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

| APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

13/466,509 05/08/2012 David TIKKANEN MAT-3 177143

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 10/28/2022 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X 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.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Bruce Young/
Name: Bruce Young
Registration Number: 45656

ADVANCED LIGHTING CONCEPTS LLC - EX 1004



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 |
13/466,509 05/08/2012 David TIKKANEN 6008.015
CONFIRMATION NO. 8469
30589 POWER OF ATTORNEY NOTICE
DUNLAP CODDING, P.C.

PO BOX 16370

IR A A0 DR
OKLAHOMA CITY, OK 73113 0000001 3668827

Date Mailed: 10/27/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/21/2022.
* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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.

/tmwilliams/

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 |
13/466,509 05/08/2012 David TIKKANEN 6008.015
CONFIRMATION NO. 8469
59342 POA ACCEPTANCE LETTER
BRUCE YOUNG

12205 NW 85th Ave

IR A AL R
Grimes, IA 50111 000000136688296

Date Mailed: 10/27/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/21/2022.

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.

/tmwilliams/

page 1 of 1



PATENT APPLICATION
Docket No. MAT-3

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: David Tikkanen

Patent No. 8,957,601

Serial No. 13/466,509

Confirmation No 8469

Filed: 2012-05-08

For: Configurable Led Driver/Dimmer For Solid State Lighting
Applications

Date: 10/21/2022

To: Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Notification of Entitlement to Small Entity Status

The above identified patent is now entitled to small entity status.

Respectfully submitted,

/Bruce A Young/

Bruce A Young, Reg. # 45656
12205 NW 85" Ave

Grimes, 1A 50111
bruce@youngspatentservices.com
(712) 541-9822

CLAIM OF SMALL ENTITY STATUS Page 1 of 1 Doc. No. MAT-3
Patent No.8,957,601 Serial No. 13/466,509



Electronic Acknowledgement Receipt

EFS ID: 46866975
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

30589

Filer:

Bruce A. Young

Filer Authorized By:

Attorney Docket Number: 6008.015
Receipt Date: 21-0CT-2022
Filing Date: 08-MAY-2012

Time Stamp: 12:31:56

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Ml.l":l. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
250531
1 Power of Attorney MAT-3_POA.pdf no 4
996d9c7e9493856587b84b70a973f5bd521,
2chOe

Warnings:




Information:

92117
. . MAT-3_ClaimtoSmallEntityTem
2 Miscellaneous Incoming Letter - no 1
plate_20221 021 pdf 0ac2e54c439d0241a83328b4c6cd78cc7chd

bc814

Warnings:

Information:

Total Files Size (in bytes): 342648

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.




PTO/AIA/80 (07-17)

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

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

Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless 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 attached
statement under 37 CFR 3.73(c).

| hereby appoint:

Practitioners associated with Customer Number: m
OR

I:I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Registration
& Name &

Name Number Number

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assighment 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:

The address associated with Customer Number: 59342
OR

Firm or individual name

Address

City State Zip

Country

Telephone Email

Assignee name and address:

Mate. LLOC2 1@ WilMitsine Blvits 8u4teOKlHoraktath obnkeakeitys 73116
Oklahoma 73116

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
filed in each 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 individupl whose signature and title is supplied below is authorized to act on behalf of the assignee.

signature  Jl; | g Date 10,17.22
NameMmte_(LL Telephone 720-600-4430
Tile President

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 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, 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 option 2.




PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Mate. LLC

Application No./Patent No.: 8,997,601 Filed/Issue Date: 2015-02-17

Tiled: CoONfigurable Led Driver/Dimmer For Solid State Lighting Applications

Mate. LLC _a Limited Liability Company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. |Z] The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other 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 interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other 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 interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: TIKKANEN, DAVID;BOOTH, CHRISTOPHER DOUGLAS |,. LUMASTREAM CANADA ULC

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

Reel 028705 , Frame 0467 , or for which a copy thereof is attached.

5 From: LUMASTREAM CANADA ULC To: LUMASTREAM, INC.

The document was recorded in the United States Patent and Trademark Office at
Reel 054134 , Frame 0089 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 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, 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 option 2.



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. 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 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 054134 , Frame 0330 , or for which a copy thereof is attached.
4. From: E CRAFTSMEN CORPORATION To: MATE.LLC

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

Reel 054709 , Frame 0940 , or for which a copy thereof is attached.
5. 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.
6. 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.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(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 title is supplied below) is authorized to act on behalf of the assignee.

/Bruce A. Young/ 2022-10-07

Signature Date

Bruce A Young 45656

Printed or Typed Name Title or Registration Number

[Page 2 of 2]




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.

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.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.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 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.



Doc Code: PET.POAWDRW
Document Description: Petition to withdraw attorney or agent {3883}
PTO/AIAIBS (0413}

-1
m)pro\foo fo: use through 03/31/2021. OMB 0651-0035
L5, Patent and fice, LJ.S. [‘rF‘APV\/!ENT OF LUI\/H\"ER

o
{e

Reduction Act of 1995 no bersons are reguired To respond to a ¢
Application Number 12/466,509, Patent No. 8,857,801
REQUEST FOR WITHDRAWAL | ringpete May 8, 2012
AS ATTORNEY OR AGENT AND First Named inventor David Tikkanen
CHANGE OF Art Unit 2844
CORRESPONDENCE ADDRESS Examiner Name Vibol Tan

Practitioner Docket
\ ebor 6008.015 y,
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

=y

all the practitioners of record;

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

car
, OF

the practitioners of record associated with Customer Number: 30589

[ I

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:

[ 111.118{a)1) l11118a)2) B 11116()03)
B 1111601 [ 1111632 [ 111.136(b)3)
11.116{6}{4) [ 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 cellection of information is required by 37 CFR 1.34. The information is required to obtain or retain a bensafit by the public which is to file {and by the USPTO to
process) an application. 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 completed application farm to the USPTO. Time will vary depending upen the individual case. Any commants en t
amount of & you reguire to complete this form and/er suggestions for reducing this burden, sheuld be sent to the Chief information Officer, U.S. Patent and
Trademark ’)"":(c 3.5, Department of Commerce, P.O. Box 1458, 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.



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

oy Oklahoma City | s=« QK »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: 42582136
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

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: 6008.015
Receipt Date: 28-APR-2021
Filing Date: 08-MAY-2012
Time Stamp: 16:51:29

Application Type:

Utility under 35 USC 111{(a)

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.)
165419
1 Transmittal Letter 6008015_SB21Transmittal_042 o 1
82021.pdf
13972d38f67d0c203b8070ech30c5424c4b|
396c4

Warnings:




Information:

177052
5 Petition to withdraw attorney or agent | 6008015_AIA83Withdrawal_04 o 3
(SB83) 282021.pdf 1000190200105 3426935 1435522327505
18234
Warnings:
Information:
Total Files Size (in bytes): 342471

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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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.



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 |
13/466,509 05/08/2012 David TIKKANEN 18154
CONFIRMATION NO. 8469
30589 POA ACCEPTANCE LETTER
DUNLAP CODDING, P.C.

PO BOX 16370

ORI A DA
OKLAHOMA CITY, OK 73113 000000122531757

Date Mailed: 01/11/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/04/2021.

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.

/hteffera/

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 oV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |

13/466,509 05/08/2012 David TIKKANEN 18154

CONFIRMATION NO. 8469

293 POWER OF ATTORNEY NOTICE
DOWELL & DOWELL, P.C.
2560 HUNTINGTON AVE, SUITE 406 ORI A AR
ALEXANDRIA, VA 22303 000000122531740

Date Mailed: 01/11/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/04/2021.

* 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.

/hteffera/

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.: &9857,601 Filed/lssue Date; F€bruary 17, 2015
Titleg: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
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 Christopher Booth To: Lumastream Canada ULC

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

Reel 028703 , Frame 0467 . ©f forwhich a copy therecf 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.

Ann M. Robl January 4, 2021
Signature Date

Ann M. Robl 71,541

Printed or Typed Name Title or Registration Number

[Page 2 of 2]




Electronic Acknowledgement Receipt

EFS ID: 41543900
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

293

Filer: Ann M. Robl/Anne Burns
Filer Authorized By: Ann M. Robl
Attorney Docket Number: 18154
Receipt Date: 04-JAN-2021
Filing Date: 08-MAY-2012
Time Stamp: 14:30:41

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
170670
6008015_sb21_Transmittal_01
; —sb21_ — 1
1 Transmittal Letter 042021 pdf no
4851e70a807f5a93fbf0f04fch6897ad49789)
6ab

Warnings:




Information:

109225
2 Power of Attorney 6008015_AIA180_deOA_O104202 no 1
p 0f4e780ee51223a10b5d9e0665cd0a62fcf0|
1430
Warnings:
Information:
80806
3 Assignee showing of ownership per37 | 6008015_AIA96_Statement_01 o 2
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23c7
Warnings:
Information:
Total Files Size (in bytes): 360701

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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SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

DUNLAP CODDING, P.C

Signature

Ann M. Rebl

Printed hame

Ann M. Robi

Date

January 4, 2021

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 {January 4, 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

122 and 37 CFR 1.11 3ndi

14, This collection is estimaled t0 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.



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.
13/466,509 02/17/2015 8957601 18154 8469
293 7590 01/27/2015
DOWELL & DOWELL P.C.
103 Oronoco St.
Suite 220

Alexandria, VA 22314

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 129 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):

David TIKKANEN, Waterloo, CANADA;
Christopher Douglas Booth, Saint Petersburg, FL;

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)
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T . - . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 13466509
Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | David TIKKANEN
STATEMENT BY APPLICANT = —
( Not for submission under 37 CFR 1.99) 2844
Examiner Name V. Tan
Attorney Docket Number PAT 67545AW-2
U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
NT, |1 5420780 1995-05-30 | Bemstein 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| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Cocde’| Date of cited Document )
Figures Appear
Mlyagawa
NTS 11 20020047642 2002-04-25  |-ROHW-EO=iFD- Figs. 6, 7
Cwange(s) aPPIiecl ¢
tol rln(umen .
/LR
Dl o 42 20080018261 2008-01-24 | Kastner Fig. 20; Para. 102
NTS |3 20090179594 2009-07-16 | Yang
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 | Fareign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
NTJ 1 2009039112 WO 2009-03-26 EXCLARA, INC. Figs. 1, 10 |:|

EFS Web 2.1.17
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Application No. Applicant(s)
Supplemental 13/466,509 TIKKANEN ET AL.
Notice of Allowabilit Examiner Art Unit PIA (First Inventor to
y Vibol Tan 2844 File) Status
No

-- 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 ALLOWARBILITY 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. X This communication is responsive to amendment filed 9/24/14.
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 2-5,8-18.20-22,24 and 25. 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 hiig://www.uspio.gov/natents/init_evenis/oph/index.sg or send an inquiry to PPH{eedback@uspio.gov. .

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

a)[dJ Al b)[JSome *c)[] 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. [ 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O 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. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

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

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

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

/Vibol Tan/
Primary Examiner, Art Unit 2844

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20141124
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Filing Date 2012-05-08
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( Not for submission under 37 CFR 1.99)
Examiner Name V.Tan
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U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
NT/ 1 8197079 2012-06-12 RUUD 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
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FOREIGN PATENT DOCUMENTS Remove
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NON-PATENT LITERATURE DOCUMENTS Remove
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Examiner| Cite . . . '

o (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No : . )

publisher, city and/or country where published.

EFS Web 2.1.17



Receipt date: 08/31/2012 Application Number 13466509
Filing Date 2012-05-08
First Named Inventor | TIKKANEN, David

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

. Art Unit PGP
( Not for submission under 37 CFR 1.99) 2844
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Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)
Supplemental 13/466,509 TIKKANEN ET AL.
Notice of Allowabilit Examiner Art Unit PIA (First Inventor to
y Vibol Tan 2844 File) Status
No

-- 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 ALLOWARBILITY 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. X This communication is responsive to amendment filed 9/24/14.
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 2-5,8-22.24 and 25. 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 hifp://www usplc.govipatents/inil_events/gph/index.jsg or send an inquiry to PPHisedback@ysplo.aoy .

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

a)[dJ Al b)[JSome *c)[] 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. [ 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O 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. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. { Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 8/31/12; 10/02/12

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

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

/Vibol Tan/
Primary Examiner, Art Unit 2844

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20141114
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v Rejected - Cancelled Non-Elected Appeal
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1
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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

| EXAMINER |
293 7590 10/06/2014
DOWELL & DOWELL P.C. TAN, VIBOL
103 Oronoco St.
Suite 220 | ART UNIT PAPERNUMBER |
Alexandria, VA 22314 2844
DATE MAILED: 10/06/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
13/466,509 05/08/2012 David TIKKANEN 18154 8469

TITLE OF INVENTION: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

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 01/06/2015

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)

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

293 7590 100612014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
DOWELL & DOWELL P.C. States Postal Service with sufficient postage for first class mail in an envelope
103 0 St addressed to the Mail Stop ISSUE FEE address above, or being facsimile

- TONOCO Hi. transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 220 —
Alexandria, VA 22314 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/466,509 05/08/2012 David TIKKANEN 18154 8469
TITLE OF INVENTION: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
| 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 01/06/2015
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TAN, VIBOL 2844 315-294000

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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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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/466,509 05/08/2012 David TIKKANEN 18154 8469
| EXAMINER |
293 7590 10/06/2014
DOWELL & DOWELL P.C. TAN, VIBOL
103 Oronoco St.
Suite 220 | ART UNIT PAPERNUMBER |
Alexandria, VA 22314 2844

DATE MAILED: 10/06/2014

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.

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



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)
13/466,509 TIKKANEN ET AL.
: I H i i AlA (First Inventor to
Notice of Allowability Slﬁ)’mﬁr QQZEM File) Status
No

-- 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 ALLOWARBILITY 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. X This communication is responsive to amendment filed 9/24/14.
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 2-5,8-18.20-22,24 and 25. 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 htip/iwww. usplo.gov/patents/init_evants/oph/index.jsp or send an inquiry to PEHfeedback@usgio.gov ..

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

a)[dJ Al b)[JSome *c)[] 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. [ 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O 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. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. { Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 9/24/14

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

of Biological Material
4. X 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 20140930




Application/Control Number: 13/466,509 Page 2
Art Unit: 2844

1. The present application is being examined under the pre-AlA first to invent
provisions.
EXAMINER’S AMENDMENT

2. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’s amendment was given in a telephone interview
with Ralph A Dowell on 9/30/14.

The application has been amended as follows: Please cancel claim 19.
3. 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 a break-
out module electrically connected to an output of the LED driver and the set of light
fixture loads, the break-out module including power connectors; wherein the break-out
module receives power from the LED driver via a set of input channels and delivers
power to the set of light fixture loads via a set of output channels, as required by
amended claims 2 and 21.
4. Claims 2-5, 8-18, 20-22, 24 and 25 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.”



Application/Control Number: 13/466,509 Page 3
Art Unit: 2844

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



Application No. Applicant(s)

) .. ) 13/466,509 TIKKANEN ET AL.
Examiner-Initiated Interview Summary i i
Examiner Art Unit
Vibol Tan 2844

All participants (applicant, applicant’s representative, PTO personnel):

(1) Vibol Tan. (<) —
(2) Ralph A Dowell. (4) .

Date of Interview: 30 September 2014.

Type: [X Telephonic [ Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 X102 []103 [JOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 19.

[dentification of prior art discussed: US 2011/0309746.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representative authorized cancellation of claim 19 by Examiner's Amendment, in order o place the
application in condition for allowance.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[ Attachment

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20140930



Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 13/466,509 TIKKANEN ET AL.
Notice of References Cited . .
Examiner Art Unit
Vibol Tan 2844 Page 1 of 1
U.S. PATENT DOCUMENTS
* cOumr[y)ﬁéﬁiTm'ﬂimfé Code Mmtiitsyy Name Classification
* A | US-2011/0309746 12-2011 Eckel et al. 315/77
* B | US-7,961,113 06-2011 Rabiner et al. 340/4.21
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
I uUs-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Countsaﬂz%:tm’\ézrggg Code MMIZ??(t\((aYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20140930




Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 13466509 TIKKANEN ET AL.
(TTRITTEY
VIBOL TAN 2844
v Rejected - Cancelled Non-Elected Appeal
= Allowed = Restricted Interference Objected
[0 cClaims renumbered in the same order as presented by applicant O cpa T.D. O R.1.47
CLAIM DATE
Final Original |09/30/2014
1
1 2 =
2 3 =
3 4 =
4 5 =
6
7
5 8 =
6 9 =
7 10 =
8 11 =
9 12 =
10 13 =
11 14 =
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13 16 =
14 17 =
15 18 =
19
16 20 =
17 21 =
18 22 =
23
19 24 =
20 25 =

U.S. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

BIB DATA SHEET

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

CONFIRMATION NO. 8469

SERIAL NUMBER FILINgAgI)_rE 371(c) CLASS GROUP ART UNIT ATTORN'\IJEE)( DOCKET
13/466,509 05/08/2012 315 2844 18154
RULE
APPLICANTS
INVENTORS
David TIKKANEN, Waterloo, CANADA,;
Christopher Douglas Booth, Saint Petersburg, FL;
*k CONTINUING DATA kkkkkkkhhkhkhkhhkhhhkhkhkhkkkkk
This application is a CIP of 13/059,336 03/22/2011 PAT 8525446 *
which is a 371 of PCT/CA2009/001295 09/17/2009
which claims benefit of 61/097,963 09/18/2008
(*)Data provided by applicant is not consistent with PTO records.
*k FOREIGN APPLICATIONS kkkkkhhkkkkhhkhkhkhhkhkkkhkkk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
05/21/2012
Foreign Priority claimed O ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met D Yes QNO D M?Sv?gr?ée COUNTRY DRAWINGS CLAIMS CLAIMS
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 13/466,509

Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE
LIGHTING APPLIATIONS

Applicant : TIKKANEN, David; BOOTH, Christopher, Douglas

Filed : September 17, 2009

Art Unit : 2844

Examiner : TAN, Vibol

Docket No. : 18154

Customer No. : 293

MAIL STOP AMENDMENT

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria VA 22313-1450

USA

RESPONSE AND AMENDMENT

In response to the Office Action of June 27, 2014, 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 6 of this paper.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

Amendments to the Claims:

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

Listing of Claims:

1. (Cancelled)

2. (Currently Amended) Apparatus for configuring and powering a set of light fixture loads in a
light emitting diode (LED) low voltage distribution system comprising:

an LED driver including a power circuit having at least one power limit and a set of
output current drivers connected to the at least one power limit in the power circuit; and

a break-out module electrically connected to an output of the LED driver and the set of

light fixture loads, the break-out module including power connectors;

wherein the break-out module receives power from the LED driver via a set of input
channels and delivers power to the set of light fixture loads via a set of output channels; and
splits the set of input channels into individual output channels;

wherein the LED driver is located remotely from the set of light fixture loads.

3. (Previously presented) The apparatus of Claim 2 wherein the set of output current drivers are

connected to the break-out module via cabling.

4. (Previously Presented) The apparatus of Claim 3 further comprising:
a set of series connect modules, each of the set of series connect modules associated with one of

the set of light fixture loads and connected to an output of the break-out module.

5. (Previously presented) The apparatus of Claim 3 wherein the power cabling includes the set

of input channels.

Claims 6 and 7 (Cancelled)

8. (Previously presented) The apparatus of Claim 2 wherein the break-out module connects to

multiple light fixture loads via cabling.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

9. (Previously Presented) The apparatus of Claim 21 wherein the break-out module connects to

multiple light fixture loads via cabling.

10. (Currently Amended) The apparatus of Claim 2 wherein the break-out module comprises:

at least one printed circuit board (PCB)-hkavingpewerconneetors.

11. (Previously presented) The apparatus of Claim 22 wherein the at least one PCB assists in

regrouping the set of input channels into a different grouping of output channels.

12. (Previously presented) The apparatus of Claim 10 wherein the at least one PCB assists in

splitting the set of input channels into individual output channels.

13. (Currently Amended) The apparatus of Claim [[10]]2 wherein the power connectors include

apparatus to enable quick connection and release of with the cabling.

14. (Previously presented) The apparatus of Claim 4 wherein at least one of the set of series
connect modules comprises:
at least one printed circuit board (PCB) assembly for connecting to an output from the

break-out module.

15. (Previously Presented) The apparatus of Claim 4 wherein the break-out module and the set of

series connect modules are integrated together.

16. (Previously presented) The apparatus of Claim 2 wherein the LED driver and the break-out

module are integrated together.

17. (Previously presented) The apparatus of Claim 2 wherein the LED driver further comprises a

communication interface for receiving data from an external transmitter.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

18. (Previously Presented) The apparatus of Claim 2 wherein the at least one current driver

comprises a buck topology power stage with hysteretic control.

19. (Currently Amended) A method of configuring and powering a set of light fixture loads in a
LED low voltage distribution system comprising:
converting hmiting power for powering the set of light fixture loads;

econverting limitinged converted power to multiple constant current outputs to limit

amount of power supplied to the set of light fixture loads; and

splitting or regrouping the constant current outputs prior to delivery of the multiple

constant outputs to the set of light fixture loads.

20. (Previously presented) The apparatus of Claim 2 further comprising a DC/DC converter.

21. (Currently Amended) Apparatus for configuring and powering a set of light fixture loads in a
light emitting diode (LED) low voltage distribution system comprising:

an LED driver including a power circuit having at least one power limit and a set of
output current drivers connected to the at least one power limit in the power circuit; and

a break-out module electrically connected to an output of the LED driver and the set of

light fixture loads, the break-out module including power connectors;

wherein the break-out module receives power from the LED driver via a set of input
channels and delivers power to the set of light fixture loads via a set of output channels;

wherein the break-out module ekarges regroups the number of output channels from the
number of input channels

wherein the LED driver is located remote from the set of light fixture loads.

22. (Currently Amended) The apparatus of Claim 21 wherein the break-out module comprises:

at least one printed circuit board (PCB)-havingpewereconnectors.

23. (Cancelled)

24. (New) The apparatus of Claim 3 wherein the cabling comprises at least four conductors.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

25. (New) The apparatus of Claim 3 wherein the cabling comprises at least two twisted pairs of

conductors.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

Remarks/Arguments

Your Ref.: 78766-80 Our Docket: 16918

In response to the Interview Summary of September 9, 2014, Applicant respectfully agrees with
the Examiner’s assessment that 1) no exhibit was shown and no demonstration conducted; 2)
Claims 2, 19 and 21 were discussed; 3) US Patent Publication No. 2011/0018464 to Lo was
discussed; 4) the proposed amendments were directed at clarifying the terms “break-out module”
and “limiting power”; 5) it was submitted that Lo does not disclose the subject matter of a break-
out module which Examiner indicated he had not appreciated during the previous search and
response and that Lo did not disclose the subject matter of limiting power; 6) no other matters

were discussed; and 7) the results are as described by the Examiner in the Interview Summary.

Claims 2 to 5, 8 to 22 and 24 to 25 remain in the present application. Claims 24 and 25 are new,
Claims 2, 10, 13, 19 and 21 have been amended and Claim 23 cancelled. Claim 23 has been
cancelled in order to accelerate prosecution of the current application. Claims 1, 6 and 7 were

previously cancelled.

Claims 2, 3, 8, 9, 16, 19 to 21 and 23 are rejected under pre-AIA 35 U.S.C. 102(b) as being
anticipated by US Patent Publication No. 2011/0018464 to Lo et al. (*Lo”). Applicant
respectfully disagrees, however, Applicant has amended independent Claim 2 to include the
subject matter of the break-out module including power connectors to more clearly differentiate

the claimed subject matter from Lo.

Lo is directed at a DC low voltage distribution box for indoor multi LEDs lamp which includes a
power converting module (2) which is connected to a set of output ports (3) having different
output voltages. In other words, each output port delivers a different output voltage which is
supplied by the power converting module. The distribution box further includes a set of
selection switches (4) for supplying the voltages from the output ports (3) to current regulators

(5) connected to load connectors (6).

Independent Claim 2 includes the subject matter of a break-out module that “splits the set of
input channels into individual output channels”. It is respectfully submitted that there is no such
disclosure or suggestion of this subject matter in Lo. The Examiner has pointed to the set of

selection switches (4) as being equivalent to the claimed subject matter. Applicant respectfully
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

disagrees.

A switch simply performs the functionality of connecting a set of outputs to a set of inputs such
as the set of output ports (3) to the current regulators (5) in a one-to-one fashion. The
functionality of switches is well known. Switches do not provide the functionality of “split(ting)
the set of inputs channels into individual output channels™ as claimed. Support for the subject
matter of the functionality of the break-out module can be found in at least paragraphs 100 (first
occurrence), 101 (first occurrence) and 103 of the specification as filed. For at least these
reasons, it is respectfully submitted that the subject matter of “wherein the break-out module
regroups the number of output channels from the number of input channels”, as claimed in Claim

21, is also patentable over Lo.

As such, it is respectfully submitted that those claims which are directly or indirectly dependent

on Claims 2 and 21 are also patentable for at least these reasons.

With respect to independent Claim 19, Claim 19 has been amended to more clearly identify the

claimed subject matter. Claim 19 is now directed at:

A method of configuring and powering a set of light fixture loads in a LED low voltage
distribution system comprising:

converting power for powering the set of light fixture loads;

limiting converted power to multiple constant current outputs to limit amount of power
supplied to the set of light fixture loads; and

splitting or regrouping the constant current outputs prior to delivery of the multiple

constant outputs to the set of light fixture loads.

It is respectfully submitted that amended Claim 19 is now patentable over Lo. Lo discloses the
subject matter of converting a power input (via power converting module 2) but there is no
discussion of any further processing of this signal. The converted power is transmitted to the
outputs (3) and then transmitted through the switches which do not perform any power limiting
function. Pre-determined voltages are being provided by the outputs and there is no further

power limiting of the these pre-determined voltage outputs as now claimed. Furthermore, Claim

Page 7 of 9



US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

19 has further been amended to more clearly define the power limiting functionality in order to
differentiate Claim 19 from the teachings of Lo. Claim 23 has been cancelled. Retraction of

Examiner’s rejection of Claims 2, 3, 8, 9, 16, 19 to 21 and 23.

Claim 5 has been rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Lo.
Applicant respectfully submits that the Examiner’s rejection is now moot in view of the
arguments outlined above. Retraction of Examiner’s rejection of Claim 5 is respectfully

requested.

Claim 17 has been rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Lo in
view of US Patent Publication No. 2010/0066267 to Meyer (“Meyer”). Applicant respectfully
submits that Meyer is silent with respect to the subject matter lacking in Lo to obviate Claim 2
from which Claim 17 is directly dependent. Retraction of Examiner’s rejection of Claim 17 is

respectfully requested.

Claim 18 has been rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Lo in
view of US Patent Publication No. 2010/0018261 to Kastner (“Kastner”). Applicant respectfully
submits that Kastner is silent with respect to the subject matter lacking in Lo to obviate Claim 2
from which Claim 18 is directly dependent. Retraction of Examiner’s rejection of Claim 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, necessitated by the filing of this response to

Deposit Account No. 041577, in the name of Dowell & Dowell, P.C.
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US Patent App. No. 13/466,509
Amendment dated 09/24/2014
In response to Office Action of June 27, 2014

Respectfully submitted,

By:/Ralph A Dowell/
Ralph A. Dowell
Reg. No.: 26868

Dated: September 24, 2014

Dowell & Dowell, P.C.
103 Oronoco Street
Suite 220

Alexandria, VA 22314
Tele: 703-739-9888
Email: dowe OW
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The information provided by you in this form will be subject to the following routine uses:

1.

The infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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




Electronic Patent Application Fee Transmittal

Application Number: 13466509

Filing Date: 08-May-2012

. . CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
Title of Invention:

APPLICATIONS
First Named Inventor/Applicant Name: David TIKKANEN
Filer: Ralph A. Dowell
Attorney Docket Number: 18154
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:




Sub-Total in

Description Fee Code Quantity Amount USD($)
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 180




Electronic Acknowledgement Receipt

EFSID: 20233479
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number: 293
Filer: Ralph A. Dowell
Filer Authorized By:
Attorney Docket Number: 18154
Receipt Date: 24-SEP-2014
Filing Date: 08-MAY-2012
Time Stamp: 15:59:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$180

RAM confirmation Number

2567

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/

File Name Message Digest

Multi
Part /.zip

Pages
(if appl.)




36612
1 Transmittal Letter 18154ids6trans.pdf no 2

4cd5f0a0dedc]91a43d44c3d6b3920bb2cf|
90166

Warnings:

Information:

611971
Information Disclosure Statement (IDS)
2 Form (SB08) 18154sb08no6.pdf no 4
b5e02553balal9c3636aalae942a40ff41b2)|
76ea
Warnings:
Information:
30725
3 Fee Worksheet (SB06) fee-info.pdf no 2
del0eeb2f64fb9120e3aaa52ab69eb563b5
5785
Warnings:
Information:
Total Files Size (in bytes); 679308

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.




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor : TIKKANEN, David et al.

Appl. No. : 13/466,509

Filed : May 08, 2012

Title : CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

Confirm. No. : 8469

Grp./A.U. : 2844

Examiner : TAN, Vibol

Docket No. : 18154

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
INFORMATION DISCLOSURE STATEMENT

In accordance with 37 C.F.R. §§ 1.97-1.99, the Applicants, through and by counsel,
submit the following information which may be of interest to the Examiner in charge of the
above-referenced application for patent.

Since the Applicants are submitting this information after the non-final office action
mailed June 27, 2014, the fee required is being submitted herewith. Any deficiency in fees

necessitated by the filing of this IDS may be charged to deposit account no. 04-1577 to Dowell

& Dowell, P.C.
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Appl. No. 13/466,509
Information Disclosure Statement
September 24, 2014

Should the Examiner have any questions regarding this Information Disclosure
Statement or the references cited therein, the Applicants invite the Examiner to contact the
undersigned attorney of record at the telephone number provided below.

Respectfully submitted,

DOWELL & DOWELL, P. C.

/Ralph A Dowell/

Ralph A. Dowell

Reg. No.: 26868

Date: September 24, 2014

DOWELL & DOWELL, P. C.

103 Oronoco Street, Suite 220
Alexandria, VA 22314

U.S.A.

Telephone: 703-739-9888
Facsimile: 703-739-9889

Email: dowell@dowellpc.com

Customer No.: 00293
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

) . ) 13/466,509 TIKKANEN ET AL.
Applicant-Initiated Interview Summary
Examiner Art Unit
Vibol Tan 2844

All participants (applicant, applicant’s representative, PTO personnel):

(1) Vibol Tan. (3)Jeffrey Wong.
(2) Ralp A. Dowell. (4)David Tikkanen.

Date of Interview: 04 September 2014.

Type: [X Telephonic [ Video Conference
[ Personal [copy given to: [] applicant [ applicant’s representative]

Exhibit shown or demonstration conducted: [ Yes ] No.
If Yes, brief description:

Issues Discussed []101 []112 [XJ102 []103 []Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 2,19 and 21.

Identification of prior art discussed: 20711/0018464 to Lo.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representative discussed over the limitation of "break out module" with respect to claims 2 and 21 and
contended that Lo fails to teach or suggest the limitation. Applicant’s representative proposed to add lanquage that
would define "limiting power" with respect to claim 19. And, Applicant would cancel Claim 23. The Examiner agreed to
consider what were discussed in the interview. The Office anticipates a written response in reply to the last office
action .

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If areply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[] Attachment

/Vibol Tan/
Primary Examiner, Art Unit 2844

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20140904



Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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August 27, 2014

In re Application of:  TIKKANEN, David; BOOTH, Christopher, Douglas

Serial No.: 13/466,509

Filed: September 17, 2009

Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

Group: 2844

Examiner: TAN, Vibol

Attorney Ref.: 18154

PROPOSED AGENDA FOR TELEPHONE INTERVIEW SCHEUDLED
FOR SEPTEMBER 4, 2014 AT 1PM

Dear Examiner Tan,

We would like to discuss the matters llsted below based on the Office Action issued June 27,
2014, by you.

1. Discussion on Examiner’s assessment of US Patent No. 2011/001.8464 to Lo.

2. Discussion re: Examiner’s definition of the “power circuit” and “break out module” with
respect to Claims 2 and 21 with aim to more clearly define the patentable subject matter.

3. Discussion re: Examiner’s position on “limiting power” with respect to Claim 19 with aim to
more clearly define the patentable subject matter.

At the appropriate tumeI please call 1-866-906-0040 when prompted please
input the following 8514071#.

Ralph A. Dowell, 26868, attorney on the application will be joined by the client’s Canadian
Representative Jeffrey Wong 46,414, and inventor David Tikkanen.

As reqﬁested, this agenda is being faxed to the main facsimile for the art unit 571-273-8300
and sent via email. If you have any questions, please feel free to contact our office at the

number below.

Respectfully submitted,

[Ralph A. Dowell/
Ralph A. Dowell
Attorney for Applicant, Reg. No. 26868
104 ORONOCO STRLIT, SUNTE 220, ALEXANIDRIA, VA 221014 T T 7042999880 | §: 703.799.9889 | WWW.DOWELLPC.COM

PAGE 1/1* RCVDAT 82712014 10:43:10 AM [Eastem Dayfight Time] * SVR:W-PTOFAX-003120 * DNIS:2738300 * CS1D:7037399889 * DURATION (mm-5s):00-28
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)
13/466,509 TIKKANEN ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Vibol Tan 2844 N

-- 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 6/19/14.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J 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.
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*
5K Claim(s) 2-5 and 8-23 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) X Claim(s) 2.3.5.8.9.16-21 and 23 is/are rejected.
8)X] Claim(s) 4,10-15 and 22 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/eatents/init_events/pph/index.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] 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)[JSome** c)[] 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) |:| Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

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

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140624



Application/Control Number: 13/466,509 Page 2
Art Unit: 2844

1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of pre-AlA 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 —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

3. Claims 2-3, 8, 9, 16, 19-21 and 23 are rejected under pre-AlA 35 U.S.C. 102 (b)
as being anticipated by Lo et al. (US 2011/0018464).

In claim 2, Lo teaches all claimed features in Figs. 1-3, apparatus for configuring
and powering a set of light fixture loads (LED lamps; [0031]) in a light emitting diode
(LED) low voltage distribution system (title) comprising:

an LED driver including a power circuit (2) having at least one power limit (3) and
a set of output current drivers (5s) connected to the at least one power limit in the power
circuit; and

a break-out module (4) electrically connected to an output (from 3) of the LED
driver and the set of light fixture loads (LED lamps; [0031]; not shown); wherein the
break-out module (4) receives power from the LED driver (2) via a set of input channels
(inputs to 4) and delivers power to the set of light fixture loads via a set of output
channels (output of 4); and splits the set of input channels into individual output

channels (for individual LED lamp);
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wherein the LED is located remotely from the set of light fixture loads (LED lamps
mounted on ceiling or wall far away from box casing 7).

In claim 3, Lo further teaches the apparatus of Claim 2 wherein the set of output
current drivers (5s) are connected to the break-out module (4) via cabling (wires).

In claim 8, Lo further teaches the apparatus of Claim 2 wherein the break-out
module (4) connects to multiple light fixture loads (LED lamps; [0031]; not shown) via
cabling (wires).

In claim 16, Lo further teaches the apparatus of Claim 2 wherein the LED driver
(2) and the break-out module (4) are integrated together (Fig. 1).

