Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.

[ It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

4. With regard to the language, the international search was carried out on the basis of:

¥  the international application in the language in which it was tiled.

[ atranslation of the international application into which is the language of
a translation furnished for the purposcs of international scarch (Rules 12.3(a) and 23.1(b)).
b. [ This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).
€ [™  Withregard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.
2. [ Certain claims were found unsearchable (sce Box No. II).
3. [**  Unity of invention is lacking (see Box No. II).

4. With regard to the title,
[W  the text is approved as submitted by the applicant.

[™"  the text has been established by this Authority to read as follows:

5. With regard (o the abstract,

the text is approved as submitted by the applicant.

[““  the text has been established, according fo Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may,within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1la

W  as suggested by the applicant.

™ as selected by this Authority, because the applicant failed to suggest a figure.

™ as selected by this Authority, because this figure better characterizes the invention.

none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet)  (July 2009) Page 1 03



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2014/050609

A. CLASSIFICATION OF SUBJECT MATTER
IPC: HO5B 37/02 (2006.01)

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

B. FIELDS SEARCHED

IPC HO5B (2006.01)

Minimum documentation searched (classification system followed by classification symbols)

Documentation scarched other than minimum documentation to the cxtent that such documents arc included in the ficlds scarched

Canadian Patent Database and TotalPatent.

Llectronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Terms used: led, light, power, limit, exceed, threshold and others.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

whole document

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CA 2,273,324 Al, 30 April 1998 (30-04-1998) 1,12
Figurc 1; pages 1-5; claim 1
A CA 2,742,843 Al, 27 May 2010 (27-05-2010) 1,12
abstract and figures
A CA 2,761,294 Al, 18 November 2010 (18-11-2010) 1,12

>

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

W See patent family annex.
* |Special categories of cited documents: “T” |later document published after the international filing date or priority

“A” |document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” |earlier application or patent but published on or after the international “X” |document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L.”” |document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” |document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“0” |document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
document published prior to the international filing date but later than being obvious to a person skilled in the art

“P” |the priority date claimed “&” |document member of the same patent family

Date of the actual completion of the international search
3 October 2014 (03-10-2014)

Date of mailing of the international search report
06 October 2014 (06-10-2014)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Placc du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Authorized officer

Andrew O'Malley (819) 953-5481
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AT477703T 15 August 2010 (15-08-2010)
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BR9612783A 18 April 2000 (18-04-2000)
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BORDEN LADNER GERVAIS LLP
World Exchange Plaza

, WRITTEN OPINTON OF THE
100 Queen Street, Suite 1300 INTERNATIONAL SEARCHING AUTHORITY
OTTAWA, Ontario

(PCT Rule 43bis.1)
Canada, K1P 1J9

Date of mailing 6 October 2014 (06-10-2014)
(day/month/year)
Applicant's or agen('s [ile reference FOR FURTHER ACTION
PAT78496W-90 See paragraph 2 below
International application No. International filing date (day/month/vear)| Priority date (dayv/month/year)

PCT/CA2014/050609 25 June 2014 (25-06-2014) 25 June 2013 (25-06-2013)

International Patent Classification (IPC) or both national classification and IPC
IPC: HO5B 37/02 (2006.01)

Applicant
LUMASTREAM CANADA ULC

1. This opinion contains indications relating to the following items:

Box No. I Basis of the opinion
Box No. II Priority
Box No. 111 Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability; citations
and explanations supporting such statement

Box No. VI Certain documents cited

[~ Box No. VI  Certain defects in the international application

[ Box No. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the International
Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority other than this one to be
the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that written opinions of this International
Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA a written
reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form PCT/ISA/220 or
before the expiration of 22 months from the priority date, whichever expires later.

For turther options, see Form PCT/ISA/220.

Name and mailing address of the ISA/CA Date of completion of this opinion Authorized officer
Canadian Intellectual Property Office ,

Place du Portage [, C114 - 1st Floor, Box PCT Andrew O'Malley (819) 953-5481
50 Vicloria Street

Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY P CT / C A2014 / 050609

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:

W the international application in the language in which it was filed.

I“" a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. ™ This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard Lo any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:
a. (means)
[ on paper

[ in electronic form
b. (time)
[“ in the international application as filed.

[* together with the international application in electronic form

[” subsequently to this Authority for the purposes of search
4. ™ In addition, in the casc that more than onc version or copy of a sequence listing has been filed or furnished, the required statements that
the information in the subsequent or additional copies is identical to that in the application as filed or does not go beyond the application
as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (July 2011) Page 2 of 4



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CA2014/050609

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-21 YES
Claims NONE NO

Inventive step (IS) Claims 1-21 YES
Claims NONE NO

Industrial applicability (IA) Claims 1-21 YES
Claims NONE NO

2. Citations and explanations:

Reference is made to the following documents cited in the International Search Report:

D1: CA 2,273,324 Al, 30 April 1998 (30-04-1998)
D2: CA 2,742,843 Al, 27 May 2010 (27-05-2010)

These documents constitute the closest available prior art to the present application, directed to an apparatus and method for controlling power to
a solid state lighting device, which employs power monitoring and limiting means placed between the input power circuit and output current
source of the lighting device. The power monitoring and limiting means reduces the power to the light load for a predetermined amount of time if
the load power exceeds a predetermined power level.

Article 33(2) PCT - Novelty

Since the subject matter defined by claims 1-21 is not disclosed by any single document from the available prior art, these claims meet the
requirements of Article 33(2) PCT with respect to novelty.

Article 33(3) PCT - Inventive step

Regarding independent claim 1, D1 discloses an apparatus for controlling power to a lighting load (figure 1) comprising:

. a power circuit (8) for receiving power from an external source (4);
. a power limit/control (16) connected to the power circuit;
. a power limit controller (10);

wherein the power limit controller monitors the level of load power (via 14) and controls the level of power to the load.

Although D1 does not explicitly teach a specific current driver for the load, per claim 1, it is interpreted that the power circuit (8) performs a
similar function of delivering power to the load (see page 4, line25 tot page 6, line 10).

However, where the apparatus of D1 is directed to limiting the power to the load in response to the load power exceeding a predetermined limit,
the power reduction arrangement of D1 is used for power savings (see page 1, lines 6 to 17).

While D2 is directed to providing output current regulation to LED loads when the detected load power exceeds a predetermined threshold, D2 is
directed to a specific multi-channel LED arrangement and circuit arrangement ¢sce abstract and figurces).

Accordingly, the subject matter defined by independent claim 1, and by association, dependent claims 2-11, appears to include an inventive step
above the available prior art. This applies similarly to the method defined by claims 12-21.

Claims 1-21 thereby comply with Article 33(3) PCT.

Continued on Supplemental Sheet . . .
Form PCT/ISA/237 (Box No. V) (July 2011) Page 3 of 4




WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CA2014/050609

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of* Box V

Article 33(4) PCT — Industrial applicability

Since the subject matter defined by claims 1 to 21 is directed to well established lighting arts, these claims satisfy Article 33(4) PCT.

Form PCT/ISA/237 (Supplemental Box) (July 2011) Page 4 of 4
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A power control apparatus, particularly for lighting systems such as fluorescent lights. A power variation circuit (16) is provided
coupled between a main electrical input power source and at least one power output to a load (8) such as a lighting system. The
power variation device is controllable to vary the power level supplied to the load according to control signals from a digital
processing circuit (10). Menitoring circuitry (12, 14) is coupled to the digital processing circuit (10) to provide monitoring signals
relating to electrical parameters of the input power source (4) and/cr the at least one power output (9). The digital processing circuit
(10) is responsive to a condition of the monitoring signals to control the power variation circuit (16) to supply the power output (9) at
a first predetermined level for a predetermined time period and thereafter to reduce power output to a second predetermined level.
The second predetermined level and the predetermined time period are set by the digital processing means according to control
parameters stored in a first memory. The stored control parameters may include indications of predetermined times of day and/or
days of week and corresponding values for the second predetermined level, wherein the digital processing circuit (10) is responsive
to a timer at the predetermined times of day and/or days of week to change the second predetermined level to the corresponding
value stored in the memory.
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. CA 02273324 1999-05-20
WO 98/18296 PCT/AU96/00670

A POWER CONTROL APPARATUS FOR LIGHTING SYSTEMS

This invention relates to a power control apparatus which is particularly uscful for lighting

systems, such as those employing fluorescent lights.

Studies have shown that many buildings, for example, tend to be over illuminated by present
lighting systems for the purposes required of them. Over illumination in this way results in
a wastage of electrical power. Most often fluorescent lights are used in lighting systems for
large buildings, for example, in view of their increased efficiency as compared to many other
10 lights. Also, the relationship between light output and power required in a fluorescent light
is non-linear, and it has been found that a significant decrease in power usage by fluorescent
lights can be achieved without a correspondingly noticeable change in light output in many
instances. However, if reduced power is continuously supplied to a fluorescent lighting
system, the lights may experience starting difficulties, such as increased flickering time, which
15 canreduce the life span of the lights. Furthermore, it may be desired to adjust the light level
output of the lights, and in a large lighting system installation it may be desired to alter the

light output or the power consumed thereby from a remote or centralised location.

In accordance with the present invention there is provided a power control apparatus for
20 lighting systems comprising:

a power variation means coupled to receive an input power source of AC electricity
and produce a controllable output power source of AC electricity for operating an clectrical
load comprising at least one light;

monitoring means for monitoring electrical parameters of the input power source

25 and/or the output power source to produce monitoring signals;

a digital processing means coupled to receive said monitoring signals and coupled to
said power variation means so as to control said power variation means to vary said output
power source between a maximum output level and a minimum output level,

a timer coupled to said digital processing means; and

30 a first memory storing control parameters and coupled to said digital processing
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means;

wherein said digital processing means is responsive to a condition of said monitoring
signals to control said power variation means to produce said output power source at a first
predetermined level for a predetermined time period and thereafter to reduce said output
power source to a sccond predetermined level, and wherein said second predetermined level
and said predetermined time period are set by said digital processing means according to the

control parameters stored in said first memory.

Preferably said stored control parameters include indications of predetermined times of day
and/or days of week and corresponding values for said second predetermined level, and
whercin said digital processing means is responsive to said timer at said predetermined times
of day and/or days of week to change said second predetermined level to the corresponding

value stored in said memory.

In a preferred form of the invention, at least onec light sensor is coupled to the digital
processing means, and the digital processing means is also responsive to a light level detected
by the at least one light sensor to increase or decrease the second predetermined level. In one
form of the invention, the apparatus includes a plurality of light sensors coupled to said digital
processing means, cach producing a respective detected light level value, and wherein said
digital processing means is operative to calculate a weighted average of the detected light
level values on the basis of preselected respective weighting tactors stored in said memory,
said digital processing means being responsive to the weighted average to increase or decrease

said second predetermined level.

Preferably, the apparatus further comprises an input port coupled to the digital processing
means for receiving control commands, wherein said digital processing means is responsive
to a first control command to change said stored control parameters including said second

predetermined level.

Preferably, a second memory is also provided coupled to the digital processing means for
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storing performance data, and wherein for each power variation in said output power source
said digital processing means stores performance data in said second memory. The
performance data may include data representing the output level of said output power source

and the time the power variation occurred.

In one form of the invention a plurality of power variation means are provided coupled to a
single digital processing means, with each power variation device being arranged to supply
its output power source to a corresponding different electrical load. In this configuration, the
digital processing means is preferably adapted to control each of the power variation means

scparately according to different corresponding second predetermined levels.

Various forms of power variation means may be utilised in the invention. For example, the
power variation means may comprise a variable transformer, wherein said first predetermined
level corresponds to a larger AC voltage than said first predetermined level. Altematively,
the power variation means may comprise, for example, a waveform modification device, such
as a silicon controlled rectifier (SCR), wherein the difference between the first and second
predetermined levels is cffected by varying the firing time of the SCR with respect to the

voltage zero crossing point of the AC clectricity input power source.

In a preferred form of the invention, said power variation means comprises a variable
transformer, and wherein said first predetermined level corresponds to a larger AC voltage
than said second predetermined level. Preferably, said monitoring means monitors line
voltage and/or line current of said input power source in order to determine the zero crossing
times thereof, and wherein said digital processing means is adapted to control said power
variation means to vary the output power source only at least substantially at a said zero
crossing time.

As can be determined by those skilled in the art from the present specification, embodiments
of the invention provide for a power control apparatus which can be utilised to reduce power
consumption of an electrical load such as a fluorescent lighting system. When a condition

such as the turning on of fluorescent lights is detected by the monitoring means, the preferred
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power control apparatus responds by increasing the output power source to a first
predetermined level (eg maximum available power) in order to facilitate starting of the lights.
After a predetermined time period the output power source is then reduced to a second
predetermined level in order to conserve electrical power. The second predetermined level
and thus the amount of power saving, is adjustable by way of an input port for receiving power
control commands. The second predetermined level may also be adjusted by the influence of
other inputs, such as at selected times of the day, or in response to a light sensor which

measures ambient light.

The invention is described in greater detail hereinafter by reference to several embodiments

thereof illustrated by way of example in the accompanying drawings, wherein:

Figure 1 is a block diagram of a power control apparatus according to a first

embodiment;

Figure 2 is a block diagram of a power control apparatus according to a second
embodiment;

Figure 3 is a block diagram of a power control apparatus according to a thfrd
embodiment;

Figure 4 is a functional flow diagram illustrating an algorithm for controlling a
microprocessor device in an embodiment of the invention;

Figure S is a block diagram illustrating a further embodiment of the invention;
Figure 6 illustrates an example of a power device for use in embodiments of the
invention; and

Figure 7 is a timing diagram.

A power control apparatus 2 is illustrated in Figure 1 in block diagram form, coupled between
a mains AC electrical input power source 4 and one or more electrical loads 6, such as a
fluorescent or discharge lighting system, or the like. The power contro} apparatus 2 comprises
generally a power variation means in the form of power device 8, and a digital processing

means embodied in microprocessor circuit 10. The power device 8 is coupled to receive the
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mains eclectrical input power source 4, and provides at least une output power source 9
providing power to the at lcast one load 6. Monitoring circuitry 12, 14 is provided for
monitoring electrical parameters of the mains electrical input power source 4 and output power
sources 9, respectively. As shown diagrammatically in Figure 1, each of the monitoring
circuits 12, 14 receive signals which are indicative of voltage and current flow of the input and
output power sources, respectively, and provide input to the digital processing circuit 10.
Thus, as will be apparent to those skilled in the art, each of the monitoring circuits 12, 14
advantageously includes appropriate signal filtering and conditioning circuitry, and conversion
circuitry for providing inputs to the digital processing circuit 10 in appropriate signal levels
and formats, indicative of the voltages and currents monitored. Analog-to—digital conversion
circuitry is also included in the monitoring circuits 12, 14 in order to provide the appropriate

inputs to the digital processing circuit 10.

The power device 8 primarily provides a means for varying the power supplied to the
electrical loads 6 through ¢ach of the output power sources 9. Several mcthods of varying the
power supplied to the output power sources 9 are applicable, and the particular form of the
power device 8 will depend upon the power variation method employed. For example, one
way of reducing the power utilised by a load 6 is to supply the load at a reduced voltage. In
that case, the power device 8 may comprise a voltage reduction transformer, and it is preferred
that the transformer output voltage be capable of variation between at least 100% of input
voltage down to a fraction of the input voltage such as 50%. This can be achieved through the
use of, for example, an auto-transformer of conventional form, which has a plurality of
voltage taps or is continuously variable. In order to vary the output voltage of the auto-
transformer, the output tap is moved from one connection to another which, depending upon
the physical characteristics of the transformer, can be achieved mechanically or through
electrical switching. It will be readily apparent to those skilled in the art that the switching or
mechanical movements, such as by way of stepper motor, required in order to vary the output
voltage can be achieved by conventional means, and thus the details of implementation are not

included here so as to avoid clouding the clarity of description of the invention.
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Another way in which the power output of the power device can be varied from the input
power source level is through the use of waveform modification such as may be achieved
utilising a silicon controlled rectifier (SCR) or thyristor circuit. In that case, the level of
output power from the power device can be varied by varying the firing time of the SCR or
thyristor. By increasing the firing time with respect to the zero crossing point of the source
power input voltage waveform, it is possible to vary the power delivered to the load 6 at the
output of the power device 8. The manner in which the firing time of a waveform
modification circuit of the type described will also be readily apparent to those skilled in the

art, and thus is not described in detail.

The power device 8 is coupled to the digital processing circuit 10 by way of a power control
circuit 16. The function of the power control circuit 16 is primarily to receive control signals
from the digital processing circuit 10 and translate those signals into the form required for
controlling the power variation of the power device 8. For example, where the power device
8 comprises a continuously variable auto-transformer whose output is controlled mechanically
through the use of a stepper motor or the like, the power control circuit 16 is adapted to
translate logic level control signals output from the digital processing circuit 10 into electrical
signals for operating the stepper motor so as to vary output of the power device 8. On the
other hand, for different embodiments of the power device 8, the power control circuitry 16
may not be required, or may be incorporated in the digital processing circuit circuit 10. For
cxample, if the power device 8 comprises waveform modification circuitry such as SCRs
which require only logic level signals which are timed accurately, then those firing signals

may be provided directly from the digital processing circuit 10.

The digital processing circuit 10 may comprise any suitable digital processing circuitry, such
as a microprocessor or microcontroller circuit or the like having provision for input and output
of signals, and memory for storing control algorithms and data. For example, an 8251
microcontroller circuit, which will be recognised by those of skill in the art, can be cffectively
utilised in the digital processing circuit 10. As mentioned, the digital processing circuit 10

receives input signals from the monitoring circuits 12 and 14, and outputs control signals to
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the power device 8 by way of the power control circuitry 16. The digital processing circuit
10 is also provided with a programming input port 18, an output data port 20, and optionally

is coupled to one or more display devices 22.

The digital processing circuit 10 includes processing circuitry which functions under the
control of instructions stored in a memory circuit, preferably a non-volatile form of memory,
such as ROM, PROM, EPROM, flash RAM or battery backed RAM. The circuit 10 is also
provided with memory such as RAM memory for storing control parameters (which may be
received from the programming port 18) and storing data to be output by way of the output
port 20 or display device 22. The primary function of the digital processing circuit 10 is to act
in accordance with its programmed instructions and control parameters, and on the basis of
inputs received from the monitoring circuits 12, 14 and programming input port 18, so as to
control the power device 8, and in particular the output power directed to the loads 6 through
output power sources 9. Figure 4 illustrates an example of a control algorithm for the
microprocessor control circuit 10. The algorithm illustrated in the flow chart diagram of
Figure 4 in practice would be embodied in instruction codes stored in memory and executed
by the microprocessor or microcontroller, although in an alternative the digital processing
circuitry 10 could comprise a programmable logic circuit (PLC) or the like, in which case the
algorithm may be hard wired into the PLC. As mentioned, in addition to memory storage for
the control instructions, the digital processing circuit 10 preferably also is provided with
memory storage for control parameters which may be received, for example, by way of the
programming port 18. The control parameter data stored in the digital processing circuit 10
would typically include:

data indicative of a reduced opcrating power level for the loads coupled to the control

apparatus;

the number of steps between the reduced operating power level and the full operating

power level where the power device 8 is variable in discrete steps;

the time delay, when new load is added, to remain at full output power level before

decrementing to the reduced output power level;

a threshold value indicating the amount of new load that must be added for the output
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power source to be switched to full output power; and
the time interval to remain at each step where the power level varies in discrete steps
or, where the power level is continuously variable, the total time to reduce the power

level from the full output level to the reduced output level.

Referring to Figure 6, there is illustrated a simplified diagram of an auto-transformer 40
which may be utilised in the power device 8 of embodiments of the present invention. The
auto—transformer 40 is configured to receive mains input voltage V at the primary terminals
thereof, and has a plurality of taps labelled P, to P, for secondary terminals. The taps P, to P,
are coupled to respective inputs of a multiplexing circuit 42 which has a single output 44
which provides an output voltage V. The multiplexing circuit 42 is constructed so as to
couple one and only one of the inputs thereof to the output 44, in accordance with a command

input 46, provided in practice from the digital processing circuit 10.

By way of example, the taps P, to P, may be arranged so as to enable variation of the output
voltage oy Within the range of 100% Vi to 50% Vyy in 10% increments. Accordingly, the
output voltage and consequcntly the output power supplied to the load, can be varied by
changing the transformer tap to which voltage output line 44 is coupled. As mentioned, this
is achieved through the use of multiplexing circuit 42 on command from the digital processing
circuit 10. The switching from one tap to another is carried out at the zero crossing point time
of the input voltage waveform so as to avoid significant discontinuities in the output voltage
waveform thereby avoiding the introduction of noise into the output of the power device. It
is also preferred that the output power be reduced by only a single increment at a time, with
a delay in between so as to effect a gradual decrease in output power. On the other hand,
when it is necessary to increase the output power, such as to enable starting of additional
fluorescent lights which have been added to the load, then the output power is preferred to be

increased to its maximum as soon as possible rather than incrementally.

Figure 7 illustrates a graph of output voltage referenced to input voltage for a power control

apparatus employing a power device of the type shown in Figure 6 during operation. When
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first initiated (t,) the microprocessor controller of the power control apparatus sets the output
voltage of the power device to maximum voltage (maximum power level). The output voltage
remains at maximum for a predetermined time period Ty, after which at time t, the voltage is
reduced by one increment. This reduction by a single increment corresponds, for example,
to the multiplexing circuit 42 switching the connection of output line 44 from tap P, to tap P,.
The output voltage remains at that voltage for an interval T, before being decremented once
more at time t,. Again the voltage remains constant for the interval T, before being
decremented again (at time t;). By this time the output voltage has reached, in this example,
70% of the input voltage V., corresponding to transformer tap P,. In the present example, that
output voltage corresponds to the desired output power level for the power control apparatus,
and thus the output voltage remains at that level without being further decremented. When
additional load is added, such as by switching on additional fluorescent lights, the output
voltage is increased again to the maximum (illustrated at time t,) and thereafter the output
voltage retumns to its quiescent level incrementally as before described, unless additional load

is added in the meantime.

Referring to the above example, the parameter data which might typically be stored in memory
by the digital processing circuit 10 would be the reduced (quiescent) output power level, or
data corresponding thereto such as the identification of the transformer tap or the number of
decrements from maximum voltage level or the actual output voltage as measured by the
output monitoring circuitry, the time period to remain at maximum voltage (Ts), the decrement
timc interval T,, and the threshold increase in load required before returning to maximum

voltage.

For example, consider a power control apparatus in which the power device is constructed for
an input voltage of 240V a.c., and an output voltage of 240 V to 150 V variable in steps of 10
V (e.g. an auto-transformer having ten secondary taps). Control parameters for such an

arrangement might be, for a typical application:

Reduced output Ve=200V




10

15

20

25

30

CA 02273324 1999-05-20

WO 98/18296 PCT/AU96/00670
-10 -
Maximum voltage time Ts = 20 seconds
Decrement interval time T, = 3 scconds

Load increase threshold I+ = 0.5 Amp output

Referring now to Figure 4, a flow chart 100 of a control algorithm for a microprocessor of the
digital processing circuit 10 is shown, beginning with an initialisation step 102, where the
microprocessor and its various inputs and outputs are initialised in order to ensure that the
relevant signals are able to be received and dispatched. At this time, also, the microprocessor
consults its associated memory to retrieve the control parameters of the type discussed above.
Initially the output power to each of the loads 6 is sct to maximum power (step 104), for
example to facilitate starting of fluorcscent lights. This is achieved by the digital processing
circuit 10 controlling the power device 8, by way of the power control circuit 16 where
applicable, in order to set the power device to provide maximum output power (e.g. full mains
line voltage). Inthe example of Figure 6, this would correspond to a control signal on line 46
from the digital processing circuit controlling the multiplexing circuit 42 so as to couple output
line 44 to the auto—transformer tap P,. Once the power device is set to maximum power, a
dclay timer is started at step 106, in order to begin timing the maximum power interval (T,

referring to Figure 7).

Parameters of the power device output are measured (step 108) by way of the monitoring
circuitry 14 coupled to the output power source 9. Typically these parameters would include
the output line voltage and output line current supplied to each load. If the line current
supplied to a particular load increases, this may be indicative of an increased load, e.g. by
extra lights being switched on. If the load remains constant, the procedure passes from step
110 to step 112 where it is deterinined whether or not the time delay Ty has expired. Whilst
the time delay Ty remains unexpired, the procedure continues to monitor the output
parameters for loading increase by repeating steps 108, 110 and 112. A loading increase is
detected by comparing values of the measured output line current over time to sense an
increase in current. When an increased current is detected, the amount of increase is

compared to the load increase threshold control parameter in order to determine whether the
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increased current constitutes an increase in load worthy of returning the output to full power

level.

If an increase in load is detected at step 110, the procedure passes to step 126 at which time
the input parameters monitored by the monitoring circuitry 12 are measured. The monitoring
circuit 12 may monitor the mains input power source line voltage and current in a different
way to the monitoring circuit 14 because it is phase information of the input electrical signals
which are particularly important in this instance. As mentioned previously, it is preferred that
any switching or variation between power levels by the power device take place at the zero
crossing time of the input power source waveform so as to avoid noise and transitory
phenomenon during switching. Thus, instantancous values of the voltage and current
waveforms may be supplied by the monitoring circuitry 12, as compared to peak or RMS
values supplied by the circuitry 14. One way in which to detect the zero crossing point is by
way of digital signal processing (DSP) circuitry included in the digital processing circuit 10.
For example, digital samples of the instantanecous mains input power source voltage and
current levels can be analysed by DSP for detection of the zero crossing points thereof. It will
be readily recognised that the implementation of that feature is within the knowledge of those

skilled in the art.

