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

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

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

Appiicatian Number 14/587,788, Patent No. 8,078,310
REQUEST FOR WITHDRAWAL | riing nate January 15, 2015
AS ATTORNEY OR AGENT AND First Named inventor David Tikkanen
CHANGE OF Art Unit 2844
CORRESPONDENCE ADDRESS | Bxaminer Name Jagon Crawford
\K ;rla:.;lt;fr‘e' Docket 6@0801 4 j

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

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

car
, OF

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

the practitioners of record associated with Customer Number: 30589

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

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

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

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

Certifications

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

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

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

318

—

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

Piease provide an explanation, if necessary:

|Page 1 cf 2]

This celiscten
Process) an api

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

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

ADVANCED LIGHTING CONCEPTS LLC - EX 1004



PTO/AIASES {(4-13}

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

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

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

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

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

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

OR

. Applicant

sddress 219 W, Wilshire Bivd., Suite 104D

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: 42581950
Application Number: 14597788
International Application Number:
Confirmation Number: 9654

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: 6008.014
Receipt Date: 28-APR-2021
Filing Date: 15-JAN-2015
Time Stamp: 16:43:02

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.)
205306
1 Transmittal Letter 6008014_SB21Transmittal_042 o 2
82021.pdf
538df15362801d9f72412ab79dddefbob24
bb08b

Warnings:




Information:

178000
5 Petition to withdraw attorney or agent | 6008014_AIA83Withdrawal_04 o 3
(SB83) 282021.pdf 2650265664787 A0ciT 3OS 155
38043
Warnings:
Information:
Total Files Size (in bytes): 383306

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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




Doc Code: TRANLLET

Document Description: Transmittal Letler

TRANSMITTAL
FORM

{fo be used for ali correspondence after initial filing)

PTO/SB21 (07-08)

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

O §

224
mber

LS. Patent and Trademark Offi

ce; U8, REPARTM

A
<6 b Y

ENT OF

OME

COMMERCE
uher.

Fiting Date January 15,

2015

First Named Inventor

David Tikkanen

Art Unit 2884

Examiner Name

Jason Crawiord

K Total Number of Fages in This Submission

Attorney Docket Number G008 014

J

ENCLOBSURES {Check all that apply)

Fee Transmiltal Form

[:} Fee Aftached

Amendment/Reply

[:3 After Final

D Affidavits/deciaration(s)

Ll

L]

Exiension of Time Request
Express Abandonment Request

Information Disclosure Statement

Cetlified Copy of Prioiity
Document(s)

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

0 DO

Drawing{s)

Licensing-related Papers

Petition

Petition to Convertio a

Provisional Application

Power of Attormey, Revocation
Change of Correspondence Address
Terminal Disclaimer

Reguest for Refund

IR L

CD, Number of CD(5)

i:l {andscape Table on CD

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

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

Proprieiary information

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

HiNININENIN

Remarks

Electrenically Transmitted:

1) sb21 Transmittal {1 page); and,

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

{Z pages)

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
Dunfap Codding, P.C.

Signature /Ann M. RobY/

Printed hame
Ann M. Robi

Date April 28, 2021

Reg. No.

71.541

fé”

CERTIFICATE OF TRANSMISSION/MAILING

\

the date shown below.

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

Sighature
FAnn M. Robl/

Ann M. Robi

K!’iiped of printed name

Date | Aprit 28, 2021

S

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

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

122 and 37 COFR 1.11 3nd1.14. This coliection is estimaled to 2 hours to compleie, inciuding

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

Tradem

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

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

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



Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
14/597,788 01/15/2015 David TIKKANEN K8001064WOUSCONI1
CONFIRMATION NO. 9654
30589 POA ACCEPTANCE LETTER
DUNLAP CODDING, P.C.

PO BOX 16370

IR A AR
OKLAHOMA CITY, OK 73113 00000012253026

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.