In claim 19, Lo teaches all claimed features in Figs. 3, a method of configuring
and powering a set of light fixture loads (LED lamps; [0031]; not shown) in a LED low
voltage distribution system (title) comprising:

limiting power (2) for powering the set of light fixture loads (LED lamps; [0031]);

converting limited power to multiple constant current outputs (3) and splitting (4)
or regrouping constant current outputs; and

splitting or regrouping the constant current outputs (3) prior to delivery of the
multiple constant outputs to the set of light fixture loads (LED lamps; [0031]; not shown).

In claim 20, Lo further teaches the apparatus of Claim 2 further comprising a
DC/DC converter (in Fig. 3).

In claim 21, Lo teaches all claimed features in Figs. 1-3, apparatus for
configuring and powering a set of light fixture loads (LED lamps; [0031]; not shown) in a

light emitting diode (LED) low voltage distribution system (title) comprising:
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an LED driver including a power circuit (2) having at least one power limit (3) and
a set of output current drivers (5s) connected to the at least one power limit in the power
circuit; and

a break-out module (4) electrically connected to an output (from 3) of the LED
driver and the set of light fixture loads (LED lamps; [0031]; not shown); wherein the
break-out module (4) receives power from the LED driver (2) via a set of input channels
(inputs to 4) and delivers power to the set of light fixture loads via a set of output
channels (outputs of 4);

wherein the break-out module (4) changes the number of output channels (the
outputs from 4) from the number of input channels (the inputs to 4);

wherein the LED is located remotely from the set of light fixture loads (LED lamps
mounted on ceiling or wall far away from box casing 7).

In claim 23, Lo teaches all claimed features in Figs. 1-3 apparatus for configuring
and powering a set of light fixture loads (LED lamps; [0031]; not shown) in a light
emitting diode (LED) low voltage distribution system comprising:

an LED driver (2) including:

a single output voltage bus (power input 1), a set of output current drivers (5s),
and at least one power limit (3) connected to the single output voltage bus (1 via 2) and
the set of output current drivers; and

a break-out module (4) electrically connected to an output of the LED driver (2)

and the set of light fixture loads (LED lamps; [0031]; not shown);
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wherein the LED driver is located remote from the set of light fixture loads (LED
lamps mounted on ceiling or wall far away from box casing 7).
In claim 9, the apparatus of Claim 21 wherein the break-out module (4) connects
to multiple light fixture loads (LED lamps; [0031]; not shown) via cabling (wires).
Claim Rejections - 35 USC § 103
4. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

5. Claim 5 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Lo et al.

In claim 5, Lo teaches the apparatus of Claim 3, with the exception of teaching
wherein the power cabling includes a set of input channels. However, it is known in the
art that the power cabling includes a set of input channels such as data wires.

Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to include a set of channels in the power cabling for carrying
communication data.

6. Claim 17 rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Lo
et al. in view of Meyer (US 2010/0066267).
In claim 17, Lo teaches the apparatus of Claim 2; with the exception of teaching

wherein the LED driver further comprises a communication interface for receiving data
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from an external transmitter. However, Meyer teaches in Fig. 2, an LED driver (54)
comprises a communication interface (52) for receiving data from an external
transmitter (40).

Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to combine the teachings to provide an intelligent lighting
system that can be remotely controlled.

7. Claim 18 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Lo et al. in view of Kastner (US 2010/0018261).

In claim 18, Lo teaches the apparatus of Claim 2; with the exception of teaching
wherein the at least one current driver comprises a buck topology power stage with
hysteretic control. However, Kastner teaches in Figs. 3, 4 or 6, at least one current
driver comprises a buck topology power stage with hysteretic control.

Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to combine the teachings to provide LED power supply with
options for dimming that can be used in a DC low voltage distribution box for indoor
multi LEDs lamp.

Allowable Subject Matter
8. Claims 4, 10-15 and 22 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.
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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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The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
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57532
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file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 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
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P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.1.15




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 submissicn 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
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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 Internaticnal 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.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,
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Commissioner for Patents
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REQEUST FOR CONTINUED EXAMINATION AND RESPONSE

In response to the Office Action of February 21, 2014, please amend the above-identified
application as outlined below. A request for continued examination (RCE) and a one—month
extension of time are being requested under separate cover.

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

Remarks/Arguments begin on page 6 of this paper.

Page 1 of 8



Application No. 13/466,509
Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

Amendments to the Claims

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

Listing of Claims

1. (Cancelled)

2. (Currently Amended) Apparatus for configuring and powering a set of light fixture loads in a
light emitting diode (LED) low voltage distribution system comprising:

an LED driver including a power circuit having at least one power limit and a set of
output current drivers connected to the at least one power limit in the power circuit; and

a break-out module electrically connected to an output of the LED driver_and the set of
light fixture loads;

wherein the break-out module receives power from the LED driver via a set of input

channels and delivers power to the set of light fixture loads via a set of output channels; and

splits the set of input channels into individual output channels:

wherein the LED driver is located remotely from the set of light fixture loads.

3. (Previously presented) The apparatus of Claim 2 wherein the set of output current drivers
are connected to the break-out module via cabling.

4. (Previously Presented) The apparatus of Claim 3 further comprising:
a set of series connect modules, each of the set of series connect modules associated

with one of the set of light fixture loads and connected to an output of the break-out module.

5. (Currently Amended) The apparatus of Claim 3 wherein the power cabling includes [[a]]the
set of input channels.

Claims 6 and 7 (Cancelled)

8. (Currently Amended) The apparatus of Claim [[6]]2 wherein the break-out module connects
to multiple light fixture loads via cabling.
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Application No. 13/466,509
Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

9. (Currently Amended) The apparatus of Claim [[7]]21 wherein the break-out module
connects to multiple light fixture loads via cabling.

10. (Currently Amended) The apparatus of Claim [[3]]2 wherein the break-out module
comprises:

at least one printed circuit board (PCB) having power connectors.

11. (Currently Amended) The apparatus of Claim [[10]]22 wherein the at least one PCB
assists in regrouping the set of input channels into a different grouping of output channels.

12. (Currently Amended) The apparatus of Claim 10 wherein the at least one PCB assists in
splitting the set of input channels into individual output channels.

13. (Previously Presented) The apparatus of Claim 10 wherein the power connectors include
apparatus to enable quick connection and release with the cabling.

14. (Currently Amended) The apparatus of Claim 4 wherein at least one of the set of series
connect modules comprises:

at least one printed circuit board (PCB) assembly for connecting to an output from the
break-out module.

15. (Previously Presented) The apparatus of Claim 4 wherein the break-out module and the
set of series connect modules are integrated together.

16. (Previously presented) The apparatus of Claim 2 wherein the LED driver and the break-out
module are integrated together.

17. (Previously presented) The apparatus of Claim 2 wherein the LED driver further comprises

a communication interface for receiving data from an external transmitter.

18. (Previously Presented) The apparatus of Claim 2 wherein the at least one current driver
comprises a buck topology power stage with hysteretic control.
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Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

19. (Currently Amended) A method of configuring and powering a set of light fixture loads in a
LED low voltage distribution system comprising:

limiting power for powering the set of light fixture loads;

converting limited power to multiple constant current outputs; and

splitting or regrouping the constant current outputs_prior to delivery of the multiple

constant outputs to the set of light fixture loads.

20. (Previously presented) The apparatus of Claim 2 further comprising a DC/DC converter.

21. (New) Apparatus for configuring and powering a set of light fixture loads in a light emitting
diode (LED) low voltage distribution system comprising:

an LED driver including a power circuit having at least one power limit and a set of
output current drivers connected to the at least one power limit in the power circuit; and

a break-out module electrically connected to an output of the LED driver and the set of
light fixture loads;

wherein the break-out module receives power from the LED driver via a set of input
channels and delivers power to the set of light fixture loads via a set of output channels;

wherein the break-out module changes the number of output channels from the
number of input channels;

wherein the LED driver is located remote from the set of light fixture loads.

22. (New) The apparatus of Claim 21 wherein the break-out module comprises:
at least one printed circuit board (PCB) having power connectors.

23. (New) Apparatus for configuring and powering a set of light fixture loads in a light emitting
diode (LED) low voltage distribution system comprising:
an LED driver including:
a single output voltage bus,
a set of output current drivers, and
at least one power limit connected to the single output voltage bus and the set

of output current drivers; and
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Application No. 13/466,509
Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

a break-out module electrically connected to an output of the LED driver and the set of
light fixture loads;
wherein the LED driver is located remote from the set of light fixture loads.
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Application No. 13/466,509
Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

REMARKS/ARGUMENTS

Claims 2 to 5 and 8 to 23 remain in the current application. Claims 2, 5, 8 to 12, 14 and 19
have been amended, Claims 6 and 7 cancelled and Claims 21 to 23 added. Claim 1 was
previously cancelled. No new matter has been added as a result of these amendments.

It is respectfully assumed that the amendments to Claims 16 and 17 submitted in Applicant’s
April 11, 2014 response have been accepted by the Examiner.

In the Final Office Action of February 21, 2014 and the Advisory Action of April 23, 2014,
Claims 2, 3, 16, 19 and 20 have been rejected under pre-AlA 35 U.S.C. 102(b) as being
anticipated by US Patent Publication No. 2011/0018464 to Lo et al. (“Lo”). Applicant has
amended independent Claim 2 to include the subject matter of previous Claim 7 which was
deemed patentable over the cited art. New Claim 21 is a combination of original independent
Claim 2 and dependent Claim 6, the subject matter of which was deemed patentable over the
cited art by the Examiner. New Claim 23 has also been added.

While amended Claim 2 and new claim 21 do not include the subject matter of the intervening
claims, it is respectfully submitted that including this subject matter would unnecessarily
narrow the scope of protection to which the Applicant is entitled. It is respectfully submitted
that the subject matter of as claimed in original Claim 6 and as claimed in original Claim 7 are
individually patentable over the cited art without including the subject matter of the intervening
claims. Lo does not disclose the subject matter of either “the break-out module splitting the
set of input channels into individual output channels” (Claim 7) or “the break out module
changes the number of output channels from the number of input channels” (Claim 6). For at
least these reasons, it is respectfully submitted that amended independent Claim 2 and new
independent Claim 21 and each of their dependent claims are patentable over the cited art.
Retraction of Examiner’s rejection of Claims 2, 3, 16, 19 and 20 is respectfully requested.

Claim 5 has been rejected under pre-AlA U.S.C. 103(a) as being unpatentable over Lo.
Applicant respectfully submits that the Examiner’s rejection is now moot in view of the
arguments outlined above. Retraction of Examiner’s rejection of Claim 5 is respectfully
requested.
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Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

Claim 18 has been rejected under pre-AlA U.S.C. 103(a) as being unpatentable over Lo in
view of US Patent Publication No. 2010/0018261 to Kastner (“Kastner”). Applicant
respectfully submits that Kastner is silent with respect to the subject matter lacking in Lo to
obviate amended independent Claim 2 from which Claim 18 is directly dependent. Retraction
of Examiner’s rejection of Claim 18 is respectfully requested.

New Claim 23 is directed at apparatus for configuring and powering a set of light fixture loads
in a light emitting diode (LED) low voltage distribution system comprising:
an LED driver including:
a single output voltage bus,
a set of output current drivers, and
at least one power limit connected to the single output voltage bus and the set
of output current drivers; and
a break-out module electrically connected to an output of the LED driver and the set of
light fixture loads;
wherein the LED driver is located remotely from the set of light fixture loads.

It is respectfully submitted that Lo is silent with respect to the subject matter of a single output
voltage bus. Instead, Lo discloses, at paragraph 32, the subject matter of a “power converting
module (2) may generate a number of different voltages to each of the output ports (3).” As
clearly suggested and disclosed in Lo, there are multiple voltages being supplied rather than
the claimed “single output voltage bus”. It is respectfully submitted that for at least this
reason, Claim 23 is patentable.

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.
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Application No. 13/466,509
Amendment dated June 19, 2014
In response to Office Action of February 21, 2014

The Commissioner is hereby authorized to charge any additional fees, and credit any over
payments, to Deposit Account No. 041577, in the name of Dowell & Dowell, P.C.

Respectfully submitted,
TIKKANEN, David, et al.

By: /Jorie L. Stroup/
Respectfully submitted,
Jorie L. Stroup

Attorney for Applicant
Reg. No. 57532
Date:June 19, 2014

DOWELL & DOWELL, P.C.
103 Oronoco St.
Alexandria, VA 22314
Dowell@Dowellpc.com
Tel: (703) 739-9888

Fax: (703) 739-9889
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/Nibol Tan/
Primary Examiner, Art Unit 2844
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: TIKKANEN, David; BOOTH, Christopher, Douglas
Serial No.: 13/466,509

Filed: September 17, 2009

Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE
LIGHTING APPLICATIONS

Group: 2844

Examiner: TAN, Vibol

Attorney Ref.: 18154

MAIL STOP AF

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria VA 22314-1450

USA

AMENDMENT AFTER-FINAL

In response to the Office Action of February 21, 2014, 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.
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US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

Amendments to the Claims

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

Listing of Claims

1. (Cancelled)

2. (Previously presented) Apparatus for configuring and powering_a set of light fixture loads in
a light emitting diode (LED) low voltage distribution system comprising:

an LED driver including a power circuit having at least one power limit and a set of
output current drivers connected to the at least one power limit in the power circuit; and

a break-out module electrically connected to an output of the LED driver;

wherein the LED driver is located remotely from the set of light fixture loads.

3. (Previously presented) The apparatus of Claim 2 wherein the set of output current drivers
are connected to the break-out module via cabling.

4. (Previously Presented) The apparatus of Claim 3 further comprising:
a set of series connect modules, each of the set of series connect modules associated

with one of the set of light fixture loads and connected to an output of the break-out module.

5. (Previously Presented) The apparatus of Claim 3 wherein the power cabling includes a set
of input channels.

6. (Previously Presented) The apparatus of Claim 5 wherein the break-out module changes

the number of output channels from the number of input channels.

7. (Previously Presented) The apparatus of Claim 5 wherein the break-out module splits the
set of input channels into individual output channels.

8. (Previously Presented) The apparatus of Claim 6 wherein the break-out module connects to
multiple light fixture loads via cabling.

Page 2 of 7



US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

9. (Previously Presented) The apparatus of Claim 7 wherein the break-out module connects to
multiple light fixture loads via cabling.

10. (Previously Presented) The apparatus of Claim 3 wherein the break-out module
comprises:

at least one printed circuit board (PCB) having power connectors.

11. (Previously Presented) The apparatus of Claim 10 wherein the at least one PCB assist in
regrouping the set of input channels into a different grouping of output channels.

12. (Previously Presented) The apparatus of Claim 10 wherein the at least one PCB assist in
splitting the set of input channels into individual output channels.

13. (Previously Presented) The apparatus of Claim 10 wherein the power connectors include
apparatus to enable quick connection and release with the cabling.

14. (Previously Presented) The apparatus of Claim 4 wherein at least one of the set of series
connect modules comprises:

at least one printed circuit board (PCB) assembly for connecting an output from the
break-out module.

15. (Previously Presented) The apparatus of Claim 4 wherein the break-out module and the
set of series connect modules are integrated together.

16. (Currently Amended) The apparatus of Claim 2 wherein the LED driveridimmer and the
break-out module are integrated together.

17. (Currently Amended) The apparatus of Claim 2 wherein the LED driver/dimmer further

comprises a communication interface for receiving data from an external transmitter.

18. (Previously Presented) The apparatus of Claim 2 wherein the at least one current driver
comprises a buck topology power stage with hysteretic control.
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US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

19. (Previously presented) A method of configuring and powering a set of light fixture loads in
a LED low voltage distribution system comprising:

limiting power for powering the set of light fixture loads;

converting limited power to multiple constant current outputs; and

splitting or regrouping constant current outputs.

20. (Previously presented) The apparatus of Claim 2 further comprising a DC/DC converter.
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US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

REMARKS/ARGUMENTS

Claims 2 to 20 remain in the current application. Claims 16 and 17 have been amended.
Claim 1 was previously cancelled. No new matter has been added by way of this amendment.

Claims 16 and 17 have been objected to since the Examiner has stated that the claims include
informalities. Applicant has amended Claims 16 and 17 as suggested by the Examiner.
Retraction of Examiner’s objection to Claims 16 and 17 is respectfully requested.

Claims 2, 3, 16, 19 and 20 have been rejected under pre-AlA 35 U.S.C. 102(b) as being
anticipated by US Patent Publication No. 2011/0018464 to Lo et al. (“Lo”). Applicant
respectfully disagrees.

Lo is directed at a low-voltage DC distribution board for indoor LED lighting with multiple LED
lamps including a power converting module (2), the power converting module including a set
of output ports (3) and a set of selection switches (4) connected between the output ports (3).
The board further includes a plurality of current regulators (5) connected to load connectors

(6).

In the Office Action, the Examiner has equated the set of output ports (3) of Lo with the
claimed power limit. As disclosed in paragraph 55 of the specification as filed, the power limit
circuit is used to limit the power output of each of the output current drivers. Furthermore, the
power limit circuits limit the energy to the loads. It is respectfully submitted that this is not the
function of the output ports of Lo. In fact, the ports appear to simply be used to receive
different voltages from the power converting module (paragraph 32). More specifically, the
ports are seen as multiple output ports consisting of DC power sources with output voltages of
between 3V and 36V as cited in paragraphs 18 and 33 of Lo. There is no discussion in Lo
about the use of the output ports for limiting power to the loads as they appear to be used for
the delivery of a set voltage received from the converting module. In fact, the way to change
voltage supply in Lo is to use the switches to electrical connect the different output ports with
current regulators depending on load requirements.
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US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

Furthermore, the Examiner has equated the claimed break-out module Claim 2 with the
selection switches (4) of Lo. As disclosed in at least paragraphs 100 and 101 of the
specification as filed, the breakout modules are used to split or regroup output channels into
individual channels. Lo teaches the implementation of selection switches to connect various
DC voltage outputs (3) with some aspects of configurability, however, there is no disclosure or
suggestion in Lo that the selection switches perform channel splitting or regrouping. For at
least these reasons, it is respectfully submitted that Lo does not anticipate independent claim
2.

It is respectfully submitted that independent Claim 19 is also patentable for at least the same
reasons. Lo does not disclose the subject matter of splitting or regrouping constant current
outputs as claimed in Claim 19.

Also, with respect to Claim 20, it is respectfully submitted that a power converting module is
not the same as the claimed DC/DC converter.

It is respectfully submitted that Claims 3, 16, 19 and 20 are also patentable over the cited art
for at least the reasons set forth above. Retraction of Examiner’s rejection to Claims 2, 3, 16,
19 and 20 is respectfully requested.

Claim 5 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Lo. Applicant
respectfully submits that the Examiner’s rejection is now moot in view of the arguments
outlined above with respect to Claim 2 (from which Claim 5 is dependent). Retraction of
Examiner’s rejection of Claim 5 is respectfully requested.

Claim 18 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Lo in view of
US Patent Publication No. 2010/0018261 to Kastner. Applicant respectfully submits that
Kastner is silent with respect to the subject matter lacking in Lo to obviate Claim 2 from which
Claim 18 is dependent. Retraction of Examiner’s rejection of Claim 18 is respectfully
requested.
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US Patent App. No. 13/466,509
Amendment dated April 11, 2014
in Reply to Office Action dated February 21, 2014

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 for this response only,
and credit any over payments, to Deposit Account No. 041577, in the name of Dowell &
Dowell, P.C.

Respectfully submitted,

[Jorie L. Stroup/
Jorie L. Stroup
Attorney for Applicant
Reg. No. 57,532

Date: April 11,2014

DOWELL & DOWELL, P.C.
103 Oronoco St.
Alexandria, VA 22314
Dowell@Dowellpc.com
Tel: (703) 739-9888

Fax: (703) 739-9889
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1. The present application is being examined under the pre-AlA first to invent
provisions.

DETAILED ACTION

Claim Objections
2. Claims 16-17 are objected to because of the following informalities: the LED
driver/dimmer should read as the LED driver. Appropriate correction is required.
Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of pre-AlA 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 —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

4. Claims 2, 3, 16, 19 and 20 are rejected under pre-AlA 35 U.S.C. 102 (b) as being
anticipated by Lo et al. (US 2011/0018464).

In claim 2, Lo teaches all claimed features in Figs. 1-3, apparatus for configuring
and powering a set of light fixture loads (LED lamps; [0031]) in a light emitting diode
(LED) low voltage distribution system (title) comprising: an LED driver including a power
circuit (2) having at least one power limit (3) and a set of output current drivers (5s)
connected to the at least one power limit in the power circuit; and a break-out module
(4) electrically connected to an output (from 3) of the LED; wherein the LED is located
remotely from the set of light fixture loads (LED lamps mounted on ceiling or wall far

away from box casing 7).
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In claim 3, Lo further teaches the apparatus of Claim 2 wherein the set of output
current drivers (5s) are connected to the break-out module (4) via cabling (wires).

In claim 16, Lo further teaches the apparatus of Claim 2 wherein the LED driver
(2) and the break-out (4) module are integrated together (in 7).

In claim 19, Lo teaches all claimed features in Figs. 3, a method of configuring
and powering a set of light fixture loads (LED lamps; [0031]) in a LED low voltage
distribution system (title) comprising: limiting power (2) for powering the set of light
fixture loads (LED lamps; [0031]); converting limited power to multiple constant current
outputs (3) and splitting (4) or regrouping constant current outputs.

In claim 20, Lo further teaches the apparatus of Claim 2 further comprising a
DC/DC converter (in Fig. 3).

Claim Rejections - 35 USC § 103
5. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

6. Claim 5 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Lo.

In claim 5, Lo teaches the apparatus of Claim 3, with the exception of teaching
wherein the power cabling includes a set of input channels. However, it is known in the

art that the power cabling includes a set of input channels such as data wires.
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Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to include a set of channels in the power cabling for carrying

communication data.

7. Claim 18 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Lo et al. in view of Kastner (US 2010/0018261).

In claim 18, Lo teaches the apparatus of Claim 2; with the exception of teaching
wherein the at least one current driver comprises a buck topology power stage with
hysteretic control. However, Kastner teaches in Figs. 3, 4 or 6, at least one current
driver comprises a buck topology power stage with hysteretic control.

Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to combine the teachings to provide LED power supply with
options for dimming that can be used in a DC low voltage distribution box for indoor
multi LEDs lamp.

Allowable Subject Matter
8. Claims 4, 6-15 and 17 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.

Response to Arguments
9. Applicant’s arguments with respect to claims 2 and 19 have been considered but
are moot because the arguments do not apply to any of the references being used in

the current rejection.
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10.  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
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.
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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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Mail Stop Amendment

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria VA 22314-1450

USA

AMENDMENT

In response to the Office Action of December 13, 2013, 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 3 of
this paper.

Remarks/Arguments begin on page 6 of this paper.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

Amendments to the Specification

Please replace paragraph [0110] with the following amended paragraph:

[0110] Turning to Figure 15, a block diagram of another embodiment of a configurable
dimmer implemented in a low voltage DC distribution LED lighting system is shown. In this
embodiment, the series connect module is excluded from the low voltage DC distribution LED
lighting system 600. The series connect means is completed within an electrical junction box
602 associated with each LED load 56. As before, the system 600 includes a dimmer 10
connected to a break out module 51 via cabling 202 and 204. The typical number of LED
loads connected in series is two, and wireruts twist-on wire connectors are used to make the

electrical series connections between the LED loads 56 and the cable 206.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

Amendments to the Claims

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

Listing of Claims:
1. (Cancelled)

2. (Currently Amended) Apparatus for eentrolling configuring and powering a set of light fixture

loads in a light emitting diode (LED) low voltage distribution system comprising:
an LED driver/dimmer including a power circuit having at least one power limit and a
set of output current drivers connected to the at least one power limit in the power circuit; and
a break-out module electrically connected to an output of the LED driveridimmer;
wherein the LED driver/dimmer is located remotely from the set of light fixture loads.

3. (Previously presented) The apparatus of Claim 2 wherein the set of output current drivers
are connected to the break-out module via cabling.

4. (Previously Presented) The apparatus of Claim 3 further comprising:
a set of series connect modules, each of the set of series connect modules associated

with one of the set of light fixture loads and connected to an output of the break-out module.

5. (Previously Presented) The apparatus of Claim 3 wherein the power cabling includes a set
of input channels.

6. (Previously Presented) The apparatus of Claim 5 wherein the break-out module changes

the number of output channels from the number of input channels.

7. (Previously Presented) The apparatus of Claim 5 wherein the break-out module splits the
set of input channels into individual output channels.

8. (Previously Presented) The apparatus of Claim 6 wherein the break-out module connects to
multiple light fixture loads via cabling.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

9. (Previously Presented) The apparatus of Claim 7 wherein the break-out module connects to
multiple light fixture loads via cabling.

10. (Previously Presented) The apparatus of Claim 3 wherein the break-out module
comprises:

at least one printed circuit board (PCB) having power connectors.

11. (Previously Presented) The apparatus of Claim 10 wherein the at least one PCB assist in
regrouping the set of input channels into a different grouping of output channels.

12. (Previously Presented) The apparatus of Claim 10 wherein the at least one PCB assist in
splitting the set of input channels into individual output channels.

13. (Previously Presented) The apparatus of Claim 10 wherein the power connectors include
apparatus to enable quick connection and release with the cabling.

14. (Previously Presented) The apparatus of Claim 4 wherein at least one of the set of series
connect modules comprises:

at least one printed circuit board (PCB) assembly for connecting an output from the
break-out module.

15. (Previously Presented) The apparatus of Claim 4 wherein the break-out module and the
set of series connect modules are integrated together.

16. (Previously Presented) The apparatus of Claim 2 wherein the LED driver/dimmer and the
break-out module are integrated together.

17. (Previously Presented) The apparatus of Claim 2 wherein the LED driver/dimmer further

comprises a communication interface for receiving data from an external transmitter.

18. (Previously Presented) The apparatus of Claim 2 wherein the at least one current driver
comprises a buck topology power stage with hysteretic control.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

19. (Currently Amended) A method of eontrelling configuring and powering a set of light fixture
loads in a LED low voltage distribution system comprising:
inlick Lint ion:
limiting power for powering the set of light fixture loads;
converting limited power to multiple constant current outputs based-onlight-control
information; and
splitting or regrouping constant current outputs.

20. (New) The apparatus of Claim 2 further comprising a DC/DC converter.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

REMARKS/ARGUMENTS

Claims 2 to 20 remain in the current application. Claims 2 and 19 have been amended and
Claim 20 added. Claim 1 was previously cancelled.

Paragraph [0110] has been amended to replace the trade-marked term “wire nuts” with the
generic term “twist-on wire connectors”. No new matter has been added as a result of this

amendment.

Applicant thanks the Examiner for indicating that the subject matter of Claims 10 to 15 and 18
are deemed patentable over the cited art.

Claims 2t0 9, 16, 17 and 19 have been rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over US Patent Publication No. 2010/0231136 to Reisenauer et al. (‘136) in view
of US Patent Publication No. 2010/0066267 to Meyer ('267). Applicant respectfully disagrees

with the Examiner’s assessment.

‘136 is directed at a line voltage dimmable constant current LED driver for driving LEDs at a
constant current and for dimming the LEDs. The circuit driver further includes a temperature
compensation feature for controlling the on time. According to the Examiner, ‘136 discloses
the subject matter of a power circuit including at least one power limit which the Examiner
equates to the electronic transformer 310. At paragraph 50, ‘136 discloses the subject matter
of “An electronic transformer 310 (Hatch RS24-60M) reduces the higher voltage input to a 24
VAC waveform 312”. While there is a discussion in ‘136 about reducing the voltage, there is
no suggestion or disclosure in ‘136 about limiting power as claimed in Claim 1. In fact, it is
more likely that with the decreased VAC waveform, it is likely that the current is increased
thereby maintaining a constant power rather than limiting power as claimed.

It is respectfully submitted that ‘136 does not teach a “power circuit having at least one power
limit”. Support for this subject matter can be found in paragraphs 95 and 96 of the
specification.

'267 is directed at a remotely controllable track lighting system which includes a set of lights
and a track system 30 which simply houses individual wires 22 between the lamps 20 and the
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014
in Reply to Office Action dated December 13, 2013

canopies 56. While the Examiner has equated the track system 30 of ‘267 with the claimed
break-out module, Applicant respectfully submits that one skilled in the art would not make this
comparison. The track system 30 of ‘267 is simply a housing and there is no functionality to
the track system unlike the claimed break-out module. As discussed in paragraph 100 and as
shown in Figures 18a, 18b and 18c, the break-out module is used to regroup or split individual
power channels which indicates that the break-out module is electronically involved in
operating the system rather than being a housing structure like the track system of ‘267.

In order to accelerate prosecution, Applicant has amended Claim 1 to include the subject
matter of the break out module being “electronically” connected to the output of the LED
driver. It is respectfully submitted that the track system of ‘267 is in no way electronically
connected to the LEDs. It is simply a physical track system. For at least these reasons, it is
respectfully submitted that Claims 2 to 9, 16 and 17 are patentable over the cited art.

With respect to independent Claim 19, it is respectfully submitted that neither ‘136 nor ‘267
disclose the subject matter of splitting or regrouping constant current outputs. Further
amendments have been made to Claim 19 to more clearly identify the claimed subject matter.

There is no such disclosure of this subject matter in the ‘136 reference and the track system of
‘267 simply maintains the 1 to 1 relationship between power outlet 56 and the individual lams
20a to 20e as shown in Figure 2. There is no splitting or regrouping of these current outputs.
For at least these reasons, it is respectfully submitted that Claim 19 is patentable over the
cited art. Retraction of Examiner’s rejection of Claims 2 t0 9, 16, 17 and 19 is respectfully
requested.

Claim 18 has been rejected under pre-AlA U.S.C. 103(a) as being unpatentable over ‘136 in
view of ‘267 as applied to Claim 2 and, further in view of US Patent Publication No.
2010/0018261 to Kastner ('261). Applicant respectfully submits that ‘261 does not disclose
the subject matter lacking in ‘136 and ‘267 to anticipate or obviate Claim 2, from which Claim
18 depends. Retraction of Examiner’s rejection of Claim 18 is respectfully requested.
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US Patent App. No. 13/466,509
Amendment dated February 12, 2014

in Reply to Office Action dated December 13, 2013

The Commissioner is hereby authorized to charge any additional fees, and credit any over
payments, to Deposit Account No041577, in the name of Dowell & Dowell P.C.

By:
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1. The present application is being examined under the pre-AlA first to invent
provisions.

Claim Rejections - 35 USC § 103
2. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

3. Claims 2-9, 16, 17 and 19 are rejected under pre-AlA 35 U.S.C. 103 (a) as being
unpatentable over Reisenauer et al. (US 2010/0231136) in view of Meyer (US
2010/0066267).

In claim 2, Reisenauer teaches all claimed features in Fig. 7, apparatus for
controlling a set of light fixture loads (318s) in a light emitting diode (LED) low voltage
distribution system comprising: an LED driver/dimmer (Fig. 7) including a power circuit
having at least one power limit (310) and a set of output current drivers (314s)
connected to the at least one power limit in the power circuit; with the exception of
teaching a break-out module connected to an output of the LED driver/dimmer; wherein
the LED driver/dimmer is located remotely from the set of light fixture loads. However, in
the same field of endeavor, Meyer teaches in Fig. 2, a break-out module (30) connected
to an output of the LED driver/dimmer (54); wherein the LED driver/dimmer (54) is

located remotely from the set of light fixture loads (20a-20f).
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Therefore; it would have been obvious to one ordinary skill in the art at the time
of the invention was made to combine the teachings in order to provide multiple lamps
system supported on a track that itself mounted a support structure such as a ceiling or
a wall.

In claim 3, Meyer further teaches the apparatus of Claim 2 wherein the set of
output current drivers (56) are connected to the break-out module (30) via cabling
(power lines).

In claim 4, Meyer further teaches the apparatus of Claim 3 further comprising: a
set of series connect modules (power lines extended from 56), each of the set of series
connect modules associated with one of the set of light fixture loads (20a-20f) and
connected to an output of the break-out module (30).

In claim 5, Meyer further teaches the apparatus of Claim 3 wherein the power
cabling (power lines) includes a set of input channels (22a-22f).

In claim 6, it is obvious for the apparatus of Claim 5 wherein the break-out
module (30) changes the number of output channels from the number of input channels.

In claim 7, Meyer further teaches the apparatus of Claim 5 wherein the break-out
module (30) splits the set of input channels (22a-22f) into individual output channels.

In claim 8, Meyer further teaches the apparatus of Claim 6 wherein the break-out
module connects to multiple light fixture loads (20a-20f) via cabling (22a-22f).

In claim 9, Meyer further teaches the apparatus of Claim 7 wherein the break-out

module connects to multiple light fixture loads (20a-20f) via cabling (22a-22f).
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In claim 16, it would have been obvious to one having ordinary skill in the art at
the time the invention was made for the apparatus of Claim 2 wherein the LED
driver/dimmer (54) and the break-out module (30) are integrated together; since it has
been held that forming in one piece an article which has formerly been formed in two
pieces and put together involves only routine skill in the art. Howard v. Detroit Stove
Works, 150 U.S. 164 (1893).

In claim 17, Meyer further teaches the apparatus of Claim 2 wherein the LED
driver/dimmer further comprises a communication interface (52) for receiving data from
an external transmitter (40).

Method claim 19 corresponds to detailed circuitry already discussed similarly with
regard to claim 2.

4. Claim 18 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over
Reisenauer et al. in view of Meyer as applied to claim 2 above, and further in view of
Kastner (US2010/0018261).

In claim 18, Reisenauer in view of Meyer teaches the apparatus of Claim 2; with
the exception of teaching wherein the at least one current driver comprises a buck
topology power stage with hysteretic control. However, Kastner teaches in Figs. 3, 4 or
6, at least one current driver comprises a buck topology power stage with hysteretic
control.

Therefore; it would have been obvious to one ordinary skill in the art at the time

of the invention was made to combine the teachings to provide LED power supply with
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options for dimming that can be used to power multiple lamps supported on track
mounted on a ceiling or a wall.

Allowable Subject Matter
5. Claims 10-15 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim and any intervening claims.