The input parameters are monitored at steps 126 and 128 until the phasing of the signals is
appropriate (eg at the zero crossing point) before the procedure passes to step 104, whereupon

the power of the power device 8 is set to maximum level, as described herein above.

When the maximum power time delay Ty is complete (step 112), the procedure sets about
decrementally decreasing the power level to the required (reduced) power setting. This begins
at steps 114 and 116 where the input parameters are monitored in similar fashion to steps 126
and 128, until the input phasing is correct. When the phasing reaches the zero crossing point,
the power device 8 is controlled by the digital processing circuit 10 so as to decrement the
output power level (step 118). Referring again to Figure 6, in the first instance this action may

be reducing the output voltage from 1.0 V, to 0.9 V, by changing the multiplexor 42
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connection from auto-transformer tap P, to P . The digital processing circuit 10 then
determines whether the pre—selected reduced power level has been reached, by comparison
with the stored control parameter data mentioned previously. In the example of Figure 7, this
occurs after the power supplied to the load 6 has been decremented by the power device three
times. If the desired reduced power level has not yet been reached, then the procedure returns
to step 108, after initiating an interval timer which corresponds to the time interval T, (Figure
7). Typically the interval timer might be of the order of several seconds, whereas the

maximum power delay timer (Ts) may be of the order of 15 seconds or so.

In the example mentioned above concemning the control parameters, the reduced output power
level was presented in terms of the actual output voltage Vi supplied to the load. In that case,
the step 120 would be accomplished by comparing the control parameter V with the measured
output voltage supplied by the monitoring circuit 14. Then, if Vj is greater than the actual
output voltage the reduced output power level has been reached, and if not then the procedure

continues to decrement the output level again.

Once the desired reduced power level has been reached, the microprocessor control algorithm
enters a monitoring loop comprising steps 122 and 124, which monitor the output parameters
from monitoring circuitry 14, and detect any load increase, similar to steps 108 and 110. If
an increase in load current greater than the threshold is detected, the controller algorithm is
passed to step 126 to monitor the phasing of the input signals before returning the output

power to maximum level at step 104.

Figure 2 illustrates a power control apparatus according to an embodiement of the present
invention which includes additional features to the embodiment shown in Figure 1. In
particular, the input monitoring circuitry 12 includes an input from a light level measurement
device 26, such as a photo—diode or the like. The light level measurement device would
typically be positioned within a space illuminated by the fluorescent lights which constitute
one of the loads 6, so as to provide a measurement of the light produced from the load supplied

by the power control apparatus. This enables the digital processing circuit 10 to implement
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a feedback loop, so that the power device can be controlled so as to output power according
to a specified light level, rather than a particular power level as described hereinabove. The
light level to be supplied may be set by way of a light level setting input 24, or may be
specified by the control parameter data stored in memory. The control steps required in the
procedure for the digital processing circuit 10 which are necessary to implement the light level
feedback control will be apparent to those skilled in the art, and need not be described in detail

here.

Figure 3 is a block diagram illustrating another embodiment of the power control apparatus,
which is specifically adapted for use in controlling street lights or the like. Once again this
embodiment includes a light level measurement device 26 so that the control apparatus can
vary the power supplied by the power device 8 so as to supply the power needed to provide
illumination to a preselected level. The light level measurement device is particularly
advantageous where the lights comprising the load 6 illuminate an area which also receives
natural light, such as a street light, so that power can be reduced to reduce illumination from
the light load when additional illumination is supplied naturally (eg when the sun rises). In
this embodiment, also, the mico processor 10 includes a control routine which enables it to
determine if the light comprising the load 6 is faulty. This can be easily determined by
reference to the monitoring signals provided by the output monitoring circuitry 14. The power
control apparatus 2 in this instance also includes a telemetry circuit 28 which transmits an
output from the digital processing circuit 10 in the event that the light load 6 is faulty. The
telemetry circuit 28 transmits its output by way of radio signals or telephony signals, for
example, to a central controller (not shown), which can then take action so as to replace the

faulty light.

More than one light level measurement device 26 may in fact provide input to the digital
processing circuit 10, in order to supply light level measurements from a plurality of locations
illuminated by the lighting load 6. In this case, the digital processing circuit 10 may perform
a weighted averaging of the light level measurements, for example depending upon the

particular positioning of the measurement devices, in order to control the power device 8.
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Thus, a plurality of light level measurement devices may provide input signals to the digital
processing circuit 10, with the value of cach signal being weighted by a respective
predetermined weighting value. The weighted light level measurements are then averaged,
and the averaged value compared with a preset value stored as a control parameter in memory.
This allows the power control apparatus to take account of the actual effect of the load output,
so that the averaged light level value and corresponding control parameter can be used to
determine the appropriate reduced output power level, rather than a comparison between the
output line voltage and the preset reduced output voltage level control parameter. Depending
upon the illumination and power saving strategy employed, light level sensors which are
placed so as to be affected by natural or external illumination may be treated with greater or
lesser weight, as desired. Alternatively, the input signals provided by the plurality of light
level sensors may be subjected to a threshold test instead of weighted averaging, wherein the
highest or lowest light level sensor signal (averaged over time, perhaps, to allow for transitory
variations) is compared with a threshold value to determine if the area concerned is over or

under illuminated at any location.

Each power control apparatus 2 can be constructed to control a plurality of loads 6 through a
plurality of output power sources 9. One way in which that may be achieved is to construct
the power control apparatus with a plurality of power devices 8 coupled to the digital
processing circuit 10 in parallel, and with each power device 8 coupled to a separate
respective load 6. In order to control the power delivered to each load 6 individually,
however, each of the respective power devices 8 should be controlled separately by the digital
processing circuit 10, and for that purpose each power device would be provided with a
separate control connection to the circuit 10. Furthermore, separate output monitoring
circuitry 14 should be included for each power device 8, so that an increase in any individual
load 6 can be detected, for example, and dealt with by controlling only the corresponding
power device. The input monitoring circuitry 12 may be utilised in common for controlling
each of the power devices. Similarly, it is possible to provide a plurality of output power
sources from a single power device where the power device comprises a voltage transformer

by constructing the transformer with a plurality of secondary outputs which can be tapped
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individually by connection to respective multiplexing circuits, for example.

In order to control the output power source the control algorithm for the digital processing
circuitry 10 must of course be adapted from that described in connection with Figure 4 to deal
with multiple inputs and outputs. Onc way in which that may be achieved is to arrange the
digital processing circuit 10 to multitask or swap between processing tasks utilising time-
slices or the like, as is known to those skilled in the art. However, it will also be recognised
that, in executing the algorithm illustrated in Figure 4, most of the time during normal
operation the procedure will remain in the monitoring loop comprising steps 122 and 124.
Therefore, one way in which the algorithm and digital processing circuit may be adapted for
controlling multiple power devices is to provide a similar loop with an interrupt driven by a
detected increase in loading on any one of the output power sources coupled to the digital
control circuit. When the interrupt is activated the control algorithm of the digital processing
circuit is directed to the sub—routine specific to the corresponding load and power device for

control of an increase and decremental decrease in supplied power.

As mentioned herinabove, the power control apparatus 2 may also be constructed so as to alter
the power level to be output from the power device according to the time of day or day of the
week. The control parameter data may be arranged to also store information indicative of
temporal changes in the desired output power level, for example by storing day and time data
with corresponding reduced output power level values. The control algorithm of the digital
processing circuit may also be modified to periodically examine the stored time/day data in
order to determine when a stored time and day arises, and to thereupon replace the operative
reduced output power level with that corresponding to the matching time and day. For
example, in a commercial building it may be desirable to have one power level operative
during trading hours, another during the time required by cleaners or the like, and yet another
during other times. The manner in which provision for this function can be included in the
control algorithm for the digital processing circuit will be readily apparent having regard to

the preceding description.
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The programming port 18 is arranged to receive instructions and/or data from an external
source, such as a central control panel. One particular use of the programming port 18 is for
alteration of the control parameter data stored in memory in the digital processing circuit 10.
For example, if it is desired to increase the light level in a particular area in which illumination
is controlled by the power control apparatus, then an instruction may be issued from a remote
source, or indeed from a local input keyboard or the like, to alter the control parameter
corresponding to the reduced power level. The programming port can be utilised by the power
control apparatus to receive data modifying or replacing any of the control parameters
described hereinabove, including those for altering the output power level at various times of
the day. The digital processing circuit of each power control apparatus is may be individually
coded such that only data received at the programming port 18 which is preceded by the
correct code will be acted on by the microprocessor. This arrangement operates both as a
security measure and as a means for allowing a plurality of power control apparatuses to be
coupled to a single central controller communicating on a data bus. An arrangement such as
this can be advantageous in a number of applications, such as in a large commercial building,.
For example, a large retail store having multiple floors might have a separate power control
apparatus 2 for controlling the lights on each floor of the building. However, it may also be
desirable to have the lights controllable or programmablc from a central location such as the
security office for the building. In this case a number of power control apparatuses might be

connected to a single central control panel 50 in the manner shown in Figure 5.

The output port 20 mentioned previously also provides for external communication, and might
be also connected to a central control panel by the same data bus as the programming port 18.
The memory in the digital processing circuit 10 preferably allows storage room for storing
data representative of the performance of the power control apparatus for the purposes of
evaluation and analysis of power usage. In the simplest implementation, each time the digital
processing circuit controls the power device to increase or decrease the power level, an entry
is made in the memory storage indicating the time and the resulting power level. This data
provides information sufficient to indicate the performance of the power control apparatus.

As an additional measure, the output line current value (indicative of load) may be stored at
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the time of each control change, which aids in determining both loading information, and
power consumption information as compared to the same load operating on nominal mains line
power without the power control apparatus. The mechanics of storing such information at

each control change is well within the ability of the person skilled in the relevant art.

In order to retrieve the performance data stored in the digital processing circuit memory, the
circuit 10 and control algorithm is preferably constructed to transmit the stored data on the
output port in response to a download command received on the programming port 18 and
coded for that particular power control apparatus. The performance data is then transmitted

from the digital processing circuit, most likely to a remote site, for analysis and evaluation.

An advantage of utilising a transformer based power device over a waveform modification
device, aside from the reduction of noise introduction which may be accomplished, is the
benefit of being able to actually increase the output line voltage above that supplied by the
input power source. This is particularly advantageous in the case where the mains power
supply voltage varies. In that instance, the power control apparatus may compensate for the
variation in the supply voltage, even to the point of controlling the output power source voltage
to a level higher than the input voltage. For that purpose, where the power device employed
is in the form of a transformer, the transformer is advantageously provided with one or more
taps which provide a secondary voltage above the primary voltage. The control algorithm can
then be further enhanced to monitor the peak line voltage of the input power source and

provide a voltage boost when full power is required.

The foregoing detailed description of the invention has been presented by way of example
only, and is not intended to be considered limiting to the invention which is defined in the

claims appended hereto.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A power control apparatus for lighting systems comprising;:

a power variation means coupled to receive an input power source of a.c. electricity
and produce a controllable output power source of a.c. electricity for operating an electrical
load comprising a plurality of lights;

monitoring means for monitoring electrical parameters of the input power source and
the output power source to produce monitoring signals, the monitoring means detecting
changes in line current suppled to said electrical load through said cutput power source;

a digital processing means coupled to receive said monitoring signals and coupled to
said power variation means so as to control said power variation means to vary said output
power source between a maximum output level and a minimum output level,

a timer coupled to said digital processing means; and

a first memory storing control parameters and coupled to said digital processing means,
said control parameters including a line current increase threshold value;

wherein said digital processing means is responsive to a condition of said monitoring
signals indicating a detected increase in said line current exceeding said threshold value to
control said power variation means to produce said output power source at a first
predetermined level for a predetermined time period and thereafter to reduce said output power
source to a second predetermined level, and wherein said second predetermined level and said
predetermined time period are set by said digital processing means according to the control

parameters stored in said first memory.

2. A power control apparatus as claimed in claim 1, wherein said stored control
parameters include indications of predetermined times of day and/or days of week and
corresponding values for said second predetermined level, and wherein said digital processing
means is responsive to said timer at said predetermined times of day and/or days of week to

change said second predetermined level to the corresponding value stored in said memory.

3. A power control apparatus as claimed in claim 1 or 2, including at least one light

sensor coupled to said digital processing means, wherein said digital processing means is
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responsive to a light level detected by the at least one light sensor to increase or decrease said

second predetermined level.

4. A power control apparatus as claimed in claim 3, including a plurality of light sensors
coupled to said digital processing means, each producing a respective detected light level
value, and wherein said digital processing means is operative to calculate a weighted average
of'the detected light level values on the basis of preselected respective weighting factors stored
in said memory, said digital processing means being responsive to the weighted average to

increase or decrease said second predetermined level.

5. A power control apparatus as claimed in any of claims 1 to 4, further comprising an
input port coupled to the digital processing means for receiving control commands, wherein
said digital processing means is responsive to a first control command to change said stored

control parameters including said second predetermined level.

6. A power control apparatus as claimed in claim 5, further comprising a second memory
coupled to the digital processing means for storing performance data, and wherein for each
power variation in said input power source said digital processing means stores performance

data in said second memory.

7. A power control apparatus as claimed in claim 6, wherein said performance data
includes data representing the output level of said output power source and the time the power

variation occurred.

8. A power control apparatus as claimed in claim 7, further comprising an output port
coupled to said digital processing means, and wherein said digital processing means is
responsive to a second said control command to transmit said performance data stored in said

second memory to said output port.

9. A power control apparatus as claimed in any of claims 1 to 8, wherein said monitoring
means monitors line voltage and/or line current of said input power source in order to

determine the zero-crossing times thereof, and wherein said digital processing means is
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adapted to control said power variation means to vary the output power source only at least

substantially at a said zero-crossing time.

10. A power control apparatus as claimed in any of claims 1 to 9, wherein said power
variation means comprises a variable transformer, and wherein said first predetermined level

corresponds to a larger a.c. voltage than said second predetermined level.

11. A power control apparatus as claimed in claim 1, including a plurality of power
variation means coupled to said digital processing means, each power variation means being

arranged to supply its output power source to a corresponding different electrical load.

12. A power control apparatus as claimed in claim 11, wherein said digital processing
means is adapted to control each of the power variation means according to different

corresponding control parameters stored in said first memory.



CA 02273324 1999-05-20

WO 98/18296 PCT/AU96/00670
1/6
o)
\ Q Qa
o < <
o ] N
s
he)
pn |
<
g g
4 a2
2% S -
= -
s AN
11
Q N
~
\
]
D o>
AN ~—
& 3
: \ \U
<O
|
¥ —{11
e L
\
ne

N

SUBSTITUTE SHEET (Rule 26)




CA 02273324 1999-05-20

WO 98/18296 PCT/AU96/00670
2/6
\0\
o
~
s X
©
3
<<
g g
19=
g2 3
- \
<
e——1H
. ]
N ™~
<—{ |1
o N
—> \ S
| e L
QO |
‘ g
je———{11
<«
\
~_ ]
Iy
Sy ~—

L_L.\ \

S 3

SUBSTITUTE SHEET (Rule 26)




CA 02273324 1999-05-20

WO 98/18296 PCT/ATU96/00670

3/6
]
O
B
\
‘ |
D— |
A
Sy
\\
]
A D
5
‘ 7 el =
o ; ’
\ ©
7
|
e Ay
-

SUBSTITUTE SHEET (Rule 26)




WO 98/18296

100

CA 02273324 1999-05-20

4/6

Initialise inputs

PCT/AU96/00670

maximum power

Start delay timer }— (06

Measure output
parameters

- 10%

utput loading

and outputs 1 102
Y 4
Set outputs to | _ 1044

- Measure input

increase?

1o

{2

Time delay

complete?

Y

Y

Measure input
parameters

Hyd !

16
Input phase
correct?

Y
He Switch power to
next lowest setting

Start interval timer

equired
power setting
reached?

(130

Figure 4

120

paramctcrs

K

126

24 Y

N /% loading

Measure output
parameters

+— 122

increase?

SUBSTITUTE SHEET (Rule 26)




CA

02273324 1999-05-20

WO 98/18296 PCT/AT96/00670
5/6
1O
Control 7 Load
processor l
I |
! ¢
Mains input Power _[ Load
devices (\
. 6
7 —¥- _I
/2) [L{ Load
| & Z (6
|
I
Control l
pancl |
|
2 |
| 2
50 (
10
Control 7
processor
T _l Load
{
oy 6
Mains input Power
devices
N 1 Load
! ~¢- )
12,14 7
6
Figure §

SUBSTITUTE SHEET (Rule 26)




CA 02273324 1999-05-20

WO 98/18296 PCT/AU96/00670
6/6

t/ L¢
L2
P, +

4y
r .
Py

Voer

)

Flaure 6
Vour
FOVin - — — S
|
‘ ' S {4
| | | ) ‘
O-5VN- ] | '
- 5" o |
(€ L : —L ': ]
¢ « ' |
to L t, ts t,
AN N

SUBSTITUTE SHEET (Rule 26)




Office de la Propriété Canadian CA 2742843 C 2013/06/11

I*I Intellectuelle Intellectual Property
du Canada Office anEmn 2 742 843
Un organisme An agency of 12y BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2009/11/02 (51) ClLInt./Int.Cl. HO5B 33/08(2006.01)

(87) Date publication PCT/PCT Publication Date: 2010/05/27 | (72) Inventeurs/Inventors:
. . CHEN, TIMOTHY, US;
(45) Date de délivrance/lssue Date: 2013/06/11 SKULLY. JAMES K. US
(85) Entrée phase nationale/National Entry: 2011/05/05 e
(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: US 2009/062929 GENERAL ELECTRIC COMPANY, US
(87) N° publication PCT/PCT Publication No.: 2010/059411 (74) Agent: CRAIG WILSON AND COMPANY

(30) Priorité/Priority: 2008/11/18 (US12/273,131)

(54) Titre : CIRCUIT D'ATTAQUE DE DEL A CIRCUIT ONDULEUR UNIQUE A SORTIES MULTICANAL ISOLEES
(54) Title: LED DRIVER WITH SINGLE INVERTER CIRCUIT WITH ISOLATED MULTI-CHANNEL OUTPUTS

10—, From : Vbus
11 18 20
Ty ¥ 22
_ 12\ ’ " ’\j)/\
TooeET ] My .
: . va \—
= SR - Oout o %
Rfmin® . Ne MI\M = T4 u
‘ | 36 38
o Bty A Vee g A U 30 WA 40
sen o Lvg W3
‘L:_in:e‘-_ T Gnd ’ 47T
427!_

32 Fi

(57) Abrégé/Abstract:

A single-converter circuit-based LED driver circuit (10) with isolated multi-channel outputs is disclosed. The circuit (10) includes an
IC control circuit (11), a plurality of isolated output channels (70, 74) each having an output current sensing and conditioning circuit
(74, 90), and an output current regulation circuit (128). The out-put current regulation circuit (128) includes a voltage-sensing
transformer winding (T4) that senses an output voltage level across a secondary side of the circuit (10), and a peak output current
sensing component (156) that senses output currents from the isolated out-put channels and determines which channel has a
highest current output. Additionally, the circuit (10) facilitates providing output current regulation when detected output voltage is
below a predetermined threshold, and providing output current regulation when the detected output voltage is above the prede-
termined threshold.

bl . ]
‘ an ada http:ropic.ge.ca » Ottawa/Gatineau K1A 0C9 - attp:/cipo.ge.ca  opic

OPIC - CIPO 191



WO 2010/059411 A1 I[N 0 00 0 00 Y

CA 02742843 2011-05-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

2

(10) International Publication Number

WO 2010/059411 Al

G

an

22)

a5)
(26)
30)

D

(72)
(75)

a4

(C3Y)

(43) Intcrnational Publication Date i_.:; 7
27 May 2010 (27.05.2010) PCT
International Patent Classification:
HO5B 33/08 (2006.01)
International Application Number:
PCT/US2009/062929

International Filing Date:
2 November 2009 (02.11.2009)

Filing Language: English
Publication I.anguage: Fnglish
Priority Data:

12/273,131 18 November 2008 (18.11.2008) us

Applicant (for all designated States except US): GEN-
ERAL ELECTRIC COMPANY [US/US]; 1 River
Road, Schenectady, NY 12345 (US).

Inventors; and

Inventors/Applicants (for US only): CHEN, Timothy
[US/US]; 315 Stratford Court, Aurora, OH 44202 (US).
SKULLY, James, K. [US/US]; 37415 Ridge Road,
Willoughby, OH 44094 (US).

Agents: DIMAURO, Peter, T. et al.; General Flectric
Company, Global Patent Opcration, Po Box 861, 2 Cor-
porate Drive, Suite 648, Shelton, CT 06484 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

84)

AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KF, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PL, PG, PII, PL, PT, RO, RS, RU, SC, SD,
SFE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), Europcan (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as 1o applicant’s entitlement rto apply for and be gramted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: LED DRIVER WITH SINGLE INVERTER CIRCUIT WITH ISOLATED MULTI-CHANNEL OUTPUTS

10—~

11\

From: Vbus

(57) Abstract: A single-converter circuit-
based LED driver circuit (10) with isolated
multi-channel outputs is disclosed. The cir-
cuit (10) includes an IC control circuit (11),

” a plurality of isolated output channels (70,
L

12
Control1C

“\boot
Hvg
out

74) each having an output current sensing
and conditioning circuit (74, 90), and an out-
put current regulation circuit (128). The out-
put current regulation circuit (128) includes

Rimin

Sty Veo

sen
Line

Lvg
Gnd

a voltage-sensing transformer winding (T4)
that senses an output voltage level across a
secondary side of the circuit (10), and a peak
output current sensing component (156) that
| senses output currents from the isolated out-
! put channels and determines which channel

has a highest current output. Additionally,
the circuit (10) facilitates providing output

current regulation when detected output volt-
age is below a predetermined threshold, and

FIG. 1

providing output current regulation when the
detected outpul voltage is above the prede-
termined threshold.




CA 02742843 2011-05-05

WO 2010/059411 A1 0010000 OO 0

—  with international search report (Art. 21(3))

Published:



CA 02742843 2011-05-05
WO 2010/059411 PCT/US2009/062929

LED DRIVER WITH SINGLE INVERTER CIRCUIT WITH ISOLATED MULTI-
CHANNEL OUTPUTS

BACKGROUND OF THE DISCLOSURE

[0001] Light emitting diode (LED) lighting systems have been gaining increasing
popularity in replacing incandescent and discharge lamps due to their long life, energy
efficiency, and flexibility in optical design. As a result, the application of LED systems
has come to include not only low-power applications, but also high-power applications.
LED systems are also gaining popularity in outdoor applications, in addition to indoor
applications. Moreover, LED systems are being used in general applications, and not

just in special lighting applications.

[0002] For some applications, a Class II isolation for output is required. A typical Class
IT high-power LED driver design uses a common front-end power factor correction
section with either multiple isolated LED converters in parallel, or with multiple single
stage isolatcd LED drivers connccted to the samc power sources. In such arrangements,
componcnt rcdundancy is undcesirably high. Conscquently, the cost and size of such

arrangements arc high and system cfficiency is low.

[0003] Accordingly, there 1s an unmct nced in the art for systcms and mcthods that
facilitate reducing component redundancy and increasing system efficiency in Class-11

rated circuits, and for overcoming the deficiencies noted above.

SUMMARY OF THE DISCLOSURE

[0004] In accordancc with onc aspcect, a circuit for controlling an LED lighting systcm
comprises a single-converter control circuit with a primary winding T1, and a first
isolated output channel circuit with at least one secondary winding T2, T3 tightly
coupled to the primary winding 11 and to a first output current sensing and conditioning

circuit. The circuit furthcr compriscs at lcast a sccond isolated output channcl with at
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least one secondary winding T6, T7 tightly coupled to the primary winding T1 and to a
second output current sensing and conditioning circuit. The circuit further comprises an
output current regulation circuit that determines peak current output through the first

and second isolated output channels.

[0005] In accordance with another aspect, an LED driver output channel regulation
circuit comprises a voltage-sensing winding T4 that senses voltage across a multi-
channel secondary circuit, and at least first and second photodiodes that transmit
current, the first and second photodiodes being coupled to respective isolated output
channel circuits in the secondary circuit. The circuit further comprises a peak current
regulation component that compares current transmitted by the photodiodes, determines
which of the isolated output channel circuits has a higher peak output current, and

regulates the output current thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGURE 1 illustratcs a primary sidc of the circuit, which includcs an IC
controller and a half-bridge-based resonant converter, in accordance with one or more

aspects described herein.

[0007] FIGURE 2 illustrates a secondary side of the circuit, including multiple isolated

output channels, in accordance with one or more aspects described herein.

[0008] FIGURE 3 illustrates a current regulation portion of the circuit, which regulates a
channel having a highest sensed output current at any given time, in accordance with

one or more aspects described herein.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] The following description relates to a single converter circuit-based LED driver
with isolated multi-channel outputs. Advantages of the described circuit design include

that all outputs meet Class II requirements, only one IC control and converter circuit is
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used, component count is reduced, and efficiency is improved. That is, the single
converter with multiple outputs facilitates providing a circuit at low cost, high efficiency
and small size. A half-bridge-based resonant converter is employed as a platform for a
high-power LED driver application. However, it will be appreciated that a current-fed,
fly-back, or any other isolated circuit platform can be employed in conjunction with the

various embodiment set forth herein.