/mnguyen/

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

[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ FmrsTNAMED APPLICAN:]FVW “’-“SP“’I-gD" ATTY. DOCKET NO./TITLE |
14/597,788 01/15/2015 David TIKKANEN K8001064WOUSCON1

CONFIRMATION NO. 9654

34236 POWER OF ATTORNEY NOTICE

GOWLING WLG (CANADA) LLP

50 QUEEN STREET NORTH, STE. 1020 IO A AR

P.O. BOX 2248 000000122530228

KITCHENER, ON N2H6M2

CANADA

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 applicant. 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.

/mnguyen/

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.. $U78.310 Filed/lssue Date: ~ulY 7, 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: David Tikanen, Jason Neudor, Steven Lyons, Kyle Hathaway .. Electronic Craftsmen Corporation

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

Reel 034728 , Frame 0313 . ©f forwhich a copy therecf is attached.
5 From: &lectronic Craftsmen Corporation To: E Crafismen Corporation

The document was recorded in the United States Patent and Trademark Office at
Reei V34728 , Frame 0383 . 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: £ Craftsmen Corporation To: Lumastreamn Canada ULC
The document was recorded in the United States Patent and Trademark Office at
Peet 034728 Frame 0478 , o for which a copy theredt is attachad.
4. From: Lumastream Canada ULC To: Rumastream, Inc.
The document was recorded in the United States Patent and Trademark Office at
Resl 054134 . Frame oogy , or for which a copy thereof is attached.
5 From: Lumastream, inc. To: £ Craftsmen Corporation

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

Rec) 054134 0330

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

6. From: & Crafismen Corporation To: Mate LLC

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

Ree 054709 0940

. 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: 41543038
Application Number: 14597788
International Application Number:
Confirmation Number: 9654

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING

APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Ann M. Robl/Anne Burns
Filer Authorized By: Ann M. Robl
Attorney Docket Number: K8001064WOUSCON1
Receipt Date: 04-JAN-2021
Filing Date: 15-JAN-2015
Time Stamp: 13:51:32

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.)
6008014_sb21_Transmittal_01
1 Transmittal Letter - — - no 1
042021 pdf a19814680535a7d9960badeead 9f26f956f3

Warnings:




Information:

109218
2 Power of Attorney 6008014_AIA180_deOA_O104202 no 1
p 54e52203de16e97099820c10489fabc6134
a47b5
Warnings:
Information:
81790
3 Assignee showing of ownership per37 | 6008014_AIA96_Statement_01 o 2
CFR3.73 042021 .pdf 3094ef2c39d495a152cd0054fd702acsfad
1227
Warnings:
Information:
Total Files Size (in bytes): 361385

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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Fiting Date

January 15, 2045

First Named Inventor

David Tikkanen

At Unil

2844

(conf. 668584)

Examiner Name

Jason Crawiord

K Total Number of Fages in This Submission

Attorney Docket Number

6008.014

J
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[:3 After Final
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Drawing{s)
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{Appeal Notice, Brief, Reply Brief}

Proprieiary information

Status Letter

Cther Enclosure(s) (please dentify
below):

See Remarks

OO0 0

Remarks

Electronically Transmitied: January 4, 2021
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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 U.8.C. 122 and 37 CFR 1.11 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 DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/597,788 07/07/2015 9078310 K8001064WOUSCON1 9654
34236 7590 06/17/2015

GOWLING LAFLEUR HENDERSON LLP
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248

KITCHENER, ON N2H6M2

CANADA

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

David TIKKANEN, Waterloo, CANADA;
LUMASTREAM CANADA ULC, Calgary, CANADA;
Jason NEUDOREF, Kitchener, CANADA;

Steven LYONS, Kitchener, CANADA;

Kyle HATHAWAY, Kitchener, CANADA;

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

IR103 (Rev. 10/09)
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Electronic Patent Application Fee Transmittal

Application Number: 14597788

Filing Date: 15-Jan-2015

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

APPLICATIONS
First Named Inventor/Applicant Name: David TIKKANEN
Filer: Jeffrey Wong/Christopher Kreider
Attorney Docket Number: K8001064WOUSCONT
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
o . . Sub-Total in
Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 1501 1 960 960




Sub-Total in

Description Fee Code Quantity Amount USD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($) 260