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.
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Standard ST.3). 3 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. 5 Applicant is to place a check mark here i

English language translation is attached.
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Ref {Hits {{Search Query DBs Default iiPlurals jiTime

# Operator Stamp

S1 i ("20080018261").PN. US-PGPUB; iOR OFF 2013/12/04

USPAT 17:02
S2 149405 iled.u/c. adj (loads or strings or array or  {US-PGPUB;iOR ON 2013/12/04
modules) USPAT; 17:20
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB

S3 (led.u/c. adj (loads or strings or array or {{US-PGPUB;{{OR ON 2013/12/04
modules)) same ((break or fin) adj out USPAT; 17:21
adj module) USOCR,;

FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

A 42 (led.u/c. adj (loads or strings or array or {{US-PGPUB;{{OR ON 2013/12/04
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USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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"20050236998" | "20050285547" |
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S7

36

(led.u/c. adj (loads or strings or array or
modules)) same distributor

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/05
16:53

(led.u/c. adj (loads or strings or array or
modules)) same ((branch or break) adj
out)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/05
16:59

3686

(led.u/c. adj (loads or strings or array or
modules)) same (cabling or wire)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/05
17:00

S10

421

(led.u/c. adj (loads or strings or array or
modules)) same (cabling or wire) same
driver

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/05
17:01

S11

(led.u/c. adj (loads or strings or array or
modules)) same (light adj fixture adj
loads)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/05
17:22

S12

(led.u/c. adj fixture) same loads same
(current adj drivers)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
06:35

S13

(light adj fixture) same loads same
(current adj drivers)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
06:35

S14

107

(light adj fixture) and loads and (current
adj drivers)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;

OR

ON

2013/12/086
06:37
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dIBM_TDB |

S15
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(light adj fixture) and loads and (current
adj drivers) and (led.u/c. or (light adj
emitting adj diode))

US-PGPUB;
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FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06

06:38

S16

12

(light adj fixture) and loads and (current
adj drivers) and (led.u/c. or (light adj
emitting adj diode)) and (lighting adj
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US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:06

S17

(light adj fixture) and loads and (current
adj drivers) and (led.u/c. or (light adj
emitting adj diode)) and (lighting adj
track)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:09

S18

(light adj track adj fixture) and loads and
(current adj drivers) and (led.u/c. or
(light adj emitting adj diode))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:11

S19

(track adj fixture) and loads and (current
adj drivers) and (led.u/c. or (light adj
emitting adj diode))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:15

S20

48

track and fixture and loads and (current
adj drivers) and (led.u/c. or (light adj
emitting adj diode))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:15

S21

24

fixture and loads and (current adj drivers)
and (led.u/c. or (light adj emitting adj
diode)) and dmx512

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/086
07:37

S22

262

(led.u/c. adj (driver or dimmer)) same
(current adj drivers)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

ON

2013/12/06
07:49

523

26

(led.u/c. adj (driver or dimmer)) same
(current adj drivers) same loads

US-PGPUB;
USPAT;
USOCR;
FPRS;

OR

ON

2013/12/06
07:49
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EPO; JPG;
DERWENT;
IBM_TDB
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FPRS;
EPO; JPG;
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IBM_TDB
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USOCR,;
FPRS;
EPO; JPG;
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USOCR 08:49
S28 {119 826 and S27 US-PGPUB; iOR ON 2013/12/10
USPAT; 08:49
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
8§29 127 ("20010000422" | "20030107888" | US-PGPUB;{OR OFF 2013/12/10
"20030179578" | "20050231134" | USPAT,; 08:58
"20050243549" | "20060067089" | USOCR
"20070268701" | "4656398" | "4688154"
| "4822292" | "B072216" | "5347431" |
"5637964" | "6037721" | "6175201" |
"6310440" | "6655817" | "6667578" |
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Examiner| Cite
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publisher, city and/or country where published.
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13/059,336

ANT/ 1 United States Patent and Trademark Office. Non-Final Office Action dated January 23, 2013. |:|
If you wish to add additional non-patent literature document citation information please click the Add button  Add
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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
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EFS Web 2.1.17



Doc code: IDS
Doc description: Information Disclosure Statement (ID3) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. 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

13466509

Filing Date

2012-05-08

First Named Inventor

TIKKANEN, David

Art Unit

2837

Examiner Name

ISMAIL, SHAWKI SAIF

Attorney Dacket Number

18154

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20060132063 2006-06-22 HUNG ET AL.
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 | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn 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 : . '

e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : ; )

publisher, city and/or country where published.

EFS Web 2.1.17



Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT At Uni
L. nit 2837
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Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT At Uni
L. nit 2837
( Not for submission under 37 CFR 1.99)
Examiner Name ISMAIL, SHAWKI SAIF

Attorney Dacket Number 18154

CERTIFICATION STATEMENT

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

That each item of informaticn 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.
[] The fee setforthin 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 Jorie L. Stroup/ Date (YYYY-MM-DD) 2013-10-03

Name/Print Jorie L. Stroup Registration Number 57532

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.S.C. 122 and 37 CFR
1.14. This collecticn 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.
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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.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 infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor : TIKKANEN, David et al.

Appl. No. : 13/466,509

Filed : May 08, 2012

Title : CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

Confirm. No. : 8469

Grp./A.U. : 2837

Examiner : ISMAIL, SHAWKI SAIF

Docket No. : 18154

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
INFORMATION DISCLOSURE STATEMENT

In accordance with 37 C.F.R. §§ 1.97-1.99, the Applicants, through and by counsel,
submit the following information which may be of interest to the Examiner in charge of the
above-referenced application for patent.

Since the Applicants are submitting this information before the Office mailed a first
action on the merits of the application, the Applicants respectfully assert that no fees are due

at this time. However, the Applicants authorize the Office to charge any fees required for this

submission only to deposit account no. 04-1577 to Dowell & Dowell, P.C.
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Appl. No. 13/466,509
Information Disclosure Statement
October 3, 2013

Should the Examiner have any questions regarding this Information Disclosure
Statement or the references cited therein, the Applicants invite the Examiner to contact the
undersigned attorney of record at the telephone number provided below.

Respectfully submitted,

DOWELL & DOWELL, P. C.

[orie L. Stroup/

Jorie L. Stroup

Reg. No.: 57532

Date: October 3, 2013

DOWELL & DOWELL, P. C.

103 Oronoco Street, Suite 220
Alexandria, VA 22314

U.S.A.

Telephone: 703-739-9888
Facsimile: 703-739-9889

Email: dowell@dowellpc.com

Customer No.: 00293
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Inf tion Discl Stat t (IDS) 612173
nrormation Liscliosure >tatemen .
1 Form (SB08) 18154ids5form08a.pdf no 4
635539dc9fce9741b2bfe6355755 1dbe543
29574

Warnings:
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45204
2 Transmittal Letter 18154ids5trans.pdf no 2
9ee87af5¢8196af0698b03453e64139deeal
f77a
Warnings:
Information:
Total Files Size (in bytes); 657377

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: IDS
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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 13466509
Filing Date 2012-05-08
First Named Inventor | TIKKANEN et al.
Art Unit 2821
Examiner Name n‘a

Attorney Dacket Number 18154

U.S.PATENTS

Remove

Examiner
Initial*

Cite
No

Patent Number

Kind
Codel

Issue 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. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20100164403 2010-07-01 Liu
2 20080025028 2008-01-31 Gloisten et al.
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 | Number3 Code2? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
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INFORMATION DISCLOSURE

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

Application Number 13466509
Filing Date 2012-05-08
First Named Inventor | TIKKANEN et al.
Art Unit 2821
Examiner Name n‘a

Attorney Dacket Number 18154

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

E’.‘"?‘m",]er Cite (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s)}, Ts
Initials No . . .
publisher, city and/or country where published.
1 United States Patent and Trademark Office. Non-Final Office Action dated January 23, 2013. |:|

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

Add

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 602. 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.
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Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN et al.
STATEMENT BY APPLICANT At Uni
L. nit 2821
( Not for submission under 37 CFR 1.99)
Examiner Name n/a

Attorney Dacket Number 18154

CERTIFICATION STATEMENT

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

That each item of informaticn 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.
[] The fee setforthin 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 Jorie L. Stroup/ Date (YYYY-MM-DD) 2013-04-05

Name/Print Jorie L. Stroup Registration Number 57,532

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.S.C. 122 and 37 CFR
1.14. This collecticn 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.
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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.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 infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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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_IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant ; TIKKANEN et al.

Appl. No. : 13/466,509

Filed : May 8, 2012

Title ; CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE
LIGHTING APPLICATIONS

Grp./A.U. : 2821

Examiner : n/a

Docket No,: 18154

Honorable Commissioner of Patents
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

In accordance with 37 C.F.R. §§ 1.97-1.99, the Applicants
submit the following informaticn which may be of interest to the
Examiner in charge of the above-referenced application for
patent. As required, the Applicants file herewith a copy of one
(1) non-patent literature reference listed on the attached form

PTO/SRB/08a.

Since the Applicants are submitting this information before
the Office mailed a first action on the merits of the
application, the Applicants respectfully assert that no fees are
due at this time, However, the Applicants authorize the Office
to charge any fees required for this submission to deposit

account no. 04-1577 fo Dowell & Dowell, P.C.
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Appl. No. 13/466,509

Should the Examiner have any guestions regarding this
Information Disclosure Statement or the references cited therein,
the Applicants invite the Examiner to contact the undersigned
attorney of record at the telephone number provided below.

Regpectfully submitted,

DOWELL & DOWELL, P. C.

/Jorie 1,. Stroup /
Jorie L. Stroup

Reg. No.: 57,532
Date: April 5, 2013

DOWELL & DOWELL, P.C.

103 Oronoco Street
Alexandria, VA 22314

Tel.: 703-739-5888

Fax: 703-739-2889

Email: dowell@dowellpc.com
Customer Number: 00293
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Electronic Acknowledgement Receipt

EFSID: 15441110
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number: 293
Filer: Ralph A. Dowell
Filer Authorized By:
Attorney Docket Number: 18154
Receipt Date: 05-APR-2013
Filing Date: 08-MAY-2012
Time Stamp: 11:48:05

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
Inf tion Discl Stat t (IDS) 612169
nrormation Liscliosure >tatemen .
1 Form (SB08) 18154ids2form08a.pdf no 4
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1394
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Information:
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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

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 |
13/466,509 05/08/2012 David TIKKANEN 18154
CONFIRMATION NO. 8469
293 PUBLICATION NOTICE
DOWELL & DOWELL P.C.
103 Oronoco St. IR L LA A
Suite 220 00057

Alexandria, VA 22314

Title:CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

Publication No.US-2012-0280637-A1
Publication Date:11/08/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Doc code: IDS PTO/SB/08a (01-10)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

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.

Application Number 13466509
Filing Date 2012-05-08

INFORMATION DISCLOSURE

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

First Named Inventor | David TIKKANEN
Art Unit 2821

Examiner Name

Attorney Dacket Number PAT 67545AW-2

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 Ccde! of cited Document )
Figures Appear
1 5420780 1995-05-30 Bernstein 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| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20020047642 2002-04-25 ROHM CO,, LTD. Figs. 6, 7
2 20080018261 2008-01-24 Kastner Fig. 20; Para. 102
3 20090179594 2009-07-16 Yang

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 | Number3 Code2? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 2009039112 WO 2009-03-26 EXCLARA, INC. Figs. 1,10 |:|
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Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | David TIKKANEN
STATEMENT BY APPLICANT At Unit -

( Not for submission under 37 CFR 1.99)

Examiner Name
Attorney Dacket Number PAT 67545AW-2

If you wish to add additional Foreign Patent Document citaticn 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
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s)}, TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

UKIPO {(Examiner HUNT), SEARCH AND EXAMINATION REPORT UNDER SECTIONS 17 & 18(3), Patent ]
Application No. GB1102782.8, 2012-09-06

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 602. 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.
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Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | David TIKKANEN
STATEMENT BY APPLICANT At Unit -

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PAT 67545AW-2

CERTIFICATION STATEMENT

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

That each item of informaticn 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.
[] The fee setforthin 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 HJeffrey W. Wong/ Date (YYYY-MM-DD) 2012-10-02

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.S.C. 122 and 37 CFR
1.14. This collecticn 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.
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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.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 infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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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w0 2009/039112 A1 I I 00800000 0000000 N O

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

(19) World Intcllectual Property Organization
International Bureau

7 ..\ux

= . . .
(43) International Publication Date PCT (10) International Publication Number
26 March 2009 (26.03.2009) WO 2009/039112 A1l

(51) International Patent Classification: Circle, San Jose, CA 95120 (US). RODRIGUEZ, Harry
GOSF 1/00 (2006.01) LUS/US]; 10525 Foothill Ave., Gilroy, CA 95020 (US).

. L EASON, Mark [US/US]; 1670 Monte Vista Drive, Hol-

(21) International Application Number: lister, CA 95023 (US). NGUYEN, Lanh [US/US]; 2338

PCT/US2008/076552 Dundee Drive, Santa Clara, CA 95051 (US).
(22) International Filing Date: (74) Agent: GAMBURD, Nancy, R.; Gamburd T.aw Group

16 September 2008 (16.09.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/859,680 21 September 2007 (21.09.2007) US

(71) Applicant (for all designated States except US):
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(57) Abstract: An apparatus, method and system are
provided for controlling the solid state lighting, such as LEDs
An exemplary apparatus comprises a switch for switching
electrical current through the LEDs, a current sensor, a
first comparator adapted to determine a switch current first
predetermined threshold, a second comparator determining
the switch current reached an average level, controller adapted
to turn the switch into on/off states, determine a first on time
period as a duration between either second predetermined
threshold detection or the turning the switch into the on state,
and the detection of the predetermined average current level,
determine a second on time period as a duration between
predetermined average current level and first predetermined
threshold detection, determine an on time switch penod as
proportional to first and second on time periods Additionally,
utilize a difference between first and second on time periods
to generate an crror signal.
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DIGITAL DRIVER APPARATUS, METHOD AND SYSTEM
FOR SOLID STATE LIGHTING

FIELD OF THE INVENTION

The present invention in general is related to supplying and controlling
power to solid state lighting devices, and more particularly, to digitally controlling the
current of solid state lighting devices such as light emitting diodes utilized in lighting
and othcr applications.

BACKGROUND OF THE INVENTION

Arrays of light emitting diodes (“LEDs”) are utilized for a wide variety
of applications, including for general lighting and multicolored lighting. Because
emitted light intensity is proportional to the average current through an LED (or
through a plurality of LEDs connected in series), adjusting the average current through
the LED(s) is one typical method of regulating the intensity or the color of the
illumination source. Solid state lighting, such as LEDs, are typically coupled to a
converter as a power source.

A step-down (Buck) converter can be controlled either in discontinuous
conduction mode (DCM) or continuous conduction mode (CCM). Typically DCM is
suitable only for low power processing, while CCM mode is utilized for higher power
conversion, such as for high brightness LEDs.

In the prior art, a technique referred to as “current programming mode”
(“CPM”) is utilized in an attempt to simplify compensator designs for the Buck
converter, see, e.g., U.S. Patent Nos. 6,034,517; 4,975,820; 4,672,518; 4,674,020; and
4,717,994. Prior art circuits for this CPM mode typically regulate the inductor current
in CCM mode around a set point within the Buck converter. This set point is further
manipulated by an outer compensating loop. For a Buck converter implemented with
CPM mode, the outer compensating loop can be a single pole network.

A CPM implementation, however, cannot simply utilize a controller for
a Buck converter, but must also be accompanied with a circuit implementing DCM.
One challenge facing this CCM implementation is that the control system needs to

transition between DCM and CCM modes in both directions. Many prior art control
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systems will oscillate around these two modes, which causes LED current to fluctuate,
and which may be visually apparent as flicker, for example. When the outer
compensator bandwidth may be low, another problem with this CCM technique is that
the LED current may also fluctuate, particularly when the input voltage to the Buck
converter contains a high ripple percentage.

Most prior art LED control systems also utilize a “high side sensing”
technique, in which the output current of a Buck converter is sensed by a sensing
resistor in series with the inductor (see, ¢.g., U.S. Patent Nos. 6,853,174; 6,166,52%;
and 5,600,234). With high sidc scnsing, output currcnt can be regulated accuratcly, and
high side sensing can also be utilized with CPM techniques. In order to overcome the
various stability problems and other disadvantages mentioned above, the prior art has
utilized various controllers to implement hysteretic (or so called “bang-bang”) control
to regulate this inductor current.

The high side sensing technique works well when the controller
integrated circuit (“1C”) can tolerate the Buck converter input voltage range. This is
typically not the case for an LED driver, however, which involves input voltages which
are much higher than what a controller IC is capable of tolerating or specified to
tolerate and, accordingly, such a high side sensing technique cannot be utilized with
typical controller ICs.

Various techniques for “low side sensing” are also found in the prior art,
in which the sense resistor is in between the main converter switching element
(MOSFET) and ground, see, e.g., U.S. Patent Nos. 6,580,258 and 5,912,552. The low
side sensing technique is usually associated with a control method called “constant off
time” (U.S. Patent Nos. 6,580,258 and 5,912,552). Detailed analysis of this constant
off time method shows that while it may be suitable for controlling Buck converter
output voltage, it exhibits a very large error if it is used for controlling output current,
due to converter component and environmental variations (e.g., manufacturing
variations, component aging or life span, and environmental conditions such as
temperature).

A need remains, therefore, for a control method, apparatus and system,
using low side sensing and suitable for IC implementation, that can regulate output

current accurately while eliminating those drawbacks caused by existing techniques.
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Such an apparatus, method and system should provide a simpler controller compared to
CPM techniques, and further provide excellent accuracy and not exhibiting the
problems associated with prior art techniques such as CPM technique. Such an
apparatus, system and method should also control the intensity (brightness) of light
emissions for solid state devices such as LEDs, while simultaneously providing for
substantial stability of perceived color emission and control over wavelength shifting,
over both a range of intensities and a range of LED junction temperatures. Such an
apparatus, system and method should be capable of being implemented with few

componcents, and without rcquiring cxtensive fecedback systems.

SUMMARY OF THE INVENTION

The exemplary embodiments of the present invention provide numerous
advantages for providing power to solid state lighting, such as light emitting diodes.
The exemplary embodiments allow for energizing one or more LEDs, using digital
control and low side sensing, enabling low voltage IC implementations. The exemplary
apparatus and system embodiments may be implemented with either fixed or variable
frequency switching, and may be implemented with either AC or DC power sources.
As a digital implementation, the exemplary embodiments may also be implemented at a
reduced cost. The exemplary embodiments also provide for precise current control,
within any selected tolerance levels. In addition, the exemplary embodiments also
eliminate the required RC filtering of the prior art.

Further advantages of the exemplary embodiments further provide for
controlling the intensity of light emissions for solid state devices such as LEDs, while
simultaneously providing for substantial stability of perceived color emission, over
both a range of intensities and also over a range of LED junction temperatures. The
exemplary embodiments provide digital control, without requiring external
compensation. The exemplary embodiments do not utilize significant resistive
impedances in the current path to the LEDs, resulting in appreciably lower power losses
and increased efficiency. The exemplary current regulator embodiments also utilize
comparatively fewer components, providing reduced cost and size, while
simultaneously increasing efficiency and enabling longer battery life when used in

portable devices, for example.
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An exemplary embodiment provides a method of controlling solid state
lighting, with the solid state lighting coupled to a switch providing an electrical current
path, and the solid state lighting having an electrical current. The exemplary method
comprises: turning the switch into an on state; detecting when the electrical current has
reached a predetermined average current level; detecting when the electrical current has
reached a first predetermined current threshold; determining a first on time period as a
duration between detection of a second predetermined current level or turning the
switch into the on state and the detection of the predetermined average current level;
dctermining a sccond on time period as a duration between the detection of the
predetermined average current level and the detection of the first predetermined current
threshold; and determining an on time period of the switch as substantially proportional
to a sum of the first on time period and the second on time period. When the on time
period has elapsed, the exemplary also provides for turning the switch into an off state.
The exemplary method may also provide for detecting when the electrical current has
reached the second predetermined current threshold.

The exemplary embodiments may operate in a fixed or variable
frequency switching mode. For the fixed frequency switching, subsequent to turning
the switch into the off state, when a fixed time period has elapsed from having turned
the switch into the on state, the exemplary method again turns the switch into an on
state and repeats the detection and determination steps. For this exemplary
embodiment, the method also provides for generating an error signal as a difference
between the second on time period and the first on time period, and adjusting the on
time period proportionally to the error signal.

For variable frequency switching, when a current off time period has
clapsed, the exemplary method provides for determining the current off time period of
the switch as a function of the first on time period and the second on time period, and
more particularly, determining the current oft time period of the switch as a function of
the first on time period, the second on time period, and a previous off time period. In
an exemplary embodiment, the current off time period of the switch may be determined

as:
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207, (K)o T,..(K)

T K+~
orr (K1) T (K +1) + Ty (K)

, in which Torr(K+1) is the current off time

period, Ton2(K) is a previous second on time period, Torr(K) is a previous off time
period, and Ton1(K+1) is a current first on time period. In another exemplary
embodiment, the current off time period of the switch may be determined as:

(Topi (K) 4 +Tppr (K)o 105 (K)
Toni (K + 1)+ T, (K)

Tor (K +1) = , in which Torr(K+1) is the current off

time period, Toni(K)a 1s a previous first on time period determined using the detection
of the second predetermined current level, Tox2(K) is a previous second on time period,
Torr(K) is a previous off time period, and Toxi(K+1) is a current first on time period.
In another exemplary embodiment, the current off time period of the switch may be
determined as a function of a current first on time period, a previous second on time
period, and a previous off time period, or as a function of a current first on time period,
a previous first on time period, a previous second on time period, and a previous off
time period.

In another exemplary embodiment, the method includes adjusting the
current off time period to provide that the first on time period is substantially equal to
the second on time period. In addition, the exemplary method also provides for
decreasing the current off time period proportionally to a driving gate rising edge time
period, or decreasing the on time period proportionally to a driving gate falling edge
time period and a comparator falling edge time period. In another variation, the
exemplary method may include adjusting the second on time period proportionally to a
driving gate falling edge time period, or decreasing the second on time period
proportionally to a driving gate falling edge time period and a comparator falling edge
time period.

The exemplary method also provides for determining a blanking time
interval following turning the switch into the on state. During the blanking time
interval, the exemplary method provides for ignoring the detection of the second
predetermined current threshold, the detection of the predetermined average current
level, or the detection of the first predetermined current threshold. The blanking time

interval may be determined as proportional to a gate rising edge time period and a
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transient current time period, or as proportional to a gate rising edge time period and
detection of the predetermined average current level, for example.

In another exemplary embodiment, the exemplary method includes
adjusting a brightness level of the solid state lighting by using at least two different and
opposing clectrical biasing techniques. In addition, the method of adjusting a
brightness level of the solid state lighting may include using a hysteresis of at least two
electrical current amplitude levels and at least two electrical current duty cycle ratios.

In an exemplary embodiment, the solid state lighting comprises at least
onc light cmitting diodc which has a comparatively high voltage nodc and a
comparatively low voltage node, and wherein the detection of the second
predetermined current threshold, the detection of the predetermined average current
level, and the detection of the first predetermined current threshold occur at the
comparatively low voltage node.

In another exemplary embodiment, the solid state lighting comprises a
plurality of arrays of a plurality of series-connected light emitting diodes, and each
array of the plurality of arrays further coupled to a corresponding switch providing an
clectrical current path. The exemplary method may also include separately determining
a corresponding first on time period, a corresponding second on time period, and a
corresponding on time period as substantially proportional to the sum of the
corresponding first on time period and the corresponding second on time period for
cach array of the plurality of arrays; when the corresponding on time period has
elapsed, separately turning the corresponding switch into an off state; and separately
determining a corresponding off time period for each array of the plurality of arrays. In
addition, the exemplary method may also include interleaving the corresponding on
time periods of the corresponding switches of the plurality of arrays, such as by
successively switching electrical current to each array of the plurality of arrays for the
corresponding on time period.

Another exemplary embodiment provides an apparatus for controlling
solid state lighting, with the apparatus comprising: a switch couplable to the solid state
lighting; a first comparator adapted to determine when a switch electrical current has
reached a first predetermined current threshold; a second comparator adapted to

determine when the switch electrical current has reached a predetermined average
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current level; and a controller coupled to the first comparator and to the second
comparator. In an exemplary embodiment, the controller is adapted to turn the switch
into an on state and an off state, to determine a first on time period as a duration
between either a detection of a second predetermined current threshold or the turning
the switch into the on state, and the detection of the predetermined average current
level; to determine a second on time period as a duration between the detection of the
predetermined average current level and the detection of the first predetermined current
threshold; and to determine an on time period of the switch as substantially
proportional to a sum of the first on time period and the sccond on time period. The
controller is further adapted to perform the methodology discussed above.

In an exemplary embodiment, the apparatus also includes a gate driver
circuit coupled between the controller and the switch, and wherein the controller is
adapted to turn the switch on and to turn the switch off by generating a corresponding
signal to the gate driver circuit. The exemplary apparatus may also include a third
comparator adapted to determine when the electrical current has reached the second
predetermined current threshold; a reference voltage generator adapted to provide
reference voltages respectively corresponding to the first and second predetermined
current thresholds and to the predetermined average current level; an input-output
interface coupled to the controller and adapted to receive an input control signal; and a
current sensor coupled to the first and second comparators and to the switch. An
exemplary current sensor is embodied as a resistive circuit element.

When the solid state lighting comprises a plurality of arrays of a
plurality of series-connected light emitting diodes, with each array of the plurality of
arrays is further coupled to a corresponding switch, the controller is further adapted to
turn each corresponding switch into an on state and an off state; to separately determine
a corresponding first on time period, a corresponding second on time period, and a
corresponding on time period as substantially proportional to the sum of the
corresponding first on time period and the corresponding second on time period for
cach array of the plurality of arrays; when the corresponding on time period has
clapsed, to separately turn the corresponding switch into an off state; to separately
determine a corresponding off time period for each array of the plurality of arrays; and

to interleave the corresponding on time periods of the corresponding switches of the
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plurality of arrays, such as by successively turn into an on state cach corresponding
switch for each array of the plurality of arrays for the corresponding on time period.
The exemplary embodiments also provide a solid state lighting system,
the system couplable to a power source, with the system comprising: a plurality of
arrays of series-connected light emitting diodes; a plurality of switches, a
corresponding switch of the plurality of switches coupled to each the array of the
plurality of arrays of light emitting diodes; at least one corresponding first comparator
adapted to determine when a corresponding switch electrical current has reached a
corrcsponding first predctermined current threshold; at lcast onc corresponding sccond
comparator adapted to determine when the corresponding switch electrical current has
reached a corresponding predetermined average current level; and at least one
controller coupled to the corresponding first comparator and to the corresponding
second comparator, the controller adapted to turn the corresponding switch into an on
state and an off state, to determine a corresponding first on time period as a duration
between either a detection of a corresponding second predetermined current threshold
or the turning the corresponding switch into the on state, and the detection of the
corresponding predetermined average current level; to determine a corresponding
second on time period as a duration between the detection of the corresponding
predetermined average current level and the detection of the corresponding first
predetermined current threshold; and to determine a corresponding on time period of
the corresponding switch as substantially proportional to a sum of the corresponding
first on time period and the corresponding second on time period. The exemplary
controller is also adapted to separately perform the methodology of the invention for
cach array, including the interleaving and the other features discussed above and below.
In addition, in the exemplary system, the exemplary apparatus may be
coupled to a DC-DC power converter receiving a DC input voltage or coupled to AC-
DC power converter receiving a rectified AC input voltage. When the power source
provides a rectified AC input voltage, an electrical current through a corresponding
switch is substantially zero when the rectified AC input voltage is below a selected or
predetermined threshold. In addition, when the power source provides a rectified AC
input voltage, the at least one controller is in an off state when the rectified AC input

voltage is below a selected or predetermined threshold.
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Another exemplary embodiment includes an apparatus for controlling
solid state lighting, with the apparatus comprising: a switch couplable to the solid state
lighting; a current sensor coupled to the switch; a first comparator adapted to determine
when a switch electrical current has reached a first predetermined current threshold; a
second comparator adapted to determine when the switch electrical current has reached
a predetermined average current level; a third comparator adapted to determine when
the switch electrical current has reached a second predetermined current threshold; a
reference voltage generator coupled to the first, second and third comparators and
adaptcd to provide reference voltages respectively corresponding to the first
predetermined current threshold, the second predetermined current threshold; and to the
predetermined average current level; an input-output interface adapted to receive an
input control signal; and a controller coupled to the first, second and third comparators
and to the input-output interface, the controller adapted to turn the switch into an on
state and an off state, to determine a first on time period as a duration between either
the detection of a second predetermined current threshold or the turning the switch into
the on state, and the detection of the predetermined average current level; to determine
a second on time period as a duration between the detection of the predetermined
average current level and the detection of the first predetermined current threshold; to
determine an on time period of the switch as substantially proportional to a sum of the
first on time period and the second on time period; to turn the switch into an off state
when the on time period has elapsed; and to determine a current off time period of the
switch as a function of the first on time period, the second on time period, and a
previous off time period.

Numerous other advantages and features of the present invention will
become readily apparent from the following detailed description of the invention and

the embodiments thercof, from the claims and from the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects, features and advantages of the present invention will be
more readily appreciated upon reference to the following disclosure when considered in
conjunction with the accompanying drawings, wherein like reference numerals are used

to identify identical components in the various views, and wherein reference numerals
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with alphabetic characters are utilized to identify additional types, instantiations or
variations of a selected component embodiment in the various views, in which:

Figure (or “FIG.”) 1 is a block and circuit diagram of an exemplary first
system embodiment and first apparatus embodiment in accordance with the teachings
of the present invention.

Figure (or “FIG.”) 2, divided into FIGs. 2A and 2B, are graphical
diagrams illustrating a first exemplary current waveform through the solid state lighting
and through a switch, respectively, in accordance with the teachings of the present
invention.

Figure (or “FIG.”) 3 is a graphical diagram illustrating an exemplary
current waveform of a solid state lighting current overshoot, in accordance with the
teachings of the present invention.

Figure (or “FIG.”) 4 is a graphical diagram illustrating an exemplary
current waveform of a solid state lighting current undershoot, in accordance with the
teachings of the present invention.

Figure (or “FIG.”) 5 is a graphical diagram of an inrush current and a
blanking time interval in accordance with the teachings of the present invention.

Figure (or “FIG.”) 6 is a graphical diagram illustrating combined pulse
width modulation (“PWM?”) and amplitude modulation for brightness adjustment in
accordance with the teachings of the invention.

Figure (or “FIG.”) 7 is a graphical diagram illustrating hysteresis
between two amplitude levels and duty cycle ratios for brightness adjustment in
accordance with the teachings of the invention.

Figure (or “FIG.”) 8 is a block and circuit diagram of an exemplary
second system embodiment and second apparatus embodiment in accordance with the
teachings of the present invention.

Figure (or “FIG.”) 9 is a graphical diagrams illustrating a second
exemplary current waveform through the solid state lighting and a rectified AC current
in accordance with the teachings of the present invention.

Figure (or “FIG.”) 10 is a block and circuit diagram of an exemplary

third system embodiment in accordance with the teachings of the present invention.
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Figure (or “FIG.”) 11 is a timing diagram illustrating exemplary
multiphase switching of the exemplary third system embodiment in accordance with
the teachings of the present invention.

Figure (or “FIG.”) 12 is a flow diagram of an exemplary method

embodiment in accordance with the teachings of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

While the present invention is susceptible of embodiment in many
diffcrent forms, there arc shown in the drawings and will be described herein in detail
specific exemplary embodiments thereof, with the understanding that the present
disclosure is to be considered as an exemplification of the principles of the invention
and is not intended to limit the invention to the specific embodiments illustrated. In
this respect, before explaining at least one embodiment consistent with the present
invention in detail, it is to be understood that the invention is not limited in its
application to the details of construction and to the arrangements of components set
forth above and below, illustrated in the drawings, or as described in the examples.
Methods and apparatuses consistent with the present invention are capable of other
embodiments and of being practiced and carried out in various ways. Also, it is to be
understood that the phrascology and terminology employed herein, as well as the
abstract included below, are for the purposes of description and should not be regarded
as limiting.

As mentioned above, exemplary embodiments of the present invention
provide numerous advantages for providing power to solid state lighting, such as light
emitting diodes. The exemplary embodiments allow for energizing one or more LEDs,
using digital control and low side sensing, enabling low voltage IC implementations.
The exemplary apparatus and system embodiments may be implemented with either
fixed or variable frequency switching, and may be implemented with either AC or DC
power sources. As a digital implementation, the exemplary embodiments may also be
implemented at a reduced cost. The exemplary embodiments also provide for precise
current control, within any selected tolerance levels. In addition, the exemplary
embodiments also eliminate the required RC filtering of the prior art. Further

advantages are discussed below.
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Figure 1 is a block and circuit diagram of an exemplary first system 150
embodiment and first apparatus 100 embodiment in accordance with the teachings of
the present invention, for a single channel of LEDs 110. As illustrated in Figure 1, the
system 150 comprises an apparatus 100, a converter 120 with an array of LEDs 110 (as
an exemplary type of solid state lighting), and a current sensor 160 (illustrated in Figure
8 as implemented using a resistor 1604). The illustrated configuration for the converter
120 is a Buck converter, although many other configurations and types of converters
may be utilized equivalently, requiring only the capability for “low side” (node 116)
currcnt scnsing, i.e., currcnt scnsor 160 is on the comparatively low side (e.g., at nodc
116) of the power converter 120, as described in greater detail below. The converter
120 comprises an inductor 105 and a diode 115, with the inductor 105 having a series
connection with the LEDs 110. The switch 155 may be considered part of the
apparatus 100 or part of the converter 120. As known in the art, other components may
also be included within the converter 120, and are also within the scope of the present
invention.

The apparatus 100, also referred to as a “digital LED driver”, comprises
a controller 125, a plurality of comparators 130, 135, 140, and a reference voltage
generator 145. The comparators 130, 135, 140 and reference voltage generator 145
may be implemented as known or becomes known in the electronic arts. Optionally,
the apparatus 100 may also include an input-output (“I/O”) interface 170, to receive
(and/or transmit) various signals, such as on, off, brightness (dimming) information, or
other control information (such as from a building control system), and may
communicate using any protocol, as described below. The apparatus 100 also may
include a memory 175, such as to store settings, values, and other parameters which
may be used by the controller 125, and which also may have a connection to the I/O
interface 170, for input or modification of such parameters. Various implementations
of the controller 125 (and other controller 225 embodiments), the 1/0 interface 170, and
the memory 175 are described in greater detail below. A switch 155, typically
implemented as a field effect transistor (“FET”) or any other type of transistor or
switching device, may be considered to be part of either the apparatus 100, the
converter 120, or the system 150, and is controlled by the controller 125, typically

through an optional gate driver (buffer) 165. The current sensor 160 also may be
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considered to be part of either the apparatus 100 or the system 150. Those of skill in
the art will recognize that the current sensor 160 may be implemented in innumerable
ways, in addition to the illustrated resistor (Figure 8), and any and all of which are
considered equivalent and within the scope of the invention. Not separately illustrated
in Figure 1 are the typical power (Vdd and/or Vin), ground, and clock (oscillator) inputs
and connections for the apparatus 100. In addition, either terminal illustrated as VN~ or
Vin' may also be a ground (GND) connection (e.g., Vix' and GND, or GND and V).
Also as illustrated, Viy' and Vin may be a DC voltage or a rectified AC (AC line
voltage), using an optional rectificr 325. Exemplary current wavcforms for an AC
implementation are illustrated and discussed below with reference to Figure 9.

As mentioned above, the apparatus 100 implements “low-side” sensing,
such that voltages are detected on the “low” side of LEDs 110, compared to prior art
“high-side” sensing of inductor 105 (or LED 110) current. Accordingly, the apparatus
100 is not required to tolerate high voltages which would be necessary with high-side
sensing. The apparatus 100 operates by detecting various LED 110 current levels when
the switch 155 is on and conducting, and by the controller 125 calculating and
predicting optimal switch 155 “on time” durations (“Tox”) (divided into first and
second portions) and switch 155 “off time” durations (“Torr””). By controlling the on
and off durations of the switch 155, the controller 125 thereby regulates the current
through the LEDs 110, with current increasing during the on time, and decreasing
during the off time (and flowing through diode 115, rather than the switch 155), as
illustrated in Figure 2A. In addition, for these first system and apparatus embodiments,
because the combined duration (arithmetic sum) of the on (Ton) and off (Topr) times
for the LEDs 110 is not constant, but is variable, the system 150 has a variable
switching frequency (a constant switching frequency is discussed below with reference
to Figure 8). The LED 110 current levels are detected as corresponding voltage levels
across the current sensor 160 during the on time, and compared by the plurality of
comparators 130, 135, 140, to corresponding reference voltages generated by reference
voltage generator 145. When the switch 155 is off and not conducting, however, it
should be noted that no current flow through or otherwise will be available to the
current sensor 160 (switch 155 current falls to zero during Torr, as illustrated in Figure

2B), and as a consequence, the comparators 130, 135, 140, will not have corresponding
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voltage input and will therefore have a low (binary zero) output. Described another
way, during the off time of the switch 155, the comparators 130, 135, 140 are not
providing any (valid) information concerning the LED 110 current levels.