[0010] FIGURES 1-3 illustrate a circuit 10 comprising a single converter circuit-based
LED driver with isolated multi-channel outputs, in accordance with various aspects
described herein. The following discussion relates to the specific configuration of the
circuit 10, and features thereof. As shown in FIGURE 1, the circuit 10 comprises a
control integrated circuit (IC) 12, which comprises a plurality of input/output (I/0) pins.
In one example, the IC 12 is an L.6599 IC. A capacitor 14 (¢.g., a 0.1uF capacitor or the
like) is coupled to a bootstrapped supply voltage (Vboot) pin on the control IC 12, as
well as to a high-side driver reference (Out) pin and a primary transformer winding T1.
According to an cxamplc, thec winding T1 is a G30876 winding. A high-sidc driver
output (Hvg) pin on the IC 12 is coupled to a resistor 16 and diode 18, which in turn is
coupled to a resistor 20. Resistors 16 and 20 are coupled to a gate of a switch 22 (e.g., a
MOSFET or the like), and the drain of the switch 22 is coupled to a voltage bus. In one
example, the resistor 16 1s a 2042 resistor, the diode 18 is a IN4148 diode, the resistor
20 18 a 1kQ resistor, and the switch 22 is an IRF740 MOSFET.

[0011] A source voltage (Vce) pin on the IC 12 is coupled to cach of a diode 24, a
capacitor 26, and a capacitor 28. The capacitor 28 is coupled to a diode 30, which is
coupled to a capacitor 32, as well as to the diode 24, the capacitor 26, and to ground.
The capacitor 32 is further coupled the diode 24, the capacitor 26, the capacitor 14, the
output pin on the IC 12, and the primary transformer winding T1. According to an
example, the diodes 24 and 30 are 1N4148 diodes, the 26 is a 0.1uF capacitor, the

capacitor 28 is a 10uF capacitor, and the capacitor 32 is a 150pF capacitor.

[0012] The low-side driver output (Lvg) pin on the IC 12 is coupled to a resistor 34 and
diode 36, which in turn is coupled to a resistor 38. Resistors 34 and 38 are coupled to a

gatc of a switch 40 (c.g., a MOSFET or the likc), and the drain of the switch 40 is
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coupled to the source of the switch 22. The source of the switch 40 is coupled to the
diode 30, the capacitor 28, a capacitor 42, and to ground. The capacitor 42 is further
coupled to the primary transformer winding T1 and to a capacitor 44. In one example,
the resistor 34 is a 20€2 resistor, the diode 36 is a 1N4148 diode, the resistor 38 is a 1kQ
resistor, the switch 40 is an IRF740 MOSFET, the capacitor 42 is a 15nF capacitor, and
the capacitor 44 is a 100pF capacitor.

[0013] The capacitor 44 is coupled to a resistor 46, which is coupled to diodes 48 and
50. The diode 50 is coupled to a resistor 52 and a capacitor 54, both of which are
coupled to ground and to the diode 48, which is also coupled to ground. The diode 50,
the resistor 52, and the capacitor 54 are further coupled to a current sensing (Isens) pin
on the IC 12. Other pins on the IC (e.g., N¢ and Line, etc.) are left unconnected. A
ground pin on the IC 12 is coupled to the capacitor 28, the diode 30, and to ground. In
one example, the resistor 46 is a 50Q resistor, diodes 48 and 50 are 1N4 148 diodes, the

resistor 52 is a 10k€2 resistor, and the capacitor 54 is a 33nF capacitor.

[0014] Turning now to FIGURE 2, with continued reference to Figure 1, the circuit 10
includcs a first isolated output channcl 70, a sccond isolated output channcl 72, and an

output current scnsing and conditioning circuit 74.

[0015] The first output channel circuit 70 includes the winding TS5, which is coupled to
Earth groundl, as well as to a capacitor 76 and a diode 78. The capacitor 76 and diode
78 arc couplcd to a diode 80, which in turn is couplcd to a capacitor 82. Thc capacitor
82 is coupled to the diode 78, the winding T5, and the Earth ground 1. The circuit
further includces sccondary transformer windings T2 and T3, both of which arc coupled
to Earth ground 1 (E-Gnd1), and inductively coupled to winding T1. In one example,
the capacitors 76, 82 are 22nF capacitors, the diodes 78, 80 are 1N4148 diodes, and the
windings T2, T3, T5 are G30876 windings.

[0016] Winding TS5 is tightly coupled to the primary side windings (c.g., T1, T4), and
has a voltage source Vee3 (e.g., a power supply) that ensures a voltage even if the

output of channel 1 is shorted.
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[0017] The second output channel circuit 72 includes the transformer windings T6 and
T7. A diode 84 is coupled to winding T6, as well as to a diode 86 that is coupled to
winding T7. The diodes 84 and 86 are further coupled to a capacitor 88, which is
coupled to the windings T6 and T7 and to Earth ground 2 (E-Gnd2). The diodes 84 and
86, and the capacitor 88, are coupled to an output current (Iout) sensing and
conditioning component 90 and to an LED 92. The lout sensing and conditioning
circuit 90 (c.g., similar or identical to the output current scnsing and conditioning circuit
74) is coupled to an LED 94. In one example, the diodes 84, 86 are MUR420 diodes,
the capacitor 88 is a 100uF capacitor, and the LEDs are NCSW 136 LEDs.

[0018] The circuit 10 further includes a resistor 96 and a resistor 98 that are coupled to
an amplifier 100. The amplifier 100 is further coupled to a photodiode 102 and a
resistor 104, which are also coupled to each other. The amplifier 100 is coupled to a
capacitor 106, which is also coupled to the photodiode 102 and a resistor 108. The
resistor 108 is coupled to the amplifier 100 and to a resistor 110, which is in turn
coupled to a resistor 112 and an LED 114. The resistor 112 is additionally coupled to
Earth ground 1 (E-Gnd1l). According to an example, the resistor 96 is a 10k€2 resistor,
the resistor 98 is a 1k resistor, and the amplifier 100 is a LM325 amplifier. In another
example, the photodiode 102 is am SFH6106 photodiode, the resistor 104 is a 50€2
resistor, the capacitor 106 is a 22nF capacitor, the resistor 108 is a 5.6k€2 resistor, and
the resistor 110 is a 1kQ resistor. In yet another example, the resistor 112 is a 0.25Q

resistor, and the LED 114 is an NCSW 136 LED.

[0019] An LED 116 is coupled to a diode 118, a diode 120, and a capacitor 122. The
diode 118 is coupled to secondary winding T2, and the diode 120 is coupled to the
secondary winding T3. The diodes 118 and 120 are further coupled to the capacitor
122, which in turn is coupled to the secondary windings T2 and T3, and to Earth ground
1 (E-Gnd1). According to an example, the LED is an NCSW136 LED, the diodes 118,
120 are MUR420 diodes, and the capacitor 122 is a 100uF capacitor.

[0020] Now turning to FIGURE 3, with continued reference to Figures 1 and 2, the
circuit 10 includes an output current regulator circuit 128 with a voltage-sensing

winding T4 that is coupled to a diode 130, which in turn is coupled to a resistor 132.
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Winding T4 is tightly coupled to the secondary windings (e.g., T2, T3, TS, T6, and T7)
and senses a voltage across the secondary side of the circuit 10 (see Fig. 2). Output
voltage increases when there is a light load or no-load condition, such as when one or
more LEDs are not connected. If the output voltage reaches or exceeds a predetermined
threshold voltage (e.g., approximately 55V or so in one example), then the circuit 10
switches from current regulation to voltage regulation. Output currents for all channels
arc scnscd, and the channcl with the highcest output current is regulated. According to an
example, the winding T4 is a G30876 winding, the diode 130 is a 1N4148 diode, and

the resistor 132 is a 100L2 resistor.

[0021] The resistor 132 is coupled to a capacitor 134 and a resistor 136, which is further
coupled to a capacitor 138. The resistors 132 and 136, and the capacitor 134 arc
coupled to a resistor 140 which in turn is coupled to a resistor 142 and to the winding
T4. The capacitor 134 is coupled to the resistor 136 and to the winding T4, as well as to
the resistor 142. In one example, the capacitors 134, 138 are 33nF capacitors, the

resistors 136, 142 arc 1kQ resistors, and the resistor 140 is a 10k€2 resistor.

[0022] The resistor 142 is further coupled to a resistor 144, which in turn is coupled to a
voltage source Vec2. The resistors 142 and 144 arc coupled to an crror amplificr 146,
which is also coupled to Vec2. The capacitor 138 is coupled to a resistor 148, which is
also coupled to a diode 150. The resistor 148 and diode 150 arc coupled to the crror
amplifier 146, and the diode 150 is further coupled to a resistor 152 that is coupled to a
Standby (Stby) pin on the IC 12. According to an example, the resistor 144 is a 10k
resistor, the amplifier 146 is an LM325 amplifier, the resistor 148 is a 6.2k resistor,
and the diode 150 is a 1N4148 diode. In another example the resistor 152 is a 5k€2

resistor.

[0023] A resistor 154 is coupled to a minimum oscillating frequency setting (RfMin) pin
on the IC chip 12 and to a peak output current regulating component 156. The
regulating component 156 is further coupled to phototransistors 158 and 160, which in
turn are coupled to each other and to ground, and which receive current signal from the
photodiode 102 and equivalent photodiodes in other isolated channels (e.g., such as a

sccond photodiodc in the output current scnsing and conditioning circuit 90). According
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to an example, the resistor 154 is a 4.7kQ resistor, the current regulating component 156
is a G20678 component, and the phototransistors 158, 160 are SFH6106

phototransistors.

[0024] Still referring to Figures 1-3, in the main transformer, all isolated windings are
tightly coupled to each other to ensure that even with unbalanced loads on each output,
the voltages on each output are equal to each other with minimum error. In each
channel, the output current is sensed and fed back to the primary side (e.g., Figs. 1 and
3) to control and regulate the output current. Although all the outputs’ currents are
sensed, it is the highest current in the outputs that is regulated. The voltage and current
characteristic of the photodiodes and error amplifiers are used to determine the other
channel’s current. In one embodiment, each channel employs the same type and

numbers of LEDs, which are connected in series with even thermal distribution.

[0025] As shown in the Figures, the two secondary outputs are tightly coupled together
for matching voltage at the output of each channel. Each channel drives the same type
and number of LEDs in a series/parallel configuration. On each channel, there are two
windings, T2 and T3, on sccondary outputs with thc common tic to the E-Gndl. The
diodcs 118 and 120 arc connccted to T2 and T3 respectively to charge 122 and maintain

the energy on the cap 122 and current to the LEDs 114, 116.

[0026] The sensing resistor 112 senses the channel output current, and the amplifier 100
furthcr conditions the scnscd signal and drives cathode of an optocoupler (which
communicate signal(s) to phototransistors 158, 160). The amplifier 100 has a non-
inverting input that is connccted to a scaled down reference and inverting input via
resistor 110 connected to sensing resistor 112. The windings T2, T3, which are tightly
coupled to the primary winding T1 and isolated from the main power converter, provide
the power supply for the first channel 70. The second channel 72 is configured the same
as the first channel 70, but isolated by the separated windings T6, T7. Additional
channels can be added in the same fashion as the second channel 72. Therefore, all the

channels are isolated from the main power converter to meet Class Il requirements.

[0027] On each channel, the optocoupler feeds back the output current signal to the peak

current regulator 156. The channel with the highest output current is regulated at any
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given time. In the event that a light load or no load condition is present in an output
channel, voltage on the winding T4, which is tightly coupled to secondary of the output
transformer, is indicative of the voltage on the output channels. This voltage is
processed by error amplifier 146 to take over the control loop to regulate the maximum

output voltage.

[0028] Accordingly, the circuit 10 facilitates sensing output currents for a plurality of
isolated output channels and regulating the current of the channel with the highest
output current at a given time. In this manner, the circuit eliminates a need to use
multiple Class 1I converters for LED applications. Thereby saving costs, reducing

circuit size, and increasing efficiency.

[0029] It will be appreciated that the specific examples of component values and/or
model numbers presented herein are illustrative in nature and are not to be interpreted in
a limiting sense. Other component values and/or models may be employed to achieve

the described circuit functionality, as will be appreciated by those of skill.

[0030] The invention has been described with reference to the preferred embodiments.
Obviously, modifications and alterations will occur to others upon reading and
understanding the preceding detailed description. It is intended that the invention be

construed as including all such modifications and alterations.
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WHAT IS CLAIMED IS:

1. A circuit for controlling an LED lighting system, comprising:

a single-converter control circuit with a primary winding T1;

a first isolated output channel circuit with at least one secondary winding
T2, T3 coupled to the primary winding T1 and a first output current sensing and
conditioning circuit;

at least a second isolated output channel with at least one secondary
winding T6, T7 coupled to the primary winding T1 and a second output current
sensing and conditioning circuit; and

an output current regulation circuit that determines peak output current
through the first and second isolated output channels;

wherein the output current regulation circuit includes a voltage-sensing
winding T4, tightly coupled to the secondary windings, that detects a peak output

voltage across each isolated output channel.

2. The circuit according to claim 1, wherein the output current
regulation circuit includes first and second phototransistors that detect current signal
from first and second photodiodes in the first and second isolated output channel
circuits, respectively, to determine the peak current output in the first and second

isolated output channel circuits.

3. The circuit according to claim 2, wherein cach isolated output

channel circuit includes a sensing resistor.

4, The circuit according to claim 3, wherein the first photodiode
receives currcnt through the sensing resistor and amplifier and provides current that is

scnsed by the first phototransistor.

5. The circuit according to claim 4, wherein the second photodiode
receives current through a sensing resistor in the second output current sensing and

conditioning circuit and provides current that is sensed by the second phototransistor.

6. The circuit according to claim 5. further comprising a peak output

current regulating component that compares the current sensed by the first and second



CA 02742843 2012-03-08
232770 ' : PPH

10

phototransistors, and determines which of the first and second isolated output

channels has a higher peak output current.

7. The circuit according to claim 6, wherein the single-converter
control circuit controls the power output of the isolated output channel having the
highest output current to protect and regulate the isolated output channel having the

highest output current.

8. The circuit according to claim 1, wherein the first isolated output
channel comprises a secondary winding T5 that is tightly coupled to the voltage

sensing winding T4, which supplies power to the output channel circuit.

9. The circuit according to claim 8, wherein the secondary winding T5

generates a dedicated voltage source.

10.  The circuit according to claim 1, wherein the first and second
isolated output channels are compliant with Class II output channel isolation

requirements.

11.  The circuit according to claim 1, wherein the single-converter

control circuit comprises a control intcgrated circuit (1C).

12. The circuit according to claim 11, wherein the control IC has a low-

side driver output pin coupled to a first half-bridge circuit.

13. The circuit according to claim 12, wherein the control IC has a high-

side driver output pin coupled to a second half-bridge circuit.

14. An LED driver output channel regulation circuit, comprising;

a primary side and a secondary side;

the secondary side including a multi-channel secondary circuit, the multi-
channel secondary circuit comprising secondary windings that form isolated output
channel circuits for each channel in the multi-channel secondary circuit;

a voltage-sensing winding T4 on the primary side that is tightly coupled to

the secondary windings on the secondary side of the multi-channel secondary circuit,
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the voltage-sensing winding T4 being configured to sense voltage across the multi-
channcl sccondary circuit;

at least first and second photodiodes that transmit current, the first and
second photodiodes being coupled to respective isolated output channel circuits in the
secondary circuit;

a peak current regulation component that compares current transmitted
from the photodiodes, determines which of the respective isolated output channel

circuits has a higher peak output current, and regulates the output current thereof.

15.  The circuit according to claim 14, further comprising output current
sensing and conditioning circuits, each including a photodiode, and coupled to

respective isolated output channel circuits.

16.  The circuit according to claim 15, wherein each output current
sensing and conditioning circuit amplifies a current through a sensing resistor and

provides the current as input to respective photodiodes.

17. The circuit according to claim 16, wherein the first photodiode
forms an optocoupler with a first phototransistor coupled to the pcak current
regulation component, and the second photodiode forms an optocoupler with a second

phototransistor coupled to the peak current regulation component.

18.  The circuit according to claim 14, wherein the isolated output
channel determined to have the higher peak output current is controlled using voltage
regulation when the output voltage sensed at the voltage-sensing winding T4 exceeds
a predctermined threshold, and using current regulation when the output voltage
sensed at the voltage sensing winding T4 is less than or equal to the predetermined

threshold.
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from the ballast current signal, a full-wave rectifier, a smoothing filter electrically coupled to the full wave rectifier, and a current
regulator power circuit electrically coupled to the smoothing filter and the LEDS. The current regulator power circuit can include a
first switching element configured to operate in response to a first (PWM) ON/OFF control sighal; a current controller electrically
coupled to a gate of the first switching element, the current controller configured to generate the first PWM control signal; and a
current sense resistor electrically coupled to the first switching element and configured to sense the current through the LEDS,
wherein the sensed current is fed back to the current controller.
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(57) Abstract: Embodiments of an illumination device including LEDs for connection to an existing fluorescent lamp fixture in-
cluding a conventional ballast described. One illumination device includes protection circuitry configured to protect the illumina-
tion device from the ballast current signal, a full-wave rectifier, a smoothing filter electrically coupled to the full wave rectifier,
and a current regulator power circuit clectrically coupled to the smoothing filter and the LEDS. The current regulator power cir-
cuit can include a first switching element configured to operate in response to a first (PWM) ON/OFF control signal; a current
controller electrically coupled to a gate of the first switching element, the current controller configured to generate the first PWM
control signal; and a current sense resistor electrically coupled to the first switching element and configured to sense the current
through the LEDS, wherein the sensed current is ted back to the current controller.
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ELECTRONIC CIRCUIT FOR DC CONVERSION OF
FLUORESCENT LIGHTING BALLAST

CROSS-REFERENCE TO REILATED APPLICATIONS

[0001] - - - This application claims priority Lo U.S. Patent Application Ser. No.
12/778,632, filed May 12, 2010 and ULS. Provisional Patent Application Ser. No. 61/178,093,

filed May 14, 2009, both of which are hereby incorporated by reference in their entirety.

TECHNICAL I'ELD
[0002] The present invention relates in general to LED fluorcscent lamp
replacements.
BACKGROUND
[0003] Fluorescent lamps are commonly installed with an additional device to

regulate the voltage and current provided to the fluorescent lamp. 'This device, known as a
ballast, can be designed to provide the proper starting vollage to establish an arc between two
electrodes of the fluorescent lamp. Additionally, the ballast can designed to provide a
controlled voltage to limit the amount ol current to the fluorescent lamp during operation
thereof. ‘The starting and operating voltages provided by the ballast to power the fluorescent
lamp can depend on, for example, the Jength and/or diameter of the fluorescent lamp.
Accordingly, a fluorescent lamp may contain a ballast particularly designed to provide the
proper starting and operating vollages.

[0004] Fluorescent lamps are gradually being replaced by light-emitting diodes
(LEDs) in many applications. 1.EDs have many advantages over traditional fluorescent
lamps in that they have, for example, longer operational life, reduced power consumption,
greater durability and increased design f{lexibility.

[0005] Accordingly, LED replacement lamps have been developed that retrofit
fluorescent lamp fixtures using existing ballasts. These LED replacements commonly
contain clectrical circuitry for power conversion that may not be, for example, universally

compaltible with any type of ballast found in existing fixtures.
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SUMMARY
[0006] Embodiments of an illumination device including I.EDs for connection to an
existing fluorescent lamp fixture including a conventional ballast, the ballast configured to
provide a current signal are disclosed herein. One such embodiment includes p;mection
circuitry configured to protect the illumination device from the ballast current signal, a [ull-
wave rectifier electrically coupled to the circuit protection means and configured to produce a
rectified voltage output, a smoothing filter electrically coupled to the full wave rectifier and
configured to produce a smoothed rectified voltage output and a current regulator power
circuil electrically coupled to the smoothing filter and the LEDS. The current regulator power
circuit includes a first switching element configured to operate in response to a first pulse
width modulated (PWM) ON/OI'T control signal, the first switching element delivering
current to the LEDs in response to the ON control signal and the first switching element not
delivering current to the LEDs in response to the OFF conuol signal. a current controller
¢lectrically coupled to a gate of the first switching clement, the current controller configured
to generate the first PWM control signal and a current sense resistor electrically coupled to
the first switching element and configured to sense the current through the LEDS, wherein
the sensed current is fed back to the current controller.
[0007] ’ Embodiments of another illumination device including LEDs for connection to
an existing fluorescent lamp fixture including a conventional ballast are disclosed herein.
Onc such embodiment includes means for receiving a current signal from the conventional
ballast and means for protecting the illumination device from the received current signal.
The illumination device also includes means for rectifying the received current signal (o
produce a rectilied vollage output and means for sensing the current through the LEDs.
Further, the illumination device includes means for generating a pulse width modulated
(PWM) control signal from a current control circuit based on the sensed current and means
for supplying current to the LEDs in response to the PWM control signal so that the LED
current reaches an average LED current.
00081 Further, embodiments of a method of supplying power 1o an illumination
device including LEDs and connected to an existing fluorescent lamp fixture including a
conventional ballast are also disclosed herein. One such method includes receiving a current
signal from the conventional ballast, protecting the illumination device from the received
current signal, rectilying the received current signal 1o produce a rectified voltage output,

sensing the current through the LEDs, generating a pulse width modulated (PWM) control
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signal from a current control circuit based on the sensed current and supplying current to the
LEDs in response to the PWM control signal so that the LED current reaches an average LED
currcnt.

[0009] Other embodiments of the invention are described in additional detail

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The various features, advantages and other uses of the present invention will -
hecome more apparent by referring to the following detailed description and drawing in
which:

[0011] FIG. 1 is a block diagram of a light system containing a power converter in
accordance with an embodiment of the invention.

[0012] FIG. 2 is a circuit schematic illustrating various components of the power
converter of FIG. 1;

[0013] FIG. 3 is a circuit schematic of a current controller used in the power
converter of FIG. 2;

[0014] FIG. 4 is a circuit schematic of a voltage controller used in the power
converter of FIG. 2;

[DO15] FIG. 5 is a circuit schematic of a voltage regulator used in the power converter
ol FIG. 2;

[0016] FIG. 6 is a circuit simulation waveform of an output forward voltage of an
LED array along with a rectified DC voltage and a DC link voltage from the power converter
of FIG. 2;

[0017] FIG. 7A is a circuit simulation waveform of switch turn-on di/dt changing as a
[unction of a gate drive resistor value from the power converter of I'IG. 2; and

{0018} FIG. 78 is a circuit simulation waveform of switch turn-on dv/dt changing as a

function of a gate drive resistor value from the power converter of FIG. 2.

DETAILED DESCRIPTION
[0019] FIG. | is a block diagram of a light system 10) according to onc cmbodiment of
the invention. LED light system 10 can include a fixture (not shown) and an LED
replacement lamp 12 powered by a signal source 14. The fixture can be, for example, an
existing lNuorescent lamp lixture that may have been previously used in a light system for a

fluorescent lamp. According to the embodiments discussed hercin, replacement lamp 12 can

23-
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be retrofitted to the existing fixture. The fixture can contain a ballast 16, which can be
connected between signal source 14 and replacement lamp 12. Replacement lamp 12 can
include a power converter 18 and an LED array 20. Although the embodiments will be
discussed with reference to a replacement lamp that solely contains LEDs, other
embodiments of light system 10 do not have to be exclusively limited to LEDs. For éxamp]e,
other embodiments of light system 10 may contain a replacement lamp that contains a
combination a fluorescent lamp and LEDs.

[0020] Signal source 14 can be any suitable alternating current (AC) source or direct
current (DC) source. For example, signal source 14 can be a 110/220 VAC single phase
direct connect. As discussed previously, signal source 14 provides power to ballast 16.
Ballast 16 can convert the power [rom signal source 14 to a power level designed to activate
and operate a fluorescent lamp. Ballast 16 can be any type of ballast suitable for lighting
fluorescent lamps by, for example, modifying the electrical voltage and frequency levels of
signal source 14. Some non-limiting examples of ballast 16 are rapid start electronic ballasts,
instant start electronic ballasts, magnetic ballasts or a hybrid containing components of both
the electric and magnetic ballasts.

[0021] Power converter 18 can receive the power output from the ballast, by, for
example, leads from the ballast that would have previously been connected to the lamp
sockets for a fluorescent lamp. Power converter 18 can convert the power output by the
ballast into power usable by and suitable for 1.ED) array 20). Power converter 18 can include
an inrush protection circuit 22, a surge suppressor circuit 24, a noise filter circuit 26, a
rectifier circuit 28, a main filter circuit 30, a current regulator circuit 32 and a shunt voltage
regulator circuit 34. Current regulator circuit 30 can be connected to LEDs 20. As will be
described in additional detail, power converter 18 is suitably designed to reccive a wide range
ol currents and/or vollages [rom ballast 16.

(0022} LEDs 20 in replaccment lamip 12 can include at least onc LED, a plurality of
series-connected or parallel- connected LEDs, or an LED array. At least one LED array can
include a plurality of LED arrays. Any type of 1.LED may be used in LEDs 20. For example,
L.EDs can be high-brightness semiconductor I.EDs, an organic light emitting diodes
(OLEDs), scmiconductor dies that produce light in response (o cusrent, light emitting
polymers, electro-luminescent strips (EL) or the like.