Electronic Acknowledgement Receipt

EFSID: 22383248
Application Number: 14597788
International Application Number:
Confirmation Number: 9654

Title of Invention:

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
APPLICATIONS

First Named Inventor/Applicant Name:

David TIKKANEN

Customer Number:

34236

Filer: Jeffrey Wong/Christopher Kreider
Filer Authorized By: Jeffrey Wong
Attorney Docket Number: K8001064WOUSCONT
Receipt Date: 19-MAY-2015
Filing Date: 15-JAN-2015
Time Stamp: 10:18:02

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 9514

Deposit Account 501613

Authorized User

WONG, JEFFREY W.

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 L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
K8001064WOUSCON1-F 361762
1 Issue Fee Payment (PTO-85B) o orm. no 1
p 0bf80aa77665d45cd87e4dbcab61385¢h01
1fde5
Warnings:
Information:
30766
2 Fee Worksheet (SB06) fee-info.pdf no 2
67596f4c15e2ef7ded027f84adf8cd6a9f8c5|
316
Warnings:
Information:
Total Files Size (in bytes); 392528

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

34236 7590 05/11/2015 | EXAMINER |
GOWLING LAFLEUR HENDERSON LLP CRAWFORD, JASON
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248 | ART UNIT PAPERNUMBER |
KITCHENER, ON N2H6M?2 2844
CANADA

DATE MAILED: 05/11/2015

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

14/597,788 01/15/2015 David TIKKANEN K8001064WOUSCON1 9654

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 08/11/2015

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)

34236 7590 05/11/2015
GOWLING LAFLEUR HENDERSON LLP
50 QUEEN STREET NORTH, STE. 1020
P.0. BOX 2248

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

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

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

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

(Depositor's name)

KITCHENER, ON N2H6M?2
CANADA (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/597,788 01/15/2015 David TIKKANEN K8001064WOUSCON1 9654
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 08/11/2015
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CRAWFORD, JASON 2844 315-312000

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.
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Alexandria, Virginia 22313-1450
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| appcaTonno. | FILING DATE | FIRST NAMED INVENTOR | artorvEY DOCKETNO. | conFrRMATIONNO. |
14/597,788 01/15/2015 David TIKKANEN K8001064WOUSCON1 9654
34236 7590 05/11/2015 | EXAMINER |
GOWLING LAFLEUR HENDERSON LLP CRAWFORD, JASON
50 QUEEN STREET NORTH, STE. 1020
P.O. BOX 2248 | ART UNIT PAPERNUMBER |
KITCHENER, ON N2H6M?2 2844
CANADA

DATE MAILED: 05/11/2015

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
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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



Application No. Applicant(s)
14/597,788 TIKKANEN ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability kIJE:saonr:l:\]/ﬁrCrawford QE;EMEJ i 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 ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 1/15/2015.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [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.

3. X The allowed claim(s) is/are 1-20. 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
hitp:/fwww.usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHisedback@usplo.gov .

4. [J 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)[J Some *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. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 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. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 1/15/15

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

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

/Jason M. Crawford/
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 20150324




Application/Control Number: 14/597,788 Page 2
Art Unit: 2844

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

DETAILED ACTION
Allowable Subject Matter

Claims 1-20 are allowed. The following is an examiner’'s statement of reasons for
allowance:

In regards to claim 1, the prior art does not disclose of a configurable light
emitting diode (LED) driver for powering a set of light fixture loads comprising: a power
circuit including: an inrush current limit, an apparatus for power factor correction and
DC/DC conversion, and a regulated output voltage bus connected to the apparatus for
power factor correction and DC/DC conversion; a primary 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 powering the connected light fixture

load; and an apparatus for mapping the set of output current drivers to various dimming

zones and for mapping output channels into groups, nor would it have been obvious to

one of ordinary skill in the art to do so. Claims 2-20 are also allowed as being
dependent on claim 1.

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: 14/597,788 Page 3
Art Unit: 2844

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jason M. Crawford whose telephone number is
(5671)272-6004. The examiner can normally be reached on Mon-Fri 7:00am-3:30pm.