In accordance with the present invention, the controller 125 will
determine various “on’ times of the switch 155 to provide a selected or predetermined
average current level through the LEDs 110, which current is further less than a
selected or predetermined first, high threshold level and greater than a selected or
predetermined second, low threshold level, thereby regulating average current through
the LEDs 110 with a predctermined current ripple Ievel. A first comparator 130 is
utilized to detect the first, high threshold (“HT’) level, typically as a voltage across the
current sensor 160, by comparing the voltage level across the current sensor 160 with a
first reference voltage level provided by the reference voltage generator 145. A second
comparator 135 is utilized to detect the second, low threshold (“LT”) level, by
comparing the voltage level across the current sensor 160 with a second reference
voltage level provided by the reference voltage generator 145, and a third comparator
140 is utilized to detect the third, average level, by comparing the voltage level across
the current sensor 160 with a third (e.g., average (“AV™)) reference voltage level
provided by the reference voltage generator 145. Based upon those detected levels, the
controller 125 will determine the accurate (and optimal) on time durations for the
switch 155. Using those switch 155 on time durations, and a current “off” time
duration (which at initial start up may be a default value), the controller 125 will
calculate a next off time duration. Quite rapidly and within very few on and off cycles
of the switch 155, the controller 125 will cause the on and off durations of the switch
155 to converge to accurate (and optimal) values, and further, to provide any
corrections within very few clock cycles, such as due to potentially fluctuating input
voltage levels (Vv and/or Vin).

Figure 2, divided into FIGs. 2A and 2B, are graphical diagrams
illustrating a first exemplary current wavetorm through the solid state lighting (LEDs
110) (and being equal to the current through the inductor 105) and through the switch
155, respectively, in accordance with the teachings of the present invention. As
illustrated in Figure 2A, during initial start up, the switch 155 is on (Toni(1), interval

214), and the current through the LEDs 110 will increase (180). During this time
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period, as the current increases and the voltage across the current sensor 160 increases,
the voltage level across the current sensor 160 will be compared by the comparators
130, 135, 140. As the various threshold levels are reached, the comparators 130, 135,
140 will provide corresponding signals to the controller 125, and the controller 125, in
turn, is adapted to determine the corresponding time intervals (durations) for the current
to increase, for example, either from when the switch 155 has been turned on to the
third, average current level (signal from the third comparator 140) (Ton1(K)), or from
the second, low threshold (signal from second comparator 135) to the third, average
currcnt level (also a signal from the third comparator 140) (Ton1(K)a), and then from
the third, average current level to the first, high threshold level (Tonz) (signal from the
first comparator 130). Upon reaching the first, high threshold, the first comparator 130
will provide a corresponding signal to the controller 125, which will then turn off the
switch 155, typically via the gate driver 165, and the current through the LEDs 110 will
begin to decrease (181). During initial start up (Toni1(1)), the Toni(1) interval is not
utilized (e.g., insufficiently accurate, due to the start up time), and a default off time is
implemented (Torr(1)), such that following the default interval, the switch 155 will be
turned on again (187).

In accordance with the exemplary embodiments, the on time of the
switch 155 is divided into two intervals, Toni(K) and Ton2(K), indexed for each
switching cycle “K” of the switch 155, with consecutive cycles referred to as “K” and
“K+17, with Ton1(K) being the time interval commencing with turning on the switch
155 and ending with the LED 110 current reaching the third, average current level
(Iav), and with Ton2(K) being the time interval commencing with the current having
reached the third, average current level (Iayv) and ending with the LED 110 current
reaching the first, high threshold current level (Igr). In addition, to accommodate
various input (Vix') and output (Vo) voltage levels, another Ton; time interval is
utilized, illustrated in Figure 2A as Toni(K)a (177) and Toni(K+1)a (198), which is the
time interval commencing with the LED 110 current reaching the second, low threshold
current level (It) and ending with the LED 110 current reaching the third, average
current level (Iay). The Ton1(K)a and Toni(K+1)a time periods are utilized for the
non-linear rising of the inductor 105 current, illustrated as curves 183, 186 in Figure

2A. The alternative first on time, Toni(K)a, from the second, low threshold (I 1) to the
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third, average current level (Iav), also may be utilized generally when valid second, low
threshold (Irr) information is obtainable (depending upon whether the low threshold
has already been reached when the blanking time interval has elapsed, as discussed
below). Also in accordance with the exemplary embodiments, as the apparatus 100 has
a few cycles of operation, the time at which the switch 155 is turned on will be at about
the second, low threshold current level (Ir7).

When the switch 155 is turned on again (187), depending on the input
(Viv') and output (Vo) voltage levels, the increase in current through LEDs 110 may be
comparativcly lincar (182, 185), typically for the input voltage Vv’ being significantly
greater than the output voltage Vo, or may be nonlinear (183, 186), typically for the
input voltage Viy' being comparatively close in value to the output voltage Vo. The
exemplary embodiments of the present invention provide current control for and
regardless of either the linear or the nonlinear situation. As the current increases, based
upon the input from the comparators 130, 135, 140, the controller 125 will determine
the time intervals (durations) Ton1(K) and Ton2(K). When the first, high threshold has
been reached, the controller 125 will again turn off the switch 155 (189, 199), and will
calculate the next off duration for the switch 155 (to be utilized currently), such that the
LED current level is generally kept above the second, low threshold (188), and does not
have undershoot (or has insignificant undershoot) (as may have occurred previously
(187) during initial start up, as illustrated).

The controller 125, generally, will determine a current off time of the
switch 155 as a function of the on time and the previous off time. More specifically,
the controller 125 will determine a current off time period of the switch as a function of
the first on time period, the second on time period, and a previous off time period.
Even more specifically, the controller 125 will determine a current off time period of
the switch as a function of a current first on time period, a previous second on time
period, and a previous off time period. In another alternative, and also more
specifically, the controller 125 will determine a current off time period of the switch as
a function of a current first on time period, a previous first on time period, a previous
second on time period, and a previous off time period. In addition, current and
previous should be understood in their relative sense, which are also pair-wise

equivalent to the relative terms next and current (respectively, as a pair), so that any
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reference or claim to current and previous should be understood to mean and include
next and current, respectively.

During any given cycle, at the point of turning off the switch 155 (189,
199), the current values (or parameters) for Toni1(K+1), Ton2(K+1) and the previous
values (or parameters) for Ton1(K), Ton2(K), and Topr (K) are known. In accordance
with the exemplary embodiments, the next off time (Torr (K+1)) which will be utilized
in the current cycle (K+1) will be calculated or otherwise determined by the controller
125 using the previous off time (Torr (K)), and the various on times, such as the
previous sccond on time Ton2(K) and the current first on time Toni(K + 1), or the
previous second on time Ton2(K), the current first on time Toni(K + 1) and the previous
first on time Toni1(K)a. More specifically, in accordance with the invention, the switch
155 off time (Topr (K)) is adjusted such that the first and second on times are generally
about or substantially equal to each other, Toni(K) = Ton2(K), which then provides the
desired current regulation, maintaining the average current level (Iav), while generally
maintaining the current below the first, high threshold (Igr) and above the second, low
threshold (Ir1), depending upon the allowed or tolerated current ripple level.

When Vi is significantly higher than Vg, the inductor 105 current rise
slope generally is substantially linear (182, 185). We may assume that the converter
120 input and output voltages Vix and V¢ do not vary between consecutive cycles. For
a Buck converter, the current rising slope is defined by (Equation 1):

Ve = V.

o

current_rising slope = ———=,

such that the current rising slope does not vary appreciably between consecutive cycles.
Since comparators 130, 135, 140 are comparing against fixed thresholds Iy, 11 and
Iav, Tonz should remain the same across the consecutive cycles, i.e., (Equation 2):

Ton (K +1) =T, (K),

such that any calculation using a current second on time Ton(K+1) is equivalent to and
includes using a previous second on time period Tonz(K), and vice versa. By the time
Ton1(K+1) elapses, the controller 125 knows Torr (K), Ton2(K) and Toni(K+1). Since
Torr (K), Ton1(K+1), and Ton2(K+1) (which equals Ton2(K) from Equation 2) share
the same peak (Iur)and valley (I v)currents, then (Equation 3)
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v, Vi =V,
Al :T o (K) :TlTom(K"'])"'TONZ(K"'])}

an _VO
oo (T (K + 1)+ Ty (KD}

Because an average current of 4y and equal halves (time intervals) for
of peak (Iyr)and valley (I 1) currents are desired, then (Equation 4):
T (K +1) =T, ,(K).
The desired Torr (K+1) can be formulated as (Equation 5):

14 Ve =V,

AT = TOTOFF (K + ]) = - {2 o TONZ(K)}‘

desired

Dividing Equation 5 by Equation 3 (i.e., Equation 5 over Equation 3) to remove a
dependence over Vin, Vo and L, yields (Equation 6):

TOFF(K—I—I): 2e7,,,,(K)
TOFF(K) To (K +1)+ T, (K)

Thus, for an exemplary embodiment, the next Topr (K+1) should be
generated by the controller 125 as (Equation 7):

20T, (K)o T, (K)

T K+1)= .
orr (K+1) T (K +1) + T, (K)

Implementation of Equation 7 requires one multiply, one shift, one addition and one
divide operation per converter 120 switching cycle. The performance of the apparatus
100, therefore, is about two switching cycles to converge to its target values or
paramcters for Lay, Iur, and I t. In addition, the requircment of onc multiply and divide
per converter 120 switching cycle can be relaxed if the converter 120 switching
frequency is much higher than normal ripple found in Vv and Vo. As mentioned
above, however, when the current first on time Toni(K + 1)4 or previous first on time
Ton1(K)a are available (i.e., may be measured after the blanking interval described
below), these measurements may be utilized instead of the current first on time Toni (K
+ 1) or previous first on time Toni1(K).

When Viy is not much higher than Vg, the rising slope of the inductor
105 current is no longer linear (183, 186 in Figure 2A). Typically, the initial slope
during the Toni(K) interval is steeper than the Tonz(K) interval. Becausc in this casc
Equation 7 may yield a much lower valley (Ir.1) current than the desired average current

Iav, Equation 7 can be modified as (Equation 8):
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(Top, (K) 4 + Tppr (K)) @ T (K)

T K+1)=
orr (K1) Top (K +1) + Ty (K)

As mentioned above, Ton1(K)a is the time interval from Irt to Iay, and may be
determined along curves 183, 186 or the curves 182, 185. As discussed in greater detail
below, however, because the controller 125 of various exemplary embodiments does
not utilize any output of comparators 130, 135, 140 during a ‘“blanking” interval
following turning on the switch 155, it is possible that the output of the second
comparator 135 (I.;) may bc alrcady high when the blanking intcrval has clapscd and,
in which case, Equation 7 is utilized to calculate Torr (K+1) as well, rather than
Equation 8.

Referring again to Figure 1, the thresholds (peak (Igt), valley (Irr) and
average (Iay) currents used by comparators 130, 135, 140 are set (predetermined)
within the apparatus 100, such as by inputting values using the 1/O interface 170, and
storing those values as parameters or values in memory 175. For example, for an
allowable or selectable 20% ripple in LED 110 current regulation, peak (Iyr), average
(Iav) and valley (Ir1) currents can be set to be apart by 10% intervals. Typical values
for peak (Iy1), average (Iav) and valley (IL1) currents are represented by corresponding
voltages across the current sensor 160, e.g., at around 0.3 Volts (and can be lower when
using an IC). The current sensor 160 is selected based upon the desired application; for
example, when implemented as a resistor, a value is selected to pass a desired average
current.

For even more fine-grained current regulation, the exemplary
embodiments of the invention also account for rise and fall delays of the various
switching elements, such as the rising and falling time delays of the switch 155, the
gate driver 165, and the comparators 130, 135, 140, with any propagation delays
included within any such rising and falling time delays. Figure 3 is a graphical diagram
illustrating an exemplary current waveform of a solid state lighting current overshoot,
in accordance with the teachings of the present invention, illustrating in greater detail
section 215 from Figure 2. Figure 4 is a graphical diagram illustrating an exemplary
current waveform of a solid state lighting current undershoot, in accordance with the
teachings of the present invention, illustrating in greater detail section 210 from Figure
2.
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Referring to Figure 3, when the LED 110 current reaches the first, high
threshold (Igt) at time #;, there is a rise time associated with the first (peak) comparator
130 (interval 201), such that the controller 125 does not receive the corresponding
information until time #,. At time ¢,, the controller 125 will turn off the gate driver 165
to turn off the switch 155, resulting in a fall time associated with the gate driver 165
and the switch 155 (interval 202), such that the switch 155 has stopped conducting at
time #5. As the current through the LEDs 110 (and switch 155) decreases, there is
another fall time associated with the first (peak) comparator 130 (interval 203), such
that the controller 125 docs not reecive the corresponding information until time 7.
Because of these rising and falling time delays, unless the delays are accounted for,
there can be an overshoot of the LED 110 current, with the LED 110 current being
higher than the selected first, high threshold. Accordingly, the controller 125 receives
the corresponding comparator (130) rising and falling edge information at ¢z, and z..

Similarly, referring to Figure 4, when the LED 110 current decreases to
the second, low threshold (Irt) during an off time period, no current is flowing through
the switch 155 (Figure 2B), so no information is available to the controller 125. At
time 5, the end of the off time period, the controller 125 will turn on the gate driver 165
to turn on the switch 155, resulting in a rise time associated with the gate driver 165
and the switch 155 (interval 205), such that the switch 155 will start conducting at time
t7. As the current through the LEDs 110 (and switch 155) increases to the low
threshold (s), there is a rise time associated with the second (valley) comparator 135
(interval 206), such that the controller 125 does not receive the corresponding
information until time 7,. Because of these rising and falling time delays, unless the
delays are accounted for, there can be an undershoot of the LED 110 current, with the
LED 110 current being lower than the selected second, low threshold. Accordingly, the
controller 125 receives the corresponding comparator (135) rising edge information at
to.

The exemplary embodiments of the invention may be implemented to
account the various delays associated with the rising and falling times of the first (peak)
comparator 130, the gate driver 165 and the switch 155, and the second (valley)
comparator 135. By making the rising and falling delay times equal (symmetrical) for

cach comparator 130, 135, then the time interval during which the controller 125
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receives the corresponding comparator (130, 135) rising and falling edge information
(e.g., at t; and t4) 1s equal to the actual overshoot time interval (of #; to #3).
Accordingly, the overshoot time may be measured from the first comparator 130 rising
edge (¢,) (also coincident with the falling edge of the off command/signal to the gate
driver 165) to the first (peak) comparator 130 falling edge (z,), resulting in (Equation

9):
Tovei'shoot ~ Tp _gate _drive _ fall + Tpk _comp _ fall *

Accordingly, for finer-grained control, the overshoot time is subtracted from Tonz by
the controller 125, such that the actual LED 110 current would barely reach the first,
high threshold Iyr.

Because the second comparator 135 is not receiving comparable
information during Torr, a different approach may be utilized, as an option, for
determining an undershoot time interval or duration. Accordingly, by also making the
first comparator 130 and second comparator 135 to be similar, such that each
effectively having the same rising and falling time intervals as the other (Symmetrical),
then the undershoot time may be considered to be substantially cqual or otherwisc
comparable to the overshoot time. Assuming such symmetry between comparators
130, 135, results in (Equation 10):

Tundershoot = Tovershoot,

such that the interval from 7, to ¢, in turn also would be equal to the undershoot time
interval (of #5 to 7). In this instance, the undershoot time is subtracted from Topr by the
controller 125, such that the actual LED 110 current would barely decrease to the
second, low threshold Iy 1. In both overshoot and undershoot circumstances, the
measurements of these intervals may be completed during the initial system 150 start
up, and treated as constants during subsequent switching cycles or, alternatively, the
overshoot and undershoot time intervals may be calibrated whenever the corresponding
first (peak) comparator 130 has valid information. In addition, because the undershoot
and overshoot time periods may be symmetrical, when the gate driver 165 and switch
155 have symmetrical rise and fall times, and when the various comparators have
symmetrical rise and fall times, then the measurement of one (overshoot) also may be

used for the other (undershoot).
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In another variation, when the second comparator 135 does not provide
valid information during an on time interval (e.g., the second comparator 135 has
already indicated that the low threshold of current has been reached when the blanking
time has elapsed), then the relevant undershoot time may be considered to be only the
rise time of the gate driver 165 and switch 155 which, given the symmetrical rise and
fall times, would be equal to the fall time of the gate driver 165 and switch 155. This
may be determined as described below, or as another alternative, the overshoot time
(which also includes first comparator 130 rise or fall time) may be utilized as a
sufficiently accurate cstimation.

In addition, in exemplary embodiments, depending upon selected
tolerance levels, the undershoot compensation may be omitted, as lower current levels
are not harmful to the LEDs 110, and if the undershoot is not large, may not be visually
apparent. Alternatively, the first, high threshold Ijir and the second, low threshold Iyt
may also be adjusted in advance, to provide tighter regulation, such as spacing them
apart by 5% of 7.5% intervals, rather than 10% intervals, for example.

Both of the overshoot and undershoot controls, however, generally
should be implemented such that both the first (peak) comparator 130 and the second
(valley) comparator 135 periodically trip, to avoid the LED 110 current from deviating
down or up without notice. Accordingly, in accordance with the exemplary
embodiments, the controller 125 will periodically allow the LED 110 current to rise and
fall sufficiently to trip the first (peak) comparator 130 and the second (valley)
comparator 135, respectively.

Conversely, if the specification for LED 110 current ripple allow current
overshoot (e.g., allowing the LED 110 current envelope to follow Vi ripple), then the
overshoot and undershoot may be made symmetrical as well, such as by increasing the
off time Torr by the undershoot (or symmetrical overshoot) interval. By doing so, the
LED 110 average current would remain constant.

Figure 5 is a graphical diagram of an inrush current through the switch
155 when it is turned on and a “blanking” time interval in accordance with the
teachings of the present invention. In the prior art, such an inrush (transient) current
would be filtered using an additional capacitor and resistor (RC filter) in parallel with

the current sensor 160; in the exemplary embodiments, the use of such an RC filter is
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not required, and a blanking time interval is utilized instead, as mentioned above and as
described below. Initially the controller 125 issues a command to the gate driver 165
(and thereby switch 155) to turn on, at time #;9. After the gate driver 165 and switch
155 rise time (interval 211) (combined as “Tp_gate drive rise” time), the switch 155
current exhibits a transient spike, referred to as an “inrush”, starting at time #,,
typically caused by its terminal capacitance and the reverse recovery of diode 115,
which lasts for interval 212 (through time #;,). This inrush current through the switch
155 may be higher than the average current (I14v) and potentially even higher than the
first, high threshold (Int), causing their respective comparators 140, 130 to trip (and
provide corresponding logic high signals to the controller 125). In accordance with the
exemplary embodiments, the controller 125 disregards this information by establishing
or setting a “blanking” time interval (216) (“Tblank”), during which the outputs of the
comparators 130, 135, and 140 are ignored. The blanking time interval commences
when the controller 125 generates the command to turn on the gate driver 165 (and
switch 155) (¢;0), and extends until the transient inrush current has settled (7;3), resulting

in (Equation 10): 7,,. >T,

P gate drive rise T T st

The transient, inrush time interval (212) is generally a function of switch 155 terminal
capacitance, diode 115 reverse recovery charge, and the sense resistance value (when
current sensor 160 is implemented as a resistor). If the inrush current is higher than the
average current (Iav), it is possible for the controller 125 to determine the inrush time
and adjust the blanking time appropriately.

Ideally, Equation 4 provides that Ton; should be equal to Tonz. The
controller 125, however, as mentioned above, should turn on the gate driver 165 and
switch 155 earlier by an amount equal to their combined rise time (Tp_gate drive rise
time). In a system where the gate driver 165 is designed such that its rise time is close
to the overshoot time (e.g., the gate driver 165 and switch 155 have symmetrical rising
and falling times and comparator delay time is not significant), then the overshoot time
can be utilized to decrease Togr.

Yet another method of determine the rise time of the gate driver 165 and
switch 155 (Tp gate drive rise) is through the third, average current (Iny) comparator
140. Although the moment when the switch 155 inrush current trips the third, average

current (Iayv) comparator 140 should not be used as an indicator of the actual inductor
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105 average current, it can be used to indicate the time when the switch 155 actually
starts to conduct. Accordingly, the rise time of the gate driver 165 and switch 155 and
the rise time of the third, average current (Iay) comparator 140 (“Tav_comp_rise )
(Tp_gate drive rise + Tav_comp_rise) can be measured from the time the controller
125 issues the turn on command until the third, average current (Iay) comparator 140
trips. Then the third, average current (Iayv) comparator 140 rise time (Tav_comp_rise)
is subtracted from the measurement in order to obtain the rise time of the gate driver
165 and switch 155 (Tp_gate drive rise). In an exemplary embodiment, the third,
avcrage current (Iay) comparator 140 risc time (Tav_comp_risc) is a known dcsign
parameter or is significantly smaller than the rise and fall times of the gate driver 165
and switch 155 (Tp_gate drive rise and Tp_ gate drive fall).

The rise times of the various comparators 130, 135 and 140 may also
affect the measurements of Tont and Tonz. As mentioned above, Ton 1s the interval
from the time the current reaches the low threshold current level (Irr), as determined by
the second (I 1) comparator 135 (or from the time when the switch 155 actually
conducts) to the time the current reaches the average current level (Iav), as determined
by the third, average current (Iayv) comparator 140. Tonz is the time interval from the
average current level to the first, high (peak) current level, namely, as determined by
the third, average current (Iav) comparator 140 and the first (Iyt) comparator 130,
respectively. In the exemplary embodiments, therefore, the first (Iyt) comparator 130
and the third, average current (Iny) comparator 140 are designed or implemented to

have the same or substantially similar delay times (i.e., 7, ). With

av_comp _rise L pk_comp rise
the rise times of the first (Int) comparator 130 and the third, average current (Iav)
comparator 140 being substantially the same, then Tonz can be measured by the interval
from when the controller 125 receives the rising edge of the third, average current (Iay)
comparator 140 to when the controller 125 receives the rising edge of the first (Igr)
comparator 130. It should be noted, as mentioned above, that this measurement does
not apply during the blanking time interval, or when the controller 125 does not receive
a valid rising edge of the first (Iy;r) comparator 130 (e.g., due to overshoot
compensation, in which case Ton, may be adjusted occasionally in order for the first

(Iar) comparator 130 to trip and provide information at these various intervals).
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As indicated above, Ton1 may be measured from the interval beginning
with the controller 125 receiving the rising edge of the second (I 1) comparator 135
(when available (i.e. when the rising edge did not occur during the blanking interval))
until the controller 125 receives the rising edge of the third, average current (Inv)
comparator 140, or beginning with the controller 125 generating the turn on command
for the gate driver 165 and switch 155) until the controller 125 receives the rising edge
of the third, average current (Iav) comparator 140 (Toni measured). For the former
case, given the symmetry of the comparators, no additional compensation is needed for
dctermining Ton; measurcd. In the latter casc however, when the rising cdge of the
second (IrT) comparator 135 does not provide valid information (during the blanking
interval, or due to undershoot compensation), then for this measurement, the rise time
of the gate driver 165 and switch 155 should then be subtracted, to provide the actual
value of Ton1 (Ton1 = Toni measured - Tav_comp_rise). Toni may also be measured
using the transient current spike (inrush current), if the inrush current is sufficiently
high to trip the third, average current (I4v) comparator 140, indicating a start of the
conduction by the switch 155. Tony is then the interval between the controller 125
receiving the first rising edge of the third, average current (Iav) comparator 140 due to
the inrush current and receiving the second rising edge of the third, average current
(Iav) comparator 140 (after the transient has settled). Knowing both Toxi and Tong, the
controller 125 may then determine Togr.

In the event that during initial start up, the third, average current (Iny)
comparator 140 stays high after the transient current spike (inrush current) has settled,
indicating that the current is already too high, there is no need to measure Ton; and
Tonz. Rather, TOFF is extended, to allow current to decrease, with valid measurements
for Tont and Tonz obtainable in the next cycle.

Figure 6 is a graphical diagram illustrating combined pulse width
modulation (“PWM”) and amplitude modulation for brightness adjustment in
accordance with the teachings of the invention. The exemplary embodiments
implement brightness control (dimming) using a combination of at least two different
clectrical biasing techniques across the LEDs 110, such as PWM and amplitude
modulation (or constant current regulation (“CCR™). A first electrical biasing

technique, by itself, will tend to produce a first wavelength shift (higher or lower) in
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response to a change in intensity, such as in response to a change in duty cycle for
PWM, while a second electrical biasing technique, by itself, will tend to produce a
second, opposite or opposing wavelength shift (lower or higher, respectively) in
response to the change in intensity, such as in response to a change in amplitude for
analog regulation or CCR. In accordance with the exemplary embodiments, any
resulting wavelength shift is minimized or maintained within a selected tolerance level
by utilizing at least two different and opposing ¢lectrical biasing techniques (such that
the opposing wavelength shifts effectively “cancel” each other). Additional discussion
of that mcthodology is in onc or morc rclated patent applications. To decrcasc
brightness, for PWM, the duty cycle is decreased (e.g., from D1 to D2), and for
amplitude modulation (CCR), the amplitude of the LED current is decreased (e.g., from
ILEDI1 to ILED?2), as illustrated in Figure 6. In accordance with the exemplary
embodiments, the controller 125 implements dimming by using both PWM and
amplitude modulation, either alternating them in successive modulation intervals or
combining them during the same modulation interval, with the latter illustrated in
Figure 6. This inventive combination of at least two different electrical biasing
techniques having opposing effects on wavelength emission allows for both regulating
the intensity of the emitted light while controlling the wavelength emission shift, from
cither or both the LED response to intensity variation (dimming technique) and due to
p-n junction temperatures changes, and also to produce dynamic lighting and color
effects.

Figure 7 is a graphical diagram illustrating hysteresis between two
amplitude levels (ILED1, ILED2) and duty cycle ratios (D1L, D2L, D1H, D2H) for
brightness adjustment in accordance with the teachings of the invention. In order to
prevent jitter, a hysteresis is implemented as illustrated in Figure 7. The operating
points (ILED1, D1L) have the same brightness (color) to (ILED2, D2L), and the same
brightness applies to (ILED1, D1H) and (ILED2, D2H). When D1 comes from high
brightness down to D1L, ILED1 is changed to ILED2 and D2L is used instead. When
D2 comes up from low brightness to D2H, ILED?2 is switched to ILED1 and D1H is
used.

Figure 8 is a block and circuit diagram of an exemplary second system

250 embodiment and second apparatus 200 embodiment, for fixed frequency switching
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operation, in accordance with the teachings of the present invention. The second
system 250 and second apparatus 200 differ from the first system 150 and first
apparatus 100 insofar as: (1) the combined duration (arithmetic sum) of the on (Tow)
and off (Torr) times for the LEDs 110 is constant, not variable, such that the second
system 250 has a fixed or constant switching frequency (rather than the variable
switching frequency previously discussed); and (2) the controller 225 is adapted to
provide current control when the commencement or initiation of the on time of the
switch 155 is at a fixed, regular frequency. In addition, as an illustrated alternative, the
controller 225 is coupled dircctly to the switch 155, rather than via a gate driver (165).
It should be understood, however, that the second system 250 and second apparatus 200
may also include such a gate driver circuit 165, such as a buffer.

For the second system 250 and second apparatus 200, the controller 225
includes an error generator 260, a compensator 255, and a control block 251 for
determining the respective on (Ton) and off (Topr) durations for the switch 155. In this
embodiment, the controller 225 also provides that Ton is substantially equal to Tongz,
with the error generator 260 generating an error signal substantially equal or
proportional to the difference between Toni and Tonz (error = Tonz - Toni, €rror = Tong
- Toni, or error = ¢ - (Tonz - Toni), where ““c” is a constant of proportionality). The
error signal is provided to the compensator 255, which then adjusts the on time (Ton) of
the switch 155, which is then correspondingly switched on and off by the control block
251. It should be noted, because the switch 155 is switched on at a fixed frequency,
adjusting the on time (Ton) of the switch 155 automatically changes the off time (Torr)
of the switch 155 (e.g., increasing the on time Ton decreases the off time Topr, and vice
versa).

Figure 9 is a graphical diagrams illustrating a second exemplary current
waveform through the solid state lighting and a rectified AC current in accordance with
the teachings of the present invention. Such a rectified AC current 301 (or voltage)
may be provided by a rectifier 325 to provide a voltage input Vix (illustrated as Vix'
and Vv') having a DC average value, from an AC line voltage (AC mains), for
example, and may be utilized with either the first or second system 150, 250 and first or
second apparatus 100, 200, and also may be utilized with the third system 350

discussed below. When the rectified AC current 301 is below a selected (or
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predetermined) threshold, illustrated as intervals 303, there is generally no switch 155
current, and the apparatus 100, 200 will typically be off during these AC zero crossing
intervals. As illustrated, the switch 155 is turned on, above the selected (or
predetermined) threshold, the LED 110 current 302 will initially track the rectified AC
current 301, increasing to the second, low threshold (Ir 1), reaching the average current
level (Iav) and then the first, high threshold (Iyt), followed by turning the switch 155
off for its calculated duration, and followed by successive on and off cycles, as
described above, using the measurements and calculations described above for Toni,
Tonz, and Togr, or using the crror signal (e.g., crror = Tonz - Toni) described above, for
cither variable or fixed frequency embodiments. Such an apparatus and system can be
built directly into an Edison socket, and further, can provide power factor correction
(“PFC”). In order to achieve PFC operation, the controller 125 or compensator 255 is
comparatively slow with respect to a Vy ripple frequency of 120Hz (or 100Hz). For
example and without limitation, for each half of the AC cycle, the Tox determined and
outputted by the compensator 255 can be regarded as a constant, and is adjusted during
successive half-cycles.

It should be noted that the first system 150, first apparatus 100, the
second system 250 and second apparatus 200, and their versions including an AC
rectifier 325, may be scaled or extended to multiple channels of LEDs 110. In one such
implementation, the first or second apparatus 100, 200 is instantiated in its entirety for
each separate channel of LEDs 110.

In another such implementation, discussed below with reference to
Figure 10, the comparators 130, 135, 140 are instantiated separately for each separate
or independent channel of LEDs 110, such that the LED 110 current through each
channel is separately monitored. In this scaled embodiment, the controller 125, 225
then has multiple outputs, one to each to each gate driver 165 (which in turn is coupled
to a corresponding switch 155 for each separate or independent channel of LEDs 110).
The controller 125, 225 separately computes the various on (Tox1 and Tonz) durations
for the switch 155, and for apparatus 100, the controller 125 also computes the off
(Torr) duration, for each separate (or independent) channel of LEDs 110, and

separately controls each gate driver 165 to each switch 155 for each separate channel of
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LEDs 110 to provide the current regulation through each such channel of LEDs 110 as
discussed above and as discussed below.

Figure 10 is a block and circuit diagram of an exemplary third system
350 embodiment, for multichannel operation, in accordance with the teachings of the
present invention. As mentioned above, the various first and second apparatus 100, 200
may be extended to control current through a plurality of separate arrays 310 (also
referred to equivalently as channels or strings) of LEDs 110, illustrated as array 310,
having LEDs 110,, array 310; having LEDs 110,, through array 310, having LEDs
110,. Each such array or channcl 310 includcs at lcast onc LED 110 or a plurality of
LEDs 110 connected in series. In contrast with the prior art, the plurality of LEDs 110
of each array are not required to be identical or from the same manufacturing bin;
instead, because of the separate control and regulation provided by the exemplary
embodiments, there may be significant variation among the LEDs 110, for a
considerable cost savings.

With the separate current control for each LED array 310, the regulated
current can be matched to each separate LED array 310. Accordingly, various LED
arrays 310 are not subject to excessive current levels, that would be caused in the prior
art systems from some LED arrays having a higher impedance and drawing less current
than expected. As a consequence, the exemplary third system 350 enables increased
durability, improved system lifetime, decreased heat generated (also enabling a
corresponding decrease in the size of heat sinks for the LEDs 110), a decrease in the
number of LEDs 110 required for the same optical output, and overall increased system
efficiency and efficacy.

As illustrated for the third system 350, each array 310 has a
corresponding switch 155, illustrated as switch 155,, switch 155,, through switch 155,,
which are controlled by respective gate driver circuits (buffers) 165 (illustrated
collectively, for case of discussion), under the control of at least one controller 125,
225. The comparators 130, 135, 140 are instantiated separately for each separate or
independent array or channel 310 of LEDs 110, such that the LED 110 current through
cach array (channel) 310 (via corresponding current sensors 160;, 160, through 160,)
is separately monitored and separately controlled, as described above for the first and

second systems 100, 200. At least one reference voltage generator 145 provides the



10

15

20

25

30

WO 2009/039112 PCT/US2008/076552

-30 -

corresponding reference voltages (corresponding to the first (high) threshold, average,
and second (low) threshold) for each current through each separate array 310. It should
be noted that the various average, first and second threshold currents may be either the
same or different across the various arrays 310, such that any selected array 310 may
have its own set average and threshold current levels, separate from the average and
threshold currents of the other arrays 310.

In this scaled, third system 350 embodiment, the controller 125, 225
then has multiple outputs, one to each to each gate driver 165, to turn on or off a
corrcsponding switch 155 for cach scparatc array 310 of LEDs 110. The controller
125, 225 separately determines the various on (Ton; and Tonz) durations for each
corresponding switch 155, switch 155,, through switch 155,, and for variable
frequency operation, the controller 125 also computes the off (Topr) duration, for each
separate (or independent) array 310 of LEDs 110. The controller 125, 225 separately
controls each gate driver 165 to each switch 155, switch 155,, through switch 155, for
cach separate array 310 of LEDs 110, to provide separate current regulation through
cach separate channel of LEDs 110 in accordance with the exemplary embodiments of
the invention.

Accordingly, for each separate array 310 of LEDs 110, for variable
frequency switching, the controller 125 will determine Ton; and Tong, and a
corresponding Torr, as previously described above for the first system 150 and first
apparatus 100, to provide regulated current control, for each array 310, and for fixed
frequency switching, the controller 225 will determine Ton and Tong, as previously
described above for the second system 250 and second apparatus 200, to provide
regulated current control, for each array 310.

While the exemplary third system 350 provides separate control to each
LED array 310, such control may be independent, controlling each LED array 310
completely independently of all the other LED arrays 310, or such control may include
any type of coordinated, joint or dependent regulation, for any selected lighting or color
cffect, as may be necessary or desirable for any selected application. In addition, such
independent or dependent regulation may be implemented for any type of LEDs 110,
such as separate or independent control of red, blue, and green LEDs 110, or

coordinated control of such red, blue, and green LEDs 110, such as to produce various
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lighting effects having a selected hue, for example. Also for example, lighting effects
such as output intensity, color output, color temperature, etc. may be regulated
independently or in a coordinated manner for each LED array 310. Importantly, the
exemplary third system 350 is capable of providing completely separate and
independent current regulation of each LED array 310, with any such independence
selectively implemented or not, for example, by the end user of the exemplary third
system 350. Also importantly, the exemplary third system 350 is capable of providing
any type of coordinated current regulation of each LED array 310, with any such
coordination sclectively implemented or not, for cxample, by the end uscr of the
exemplary third system 350.