[0023] FIG. 2 is a circuit schematic of illustrating various details of power converter
18 of FIG. 1. Signal source 14 can provide, for example, an AC signal Lo inrush protection

circuit 22. Inrush protection circuit 22 can be realized by inrush current limiters 42 and 44.

4
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Capacitor 40 can be connected in parallel to output of the ballast 16 for filtering incoming
vollage spikes. Inrush current limiter 40 can have one end connected 10 a common point
between the output of ballast 16 and capacitor 40 for recciving the positive half cycle of the
ballast output and the other end connected to surge suppressor circuit 24. Similarly, inrash
current limiter 42 can have one end connected to a con.lmon point between the output of-
ballast 16 and capacitor 40 for receiving the negative half cycle of the ballast output and the
other end connected to surge suppressor circuit 24.
[0024] When signal source 14 is initially connected, high inrush current can pass
from the output of ballast 16 to components of power converter 18. High intush currents may
be moderated by placing inrush current limiters 42 and 44 in sertes with the current flow. In
one embodiment, inrush current limiters 42 and 44 can be negative temperature coefficient
(NTCQ) resistors. When signal source 14 is first connected, for example, NTC resistors can be
cool and have a high resistance value thereby limiting inrush current. After a period of
operation, NTC resistors can be warmed by current flowing therein, which in turn, can lower
its resistance value. Alternate embodiments may use any other suitable inrush current limtter.
One non-limiting example may be a fixed resistor or the like.
[0025] Selection of inrush current limiters 42 and 44 can be accomplished by, for
example, calculating the maximun input energy the inrush current limiter will absorb when
the device is turned on using equation (1):

E =% * Cous * Vinax ; Wherein (N
E is the maximum energy rating;
Chus 1s the amount of bus capacitance; and
Vs 18 the peak AC voltage or the maximum DC voltage.
(0026} Thus, for example, if Cypys is 100 pF and V0« 1S 1500v, then the maximum
energy rating will be 112.5J. Accordingly, inrush current limiters 42 and 44 can be selected
to have an energy rating greater than 112.5 ). Further, the resistance of the inrush current
limiter can be of a value such that components of rectifier circuit 28 are not stressed. An
cxample of an inrush current limiter that fulfils these preferences is Ametherm Inrush Current
Limiter Part No. MS22212103, which contains a maxintun energy rating of 220 J and a
resistance of 120 ohms at 25° C. Other suitable inrush current limiters and techniques for
selecting inrush current limiters are also available.
[0027] Referring still to FIG. 2, surge suppressor circuit 24 can be realized by varistor
46. Varistor 46 is connected in parallel between inrush protection circuit 22 and noise filter

circuit 42. Varistor 46 can be used to absorb high voltage transients or surges that may occur

-5-
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from the output of ballast 16. Selection of varistor 46 can be accomplished by, for example,
selecting a varistor that has a maximum allowable voltage no less than V .y, where Vi 18
the peak AC voltage or the maximum DC voltage from the output of ballast 16. In this
manner, varistor 46 will not clamp as long as the voltage docs not exceed V. An example
of a surge suppressor th-at fulfils these preferences is Panasonic ZNR Transient/Surge
Absorber Part No. ERZV10D182CS, which has a maximum allowable vollage of 1000
VACy; (1465 VDC). Other suitable surge suppressor devices and techniques for determining
suitable surge suppressor devices are also available. : -

[0028] Incoming current passes through noise filter 26 to prevent noise interference
from being received by power converter 18. Noise filter circuit 26 can be realized by X-class
capacitor 56, Y-class capacitors 48 and 50 and discharge resistors 52, 54 and 56. Selection of
the type and number of X-class capacitors can be accomplished by any suitable technique in
order to, for example, pass EMC testing. One suitable technique is to select a specific
capacitor, calculate the power dissipation of that capacitor and, il the calculated power
dissipation for the selected capacitor is higher than the maximum allowed power dissipation
for the specific capacitor, determining how many capacitors should be placed in parallel to
achieve a power dissipation that is less than or equal to the maximum allowed power
disstpation.

[0029] Accordingly, the RMS current of the X-class capacitor can be estimateb,
which as discussed in more detail below, to calculate the worst case power dissipation of X-
class capacitor 56. RMS current of the X-class capacitor can be calculated using equations

(2) and (3):
Z =——  :wherein 2)

7. is the impedance of the X-class capacitor at the ballast switching frequency Fb;
Cx is the value of the X-class capacitor; and

Fb is the switching frequency of the ballast vollage.

4V max

NG
Irms = ﬂ-l—“/j, wherein 3)

C
Irms is the RMS current for the X-class capacitor;
Vmax is the peak AC voltage or the maximum DC voltage; and

7. is the impedance of the X-class capacitor at the ballast switching frequency Fb.
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[0030] In equation (3), Irus is found for the [irst harmonic ol an inpul square wave.
Alternatively, the RMS current for the X-class capacitor can be determined for a sinusoid,
sawtooth or any other input waveform.

[0031] Once the type and value of X-class capacitor 56 is selected, X-class capacitor -
56 can be evalualed based on its estimated power loss during operation ol power converter 138
using equation (4) to determine the ESR of the X-class capacitor, equation (5) to determine
the number of capacitors to place in parallel so that the power dissipation is less than the
maximum allowable power dissipation and equation (6) to determine the estimated power
loss of the X-class capacitor:

Resr = l—— wherein 4)
2-n-£-Cx

Resr is the theoretical equivalent series resistance of the X-class capacitor;

DT is the dissipation factor for the X-class capacitor;

I is the frequency at which the dissipation factor has been specified for the X-class capacitor;
and

Cx is the value of the X-class capacitor.

n= n <1 (&)

Trms 2
Whi]ﬁ( rmsJ -Resr > Pc

n

née<n+l

n ; wherein

n is the number of X-class capacitors in parallel;
Irms is the RMS current for the X-class capacitor;
Resr is the equivalent series resistance of the X-class capacitor; and

Pe is the maximum allowed power dissipation value for the X-class capacilor.

~ ( [rms

) - Resr ; wherein (6)
n

Pesra is the maximum power dissipation of an X-class capacitor;
Irms is the RMS current for an X-class capacitor;

Resr is the equivalent series resistance ol an X-class capacitor; and

-
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n is the number of X-class capacitors in parallel.

(0032] The ESR of the X-class capacitor determined by equation (4) may be different
from the ESR at the operating frequency. Accordingly, the ESR at the operating frequency
may be used to calculate the power dissipation of the X-class capacitor instead of the ISR of
the X-class capacitor as deter;nined by equation (4). An examble of a suitable X-class
capacilor 56 that can be used in noise filter 26 can have a value of 100 pF, a maximuin
allowed power dissipation of .25 W, and a DF ol .001 at 1000 kHz. Other suitable capacitors
and techniques for determining suitable capacitors for noise filter 26 are also available.
[0033] Rectifier 28 receives the filtered AC signal and outputs a rectified voltage
using diodes 60, 62 64 and 66. Selection ol diodes 60, 62 64 and 66 can be accomplished by,
for example, selecting a type of diode that has a reverse voltage rating at least as high as
Vmax so that the diode is able to withstand reverse voltages as high as the pcak voltage or the
maximum DC voltage . An example of a diode that fulfils these preferences is
STMicroelectronics Part No. DTV1500SD, which has a maximum voltage rating of 1500V.
Other suitable rectifier devices and techniques for determining suitable rectifier devices are
also available.

{0034} The rectified voltage is smoothed by main filter 30, which is connected across
rectifier 28. Main filter 30 can be realized electrolytic capacitor 68, 74, 80 and 86.
Alternatively, main filter 30 can be rcalized by one or any other suitable number of
capacitors. Flectrolytic capacitors 68, 74, 80 and &6 act as a reservoir, supplying current (o
the output when the varying DC voltage from rectifier 28 is falling (i.c. resulting in a
smoothed DC link voltage VDC). Selection of electrolytic capacitors can be accomplished
by, for example, choosing a specific capacitor bus value (i.e. total electrolytic capacitance
value) and verifying that this bus capacitance value permits the DC link voltage to be greater
than the maximum LED forward voltage drop.

[0035] Referring to FIG. 6, a cireuit simulation waveform 600 illustrates an example
of how the selected bus capacitance value results in the DC link voltage (illustrated by a solid
line 602) being greater than the maximum output forward voltage of LEDs 20 (illustrated by
a dotted line 604) during both the charging and discharging of the selected bus capacitor.
The point where DC link voltage and rectified output voltage (illustrated by a dashed line
606) intersect is greater than the maximum output forward voltage. If the selected bus
capacitor did not begin recharging the DC link voltage, the DC link voltage would fall below
the maximum output forward voltage. However, since the capacitor begins charging at the

intersection point of the rising edge of the rectified output voltage, the DC link voltage does

_8-
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not fall below the maximum output forward voltage of LEDs 20. Accordingly, selection of a
bus capacitance value, such as 100uF, can (ullill these preferences and can also prevent the
current regulator from entering discontinuous conduction mode. Other suitable bus
capacitance values are also available. The maximum output forward voltage of LEDs 20), the
-rectified output voltage and DC link voltage can be represented using equations (7) and (8):
Vo, = Vied, . - Numyy,; wherein @)
VOmax 1$ the maximum output forward voltage of the series connected LEDs;
Vled, i is the maximum LED forward voltage drop; and
Nuneqs 18 the number of series connected 1.EDs.
Vin(t, Vpk) = 'Vpk -cos(w- tx ; wherein (8)
Vin(t, Vpk) is the rectified output voltage;
Vpk is the peak voltage of the rectified output voltage;

w is the fundamental frequency of the input waveform; and

t is the time.

[0036] ‘The DC link voltage can be estimated and represented by using equations (9)-
(12):
v (t)= ! -I[ -Idc dt ; wherein (9)
& bus o

v(1) 1s the DC link voltage;
Cuus is the bus capacitance;
Idc is the current drawn from the DC supply; and

t is the time. Finding the integral of equation (9) results in equation (10):

v.(t)= —! Jde-i4c (10)
- bus
[0037] Power converter 18 can keep constant power flowing out of the DC link

voltage into LEDs 20 permitting Idc to increase as the DC link voltage decreases.

Accordingly, equation (10) can also be represented as equation (11):

1 - Po
t)= : t+C 11
VC( ) Cbus Vc([) ( )

Po is the output power of the LLEDs. Solving for v.(1), results in equation (12):

1
1 " o 2 —
Ve (t): —0|C 'Cbus + ((“_ '("hus— -4 Cbus Po- t)2 (12)
2- Chus
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To solve equation (12) for the constant of integration, we can approximate a worst case value
for C when the inital condition (i.e. t =0) of the DC link voltage is valid from the peak of the
rectified voltage Vpk, which results equation (13):

!

1 . > :
vc([):—;)—c—- VK - Crs +(VPk? - Coue” =4+ Cig PotP | (3
=" “bus

[0038] Once, the selected bus capacitance has been, realizable values can be selected
for the capacitance. Selection of the type and number of capacitors in main filter 30 can be
accomplished by any suitable technique in order to, for example, provide a DC link voltage
that does not fall below the maximum output forward voltage of the 1.LEDs 20. Preferably,
capacitors should be able to sustain high voltages. By placing four capacitors 68, 74, 80 and
86 in scries as shown in IIG. 2, main filter 30 can have a higher voltage rating.

10039] Howecver, if there is more than one capacitor in main filter capacitor 30,
vollage may not be evenly distributed across each capacitor. Balancing resistors 70 and 72
can be placed in parallel with capacitor 68, balancing resistors 76 and 78 can be placed in
parallel with capacitor 74, balancing resistors 82 and 84 can be placed in parallel with
capacitor 80 and balancing resistors 88 and 90 can be placed in parallel with capacitor 86 so
that each of the balancing resistors can assist in permiuting capacitors 68 to assist capacitors
68, 74, 80 and 86 to share voltage evenly. Selection of the number and type of balancing
resistors 70, 72, 76, 78, 82, 84, 88 and 90 can be accomplished by any suitable technique,
such as by the resistors maximum voltage rating, and have any suitable value, such as 100k
[0040] Current regulator power section 32 applies the DC link voltage across LEDs
20. Current regulator circuit 32 can be realized by inductor 92, low-side switch 96, diode 98,
capacitor 100, current controller circuit 102, a gate resistor 104, sense resistors 108, 110, 112,
114, 116, 118 and 120, feedback resistor 122 and feedback capacitor 124. One end of LEDs
20 arc connected to inductor 92 while the other end of LEDs 20 are connected to low-side
switch 96. Diode 98 is connected in parallel to LEDs 20 and inductor 92 and prevents
reverse currents from flowing through current regulator 32. Capacitor 100 is Switch 96 is
connected and connected in series Current regulator power section 32 applics the DC link
voltage across to LEDs 20. Alternatively, although only one inductor is shown in the circuit,
more than one inductor can be implemented in series with inductor 92.

10041} More specifically, inductor 92, connected in series with LEDs 20, provides the
charging and discharging current to LEDs 20 according to the state of switch 96. As will be

discussed in more detail below, the state of switch 96 is controlled by current controller 102.

-10-
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[0042] Current regulator power section 32 utilizes a buck converter topology and can
operate in a continuous conduction mode (0 convert DC link voltage o a desired LED drive
voltage while providing a desired average LED current 1 (also the average inductor current).
During mrn-on of switch 96, a function for current i, can be represented using equations
14y - .( 16): 4

Vi, (t)=1f ~%im‘ (t); wherein (14)

t is the time;

Vion(t) is the inductor voltage at time t;

Lf is the value of the inductor(s); and

iLon(D) is the induclor current at time t. Taking the integral of both sides of equation (14)

results in equation (15):

. Lo
. (t)= EJ-O (Vin — Vo)dt ; wherein (15)

Vin is the DC link voltage; and

Vo is the output voltage for the 1.LEDs. Vo can be calculated using cquation (16):

Vo =Vled: Num,__; wherein (16)

leds
Vled is the LED forward voltage drop; and
Numyeq is the number of series connected LIEDs.

10043] Finding the integral of equation (15) results in equation (17):
1 }
o it)=—-(Vin—Vo)-t+C 17)
Lon (8 — ) (

Evaluating the integration constant C at the beginning and cnd of the turn-on cycle of switch

96 results in two solutions as represented by cquations (18) and (19):

i,..(0)=C=1,; wherein (18)
I is the minimum inductor current.

i, (DTs)=C=Ipk- —Lll— (Vin —Vo)- D-Ts ; wherein (19)
D is the operational duty cycle:

Ts is the switching period of the DC-DC converter; and

Ipk is the maximum inductor current.

11-
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[0044) During turn-off of switch 96, a function for current iy ¢ can be represented

using equations (20) - (22):

d.
VLot (t) =Lf "d_llLoff (t) 20)

Taking the integral of both sides of cquation (20} results in equation (21):

i (0= [ (= vo 1)

TLE
Finding the integral of equation (21) results in equation (22):

i (1) :“L—\;O +C (22)

LEvaluating the integration constant C at the beginning and ¢nd of the turn-oft cycle of switch

96 results in two solutions as represented by equations (23) and (24):

i (0)=C =1Ipk (23)
i ll-D)-Ts]=C =1, - {‘]\:f’ (1- D)-Ts} 24)
[0045] An expression for the average inductor current Iy, current can be represented

by equation (25):
1 D-Ts | - (1-D)}Ts .
JL ZI[J‘O Lion (t)dt—'-"‘o Ly off (t)dtJ (25)

Substituting equation (17) (using the integration constant from equation (18)) and equation

(22) (using the integration constant from equation (24)) into equation (25) results in equation

(26):
s ~D)Ts| — _
Iy=imhm[ler—Vdm+LkH—“DT:V0¢+L—{VOU—DfRﬂm}
Ts | =2 It 0 1f Lf
(26)

Substituting Vo/Vin for the duty cycle D and solving for I; results in an equation (27):

2.1, -Vin-LI = Vo-Ts-Vin+ Vo~ - Ts

1
I == -
2 Vin-Lf

27

Setting equation (27) equal to 0 and solving for Lf results in a value for inductor I f that will
provide inductor current operating at the boundary between discontinuous conduction mode
and continuous conduction mode as represented by equation (28):

—Vin+ Vo

L =_—1-V0-'l's-4. (28)
2 I, -Vin
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Selecting an inductor value Lf that is larger than the value calculated by equation (28) can
permit current regulator 32 to provide inductor current for maintaining continuous conduction
mode. In other embodinients, inductor value Lt may be selected so that current regulator 18
is in discontinuous conduction mode.

10046} V For instance, if the maximum i)C link voltage Vin is 400 V, méximum output
voltage for the LEDs Vo is 117 V, the desired average LED current Ij is .35 A, and the
switching period of the converter Ty is .01 ms, will result in an inductor value Lf of 1200 uH.
One or more inductors can be used to realize the Lf inductor value in current regulator power
section 32. Tor example, two inductors connected in series each having a value of 750 uH
can be sulficicnt Lo meet an inductor value L.{ of 1200 uH. Other suitable inductor values Lf
and techniques for determining suitable inductor values L[ are also available.

[0047] The average for the average current I from equation (25) can also be used to
calculated the peak inductor current Ipk. Substituting equation (17) (using the integration
constant [rom equation (19)) and equation (22) (using the integration constant from equation
(23)) into equation (25) results in equation (29):

I, = _1%: “}D TS {% (Vin = Vo)-t + Ipk - [ﬁ (Vin-Vo)-D- Ts:|:tdl + J‘fl—bm[_]?o L+ ka}dtJ
(29)

Substituting Vo/Vin for the duty cycle D and solving for Ipk results in an equation (30):

2.1, -Vin-Lf + Vo-Is-Vin--Vo® - I's
ka:i' I, -Vin .o I's-Vin--Vo~ -'I's (30)
2 Vin-Lf
[0048] When switch 96 is closed, current controller 102 monitors the current through

LEDs 20 by mecasuring the voltage drop across sensc resistors 108, 110, 112, 114, 116, 118
and 120. This current feedback IswFbk can be fed through a first order RC filter composed
of feedback filter resistor 122 and feedback filter capacitor 124. A time constant t can be

calculated for the current feedback using equation (31):

T= r—~1— ; wherein 3D
N-F

c
N is a constant indicating the magnitude of t as compared to the switching period of the DC-
DC converter;

T is the time constant [or the current feedback; and

F. is the switching frequency of the power converter.

In conjunction with equation (31), values for resistor 122 and capacitor 124 can be calculated

using equation (32):

13-
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r=Rf-Cf (32)
[0049] Aller passing through feedback filter resistor 122 and feedback filter capacitor

124, current feedback is fed to currcnt controller 102, which can provide a pulse width
madulated (PWM) control signal through a gate resistor 104 to switch 96.

[0050] }\s ilustrated in FIG. 3, current controller 102 can be realized by an IC 200
that can control the average LED current I by comparing the current feedback to an internal
reference. In response to the current feedback, current controller 103 provides a PWM
-control signal through gate resistor 104 to the gate ot switch 96. According to techniques
such as that described in UCC3800 BiCMOQS Current Mode Control ICs, which is
incorporated herein in its entirety by reference, the oscillator frequency, vollage reference
V5REF and compensation waveforn can be configured to provide the appropriated output
Vgl for driving the gate of switch 96.

[0051] Generally, as shown in FIG. 3, the oscillalor frequency can be conligured to,
tor example, 100klIz by selecting appropriate values for a timing capacitor 202 and serially
connected timing resistors 204 and 205. Timing resistors 204 and 205 can be connected
between voltage reference VSREF and an RC input of IC 200. Alternatively, timing resistors
may be implemented using a single resistor, multiple resistors in series, multiple resistors in
parallel, or any other suitable scries or parallel combination of resistors. Timing capacitor
202 can be connected between the RC input and a digital ground DGND.

{0052} For example, a sawtooth waveform can be generated by IC 200. The
oscillalor waveform can be gencrated by a ranmip up waveform and a ramp down waveform
represented by equations 33 and 34, respectively:

-t

Vrmp () = Viow , + Vref -| |- e ' 1 | wherein (33)

Vrmp,,(t) is the ramp up interval:

t is the time;

Vlowy, is the low oscillator threshold voltage;
Vrel is the reference voltage VSREF;

R is the timing resistor; and

Cris the timing capacitor.

-t

Vdwn, ()= Vhi, -Vref ¢ " ; wherein (34)

Vrmpgun(t) 1s the tamp down interval,

14-
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Vhiy, is the high oscillator threshold voltage; and

Rd is the discharge current of the timing capacitor.

[0053] Substituting Vhig, for Vrmpy(t) in equation (33) and solving cquation (33) for
time t results in the time to ramp up to the high oscillator threshold voltage as represented by
equation (353): ‘

-Vhi, + Vlow, + Vrel
Vref

t, (R, Cp)=- ln[ } R, -C;; wherein (35)

tup IS thie time to ramp up to the high oscillator threshold voltage. Similarly, substituting
Vlowy, for Vmpaw.(t) in equation (34) and solving equation (34) for time t results in the time

to ramp down to the low oscillator threshold voltage as represented by equation (36):

tyun (C)=- ln(Mj ‘Rd-C, ; wherein (36)

Vhi,

typ 18 the time to ramp up to the high oscillator threshold voltage.
[0054] Accordingly, from equations (33)-(36) the oscillator waveform can be

represented by equation (37):

Vrmp,, (Dif t<t, (R, Cop)

Vosc(t) =
- (R, Conife=t, (R,,CH)

; wherein 37)

Vrmp,,, (t-

tup
Vosc(t) is the oscillator waveform.
10055] Current controller 102 can also include a slope compensation scheme for
providing constant current regulation. Preferably, the slope of the oscillator waveform
Vosc(t) should be constant so as to not affect the slope compensation technique. The slope
compensation scheme can be realized by a transistor 206 and compensation resistor 208 to
buffer the oscillator waveform generated (rom timing capacitor 202. Transistor 206 and
compensation resistor 208 may cause the ramp up waveform Vrmp,,(t) to have a different
shape due to, for example, current gain of transistor 206. For example, still referring to FIG.
3, the altered ramp up waveform can be represented by equation (38):
Ry -Vbe+ Vbe- Ry, =Ry, - Vref —Ry, - Vrmp, ()
RTL'Re':B+R'1‘1’RTz+RT1'Re'ﬂ ,

vrmp,,, (t)=-R, - B

wherein (38)
Vrmpyp: is the altered ramp up waveform as a function of time t;
R. is the emitter resistance of transistor 206.
S is the current gain of transistor 206;

Vbe is the base-emitter voltage of transistor 206;
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Rti and Ry are the timing resistors 204 and 205;

Vrel is the reference vollage VSREF; and

Vrmpy(t) is the ramp up interval as a function of time t.

[0056] Preferably, the current feedback at the minimum DC link voltage Vlinkuim and
maximum voltage Vl‘inkmx will be the same. Using, f(;r example, superposition, feedback
current can be represented by equation (39):

_ i, (t)-Rs-Remp Rs + Ref

,iT'Thk  Rs+ Ref + Remp Vmp,, (1) Rs+ Refl + Remp  wherein (39)
irmx 18 the feedback current;
1. (t) is inductor current as a function of time t;
Rs is the current sense resistor;
Remp is the compensation resistor;
Rfis the feedback filter resistor; and
Vrmipypa(t) is the altered ramp up interval wavelorm as a function of time t.
[0057] If the inductor value Lf calculated in equation (28) provides a peak value of

current feedback that is over & preferred peak value of current feedback, such as .5 A, the
value of the inductor Lf can be varied so that the peak value does not exceed this preferred
value. Specifically, the peak values of the current at the minimum DC link voltage V1inkyn
and the maximum voltage Vlink,,, can be calculated using equation (30). Turther, the peak
ramp waveform values at the minimum DC link voltage Vlink,,, and the maximum voltage
VlinKumax can be calculated using equation (38). Accordingly, substituting these values into
equation (39) can give equations for the peak feedback current at the minimum and maximuim
DC link voltage operating points as represented by equations (40) and (4 1).

. i -Rs-Rem Rs + Ref .
B g = = P vmp, ., - > i ; wherein (40)
e Rs + Refl + Renip ’ Rs + Ref + Remp

Lk pk is the peak feedback current at the maximum voltage V1ink,,,x;

i pki is the peak value of the inductor current at the maximum voltage Vlinky.y; and

Vrmpirpk is the peak ramp waveform value at the maximum voltage VIink,,,..

I pe - Rs-Remp Rs + Ref .
i =—= +Vmp, ., - ; wherein (41)
MK Rs+ Refl + Remp Pure ROV Rer + Rcmp

i1k _pk is the peak feedback current at the minimum voltage Vlinky,in;

ir_pko 1S the peak value of the inductor current at the minimum voltage Vlinky,; and
Vrmpipio is the peak ramp waveform value at the minimum voltage Vliink,.

[0058] Setting equations (40) and (41) equations equal to each other gives a peak

16-
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value of current feedback that is the same at the minimum and maximum DC link voltage
operating points. From these equations, appropriate values for current sense resistor 108 (Rs)
and compensation resistor 208 (Remp) can be determined. Power loss calculations can be
performed, by assuming worst case RMS currents, for current sense resistor 108 and
compensation resistor 208. However, power loss may be minimal in, for example,
compensation resistor 208 so that a value, such as 7.5k, can be utilized without a power loss
analysis. Other suitable compensation resistor values and techniques for selecting
compensation resistor values arc also available.