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.

/Jason M. Crawford/
Primary Examiner, Art Unit 2844



Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 14/597,788 TIKKANEN ET AL.
Notice of References Cited . .
Examiner Art Unit
Jason M. Crawford 2844 Page 1of 1
U.S. PATENT DOCUMENTS
* Countre?otg—?\lr::m’\tlnzmgﬁg Code MM[?(t\((aYY Name Classification
* | A | US-8,525446 09-2013 Tikkanen et al. 315/312
* | B | US-2008/0018261 01-2008 Kastner, Mark Allen 315/192
* | ¢ | US-2008/0025028 01-2008 Gloisten et al. 362/294
* | b | US-2002/0047642 04-2002 Miyagawa, Shozo 315/307
* | B | US-2010/0164403 07-2010 Liu, Da 315/297
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FOREIGN PATENT DOCUMENTS
* Countre?olgg-?ﬂztm’\tizrzﬁg Code MM[??\?YY 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)
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*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. 20150324
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Application/Control No.
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Ho5B F 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
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(Assistant Examiner) (Date)
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Application/Control No.

Applicant(s)/Patent Under Reexamination
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Receipt date: 01/15/2015 14597788 - GAU: 2844

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
Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —
( Not for submission under 37 CFR 1.99)
Examiner Name
Attorney Docket Number K8001064WQOUSCON1
U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
o e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1 8197079 2012-06-12 RUUD ET AL.
2 5420780 1995-05-30 BERNSTEIN ET AL.
3 8604712 2013-12-10 BLOOM ET AL.
4 8310171 2012-11-13 REISENAUER ET AL.
5 8258721 2012-09-04 MEYER
6 7405523 2008-07-29 WILHELM ET AL.
7 7310074 2007-12-18 CHEN
8 6720745 2004-04-13 LYS ET AL.

EFS Web 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JC/



Receipt date: 01/15/2015 Application Number 14597788 - GAU: 2844
Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT | ———
( Not for submission under 37 CFR 1.99)

Examiner Name
Attorney Docket Number K8001064WQOUSCON1

9 5008595 1991-04-16 KAZAR

10 8436555 2013-05-07 LO ET AL.

11 7804189 2010-09-28 KOEHLER ET AL.

12 7961113 2011-06-14 RABINER ET AL

13 8143792 2012-03-27 JOO ET AL.

If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATICN PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
N Cite No . Relevant Passages or Relevant
Initial Number Code| Date of cited Dacument )
Figures Appear

1 20050289279 2005-12-29 FAILS ET AL.

2 20050218838 2005-10-06 LYS

3 20080018261 2008-01-24 KASTNER

4 20090179594 2009-07-16 YANG

EFS Web 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JC/
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Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number K8001064WQOUSCON1

5 20020047642 2002-04-25 MIYAGAWA

6 20080025028 2008-01-31 GLOISTEN ET AL.

7 20100164403 2010-07-01 LIV

8 20060132063 2006-06-22 HUNG ET AL.

9 20100231136 2010-09-16 REISENAUER ET AL.
10 20100066267 2010-03-18 MEYER

11 20110018464 2011-01-27 LOET AL.

12 20110309746 2011-12-22 ECKEL 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 Code? | Code4| Date PP Passages or Relevant

Document ;

Figures Appear
CLIPSAL AUSTRALIA
1 2008052293 WO 2008-05-08 | 5oy 1D, ]
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Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number K8001064WQOUSCON1

2 2009039112 WO 2009-03-26 | EXCLARA ]

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

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 D
dsPIC® DSC”, AN1106, 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, D
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:.//www.us-tech.com, October 2007 |:|

7 ISTLTD., iDrive™ 1000 The Intelligent 210w LED Driver User Manual, v. 1.7, 2008-06-20 |:|

ROAL ELECTRONICS, S.P.A, Programmable RGB LED Dnver 200 Watts Model RHPS180 Product Details, Rev. 2, D
2007-10

EFS Web 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JC/
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Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number K8001064WQOUSCON1