As an example of one form of coordinated control, in the exemplary
third system 350, interleaving of switch 155 on (Toy) durations may be implemented,
providing a multiphase control, such that only selected arrays 310 are switched on and
are conducting current during a given time interval. Figure 11 is a timing diagram
illustrating exemplary multiphase switching of the exemplary third system
embodiment, for “n” arrays 310 of LEDs 110, in accordance with the teachings of the
present invention. As illustrated, each Ton “pulse’ 370 represents the on duration
(Ton) of a switch 155 of an array 310; while illustrated as a square wave, it may have
any waveform, and merely represents a signal from the controller 125, 225 to turn on
(and keep on for the selected on time duration) the corresponding switch 155 (via a
corresponding gate driver 165). Also as illustrated, the timing of each such Toy pulse
370 differs across the “n” arrays, with Toy pulses 370,, 370,3, and 370, occurring
during time interval z4 for LED arrays 3104, 310,.3, and 310,,,, respectively; Ton pulses
3704, 370,, 370, and 370, occurring during time interval 7z for LED arrays 310,
3105, 310, and 310,_;, respectively; Ton pulses 3705, 3703, 370, and 370, occurring
during time interval #- for LED arrays 310,, 3103, 310, and 310,, respectively; and so
on. The various on durations may be selected to be separate (e.g., Ton pulses 370, and
3704) or to overlap (e.g., Tonx pulses 370; and 370,), as may be necessary or desirable.

Because of this interleaving, multiphase control, not all LED arrays 310
are receiving current at the same time. This enables a much smoother AC input

current, which minimizes any requirement on input electromagnetic interference (EMI)
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filter size, further enabling a reduction in the input filter capacitor size, and reduced
component costs. It is also expected to work well with a thyristor-type dimming.

It should be noted that the controllers 125, 225 may be implemented the
same, and configured or otherwise programmed for operation as part of any of the
systems 150, 250, and 350.

Figure 12 is a flow diagram of an exemplary method embodiment, in
accordance with the teachings of the present invention, for controlling the energizing of
solid state lighting, such as LEDs 110, and provides a useful summary. As discussed
abovc, the solid statc lighting is coupled to a switch (155) providing an clcctrical
current path (e.g., through current sensor 160), and with the solid state lighting having
an electrical current. The method begins, start step 400, with turning the switch 155
into an on state, step 405. The method then detects when the electrical current has
reached a predetermined average current level, step 410, and detects when the electrical
current has reached a first predetermined (e.g., high) current threshold, step 415. When
available (i.e., not during the blanking interval), and prior to detecting the average
current level, step 410 may also include detecting when the electrical current has
reached a second predetermined (e.g., low) current threshold. The method then
determines a first on time period (Ton:) as a duration between the detection of the
second predetermined (e.g., low) current threshold (or turning the switch into the on
state) and the detection of the predetermined average current level, step 420, and
determines a second on time period (Ton;) as a duration between the detection of the
predetermined average current level and the detection of the first predetermined current
threshold, step 425. An on time period (Ton) of the switch is then determined as
substantially equal or proportional to the sum of the first on time period and the second
on time period (Ton = Ton1 + Tonz), step 430. When the on time period has elapsed,
the switch is turned off, step 435. For a first embodiment, the exemplary method also
determines a current off time period of the switch as a function of the first on time
period, the second on time period, and a previous off time period (Equations 7 and 8),
step 440. When the method continues, step 445, then following expiration of the off
time period, step 450, the method returns to step 405 to turn the switch on, and the
method iterates. When the method does not continue in step 445, the method may end,

return step 455.
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Not separately illustrated, the method may also include: adjusting the
current off time period to provide that the first on time period is substantially equal to
the second on time period ((Ton1 = Tonz); or decreasing the current off time period
proportionally to a driving gate rising edge time period. In addition, the determination
of the current off time period of the switch may be a further function, more specifically,
of previous first and second on times and one or more current first on times.

The exemplary method may also provide for determining a blanking
time interval following turning the switch into the on state, and ignoring the detection
of the sccond predetermined current threshold, the detection of the predetermined
average current level or the detection of the first predetermined current threshold during
the blanking time interval. The blanking time interval may be determined as
proportional to a gate rising edge time period and a transient current time period, or as
proportional to a gate rising edge time period and detection of the predetermined
average current level.

The exemplary method may also provide for adjusting a brightness level
of the solid state lighting by using at least two electrical biasing techniques, and for
example, adjusting a brightness level of the solid state lighting by using a hysteresis of
at least two electrical current amplitude levels and at least two electrical current duty
cycle ratios.

The method may also provide for current overshoot protection, by
adjusting the second on time period proportionally to a driving gate falling edge time
period, and more particularly, such as by decreasing the second on time period
proportionally to a driving gate falling edge time period and a comparator falling edge
time period.

The method may also provide for current undershoot protection by
adjusting the first on time period proportionally to a driving gate rising edge time
period, such as by increasing the first on time period proportionally to a driving gate
rising edge time period. Such undershoot protection may be provided equivalently by
decreasing the current off time period proportionally to a driving gate rising edge time
period, such as by decreasing the current off time period proportionally to a driving

gate rising edge time period.
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In another exemplary embodiment, the method may include generating
an error signal as a difference between the second on time period and the first on time
period, and then adjusting the on time period proportionally to the error signal.

Referring to Figures 1, 8 and 10, as mentioned above, the I/O interface
170 is utilized for input/output communication, providing appropriate connection to a
relevant channel, network or bus; for example, and the interface 170 may provide
additional functionality, such as impedance matching, drivers and other functions for a
wireline interface, may provide demodulation and analog to digital conversion for a
wircless intcrface, and may provide a physical intcrface for thec memory 175 and
controller 125, 225 with other devices. In general, the interface 170 is used to receive
and transmit data, depending upon the selected embodiment, such as to receive
intensity level selection data, temperature data, and to provide or transmit control
signals for current regulation (for controlling an LED driver), and other pertinent
information. For example and without limitation, the interface 170 may implement
communication protocols such as DMX 512, DALI, IZC, SPI, etc.

Also as mentioned above, a controller 125, 225 (or, equivalently, a
“processor’’) may be any type of controller or processor, and may be embodied as one
or more controllers 125, 225, adapted to perform the functionality discussed herein. As
the term controller or processor is used herein, a controller 125, 225 may include use of
a single integrated circuit ("IC"), or may include use of a plurality of integrated circuits
or other components connected, arranged or grouped together, such as controllers,
microprocessors, digital signal processors ("DSPs"), parallel processors, multiple core
processors, custom ICs, application specific integrated circuits ("ASICs"), field
programmable gate arrays ("FPGAs"), adaptive computing ICs, associated memory
(such as RAM, DRAM and ROM), and other ICs and components. As a consequence,
as used herein, the term controller (or processor) should be understood to equivalently
mean and include a single 1C, or arrangement of custom 1Cs, ASICs, processors,
microprocessors, controllers, FPGAs, adaptive computing ICs, or some other grouping
of integrated circuits which perform the functions discussed below, with associated
memory, such as microprocessor memory or additional RAM, DRAM, SDRAM,
SRAM, MRAM, ROM, FLASH, EPROM or E’PROM. A controller (or processor)

(such as controller 125, 225), with its associated memory, may be adapted or
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configured (via programming, FPGA interconnection, or hard-wiring) to perform the
methodology of the invention, as discussed above and below. For example, the
methodology may be programmed and stored, in a controller 125, 225 with its
associated memory (and/or memory 175) and other equivalent components, as a set of
program instructions or other code (or equivalent configuration or other program) for
subsequent execution when the processor is operative (i.e., powered on and
functioning). Equivalently, when the controller 125, 225 may implemented in whole or
part as FPGASs, custom ICs and/or ASICs, the FPGAs, custom ICs or ASICs also may
be designed, configurcd and/or hard-wired to implement the methodology of the
invention. For example, the controller 125, 225 may be implemented as an
arrangement of controllers, microprocessors, DSPs and/or ASICs, collectively referred
to as a “controller”, which are respectively programmed, designed, adapted or
configured to implement the methodology of the invention, in conjunction with a
memory 175,

The memory 175, which may include a data repository (or database),
may be embodied in any number of forms, including within any computer or other
machine-readable data storage medium, memory device or other storage or
communication device for storage or communication of information, currently known
or which becomes available in the future, including, but not limited to, a memory
integrated circuit (“IC”), or memory portion of an integrated circuit (such as the
resident memory within a controller 125, 225 or processor IC), whether volatile or non-
volatile, whether removable or non-removable, including without limitation RAM,
FLASH, DRAM, SDRAM, SRAM, MRAM, FeRAM, ROM, EPROM or E’PROM, or
any other form of memory device, such as a magnetic hard drive, an optical drive, a
magnetic disk or tape drive, a hard disk drive, other machine-readable storage or
memory media such as a floppy disk, a CDROM, a CD-RW, digital versatile disk
(DVD) or other optical memory, or any other type of memory, storage medium, or data
storage apparatus or circuit, which is known or which becomes known, depending upon
the selected embodiment. In addition, such computer readable media includes any form
of communication media which embodies computer readable instructions, data
structures, program modules or other data in a data signal or modulated signal, such as

an electromagnetic or optical carrier wave or other transport mechanism, including any
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information delivery media, which may encode data or other information in a signal,
wired or wirelessly, including electromagnetic, optical, acoustic, RF or infrared signals,
and so on. The memory 175 may be adapted to store various look up tables,
parameters, coefficients, other information and data, programs or instructions (of the
software of the present invention), and other types of tables such as database tables.

As indicated above, the controller 125, 225 is programmed, using
software and data structures of the invention, for example, to perform the methodology
of the present invention. As a consequence, the system and method of the present
invention may be ecmbodicd as softwarc which provides such programming or other
instructions, such as a set of instructions and/or metadata embodied within a computer
readable medium, discussed above. In addition, metadata may also be utilized to define
the various data structures of a look up table or a database. Such software may be in
the form of source or object code, by way of example and without limitation. Source
code further may be compiled into some form of instructions or object code (including
assembly language instructions or configuration information). The software, source
code or metadata of the present invention may be embodied as any type of code, such
as C, C++, SystemC, LISA, XML, Java, Brew, SQL and its variations (e.g., SQL 99 or
proprictary versions of SQL), DB2, Oracle, or any other type of programming language
which performs the functionality discussed herein, including various hardware
definition or hardware modeling languages (e.g., Verilog, VHDL, RTL) and resulting
database files (e.g., GDSII). As a consequence, a “construct”, “program construct”,
“software construct” or “software”, as used equivalently herein, means and refers to
any programming language, of any kind, with any syntax or signatures, which provides
or can be interpreted to provide the associated functionality or methodology specified
(when instantiated or loaded into a processor or computer and executed, including the
controller 125, 225, for example).

The software, metadata, or other source code of the present invention
and any resulting bit file (object code, database, or look up table) may be embodied
within any tangible storage medium, such as any of the computer or other machine-
readable data storage media, as computer-readable instructions, data structures,
program modules or other data, such as discussed above with respect to the memory

175, e.g., a floppy disk, a CDROM, a CD-RW, a DVD, a magnetic hard drive, an
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optical drive, or any other type of data storage apparatus or medium, as mentioned
above.

Numerous advantages of the present invention for providing power to
solid state lighting, such as light emitting diodes, are readily apparent. The exemplary
embodiments allow for energizing one or more LEDs, using digital control and low
side sensing, enabling low voltage IC implementations. The exemplary apparatus and
system embodiments may be implemented with either fixed or variable frequency
switching, and may be implemented with either AC or DC power sources. As a digital
implcmentation, the cxemplary cmbodiments may also be implemented at a reduced
cost. The exemplary embodiments also provide for precise current control, within any
selected tolerance levels. In addition, the exemplary embodiments also eliminate the
required RC filtering of the prior art.

For changes in brightness levels, a combination of forward biasing
techniques are implemented, which allow for both regulating the intensity of the
emitted light while controlling the wavelength emission shift, from either or both the
LED response to intensity variation (dimming technique) and due to p-n junction
temperatures changes. In addition, the exemplary embodiments of the invention also
provide for varying intensity while simultaneously reducing the EMI produced by prior
art lighting systems, especially because current steps in the pulse modulation are
dramatically reduced or eliminated completely. The exemplary LED controllers are
also backwards-compatible with legacy LED control systems, frees the legacy host
computer for other tasks, and allows such host computers to be utilized for other types
of system regulation. The exemplary current regulator embodiments provide digital
control, without requiring external compensation. The exemplary current regulator
embodiments also utilize comparatively fewer components, providing reduced cost and
size, while simultaneously providing increased efficiency and enabling longer battery
life when used in portable devices.

Although the invention has been described with respect to specific
embodiments thereof, these embodiments are merely illustrative and not restrictive of
the invention. In the description herein, numerous specific details are provided, such as
examples of electronic components, electronic and structural connections, materials,

and structural variations, to provide a thorough understanding of embodiments of the



10

15

20

25

30

WO 2009/039112 PCT/US2008/076552

-38 -

present invention. One skilled in the relevant art will recognize, however, that an
embodiment of the invention can be practiced without one or more of the specific
details, or with other apparatus, systems, assemblies, components, materials, parts, etc.
In other instances, well-known structures, materials, or operations are not specifically
shown or described in detail to avoid obscuring aspects of embodiments of the present
invention. In addition, the various Figures are not drawn to scale and should not be
regarded as limiting.

Reference throughout this specification to “one embodiment™, “an
cmbodiment”, or a spccific “‘cmbodiment” mcans that a particular fcaturc, structurc, or
characteristic described in connection with the embodiment is included in at least one
embodiment of the present invention and not necessarily in all embodiments, and
further, are not necessarily referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics of any specific embodiment of the
present invention may be combined in any suitable manner and in any suitable
combination with one or more other embodiments, including the use of selected
features without corresponding use of other features. In addition, many modifications
may be made to adapt a particular application, situation or material to the essential
scope and spirit of the present invention. It is to be understood that other variations and
modifications of the embodiments of the present invention described and illustrated
herein are possible in light of the teachings herein and are to be considered part of the
spirit and scope of the present invention.

It will also be appreciated that one or more of the elements depicted in
the Figures can also be implemented in a more separate or integrated manner, or even
removed or rendered inoperable in certain cases, as may be useful in accordance with a
particular application. Integrally formed combinations of components are also within
the scope of the invention, particularly for embodiments in which a separation or
combination of discrete components is unclear or indiscernible. In addition, use of the
term “‘coupled” herein, including in its various forms such as “coupling” or
“couplable”, means and includes any direct or indirect electrical, structural or magnetic
coupling, connection or attachment, or adaptation or capability for such a direct or

indirect electrical, structural or magnetic coupling, connection or attachment, including
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integrally formed components and components which are coupled via or through
another component.

As used herein for purposes of the present invention, the term “LED”
and its plural form “LEDs” should be understood to include any electroluminescent
diode or other type of carrier injection- or junction-based system which is capable of
generating radiation in response to an electrical signal, including without limitation,
various semiconductor- or carbon-based structures which emit light in response to a
current or voltage, light emitting polymers, organic LEDs, and so on, including within
the visible spcctrum, or other spectra such as ultraviolct or infrarcd, of any bandwidth,
or of any color or color temperature.

Furthermore, any signal arrows in the drawings/Figures should be
considered only exemplary, and not limiting, unless otherwise specifically noted.
Combinations of components of steps will also be considered within the scope of the
present invention, particularly where the ability to separate or combine is unclear or
foresecable. The disjunctive term “or”, as used herein and throughout the claims that
follow, is generally intended to mean “and/or”, having both conjunctive and disjunctive
meanings (and is not confined to an “exclusive or’” meaning), unless otherwise
indicated. As used in the description herein and throughout the claims that follow, “a”,
“an”, and “the” include plural references unless the context clearly dictates otherwise.
Also as used in the description herein and throughout the claims that follow, the
meaning of “in” includes “in” and “on” unless the context clearly dictates otherwise.

The foregoing description of illustrated embodiments of the present
invention, including what is described in the summary or in the abstract, is not intended
to be exhaustive or to limit the invention to the precise forms disclosed herein. From
the foregoing, it will be observed that numerous variations, modifications and
substitutions are intended and may be effected without departing from the spirit and
scope of the novel concept of the invention. It is to be understood that no limitation
with respect to the specific methods and apparatus illustrated herein is intended or
should be inferred. It is, of course, intended to cover by the appended claims all such

modifications as fall within the scope of the claims.
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It is claimed:

1. A method of controlling solid state lighting, the solid state lighting
coupled to a switch providing an electrical current path, and the solid state lighting
having an electrical current, the method comprising:

turning the switch into an on state;

detecting when the electrical current has reached a predetermined
average current level;

dctecting when the clectrical current has rcached a first predctermined
current threshold;

determining a first on time period as a duration between detection of a
second predetermined current level or turning the switch into the on state and the
detection of the predetermined average current level;

determining a second on time period as a duration between the detection
of the predetermined average current level and the detection of the first predetermined
current threshold; and

determining an on time period of the switch as substantially proportional

to a sum of the first on time period and the second on time period.

2. The method of claim 1, further comprising:

when the on time period has elapsed, turning the switch into an off state.

3. The method of claim 2, further comprising:
subsequent to turning the switch into the off state, when a fixed time
period has elapsed from having turned the switch into the on state, again turning the

switch into the on state and repeating the detection and determination steps.

4. The method of claim 3, further comprising:
generating an error signal as a difference between the second on time

period and the first on time period.
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5. The method of claim 5, further comprising:

adjusting the on time period proportionally to the error signal.

6. The method of claim 2, further comprising:
when a current off time period has elapsed, turning the switch into the

on state and repeating the detection and determination steps.

7. The method of claim 6, further comprising:
dctermining the current off time period of the switch as a function of the

first on time period and the second on time period.

8. The method of claim 6, further comprising:
determining the current off time period of the switch as a function of the

first on time period, the second on time period, and a previous off time period.

9. The method of claim 6, further comprising:

determining the current off time period of the switch as:

20T, (K)oT, (K)
TOFF (K + 1) ~ ON2 OFF
T (K +1)+ Tppn (K)

, in which Topr(K+1) is the current off time

period, Tonz(K) is a previous second on time period, Torr(K) is a previous off time

period, and Ton; (K+1) is a current first on time period.

10. The method of claim 6, further comprising:
determining the current off time period of the switch as:

(Top (K) , + Tppn (K)) o T, (K)

T K+~
orr (K1) T (K +1) + T, (K)

, in which Topr(K+1) is the current off

time period, Ton1(K)a 1s a previous first on time period determined using the detection
of the second predetermined current level, Tonz(K) is a previous second on time period,

Torr(K) is a previous off time period, and Ton; (K+1) is a current first on time period.
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11. The method of claim 6, further comprising:
determining the current off time period of the switch as a function of a
current first on time period, a previous second on time period, and a previous off time

period.

12. The method of claim 6, further comprising;:
determining the current off time period of the switch as a function of a
current first on time period, a previous first on time period, a previous second on time

pcriod, and a previous off time period.

13. The method of claim 6, further comprising:
adjusting the current off time period to provide that the first on time

period is substantially equal to the second on time period.

14. The method of claim 6, further comprising;:
decreasing the current off time period proportionally to a driving gate

rising edge time period.

15. The method of claim 1, further comprising:
decreasing the on time period proportionally to a driving gate falling

edge time period and a comparator falling edge time period.

16. The method of claim 1, further comprising;:
determining a blanking time interval following turning the switch into

the on state.

17. The method of claim 16, further comprising:
ignoring the detection of the second predetermined current threshold, the
detection of the predetermined average current level, or the detection of the first

predetermined current threshold during the blanking time interval.
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18. The method of claim 16, further comprising:
determining the blanking time interval as proportional to a gate rising

edge time period and a transient current time period.

19. The method of claim 16, further comprising;:
determining the blanking time interval as proportional to a gate rising

edge time period and detection of the predetermined average current level.

20. Thc mcthod of claim 1, further comprising:
adjusting a brightness level of the solid state lighting by using at least

two different and opposing electrical biasing techniques.

21. The method of claim 1, further comprising:
adjusting a brightness level of the solid state lighting by using a
hysteresis of at least two electrical current amplitude levels and at least two electrical

current duty cycle ratios.

22. The method of claim 1, further comprising;:
adjusting the second on time period proportionally to a driving gate

falling edge time period.

23. The method of claim 1, further comprising:
decreasing the second on time period proportionally to a driving gate

falling edge time period and a comparator falling edge time period.

24, The method of claim 1, further comprising:
detecting when the electrical current has reached the second

predetermined current threshold.

25. The method of claim 1, wherein the solid state lighting comprises at

least one light emitting diode.
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26. The method of claim 25, wherein the at least one light emitting diode is
coupled to a power converter, and wherein the electrical current detections occur at a

comparatively low side of the power converter.

27. The method of claim 1, wherein the solid state lighting comprises a
plurality of arrays of a plurality of series-connected light emitting diodes, and each
array of the plurality of arrays further coupled to a corresponding switch providing an

electrical current path.

28. The method of claim 27, further comprising:

separately determining a corresponding first on time period, a
corresponding second on time period, and a corresponding on time period as
substantially proportional to the sum of the corresponding first on time period and the

corresponding second on time period for each array of the plurality of arrays.

29. The method of claim 28, further comprising:
when the corresponding on time period has elapsed, separately turning

the corresponding switch into the off state.

30. The method of claim 29, further comprising:

separately determining a corresponding off time period for each array of
the plurality of arrays.
31. The method of claim 29, further comprising;:

interleaving the corresponding on time periods of the corresponding

switches of the plurality of arrays.

32. The method of claim 27, further comprising:
successively switching electrical current to each array of the plurality of

arrays for the corresponding on time period.
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33. An apparatus for controlling solid state lighting, the apparatus
comprising:

a switch couplable to the solid state lighting;

a first comparator adapted to determine when a switch electrical current
has reached a first predetermined current threshold;

a second comparator adapted to determine when the switch electrical
current has reached a predetermined average current level; and

a controller coupled to the first comparator and to the second
comparator, thc controllcr adapted to turn the switch into an on statc and an off statc, to
determine a first on time period as a duration between either a detection of a second
predetermined current threshold or the turning the switch into the on state, and the
detection of the predetermined average current level; to determine a second on time
period as a duration between the detection of the predetermined average current level
and the detection of the first predetermined current threshold; and to determine an on
time period of the switch as substantially proportional to a sum of the first on time

period and the second on time period.

34. The apparatus of claim 33, wherein the controller is further adapted,

when the on time period has elapsed, to turn the switch into an off state.

35. The apparatus of claim 34, wherein the controller is further adapted,
subsequent to turning the switch into the off state and when a fixed time period has
clapsed from having turned the switch into the on state, to turn the switch into the on

state.

36. The apparatus of claim 35, wherein the controller is further adapted to
generate an error signal as a difference between the second on time period and the first

on time period.

37. The apparatus of claim 36, wherein the controller is further adapted to

adjust the on time period proportionally to the error signal.
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38. The apparatus of claim 34, wherein the controller is further adapted to
determine a current off time period of the switch as a function of the first on time

period and the second on time period.

39. The apparatus of claim 34, wherein the controller is further adapted to
determine a current off time period of the switch as a function of the first on time

period, the second on time period, and a previous off time period.

40. Thc apparatus of claim 34, whercin the controller is further adapted to

determine a current off time period of the switch as:

2 K ~(K
TOFF (K"‘l) ~ ® ONZ( ). Oﬁﬁ( )
TONI(K+1)+TON2(K)

, in which Topr(K+1) is the current off time

period, Tonz(K) is a previous second on time period, Torr(K) is a previous off time

period, and Toni(K+1) is a current first on time period.

41. The apparatus of claim 34, wherein the controller is further adapted to
determine a current off time period of the switch as a function of a current first on time

period, a previous second on time period, and a previous off time period.

42. The apparatus of claim 34, wherein the controller is further adapted to
determine a current off time period of the switch as a function of a current first on time
period, a previous first on time period, a previous second on time period, and a previous

off time period.

43, Thc apparatus of claim 34, whercin the controller is further adapted to
adjust a current off time period to provide that the first on time period is substantially

equal to the second on time period.

44. The apparatus of claim 33, further comprising:
a gate driver circuit coupled between the controller and the switch, and
wherein the controller is adapted to turn the switch on and to turn the switch off by

generating a corresponding signal to the gate driver circuit.
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45. The apparatus of claim 44, wherein the controller is further adapted to
decrease a current off time period proportionally to a rising edge time period of the gate

driver circuit.

46. The apparatus of claim 44, wherein the controller is further adapted to
decrease the on time period proportionally to a falling edge time period of the gate

driver circuit and a falling edge time period of the first comparator.

47. The apparatus of claim 44, wherein the controller is further adapted to
adjust the second on time period proportionally to a falling edge time period of the gate

driver circuit.

48. The apparatus of claim 44, wherein the controller is further adapted to
decrease the second on time period proportionally to a falling edge time period of the

gate driver circuit and a falling edge time period of the first comparator.

49, The apparatus of claim 44, wherein the controller is further adapted to

determine a blanking time interval following turning the switch into the on state.

50. The apparatus of claim 49, further comprising:
a third comparator adapted to determine when the electrical current has

reached the second predetermined current threshold.

51. The apparatus of claim 50, further comprising:
a current sensor coupled to the first, second and third comparators and to

the switch.

52. The apparatus of claim 51, wherein the current sensor is embodied as a

resistive circuit element.



10

15

20

25

30

WO 2009/039112 PCT/US2008/076552

- 48 -

53. The apparatus of claim 50, wherein the controller is further adapted to

determine a current off time period of the switch as:

(Ton1 (K) 4 +Tpp, (K)) @ T (K)

T K+1)=~
orr (K+1) T (K + 1)+ Ty, (K)

, in which Topr(K+1) is the current off

time period, Toni1(K)a is a previous first on time period determined using the detection
of the second predetermined current level, Tonz(K) is a previous second on time period,

Torr(K) is a previous off time period, and Toni (K+1) is a current first on time period.

54. The apparatus of claim 50, wherein the controller is further adapted to
ignore the detection of the second predetermined current threshold, the detection of the
predetermined average current level, or the detection of the first predetermined current

threshold during the blanking time interval.

55. The apparatus of claim 50, wherein the controller is further adapted to
determine the blanking time interval as proportional to a rising edge time period of the

gate driver circuit and a transient current time period.

56. The apparatus of claim 50, wherein the controller is further adapted to
determine the blanking time interval as proportional to a rising edge time period of the

gate driver circuit and detection of the predetermined average current level.

57. The apparatus of claim 33, wherein the controller is further adapted to
adjust a brightness level of the solid state lighting by generating control signals to a

driver circuit for using at least two different and opposing electrical biasing techniques.

58. The apparatus of claim 33, wherein the controller is further adapted to
adjust a brightness level of the solid state lighting by generating control signals to a
driver circuit to use a hysteresis of at least two electrical current amplitude levels and at

least two electrical current duty cycle ratios.

59. The apparatus of claim 33, wherein the solid state lighting comprises at

least one light emitting diode.
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60. The apparatus of claim 59, wherein the at least one light emitting diode
is coupled to a power converter, and wherein the first and second comparators are

coupled to a current sensor at a comparatively low side of the power converter.

61. The apparatus of claim 33, wherein the solid state lighting comprises a
plurality of arrays of a plurality of series-connected light emitting diodes, each array of
the plurality of arrays is further coupled to a corresponding switch, and wherein the
controller is further adapted to turn cach corrcsponding switch into an on statc and an

off state.

62. The apparatus of claim 61, wherein the controller is further adapted to
separately determine a corresponding first on time period, a corresponding second on
time period, and a corresponding on time period as substantially proportional to the
sum of the corresponding first on time period and the corresponding second on time

period for each array of the plurality of arrays.

63. The apparatus of claim 62, wherein the controller is further adapted,
when the corresponding on time period has elapsed, to separately turn the

corresponding switch into an off state.

64. The apparatus of claim 62, wherein the controller is further adapted to
separately determine a corresponding off time period for each array of the plurality of

arrays.

65. The apparatus of claim 62, wherein the controller is further adapted to
interleave the corresponding on time periods of the corresponding switches of the

plurality of arrays.

66. The apparatus of claim 62, wherein the controller is further adapted to
successively turn into an on state each corresponding switch for each array of the

plurality of arrays for the corresponding on time period.
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67. The apparatus of claim 33, further comprising:

a reference voltage generator coupled to the first and second
comparators and adapted to provide reference voltages respectively corresponding to
the first predetermined current threshold and to the predetermined average current

level.

68. The apparatus of claim 33, further comprising:
an input-output intcrfacce coupled to the controller and adapted to reccive

an input control signal.

69. The apparatus of claim 33, wherein the apparatus is coupled to a DC-DC
power converter receiving a DC input voltage or coupled to AC-DC power converter

receiving a rectified AC input voltage.
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70. A solid state lighting system, the system couplable to a power source,
the system comprising:

a plurality of arrays of series-connected light emitting diodes;

a plurality of switches, a corresponding switch of the plurality of
switches coupled to each the array of the plurality of arrays of light emitting diodes;

at least one corresponding first comparator adapted to determine when a
corresponding switch electrical current has reached a corresponding first predetermined
current threshold;

at lcast onc corrcsponding sccond comparator adaptced to detcrmine
when the corresponding switch electrical current has reached a corresponding
predetermined average current level; and

at least one controller coupled to the corresponding first comparator and
to the corresponding second comparator, the controller adapted to turn the
corresponding switch into an on state and an off state, to determine a corresponding
first on time period as a duration between either a detection of a corresponding second
predetermined current threshold or the turning the corresponding switch into the on
state, and the detection of the corresponding predetermined average current level; to
determine a corresponding second on time period as a duration between the detection of
the corresponding predetermined average current level and the detection of the
corresponding first predetermined current threshold; and to determine a corresponding
on time period of the corresponding switch as substantially proportional to a sum of the

corresponding first on time period and the corresponding second on time period.

71. The system of claim 70, wherein the at least one controller is further
adapted, when the corresponding on time period has elapsed, to turn the corresponding

switch into an off state.

72. The system of claim 70, wherein the at Ieast one controller is further
adapted, subsequent to turning the corresponding switch into the off state and when a
fixed time period has elapsed from having turned the corresponding switch into the on

state, to turn the corresponding switch into the on state.



10

15

20

25

30

WO 2009/039112 PCT/US2008/076552

-52-

73. The system of claim 72, wherein the at least one controller is further
adapted to generate a corresponding error signal as a difference between the

corresponding second on time period and the corresponding first on time period.

74. The system of claim 73, wherein the at least one controller is further
adapted to adjust the corresponding on time period proportionally to the corresponding

error signal.

75. The systcm of claim 70, whercin the at Icast onc controller is further
adapted to determine a corresponding current off time period of the corresponding
switch as a function of the corresponding first on time period and the corresponding

second on time period.

76. The system of claim 70, wherein the at least one controller is further
adapted to determine a corresponding current off time period of the corresponding
switch as a function of the corresponding first on time period, the corresponding second

on time period, and a corresponding previous off time period.

77. The system of claim 70, wherein the at least one controller is further
adapted to determine a corresponding current off time period of the corresponding
switch as:

2070, (K) e Ty (K)

T K+~
orr (K+1) T (K +1)+ Ty (K)

, in which Topp(K+1) is the corresponding current

off time period, Tonz(K) is a corresponding previous second on time period, Topr(K) is
a corrcsponding previous off time period, and Toni (K+1) is a corresponding current

first on time period.

78. The system of claim 70, wherein the at least one controller is further
adapted to determine a corresponding current off time period of the corresponding
switch as a function of a corresponding current first on time period, a corresponding

previous second on time period, and a corresponding previous off time period.
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79. The system of claim 70, wherein the at least one controller is further
adapted to determine a corresponding current off time period of the corresponding
switch as a function of a corresponding current first on time period, a corresponding
previous first on time period, a corresponding previous second on time period, and a

corresponding previous off time period.

80. The system of claim 70, wherein the at least one controller is further
adapted to adjust a corresponding current off time period to provide that the
corrcsponding first on timc pceriod is substantially cqual to the correcsponding sccond on

time period.

81. The system of claim 70, further comprising;:

at least one corresponding gate driver circuit coupled between the at
least one controller and the corresponding switch, and wherein the at least one
controller is adapted to turn the corresponding switch on and to turn the corresponding

switch off by generating a corresponding signal to the corresponding gate driver circuit.

82. The system of claim 81, wherein the at Ieast one controller is further
adapted to decrease a corresponding current off time period proportionally to a rising

edge time period of the at least one corresponding gate driver circuit.

83. The system of claim 81, wherein the at least one controller is further
adapted to decrease the corresponding on time period proportionally to a falling edge
time period of the at least one corresponding gate driver circuit and a falling edge time

period of the at least one first comparator.

84. The system of claim 81, wherein the at Ieast one controller is further
adapted to adjust the corresponding second on time period proportionally to a falling

edge time period of the at least one corresponding gate driver circuit.
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85. The system of claim 81, wherein the at least one controller is further
adapted to decrease the corresponding second on time period proportionally to a falling
edge time period of the at least one corresponding gate driver circuit and a falling edge

time period of the at least one first comparator.

86. The system of claim 81, wherein the at least one controller is further
adapted to determine a corresponding blanking time interval following turning the

corresponding switch into the on state.

87. The system of claim 86, further comprising:
at least one corresponding third comparator adapted to determine when
the corresponding electrical current has reached the corresponding second

predetermined current threshold.

88. The system of claim 87, wherein the at least one controller is further
adapted to determine a corresponding current off time period of the corresponding

switch as:

(Top (K) , + Tppn (K)o T, (K)
T (K +1) + T, (K)

T (K +1) = , in which Topr(K+1) is the

corresponding current off time period, Toni (K) 4 18 a corresponding previous first on
time period determined using the detection of the second predetermined current level,
Tonz2(K) is a corresponding previous second on time period, Torr(K) is a corresponding

previous off time period, and Toni (K+1) is a corresponding current first on time period.

89. The systcm of claim 87, whercin the at Icast onc controller is further
adapted to ignore the detection of the corresponding second predetermined current
threshold, the detection of the corresponding predetermined average current level, or
the detection of the corresponding first predetermined current threshold during the

corresponding blanking time interval.
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90. The system of claim 87, wherein the at least one controller is further
adapted to determine the corresponding blanking time interval as proportional to a
rising edge time period of the at least one corresponding gate driver circuit and a

corresponding transient current time period.

91. The system of claim 87, wherein the at least one controller is further
adapted to determine the corresponding blanking time interval as proportional to a
rising edge time period of the at least one corresponding gate driver circuit and

dctection of the corresponding predetermined average current level.

92. The system of claim 70, wherein the at least one controller is further
adapted to adjust a brightness level of at least one array of the plurality of arrays of
light emitting diodes by generating control signals to a driver circuit for the at least one

array for using at least two different and opposing electrical biasing techniques.

93. The system of claim 70, wherein the at least one controller is further
adapted to adjust a brightness level of at least one array of the plurality of arrays of
light emitting diodes by generating control signals to a driver circuit for the at least one
array to use a hysteresis of at least two electrical current amplitude levels and at least

two electrical current duty cycle ratios.

94. The system of claim 70, wherein each corresponding array of the
plurality of arrays of light emitting diodes has a comparatively high voltage node and a
comparatively low voltage node, and wherein the at least one first and second
comparators are coupled via the corresponding switch to the comparatively low voltage

node.

95. The system of claim 70, wherein the at Ieast one controller is further
adapted to interleave the corresponding on time periods of the corresponding switches

of the plurality of arrays.
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96. The system of claim 70, wherein the at least one controller is further
adapted to successively turn into an on state each corresponding switch for each array

of the plurality of arrays for the corresponding on time period.