[0059] A realizable value and a number of resistors can be chosen for current sense
resistor by determining the worst case power loss. One technique to determine the worst case
power loss is 1o assume that the ramp waveform Vrmp,p(t) is not added to the feedback
current. The scalar for the current can be represented by equation (42) and the limited peak
current can be represented by equation (43)

Rs-Remp
Rs + Rcf + Remp

itbk

; wherein 42)

Kimk 1s the scalar for the feedback current. The peak current that
. =——V0r0f"‘“ ; wherein (43)
ithk
Lim is the peak current limited by the maximum voltag-e reference in the IC current controller;
and
Vorefinx is the maximum voltage reference in the in the IC current. Accordingly, the worst

case power loss can be

P = (JDmax Tim )' Rs ; wherein (44)

P, is the power rating for the current sense resistor Rs;

Dmax is the maxinmum duty cycle;

him is the peak current. As such, a suitable number of resistors can be implemented in lieu of
one current sense resistor 108 such that the power rating of current sense resistor 108 is not
exceeded. For example, 7 resistors can be connected in parallel, cach having a value of 2.7
Q. Other suitable current resistor values and techniques for selecting current resistor valucs
are also available.

[0060] UCC3800 BiCMOS Current Mode Control ICs, referenced above, also
provides a technique to set up the internal current reference of IC 200. Still referring to FIG.

3, a potentiometer 210 is connected between voltage reference VSRETD and DGND.

-17-
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Connected in parallel to potentiometer 210 are resistors 212 and 214. Capacitor 216 is
connected in parallel to resistor 214. Reststor 218 has one end connected to capacitor 216
and the other end connected to a point connecting the inverting input of the error amplifier
(F'B) as well as the output of the error amplifier (COMP), which is connected through
capacitor 220 and resistor 222, Other suitable current rcsisu.)r valucs and techniques for
selecting current resistor values are also available.
[0061] Referring to FIG. 5, IC 200 can be powered by providing a voltage reference
V12 to pin VCC by using power circuitry 400. Referring to FIG. 5, voltage reference V12 is
generated through [C 401. IC 401 can be a positive voltage regulator such as Texas
Instruments Part No. UA78M12. DC link voltage VDC is provided through a bias resistor
402 to create a voltage potential Vz. A zener diode 404 is connected to a point between bias
resistor 402 and VIN and to one end of a resistor 406 to absorb excess voltage. The other end
of resistor 406 is connected to PGND. Vz is filtered by an input filter capacitor 406 and is fed
into the input of 1C 401 (VIN).
10062] VIN can also be fed from the drain-source voltage of switch 96 through a
boost resistor 126. Accordingly, the drain source-voltage of switch 96 may provide the
power to permit control circuits of power converter 18 to operate over a wide range. The
output of IC 401 provides the voltage reference V 12 filtered by an output filter capacitor 408.
Other suitable techniques, components and configurations for powering 1C 200 are also
available.
[0063] Returning to FIG. 1, selection of switch 96 can be accomplished by, for
example, estimating the maximum power loss of the switch using equation (45):

Ptot = Psw + Pend ; wherein (45)
Ptot is the total power loss of the switch;
Psw is the switching loss of the switch; and
Pend is the conduction loss of the switch. The maximum switching loss Psw of switch 96 can
be calculated using equation (46):

Psw =T (771— “Viink -1, -t +% ~Vlink I, -t; J ; wherein ~ (46)

Fs 1s the switching frequency of the converter;
Viinky,y 15 the maximum DC link voltage
I is the average inductor current;

t; is the switching rise time; and

-18-
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t¢ is the switching fall time. Assuming that switch 96 is continuously on at the highest
temperature, the maximum conduction loss Pend of switch 96 can be estimated using
equation (47):

Pend = ILszs

S on_max > Wherein 47)
Rdsgn max 18 Lhe maximum resistance between the drain and the source when the switch is
closed. The resistance Rdsen_max can also be scaled by a temperature scale factor to obtain a
more accurate conduction loss Pend.

[0064]  If switch 96 were to operate without a heatsink, the températurc rise of switch
96 due to power dissipation can be estimated using equation (48):

TempRise =Ptot - @, ; wherein (48)

TempRise is the temperature rise of the switch; and

ﬁja is the junction to ambicnt thermal resistance of the switch. If switch 96 does not operate
within its proper temperature limits, a heat sink may be used in conjunction with switch 96.
If a heat sink is used, the thermal resistance of the heat sink can be estimated such that switch
96 can operate within its proper temperature limits. The thermal resistance of the heat sink

can be cstimated using equation (49):

8., = AT i ; wherein (49)
Pot ! ;

.. is the case to ambient thermal resistance of the heat sink:

O is the junction to case thermal resistance of the switch; and

AT is the change between the maximum temperature of the switch and the ambient
temperature.

[0065] Switch 96 may be any suitable controllable switching device such as a BJT,
IGBT, standard IET, etc., that can be controlled through application of a control signal. An
example ol a suitable switch 96 is STMicroelectronics N-Channel Power MOSFET Part No.
STFV4NT150. Other suitable switching devices and techniques for determining suitable
switching devices are also available.

[0066] 'The risc time rate of change of current di/dt and risc time rate of change of
voltage dv/dt of switch 96 can change depending on the value of gate resistor 104. Equation

(50) represents an cstimation of turn-on di/dt:

didt . = 1 ; wherein (59)

on
TSW

didt,, is the rise time rate of change of current of the switch;
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Id is the load current during the switching time test circuit; and
Lisw 1S the rise time scaled by the gate resistor value. The rise time scaled by the gate resistor
valuc t can be calculated using equation (51):
R
th“’ =
Rg

Savg

-t,: wherein (51

R is the gate resistor value;
t, 1s the rise time of the switch;
Rgavg is the minimunr average resistor value to achieve the rise and fall times of the switch.

The minimum average resistor value Rg,., can be calculated using equation (52):

Vgs —Vgs,  Vgs—Vgs,
- LI + - =
Qes Qgs

t t,

= 3 ; wherein (52)

Rg,, =

Vgs is the gate to source voltage of the switch;

Vgsa is the gate to source threshold voliage of the swiltch;

Qgs is the gate to source charge of the switch;

L, is the rise time of the switch; and

teis the fall time of the switch.

[0067] The rise time rate of change of voltage dv/dt of switch 96 can be estimated
using cquation (53):

dvdi = Vdd - 80%

on

; wherein (53)

dvdt,, is the rise time rate of change of voltage of the switch;

Vdd is the DC link voliage during the switching time test circuit; and

Liswis the rise time scaled by the gate resistor value (as calculated by equation (51)).

10068 | FIGS. 7A and 7B illustrate di/dt and dv/dt, respectively, as a function of
different values of gate resistor 104. Preferably, a value for gate resistor 104 is chosen so that
both di/dt and dv/dt are relatively constant. Gate resistor 104 may be implemented using a
single resistor, multiple resistors in series, multiple resistors in parallel, or any other suitable
series or parallel combination of resistors. For example, gate resistor may be implemented
using a combination of two 100 ohm resistors. Other suitable gate resistor values and

techniques for sclecting gate resistor values are also available.
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[0069] A shunt voltage regulator circuit 34 is optionally coupled in parallel to the
current regulator power section 31. Shunt voltage regulator 34 as shown clamps the DC link
voltage VDC so it does not exceed, for example, a maximum DC link voltage V3linkp... The
voltage clamping can be accomplished by, for example, PWM of a power switch 130 to
provide a controllable power loss ir; a shunt regulator load 132 (e.g. (;ne or more resistors). In
other words, shunt vollage regulator 34 draws increasing current from the ballast 16 through
the rectifier 28 and main filter capacitor 30 and wastes that power in the shunt regulator load
132if the voltage exceeds a preset value. This prevents the output voltage from the ballast 16
from rising excessively by having an amount of power dissipation. Accordingly, the
operating point (¢.g. 120 V) of light 10 can be controlled based on the impedance of shunt
regulator load 132.

[0070] As one non-limiting example, the normal operating point of replacement lamp
30 can be around 120V and 220mA. Of course, other replacement lamps can operate at
dilferent operating points. When replacement lamp 30 is operating [rom ballast 34, the
power in lamp 30 increases as the current in lamp 30 decreases, and vice versa, because the
operating point voltage of lamp 30 is below the maximum power point of the ballast.

[0071] A first end of shunt regulator load 132 is connected to the cathode of
recirculation diode 98 the second end of shunt regulator load 132 is connected o a first end
of power switch 130. The second end of power switch 130 is connected to PGND. Further, a
recirculation diode 134 is connected in parallel to shunt regulator load 132. While shunt
voltage regulator 34 tunctions in part to protect components from high voltages, it also
causes power dissipation through a shunt regulator load 132. "The resistance of shunt
regulator load can be calculated by using equation (54):

_ Vlink_°

Rload = : wherein 54

Po

Vlinkmax is the maximum DC link voltage; and

POy is the maximum output power of the LEDs. Shunt regulator load 132 may be
implemented with one resistor, multiple resistors in series, multiple resistors in parallel, or
any other suitable series or paratlel combination of resistors.

[0072] A voltage controller 136 provides a PWM control signal through gale resistor
138 1o the gate of switch 130. A suitable value for gate resistor 138 can be determined by
using techniques similar 1o that described in connection with gate resistor 104 of current

controlter 102. Further, the type of switch 130 can be chosen using techniques similar to that
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described in connection with switch 96 of current controller 102. Although gate resistor 138
is shown as one resistor, gate resistor may be implemented multiple resistors in series,
multiple resistors in parallel, or any other suitable series or parallel combination of resistors.
[0073] The embodiments of the present invention are not limited to shunt voltage
reguliator circuit 34. For example, a linear regulator in the form of an integrated circuit can
be used in lieu of or in addition to shunt voltage regulator circuit 34. Of course, other
regulator circuits are also available.

[0074] Referring to I'IG. 4, voltage controller 136 can be realized by an IC 300 that
can control the voltage to shunt regulator load 32. The DC link voltage VDC is fed into a
resistor divider network, which can include resistors 304 and 306. Each resistors 304 and
306 may be implemented by any suitable number of resistors and may be in any suitable
series or parallel configuration. I'or example, six resistors can be serially and parallely
connected in licu of one resistor 304 so that the power rating of each of the resistors is not
exceeded. A filtering capacitor is connected in parallel to resistor 306, each having one end
connected to ground. At the opposing end of capacitor 308 is connected to the inverting input
of the error amplifier (FB).the ends of capacitor. The opposing end of capacitor 308 is also
connected to the output of the error amplitier (COMP), which is connected through a
capacitor 310 in parallel with a resistor 312 connected in series with a capacitor 314,

{0075] The oscillator frequency can be configured to, for ex.ample, 100kl 1z by
selecting appropriate values for a timing resistors 316. Timing resistor 316 can be connected
between RT and GND. Timing capacitor 202 can be connected between the RC input and a
digital ground DGND.

[0076] IC 200 can be receive power (VCC) similar to the techniques described above
in connection with IC 200 of T'IG. 3. The short-circuit protection pin (SCP) and dead-time
control pin (DTC) can be grounded.

{0077} ‘The output driver may not have enough drive capability to supply the proper
gate drive through gate resistor 138 to the gate of switch 130. Accordingly, an optional driver
IC 402 can be connected to the output of IC 300 (OUT) to supply a suitable gate voltage
drive. One suilable driver is Texas Instruments Moslet Driver Part No. TPS2829. Other
suitable drivers arc also available.

[0078] While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood that the
invention is not 1o be limited to the disclosed embodiments but, on the contrary, is intended to

cover various modifications and equivalent arrangements included within the spirit and scope
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of the appended claims, which scope is to be accorded the broadest interpretation so as to

encompass all such modifications and equivalent structures as is permitled under the law.
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What is claimed is:

1. An illumination device including LEDs for connection to an existing
fluorescent lamp fixture including a conventional ballast, the ballast configured to provide a
current siénal, the illumination device compﬁsing:

protection circuitry configured to protect the illumination device from the
ballast current signal;

a full-wave rectifier-electrically coupled to the circuit protection means and
configured to produce a rectified voltage output;

a smoothing filter electrically coupled to the full wave rectifier and configured
to produce a smoothed rectified voltage output; and

a current regulator power circuit electrically coupled to the smoothing filter
and the LEDS, the current regulator power circuit including:

a first switching element configured to operate in response to a first
pulse width modulated (PWM) ON/OFF control signal, the first swilching element delivering
current to the LEDs in response to the ON control signal and the first switching element not
delivering current to the LEDs in response to the O control signal;

a current controller electrically coupled to a gate of the first switching
element, the current controller configured to generate the first PWM control signal; and

a current sense resistor clectrically coupled to the first switching
element and configured 1o sense the current through the LIEDS, wherein the sensed current is

fed back to the current controller.

2. The illumination device of claim 1, further comprising:

a load resistor; and

a shunt voltage regulator circuit electrically coupled to the current regulator
power circuit and the load resistor and configured to dissipale power through the load resistor

when the rectificd output voltage is greater than a maximum voltage.

3. The illumination device of claim 2, wherein the shunt voltage regulator
circuit further comprises:

a second switching element configured to operate in response 10 a second
pulse width modulated (PWM) ON/OFT control signal, the second switching element

delivering voltage to the load resistor in response to the ON control signal and the second

4-
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switching element not delivering voltage to the load resistor in response to the OFT' control
signal; and
a voltage controller electrically coupled to a gate of the second switching

element, the voltage controller configured to gencrate the second PWM control signal; and

4. The illumination device of any of claims | to 3, wherein the protection
circuitry comprises at least one of:

an inrush protection-circuit configured to limit inrush current from the ballast;

and

a surge suppressor configured to suppress ballast voltage from the ballast.

5. The illumination device of any of claims 1 to 3, wherein the smoothing
filter comprises:

at least one capacitor;

at least one discharge resistor electrically coupled in parallel to the at least one
capacitor.

6. The illumination device of any of claims 1 to 3, wherein the current

regulator power circuit further comprises:

at least one inductor in series with the LEDs.

7. The illumination device of claim 6, wherein the current regulator power
circuit further comprises:
a recirculation diode electrically coupled in parallel with the at least one

inductor and the LEDs.

8. A method of supplying power (0 an illumination device including LEDs and
connected to an existing fluorescent lamp fixture including a conventional ballast, the method
comprising:

receiving a current signal from the conventional ballast;

protecting the illumination device from the received current signal;

rectifying the received current signal 1o produce a rectified voltage output;

sensing current through the LEDs;
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generating a pulse width modulated (PWM) control signal from a current
control circuit based on the scnsed current; and
supplying current to the LEDs in response to the PWM control signal so that

the LED current reaches an average LED current.

9. The method of claim 1, wherein the average LED current is determined
based on the rectified voltage output and an output voltage of the [LEDs.
10). The method of claims 1 or 2, wherein the PWM control signal is supplied

o a switching element.

11. The method of claims 1 or 2, further comprising:
regulating the voltage in the illumination device so that the rectificd voltage

output does not exceed a maximum rectified voltage.

12. The method of claims | or 2, wherein protecting the illumination device
further comprises at least one of:
limiting the current received from the conventional ballast; and

suppressing ballast voltage from the conventional ballast.

13. The method of claims 1 or 2, further comprising:

filtering the rectified current signal.

14. An illumination device including LEDs for connection to an existing

fluorescent lamp [ixture including a conventional ballast, the illumination device comprising:

means {or receiving a current signal {rom the conventional ballast;

means for protecting the illumination device from the received current signal,

means for rectifying the received current signal to produce a rectified voltage
output;

means for sensing the current through the LEDs;

means for generating a pulse width modulated (PWM) control signal from a

current control circuit based on the sensed current; and

D6-
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means for supplying current to the I.EDs in response to the PWM control

signal so that the LED current reaches an average LED current.

15. The illumination device of claim 14, further comprising:
means for dissipating excess power through a load resistor when the rectified

output voltage is greater than a maximum voltage.

16. The illumination device of claims 14 or 15, further comprising:

means for filtering the rectified current signal.



CA 02761294 2011-11-07

PCT/US2010/034635

WO 2010/132625

1/5

1 OH

AVIHV
0™ @
r——"——~—~F~ —">———F"~"~" " ~~"">T"=—~ """ F""—"""""—""————— l_
| 1)
¥OLV1NO1Y _
“ e 29V110A e |
| INHS _
| % |
_ (43 _
_
_ _1%855 WITH | |¥ossquddns| [NOLLALON __| ====
YIITH - - i
_ SEHLLA 1 aaion 19418 smant |1 SVITVe
L |
S el Wl Sl I
\ & v \ \
~ 0 9 77 w

01

i

14



PCT/US2010/034635

2/5

CA 02761294 2011-11-07

WO 2010/132625

0cl €T “ “
_ _
al yil
YATIONINOD)| _
IOVIT0N || | "
acT)
g el
| 9¢1 201 _ 7
(] _ | _
[444 _ ON\/\ vy | 1
€1 _ i _
T aN9d |y o |
1 | 86 00t \gg)
B Wl s T “
f _ |
7 Jm



CA 02761294 2011-11-07

PCT/US2010/034635

WO 2010/132625

3/5

(aN2a

aNoa N
¥ 'OI4 ﬁ
aNoa o = ;. goe W
T N “a .
= 08
o NI m _
2 )
34 w N4 JKOD Q“ vx o u%
\/\ 7A m oy ) 1 _f/l
9€1 coe o 00e—" - pIE  CIE 01€
. 80¢
€ 'O e Wowa wz 5
ozﬂa IH
IN9a Q0T aNaa
aNaa 5 o F_ (T
o 90¢ L
| ‘
A T $
10 o _
N @ S il
A dNOD . 81z
7\ [ 414
201 L — 4
A 002 0%z I



CA 02761294 2011-11-07

WO 2010/132625

PCT/US2010/034635

4/5
vbe 100
402 —K- 201
[ V2
' Vi V,
N Your
404\71& L\ e s
406 407 T
i W B
PGND DGND
FIG. 5
600
. 606 (_J
604
.
\\ \,L\ / // - \\
I G e G N
\ / \\\
\ / o~
\ /
\ /
\ /
\ /
\ /
\ /
\ /
N
\ /
7
\Y

FIG. 6



WO 2010/132625

CA 02761294 2011-11-07

5/5

PCT/US2010/034635

R
FIG.7A

R
FIG. 7B

/

didton \\

dvdton



14

1 0 10
) 3 %% ~
\ \ \ 2 \
]
R __________________ =]
MAIN
INRUSH SURGE NOISE
BALLAST RECTIFTER FILTER
| PROTECTION| (SUPPRESSOR| | HLTER CPACTOR
3;
SHUNT
— REC(I]J{J{RE(T)R VOLTAGE ™3
‘ REGULATOR 1
______________________ [
LD
R aW

FG. 1




Electronic Acknowledgement Receipt

EFS ID: 25008237
Application Number: 14893375
International Application Number:
Confirmation Number: 6653

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL
DEVICES

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Jeffrey Wong/Christopher Kreider
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: K8001051WOUS
Receipt Date: 24-FEB-2016
Filing Date: 23-NOV-2015
Time Stamp: 14:39:48

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
Information Disclosure Statement (IDS) 1056194
| | u
1 Form (SBOS) K8001051WOQUS-IDS.pdf no 4
49dc53c046bd88c92f139614f2aeb9bc099|
9334

Warnings:

Information:




A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

280600
K8001051WOUS-SR.pdf no 7

25a4b5ch0becc0627bbe66c6c52bfc33df8Y

Other Reference-Patent/App/Search
documents

Warnings:

Information:

1182518
3 Foreign Reference CA2273324.pdf no 27

8976ef70fea2c8e64d4e8178f9b8f6f533c33
Odc

Warnings:

Information:

745619
4 Foreign Reference CA2742843C.pdf no 18

be88616680b5a687aad6c52b2c9e58eel5
95861

Warnings:

Information:

1304428
5 Foreign Reference CA2761294A1 .pdf no 36

d4080375d3f352c75d405f3b1b1ace05d991
925

Warnings:

Information:

Total Files Size (in bytes): 4569359

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/893,375
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 480
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 21 minus 20= 1 OR |« 80 - 80
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 2 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1560
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/893,375 11/23/2015 1560 K8001051WOUS 21 2
CONFIRMATION NO. 6653
34236 FILING RECEIPT
GOWLING LAFLEUR HENDERSON LLP
50 QUEEN STREET NORTH, STE. 1020 RO L A AR
P.O. BOX 2248
KITCHENER, ON N2H6M2
CANADA

Date Mailed: 01/28/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

David TIKKANEN, Waterloo, ON, CANADA;

Kyle HATHAWAY, Kitchener, ON, CANADA,;
Applicant(s)

LUMASTREAM CANADA ULC, Calgary, AB, CANADA;

Power of Attorney: The patent practitioners associated with Customer Number 34236

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CA2014/050609 06/25/2014
which claims benefit of 61/838,965 06/25/2013

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 01/26/2016

page 1 of 3



The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/893,375

Projected Publication Date: 05/05/2016
Non-Publication Request: No

Early Publication Request: No
Title

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3



LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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Application Number
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* May be used for additional claims or amendments
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO.
14/893,375 David TIKKANEN K8001051WOUS

34236 | INTERNATIONAL APPLICATION NO. |

GOWLING LAFLEUR HENDERSON LLP PCT/CA2014/050609

50 QUEEN STREET NORTH, STE. 1020 LA. FILING DATE PRIORITY DATE

P.O. BOX 2248 06/25/2014 06/25/2013

KITCHENER, ON N2H6M2

CANADA CONFIRMATION NO. 6653

371 ACCEPTANCE LETTER

O

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

11/23/2015
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

+ Copy of the International Application filed on 11/23/2015

+ Copy of the International Search Report filed on 11/23/2015
+ Inventor's Oath or Declaration filed on 11/23/2015

+ U.S. Basic National Fees filed on 11/23/2015

* Priority Documents filed on 11/23/2015

« Power of Attorney filed on 12/16/2015

+ Application Data Sheet (37 CFR 1.76) filed on 11/23/2015

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

MARILYN ] YOUNGER

Telephone: (571) 272-8183

page 1 of 1

FORM PCT/DO/EO/903 (371 Acceptance Notice)



Doc Code: PA..

o PTOMAINE2E (17-13)
Document Description: Power of Altorney Approved for use through 11/3012014. OMB 0651-0051

U.S. Patent and Trademark Office; U.S, DEPARTMENT QF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required o réspond 1o a collection of information unless it displays a valid OMB conirol number

POWER OF ATTORNEY BY APPLICANT

SN

ey

I hereby revoke all previous powers of attorney given in. the application identified in :‘either the attached transmittal lefter or
the boxes below.

Application Number Filing Date

14/893,375 2015-11-23

{Note: The boxes above may be left blank If information is provided on form PTO/AIA/82A.)

| heteby appoint the Patent Practitioner(s) associated with the following Gustomeér Number as mylour aftorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 34236

D | hereby appoint Practitioner(s) named in the attached fist (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact

all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

D The address associated with Customer Number:

OR
Firm or
individual Name

Address

City ‘ | state | [ | !Zib |
Country

Telephone | Email |
am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Lumastream Canada ULC

D Inventor or Joint Inventor (title not required below)
D Legal Representative of a Decedsed or Legally Incapacitated Inventor (titls not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity)

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 GFR 1.46(b)(2) was granted-in the
application or is concurrently being filed with this document) {provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant {e.g., where the applicant is a juristic entity):

Signature Dod b | Date (Optional) | Der 7 3/ prel s
Name Davinn  TikkaNEN

N R & -

Titte Viees p{“ﬁf"ifc}.ﬁ’mﬂt

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

Total of 1 forms are submitted.

This colfaction of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required fo obtain or retain a benefit by the public which is lo file. (and by the
USPTO fo process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.13 and 1.14. This collection I& esfimiated to take 3 minutes to complete,
including gathering, preparing, and submitling the completed application form to the USPTO. Time will vary depending upou the individual case. Any commsnts on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S,
Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PTO-9199 and select oplion 2.




Electronic Acknowledgement Receipt

EFS ID: 24383956
Application Number: 14893375
International Application Number:
Confirmation Number: 6653

Title of Invention:

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL
DEVICES

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Jeffrey Wong/Christopher Kreider
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: K8001051WOUS
Receipt Date: 16-DEC-2015
Filing Date:
Time Stamp: 16:29:46

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
186763
1 Power of Attorney K8001051WOUS-POA.pdf no 1
86356b982€9883877cb0cee9539d3ba485:

2410c

Warnings:

Information:




Total Files Size (in bytes)# 186763

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




PTG-1380 (06138

Approved oy use through 8002013 OMB 065100218
ademark Mfice; U8, DEDARTHMENT OF COMMERCE
fremation undes fivvs @ valld OMB control number,

U5 Patent s
Uity the Papspvog Reduction Act of 1985, s pesrsneiz are requikved 1o tsspond 1o & sollect

TRANSMITTAL LETTER TO THE UNITED STATES AT S

DESIGNATED/IELECTED OFFICE (ﬁQfEOIUS) 0.5, Agplication No. {if known, see 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.5.C. 371

intermnationat Agplication Mo, Intermationa! Filing Date Priority Date Claimed
PCT/CA2014050608 2814-06-25 2013-06-25

Title of Invention

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

First Named wentor

TIKKANEN, David

Applicant herewith submifs fo the United States Designated/Elected Office (DO/ED/US) the following items and other information.

1. E This {5 an axprass request to begin national exanination procedures (35 U S C 371N NOTE: The expross raquast under
T35 U.8.C. 37T1{f) will not be effective unless the requirements under 35 U.5.C. 37He)(1}, (D), and (4] for payiment of the basin national
fee, copy of the internations! Application and English fransiation thereof {it reguired), and the nath or declaration of the inventor{s}
have heen rensived.
2. E‘ & copy of tha International Application {35 U S.C. 3712 is attached hersto {not required if the infernationat Agplication was
“““ praviously communineted by the intemational Bureauw or was filed in the United Siates Receaiving Office (ROUSH.