9 INTERNATIONAL SEARCHING AUTHORITY (CA), International Search Report and Written Opinion for International D
Patent Application No. PCT/CA2009/001295, 2010-01-13
SEARCH & EXAMINATION REPORT (UK), Further Search Report and Examination Report for GB1102782.8,

10 ]
2012-08-06

11 UNITED STATES FATENT AND TRADEMARK OFFICE, Cffice Action for 13/0593386, 2013-01-23 ]

12 | UNITED STATES PATENT AND TRADEMARK OFFICE, Office Action for US Patent App. No. 13/466,529, 2013-12-13 [ ]

13 | UNITED STATES PATENT AND TRADEMARK OFFICE, Office Action for US Patent App. No. 13/466,509, 2014-02-21 [ ]

14 | UNITED STATES PATENT AND TRADEMARK OFFICE, Office Action for US Patent App. No. 13/466,509, 2014-06-27] [ ]

UNITED STATES PATENT AND TRADEMARK OFFICE, Notice of Allowance for US Patent App. No. 13/466,509,

15 O
2014-10-06
POWER VECTOR, A DIVISION OF ELECTRONIC CRAFTSMEN, Product Information Sheet for IRIS LED Driver/

16 |0 O
Dimmer, 2007-10-22

17 TRYKA L.E.D. LTD, Product Information Sheet for IDS-12 Intelligent Drive System, hitp://iwww tryka.co.uk/IDS-12.htm, D
downloaded 2007-07-18

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

Examiner Signature /Jason Crawford/ (03/23/2015) 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.

EFS Web 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JC/
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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 Docket Number K8001064WQOUSCON1

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 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JC/
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Filing Date
INFORMATION DISCLOSURE First Named Inventor | TIKKANEN, David
STATEMENT BY APPLICANT [ —

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Docket Number K8001064WQOUSCON1

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
[] 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) 2015-01-15
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 henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn 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 informaticon 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 applicatich 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.S.C. 552} and the Privacy Act (5 U.S.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
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 informatich 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 disclesed, 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 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 autherity 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 ahandoned 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 cr regulation.
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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.
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Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
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Electronic Business Center at 1-866-217-9197.
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TIN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In The Matter of United States Patent Application:

Applicant :  Lumastream Canada ULC
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Conf Number : 9654

Date :  February 9, 2015

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

Preliminary Amendment
Dear Commissioner of Patents:

Kindly amend this application as follows:

Amendments to the Abstract begin on page 2 of this paper, and include a replacement

sheet submitted herewith.

Remarks begin on page 3 of this paper.
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United States Patent App. No. 14/597,788
Preliminary Amendment dated February 9, 2015

Amendments to the Abstract:

Please replace the Abstract currently on file with the following amended abstract. A

replacement clean copy of the amended Abstract is submitted herewith.

Fhe-disclosure-is-dirested-ata A configurable light emitting diode (LED) driver/dimmer

for eentrolling powering a set of light fixture loads eemprising:including a power
circuitzand a primary digital controller for controlling the power circuit:. The driver further

includes 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:and a secondary digital controller for controlling the set of output current drivers.

The driver also includes an apparatus for mapping the set of output current drivers to

various dimming zones and for mapping output channels into groups.wherein-the

Gowling Lafleur Henderson LLP Page 2



United States Patent App. No. 14/597,788

Preliminary Amendment dated February 9, 2015

REMARKS

The Abstract has been amended to more accurately reflect the disclosure. No new

matter has been added as a result of this amendment.