97. The system of claim 70, further comprising;:

at least one reference voltage generator coupled to the at least one
corresponding first and second comparators and adapted to provide corresponding
reference voltages respectively for the corresponding first predetermined current

threshold and the corresponding predetermined average current level.

98. The system of claim 70, further comprising:
an input-output interface coupled to the at least one controller and

adapted to receive an input control signal.

99. The system of claim 70, further comprising:

at least one rectifier couplable to the power source.

100. The system of claim 70, wherein the power source provides a DC input

voltage or a rectified AC input voltage.

101. The system of claim 70, wherein when the power source provides a
rectified AC input voltage, an electrical current through a corresponding switch is
substantially zero when the rectified AC input voltage is below a selected or

predetermined threshold.

102. The system of claim 70, wherein when the power source provides a
rectified AC input voltage, the at least one controller is in an off state when the rectified

AC input voltage is below a selected or predetermined threshold.
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103. An apparatus for controlling solid state lighting, the apparatus
comprising:

a switch couplable to the solid state lighting;

a current sensor coupled to the switch;

a first comparator adapted to determine when a switch electrical current
has reached a first predetermined current threshold;

a second comparator adapted to determine when the switch electrical
current has reached a predetermined average current level;

a third comparator adaptcd to dctecrmine when the switch clectrical
current has reached a second predetermined current threshold;

a reference voltage generator coupled to the first, second and third
comparators and adapted to provide reference voltages respectively corresponding to
the first predetermined current threshold, the second predetermined current threshold;
and to the predetermined average current level;

an input-output interface adapted to receive an input control signal; and

a controller coupled to the first, second and third comparators and to the
input-output interface, the controller adapted to turn the switch into an on state and an
off state, to determine a first on time period as a duration between cither the detection
of a second predetermined current threshold or the turning the switch into the on state,
and the detection of the predetermined average current level; to determine a second on
time period as a duration between the detection of the predetermined average current
level and the detection of the first predetermined current threshold; to determine an on
time period of the switch as substantially proportional to a sum of the first on time
period and the second on time period; to turn the switch into an off state when the on
time period has elapsed; and to determine a current off time period of the switch as a
function of the first on time period, the second on time period, and a previous off time

period.
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FIG. 12 a0

TURN SWITCH INTO AN ON STATE

'

DETECT WHEN (LED) CURRENT HAS REACHED 410
A PREDETERMINED AVERAGE CURRENT LEVEL

!

DETECT WHEN (LED) CURRENT HAS REACHED A 415
FIRST PREDETERMINED (e.g., HIGH} CURRENT THRESHOLD

|

DETERMINE A FIRST ON TIME PERIOD (Ton1) AS THE 420
DURATION BETWEEN EITHER TURNING THE SWITCH
ON OR THE CURRENT HAS REACHED THE SECOND
PREDETERMINED THRESHOLD AND THE CURRENT REACHING
THE PREDETERMINED AVERAGE CURRENT LEVEL

!

DETERMINE A SECOND ON TIME PERIOD (Ton2) AS THE | ~425

DURATION BETWEEN THE DETECTION OF THE
PREDETERMINED AVERAGE CURRENT LEVEL AND THE
DETECTION OF THE FIRST PREDETERMINED CURRENT THRESHOLD

|

DETERMINE SWITCH ON TIME PERIOD AS _~430
SUBSTANTIALLY EQUAL TO THE SUM OF THE FIRST
AND SECOND ON TIME PERIODS (ToN = ToN1+TON2!

!

TURN SWITCH OFF WHEN THE ON TIME PERIOD HAS ELAPSED |~ 435

!

DETERMINE A CURRENT OFF TIME PERIOD AS A FUNCTION | —440
OF THE FIRST ON TIME PERIOD, THE SECOND ON TIME
PERIOD., AND A PREVIOUS OFF TIME PERIOD

|_~405

435



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 08/76552

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GOS5F 1/00 (2008.04)
USPC - 315/291

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

B. FIELDS SEARCHED

USPC: 315/291

Minimum documentation searched (classification system followed by classification symbols)

USPC - 368/189, 315/291,149,150,156,159

Documentation searched other than minimum documentation 10 the extent that such documents are included in the fields searched

USPTO WEST (PGPB, USPT, EPAB, JPAB); Google Scholar;

interval, on time, circuit.

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

Search Terms Used: predetermined, current level, light control, controlling, LED, array, detect, current, period, time, phase, duratlon

C. DOCUMENTS CONSIDERED TO BE RELEVANT

US 6731079 B2 (Anderson et al.) 4 May 2004 (04.05.2004)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/0024213 A1 (Shteynberg et al.) 1 February 2007 1-103
Especially (para {0007]-[0009],{0012],[0013],{0017]-[0019],{0047]-[0049],[0052],[0053],[0057]-
[0059},
[0065],[0066], {0072],[0075]), para [0081] - Fig. 14, Fig. 2}
1-103
US 2007/0194210 A1 (Lee et al.) 23 August 2007
1-103
US 7081722 B1 (Huynh et al.) 25 July 2006
A 1-103

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

[l

* Special categories of ¢ited documems : >

“A” documént defining the gcneral state of the art which is not consndcrcd
to be of particular relevance

“E”™ earlier application or patent but published on or afier the international
iling date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication datc of another citation or other
special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

later document published after the intemational filing date or priority
date and not in conflict with the application but cited to undérstand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y> document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

5 November 2008 (05.11.2008)

Date of mailing of the international search report

19 NOV 2008

Namc and mailing address of the ISA/US

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

Facsimile No. 5§71-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)




Electronic Acknowledgement Receipt

EFSID: 13893202
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

293

Filer: Jeffrey Wong/Tara Charbonneau
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: 18154
Receipt Date: 02-0CT-2012
Filing Date: 08-MAY-2012
Time Stamp: 15:57:13

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

D t o . File Size(Byt Multi P
ocumen Document Description File Name ile Size( )(es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

Inf tion Discl Stat t(IDS 612658
1 nformation Disclosure Statement (IDS) | pxr 57545AW-2_IDSPDF no 4
Form (SB08)
e4b98e83d15fa7213efddbae2c9941d29b1
a949d

Warnings:

Information:




522150
2 Non Patent Literature PAT_67545AW-2_NPL_1.pdf no 3

ed66fe6d169dbf8a7b0356f11320536¢3e0r
f167

Warnings:

Information:

3122535
3 Foreign Reference W02009039112.pdf no 70
6f012efcdc88fdc607f362f1f2f8decf664 9ae
Warnings:
Information:
Total Files Size (in bytes); 4257343

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: IDS PTO/SB/08a (01-10)
Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement {IDS) Filed 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.

Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ — -

( Not for submission under 37 CFR 1.99)

Examiner Name
Attorney Dacket Number PAT 67545AW-2

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1 8197079 2012-06-12 RUUD 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| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

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 | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn 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 : . '

e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : ; )

publisher, city and/or country where published.

EFS Web 2.1.17



Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT At Unit -

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PAT 67545AW-2

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. 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). 3 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. 5 Applicant is to place a check mark here i
English language translation is attached.

EFS Web 2.1.17



Application Number 13466509

Filing Date 2012-05-08
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT At Unit -

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PAT 67545AW-2

CERTIFICATION STATEMENT

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

That each item of informaticn 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.
[] The fee setforthin 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 HJeffrey W. Wong/ Date (YYYY-MM-DD) 2012-08-31

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.S.C. 122 and 37 CFR
1.14. This collecticn 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




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 infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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




Electronic Acknowledgement Receipt

EFSID: 13634103
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

APPLICATIONS

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number: 293
Filer: Jeffrey Wong/Stacy Duke
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: 18154
Receipt Date: 31-AUG-2012
Filing Date: 08-MAY-2012
Time Stamp: 09:56:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

D t o . File Size(Byt Multi P
ocumen Document Description File Name ile Size( )(es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

Inf tion Discl Stat t(IDS 760283
1 nformation Disclosure Statement (IDS) | - p x7. 67545 AW-2-1Ds-form.PDF no 4
Form (SB08)
a690978b05¢3b4c9fb19ac5ac6135cc2eab?)
9261

Warnings:

Information:




Total Files Size (in bytes):| 760283

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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. g0V
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/466,509 05/08/2012 David TIKKANEN 18154
CONFIRMATION NO. 8469
293

POA ACCEPTANCE LETTER
DOWELL & DOWELL P.C.

103 Oronoco St o
Suite 220

Alexandria, VA 22314

Date Mailed: 08/13/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/03/2012.

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.

/kgebremichael/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1



PTO/SB/81 (01-09)

Approved for use through 11/30/2011. OMB 0651-0035

U.8. 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 displays a valid OMB control number.

4 POWER OF ATTORNEY A.p-plication Number 13/466,509 N\
OR Filing Date 2012-05-08
First Named Inventor TIKKANEN, David
RExgﬁir:)E%vogopﬁéthg FOXTI-}-LT:NRE%EY Title CONFIGURABLE LED DRIVER/DIMMER FOR SOLID...
AND Art Unit 2821
Examiner Name
GHANGE OF CORRESPONDENCE ADDRESS Aftorney Docket Number

I hereby revoke all previous powers of attorney given in the above-identified application.

D A Power of Attorney is submitted herewith.

OR
| hereby appoint Practitioner(s) associated with the following Customer 00293
Number as my/our attorney(s) or agent(s) to prosecute the application
identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:
OR
D | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and
to transact all business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified application 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 j State ] ] Zip|
Country
Telephone I Email I

| am the:

I:' Applicant/inventor.

OR
Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) (Form PTO/SB/96) submitted herewith or filed on

: SIGNATURE of Applicant or Assignee of Record

. oh : A ’?’ :,: sy Aeép‘ oy sy,
Signature ;Qz ) fwg;f‘; w%m,, Date Guly 21/2012,
Name David TIKKANEN Telephone | j- E /Y- 245 - B34

Title and Company Vice President, LUMASTREAM CANADA ULC

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below®. :

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the pubtlic 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 3 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. 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 option 2.



Electronic Acknowledgement Receipt

EFSID: 13412704
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

26123

Filer:

Ralph A. Dowell/Jorie Wilson

Filer Authorized By:

Ralph A. Dowell

Attorney Docket Number:

PAT 67545AW-2

Receipt Date: 03-AUG-2012
Filing Date: 08-MAY-2012
Time Stamp: 13:04:25

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
13391
1 Transmittal Letter 18154poatrans.pdf no 1
feaaf722be005678d400efcf527cf99d4e9ed|

0b2

Warnings:

Information:




] ] ] 307752
Assignee showing of ownership per 37

2 CFR 3.73(b). 18154Statement373b.pdf no 1
00badc49e6bd7f50a677d0a978871774a31
92b29
Warnings:
Information:
411829
3 Power of Attorney 18154POA.pdf no 1

90adf3c0d87df15a8a706a42233a07e388fa

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes); 732972

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.




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : David TIKKANEN

Appl. No. : 13/466,509

Filed : May 8, 2012

Title : CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE

LIGHTING APPLICATIONS

Grp./A.U.
Examiner :
Docket No.: 18154

Honorable Commissioner of Patents
Alexandria, VA 22313-1450

POWER OF ATTORNEY AND
REVOCATION OF PREVIOUS POWER

Sir:

Submitted herewith is a Power of Attorney and Statement
Under 37 C.F.R. § 3.73(b), referencing a previously recorded
assignment. Please associate this application with Customer
Number 00293.

In the event any additional information is required, please
contact the undersigned agent of record at the telephone number
shown below.

Respectfully submitted,
DOWELL & DOWELL, P. C.
Date: August 3, 2012 Jorie I.. Wilson

Jorie L. Wilson
Reg. No.: 57,532

DOWELL & DOWELL, P. C.

Suite 220, 103 Oronoco Street
Alexandria, VA 22314
Telephone: (703) 739-9888
Fax: (703) 739-9889
dowell@dowellpc.com



PTO/SRAE (07-09)

Approved for use through BTI31/2012, OMB 0851-0031

0.5, Patent and Trademark Office; .8, DEPARTMENT OF COMMERCE

Lnder tha Papenvark Raduction Act of 1395, no pergons are raquimd 1o respond to & coliaction of nformation unless it displays 2 valid OMB conteol number,

STATEMENY UNDER 37 CFR 3.73(b)
ApplicantPatent Owner: LUMASTREAM CANADA ULC

Application No./Patent Ne.: 13/466,509 Filedfissue Date: 2012-05-08
Titled:
CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
LUMASTREAM CANADA LHLC .a corporation
{Mame of Assigneel {Yypa of Assignes, 8.4., corporation, partnership, university, government sgency, oo,

 states that it is:

1. @ the assignes of the entira right, litle, and interaest in;

2. [] an assignes of less than the entire right, title, and inferest in
{The extent {by percentage) of its ownership inferestis %) of

3 {:] the assignee of an undivided inlerest in the entirety of (a coraplete assignment from one of the joint inventors was made)
the paterd application/patent identified above, by virtue of either:

A, E{} An assignment from the inventor(s) of the palent application/patent identified above. The assigriment was recorded in
the United Stales Patent and Trademark Office at Read Q28705  Frame D467 . ar for which a
copy therefore is altached.

aor
B. D A chain of title from the inventor{s}, of the patent application/patent idendified above, to the current assignes as follows:

1. Framu To:

The document was recorded in the United States Patent and Trademark Office at
Real , Frame . or for which a copy thereof is altached,

2. From: Tes:

The decument was recorded in the United Slates Palent and Trademeark Office at
Heal . Frame . orfor which a copy thersof is atlached.

3. From: Ton

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

Roel , Frame . or for which a copy thereof is attachad.

{1 Adoiionat docurnants In the chain of title are listed on a supplemental sheet(s).
] As required by 37 CFR 3.73(b){1)(1), the documentary evidence of the chain of title from the original owner fo the assignee was,
or concurrently is being, subrnitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy {Le., & trus capy of the original assignment document{s}) must be submitted o Assignment Division in
accardance with 37 CFR Part 3, to record the assignmsnt b the racords of the USPTO. Bee MPEP 302.08}

The undersigned {whose file is supplied below) is authorized fo act on behall of the assignes.

P
e .;‘%
Signature
. Yice Fresident,

David TIKKANEN , , - o LUMASTREAM CANADA ULG

Printad or Typed Nama , o Title
This collantion of information is reguived by 37 CFR 3,73(bL. The infonmation ks reguired to obtain or retain a benefit by the public which s to file {and by the USPTO o
provess) an application. Confidentislity s governad by 38 US.CL 182 and 37 CFR 111 andg 1,94, This cofiection is sstimated to teke 12 minutes {o campisis, inciuding
gathering, praparing, and submitling the complsted application forrs to the USPTCL Time will vary depending upon the individus! case. Any comments on the amount of time

yigg require o complete this form andior suggestions for raducing this burden, should be sent to the Chisf Information Offficer, U8, Fatent and Tradamark Office, US.
Dopartment of Commesze, F.O. Box 1450, Alexandnia, VA 22313-1480. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexansdris, VA 22313-1450.

¥ vou need assistance i completing the form, calf 1-800-PTO-8188 and selec! arfion 2.



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/466,509
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 380
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 620
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 250
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 18 minus 20= OR |« 60 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 250 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) 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
13/466,509 05/08/2012 2821 1380 PAT 67545AW-2 18 2
CONFIRMATION NO. 8469
26123 UPDATED FILING RECEIPT
BORDEN LADNER GERVAIS LLP
Anne Kinsman LT
000000055680955

WORLD EXCHANGE PLAZA

100 QUEEN STREET SUITE 1100
OTTAWA, ON K1P 1J9

CANADA

Date Mailed: 08/01/2012

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

Applicant(s)

David TIKKANEN, Waterloo, CANADA,;

Christopher Douglas Booth, Saint Petersburg, FL;
Assignment For Published Patent Application

LUMASTREAM CANADA ULC, Calgary, CANADA
Power of Attorney: None
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This application is a CIP of 13/059,336 03/22/2011 *
which is a 371 of PCT/CA2009/001295 09/17/2009
which claims benefit of 61/097,963 09/18/2008
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Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
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Projected Publication Date: 11/08/2012
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Title

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
Preliminary Class

315

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 (1-866-999-4158).

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
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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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate 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.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:  TIKKANEN, David; BOOTH, Christopher, Douglas
Serial No.: 13/466,509

Filed: September 17, 2009

Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE
LIGHTING APPLICATIONS

Group: 2821

Examiner:

Attorney Ref.: PAT 67545AW-2

July 24, 2012

MAIL STOP AMENDMENT

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, Virginia 22314-1450

U.S.A.

Dear Sir:
PRELIMINARY AMENDMENT

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 3 of

this paper.

Remarks/Arguments begin on page 6 of this paper.
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U.S. Patent App. No. 13/466,509
Preliminary Amendment dated July 24, 2012

Amendments to the Specification

Please replace paragraph [0103] with the following amended paragraph:

[0103] The break out module 51 regroups erseparates-the feed in channels with a different

grouping of feed out channels_or separates the feed in channels into individual feed out

channels. It may also provide visual means for an installer to easily organize and keep track of

the grouping and arrangement of channels during installation.
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U.S. Patent App. No. 13/466,509
Preliminary Amendment dated July 24, 2012

Amendments to the Claims

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

Listing of Claims

1. (Cancelled)

2. (New) Apparatus for controlling a set of light fixture loads in a light emitting diode (LED) low
voltage distribution system comprising:
an LED driver/dimmer including a power circuit having at least one power limit and a
set of output current drivers connected to the at least one power limit in the power circuit; and
a break-out module connected to an output of the LED driver/dimmer;

wherein the LED driver/dimmer is located remotely from the set of light fixture loads.

3. (New) The apparatus of Claim 2 wherein the set of output current drivers are connected to

the break-out module via cabling.
4. (New) The apparatus of Claim 3 further comprising:

a set of series connect modules, each of the set of series connect modules associated
with one of the set of light fixture loads and connected to an output of the break-out module.

5. (New) The apparatus of Claim 3 wherein the power cabling includes a set of input channels.

6. (New) The apparatus of Claim 5 wherein the break-out module changes the number of

output channels from the number of input channels.

7. (New) The apparatus of Claim 5 wherein the break-out module splits the set of input

channels into individual output channels.

8. (New) The apparatus of Claim 6 wherein the break-out module connects to multiple light

fixture loads via cabling.
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U.S. Patent App. No. 13/466,509
Preliminary Amendment dated July 24, 2012

9. (New) The apparatus of Claim 7 wherein the break-out module connects to multiple light

fixture loads via cabling.

10. (New) The apparatus of Claim 3 wherein the break-out module comprises:

at least one printed circuit board (PCB) having power connectors.

11. (New) The apparatus of Claim 10 wherein the at least one PCB assist in regrouping the

set of input channels into a different grouping of output channels.

12. (New) The apparatus of Claim 10 wherein the at least one PCB assist in splitting the set of

input channels into individual output channels.

13. (New) The apparatus of Claim 10 wherein the power connectors include apparatus to

enable quick connection and release with the cabling.

14. (New) The apparatus of Claim 4 wherein at least one of the set of series connect modules
comprises:
at least one printed circuit board (PCB) assembly for connecting an output from the

break-out module.

15. (New) The apparatus of Claim 4 wherein the break-out module and the set of series

connect modules are integrated together.

16. (New) The apparatus of Claim 2 wherein the LED driver/dimmer and the break-out module

are integrated together.

17. (New) The apparatus of Claim 2 wherein the LED driver/dimmer further comprises a

communication interface for receiving data from an external transmitter.

18. (New) The apparatus of Claim 2 wherein the at least one current driver comprises a buck

topology power stage with hysteretic control.

19. (New) A method of controlling a set of light fixture loads in a LED low voltage distribution

system comprising:
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U.S. Patent App. No. 13/466,509
Preliminary Amendment dated July 24, 2012

receiving light control information;

limiting power for powering the set of light fixture loads;

converting limited power to multiple constant current outputs based on light control
information; and

splitting or regrouping constant current outputs.
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REMARKS/ARGUMENTS

U.S. Patent App. No. 13/466,509
Preliminary Amendment dated July 24, 2012

Claims 2 to 19 remain in the current application. Claim 1 has been cancelled. Claims 2 to 19

have been added.

The specification and claims have been amended to more clearly define the invention. No

new matter has been added as a result of these amendments.

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 over

payments, to Deposit Account No. 501593, in the name of Borden Ladner Gervais LLP.

By:

Respectfully submitted,
TIKKANEN, David et al.

[Jorie L. Wilson/
Jorie L. Wilson
Reg. No. 57,532
Dowell & Dowell, P.C.
103 Oronoco Street
Alexandria, VA
USA 22314
Tel:  (703) 739-9888
Fax: (703) 739-9889
E-mail: dowell@dowellpc.com
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:  TIKKANEN, David; BOOTH, Christopher, Douglas
Serial No.: 13/466,509

Filed: September 17, 2009

Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE
LIGHTING APPLICATIONS

Group: 2821

Examiner:

Attorney Ref.: PAT 67545AW-2

July 24, 2012

MAIL STOP MISSING PARTS
Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria VA 22313-1450

USA

RESPONSE TO NOTICE TO FILE MISSING PARTS

In response to the Notice to File Missing Parts dated May 24, 2012, for which a
response is due by July 24, 2012, Applicant submits an executed Declaration and
replacement Figures 12 to 19 in compliance with 37 CFR 1.84 and 37 CFR 1.121(d).
Figure 15 has also been amended to correct the reference numeral corresponding to the

break out module. No new matter has been added.

The Commissioner is hereby authorized to charge any additional fees, and credit any
over payments to Deposit Account No. 501593, in the name of Borden Ladner Gervais
LLP.

Respecitfully submitted,
TIKKANEN, David et al.

By: __/Jorie L. Wilson/
Jorie L. Wilson
Reg. No. 57,532
Dowell & Dowell, P.C.
103 Oronoco Street
Alexandria, VA
USA 22314
Tel:  (703) 739-9888
Fax: (703) 739-9889
E-mail: dowell@dowellpc.com
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| hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and
for which a patent is sought on the invention titled:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

(Title of the Invention)

the application of which

D is attached hereto

OR

was filed on (MM/DD/YYYY) 05/08/2012 as United States Application Number or PCT International

Application Number 13/466,509 and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

|:| If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), and
any other intellectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the above-identified 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, KIPO, WIPO, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access to the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified patent application with respect
to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the above-identified 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 above-identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3]
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 21 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, 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-PT0-9199 and select option 2.



PTO/SB/01 (04-09)

Approved for use through 01/31/2014. OMB 0651-0032
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.

DECLARATION — Utility or Design Patent Application

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)~(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT international application having a filing date
before that of the application on which priority is claimed.

Prior Foreign Application

Number(s) Country

Foreign Filing Date
(MM/DD/YYYY)

Priority
Not Claimed

Certified Copy Attached?

YES

NO

[]

[

[

L

L

[

[]

[

[

[]

]

[]

D Additional foreign application number(s) are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.

[Page 2 of 3]



PTO/3B/01 (04-09)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. 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 contrel number,

N

- DECLARATION —Utility or Design Patent Application-

. The address
Direct all . . Correspondence
correspondence to: associated with 26123 OR [] address below
Customer Number:
Name
Address
City State Zip
Country Telephone Email

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 the 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 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTC/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Depasit Accounts and Electronic Funds Transfer Profiles.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statemenis
may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: [:] A petition has been filed for this unsigned inventor
Given Name (first and middte [if any]) Family Name or Surname
David TIKKANEN
inventor's Signature Date
Y T,y 23/20]2
Residence: City State Country ! Citizenship

Waterloo ON CA CA

Mailing Address
194 Silverwood Place

City State Zip Country
Waterloo ON N2T 2R9 CA
Additional inventors or a legal representative are being named on the 4 supplemental sheet{s) PTO/SB/02A or 02LR attached hereto

[Page 3 of 3]
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DECLARATION - Supplemental Priority Data Sheet

PTO/SB/02B (07-07)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Foreign applications:

Prior Foreign Application
Number(s)

Country

Foreign Filing Date Priority . Certified Copy Attached?
(MM/DD/YYYY) Not Claimed

Oooooooouodoooooaot
OOo0000oooOoouooggt bbby
OO0oo0dooooddobdt g

This collection of information is required by 35 U.S.C. 115 and

37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is fo 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 21
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, 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 (1-800-786-9199) and select option 2.



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 aliowed 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.

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.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.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 individuais.

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.

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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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
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 displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 13/466,509 05/08/2012 | [] o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b} or (c))
[ searcH Fee N/A N/A N/A N/A
(37 CFR1.16(K). (i), or (m))
|:| EXAMINATION FEE
(37 CFR 1.16(0), (B), or (@) N/A N/A N/A N/A
O 2o |- K- e -
INDEPENDENT CLAIMS ) N _ _
(37 CFR 1.16(h)) minus 3 = X $ = X $ _
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
ASF;P&%U?N SIZE FEE is $250 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
| 072412012 | jrrep PREVIOUSLY EXTRA RATE®) I Fee 5) RATE ($) FEE ($)
E AMENDMENT PAID FOR
S Ig}(?)') (27 OFR ~18 Minus | = 20 -0 X$ = OR | x seo= 0
5 .
5 g;ig;;grﬁe&th» « D Minus | =3 -0 X$ = OR | x $250= 0
<§E I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE (§) FEE ($) RATE ($) FEE ($)
— AMENDMENT PAID FOR
5 ;r.?g(?)l) (37 CFR * Minus I * _ X $ = OR | X$ =
S s ] - = A o
5 I:l Application Size Fee (37 CFR 1.16(s))
=
<C |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:

/ADRIENE SELLMAN/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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, 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 option 2.



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/466,509
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 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 380
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 620
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 250
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 1 minus 20= OR |« 60 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 250 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) 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 NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/466,509 05/08/2012 David TIKKANEN PAT 67545AW-2
CONFIRMATION NO. 8469
26123 FORMALITIES LETTER

BORDEN LADNER GERVAIS LLP

Anne Kinsman IR L 0 TR

WORLD EXCHANGE PLAZA 00000005
100 QUEEN STREET SUITE 1100

OTTAWA, ON K1P 1J9

CANADA

Date Mailed: 05/24/2012

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Appilication Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
» The drawings must be reasonably free from erasures and must be free from alterations, overwriting,
interlineations, folds, and copy marks. See Figure(s) 12 - 19.
+ The drawings submitted to the Office are not electronically reproducible because portions of figures 13a,
14a, 18a-c are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/enguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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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

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/466,509 05/08/2012 2821 1380 PAT 67545AW-2 1 1
CONFIRMATION NO. 8469
26123 FILING RECEIPT

BORDEN LADNER GERVAIS LLP

e Kinsrr N
WORLD EXCHANGE PLAZA 00000005442273

100 QUEEN STREET SUITE 1100

OTTAWA, ON K1P 1J9

CANADA

Date Mailed: 05/24/2012

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

Applicant(s)

David TIKKANEN, Waterloo, CANADA,;

Jason NEUDORF, Kitchener, CANADA,;

Steven LYONS, Kitchener, CANADA;

Todd William SCOTT, Waterloo, CANADA,;

Kyle Grahame HATHAWAY, Kitchener, CANADA;

David Wainesworth JANSEN, Waterloo, CANADA;
Assignment For Published Patent Application

LUMASTREAM CANADA ULC, Calgary, CANADA
Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of 13/059,336 03/22/2011 *
which is a 371 of PCT/CA2009/001295 09/17/2009
which claims benefit of 61/097,963 09/18/2008
(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 05/21/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/466,509

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No
page 1 of 3



Early Publication Request: No
Title

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
Preliminary Class
315

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 (1-866-999-4158).

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
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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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate 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.
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Doc code: IDS PTO/SB/08a (01-10)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

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.

Application Number

Filing Date

INFORMATION DISCLOSURE

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

First Named Inventor | TIKKANEN, David
Art Unit

Examiner Name

Attorney Dacket Number PAT 67545AW-2

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 Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20050289279 2005-12-29 FAILS ET AL.
2 20050218838 2005-10-06 LYS
3 20080018261 2008-01-24 KASTNER

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 | Number3 Code2? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 2008052293 WO 2008-05-08 QUICK ET AL. |:|

EFS Web 2.1.17



Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PAT 67545AW-2

If you wish to add additional Foreign Patent Document citaticn 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

T (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s)}, TS
Initials No . . .
publisher, city and/or country where published.
1 ERICSSON AB, Power Supplies Goes Digital White Paper, October 2006 |:|
2 SKANDA; MICROCHIP TECHNOLOGY INC_, Power Factor Correction in Power Conversion Applications using the |:|
dsPIC® DSC”, AN1108, June 2007
3 TRAXON TECHNOLOGIES, LED Engine XB 3W-108 Technical Specifications and User Manual Version 1.1, 2007 |:|
4 PENWELL CORPORATICN, Dialight Lumidrives Launches Colurdriver XP for High-Power LEDs, LEDs MAGAZINE, |:|
downloaded from http://www ledsmagazine.com/press/15468, 2007-09-25
5 Colourdriver XP data sheet, 2008-07-30 |:|
6 US-TECH ONLINE, Dialight: New High Power LED Driver, downloaded from hitp://iwww.us-tech.com, October 2007 |:|
7 ISTLTD., iDrive™ 1000 The Intelligent 210w LED Driver User Manual, v. 1.7, 2008-06-20 |:|
8 ROAL ELECTRONICS, S.P.A, Programmable RGB LED Driver 200 Watts Model RHPS180 Product Details, Rev. 2, |:|
2007-10
9 INTERNATIONAL SEARCHING AUTHORITY (CA), International Search Report and Written Opinion for International |:|

Patent Application No. PCT/CA2009/001295, 2010-01-13

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

EFS Web 2.1.17




INFORMATION DISCLOSURE

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

Application Number

Filing Date

First Named Inventor | TIKKANEN, David

Art Unit

Examiner Name

Attorney Dacket Number

PAT 67545AW-2

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. 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). 3 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. 5 Applicant is to place a check mark here i

English language translation is attached.
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PAT 67545AW-2

CERTIFICATION STATEMENT

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

That each item of informaticn 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.
[] The fee setforthin 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 HJeffrey W. Wong/ Date (YYYY-MM-DD) 2012-05-08

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.S.C. 122 and 37 CFR
1.14. This collecticn 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




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 infarmation 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.S5.C. 552a). Records from this system of records may be disclesed 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
hegotiations.

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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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 Atemic 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.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.5.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




PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
PAT67545W-90 ACTION as well as, where applicable, item 5 below
International application No. International filing date (day/month/year) (Earliest)Priority date (day/month/year)
PCT/CA2009/001295 17 September 2009 (17-09-2009) 18 September 2008 (18-09-2008)
Applicant

E CRAFTSMEN CORPORATION ET AL

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 7 _ sheets.

[X] Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

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

b. [
c [
2. [
3. [

[X] the international application in the language in which it was filed

[ 1 atranslation 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))

] 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)).

1 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I

] Certain claims were found unsearchable (see Box No. II)

1Unity of invention is lacking (see Box No. HI)

4. With regard to the title,

[ X]the text is approved as submitted by the applicant

[

] the text has been established by this Authority to read as follows :

5. With regard to the abstract,

[ X]the text is approved as submitted by the applicant

[

] the text has been established, according to 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.

b.

the figure of the drawings to be published with the abstract is Figure No.

I

[X] as suggested by the applicant
[ 1 asselected by this Authority, because the applicant failed to suggest a figure
[ 1 asselected 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 of 7




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2009/001295

A

CLASSIFICATION OF SUBJECT MATTER

IPC: HO5B 37/02 (2006.01) , HO5B 33/08 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOS5B (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
Epoque, IEEE Xplore, Canadian Patent Database. Terms used: driver, dimmer, led, first, main primary, second*, auxiliary, controller,
microcontroller, microprocessor, and others.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 20; paragraph 102

figures 10-11

figure 22A

US 2008/0018261 (Kastner) 24 January 2008 (24-01-2008)

WO 2008/052293 (Quick et al.) 8 May 2008 (08-05-2008)

US 2005/0218838 (Lys) 6 October 2005 (06-10-2005)

1, 4-13, 15, 18-20

1,4,5

1,6,13, 18,19

[ 1 Further documents are listed in the continuation of Box C.

[X]

See patent family annex.

*

“A”

wpr

apn

“o”
apr

Special categories of cited documents :

document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other means

document published prior to the international filing date but later than
the priority date claimed

wp

wym

wyn

agn

later document published after the international filing date or priority
date and not in conflict with the a]ighqatlon but cited to understand
the principle or theory underlying the mvention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the documentis =~
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

12 January 2010 (12-01-2010)

Date of mailing of the international search report

13 January 2010 (13-01-2010)

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

Place 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

Form PCT/ISA/210 (second sheet ) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2009/001295

Information on patent family members

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US2008018261A1 24-01-2008 None

WO02008052293A1 08-05-2008 AU2007314090A1 08-05-2008
CN101563956A 21-10-2009

US2005218838A1 06-10-2005 AT222013T 15-08-2002
AT301802T 15-08-2005
AT308869T 15-11-2005
AT416597T 15-12-2008
AT431065T 15-05-2009
AT434152T 15-07-2009
AU757000B2 30-01-2003
AU1782501A 30-05-2001
AU1924199A 05-07-1999
AU3947002A 27-05-2002
AU4148402A 11-06-2002
AU5312999A 17-01-2000
AU5913401A 07-11-2001
AU6347300A 30-01-2001
AU7001801A 02-01-2002
AU7369401A 13-02-2002
AU7718501A - 13-02-2002
AU7730800A 30-04-2001
AUB539801A 18-02-2002
AUB540801A 18-02-2002
AUB8B65901A 13-03-2002
AU9111101A 02-04-2002
AU9206098A 16-03-1999
AU2002238113A1 12-09-2002
AU2002310434A1 23-12-2002
AU2002346802A1 16-12-2002
AU2002360721A1 09-07-2003
AU2003203584B2 16-03-2006
AU2003210890A1 02-09-2003
AU2003210890A8 02-09-2003
AU2003237827A1 11-11-2003
AU2003265764A1 19-03-2004
AU2003268540A1 29-03-2004
AU2003279157A1 23-04-2004
AU2003279157A8 23-04-2004
AU2004200183A1 12-02-2004
AU2004200183B2 21-06-2007
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CA2009/001295

Box No. I Basis of this opinion

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

[X] the international application in the language in which it was filed

[ 1 atranslation 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. [ 1 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 to any nucleetide 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)

[ ] onpaper

[ 1 inelectronic form

b. (time)
[ ] the international application as filed.
[ ] together with the international application in electronic form
[ 1 subsequently to this Authority for the purposes of search
4. [ ] Inaddition, in the case that more than one 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 :
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CA2009/001295

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 1-20 YES
Claims NONE NO
Inventive step (IS) Claims 2, 14, 16, 17 YES
Claims 1,3-13, 15, 18-20 NO
Industrial applicability (IA) Claims 1-20 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document(s) cited in the International Search Report:
D1: US 2008/0018261 (Kastner) 24 January 2008 (24-01-2008)

Article 33(2) PCT — Novelty

Since the subject matter defined by claims 1 through 20 is not disclosed by any single piece of the available prior art, these claims meet the
requirements of Article 33(2) PCT.

Article 33(3) PCT — Inventive step

Regarding claims 1 and 13, D1 discloses an LED driver/dimmer (figure 20) for controlling a set of lighting loads (figure 20D), comprising:

* apower circuit (figures 20A-B),

* aprimary digital controller for controlling the power circuit (figure 20B: Ul);

* aset of output current drivers, each of the set of output current drivers connected to one set of the light loads for controlling the
associated load (figure 20D: Q2-Q4),

* asecondary digital controller for controlling the set of output current drivers (figure 20C: U4);

*  wherein the secondary controlling transmits LED control information 1o control the outputs of the output current drivers (figure 20C:
U4 via PWM); and

* wherein the secondary digital controller provides feedback control information to the primary digital controller (figures 20B-C: VFB;
paragraph 102).