3. An English language transtation of the Inferpational Application {35 UWE.C. 37 o3
{} is attached haveto.
B Fas besn previously submitted under 35 U.S.C. 154(d)4)
4. An oath or declaration of the inverdor(s} (35 UL.8.C. 374

a8 {viis altached.

B, [ was previously filed in the intemativnal phase under PCT Rule 4.17{v}.

ftems 5 to 8 below concern amendments made in the international phase.
PCT Article 18 and 34 amendmenis

3. {"“ Amendments to the claims under PCT Article 18 are altached (nol required if cammunicated by the Internstionsl Bureauw) (35 U.8.C,
“““ 37 HCH3N.

8. English transtation of the PCT Article 19 amendment is attached (35 LL.S.C. 37 1{oi3)).

7. 171 English ransiation of snnexes (Article 19 andior 34 amendmmants only) of the Internationat Preliminary Examination Repord is
attached {35 LL.S.C. 371{cK5)L.

Canceliation of smendments made in the intermnational phase

gb. u Do not enter the amendment made in the infernational phase under POT Article 34

NOTE: A proper amendmeant made in English under Article 18 or 34 will be enterad in the U .S, nationa! phase applicalion sbsent a clsar
instruction from appiicant not 1o enter the amendment{s}.

The following items § to 17 coneern a document{s} or information included.

S
i

& Art Information Disclosure Statement under 37 CFR 197 and 1.88

10, { | A preliminary amencment.

1. {1 A Application Data Sheet under 37 CFR 1.76,

12 [m“ A substitite specification. NOTE: A subsiitule spacification cansot include cigims. See 37 CFR 1.125{b}.
13 [ A powar of atforney andfor change of address letter.

14. A compiier-readable form of the sequence isting in accordance with PCT Rule 13¢er.3 and 37 CFR 1.821-1.825.

£ . N . .
154 E Assignment papers {oover sheel and documeni{sll. Name of Assignee:

16. | | 37CFR 3.73c) Statement fwhen there is an Assignes).

Thiz volfsction of formation & requived by 37 SFR 4414 and 1.481-1.482. The information is requirsd o obtait or retain s hansiit by the pubdie, which is o fils
{and by the USFTO to process) an application, Confidentiality is govemed by 35 VS0, 132 and 37 GFR 1,11 and 1.14. This eoflection i reigh

minises to complete, including gathering, prepa and submitiing the completed ap ot fren o the USPTQ. Time il vary depending upon th

sase, ANy sorensiis o e ameunt of tine yom require (o complate this form andiar suggestions for veducing this bosden shoudd be sent o the Chief tndormastinn
Oiticer, WS, Patent and Trademart Office, LS, Department of Commerce, PO, Box 12850, Alexandria, WA 223131450, DO MOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TQ: Mail Slop PCT. Commissinner for Patents, PO Box 1450, Alevandila, VA 223131450




FTQ-1380 0813
Approved fug u" through SO0 3 CMEB Dash: CUE!
ek Uffies; U8, DEPARTHMEMNT OF COMMERCE
iefaemation undege i dephivs o valld OMB control number,

U5 Patent snd
Uity the Papspvo Reduction Act of 1985, s pesrsneiz are requived 1o rsspond 1o & sollectian of

UB. APPLN. No. {if known ~ sas 37 OFR § INTERNATIONAL ARPLICATION No. ATTORNEY DOCKET No.

17 [ 'E Other tems or information:

The following fees have been submitfed, CALCULATIONS PTO UBE ONLY
18. (/] Basic national fee (37 CER 149208} ... ... $280 $ 280
19 (v Examination fee (37 CFR 1.482{(c))
T i the wiitten opinion prepared by 1SA/US of the intemational preliminary 720

axamination repont prepared by IPEA/IS indicates alt claims salisly provisions of g

FOT Agtioie 33(1-(4) .. U UURURURRUUE. |

AR DAL SHURTONS .t §$720
0. (¢ | Search fee {37 CFR 1.4082(b))

if the wiitten opinion prepared by ISAUS or the intermational preliminary 480

axamination report prepared by IPEA/LUS indicates all claims satisfy ;rowswns of
PCT Asticte S3{1 144} ..

Search fee (37 CFR 1. 4»1\.‘“1 K3 haq he@n p‘i d on ihsx mternat ana! amlscat;m o $
the USPTO as an Infernational Searching Authority .. -§120
internationa! Search Report prepared by an 154 other than the UQ and p*ovsdad e
the Cffice or praviously nommunicated fo the US by the IR . .. $480

All other situations SEGD

TOTAL OF 48, 18, and 20 = § 5 1480

E Additional fee for specification and drawings flled in paper over 100 sheels
T {exohuding seguence listing in compliance with 37 CFR 1.82Hel or {2} in an
electronic medium ar computer program ligting in an electronic medium) (37 CFR

o

1482401
Fes for each additional 50 sheels of paper or fraction thereaf .. ......... $408
- . e inm i Murnber of each addition 5 or fraction -
fotal Sheets | Exira Sheets thereof (round up to a whole number} RATE
- 100 = {50 = X $400 3
Surcharge of $140.00 for furnishing any of the search fer, examination fee, or the oath or g
declaration after the date of commencement of the nationa! siage (37 CFR 1.483(h)). i
CLAIMS MNUMBER FILED MNUMBER EXTRA RATE
Total claims 3 =20 = 1 x $89 380
independent claims -3= x $420 $
MULTIPLE DEPENDENT CLAIE] {if applicable) + §788 $
Processing fee of §$140.80 for furnishing the Engiish translation lster than 30 morndhs from the 5
earliest claimed priotity date (37 CFR 1.482(1) *
TOTAL OF ABOYVE CALCULATIONS = | § 1560

i | Apptlicant asserts simall entity stafus. See 37 OFR 137, Fees above are reduced by %

j Appiicant certifies micro enfity status. See 37 OFR 1,29, Fees above are redused by %
> Appifeant raust attach foran PTOSEMEA or B or aaguivalant.

TOTAL NATIONAL FEE = | $ 1560

Fee for recording the enclosed assignment {37 CFR 1.21(h}}. The assignment must e
asccompanied by an appropriate cover sheel (37 CFR 328, 3.31). $40.00 per property. +

TOTAL FEES ENCLOSED = § $ 1560

Amount to be 5
refunded:
Amount to be

. 3
charged:

ay
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FT-1380 0613

Approved oy use through 8002013 OMB 065100218

.5, Paterst god Trademark Tffies; U5, DEPARTMEMT OF COMMERCE
ks’ {

o
Uniedar the Papmiwork Reduction Act of 1885, o pesrannz ars requived o respond o & sollection of infremation uniess it displavs & valid OMB control mumber.

8. | | Acheskinthe amouniof § o cover the above fees is enclosed,
b |/} Please charge my Deposit Acoount No. s it the amount of § to cover the above fees,
<. 1 The Direclor is hereby authorized to charge additional fees which may be required, or credit any overpaymeant, to Deposit Account
- Mo, e as foliows:
! .‘} any required fea.
i, 5} any required fee except for excess claims fees required under 37 CFR 1.482{¢) and {e} and mudliple dependeant claim fee
L required under 37 CFR 1,403}
g E‘ Faes are tu be charged o a credit card. WARNING: information on this form may become public. Credit card information should aot

he included on this form. Provide credit card information and authorization on PTO-2038, The PTO-2038 should only be mailed or
faxed to the USPTG, However, when paying the basic nationat fee, the PTQ-2038 may NOT be faxed to the USPTCQ.

ADVISORY: Iffiling by EFS-Web, do NOT attach the PTQ-2038 form as 8 FRF along with your EFS-Web submission. Please be
advised that this is not recommendad and by doing 30 vour credit card information may be displayed via PAIR. To protect your
infarmation, if is recommendead o pay fees ohiine by using the slectronic payment method.

NOTE: Where an appropriate time it under 37 CFR 1.498 has not beer met, a petition to revive {37 CFR 1.137{a} or {b}} must be
filed and granted fo restore the International Application to pending status.

Staternent under 37 GFR 1.55 or 1.78 for AlA {First Inventor to FilejTransition Applications
ﬂ This application {1} claims priodly to or the benefit of an application filed tefore March 18, 2013, and {2) also containg, or contained at
----- any time, a claim fo a claimed invention that has an effective filing date on or after March 18, 2IH3,
NOTE 1: By providing this statement under 37 CFR 1.558 or 1.78, this application. with a filing date on or after March 16, 2013, will be
examined under the first inventor to file provisinns of the AlA.
NOTE 2: &4 U3 national stage application may not claim priority 1o the international apglication of which it is the national phase. The Bing
date of g LS. national stage application is the infernational iling date. See 35 U.B.C. 363

Correspongdence Address

The address assochaied with Customer Number, s OR r Covrespondance address below
Name
Address
City Sinte Zip Code
Courdry Telephone
Email

sgawe |/ Jeffrey W. Wong/ bate 1 2015-11-23

Nams : ‘ Registration No. ~
ey |JEFfrey W. Wong aromeyingens | 46414
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A3 the below naroad nveniar, | heraby declare that

Py %

- This declaration {771 g sches appication, or
is divected fo: Lod .

L SOTICAZGTANB0A0T

§§j United States application or PCY inlemationsd application nundes POTACAZOT5060Y

,

The shove-identified application was made or authorized i be made by me.

| balieve that | any the original inventor or an ofiging! joint imentor of & clsimed vention in the application.

| hereby scknowledge that any willful false stalement mads in this dedaration is punishable under 18 US.C. 1001
by fire o imprisonmerd of not maore than flve {51 vears, or both,

WARNING:
Petitionerfapplicant is cautioned {0 avoid submitling personal information in documents filed in 2 patent spplication that may
caortribute to identity thefl, Persona! information such as social ssourily numbers, bank acoount nuntbhers, or credil card numbsrs
{other than & check or credit card authorization forrn PTO-2038 submitted for payment purpases) s never requieed by the USPTO
o suppoyt & petition: or an application, If this type of personal information is included in documents submitted to the USPTO,
patitoners/applicants should consider redacting such personal information from the documents before submitting them o the
LUSPTO. Paetitionarapolicant is advised that the record of a patent agplicstion is available 1© the public after publicstion of the
application (urdess & non-publication requast in compliance with 37 CFR 1.213{a} is mads in the application) or issusnee of g
palent. Fustheoviors, the record from an abandoned agplication may also be available to the public if the application fs
referenced in a published application or an ssued patent (see 37 CFR 1.14). Chechs and credit card authorization forms
PTO-2038 subniitfed for payment purposes are not retained in the application file and therefore are not publicly aveiable.

LEGAL NAME OF INVENTOR

Kyi@ HAT ‘**E*i\v*\ ﬂ\‘?’

invenion . s

Sigodurs:

Mote: An application dala shest (PTOBEML or squivalent), inclusding naming the enlire inventive entity, must aocompany this form o must havs
baen previousty filed. Use an addifionat PTOMMIATH fonm for each additionsat invesior,

ton of infiammation is required by 35 W80, 1% and 37 OFR 1.83 { N mmmaimn e vequired to oblaie of rdsin @ benglit by the publc witch ix fo R (and
by the USPTO o process) an applicalion. f“onﬁz:lumauw is governsd by 35 LLS.G. 122 and 37 OFR 1.11 and 1,14, This collection is astimat i taks T minute ©
connplsts, including gathedng, preparing, and submiiting the completed sppiostion rr,rm s the USPTO. Time wil vary dapending upan the infividuet esce. Aay
COmITIENE on the amount of fime you require 1o complete this fem andier suggestinas Tor reducing this burden, should be sent 1o the Chief Information Officey, ULS.
Fatent and Trademark Office, U, Department of Comsneme. PO, Box 1480, Alexandria, VA 333131480, D0 NOT SEND FEES OR COMPLETEDR FORM3 TG
THIS ADDRESS. SEND TO: Comwmisgiony for Patents, P.O. Box 1458, Alexandsa, VA 22313-1458,

if yous pesd sasisiacce in ormyaiating 1He fooe, call TBR0-PTOVBTIRE s awdee! opdion 2,

Thig el
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DECLARATION ;3? G

\
SHEE 5‘@% 3
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 patitionara/applicants should consider redacting such personal information from the documents hefﬁre‘: submiiting them o the

As the below named inventor, | heveby declare that

.

The attached apglizalion, ar

&E Unifed States appiication or PLET iptemational apolication number
i
e

L B014-08-35
(ﬁgd an é“{a PR~ .

The above-identified application was mads or authorized 1o be made by me.

{ befinve that | am the original inventor ar an origioal joint invenior of a claimed invention o the applisation.

| hereby acknowledge thet any willful inlse stedement made in this declaralion is punishabls yader 18 B 5.0, 161

by fing or imprisonment of not mare than five (5} vears, or both,

VWARNING:

Petiioner/applicant is cautioned 10 avaid submilling perscnad information in documents filed i a patent applicstion thal may

cantribuie to identity thefl. Personal information such as social security numbears, bank account nurmbers, or credit card numbers
{cthar than a chack or credii card authanzation forp: PTR-2038 submilled for payment purposes) is never required by the USRTG
to suppaort a petitian or an apglication. if this type of persaonal informatian s included In dasuments submitted fo fhe USPTO,

USETO. Pelitioneriapplicant is advised that the record of & patent application s available fo the public alter publication of the
application (unless a non-publication raquest in compliance with 37 CFQ 1.713(a} is mada in the application) or issuance of &
patert. Furthermore, the vecord from an abandoned application may alse be avallable o the public if the  application is
referencad i & published application or an issuad patent {see 37 C,F R 1.14). Checks and oredii card autharization forms
PTO-2038 submittad for payment purposes arg not ratainad in the application file and therefore are not publicly available
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Under the Paperwork Reduction Act of 1995, no persoens are required to respond to a collection of information unless it contains a valid CMB control number.

) ) Attorney Docket Number | K8001051WOUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

David TIKKANEN
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service

City |Waterloo Country of Residence | CA

Mailing Address of Inventor:

Address 1 194 Silverwood Place

Address 2

City Waterloo | State/Province | ON
Postal Code N2T 2R9 | Country i | CA

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Kyle HATHAWAY
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City Kitchener Country of Residence i CA

Mailing Address of Inventor:

Address 1 5 Norbert Place

Address 2

City Kitchener | State/Province | ON
Postal Code | N2K 1E5 | Country i CA

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:
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Attorney Docket Number | K8001051WOUS

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 34236

Email Address waterloo.ip@gowlings.com | AddEmail | [Remove Email

Application Information:

Title of the Invention APPARATUS AND METHOD FCOR MONITORING AND LIMITING POWER TO SSL DEVICES
Attorney Docket Number| K3001051WQOUS Small Entity Status Claimed [ |

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication {if any) | 1a

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. Inereby request that the attached application not be published under

[] 35U.8.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (© US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 34236
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. Attorney Docket Number | K8001051WOUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119{g), 120, 121, 365(c), or 386(c} orindicate National

Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
a 371 of international PCT/CA2014/050609 2014-06-25
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
PCT/CA2014/050609 Claims benefit of provisional 61838965 2013-06-25

Additional Domestic Benefit/National Stage Data may be generated within this form 23
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove I

Application Number Country i Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add
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Attorney Docket Number | K8001051WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority tc or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 cr 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[ ] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Froperty Office {(KIPQO), the World Intellectual Froperty Office {WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.8.C. 119(a)-{d) if a copy of the foreign application that satisfies the cettified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{(c}, access may be provided to information concemning the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.
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Attorney Docket Number | K8001051WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(&) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventaor :

If the Applicant is an Organization check here.

Organization Name | | ;\ASTREAM CANADA ULC

Mailing Address Information For Applicant:

Address 1 400-3rd Avenue S.W.

Address 2

City Calgary State/Province AB
Country il cA Postal Code T2P 4H2
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assighee is an Organization check here. ]
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Attorney Docket Number | K8001051WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHCD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.

Signature |/Jeffrey W. Wong/ Date (YYYY-MM-DD)| 2015-11-23
First Name | Jeffrey W. Last Name Wong Registration Number | 46414
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C ¢ o p eration Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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U5 Patent s
Uity the Papspvog Reduction Act of 1985, s pesrsneiz are requikved 1o tsspond 1o & sollect

TRANSMITTAL LETTER TO THE UNITED STATES AT S

DESIGNATED/IELECTED OFFICE (ﬁQfEOIUS) 0.5, Agplication No. {if known, see 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.5.C. 371

intermnationat Agplication Mo, Intermationa! Filing Date Priority Date Claimed
PCT/CA2014050608 2814-06-25 2013-06-25

Title of Invention

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

First Named wentor

TIKKANEN, David

Applicant herewith submifs fo the United States Designated/Elected Office (DO/ED/US) the following items and other information.

1. E This {5 an axprass request to begin national exanination procedures (35 U S C 371N NOTE: The expross raquast under
T35 U.8.C. 37T1{f) will not be effective unless the requirements under 35 U.5.C. 37He)(1}, (D), and (4] for payiment of the basin national
fee, copy of the internations! Application and English fransiation thereof {it reguired), and the nath or declaration of the inventor{s}
have heen rensived.
2. E‘ & copy of tha International Application {35 U S.C. 3712 is attached hersto {not required if the infernationat Agplication was
“““ praviously communineted by the intemational Bureauw or was filed in the United Siates Receaiving Office (ROUSH.

3. An English language transtation of the Inferpational Application {35 UWE.C. 37 o3
{} is attached haveto.
B Fas besn previously submitted under 35 U.S.C. 154(d)4)
4. An oath or declaration of the inverdor(s} (35 UL.8.C. 374

a8 {viis altached.

B, [ was previously filed in the intemativnal phase under PCT Rule 4.17{v}.

ftems 5 to 8 below concern amendments made in the international phase.
PCT Article 18 and 34 amendmenis

3. {"“ Amendments to the claims under PCT Article 18 are altached (nol required if cammunicated by the Internstionsl Bureauw) (35 U.8.C,
“““ 37 HCH3N.

8. English transtation of the PCT Article 19 amendment is attached (35 LL.S.C. 37 1{oi3)).

7. 171 English ransiation of snnexes (Article 19 andior 34 amendmmants only) of the Internationat Preliminary Examination Repord is
attached {35 LL.S.C. 371{cK5)L.

Canceliation of smendments made in the intermnational phase

gb. u Do not enter the amendment made in the infernational phase under POT Article 34

NOTE: A proper amendmeant made in English under Article 18 or 34 will be enterad in the U .S, nationa! phase applicalion sbsent a clsar
instruction from appiicant not 1o enter the amendment{s}.

The following items § to 17 coneern a document{s} or information included.

S
i

& Art Information Disclosure Statement under 37 CFR 197 and 1.88

10, { | A preliminary amencment.

1. {1 A Application Data Sheet under 37 CFR 1.76,

12 [m“ A substitite specification. NOTE: A subsiitule spacification cansot include cigims. See 37 CFR 1.125{b}.
13 [ A powar of atforney andfor change of address letter.

14. A compiier-readable form of the sequence isting in accordance with PCT Rule 13¢er.3 and 37 CFR 1.821-1.825.

£ . N . .
154 E Assignment papers {oover sheel and documeni{sll. Name of Assignee:

16. | | 37CFR 3.73c) Statement fwhen there is an Assignes).

Thiz volfsction of formation & requived by 37 SFR 4414 and 1.481-1.482. The information is requirsd o obtait or retain s hansiit by the pubdie, which is o fils
{and by the USFTO to process) an application, Confidentiality is govemed by 35 VS0, 132 and 37 GFR 1,11 and 1.14. This eoflection i reigh

minises to complete, including gathering, prepa and submitiing the completed ap ot fren o the USPTQ. Time il vary depending upon th

sase, ANy sorensiis o e ameunt of tine yom require (o complate this form andiar suggestions for veducing this bosden shoudd be sent o the Chief tndormastinn
Oiticer, WS, Patent and Trademart Office, LS, Department of Commerce, PO, Box 12850, Alexandria, WA 223131450, DO MOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TQ: Mail Slop PCT. Commissinner for Patents, PO Box 1450, Alevandila, VA 223131450
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ﬂ This application {1} claims priodly to or the benefit of an application filed tefore March 18, 2013, and {2) also containg, or contained at
----- any time, a claim fo a claimed invention that has an effective filing date on or after March 18, 2IH3,
NOTE 1: By providing this statement under 37 CFR 1.558 or 1.78, this application. with a filing date on or after March 16, 2013, will be
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CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT
IN A DIGITAL LIBRARY

The International Bureau certifies that the document in this package is a copy of the patent application

provided through the WIPO priority document access service. The document has been available to the
Priority Document Access Service since the date of availability indicated, and has been available to the
indicated Office as of the date specified following the relevant Office code:

Document details: Country/Office: yg

Filing date: 25 yun 2013 (25.06.2013)
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Availability to Office: IB [27 Jun 2014 (27.06.2014)]

Date of issue of this certificate: 11 Jul 2014 (11.07.2014)
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UNTTED STATES DEPARTMENT OF COMMERCE

Uigited States Patent and Trademark Ofties

July 11, 2014

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK

OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 61/838,965
FILING DATE: June 25, 2013

10 i L s o
Lt e a2

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY

APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US61/838,965
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Certitied by

Under Secretary of Commierce
for Intellectoal Propertsy

and Mrector of the Undted States
Pateni sndd Trademwsark Office




Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SBAMG (11-08)
Approved for use through 05/31/2015. CMB 0651-C032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1 Remove

Given Name Middle Name Family Name City State Country
David TIKKANEN Waterloo ON CA
Inventor 2 Remove

Given Name Middle Name Family Name City State Country
Kyle HATHAWAY Kitchener ON CA

All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO

Title of Invention
SSL DEVICES

Attorney Docket Number (if applicable) PAT 78496P-2

Correspondence Address

Direct all correspondence to (select one):

(® The address corresponding to Customer Number (O Firm or Individual Name

Customer Number 26123

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(® No.

(O Yes, the invention was made by an agency of the United States Government. The U.S. Government agency hame is:

® Yes, the invention was under a contract with an agency of the United States Government. The name of the U.S.
Government agency and Government contract number are:

EFS - Web 1.01




Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (11-08)

Approved for use through 05/31/2015. CMB 0651-C032

U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

O Applicant asserts small entity status under 37 CFR 1.27

() Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.
(® No
Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PT0O-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature lJeffrey W. Wong/ Date (YYYY-MM-DD) |2013-06-25
First Name Jeffrey W. Last Name Wong Reglstrallo_n Number 46414
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USFTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMFLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.01



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this infermation is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiraticn of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C. 552a(m).

A record related to an International Applicaticn filed under the Patent Cooperaticn Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Preoperty
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his’her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
29086. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant te 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which applicaticon is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



PTOrAIA/ 4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

) ) Attorney Docket Number PAT 78496P-2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

The application data sheet is part of the provisicnhal or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as oullined in 37 CFR 1.786.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[l 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
David TIKKANEN
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City Waterloo Country of Residence i CA

Mailing Address of Inventor:

Address 1 194 Silverwood Place

Address 2

City Waterloo | State/Province | CN
Postal Code N2T 2R9 | Country i CA

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Kyle HATHAWAY
Residence Information (Select One) () US Residency (®) Non US Residency () Active US Military Service

City  |Kitchener Country of Residence i CA

Mailing Address of Inventor:

Address 1 5 Norbert Place

Address 2

City Kitchener | State/Province CN
Postal Code | N2K 1ES | Country i CA

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

EFS Web 2.2.7
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number PAT 78496P-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[[] An Address is being provided for the correspondence Information of this application.

Customer Number 26123

Email Address ipinfo@blg.com | | AcdEmail | |Remove Email

Application Information:

Title of the Invention APPARATUS AND METHOD FCR MONITORING AND LIMITING POWER TC S8SL DEVICES
Attorney Docket Number| PAT 78496P-2 Small Entity Status Claimed [ ]

Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets {if any) 4 Suggested Figure for Publication (if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

[] 35U.S8.C. 122(b} and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (& Customer Number | (O US Patent Practitioner | (O Limited Recognition {37 CFR 11.9)

Customer Number 26123

Domestic Benefit/National Stage Information:

This section allows for the applicant tc either claim benefit under 35 U.S.C. 119(e), 120, 121, cr 365(c) or indicate
Natiohal Stage entry fromm a PCT application. Providing this information in the application data sheet censtitutes the
specific reference required by 35 U.S.C. 119(e} or 120, and 37 CFR 1.78.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (¥YYY-MM-DD)

EFSWeb 227
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

. . Attorney Docket Number | PAT 78496P-2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Additional Domestic Benefit/National Stage Data may be generated within this form v
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (FDX) ithe information will be used by the Cffice to
automatically attempt retrieval pursuant to 37 CFR 1.55{(h){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

| Remove |
Application Number Country i Filing Date (YYYY-MM-DD} Access Codei (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This applicaticn (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2} also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

EFSWeb 227
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number PAT 78496P-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EFPO),

the Japan Patent Office {(JPQO), the Korean Intellectual Property Office (KIPQ), the World Intellectual Property Office {(WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPC, WIPQO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h}{3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U S C. 119{a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46_ If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(®) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name LUMASTREAM CANADA ULC

Mailing Address Information:

Address 1 400 - 3rd Avenue S.W.