Respectfully submitted,

By: /Jeffrey W. Wong/

EDC_LAW\ 126519511

Jeffrey W. Wong
Agent for Applicant
Reg. No. 46414

Gowling Lafleur Henderson LLP
Suite 1020

50 Queen Street North

P.O. Box 2248

Kitchener, Ontario N2H 6M2
Canada

T 519-575-7543
F 519-579-0141
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ABSTRACT

A configurable light emitting diode (LED) driver for powering a set of light fixture loads
including a power circuit and a primary controller for controlling the power circuit. The driver
further includes 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
and a secondary controller for controlling the set of output current drivers. The driver also
includes an apparatus for mapping the set of output current drivers to various dimming zones

and for mapping output channels into groups.
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
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Inventor(s)

David TIKKANEN, Waterloo, CANADA,;

Jason NEUDORF, Kitchener, CANADA,;

Steven LYONS, Kitchener, CANADA;

Kyle HATHAWAY, Kitchener, CANADA;
Applicant(s)

LUMASTREAM CANADA ULC, Calgary, CANADA

Power of Attorney: The patent practitioners associated with Customer Number 34236

Domestic Priority data as claimed by applicant
This application is a CON of 13/941,871 07/15/2013
which is a CON 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.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 01/20/2015
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/597,788

Projected Publication Date: 04/30/2015
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Non-Publication Request: No

Early Publication Request: No
Title

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS
Preliminary Class

315
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Please change the correspondence address for the application Identified in the attached statement under 37 CFR 3.73(c) to:

IEI The address associated with Customer Number: 3 4 2 36
OR

I l Flrm or
Individual Name

Addrass

City TSlate ‘l Zip

Country

Telephone Email

Assignee Name and Address: Lumastream Canada ULC
400-3rd Avenue S.W. , Calgary, AB, T2P 4H2, Canada

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTQO/AIA/96 or equivalent) {s required to be
Filed in each application in which this form is used, The statement under 37 CFR 3,73(c) may he 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 assignee

Signature d\ /‘Tﬁ/l \W Date /i hg 2 ! / 204

Name David TIKKANEN | | Tolophone £1'9 . 744 . 5,73
Titie Vice President, Lumastream Canada ULC

This collaation of informatian is required by 37 CFR 1.31, 1.32 and 1.33. Tha information s requirad to oblain or retain a benelit by the public which is to file {and
by the USPTO fo process) an application. Confidentlality Is governed by 35 U.8,C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated fo 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
commsents on the amount of tlme you require to complete this form and/ar suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.8. Patent and Trademark Office, U.S. Department of Commercs, P.0O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexanciria, VA 223131450,

If you need assistance in completing the form, call 1-800-PT0-9199 and select aption 2.




PTGIAIAIDY {06-12)
Agprovad for yse through 01/31/2014. OMB 0651.0032
8, Patent and Trademark Office; U,B. DEPARTMENT OF COMMERCE

Under ths Papervork Reduction Act of 1895, no persons are required to respond 10-a collection of information unless it displays a valid OMB control number

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titte of | CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
nvention | APPLICATIONS

As the below namaed inventor, | hereby declare that:

This declaration

is directed to: The attached application, or

[:] United States application or PCT international application number

filed on. . R

The above-identified application was made or authorized to be made by me;

( believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (6) years, ar both,

WARNING:

1 Petitionerfapplicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
1 contribute to identity theft. Personal information such as soclal security numbers, banK account numbers, or credit card numbers
{other than a check or credit card authorization form PT0O-2038 submitted {or payment purposes) is never required by the USPTO
to support a pelition 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 bafore 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) arissuance of a
‘patent. Furthermore, the record from an abandoned applicalion may also be available fo 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.

LEGAL NAME OF INVENTOR

S

Kyigﬁrahame HA_TQAWAY B

Date (Optional):;

«ainventor:

é‘ﬁ‘ignamr@:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/OT form for each additional inventor.

This collection of information is requiifed by 36 U.S.C.115 and 37 GFR 1,63, The informalion is required 16 sbtain of rétain a benefit by the public which is o file (and
by the USPTO to process) an application, Confidentiallly is governed by 35 U.8.€. 122 and 37.CFR 1,11 and 1,14, This collection is estimaled {6 take 1 minuts to
complets, including gathering, preparing, and submitting tha completed application form to the USPTO. Tima will vaty depending upon the individual case; Any
comments on the amount of time you requira to complete this for and/or suggestions for reducing this burden, should be sent to the Chief Information Officer. U.§.
Patent and Trademark Office. U.8 . Depariment of Commerce. P.O. Box 1450, Alexsndria, VA 22313:1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS, SEND TO: Commissioner for Patents, P.O. Box 1450, Aloxandela, VA 22313.1450, °

if you need assislance in complating the form, call 1-800-PT0O-8198 and selact oplion 2.