Although the feedback signal of D1 is sent between the secondary and first controllers as an analog signal, as opposed the digital signal
defined by claim 1, the use of an analog versus a digital signal for transmitting feedback information between two digital controllers is
considered a routine design choice for those skilled in the art of digital lighting controllers. Accordingly, claim 1 is found to lack an
inventive step in view of DI.

The prior art fails to teach or suggest the specific power circuit as contemplated by claims 2, 14, 16, and 17, and these claims thus appear
to include an inventive step.

Regarding claim 3, the prior art fails to teach or suggest individual ICSP ports associated with each of the vutput current drivers for
dynamic control thereof, and this claim thus includes an inventive step in view of the available prior art.

Claims 4 and 5 are not considered to include an inventive step in view of D1 and state of the art on the claim date, since providing an ICSP
port for a digital controller is well known in the embedded controller arts.

Claims 6 and 7 fail to include an inventive step in view of D1 which further discloses a communication interface for receiving external
data via an isolation barrier (figure 20C: DIMMING INPUT; paragraph 0105).

Continued on Supplemental Sheet . . .
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CA2009/001295

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully supported
by the description, are made :

Claims

Claims 18 and 19 do not comply with Article 6 PCT since means to map the output current drivers to DMX512 addresses or various
dimming zones for 0-10 Vdc control are not supported by the description. :

Claim 20 and is unclear and thus fails to comply with Article 6 PCT. Specifically, the term PDC has not been defined within the scope of
the claim and lacks antecedent basis.

Description

The description does not comply with Rule 11.13(1) PCT since reference character 80 does not appear in figure 3 (see page 6, line 17).
The applies similarly to reference characters 22 and P1-P10 (see page 11).

On page 6, line 10, reference character 66 should be replaced with 61 for consistency with figure 3.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/CA2009/001295

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

The housing and heatsinking details defined by claims 8 to 12 are not considered to include inventive steps in view of D1 and the state of
the art on the claim date.

The communicalion protocols defined by claim 13 would be known design choices to those skilled in the lighting control arts, and this
claim thereby fails to include an inventive step in view of D1 and the state of the art on the claim date. Claims 18 and 19 similarly lack
inventive steps.

Claim 20 also lacks an inventive step in view of D1 which further discloses isolated communication bus between the digital feedback
control and the primary digital controller (figure 20C: OPT1).

Claims 1, 3 to 13, 15, and 18 to 20 thereby fail to comply with Article 33(2) PCT, while claims 2, 14, 16, and 17 do.
Article 33(4) PCT - Industrial applicability

Since the subject matter defined by claims 1 to 20 is directed to well established lighting control arts, these claims satisfy Article 33(4)
PCT.
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CONFIGURABLE LED DRIVER/DIMMER FOR
SOLID STATE LIGHTING APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Patent Application No. 13/059,336
filed February 16, 2011, which claims the benefit of U.S. Provisional Application No.
61/097,063 September 18, 2008, both of which are incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

[0002] With the rapid increase in light emitting diode (LED) efficacies for high powered
LEDs, the latest technologies have exceeded incandescent and halogen sources and are
now starting to compete with fluorescent, mercury vapour, metal halide and sodium lighting.
In addition to better energy usage, LEDs also have considerable advantages over traditional
light sources such as long life, better durability and improved color generating abilities. The
advancement of LED technology by various manufacturers has produced high power LEDs
with various recommended drive currents such as 350 mA, 500mA, 700mA, 1000mA, and
1400mA or higher.

[0003] Inrecent years, controllable power sources for Solid State Lighting (SSL)
applications have entered the market with integrated features. In addition, digital controllers
within power sources have enabled the development of configurable options to provide a
wider flexibility of solutions for Solid State Lighting applications. The ability to dim the light
output of LEDs is also important to reduce energy consumption.

[0004] However, lighting companies are faced with considerable challenges in adopting
SSL technology due to their unfamiliarity and lack of expertise in the driving and dimming
requirements for LEDs.

[0005] Therefore, there is provided a novel LED Driver/dimmer for solid state lighting

applications.

SUMMARY OF THE DISCLOSURE
[0006] With the wide variety of communication interface options and LED drive currents
available for numerous architectural and entertainment Solid State Lighting applications, the

configurable LED Driver/dimmer of the current disclosure includes at least one of the



following advantages: configurable output current options that maximize the available power
in the “front end” PFC and isolated power conversion converter stage; multiple drive current
options for the multiple LED drive current options for various LEDs; elimination of a cooling
fan which can present issues with audible noise and flexibility in where the power source is
located, relatively low standby power consumption during “black out” lighting conditions,
where “black out” refers to no load operation on the output of the dimmer/driver; multiple
communication interface options; the ability to map output current sources/channels to
different DMX512A addresses and the ability to configure multiple groups of output current
sources/channels such that each group is controlled by one 0 - 10 Vdc analog signal.
[0007] Some embodiments of the present disclosure are directed to a highly efficient
enclosed, configurable power source, controllable by various external communication
interfaces and a method for driving and dimming LEDs or OLEDs in lighting fixtures such as
used for architectural or entertainment lighting applications. Such applications can include,
but are not limited to, theater, convention centers, cruise ships, architectural building
features, amusement parks, museums, and hospitality lighting in restaurants and bars.
[0008] In one aspect of the present disclosure, there is provided a configurable light
emitting diode (LED) driver/dimmer for controlling a set of light fixture loads comprising: a
power circuit; a primary digital controller for controlling the power circuit; a set of output
current drivers, each of the set of output current drivers connected to one of the set of light
fixture loads for controlling the associated light fixture load; a secondary digital controller for
controlling the set of output current drivers; wherein the secondary controller transmits LED
control information to control outputs of the set of output current drivers; and wherein the
secondary digital controller provides digital feedback control information to the primary digital
controller.

[0009] In another aspect of the present disclosure, there is provided a configurable power
source that provides a plurality of output channels, such as 6, 8, 9, or 12, to color change or
dim OLED or LED loads. In color changing applications, the number of available channels is
a multiple of three or four to accommodate either red/green/blue LED loads or
red/green/blue/amber or white LED loads. The number of output channels and available
output power is increased or maximized based on the LED current requirements. The output

channels are programmable by means of in circuit serial programming (ICSP) ports and



calibrated by a secondary digital controller to the required output current and other
parameters such as dimming frequency range.

[0010] In another embodiment, the dimming of multiple monochromatic color or white LED
loads (output channels) utilizing a single 0 - 10 Vdc analog control signal, or the control of
groups of LED loads (output channels) with an associated 0 - 10 Vdc¢ analog control signal
for each group is contemplated.

[0011] In another aspect of the present disclosure, the output channels are digitally
controlled current sources configurable for various peak currents to power and control a
variety of LEDs. The LED average current is encoded within the three variables of on-time,
off-time, and period whereby no three variables are held constant. Depending on the output
drive currents of the LED loads, the number of available output channels is maximized based
on the maximum output power available from the power factor and isolated DC/DC converter
stages.

[0012] In another aspect of the present disclosure, the configurable power source is
housed in a rectangular enclosure with a monolithic aluminum extrusion and a U shaped
aluminum chassis and metal end plates. Various electrical components are thermally
coupled to the heatsink to increase or maximize heat transfer to the outside surface of the
enclosure.

[0013] In another aspect of the present disclosure, the power source includes a digital
controller to decrease power consumption of a relay coil as part of an inrush current limit
circuit to reduce power consumption and improve efficiency.

[0014] In another aspect of the present disclosure, the power source utilizes an
independent efficient auxiliary power source and one or more digital controllers to provide
power to the communication interface. A digital controller disables various electrical circuits
during black out lighting conditions to reduce no load power consumption and improve

efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0015] Embodiments of the present disclosure will now be described, by way of example
only, with reference to the attached Figures, wherein:

[0016] Figure 1 is a perspective view of a configurable LED Driver/dimmer;

[0017] Figures 2a and 2b are cross-sectional views of the configurable LED Driver/dimmer;



[0018] Figure 2¢is a schematic view of an internal layout of the LED Driver/dimmer;
[0019] Figure 3 is a schematic block diagram of the configurable LED Driver/dimmer;
[0020] Figure 4 is a schematic diagram of a prior art inrush current limit circuit;

[0021] Figure 5 is a schematic diagram of an embodiment of a novel inrush current limit
circuit for use with the configurable LED Driver/dimmer;

[0022] Figure 6 is a schematic diagram of an embodiment of an output current driver;
[0023] Figure 7 is a schematic diagram of another embodiment of the output current driver,;
[0024] Figure 8 is a schematic block diagram of another embodiment of the configurable
LED Driver/dimmer;

[0025] Figure 9 is a schematic diagram of a prior art multistage power source;

[0026] Figure 10 is a schematic diagram of an embodiment of a novel multistage power
source;

[0027] Figure 11 is a schematic diagram of a communication interface for use with the
configurable LED Driver/dimmer;

[0028] Figure 12 is a block diagram of an embodiment of a configurable LED
Driver/Dimmer implemented in a low voltage DC distribution LED lighting system;

[0029] Figure 13ais a diagram of one implementation of a break out module;

[0030] Figure 13b is a schematic diagram of one implementation of a break out module;
[0031] Figure 14ais a diagram of an embodiment of a series connect module;

[0032] Figure 14b is a schematic diagram of a series connect module;

[0033] Figure 15 is a block diagram of an embodiment of a configurable LED
Driver/dimmer implemented in a low voltage DC distribution LED lighting system;

[0034] Figure 16 is a block diagram of an embodiment of a configurable LED
Driver/dimmer implemented in a low voltage DC distribution LED lighting system;

[0035] Figure 17 is a block diagram of an embodiment of a configurable LED
Driver/dimmer implemented in a low voltage DC distribution LED lighting system;

[0036] Figures 18a, 18b, and 18¢ are diagrams of embodiments of a break out module;
and

[0037] Figure 19 is a flowchart of a method of providing low voltage power to a set of LED

loads.



DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

[0038] In general, the present disclosure is directed at a method and apparatus for

providing a configurable LED Driver/dimmer. In the current description, the Driver/dimmer
will be referred to as a dimmer, however, it will be understood that the configurable
apparatus can function as either a driver, a dimmer or both. In the preferred embodiment,
the dimmer is used for Solid State Lighting (SSL) applications.

[0039] Turning to Figure 1, a perspective view of an LED dimmer is shown. The LED
dimmer 10 includes a body portion 12, or housing, which includes a monolithic aluminum
heatsink 14 and a U-shaped chassis 16. Cross-sectional views of the dimmer 10 are
provided in Figures 2a and 2b.

[0040] The dimmer 10 further includes a front plate 18 which includes a plurality of ports 20
along with a set of conductor cables 22. The front plate 18 is fastened to the body portion 12
via a set of fasteners 24, such as screws. In this embodiment, as conductor cables are used
to provide output power to LED/OLED loads, the space requirement for the front plate 18 is
reduced with respect to other known connection means such as terminal blocks.

[0041] Turming to Figures 2a and 2b, a pair of cross-sectional views of the LED dimmer are
provided. Figure 2¢ is a schematic view of one embodiment of an internal layout of the
dimmer 10. The cross-sectional views for Figures 2a and 2b are taken along lines A-A and
B-B of Figure 2c¢ respectively.

[0042] As shown, the heatsink 14 includes a receptacle portion 26 for receiving the ends of
the chassis 16. In order to increase, or optimize, the heat dissipation capability of the
configurable dimmer 10 at full output power, the extruded aluminum heatsink 14 includes fins
28 to increase the surface area for heat dissipation. The heatsink 14 also has a mounting
platform 30 for receiving power components, or semiconductors 32, such as a bridge
rectifier, MOSFETSs, and/or diodes to efficiently transfer heat to the outside surface of the
heatsink 14. These components will be discussed in more detail below with respect to
Figure 3. A power factor inductor and main isolation transformer pair 34 are thermally
coupled to the chassis 16 by a thermally conductive, electrically isolated material 36 to
further improve heat dissipation of these components. A circuit board 38 is also mounted to
the heatsink 14.

[0043] Turning to Figure 3, a block diagram of another embodiment of the LED dimmer is

shown. The LED dimmer 10 includes an inrush current limit 40, or inrush current limit circuit,



which receives power from an AC power source or supply 42, located external to the dimmer
10. The inrush circuit 40 is connected to a Power Factor Correction (PFC) Boost 44 which,
in turn, is connected to a DC/DC Converter 46, or power conversion stage. The converter 46
is connected to an Output Voltage bus 48 which is connected to a power limiter 50. The
inrush circuit 40, the PFC boost 44, the DC/DC converter 46, the Output Voltage bus 48 and
the power limit 50 can be seen as a power circuit 47. Although only one power limit 50 is
shown, it will be understood that there could be multiple power limits. The power limiter 50 is
connected to a set of output current drivers 52, whereby each of the output current drivers 52
has an associated in-circuit serial programming (ICSP) port 54. The output of the output
current drivers 52 is connected to individual Organic Light-Emitting Diodes (OLED)/Light-
Emitting Diodes (LED) loads 56, further referred to as LED loads.

[0044] Along with the above-identified components and circuitry, the dimmer 10 further
includes a primary digital controller 58 which is connected to an auxiliary power source 60
and an ICSP Port 62. The primary digital controller 58 is further connected, via an isolated
communication bus 61 to a secondary digital controller 64, which receives power from the
auxiliary power source 60. An ICSP port 68 is also connected to the secondary digital
controller 64.

[0045] The auxiliary power source 60 is also used to power an interface component 70
which includes an optional address selector 72 and a communication interface 74. The
communication interface 74 receives inputs from an external transmitter 76 and
communicates via an isolated serial communication bus 78 with the secondary digital
controller 64. A set of isolation barriers 80 and 81 are located within the dimmer 10, each
barrier separating various components of the dimmer 10 from each other.

[0046] As will be understood, not all of the components or connections of the LED dimmer
10 required for operation are shown as they will be understood by one skilled in the art. For
instance, the dimmer 10 can also include an EMI filter and a bridge rectifier. With respect to
connections, it will be understood that the primary digital controller 58 can also be connected
to the PFC boost 44, the inrush current limit 40 and the DC/DC controller 46 while the
secondary digital controller 64 can be connected to the output voltage bus 48, the power
limit 50 and the output current drivers 52.

[0047] In operation, the PFC Boost 44 and DC/DC Converter 46 are controlled by the

primary side digital controller 58 while the secondary digital controller 64 monitors the output



voltage bus 48 and provides digital feedback control information via isolated communication
bus 61 to regulate the output voltage bus 48. Secondary digital controller 64 also translates
dimming and/or color mixing information from the external transmitter 76 into LED control
information for the output current drivers 52. The primary 58 and secondary 64 digital
controllers and output current drivers 52 have an associated programming port for further
configuring the LED dimmer 10.

[0048] Turning to Figure 4, a prior art inrush current limit is shown. In order to limit inrush
current limit during initial start up of the power source, one approach is to utilize a negative
temperature coefficient thermistor (NTC) in parallel with a relay contact. During initial turn on
of the power source, the NTC thermistor limits the inrush current. When the PFC boost stage
bulk capacitor is charged, and before the PFC stage is enabled by the primary controller, the
primary controller closes the relay contact to bypass the NTC thermistor. This is
accomplished by applying a DC voltage via a switch across the coil in the relay.

[0049] A limitation of this approach is the power consumption of the relay coil when a
continuous DC voltage is applied. This power consumption becomes significant in terms of
Energy Star requirements during no load or standby operation such as when a “black out” or
minimum light intensity state is received by the communication interface.

[0050] Turning to Figure 5, an embodiment of an improved inrush current limit 40 is shown.
An EMI filter 82 is connected between the power supply and the current limit 40 and is
connected directly to the PFC boost 44 and via the current limit 40. The current limit 40
includes a thermistor 84, a relay 86 and a switch 59. The relay contact 86 is connected in
parallel with the thermistor 84. A typical relay coil requires greater energy to close the
contacts than is required with the currently described limiter 40 to maintain the contacts in a
closed position since less holding force is required. After the relay contacts have been closed
by applying a voltage of 12 Vdc¢, modulation of the relay coil voltage can be initiated by the
primary controller 58 to effectively reduce the average voltage across the coil to
approximately 5 volts versus a DC voltage of 12V, reducing power consumption. It should be
noted that the pulse duty cycle and frequency can also be changed to improve or optimize
performance.

[0051] In one embodiment, the primary controller 58 pulses the DC voltage across the

relay coil via the switch 59 to reduce power consumption.



[0052] In one embodiment, for the PFC boost 44, as shown in Figure 3, the PFC Boost 44
utilizes a boost topology with an input AC voltage mains range of 103 Vac to 300 Vac from
the AC supply 42. Energy stored in an inductor within the PFC boost 44 is transferred and
stored in the bulk capacitor on a cycle by cycle switching basis at a loosely regulated 430V
DC over the input range. The energy is controlled in a manner that forces AC input current
to be sinusoidal and in phase with the AC line voltage. By drawing current in phase with the
input mains voltage 42, the amount of harmonic currents of the fundamental AC mains
frequency being introduced into the power line is reduced.

[0053] Forthe DC/DC convertor 46 and the output voltage bus 48, the preferred
embodiment for the DC/DC converter 46 is derived from the isolated buck converter
topology and comprises a galvanically isolated full bridge converter employing a primary side
phase modulation technique with a secondary side current doubler rectifier circuit.

[0054] The full bridge converter parasitic circuit elements in conjunction with primary
magnetization current and reflected inductor ripple current cause resonant edge switching
transitions on the MOSFET switch thus forcing zero voltage across the MOSFET switching
device before turn on. The result is higher efficiency due to the elimination of Coss (drain to
source MOSFET Capacitance) switching losses, reduction of gate charge across the Miller
capacitance and minimized power loss during switching transitions when voltage and current
are changing simultaneously.

[0055] Since the output of the DC/DC converter is a tightly regulated DC bus 48, the set of
power limit circuits 50 are coupled to either one or more current drivers 52 to limit the power
output of each of the output current drivers. 52 The power limit circuits 50 each include a
current sensor that is monitored by the secondary controller 64. 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. Supplementary
protection to the power limit circuits can also include one or more fuses.

[0056] For the primary digital controller 44, the controller 44 provides digital feedback
control for the PFC Boost 44 and DC/DC Converter 46. The digital feedback method for the
PFC Boost 44 utilizes average current mode control with duty cycle feed forward for the inner
current loop and voltage mode control for the outer control loop. The DC/DC Converter 46

utilizes voltage mode control for the digital control loop.



[0057] The primary digital controller 44 also controls the inrush current limit circuit 40,
provides primary current limit protection, and over voltage protection for the output of the
PFC Boost 44. The primary digital controller 44 also disables the PFC Boost 44 and the
DC/DC Converter 46 during black out or no load conditions to reduce power dissipation.
[0058] With respect to the output current drivers 52, configuring the required number of
outputs and required output current is accomplished by populating the appropriate sections
of a single printed circuit board with the appropriate electrical components and programming
the output current driver via the in-circuit serial programming (ICSP) ports 54.

[0059] Turing to Figure 6, which is an embodiment of an output current driver, the output
current driver 52 comprises a load controller 90, a current source 92, and current sense 94.
Although only one current driver 52 is shown, it will be understood that multiple are present
as reflected in Figure 3.

[0060] The output current driver may utilize either the dimming/color mixing techniques for
LEDs described in detail in US Patent Publication No. 2007/0103086, or the techniques
described in detail in International Publication WO2011/140660 which is hereby incorporated
by reference,

[0061] The secondary controller 64 receives dimming or color mixing information in the
form of a serial data stream from the external transmitter 76 via the communication interface
74 and then translates the data stream into LED control information. The LED control
information is transmitted to the load controller 90 in the form of instructions to generate a
digital signal 98 and an analog signal 100.

[0062] The load controller 90 further comprises a signal generator 102 which transmits the
digital signal 98 and the analog signal 100 to the current source 92. The digital control signal
98 and the analog signal 100 are preferably generated via a digital control algorithm and 1
Bit algorithm, respectively.

[0063] The current source 92 preferably includes ancillary circuitry for operation and
comprises a buck topology power stage with hysteretic control. The current sense 94
provides a digital feedback loop for each current source 92. In the preferred embodiment, the
current source 92 is a buck circuit topology however other embodiments can include
topologies such as boost, buck-boost, or single ended primary inductor converter (SEPIC).
[0064] Output 104 of the current driver 52 provides a current pulse via current source 92 to

the LED Load 56 whereby on times, off times, and period are not held constant.



[0065] Each output current driver 52, has an associated in-circuit serial programming
(ICSP) port 54. The ICSP port 54 provides access to the load controller 90 such that
firmware updates are possible to permit the configuration of the output current drivers 52.
The ICSP port(s) 54 for the output current driver(s) 52 can be located on the printed circuit
board assembly of the apparatus or they can be located on the outside of the enclosure.
[0066] The configuration options include, but are not limited to, such parameters as the
adjustment of the frequency range of the dimming current pulse for the range of light intensity
output or the set point adjustment of the peak on time output current.

[0067] For example, it might be necessary to increase the frequency range of the dimming
current pulse in video recording applications where the dimming current pulse frequency can
be programmed for a 2000Hz to 2500Hz range. This would negate a visible beat frequency
effect that would other wise be noticeable on recorded video. There can be other applications
where the adjustment of the dimming current frequency range is required to reduce EMI
effects.

[0068] The default peak output current set point is programmed via the ICSP port 54 which
provides flexibility in the number of possible LEDs types that can be driven and is typically
dependent on the recommended operating current specified by the manufacturer such as
350mA, 700mA, etc. The set point current is preferably programmed to within 4% of the
manufacturer’s specification. The peak output current set point can then be precisely
calibrated to within typically 1% via the secondary controller 64 during factory calibration.
[0069] An alternate embodiment of an output current driver 52 is shown in Figure 7. In this
embodiment, the output current driver 52 comprises a load controller 110 including a signal
generator 112. A current source 114 and a current sense 116 are located within an
apparatus 118, such as a light fixture. The light fixture 118 also includes the LED load 56.
After receiving the LED control information from the secondary controller 64, the signal
generator 112 provides a data signal to the light fixture 118 to operate the LED load 56 via
the current source 114 and the current sense 116. This is also schematically shown in
Figure 8.

[0070] Figure 8 is a schematic diagram of an alternate embodiment of a configurable LED
dimmer 10. As shown, individual current sources 114 and current senses 116 are mounted
in the light fixture containing the LED load 56, and power and data signals are provided to

each output current source 114 by the multi conductor cable 22. In this embodiment, the
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current sources 114 are configured to regulate to a predetermined peak current. The load
controller 64 transmits the data signal containing the output current information encoded
within the three variables of on time, off time, and period whereby no three variables are held
constant.

[0071] Turning to Figure 9, a known application of internal auxiliary power requirements in
a multistage power source is shown and illustrates how auxiliary power is provided to the
various blocks of a multistage power source. P1, P2...P10 represents the various power and
voltage transfer requirements for each functional block. For simplicity, the various voltage
regulator and filter circuits required for each of the power outputs have been omitted.

[0072] In operation, the bridge rectifier converts the AC mains voltage P1 to a rectified
voltage P2. A portion of power P6 from the output of the bridge rectifier P2 is supplied to the
start up circuit. The start up circuit is comprised of a power transistor or MOSFET and is
intended to provide power P8 to the PFC analog controller for only a short duration of a few
seconds. Power P8 to the PFC analog controller will allow the PFC Boost stage to begin
switching, providing power P10 to the DC/DC controller, and power P3 to the DC/DC
converter power stage. Since the start up circuit dissipates an excessive amount of power, it
is turned off by the voltage component of P7 supplied by the PFC boost stage. The P7 power
is permitted to “flow through’ the start up circuit to continue to supply power P8 to the PFC
analog controller.

[0073] The output of the DC/DC Analog Converter provides power P4 to the multi output
voltage bus, power P9 to the Communication Interface, and the Output Current Drivers by
means of P5.

[0074] In this implementation, the PFC and DC/DC Controllers are typically analog
controllers. It should be noted that in this implementation, in order for the communication
interface to continually receive dimming information from an external transmitter, the DC/DC
Converter stage must remain turned on. Similarly, in order for the DC/DC converter stage to
provide power P4, the PFC Boost stage must remain on.

[0075] In a ‘black out’ state, the communication interface may receive a “0” intensity value
out of 255 intensity levels for all of its output current drivers via the external transmitter such
as a DMX512A or RDM controller interface, or it may receive an analog voltage of between
0 to 1V via a controller compliant to ESTA E1.3-2001 or IEC60929 as one of many
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communication interface options. In this ‘black out’ state, the DC/DC Converter and PFC
Boost Stage continue to dissipate an excessive amount of power.

[0076] Figure 10 is directed at an embodiment of an improved internal auxiliary power
distribution in a multistage power source for providing auxiliary power to the various blocks of
a multistage power source. For simplicity, the various voltage regulator and filter circuits
required for each of the power outputs have been omitted. The transfer of power from AC
mains to the Output Current Drivers (52) is unchanged. This embodiment shows an improved
implementation of an independent auxiliary power source providing power to the primary
digital controller 58, the secondary digital controller 64, and the communication interface 74.
The auxiliary power source 60 comprises an efficient isolated flyback topology with a wide
input voltage range and pulse skipping capability to minimize its power dissipation at light
loads or no load conditions. In other words power can be provided to the primary digital
controller 58, the secondary digital controller 64, and the communication interface 74 via an
auxiliary flyback converter.

[0077] A ‘black out’ state received from the external transmitter 76 to the communication
interface 74 is communicated to the secondary digital controller 64 and then the primary
digital controller 58 via the isolated communication bus 66. The primary digital controller 58
then disables the PFC Boost Stage 44 and DC/DC Converter Stage 46 reducing overall
power dissipation of the configurable power source.

[0078] It should be noted that even when the PFC Boost 44 is disabled, power can
continue to be supplied to the auxiliary power source 60 since rectified voltage from a bridge
rectifier 120 can continue to peak charge the PFC boost 44 through an internal capacitor via
the boost diode.

[0079] The auxiliary power source 60 continues to provide power to the primary digital
controller 58, secondary digital controller 64, and communication interface 74 in order to be
able to ‘listen’ for or sense a change in light intensity state that may be communicated by the
external transmitter 76.

[0080] Alternate embodiments can include additional ancillary circuits that can be powered
by the independent auxiliary power source that can be disabled by a controller to reduce over
all power dissipation in black out or no load conditions.

[0081] With respect to the communication interface 74, the communication interface 74

comprises a removable and interchangeable module with each module adapted for different
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control options such as DMX512A, RDM, 0 - 10 Vdc and Zigbee. Operation of the
communication interface with such control options will be understood by one skilled in the art.
[0082] The communication interface module receives lighting control information via the
external transmitter 76 and converts the various protocols into a serial data stream. It then
transmits this data by means of a Universal Asynchronous Receiver Transmitter (UART) to
the secondary digital controller 64 via the isolated serial communication bus 78. The isolated
serial communication bus 78 is comprised of a isolation barrier 82 to “float” the
communication interface and prevent ground loops.

[0083] Turning to Figure 11, an embodiment of the communication interface is shown. In
this embodiment, an analog interface module adapted for 0 - 10 Vdc IEC60929 or ESTA
E1.3-2001 dimming methods as the communication interface 74 is shown. The analog
interface module can be adapted to receive one or more analog control voltages from one or
more associated external transmitters 76. The external transmitter 76 is preferably an
electronic resistor or potentiometer that sinks current from the current source located on the
analog interface module and outputs a variable 0 - 10 Vdc control voltage proportional to the
required light intensity.

[0084] Individual external transmitters 76 supply signals to various controls 122 within the
communication interface 74. Each control 122 is representative of an area or group of LED
loads 56. Within each control 122 is a current source 124, a voltage sensor 126 and a
differential amplifier 128. The differential amplifier 128 senses a voltage across the voltage
sensor 126 and converts this into a correlated voltage (Vm,V1,V2...Vn) supplied to a
controller 130. The controller 130 converts this analog voltage into a serial data stream for
transmission to the secondary digital controller 64 via the isolated serial communication bus
78.

[0085] The communication interface 74 can be configured to have one 0 — 10 Vdc control
voltage simultaneously control via the secondary digital controller 64, all output current
drivers 52 and LED loads 56. This application is beneficial in monochromatic color or white
lighting applications since only one control signal and associated wiring is required to control
multiple light loads.

[0086] Furthermore, the communication interface 74 can be adapted to have one or more

0 - 10 Vdc signal voltages control an associated group of one or more output current drivers
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in zonal dimming applications. An optional master 0 - 10 Vdc¢ signal voltage could be able to
simultaneously control all of the individual groups of output current drivers.

[0087] In applications not requiring the complexity of DMX512A, these analog control
options are beneficial in red/green/blue or red/green/blue/amber color changing or
monochromatic color or white light applications whereby the addressability and
corresponding control of individual LED light loads is not required.

[0088] With respect to the secondary digital controller 64, the controller 64 monitors and
transmits digital output voltage bus information (feedback loop) via the two way isolated
serial communication bus 78, decodes the serial data from the communication interface 74,
and transmits control information to the output current drivers 52. As a protection feature, the
secondary controller 64 also monitors output currents from the power limit stages 50
supplied to the output current drivers 52

[0089] The secondary digital controller 64 includes the ICSP port 68 to program and
calibrate the output voltage bus 48 to the required voltage. In DMX512A applications, the
ICSP port 68 also allows for the mapping of each of the output channels to a wide variety of
addresses. Similarly, in 0 - 10 Vdc analog control applications, the secondary digital
controller ICSP port allows for the mapping of output channels into groups for each
associated 0 - 10Vdc control signal.

[0090] This mapping capability is particularly useful in addressable-networked lighting
systems using a DMX512A control protocol where different lighting zones are required to
respond to different illumination information. For example, in a 12 channel output
configuration, the first 6 channels could be mapped to the DMX base address of the power
source (ie DMXO01) and the last 6 channels could be mapped to DMX address +1 (i.e.
DMX02).

[0091] This mapping capability is also useful in zone dimming applications using 0 - 10 Vdc
analog controls as the communication interface. For example, a 12 channel output LED
dimmer configuration can have 7 output channels grouped for a first associated 0 - 10 Vdc
signal, the next 3 channels can be grouped to a second associated 0 - 10 Vdc control signal,
and the last 2 channels can be grouped to a third associated control signal.

[0092] Turning to Figure 12, a block diagram of an embodiment of a configurable LED
dimmer implemented in a low voltage DC distribution LED lighting system is shown. For

reference, a low voltage DC distribution system is defined as a system where all power from
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the Configurable LED dimmer provided to the LED loads meets Class 2 requirements as
defined in UL1310 Class 2 Power Units and NEC (National Electrical Code) Article 725 for
Class 2 Power Limited Circuits.

[0093] The low voltage DC distribution LED lighting system 200 includes a LED dimmer
10, which receives power from an AC supply 42, and is connected to at least one breakout
module 51 which in turn is connected to a set of series connect modules 53 by means of
communications cabling 204. Similarly, the series connect modules are connected to
individual Organic Light Emitting Diodes (OLED)/Light Emitting Diodes (LED) loads 56, or
LED loads, via communications cabling 206.

[0094] Referring to the LED dimmer 10, an example of which was previously described
with respect to Figure 3, the power circuit 47 comprises a DC to DC converter 46 and a
power limit or power limit function 50. The DC to DC power converter may be an isolated full
bridge converter or an isolated half bridge LLC resonant converter. Although only one power
limit is shown, there may be multiple power limits whereby each power limit is connected to a
set of output current drivers 52 to limit the power output supplied to the set of output current
drivers.

[0095] The power limit 50 may be a fuse, a resettable fuse or an electronic circuit that
includes a current sense. The power limit may also include any andillary circuits or
components that limit power to the output current drivers or shut off the LED dimmer 10 or
both

[0096] The power limit circuit 50 limits the amount of power supplied to a set of output
current drivers under normal operation of each. Similarly, in the event of a single component
failure within any output current driver 52 within the set, the power limit 50 may also limit the
power to the set of current drivers 52. In one embodiment, the power is limited to less than
100 watts in accordance with UL standard 1310, Class 2 Power Units. The set of output
current drivers 52 includes a quantity of output drivers such that the total output power of the
set of output drivers does not exceed 100 watts under normal operating conditions.

[0097] Each set of output current drivers 52 is connected to the breakout module 51 by
means of communications cabling 202.

[0098] With respect to the communication interface 74, the communication interface 74
comprises a removable and interchangeable module with each module adapted for different

control options such as DMX512A, RDM (Remote Device Management), 0-10 Vdc¢ analog
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control, Zigbee, and DALI (Digital Addressable Lighting Interface). DALI requirements are
defined in standards IEC 62386-101; System General Requirements, IEC 62386-102;
General Requirements-Control Gear, and IEC 62386-207; Particular Requirements for
Control Gear-LED Modules. The communication interface module receives lighting control
information via the external transmitter 76 and converts the information regardless of the
various protocols into a serial data stream for use by the dimmer 10.

[0099] As shown in Fig 12, the output current drivers or the set of output current drivers 52
are connected via the cabling 202, 204, 206, directly or indirectly, to breakout modules 51,
and series connect modules 53 to the LED loads 56, and such connectivity may be referred
to as individual channels or a set of channels respectively. In one embodiment, the cabling,
communications cabling has an overall insulation sheath and may be shielded or unshielded.
It is available in either insulated multi-conductor or insulated twisted pair stranded wiring and
the wire gauge is typically 18 AWG. Alternate cabling options may also include 20AWG or
22AWG and type PLTC (power limited tray cable), CL2 (Class 2) or CL3 (Class 3) as
permitted in Article 725 of the NEC.

[00100] The LED dimmer 10, via the output current drivers 52, connects into at least one
breakout module 51 via the cabling 202 as a set of output channels. The breakout module 51
then splits the set of channels into individual channels or into a predetermined number of
channels depending on the required configuration of the lighting system.

[00101] For example, a connection from the LED dimmer 10 may have four (4) individual
cables 202 connected to the breakout module 51, each cable further comprising six (6)
conductors or three (3) twisted pairs for connection (positive and negative) of 3 channels per
cable. This represents a feed in of 12 channels in 4 groups of 3 into the breakout module 51.
The breakout module 51 regroups the channels into groups of 2 for connection to the series
connect module 53 using communications cabling 204 with 4 conductors or 2 twisted pairs of
conductors. This may be seen as the output of the breakout module 51 and represents a
feed out of 12 channels with 6 groups of 2 channels. In other embodiments, there are a
number of other feed in cable and feed out cable combinations possible for the break out
module 51.

[00102] The series connect modules 53 connect multiple LED loads 56, in series for every
channel. In one embodiment, the series connect module 53 receives a four (4) conductor

cable 204 feed in (representing 2 channels) and then electrically connects, via cabling 206,
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at least 2 LED loads 56 in series for each channel. The cabling 204 is typically a 4 conductor
or 2 twisted pair configuration.

[0100] A number of different LED load 56 configurations are possible. Typically, the LED
loads 56 are part of a light fixture and comprise one or more LED arrays or a group of
individual LEDs. The LEDs are typically mounted on a suitable heat sink and installed in
various types of housings. Such housings or configurations may include recessed cans with
an associated electrical junction box, pendants, rail systems or track systems. A rail fixture
includes fixed location LED sources mounted on a linear rail and a track system includes
moveable LED light sources mounted on a track system. In one embodiment, the LED loads
56 may have a lumen output of up to 1200 lumens. It is of course possible to have loads with
a higher or lower lumen output.