Address 2

City Calgary State/Province ON
Country il cA Postal Code T2P 4H2
Phone Number Fax Number

EFSWeb 227
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number PAT 78496P-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

If the Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information:

Address 1

Address 2

City State/Province

Country i Postal Cede

Phone Number Fax Number

Email Address
Additional Assignee Data may be generated within this form by selecting the Add button. =

Signature:

NOTE: This form must be sighed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature |/Jeffrey W. Wong/ Date (YYYY-MM-DD)| 2013-06-25
First Name Jeffrey W. Last Name Wong Registration Number 46414
Additional Signature may be generated within this form by selecting the Add button. Add

EFSWeb 227
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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.

Attorney Docket Number PAT 78496P-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention APPARATUS AND METHOD FOR MONITORING AND LIMITING POWER TO SSL DEVICES

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
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Apparatus and Method for Monitoring and Limiting Power to SSL Devices

Background of The Disclosure

Continuing development of SSL (solid-state lighting) devices such as light emitting diodes
(LEDs) or LED arrays for low power and high power general illumination applications as well
as OLEDs (organic LEDs) has introduced a need to limit power within predetermined limits
to these devices to mitigate or reduce over temperature operation or abnormal operation of
lighting apparatus. Such a power limit capability is desirable under internal or external fault
conditions, transient load conditions, as well as ambient temperature conditions.

In terms of fault conditions, OLEDs may have failure mechanisms that include an increase in
impedance. In this failure mode, the increased impedance results in increased power
dissipation for a fixed LED drive current which may increase the risk of a fire hazard.

In terms of ambient temperature conditions, low power and high power LEDs vary in voltage
drop with operating junction temperatures whereby as the junction temperature increases,
the voltage drop across the LED is reduced. Conversely, if the junction temperature is
reduced, the voltage drop across the LED is increased.

For instance, in a cold ambient operating temperature such as -40 °C, the LED voltage drop
is highest during initial cold start conditions at power up. This results in a higher initial power
requirement during turn on and operation until the voltage drop across the LED drops as its

junction temperature increases. Cold start operating requirements and corresponding power
requirements can exceed predetermined power limits such as UL1310 Class 2 power levels
of 100 watts or any other predetermined value.

Approaches exist to limit power and current to a LED as a result of an external failure of the
LED load, or an internal failure of a component within an LED power source. One common
approach is to disable or turn off the LED power source if an over power or over current
condition is detected. Another approach is to implement a “hiccup” mode whereby the output
of the LED power source is continually cycled on and off in an over power or over current
condition.

However, it is not always ideal to immediately disconnect power to a LED load under
transient conditions whether by a potential fault or an AC mains transient or load transient or
temporary overload condition. It is advantageous to monitor the power to a LED load and
reduce the power level first before asserting a shutdown of the LED power source.

Therefore, there is provided a novel apparatus and method for monitoring and limiting power
to SSL devices.

Detailed Description of the Disclosure

The present disclosure is directed at a system. apparatus, and method to monitor and limit
power to solid state lighting (SSL) devices such as light emitting diodes (LEDs). While much
of this disclosure refers to LEDs, other SSL devices may be used without loss of generality.
In the current description, the reference to LED power source can also be referred to as a
LED driver, or LED power supply.



Detailed Description of Preferred Embodiment

Turning to Figure 1, a block diagram of an embaodiment for the LED power source is shown.

An LED power source 10 comprises a Power Factor Conversion (PFC) Boost 22 which
receives AC power from the AC mains input 20 located externally from the LED power
source 10. The PFC Boost 22 is connected to the DC/DC converter 24 which in turn is
connected to the output voltage bus 28. A galvanic isolation barrier 26 provides an electrical
safety barrier between the output low voltage bus 28 and high voltage levels on the AC
mains input 20, the PFC boost 22 and the DC/DC converter 24.

In one embodiment, the PFC Boost 22, the DC/DC converter 24, the galvanic isolation
barrier 26, and the voltage bus 28 can be seen as a power circuit 29. The power circuit 29
is connected to a power limit 31 which in turn is connected to an output current driver 35. It
will be understood that there may be multiple power limit 31 circuits connected to the output
voltage bus and there may be multiple output current drivers 35 connected to each individual
power limit 31. The output of the one or more output current drivers 35 is connected to one
or more external LED loads 42.

The LED power source 10 further includes a primary controller 50 which is connected to the
PFC Boost 22 and the DC/DC Converter 24 power conversion stages and fault optocoupler
54.

With reference to power limit 31, the secondary controller 56 is connected to the fault
optocoupler 54 via a control line 52, and also connected to the current source controller 68
via data line 60. The secondary controller 56 is also connected to power monitor 30 via a
sense line 58 and port 66 for programming and calibrating various parameters.

With reference to output current driver 35, the current source controller 68 is further
connected to the current source 36 and current sense 38 via control lines 62 and 64
respectively and also connected to port 65 for programming and calibrating various

parameters. An optional voltage sense#2 40 is also connected in parallel with each

individual LED load 42.

As will be understood, not all of the components or connections of the LED power source
required for operation are shown as they will be understood by one skilled in the art. For
example, the power circuit 29 can also include an EMI filter, inrush current limit or a bridge
rectifier. With respect to connections, it will be understood that more than one sense line,
control line or data line can be implemented between function blocks. For example, more
than one sense line may be connected between power monitor 30 and secondary controller
56 to provide both voltage and current sense information to the secondary controller. Also,
there may be multiple data line connections 60 between the secondary controller 56 and
current source controller 68.

In operation, the power circuit 29 is a two stage power converter comprising a PFC Boost 22
and DC/DC converter 24 both of which are controlled by the primary controller 50 to provide
an output bus voltage 28. The primary controller 50 transmits control signals to the PFC
Boost 22 and DC/DC converter 24 power stages and receives voltage and/or current sense
information from the PFC Boost and DC/DC converter. The output voltage bus 28 is typically
a regulated voltage output with a feedback loop coupled to the primary controller via an
optocoupler (not shown).



The power from the output voltage bus 28 is transferred to at least one output current source
36 via the power limit 31 comprised of a power monitor 30 and secondary controller 56. The
power monitor 30 senses current delivered from the output voltage bus 28 and may also
sense voltage 32 across the output voltage bus and transmits this current and/or voltage
information to the secondary controller 56.

The power limit 31 and associated ancillary circuits provide an apparatus to limit power to
the external LED load 42 in the event of a single component failure within the LED power
source 10, such as within output current source 36, or current sense 38, or current source
controller 68.

The power limit 31 may also limit power in the event of an external LED load fault or over
load condition. A fault condition may include a high impedance fault at the LED or OLED
load. An over load condition may be a transient condition such as a cold start or power up of
an LED load in ambient temperatures less than 0 °C or an improper LED load connected to
the LED power source 10.

The secondary controller 56 compares the current and/or voltage values to predetermined
power limits (given by the formula, power=voltage x current) which have been programmed
into the controller. In the event that the power level from the output bus 28 exceeds a
predetermined value, the secondary controller 56 may assert one or more options to limit
output power to the LED load.

For instance, the secondary controller 56 may assert various power limit options at different
points in time. A power limit sequence may include a dimming command through data line
60 to the current source controller 68 to reduce the average output current either gradually
or stepwise to the LED load 42 and a subsequent gradual or stepwise increase in average
current after a period of time.

Alternatively, the secondary controller 56 may complete a sequence of tasks attempting to
reduce the output power to the LED load 42 first then, if it is determined that the output
power level is still beyond predetermined limits as sensed by the power monitor 30, it will
then assert a shutdown of the power circuit 29.

With reference to output current driver 35, the current source 36 provides a constant current
output to the LED load 42. The current sense#2 38 provides a feedback signal to current
source controller 68 to regulate the output current to the LED load 42.

The current source controller 68 regulates the output current provided to the LED load and
also provides a means of reducing the average current to the LED load via a gate pulse
signal with a variable duty cycle through control line 62.

The optional voltage sense#2 40 permits the current source controller 68 to monitor the
power transferred to the LED load as a redundant power limit capability. In this instance,
power is monitored by the current sense#2 38 and voltage sense#2 40 directly across the
LED load 42. The redundant power limit capability provides back up protection in the event
of a failure of the power limit 31.

With reference to Figure 1, the LED power source 10 includes multiple power conversion
stages to convert AC power to DC power for the LED load 42 and monitor and limit power to
the load.



In a more specific embodiment of Figure 1, the power circuit 29 comprises a PFC boost
stage which implements a boost power conversion topology with an input AC voltage mains
range of 103 Vac to 300 Vac from the AC mains input 20. The PFC boost stage 22 outputs a
loosely regulated 430 Vdc over the input AC range.

The DC/DC converter 24 is derived from the isolated switch mode buck converter topology
and comprises a gavanically isolated 26 full bridge converter. The output bus 28 is a tightly
regulated output, typically 46 Vdc, and controlled by a feedback loop (not shown) to the
primary controller 50.

The power monitor 30 includes the current sense#1 34 and optional voltage sense#1 32 to
provide at least one analog voltage signal to the secondary controller 56 through sense line
58. The current sense 34 typically includes a resistor connected in series with the output
voltage bus 28 and current source 36. The voltage sense 32 typically includes a resistor
divider network connected in parallel with the output voltage bus 28. Both current sense#1
34 and voltage sense#f1 32 may include ancillary circuits to scale and filter the analog
control signals before transmitting the signals to the appropriate analog to digital ports in the
secondary controller 56.

The secondary controller 56 comprises an averaging digital filter which takes 1024 readings
for current and/or voltage over a period of time such as but not limited to 500 milliseconds,
then calculates an average value and compares this value to a predetermined power limit
such as 97 watts. If the power level exceeds the predetermined limit, the secondary
controller will assert one or more power limit options.

In one embodiment, the voltage sense#1 32 is not required if the output voltage bus 28 is a
tightly regulated voltage output since the secondary controller 56 can complete the power
calculation based on an assumed constant voltage level.

In terms of power limit options, one option may be to transmit a change in light intensity
command through data line 60 to the current source controller 68. This control information or
words of data, is preferably transmitted over a “sync” line, “clock” line and “data” lines. The
start of each word is preferably delimited by the “sync” line and the start of each bit is
delimited by the “clock” line. This control information is translated by the current source
controller 68 to on-time and off time information and transmitted as a gate pulse through
control line 62 to the output current source 36.

Another power limit option may include a shutdown command via control line 52 to the fault
optocoupler 54 to immediately disable the power circuit 29.

Alternatively, the secondary controller 56 may complete a sequence of tasks attempting to
reduce the output power to the LED load 42 first then, if it is determined that the output
power level is still beyond predetermined limits as sensed by the power monitor 30, it will
then assert a shutdown of the power circuit 29.

With reference to power limit 31, the secondary controller 56 includes a connection to a port
66. The port is comprised of five pins for in circuit serial programming of the controller 56
and at least one pin for calibration of the power limit 31. Calibration may be required to
account for component tolerances in the various circuits such as in the power monitor 30 to
establish accurate current and or voltage readings.



For example, assuming a required power limit of 97 watts, calibration may comprise
changing the state of the controller to “calibration mode” such as via a jumper connected to
port 66; applying the appropriate load representing the desired power limit (97 watts); and
saving the applicable parameters by adjusting the constants stored in the EEPROM memory
of the controller 56.

With reference to output current driver 35, as referenced in Figure 1, the current source 36
and current sense 38 may comprises a switch mode buck topology with a MOSFET switch
implementing a hysteretic control method. The current source 36 provides a regulated
output current to the LED load 42 implemented by means of a feedback loop 64 to the
current source controller 68. The current source controller 68 may also output a dimming
signal, as a result of an over power condition, implemented through a gate drive control line
62 to the output current source 36. The current source controller is typically a digital
controlled device implemented by means of a microcontroller and firmware.

The dimming method may be implemented by various methods such as those disclosed in
US Patent 8,299,987 or in US Patent Application 2013/0049634 which are herein
incorporated by reference.

The output current driver 35 may also perform a redundant power limit function similar to the
power limit 31 whereby it can be programmed and calibrated for a predetermined power
limit. In this embodiment, the secondary controller 56 is placed into calibration mode via port
66 in order to stop communication with the current source controller 68 and permit current
source controller 68 to accept calibration commands through port 65.

The current sense#2 38 and voltage sense#2 40 communicate a measured value to the
current source controller 68 in order to calculate power (given by the formula, power
=voltage x current). If an over power event occurs, the current source controller 68 may
reduce the average current to the LED load 42 by a dimming pulse comprising a variable
duty cycle through control line 62 to the current source 36 or the controller 68 may assert a
shutdown signal through control line 63 to shut down the power circuit 29.

Alternatively, the current source controller 68, as part of a redundant power limit function,
may also complete a sequence of attempting to reduce the output power to the LED load 42
first then, if it is determined that the output power level is still beyond predetermined limits as
sensed by the voltage sense#2 40 and current sense#2 38, it will then assert a shutdown of
the power circuit 29.

The port 65 connected to current source controller 68 is also used for programming the
output current driver 35 to the desired output current (such as but not limited to 350maA,
700mA) for the LED load 42

Turning to Figures 2a to 2d, various examples of power monitoring and power limiting
sequences as a function of time are presented.

Figure 2a is an example of a power limit sequence where an internal fault occurs within the
LED power source or an external fault occurs with the LED load. In this example, normal
power is applied to the load until a fault occurs resulting in monitored power exceeding the
power threshold at t4. The power limit 31 or redundant power limit within output current
driver 35 will attempt to reduce the power while continuing to monitor the power for a period



of time t4 to t;. At the time period t,, given that monitored power still exceeds the threshold,
the LED power source 10 is disabled at t,.

Figure 2b is an example of a cold start scenario where the LED load exceeds the power
threshold at start up to. The power limit 31 or redundant power limit within output current
driver 35, steps down the output power to a reduced power level such as 75% at t,. Power is
continuously monitored for a period of time (t4 to ty at the reduced power level. Starting at t,,
power is gradually increased (i, to t3) in small increments such as 2.5% with a time interval
between increments of typically 10 seconds until normal power operation is restored.

Figure 2c¢ is an example of another fault condition where an initial power threshold is
exceeded at t;. The power is stepped down to a reduced level and after a period of time, the
power is gradually increased until a second power threshold limit is exceeded at t;,. The LED
power source is then immediately disabled at ts.

Figure 2d is an example of a transient condition on the AC mains input to the LED source 10
causing a transient voltage or current over shoot on the output bus 28 resulting in an
exceeded power threshold at t,. Power is stepped down at t; and after a period of time (i, to
t3) with power continuously monitored, power is gradually increased to a normal power level
at t,.

In a further embodiment, with reference to Figure 1, the power circuit 29 may include
alternative DC/DC converter topologies. For instance, such power conversion topologies
may include but are not limited to a half bridge resonant converter, a flyback, or forward
converter topologies. The primary controller 29 may be two separate controllers to provide
individual gate drive and feedback control signals to the PFC boost 22 and DC/DC converter
24,

In yet a further embodiment, the output voltage bus 28 may be an unregulated output
voltage with no feedback loop to the DC/DC converter 24. In this instance, the DC/DC
converter may be implemented by means of an isolated half bridge topology where both
power switches alternately operate at close to a 50% duty cycle.

With reference to power limit 31, further embodiments may include an op amp or comparator
as opposed to an analog to digital port. Other embodiments may also include alternate
filtering methods such as but not limited to a moving average filter to filter the power monitor
readings.

With reference to transmitting a change in light intensity command through data line 60,
alternate embodiments may include a UART, an I°C bus, SPI (Serial Peripheral Interface
Bus) or a parallel communication apparatus.

In a further embodiment, the output current source 36 may further include other topologies
such as boost, buck-boost, or SEPIC (single ended primary inductor converter). Alternate
embodiments may also include an analog controller as opposed to a digital controller where
no firmware is required for implementation. Other control methods to regulate output current
to the LED load 42 may include pulse width modulation.

As an alternate embodiment, the output current source 35 may be a linear regulator with a
constant current output as opposed to a switch mode topology.



With respect to the secondary controller 56 and the current source controller 68, the power
limit function and regulation of output current may be implemented by means of a single
controller.

Other change in light intensity or dimming methods may include a pulse width modulation
method or a constant current reduction method (CCR) or a combination of various other
methods. The CCR method is a continuous current flow through a LED that is reduced in
order to reduce the brightness of the LED.

Figure 3 shows another embodiment where the power limit function is implemented within
the output current driver 35 alone with no redundant power limit function implemented in the
apparatus.

Figure 4 shows another embodiment where the voltage sense#2 40 is not implemented in
the output current driver 35 and the output current driver 35 provides a regulated constant
current output with no redundant power limit capability.



What is Claimed is:

1. A method of controlling power to a SSL device comprising:
limiting the power delivered to the SSL device.
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APPARATUS AND METHOD FOR MONITORING AND
LIMITING POWER TO SSL. DEVICES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benetit of priority of U.S. Provisional Patent Application

No. 61/838,965 filed June 25, 2013, which is hereby incorporated by reference.

BACKGROUND OF THE DISCLOSURE

Continuing development of solid state lighting (SSL) devices such as light emitting
diodes (LEDs) or LED arrays, as well as organic LEDs (OLEDs), for low power and high
power general illumination applications has introduced a need to limit power within
predetermined limits to these devices to mitigate or reduce over-temperature or abnormal
operation of these SSL devices. Such a power limit capability is desirable under internal or
external fault conditions, transient load conditions, as well as ambient temperature conditions.

In terms of fault conditions, OLEDs may have failure mechanisms that include an
increase in impedance. In this failure mode, the increased impedance results in increased
power dissipation for a fixed LED drive current which may, however, increase the risk of the
SSL device being a fire hazard.

In terms of ambient temperature conditions, low and high power LEDs vary in voltage
drop with operating junction temperatures whereby as the junction temperature increases, the
voltage drop across the LED is reduced. Conversely, if the junction temperature is reduced,
the voltage drop across the LED is increased.

For instance, in a cold ambient operating temperature such as -40°C, the LED voltage
drop is highest during initial cold start conditions at power up. This results in a higher initial
power requirement during turn on and operation until the voltage drop across the LED drops
as its junction temperature increases. Cold start operating requirements and corresponding
power requirements can exceed predetermined power limits such as defined by UL1310 Class
2 power levels of 100 watts or any other predetermined value.

Approaches exist to limit power and current to an LED load as a result of an external

failure of the LED load or an internal failure of a component within an LED power source.
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One common approach is to disable or turn oftf the LED power source if an over power or
over current condition is detected. Another approach is to implement a “hiccup” mode
whereby the output of the LED power source is continually cycled on and off in an over
power or over current condition. However, it is not always ideal to immediately disconnect
power to a LED load under transient conditions caused by a potential fault, an AC mains
transient, a load transient or a temporary overload condition.

Therefore, there is provided a novel apparatus and method for monitoring and limiting

power to SSL devices.

SUMMARY OF THE DISCLOSURE

The present disclosure is directed at a system, apparatus, and method for monitoring
and limiting power to solid state lighting (SSL) devices such as light emitting diodes (LEDs).
More specifically, the current disclosure is directed at a method and apparatus which, after the
determination of a fault operation condition, assists in the recovery process for providing
power to the SSL device without having to automatically shut down the system or apparatus
of providing power. This is beneficial when the fault operation condition is a simple transient
matter and not a permanent fault. If the issue is determined to be a permanent fault, then the
system of the disclosure may be shut down.

In one embodiment, the disclosure provides an apparatus and method for configuring a
power limit function to specific power levels while remaining within Class 2 power levels to
address the variability in electrical circuits and variability in electrical characteristics of the
LED loads.

In one aspect, there is provided an apparatus for controlling power to a solid state
lighting (SSL) device load comprising a power circuit for receiving power from an external
source; at least one power limit connected to the power circuit; at least one output current
driver for supplying a load power to the SSL device load, the at least one output current driver
connected to the at least one power limit; and a power limit controller; wherein the power
circuit transmits the power to the at least one power limit which, in turn, transmits a current to
the at least one output current driver; wherein the power limit controller directly or indirectly

monitors a level of the load power and controls the at least one power limit to reduce the level
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of the load power for a predetermined period of time when the load power exceeds a
predetermined power limit.

In another aspect, there is provided a method of controlling power to a solid state
lighting (SSL) device load comprising receiving an input power, delivering load power to the
SSL device load, monitoring current level in load power, limiting load power to the SSL
device for a predetermined period of time after a predetermined operational fault condition is

met.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure will now be described, by way of example
only, with reference to the attached Figures.

Figure 1a is a schematic diagram of a first embodiment of an apparatus for providing
power to a solid state lighting (SSL) device;

Figure 1b is a schematic diagram of another embodiment of apparatus for providing
power to a SSL device;

Figures 2a to 2d are graphs of power vs time for various SSL device operation
scenarios;

Figure 3a is a schematic diagram of another embodiment of apparatus for providing
power to a SSL device;

Figure 3b is a schematic diagram of yet a further embodiment of apparatus for
providing power to a SSL device;

Figure 4a is a schematic diagram of a fifth embodiment of apparatus for providing
power to a SSL device;

Figure 4b is a schematic diagram of a sixth embodiment of apparatus for providing
power to a SSL device;

Figure 5 is a flowchart outlining a method of monitoring and limiting power to a SSL

device.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

The disclosure is directed at a system, method and apparatus for monitoring and
limiting power supplied to a solid state lighting (SSL) device when an operational fault
condition is sensed such as when the power level being supplied to the device is sensed to be
meeting or higher than an expected or predetermined level. The system, method and
apparatus provide a recovery aspect which means that the SSL device will not be
automatically shut down (or power being supplied to the SSL. device will not be immediately
stopped) upon the discovery of the operational fault condition but will enter a recovery mode.
If the system of the disclosure is unable to respond to the recovery mode to overcome the
operational fault condition, power being delivered or supplied to the SSL device may then be
stopped causing the SSL device to be shut down. While much of this disclosure refers to light
emitting diodes (LEDs), other SSL devices may be used without loss of generality. The
disclosure is also directed at a system, method, and apparatus for configuring a power limit to
address the variability in electrical circuits and variability in electrical characteristics of SSL
devices.

The system of the disclosure may be used for white light general illumination
applications as well as color changing applications.

It is advantageous to monitor the power being supplied to the LED load and reduce the
power level first before asserting a shutdown of the system of the disclosure.

Turning to Figure 1a, a schematic diagram of an apparatus for providing power to a
SSL device, such as a LED power source, is shown. The LED power source 10, which may
also be referred to as a LED driver or LED power supply, receives power from an AC mains
input 12 and then controls and delivers power to an external LED load 14 (which may be seen
as the SSL device). The LED power source 10 includes a power circuit 16 which is
connected to a power limit 18 which, in turn, is connected to an output current driver 20. For
simplicity, only one power limit 18 and one output current driver 20 is shown, however, any
number of power limits 18 and output current drivers 20 may be integrated within the LED
power source 10. Further, although shown in one to one relation, there may be one power
limit 18 associated with multiple output current drivers 20 and vice versa. In the current

figure, a single output current driver 20 is connected to the LED load 14, however the output
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of one of more output current drivers 20 may be connected to one or more external LED loads
14.

In the preferred embodiment, the LED power source 10 includes multiple power
conversion stages to convert AC power (from the AC mains input 12) to DC power for the
external LED load 14. The source 10 further includes apparatus for monitoring and limiting
the power being supplied to the load 14 when an operational fault condition arises, such as,
but not limited to, when the power level being supplied to the load is sensed to be above a
normal or expected threshold. In one embodiment, the power may be sensed in the output
current driver by means of the current sense, a voltage sense and current source controller as
described below.

The LED power source 10 further includes a primary, or power circuit, controller 22
which is connected to the power circuit 16 and the power limit 18.

The power circuit 16 includes a power factor conversion (PFC) boost 24, a DC/DC
converter 26 and an output bus 28. The PFC boost 22 receives power from the AC mains
input 12 while the output bus 28 is connected to the power limit 18. The primary controller
22 is connected to the PFC boost 24 and the DC/DC converter 26 to provide signals, such as
control signals, to these circuits. A galvanic isolation barrier 30, typically implemented as
part of a full bridge converter within the DC/DC converter 26, provides an electrical safety
barrier between the low voltage of the output bus 28 and the high voltage levels of the AC
mains input 12, the PFC boost 24 and the primary side of the DC/DC converter 26.

In a more specific embodiment of Figure 1a, the PFC boost 24 implements a boost
power conversion topology with the input from the AC mains input 12 which is typically in
the range of about 100 Vac to about 300 Vac. In this specific embodiment, the PFC boost 24
outputs a loosely regulated 430 Vdc over the input AC range. The DC/DC converter 26 is
derived from an isolated switch mode buck converter topology. In the preferred embodiment,
the output bus 28 provides a tightly regulated output, such as, but not limited to, about 46 Vdc
which is controlled by a feedback loop to the primary controller 22 (as will be described in
more detail below).

The power limit 18 provides an apparatus to limit power to the external LED load 14

in the event of an operational fault condition such as, but not limited to, a single component
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failure within the LED power source 10. The single component failure may occur within the
output current source, the current sense or the current source controller. The power limit 18
may also limit power in the event of an external LED load fault or over load condition. The
operational fault condition may further include a high impedance fault at the LED load. An
over load condition may be a transient condition such as a cold start or power up of an LED
load in ambient temperatures less than O degrees Celsius or an improper LED load connected
to the LED power source.