PTOIAIAGT (06-12)
Approved for use through 01/31/2014. OMB 0651.0032
U.8, Patent and Trademark Qifice: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 19885. no persons are required to respond toa collec tion of information unless it displays a vahd OMB cotitrol number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DES]GN APPL!CATION US!NG AN

APPLICATION DATA SHEET (37 CFR 1.76)

tteof | CONFIGURABLE LED ) DRIVER/DIMMER FOR SOLID STATE LIGHTING
Invention | APPLICATIONS

As the below named inventor, | hereby declare that:

This declaration
is directed to: . The attached application, or

D United States application or PCT international application number

filed on_

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

t hereby acknowledge that any willful false statement made'in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
coniribute to identity theft. Personal information such as soclal security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the L}SPTO
‘o suppon @ 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. Peltitioner/applicant is advised that the record of a patent application is availabie 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 o the public if the - application is
‘refarenced in a published application or an issued patent (see 37 CFR 1:14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file 'and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:

4 é}ﬂ* Date (Optional) i _¢
Steven LYONS

Signature: [ . SIS

Note: An application data shest (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed, Use an additional PTO/AIA/ 1 form for each additional inventor..

This collection of information is required by 35 U.S.G. 115 and 37 CFR 1.83, The information is required 10 obtain or retain 2 banefit by the public which is to file {and
by the USPTO to pracess) an application. Confidentialily is govemned by 35 U,8,C; 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitling the complsated appligation form to the USPTO. Time will vary depending upon the Individual case, Any
somments on the amount of time you require to complete this form andfor suggestions for reducing this burden, should be sent to the Chief infarmation Officer, U 8.
Patent and Tradermark Office. U.8. Depadmant of Commerce, P.O. Box 1450, Alexandria, YA 22313-14560. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandrla, VA 22313-1450.

if you need assistancs in complpting the form. calf 1-800-PTO-913% and sslact opfon 2




PTOIAIA01 (06-12)

Approved for use through 01/31/2014, OMB 0851.0032

U.5. Patent and Trademark Office: U.8. DERPARTMENT OF COMMERCE

Undar the Papsrwork Reduction Act of 1895, no persons are required to respond to a collgction of information unless i displays 2 valid OMB controf number;

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 GFR 1.76)

Tieof | CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
Invention | APPLICATIONS

As the below named inventor, | hereby declare that:

This declaration
is directed to:

The attached application, or

D United States application or PCT international application number _

filed on_

The above-identified application was made or authorized to be made by me,

I believe that | am the original inventor or an original joint inventor of a claimed invention in the application,

| hareby acknowledge that any willful false statement made'in this declaration is punishable under 18 1.8.C, 1001
by fine or imprisoament of not more than five (5) years, or both.

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 securlty numbers, bank account numbers, or credit card numbers
“§ (other than a check or cradit 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,
petitionersfapplicants should consider redacting such personal information from the documents before submitting them 1o the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {uniess 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
PTG-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

,,,,,,,, /2""“’/\ M\R R Date (Optional)i___J0 13 ‘ﬁ;fﬁyq

Jasdd NEUDORFV &

Signature;

Inventor:

Note: An application data sheet (PTO/SB/14 or squivalent), including naming the entire inventive sntity, must agcompany this form or must have
‘been previously filed. Use an additional PTO/AIAJ01 form for each additional inventor.

This callaction of information is required by 35 U.S.C. 115 and 37 CFR 1,83, The information is required to obtain of retain 2 bansfit by the pudlic which 1@ to fils {and
by ths USPTU to process) an application, Confidantiallty is govemad by 35 U.8.C, 122 and 37 CFR 1,11 and 1,14, This collection is estimated to take 1 minute e
complste, including gsthering, preparing, and submitling the completed application form to tha USPTO, Time will vary depending upon the individual case, Any
camiments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.5.
Patent and Tradsmark Office. U.8. Dapartiment of Commsrce, P.Q, Box 1450, Alexandria, VA 22313:1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissloner for Patents, P.O, Box 1460, Alexandrla, VA 22313-9450,

if you need assistance in complating the form, call 1-800-PT0-8 198 und selec! opllon 2.