[0101] The LED dimmer 10 may be remotely mounted from the LED loads and in some
cases may be up to 200 feet from the LED loads. Alternate distances between the LED
dimmer and the LED load are also possible and dependent on the forward voltage drops in
the LED loads and the voltage drops dependent on the wire gauge of the communications
cabling.

[0102] Figure 13ais a diagram of one implementation of the break out module 51. The
break out module 51 comprises two printed circuit board (PCB) assemblies 420 with modular
power connectors 422 arranged as terminal blocks to provide an electrical connection
between the feed in channels and the feed out channels which are seen as cabling 204.
[0103] The break out module 51 regroups or separates the feed in channels with a
different grouping of feed out channels. It may also provide visual means for an installer to
easily organize and keep track of the grouping and arrangement of channels during
installation.

[0104] In this embodiment, the feed in includes 6 channels of 3 cables 202 with each cable
providing 2 channels. The feed out comprises 6 channels of 6 cables 204 with each cable
providing one channel. The cabling includes an optional shield wire 424 for connection to the
system ground. Other implementations are contemplated.

[0105] The power connectors 422 preferably include apparatuses to enable a method of
quickly inserting or releasing the cabling by means of a tool or push button on the

connector(s). The connectors 422 may be either cage clamp or push wire type connectors.
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[0106] Figure 13b shows a schematic representation of the break out module 51 of Figure
13a.

[0107] With reference to Figure 14a, a diagram of an embodiment of a series connect
module 53 is shown. The series connect module 53 contains at least one PCB assembly 502
with feed in modular power connectors 512 for electrical connection of the feed in cable seen
as cabling 204. The feed in cable 204 comprises 4 conductors or 2 pairs representing 2
channels (CH1 and CH2) with an optional shield connection 504. The feed out modular
connectors 508 are connected in series on the PCB assembly 502 in order to connect the
LED loads 56 in series via feed out cables 206 as shown schematically in Figure 14b. The
feed out cables 206 may be comprised of one pair of two conductors and an optional shield
connection 510 to the system ground.

[0108] The power connectors 508, 512, preferably include apparatuses to enable a method
of quickly inserting or releasing the cabling by means of a tool or push button on the
connector. The connectors may be either cage clamp or push wire type connectors.

[0109] Itis understood that many other embodiments are possible for the series connect
module 53 whereby there may be multiple feed in cables where each feed in cable may
comprise any number of channels. The series connection of LED loads 56 may also include
any number greater than two.

[0110] Turning to Figure 15, a block diagram of another embodiment of a configurable
dimmer implemented in a low voltage DC distribution LED lighting system is shown. In this
embodiment, the series connect module is excluded from the low voltage DC distribution
LED lighting system 600. The series connect means is completed within an electrical junction
box 602 associated with each LED load 56. As before, the system 600 includes a dimmer 10
connected to a break out module 51 via cabling 202 and 204. The typical number of LED
loads connected in series is two, and wire nuts are used to make the electrical series
connections between the LED loads 56 and the cable 206.

[0111] With reference to Figure 16, a block diagram of an alternate embodiment of a
configurable dimmer implemented in a low voltage DC distribution LED lighting system is
shown. This embodiment shows the break out module 51 as an integral part of the LED
dimmer 10 within the system 650.

[0112] Turning to Figure 17, a block diagram of a further embodiment of a configurable

dimmer implemented in a low voltage DC distribution LED lighting system is shown. In this
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embodiment of the system 680, the break out module 51 and the series connect modules 53
are integrated into a single enclosure or module 682. The electrical connection 684 between
the break out module 51 and the series connect modules 53 may be accomplished by means
such as cabling, hook up wire, or PCB (printed circuit board) copper tracks.

[0113] Turning to Figures 18a, 18b, and 18c, alternate embodiments of the break out
module are shown. All configurations include modular power connectors 422 arranged as
terminal blocks and mounted on a PCB 420 to provide an electrical connection between the
feed in channels and the feed out channels. The connectors include apparatus to allow for a
guick means to insert or release the wiring by means of a tool or push button on the
connector.

[0114] In Figure 18a one feed in cable 202, comprises conductors for 2 channels and an
optional shield wire connection 424. The feed out includes 2 cables 204 each with 2
conductors for one channel and an optional shield wire connection 424.

[0115] In Figure 18b, one feed in cable 202, comprises conductors for 4 channels and an
optional shield wire connection. The feed out includes 4 cables 204, each with 2 conductors
representing one channel and an optional shield wire connection 424.

[0116] In Figure 18¢, one feed in cable 202, comprises conductors for 4 channels and an
optional shield wire connection. The feed out includes 2 cables 204, each with 4 conductors
representing two channels and an optional shield wire connection 424.

[0117] Turning to Figure 19, a method of providing low voltage power to a set of LED loads
is shown. In operation, an AC voltage 700 is applied to the power circuit of the LED dimmer
and converted to low voltage DC 702. The low voltage DC bus is then power limited 704 by
at least one power limit circuit or like components to less than 100 watts in accordance with
UL1310 Class 2 characteristics.

[0118] The low voltage DC power is the converted to multiple constant current outputs 706
via the power limit such as by means of the output current drivers which generate a constant
peak current for each output channel.

[0119] The power is then transmitted in the form of low voltage and pulsed current on each
channel 708 to the breakout module via the cabling connecting the dimmer and the breakout
module. The breakout module splits or regroups, or both, the power channels 710 and
transmits the power to the series connect modules. The series connect module provides

power for each channel to multiple LED loads connected in series 712 by means of cabling.
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[0120] Figure 19 also shows a method for control of the LED dimmer. Lighting control
information such as dimming intensity levels in the form of various protocols is transmitted by
an external transmitter into the communication interface 714 of the LED dimmer. The various
protocols are converted to a data stream, preferably serial, and transmitted to the secondary
digital controller which in turn translates the data stream into LED control information 716.
[0121] The LED control information, which in one embodiment is in the form of a digital and
analog signal, is transmitted to the controllers of the associated output current drivers 718.
[0122] The output current drivers generate power as pulsed current at low voltages based
on the dimming intensity levels received as lighting control information for each channel of
the low voltage lighting system.

[0123] Embodiments of the disclosure can be represented as a software product stored in
a machine-readable medium (also referred to as a computer-readable medium, a processor-
readable medium, or a computer usable medium having a computer-readable program code
embodied therein). The machine-readable medium can be any suitable tangible medium,
including magnetic, optical, or electrical storage medium including a diskette, compact disk
read only memory (CD-ROM), memory device (volatile or non-volatile), or similar storage
mechanism. The machine-readable medium can contain various sets of instructions, code
sequences, configuration information, or other data, which, when executed, cause a
processor to perform steps in a method according to an embodiment of the disclosure. Those
of ordinary skill in the art will appreciate that other instructions and operations necessary to
implement the described disclosure can also be stored on the machine-readable medium.
Software running from the machine-readable medium can interface with circuitry to perform
the described tasks.

[0124] The above-described embodiments of the disclosure 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 of the disclosure, which is defined

solely by the claims appended hereto.
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What is claimed is:

1. A configurable light emitting diode (LED) dimmer for controlling a set of light fixture
loads comprising:

a power circuit;

a primary digital controller for controlling the power circuit;

a set of output current drivers, each of the set of output current drivers connected to
one of the set of light fixture loads for controlling the associated light fixture load;

a secondary digital controller for controlling the set of output current drivers;

wherein the secondary controller transmits LED control information to control outputs
of the set of output current drivers; and

wherein the secondary digital controller provides digital feedback control information

to the primary digital controller.
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ABSTRACT

The disclosure is directed at a configurable light emitting diode (LED) dimmer
for controlling a set of light fixture loads comprising: a power circuit; a primary digital
controller for controlling the power circuit; a set of output current drivers, each of the set of
output current drivers connected to one of the set of light fixture loads for controlling the
associated light fixture load; a secondary digital controller for controlling the set of output
current drivers; wherein the secondary controller transmits LED control information to control
outputs of the set of output current drivers; and wherein the secondary digital controller

provides digital feedback control information to the primary digital controller.

22



PTO/SB/14 (11-08)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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 | PAT 67545AW-2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

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

Poartions 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.)

Applicant Information:
Applicant 1

Applicant Authority ®Inventor | (JLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

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 Residencei | CA

Citizenship under 37 CFR 1.41(b}) i CA
Mailing Address of Applicant:

Address 1 194 Silverwood Place

Address 2

City Waterloo State/Province ON

Postal Code N2T 2R9 Countryi | CA

Applicant 2

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Jason NEUDORF

Residence Information (Select One) (O US Residency (@) Non US Residency () Active US Military Service

City | Kitchener Country Of Residencei | A

Citizenship under 37 CFR 1.41(b) i CA
Mailing Address of Applicant:

Address 1 306-30 Bridge Street West

Address 2

City Kitchener State/Province ON

Postal Code N2K 1K4 Countryi | CA

Applicant 3

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Steven LYONS

Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service

City | Kitchener Country Of Residencei | CA

EFS Web2.2.2



PTQ/SB/14 (11-08)

Approved for use through 01/31/2014. OMB 0651-0032
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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

PAT 67545AW-2

Application Number

Title of Invention

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

Citizenship under 37 CFR 1.41(b) i

CA

Mailing Address of Applicant:

Address 1 1011 Queen's Boulevard

Address 2

City Kitchener State/Province ON

Postal Code N2M 1B8 Countryi | CA

Applicant 4

Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Todd William SCOTT

Residence Information {(Select One) (O US Residency

(®) Non US Residency

(O Active US Military Service

Waterloo

City

Country Of Residencei | CA

Citizenship under 37 CFR 1.41(b) i

CA

Mailing Address of Applicant:

Address 1 581 Drummerhill Crescent

Address 2

City Waterloo State/Province ON

Postal Code N2T 1G3 Countryi | CA

Applicant §

Applicant Authority (®Inventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Kyle Grahame HATHAWAY

Residence Information (Select One) () US Residency

(®) Non US Residency

(O Active US Military Service

Kitchener

City

Country Of Residencei | CA

Citizenship under 37 CFR 1.41(b) i

CA

Mailing Address of Applicant:

Address 1 5 Norbert Place

Address 2

City Kitchener State/Province ON

Postal Code N2K 1E5 Countryi | CA

Applicant 6

Applicant Authority (®Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
David Wainesworth JANSEN

Residence Information (Select One) (O US Residency  (¢) Non US Residency () Active US Military Service

City | Waterloo Country Of Residencei CA

Citizenship under 37 CFR 1.41(b) i

CA

EFS Web2.2.2



PTO/SB/14 (11-08)

Approved for use through 01/31/2014. OMB 0651-0032

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.

Attorney Docket Number | PAT 67545AW-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

Mailing Address of Applicant:

Address 1 333A Mayview Crescent

Address 2

City Waterloo State/Province ON
Postal Code N2V 1P9 Countryi | CA

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Add

Correspondence Information:

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 | AddEmail |  |Remove Email

Application Information:

Title of the Invention CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
Attorney Docket Number| PAT 67545AW-2 Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center {if any)

Total Number of Drawing Sheets (if any) 20 Suggested Figure for Publication (if any) | 3

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 35 U.S.

[[] ©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 ancther 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).

Enter either 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

EFS Web2.2.2




PTO/SB/14 (11-08)

Approved for use through 01/31/2014. OMB 0651-0032

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.

Attorney Docket Number | PAT 67545AW-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35U8.C. 119(e)or 120, and 37 CFR 1.78{a)2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation in part of 13059336 2011-02-16
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
13059336 a 371 of international PCT/CA2009/001295 2009-08-17
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
PCT/CA2009/001295 non provisional of 61097963 2008-09-18

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. 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(a).

[ Remove |
Application Number Country i Parent Filing Date (YYYY-MM-DD} Priority Claimed
(® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the v

Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Remove

Assignee 1
If the Assignee 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 AB
Country il CcA Postal Code T2P 4H2
Phone Number Fax Number

Email Address

EFS Web2.2.2



PTQ/SB/14 (11-08)

Approved for use through 01/31/2014. OMB 0651-0032
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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

PAT 67545AW-2

Application Number

Title of Invention

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

button.

Additional Assignee Data may be generated within this form by selecting the Add

Add

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature

[Jeffrey W. Wong/

Date (YYYY-MM-DD)

2012-05-08

First Name

Jeffrey W.

Last Name

Wong

Registration Number

46414

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.

EFS Web2.2.2



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.

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
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.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.

EFS Web2.2.2



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

APPLICATIONS

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

First Named Inventor/Applicant Name:

David TIKKANEN

Filer:

Jeffrey Wong/Christopher Kreider

Attorney Docket Number:

PAT 67545AW-2

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility application filing 1011 1 380 380
Utility Search Fee 1111 1 620 620
Utility Examination Fee 1311 1 250 250
Pages:
Claims:
Miscellaneous-Filing:
Late filing fee for oath or declaration 1051 1 130 130

Petition:




Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1380




Electronic Acknowledgement Receipt

EFSID: 12728912
Application Number: 13466509
International Application Number:
Confirmation Number: 8469

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

26123

Filer:

Jeffrey Wong/Christopher Kreider

Filer Authorized By:

Jeffrey Wong

Attorney Docket Number:

PAT 67545AW-2

Receipt Date: 08-MAY-2012
Filing Date:
Time Stamp: 15:06:09

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1380

RAM confirmation Number 1796

Deposit Account 501593

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Drawings-only black and white line
drawings

pat-67545aw-2-drawings.pdf

765733

710da24d339bc6b11ac93d5c6953018767f|
0fd65

no

20

Warnings:

Information:

Information Disclosure Statement (IDS)
Form (SB08)

pat-67545aw-2-ids.pdf

847595

690efc797f924e35e050d74f586370a6498b|
810e

no

Warnings:

Information:

Non Patent Literature

npl-Colourdriver.PDF

448516

<74034a90fb0bb124f9af491b19fefd5aa307]

no

Warnings:

Information:

Non Patent Literature

npl-Ericsson.PDF

639361

939¢371439914643b859¢6dd22287f08d 1b|
Tcbilc

no

16

Warnings:

Information:

Non Patent Literature

npl-ISR.pdf

458567

8d6c816c64c39d9d716ecdcae1573beefbsf
abce

no

12

Warnings:

Information:

Non Patent Literature

npl-IST.PDF

813750

01f27e3389fddf476a0dc6e7122ccadbe8dd
0cb8

no

12

Warnings:

Information:

Non Patent Literature

npl-Penwell.PDF

121410

de55b8eh9aff546495ea7983d4 1f9c99f1 cc
1b81

no

Warnings:

Information:

Non Patent Literature

npl-Roal.PDF

338422

9a7588260501730941190d913e840daca03|
1983c

no




Warnings:

Information:
1045277
9 Non Patent Literature npl-Skanda.PDF no 26
ca45a90a1¢32f32¢560bd5a3¢ccf1885e5d63
7b10
Warnings:
Information:
886115
10 Non Patent Literature npl-Traxon.PDF no 17
9abd3feal19d8268687c8f88995d88b480¢|
Warnings:
Information:
583597
11 Non Patent Literature npl-US-Tech-Online.PDF no 1
7341b5a13¢73ea228e787f882335fd0051e4]
4108
Warnings:
Information:
t-67545 2-fi 1345979
. pat- aw-2-fr-
12 Non Patent Literature W02008052293.pdf no 34
76f2b668b624ac00c03ed39af984e17d4d5
d37ad
Warnings:
Information:
109599
13 pat-67545aw-2-spec.pdf yes 22
ced3dd22bda8bd9e930f5¢434e137d18b5
4f13b4
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 20
Claims 21 21
Abstract 22 22
Warnings:
Information:
1325683
14 Application Data Sheet pat-67545aw-2-ads.pdf no 6
4e83c3e7df3fe8ad6aea216c0653%4d8af76
02d
Warnings:
Information:
36749
15 Fee Worksheet (SB06) fee-info.pdf no 2

f0ef20e40a3684b9fa3c35fb2545e4f85bf27]
47

Warnings:




Information:

Total Files Size (in bytes); 9766353

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.




FIGURE 1



38 14
30 28 28 8 30

4 \ )
7 26
32
26

IS }J 3

T
>6 \ 16

FIGURE 2a
L =T
| |

FIGURE 2b



9¢ 4dNOld

-g-8 NOILD3AS = 10dING V=¥ NOILJ3S ——- \




avotl
aa
/310

¢ 3dNOld

»

avot
aan
/d310

A

avoi
aan
/a3no

@mL

96

avoi
aan
/d310

Japlwisuel | ot
L] |ewexz 28
uod dsol | V8
S y
19AQg
weuny - ) z. 0L 09
Jy 1 5
#m)v ” S Jopejes 82IN0S
uolEDIUNWILOD SSOIPRY < omod
HOd dSOI S [euondo Ael|ixny
¢ y |
JeAlqg . — —_ Imvw N@A\
ueuny  e— Hod dS0l
ndino 8 N./\
12°]
: - '
HOd 4SOl Jsjjonuon J9|[o4u0D
G uod dSOol— |enbig leubiq |-
D « Klepuoosg Kewid
JOAL] L9
welny \ \ — v
ndino 89 ¥9 8g MI\
7S~ B e T B T e — ]
| sSn |
oddsol | |, | wwn || 208 soponuop| | ysoog | | HEL L | | Addns
f m Jamod ndino 20/0d odd ysniuj m ov
e D B R = .
wauny - “ 05 gy 08 014 a4 ot “ A%
NANO N g mmm T e oo !




(1¥MV HOoIdd) ¥ 34noI4

d31L714 INT

—@ JOVL 10N
1NdNI

—®SNIVIA OV

Jojsiwiisy
(

JOVIS Odd /j

Ny

S}OBJUOD

B

3049N0S 3

20 AYVIIXNY oD
Aejoy



youms 0} abeyjon [o1juon)

ebeyjop 0@ buising |

G 3dNSid

28
i -
J Jojsiwey | ﬁ
B @ 39VLION
JOVIS O4d | | >\~ BEREIRFIE LNGNI
| @ ; —®SNIVN OV
| |
_ |
g5 m S10B1U0D m
/ | T
1 T |
i - 1
MITIONINOD |
W1I9Ia 308N0S 00 é |
AdYNIdd THOLIMS - Ngg




9 44NSOl4d

cS
¥6
« —

vm/\ HOd uoieinbyuo)

peo1 a3t

N

—{ 9SUag JuaLN)

00i

X

9¢

0l

®— 92IN0g Jualinyd

D

06
Y \

T e

¥9

J

Jojelouso) jeubls =

Jajjouon Alepuooeg

col




9s

. 34NOl

Nm/A

#m/\

Ll leubis ejeq

HOd 4SOl

J w: o:N

7

asuag jualinyd

Jojeisuas) [eubis e

¥9

J

A

A

peo] | 80inog
a31 | weund

—

4\ (

/
YLl 433

Jajjonuo) Alepuoosg

uonewIOU|
|0uod a37



8 3dNoOld

Jayiwisuel | oL
9L | reweixg 2
HOod dS2I
911 «
avot
80Inosg | Is|jonuo)n
31 ueung peo] |V V. zL 0L 09
Jy 1y S
oma | 2705 poby
Hod dSOI voeatunuLion jeuondo Aegjpixny
9L
avol ' ﬁv '8 29
aT 90.inog - J9jjouo) <] s _ — \H\ Hod 4SOl
ualIng peo
/a3aio wm(\
me y i
yLL HOd dSDI yog Jajjonuo)n Jajjouon
9Ll 4SO » [enbig enbiq |
e « Asepuoosg fiewid
221no ajjo. 19
aT S| sljoRuoy | \ \ — o
usung peoT 8%
/a31o 89 9 M/L
T — | — —
_ sng |
Ll Hod d4S0I o ] el obe P JspaAuo) | jsoog _ Aiddng
JOA - — JUSLND -
_ 19MO
oLl « m d ndino 2a/0a J4d ysniu m 9/
N i |
DD/\%_._ anosg | J9|j04u0)H < m L \ 7 @?k l \\ m k
(a0 | eHno peo] L 08 sy %8 L % ] LA LA 44




(1¥V HOIYd) 6 34NOI4

HALLINSNWL B O | Qv 91 Lnowo
ANEIE o dn LAv1S
H A wn@ Ao
JOVAALNI ITIOHLNOD
NOLLYOINNWNOD SOTVNY 04d
oa] A
Y
3OV1S
SNA FOVLION JoVLS SEIITEY
“Sd | LndLno wnw [ va SALBMO0 %G| 1soos0dd [Ted | 3oans

Jeuleg uone|os|



H311INSNVHL
TVNY3LX3

|9

== (AR]E

'

"\wm
L

JOV4HLNI
NOILLVOINNIWNOD

|
< _' JOVJH3LNI
- NOLLVOINNWNOD -

vﬁ.k z8 — vo.\L

SNg IOVLIOA
1Ndino

—

14

08 ™

i

4%

43141103
39diyd

09
304N0S
d$3aIMod
AHVIIXNY
99 A w\m
> HITIOHLINOD
TvLola
]  AYVINIYd
JoOVv1S
HILHIANOD | 3OVIS . E———
Pyeprh 15009 24d

l

oct




122
/76 Current /
Source
I
External y
Transmitter Voltage .
Sensor
/6 Current 124 122
Source / 128 /
1
TZ)SSerrnnitatler Voltage Differenti
Sensor Amplifier
(\I V4
126
Controller
/7 6 Current | 124 /122
Source /
i 130
External

Transmitter

Voltage
Sensor

126

Current
Source

External
Transmitter

Voltage
Sensor

FIGURE 11

74



s

71 24nby4

Aldsns
o

om/ om/ wm/ em/ 00z
peoy peoty peol peol /
an an Q31 QI
/a310 /g310 /0310 /0310 fa
- 1 sinpowy s |
_P L. : [ 13UUC) A essuelr
W) LIS e TR T I
- \«C sapRsg oz .. -
: . 907 e I/mm.
mm/ mm/ wm/ um/ . >
peo] peol peot . pec] * o -
an <51} a3l a3t . {
/g310 /aTi0 /a310 /G310 N : o
i — ) sinpow | . e s .
_ wr» : 1 Pauue) i
\ ] F=TPE N r/ : : wsuny . :
L g 4 S
; . \( L wding
95 95 95, 95, 90T ) /.m.m - o A.\.«&
R \ Yooy A 25 . o
peot peot peo peo o0z \a 19ALg uopeduNUILIO)
a3l ait a1 a3l \ s pUETT Y . T
/310 /o’ /a310 /0310 N dino S
- - - 1Y anpojy . sk
~ _:_ Pautioy 5 {
" : \( 531195 - A oAIg . :
95 95 95, . 9s 90z N anpol wauny _ 2a/0a _
/ / / / no nding |
peot peol ped peoy C - eaig * . znﬁ_u/./.w,v
an i a3t af (4 zs, o mod”
/310 a0 @3-l | /310 - . ™ g -
_ _ " T A ajnpony EHEU
1 3DBUUCD ndingp
L 531195 . .r/vow : 1/.No~ -
907 ..fmm vv/.B

g,

w




. FIGURE 13a

CH2

cHz

CH1

CHT

. 5
g 2E
& E®

I
Fa +\V _\l
[a
g =25
% &%
q -5
-
v} [
£ E3
B
) 3 1
oy QS
g =2
3 ®2

H4

C

CH4

CH

g ¢2
T =5
& o
¥
_\
[a] <+ =
82 g
T £z
. .5
Q -
ﬂ_ mm
£ &0
g

CH3'

SHIELD -

PAIR3
INPUT

FIGURE 13b



SHIELD
N
1M e
- K C_LOAD.-
CHY LED1 -
“SHIELD > SHELD - - | SHEWD
+ + )
PARYT P
WPUT

A PAIR 2

LEOY
N* T
_5Tc LOAD . INPUT

FIGURE 14b

- SH&ELQ
+ .
i A ez
T~ [ 14 TOAD |
2 ey
S 3 SHIELD
B o
L+ +

SHIELD

A
- cy LD
- R T LOAD

AT
- .*C LoD - -



G1 u\_s,m_n_

. 009
om/ . @m/ om/ @m/ /
peo) pec] peoy peol o -
a3 an an o7 ] nwsuen
/310 /@310 /310 /4310 %02~ ) " Jeuioixy
1 - | m :
i 1 I —
209" zos" J Nz 09 :
- : . ot
s o5 95 95 sz {
/ / / / zs C
peol peal peol peol N eaug
LeEHE QI . a3 an ’ wenn |l
/Q310 /G370 nding B
[ ¥ .
. ) % o . ooepRI
wo” e R— N e | uopepuNUWO).
\\ V\ . ) IUBHND) - . . .
90T wdino | - ) .
: . ’ ’ LY
. ) o5 - . .
- 5 . : : F AR \
om/ mm/ @m/ cm/ woN\ - . . N oAIG o R
. ngo : ) wenny | m AW _
peot . peot peot peoy oom\ " yeslg . . . wding | |- 1amod v
ai. @l an aa o : L . “ e o pmop
/G370 /GF10 /agio /3310 — . : e . e L. -aemog
\_\ Tl\*« l — 907 .. N bﬂﬁu nn ' :
N~ . ’ : . 5amog
08 209 709 209 — -~  nding -
. - 0077 474 : Nos
95 95 95 s . C .
\ \ \ \ IS
peol peol peoy - peal
an on an a3l
/az10 | -{ sa310 /0310 /G310
[ C 1 ]
: i .
MNz09  “~z09

K1ddns

v

R




91 9:9“_

 x1ddns

v

am/ om/ R/ . wm/ 069
pecy peo. peol peot /
a3t . a11 an an
ano | aae /310 /0310 .
_ _ L “ “ MM.W:ONM ’ wm/ Jonwsuey)
: \/ sopeg . feusensg
- A N
05, 95 os. . . 9s :
peo peo) -, peol peot 15 : \.S :
amn a3 “an @ . I ¥
/G310 /GE10 /a310 /a310 - s . .
_ - i a|npoy TN eang
_ 1 »ILUL) . oD -
, - 1! sapag / ' anding 'y o
% 9 o5 .95 Ngs 20t . . I A
/ / v / i / s . aoeIBUL .
peot peat, peoy peoy N e UORBINILIO)
aal- afn a1t arn ] w“w__“w iy :
1 /a3 N : : -
3o /G310 310 /0310 Tat prm— /NQN — .
_ . _ 1 PauUoY wo | g T
- : \w/\ satreg Kealg - N - seaug i
9 9 95 95, - N . . wouny
\ \ ) \ C /SN. wdno :
peol peoy peot - peo - S . et
om ail a31 an Nm/r T - AMOd
/310 \o_ﬂo awﬁu /a0 D npon /Sw waLny
_ 3 [ ] PIUUCD : . 3nding -
, : Wi sauiss :
Ngs

S

[44




089

X1ddns
e

os/r Jonpuisuel)
mm/ um/ m_m/ ow/ oL
peol peo] peo peot :
an an an -’ a7l -
/0310 /4310 /3310 /Q310 oL
_ L : - {
S -
] . “Na] - ommaug
. . 90T uBLND
om/ wm/ em/ mm/ : nding Y be
-~ . -
peo] peol peo peo. anpoyy {*~¢g s » - aDejIdu} .
a3 a3t a3 a31 wBUUO) vao 200 Nt enugs HOREIUNWIWIOD
/3310 /a310 /g3io /g310 A S2Us- N Juauny - -
_ T t ﬂ H. . _ Wdwo’ N
L " ,
T.08 /
. ; . A - £
o5 W m w0 aeon | . W
/ s R = 5395 famigl - BINPOW . uaLnd
peol peoy pecr] pest. . - o . o .
an - g an an - " snpow " jeaig c . LN
/310 /a310 /g310 /4310 _\/ _ PUUD) for o . 5 Lt 19Mmod
’ - I . ; ~£5 —
— : _ﬂ ‘_ _ _ — sa)195 u\ﬂ = _ Nl .h._.wh.wu
g - o — ajnpoy . K . B SQuﬁO .
95 o5 os. - 95 SN\C. pauuey ¥89 Nis e
N W W l .
peol peo] peoT - peoy - <
a3t ¢E 1 a1 a3 89
/3310 /a370 /0310 /3310 /
- I
_ | : i
X

90Z-

:/ 1-2unbi4

(24






START

v {

Regelve:

L¥3H"';n§

COA Fak<
é fo{‘qu;eh

4;

Comvert To
LETE} COn‘%«‘O%

Y = ]
i nTor maTon

-
X
3

TransmiT

LED Contpel "“’“““"‘g

' frfo A ‘?‘m

o uw?ﬁ%"};

L Drver

Cwmw

718

714

l

Receve AC
:Mayns Vo!ﬁ“}'aaﬁ

1

Con ver? AL

Power +o.low /%2
| qu'fa;@ﬁ DC, -

T

Deiv s

Limit Power /?@"ﬁ'," ‘
Iﬁ: ’Om‘i' b C wfasnﬁ' |

Con fo‘t ow

ot puts

!/oH'qa' _
Power fo _muETrfC/’?oé
Cows‘fama zt«rm,{i

"'Tr‘anjma, oul t /’ Fo¥
cwrrent ']"5—; {‘awﬁr\ cmwﬁj

I
950 Q’nt}/ol‘ _ /7[0
I‘éq;‘ovlp FGW“’F
a%ahné

J, |

power -ro LE

/a’srf‘anq@ LED [050!5 /*“T?Z
tn sﬁ?:&s and ‘f'run.smﬂt

D 'OCIG{ 24

Fig 19



	59342_13466509_10-28-2022_SES.REQ.ELC
	59342_13466509_10-27-2022_N570
	59342_13466509_10-27-2022_N570
	59342_13466509_10-21-2022_SES.REQ
	59342_13466509_10-21-2022_N417
	59342_13466509_10-21-2022_PA..
	59342_13466509_10-21-2022_R3.73
	59342_13466509_04-28-2021_PET.POA.WDRW
	59342_13466509_04-28-2021_N417
	59342_13466509_04-28-2021_TRAN.LET
	59342_13466509_01-11-2021_N570
	59342_13466509_01-11-2021_N570
	59342_13466509_01-04-2021_PA..
	59342_13466509_01-04-2021_R3.73
	59342_13466509_01-04-2021_N417
	59342_13466509_01-04-2021_TRAN.LET
	59342_13466509_01-27-2015_ISSUE.NTF
	59342_13466509_01-26-2015_1449
	59342_13466509_01-06-2015_IFEE
	59342_13466509_01-06-2015_WFEE
	59342_13466509_01-06-2015_N417
	59342_13466509_11-25-2014_NOA
	59342_13466509_11-25-2014_IIFW
	59342_13466509_11-25-2014_FWCLM
	59342_13466509_11-18-2014_1449
	59342_13466509_11-18-2014_IIFW
	59342_13466509_11-18-2014_1449
	59342_13466509_11-18-2014_NOA
	59342_13466509_11-18-2014_FWCLM
	59342_13466509_10-06-2014_NOA
	59342_13466509_10-06-2014_INTV.SUM.EX
	59342_13466509_10-06-2014_892
	59342_13466509_10-06-2014_FWCLM
	59342_13466509_10-06-2014_BIB
	59342_13466509_10-06-2014_IIFW
	59342_13466509_10-06-2014_SRFW
	59342_13466509_10-06-2014_1449
	59342_13466509_09-24-2014_A...
	59342_13466509_09-24-2014_CLM
	59342_13466509_09-24-2014_REM
	59342_13466509_09-24-2014_N417
	59342_13466509_09-24-2014_IDS
	59342_13466509_09-24-2014_WFEE
	59342_13466509_09-24-2014_N417
	59342_13466509_09-24-2014_TRAN.LET
	59342_13466509_09-24-2014_WFEE
	59342_13466509_09-24-2014_WFEE
	59342_13466509_09-09-2014_INTV.SUM.APP
	59342_13466509_08-27-2014_LET.
	59342_13466509_06-27-2014_CTNF
	59342_13466509_06-27-2014_SRFW
	59342_13466509_06-19-2014_RCEX
	59342_13466509_06-19-2014_XT/
	59342_13466509_06-19-2014_WFEE
	59342_13466509_06-19-2014_N417
	59342_13466509_06-19-2014_AMSB
	59342_13466509_06-19-2014_CLM
	59342_13466509_06-19-2014_REM
	59342_13466509_06-19-2014_WFEE
	59342_13466509_04-23-2014_CTAV
	59342_13466509_04-11-2014_A.NE
	59342_13466509_04-11-2014_CLM
	59342_13466509_04-11-2014_REM
	59342_13466509_04-11-2014_N417
	59342_13466509_04-11-2014_WFEE
	59342_13466509_02-21-2014_CTFR
	59342_13466509_02-21-2014_892
	59342_13466509_02-21-2014_SRNT
	59342_13466509_02-21-2014_SRFW
	59342_13466509_02-12-2014_A...
	59342_13466509_02-12-2014_SPEC
	59342_13466509_02-12-2014_CLM
	59342_13466509_02-12-2014_REM
	59342_13466509_02-12-2014_N417
	59342_13466509_02-12-2014_WFEE
	59342_13466509_12-13-2013_CTNF
	59342_13466509_12-13-2013_892
	59342_13466509_12-13-2013_1449
	59342_13466509_12-13-2013_1449
	59342_13466509_12-13-2013_1449
	59342_13466509_12-13-2013_1449
	59342_13466509_12-13-2013_SRNT
	59342_13466509_12-13-2013_SRFW
	59342_13466509_12-13-2013_1449
	59342_13466509_10-04-2013_IDS
	59342_13466509_10-04-2013_TRAN.LET
	59342_13466509_10-04-2013_N417
	59342_13466509_04-05-2013_IDS
	59342_13466509_04-05-2013_TRAN.LET
	59342_13466509_04-05-2013_N417
	59342_13466509_11-08-2012_NTC.PUB
	59342_13466509_10-02-2012_IDS
	59342_13466509_10-02-2012_FOR
	59342_13466509_10-02-2012_N417
	59342_13466509_08-31-2012_IDS
	59342_13466509_08-31-2012_N417
	59342_13466509_08-13-2012_N570
	59342_13466509_08-03-2012_PA..
	59342_13466509_08-03-2012_N417
	59342_13466509_08-03-2012_TRAN.LET
	59342_13466509_08-03-2012_R3.73
	59342_13466509_08-01-2012_WFEE
	59342_13466509_08-01-2012_APP.FILE.REC
	59342_13466509_07-24-2012_A.PE
	59342_13466509_07-24-2012_SPEC
	59342_13466509_07-24-2012_CLM
	59342_13466509_07-24-2012_REM
	59342_13466509_07-24-2012_PEFR
	59342_13466509_07-24-2012_N417
	59342_13466509_07-24-2012_OATH
	59342_13466509_07-24-2012_DRW
	59342_13466509_07-24-2012_WFEE
	59342_13466509_05-24-2012_WFEE
	59342_13466509_05-24-2012_NTC.MISS.PRT
	59342_13466509_05-24-2012_APP.FILE.REC
	59342_13466509_05-08-2012_IDS
	59342_13466509_05-08-2012_371P
	59342_13466509_05-08-2012_SPEC
	59342_13466509_05-08-2012_CLM
	59342_13466509_05-08-2012_ABST
	59342_13466509_05-08-2012_ADS
	59342_13466509_05-08-2012_WFEE
	59342_13466509_05-08-2012_N417
	59342_13466509_05-08-2012_DRW