The power limit 18 includes a power monitor 32 (having a current sense 36), a
secondary, or power limit, controller 38 (with a port 40) and a fault optocoupler 42. In the
preferred embodiment, the port 40 includes five pins for in circuit serial programming of the
controller 38 and at least one pin for calibration of the power limit 18. The secondary
controller 38 performs a power calculation based on an assumed tightly regulated voltage on
output bus 28 and monitored current sense 36 readings. Calibration may be required to
account for component tolerances in the various circuits of the LED power source 10 such as
in the power monitor 32 or variations in the output bus 28 voltage to establish accurate power
calculations.

Connection between the power monitor 32 and the secondary controller 38 is via a
sense line 39 while the secondary controller 38 is connected to the fault optocoupler 42 via a
control line 43. The fault optocoupler 42 is also connected to the primary controller 22.

The current sense 36 provides at least one analog signal to the secondary controller 38
through the sense line 39. The current sense 36 typically includes a resistor connected in
series with the output bus 28 and the output current source 44 and may include ancillary
circuits to scale and filter the analog control signals before transmitting the signals to the
appropriate analog to digital ports in the secondary controller 38.

In operation, the secondary controller 38 includes an averaging digital filter which
takes a set, such as 1024, of readings for current over a period of time and then calculates an
average value and compares this value to a predetermined power limit. In one embodiment,
the predetermined power limit may be set at about 97 watts. If the power level is at or
exceeds the predetermined limit, the secondary controller 38 will assert one or more power

limit options.
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The output current driver 20 includes an output current source 44 which is associated
with, or connected to, a current sense 46. Both the output current source 44 and the current
sense 46 are connected with a current source controller 48 (having a port 50) that is connected
to the secondary controller 38 via a data line 49 and to the fault optocoupler 42 via data line
51. As shown in Figure 1, the output current driver 20 further includes an optional voltage
sense 52 that is connected to the current sense 46, the current source controller 48 and the
LED load 14.

The current source 44 and current sense 46 may include a switch mode buck topology
with a MOSFET switch implementing a hysteretic control method. The current source 44
provides a regulated output current to the LED load 14 implemented by a feedback loop 58 to
the current source controller 48. The current source controller 48 may also output a dimming
signal, as a result of an over power condition, implemented through a gate drive control line
56 to the output current source 44. The current source controller is typically a digitally
controlled device implemented by means of a microcontroller and firmware.

In terms of power limit options, one option may be to transmit a change in light
intensity command through data line 49 to the current source controller 48. This control
information or words of data, is preferably transmitted over a “sync” line, “clock” line and
“data” lines. The start of each word is preferably delimited by the “sync” line and the start of
each bit is delimited by the “clock™ line. This control information is translated by the current
source controller 48 to on-time and off-time information and transmitted as a gate pulse
through control line 56 to the output current source 44 in order to reduce the average output
current either gradually or stepwise to the LED load 14 and a subsequent gradual or stepwise
increase in average current after a period of time.

Another power limit option may include a shutdown command via control line 43 to
the fault optocoupler 42 to immediately disable the power circuit 16.

Alternatively, the secondary controller 38 may complete a sequence of tasks
attempting to initially reduce the power being supplied to the LED load 14 then, if it is
determined that the power being supplied is still beyond a predetermined power limit (as

sensed by the power monitor 32), it will then assert a shutdown of the power circuit 16.
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Graphs illustrating these operational fault conditions and how they may be handled in one
embodiment are schematically illustrated in Figures 2a to 2d.

With further reference to output current driver 20, the current source controller 48 is
further connected to the current source 44 and current sense 46 via control lines 56 and 58
respectively and also connected to port 50 for programming and calibrating various
parameters. As shown in Figure 1, the voltage sense 52 is connected in parallel with the LED
load 14, however, in other embodiments, the voltage sense 52 may be omitted.

In the current Figures and description, not all of the components or connections of the
LED power source required for operation are shown as they will be understood by one skilled
in the art. For example, the power circuit 16 may also include an EMI filter, inrush current
limit or a bridge rectifier. With respect to connections, it will be understood that more than
one sense line, control line or data line can be implemented between components even though
only one line current connects these components. For example, more than one sense line may
be connected between power monitor 32 and secondary controller 38 to provide current sense
information to the secondary controller 38. Also, there may be multiple data line connections
between the secondary controller 38 and current source controller 48.

In one embodiment of operation, the power circuit 16 is a two stage power converter
comprising a PFC Boost 24 and DC/DC converter 26 both of which are controlled by the
primary controller 22 to provide power to the output bus 28. The primary controller 22
transmits control signals to the PFC Boost 24 and DC/DC converter 26 and receives current
sense information from the secondary controller 38. The output bus 28 typically provides a
regulated voltage output with a feedback loop coupled to the primary controller 22.

Furthermore, the power from the output bus 28 is transferred to the output current
source 44 of the output current divider 20 via the power limit 18. The power monitor 30
senses current or power (via the current sense 36) delivered from the output bus 28 and
transmits this current information to the secondary controller 38.

In further aspects of operation, the current source 44 provides a constant current
output to the LED load 14 while the current sense 46 provides a feedback signal to current

source controller 48 to regulate the current supplied to the LED load 14. The output voltage
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across the LED load 14 is variable and dependent on the forward voltage drops of the LED
load 14.

The current source controller 48 regulates the output current provided to the LED load
14 and also provides apparatus for reducing the average current to the LED load 14 via a gate
pulse signal with a variable duty cycle through control line 56.

With reference to power limit 18, the secondary controller 38 may be programmed to
an initial predetermined power limit via port 40, such as, for example 97 watts. If necessary,
subsequent calibration of the power limit is completed to account for electrical circuit
tolerances or alternative predetermined power limit values. Calibration may include changing
the state of the controller to “calibration mode” such as via a jumper connected to port 40;
applying the appropriate load representing the predetermined power limit; and saving the
applicable parameters by adjusting the constants stored in the EEPROM memory of the
controller 38.

In another embodiment, the voltage sense 52 allows the current source controller 49 to
monitor the power transferred to the LED load as a redundant power limit capability. In this
instance, power is monitored by the current sense 46 and voltage sense 52 directly across the
LED load 14. The redundant power limit capability provides back up protection in the event
of a failure of the power limit 18.

In an alternative embodiment, the output current driver 20 may also perform a
redundant power limit function similar to the power limit 18 whereby it can be programmed
and calibrated to the predetermined power limit. In this embodiment, the secondary controller
38 is placed into calibration mode via port 40 in order to stop communication with the current
source controller 48 and permit current source controller 48 to accept calibration commands
through port 50.

The current sense 46 and voltage sense 52 communicate a measured value to the
current source controller 48 in order to calculate power (given by the formula, power =voltage
x current). If an operational fault condition such as an over power event occurs, the current
source controller 48 may reduce the average current (or power) to the LED load 14 by a

dimming pulse including a variable duty cycle through control line 56 to the current source 44
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or the controller 48 may assert a shutdown signal through control line 51 to shut down the
power circuit 16 or power source 10.

Alternatively, the current source controller 48, as part of a redundant power limit
function, may also complete a sequence of attempting to reduce the output power to the LED
load 14 first then, if it is determined that the output power level is still beyond predetermined
limits as sensed by the voltage sense 52 or current sense 46 or both, it will then assert a
shutdown of the power circuit 16.

The port 50 connected to current source controller 48 is also used for programming the
output current driver 20 to the desired output current (such as, but not limited to, 350mA or
700mA) for the LED load 14.

Turning to Figure 1b, another embodiment of apparatus for providing power to a SSL
device 1s shown. The embodiment of Figure 1b is similar to the embodiment of Figure la
with the inclusion of a voltage sense 34 located within the power monitor 32. The
embodiment of Figure 1b operates in a similar manner to the embodiment of Figure 1a, with
the addition of further information relating to the voltage level being provided to the
secondary controller.

The power limit 18 includes a power monitor 32 (having the voltage sense 34 and a
current sense 36), a secondary controller 38 (with a port 40) and a fault optocoupler 42. In the
preferred embodiment, the port 40 includes five pins for in circuit serial programming of the
controller 38 and at least one pin for calibration of the power limit 18. The secondary
controller 38 performs a power calculation based on the voltage on output bus 28 and
monitored current sense 36 and voltage sense 34 readings. Calibration may be required to
account for component tolerances in the various circuits of the LED power source 10 such as
in the power monitor 32 or variations in the output bus 28 voltage to establish accurate power
calculations

The current sense 36 and voltage sense 34 provide at least one analog voltage signal to
the secondary controller 38 through the sense line 39. The current sense 36 typically includes
a resistor connected in series with the output bus 28 and the output current source 44. The
voltage sense 34 may include a resistor divider network connected in parallel with the output

bus 28. Both the current sense 36 and the voltage sense 34 may include ancillary circuits to
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scale and filter the analog control signals before transmitting the signals to the appropriate
analog to digital ports in the secondary controller 38.

The voltage sense 34 is required if the output bus 28 is a loosely regulated or an
unregulated voltage output such that the secondary controller 38 can perform a power
calculation based on a voltage and current reading.

When the power from the output bus 28 is transferred to the output current source 44
of the output current divider 20 via the power limit 18, the power monitor 30 senses current
(via the current sense 36) delivered from the output bus 28 and may also sense voltage (via
the voltage sense 34) across the output bus 28 and transmits this current and/or voltage
information to the secondary controller 38.

Turning to Figures 2a to 2d, schematic graphs illustrating various examples of LED
power source operation when an operational fault condition occurs is shown. In the following
graphs, the Y-axis relates to the power level being supplied to or used by the LED power
source while the X-axis is a reflection on elapsed time. In the current figures, the power level
reflected on the Y-axis is the power transmitted from output bus 28 to the input of output
current source 44 by the current sense 36 and the voltage sense 34 (where appropriate).

Figure 2a is an exemplary graph of a power limit sequence where an internal fault
occurs within the LED power source or an external fault occurs with the LED load. In this
example, normal power is applied to the load (starting at time tO) until the operational fault
condition occurs which causes the power level being supplied by the power source to increase
resulting in the power level being supplied meeting or exceeding the predetermined power
limit (or maximum power threshold) at t1. Upon sensing the predetermined power limit being
met or exceeded, the power limit or a redundant power limit within output current driver will
attempt to reduce the power while continuing to monitor the power level for a period of time
(such as between t1 and t2). If the power limit is unable to reduce the power level being
supplied to an acceptable level (which is less than the predetermined power limit) between t1
and t2, the LED power source 10 is disabled at t3 via known methods.

Figure 2b is an exemplary graph of a cold start scenario where the power being
supplied to the LED load reaches or exceeds the predetermined power limit after start up at

time (t0). In response to this, the power limit or redundant power limit within output current
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driver steps down the power level being supplied to the LED load to a reduced power level
(such as 75% of the normal power operation) at t1. It is understood that this example of a
reduced power level is simply for explanation purposes and that any reduced power level is
acceptable as long as it is less than the predetermined power limit. The supplied power level
is continuously monitored for a period of time (t1 to t2) to confirm that the power level being
supplied remains at the reduced power level. Starting at t,, the power level being supplied is
gradually increased for a time period (t2 to t3) in small increments towards the normal power
level. In one example, the power can be increased at increments of 2.5% with a time interval
between increments of 10 seconds until the normal power level is reached or sensed, however,
any intervals relating to time or power may be selected.

Figure 2¢ is an exemplary graph of how another operation fault condition is handled.
In the current graph, the predetermined power limit is met or exceeded at t1. In response to
the power level being supplied meeting or exceeding the predetermined power limit, the
power level being supplied is stepped down to a reduced level (between t1 and t2) and
maintained at this level for a period of time (between t2 and t3). After time t3, the supplied
power level may be gradually increased until the power level being supplied is to the normal
operational power level. If the power level being supplied meets or exceeds the
predetermined power limit again (such as the operational fault condition resulting in a rapid
increase in power), such as at time t4, the LED power source is then disabled at t5.

Figure 2d is an exemplary graph of an operational fault condition involving a transient
condition on the AC mains input. In the current graph, the input to the LED source from the
AC mains input causes a transient voltage or current over shoot on the output bus resulting in
a power level being supplied exceeding a predetermined power limit attl. In response, the
supplied power is stepped down at t2 and maintained at this reduced level for a period of time
(between t2and t3) and the supplied power is then gradually increased to a normal power level
at t4 while continuously being monitored.

Turning to Figure 5, a flowchart outlining a method of monitoring and limiting power
provided to an SSL device when the power level being supplied meets or exceeds a
predetermined power limit or threshold is shown. In operation, power is received 100 by the

LED power source 10 from the AC mains input 12. After the power circuit 16 (acting as a
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two stage power converter) receives the power, the primary controller 22 transmits control
signals to the PFC boost 24 and the DC/DC converter 26 to produce an output voltage 102
which is transmitted via the output bus 28 to the power limit 18. The primary controller 22
also receives current sense information from the PFC boost 24 and DC/DC converter 26.
Voltage sense information may be supplied in embodiments where a voltage sense is included
in the apparatus.

After receiving the output voltage from the output bus 28, the power monitor 32
senses the characteristics of the output bus 104 such as the current delivered by the output bus
28 (via the current sense 36) and the voltage across the output voltage bus (if the voltage
sense 34 is present) and transmits this information (106) to the secondary controller 38. In
other words, the power being supplied to the LED load is monitored or sensed.

The secondary controller 38 compares the received current values, and possibly the
received voltage values or both to predetermined power limits 108 (whereby power = voltage
x current) stored within the secondary controller 38 or within a database associated with the
secondary controller. This comparison is preferably performed with only the received or
sensed current values. The secondary controller then determines if the received values meet
or exceed the predetermined value 110 and may assert one or more options to limit output
power to the LED load 112 if the predetermined value is met or exceeded and then controls
the limited output power to the output current driver 114. If the predetermined power limit is
not met or exceeded, the power level being supplied is directed to the LED load without
needing to be limited.

More specifically, with respect to the one or more options to limit power 112, in one
embodiment, when it is sensed that the power level being supplied meets or exceeds the
predetermined power limit, the power level being supplied is reduced and then monitored for
a period of time such that if the power limit is unable to reduce the power level to an
acceptable level within a predetermined period of time, the LED power source is disabled
(such as described in Figure 2a). In another embodiment of operation to limit power supplied
to the load, when it is determined that the power supplied has met or exceeded a
predetermined power limit, the power level being supplied is reduced to a percentage of the

normal operation power level being supplied and then gradually increased until the power
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level being supplied reaches the normal operation power level. In yet a further embodiment,
the power supplied is reduced to a percentage of the normal operation power level and then
gradually increased until the supplied power level reaches the normal operation power level.
However, if the normal operation power level is not reached whereby the power level being
supplied again meets or exceeds the predetermined power limit, the LED power source is
disabled.

As will be understood, the secondary controller 38 may limit the power from the
output bus in other scenarios, such as, but not limited to transmitting a signal through a data
line to the current source controller 48 to reduce the average output current either gradually or
stepwise to the LED load 14 and a subsequent or stepwise increase in average current after a
period of time. Alternatively, the secondary controller 38 may complete a sequence of tasks
attempting to reduce the output power to the LED load first and them if it is determined that
the power level being supplied still exceeds beyond a predetermined power limit, as sensed by
the power monitor 32, assert a shutdown of the power circuit 16.

Turning to Figure 3a, another embodiment of apparatus for providing power to a SSL
device, such as an LED power source 10 is shown. The LED power source 10 includes a
power circuit 16, an output current driver 20, a primary controller and a fault optocoupler. In
this embodiment, the power limit functionality is performed via a current sense 46 and
controller 48 integrated within the output current driver 20. The power circuit 16 includes a
power factor conversion (PFC) boost 24, a DC/DC converter 26 and an output bus 28. The
PFC boost 22 receives the power from the AC mains input 12 while the output bus 28 is
connected to the output current driver 20. The primary controller 22 is connected to the PFC
boost 24 and the DC/DC converter 26 to provide signals to these components. A galvanic
isolation barrier 30 is integrated within the DC/DC converter 26 to provide an electrical safety
barrier between the low voltage of the output bus 28 and the high voltage levels of the AC
mains input 12, the PFC boost 24 and the DC/DC converter 26.

The output current driver includes an output current source 44 which is associated
with, or connected to, a current sense 46. Both the output current source 44 and the current
sense 46 are connected to a current source controller 48 (having a port 50) that is also

connected to the secondary controller 38 via a data line.
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Turning to Figure 3b, another embodiment of apparatus for providing power to a SSL
device, such as an LED power source 10 is shown. The LED power source 10 includes a
power circuit 16, an output current driver 20, a primary controller and a fault optocoupler. In
this embodiment, the power limit functionality is performed by a current sense 46, voltage
sense 52, and controller 48 is integrated within the output current driver 20. The power
circuit 16 includes a power factor conversion (PFC) boost 24, a DC/DC converter 26 and an
output bus 28. The PFC boost 24 receives the power from the AC mains input 12 while the
output bus 28 is connected to the output current driver 20. The primary controller 22 is
connected to the PFC boost 24 and the DC/DC converter 26 to provide signals to these
components. A galvanic isolation barrier 30 is located between the DC/DC converter 26 and
the output bus 28 to provide an electrical safety barrier between the low voltage of the output
bus 28 and the high voltage levels of the AC mains input 12, the PFC boost 24 and the
DC/DC converter 26.

The output current driver includes an output current source 44 which is associated
with, or connected to, a current sense 46. Both the output current source 44 and the current
sense 46 are connected to a current source controller 48 (having a port 50) that is also
connected to the secondary controller 38 via a data line. The output current driver 20 further
includes a voltage sense 52 that is connected to the current sense 46, the current source
controller 48 and the LED load 14.

Turning to Figure 4a, yet another embodiment of apparatus for providing power to a
SSL device, such as an LED power source 10 is shown. The power source 10 includes a
power circuit 16 which is connected to a power limit 18 which, in turn, is connected to an
output current driver 20.

The power circuit 16 includes a power factor conversion (PFC) boost 24, a DC/DC
converter 26 and an output bus 28. The PFC boost 22 receives the power from the AC mains
input 12 while the output bus 28 is connected to the power limit 18. The primary controller
22 is connected to the PFC boost 24 and the DC/DC converter 26 to provide signals to these
components. A galvanic isolation barrier 30 is located within the DC/DC converter 26 to
provide an electrical safety barrier between the low voltage of the output bus 28 and the high

voltage levels of the AC mains input 12, the PFC boost 24 and the DC/DC converter 26.
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The power limit 18 includes a power monitor 32 (including a current sense 36),
connected to a secondary controller 38 with a port 40 and a fault optocoupler 42. The
secondary controller 38 is connected to a fault optocoupler 42 via a control line while the fault
optocoupler 42 is also connected to the primary controller 22.

The output current driver includes an output current source 44 which is associated
with, or connected to, a current sense 46. Both the output current source 44 and the current
sense 46 are connected with a current source controller 48 (having a port 50) that is also
connected to the secondary controller 38 via a data line.

Turning to Figure 4b, yet another embodiment of apparatus for providing power to a
SSL device, such as an LED power source 10 is shown. The power source 10 includes a
power circuit 16 which is connected to a power limit 18 which, in turn, is connected to an
output current driver 20.

The power circuit 16 includes a power factor conversion (PFC) boost 24, a DC/DC
converter 26 and an output bus 28. The PFC boost 22 receives the power from the AC mains
input 12 while the output bus 28 is connected to the power limit 18. The primary controller
22 is connected to the PFC boost 24 and the DC/DC converter 26 to provide signals to these
components. A galvanic isolation barrier 30 is located within the DC/DC converter 26 to
provide an electrical safety barrier between the low voltage of the output bus 28 and the high
voltage levels of the AC mains input 12, the PFC boost 24 and the DC/DC converter 26.

The power limit 18 includes a power monitor 32 (comprising a voltage sense 34 and a
current sense 36), connected to a secondary controller 38 with a port 40 and a fault
optocoupler 42. The secondary controller 38 is connected to a fault optocoupler 42 via a
control line while the fault optocoupler 42 is also connected to the primary controller 22.

The output current driver includes an output current source 44 which is associated
with, or connected to, a current sense 46. Both the output current source 44 and the current
sense 46 are connected with a current source controller 48 (having a port 50) that is also
connected to the secondary controller 38 via a data line. The output current driver may
include a voltage sense (not shown) that is connected to the current sense 46, the current

source controller 48 and the LED load 14.
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In an alternative embodiment, the power circuit 16 may further include at least one of
an electromagnetic interference (EMI) filter, an inrush current limit and/or a bridge rectifier.
In a further embodiment, the power circuit 16 may include alternative DC/DC
converter topologies. Such power conversion topologies may include, but are not limited to, a
half bridge resonant converter, a flyback, or forward converter topologies. The primary

controller 22 may also be two separate controllers to provide individual gate drive and
feedback control signals to the PFC boost 24 and DC/DC converter 26.

With reference to power limit 18, further embodiments may include an op amp or
comparator as opposed to an analog to digital port. Other embodiments may also include
alternate filtering methods such as, but not limited to, a moving average filter to filter the
power monitor readings.

With reference to transmitting a change in light intensity command through data line
49, alternate embodiments may include a UART, an 1°C bus, SPI (Serial Peripheral Interface
Bus) or a parallel communication apparatus. Other changes in light intensity or dimming
methods may include a pulse width modulation method or a constant current reduction
method (CCR) or a combination of various other methods. The CCR method is a continuous
current flow through a LED that is reduced in order to reduce the brightness of the LED. In
another embodiment, the dimming method may be implemented by various methods such as
those disclosed in US Patent 8,299,987 or in US Patent Publication No. 2013/0049634 which
are herein incorporated by reference.

In a further embodiment, the output current source 44 may further include other
topologies such as boost, buck-boost, or SEPIC (single ended primary inductor converter).
Alternate embodiments may also include an analog controller as opposed to a digital
controller where no firmware is required for implementation. Other control methods to
regulate output current to the LED load 14 may include pulse width modulation.

As an alternate embodiment, the output current source 20 may be a linear regulator
with a constant current output as opposed to a switch mode topology. With respect to the
secondary controller 38 and the current source controller 48, the power limit function and

regulation of output current may be implemented by means of a single controller.
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The above-described embodiments are intended to be examples only. Alterations,
modifications and variations can be effected to the particular embodiments by those of skill in
the art without departing from the scope, which is defined solely by the claims appended

hereto.
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What is claimed is:

1. Apparatus for controlling power to a solid state lighting (SSL) device load comprising:

a power circuit for receiving power from an external source;

at least one power limit connected to the power circuit;

at least one output current driver for supplying a load power to the SSL device load,
the at least one output current driver connected to the at least one power limit; and

a power limit controller;

wherein the power circuit transmits the power to the at least one power limit which, in
turn, transmits a current to the at least one output current driver;

wherein the power limit controller directly or indirectly monitors a level of the load
power and controls the at least one power limit to reduce the level of the load power for a

predetermined period of time when the load power exceeds a predetermined power limit.

2. The apparatus of Claim 1 wherein the at least one power limit is integrated within one

of the at least one output current drivers.

3. The apparatus of Claim 1 wherein the at least one power limit comprises:
the power limit controller;
a power monitor; and
a fault optocoupler,
wherein if the load power exceeds the predetermined power limit, the power limit

controller transmits a signal to the fault optocoupler to control the load power.

4. The apparatus of Claim 3 further comprising:
a power circuit controller;
wherein the fault optocoupler transmits a signal to the power circuit controller to

control the power being supplied to the power limit.

5. The apparatus of Claim 1 wherein the at least one output current driver comprises:
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an output current source;
a current sense; and

a current source controller.

6. The apparatus of Claim 5 wherein if the load power exceeds the predetermined power
limit, the power limit controller transmits a signal to the current source controller to control

the load power to the load.

7. The apparatus of Claim 1 wherein the power limit controller comprises a digital filter.
8. The apparatus of Claim 7 wherein the power limit controller comprises at least one
port.

9. The apparatus of Claim 8 wherein the at least one port receives instructions to

calibrate the at least one power limit to the predetermined power limit.

10. The apparatus of Claim 2 wherein the power monitor comprises a current sense.

11. The apparatus of Claim 6 wherein the at least one output current driver reduces the

load power by a pulsing apparatus.

12. A method of controlling power to a solid state lighting (SSL) device load comprising:
receiving an input power;
delivering load power to the SSL device load;
monitoring current level in load power;
limiting load power to the SSL device for a predetermined period of time after a

predetermined operational fault condition is met.
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13. The method of Claim 12 wherein the predetermined operational fault condition is one
of a single component failure, an external light emitting diode (LED) fault and an overload

condition.

14. The method of Claim 12 wherein monitoring current level in load power comprises:
sensing current delivered by an output bus to a power limit or sensing current

delivered to a load by an output current driver.

15. The method of Claim 12 further comprising:

gradually increasing load power to a normal operational power level.

16. The method of Claim 15 wherein the load power is gradually increased at

predetermined time intervals.

17. The method of Claim 15 wherein the load power is gradually increased in

predetermined power increments.

18. The method of Claim 12 wherein if a maximum power threshold is met, load power

delivered to the load is disabled.

19. The apparatus of Claim 2 wherein the at least one power limit comprises:
the power limit controller;
a power monitor; and
a fault optocoupler,
wherein if the load power exceeds the predetermined power limit, the power limit

controller transmits a signal to the fault optocoupler to control the load power.

20. The apparatus of Claim 6 wherein the at least one output current driver reduces load

power by a constant current apparatus.
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21. The apparatus of Claim 1 wherein the SSL device load is one of an organic light
emitting diode (OLED) load, a light emitting diode (LED) load or a LED array load.
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