PTGIAIAQT (06-12)

Approved for use through D131/2014, OMB 6651.0032

U.8, Patent and Trademark Office: U 8, DEPARTMENT OF COMMERCE

Under the Paperwvork Reduction Act of 1985, no persons are required to respond lo a coflection of information unless It displays a valid OMB control number:

/" DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titeof | CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING
Invention | APPLICATIONS

As the below named inventor, | hereby declare that:

This declaration

is directed to: The attached application, or

D United States application or PCT international application number _

filed on

1§ The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an ariginal joint inventor of a claimed invention in the application,

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
‘by fine or imprisonment of not more than five (5} years, or both.

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 soclal 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. f this type of personal information s included in documents submitted to the USPTO,
petitionsrs/applicants should consider redacting such personal information from the documents before submiiting them to the
USPTQ. 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 lssuance 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.

LEGAL NAME OF INVENTOR

Date (Optional) &

» Inventor: Qﬁmfﬁ“l.

QSignature:DaV@ T'KKXNEN . e N . i B

Note: An application data sheet (PTQ/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/QT form for each additional inventor,

This coflatlion of informalion s required by 35 U.S.C. 115 and 37 GFR 1.83. The informalion is requifad 1o oblain or retain 2 benefit by the public which is o filo (and
by the USPTO to process) an application, Confidentiallly is governed by 38 U.5.C. 122 and 37 GFR 1.11 and 1.14. This sollzction is estimated (o take 1 minule to
complets, including gathering, preparing. and submitling the completed application form to the USPTO, Time will vary depending upon the individual case. Any
compents on the amount of time you require to complete this form andlor siiggestions for fedusing this burden, should be sent to the Chief Information Officer, 1U.§.
Patent and Trademark Office. LL8. Dapartment of Commarce. P.O. Box 1450, Alexandria, VA 22313-1480. DO NOT-SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1460, Alexandrla, VA 22313-1450,

if you naed assistance in complsting the form, call 1-000-PT0.9199 and select option 2




WORLDWIDE

ASSIGNMENT
. We:

1) TIKKANEN, David 2) NEUDOREF, Jason
194 Silverwood Place 306-30 Bridge Street West
Waterloo, Ontario N2T 2R9 Kitchener, Ontario N2K 1K4
Canada Canada

3) LYONS, Steven 4) SCOTT, Todd, William
7800 Rd, 45 Glen Alian 581 Drummerhill Crescent
Wallenstein, Ontaric NOB 2S0 Waterloo, Ontario N2T 1G3
Canada Canada

5) - HATHAWAY, Kyie 6) JANSEN, David, Wainesworth
§ Norbert Place 333A Mayview Crescent
Kitchener, Ontario N2K 1E5 Waterioo, Ontario N2V 1P
Canada Canada

for good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, confirm that effective at least as early as September 18, 2008, we did sell and
assign to:

ELECTRONIC CRAFTSMEN CORPORATION
73 Schaefer Strest

Waterloo, Ontario N2L 4C4

Canada

all our right, title and interest in the United States of America, Canada, and all countries foreign
thereto, in and to the Invention, disclosed in, relating to, and entitled:

A CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS

as fully described in our United States patent application filed September 18, 2008, serial no.
61/097,863, and to any application for patent claiming priority therefrom, and to all our
corresponding right, title and interest in and to any patent issued therefrom, and to any patent
issued from a continuation, continuation-in-part, re-issue, divisional or re-examination
application derived, or claiming priority, from the above application.

We authorize the firm of Borden Ladner Gervals LLP to insert any further identification

necessary to make this assignment suitable for recordation in the Patent Offices of any country
as may be required.
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SIGNED at ‘ K "V{"v.ﬂ el L fjg}%&ﬁf ﬁ i ==

City or Téwn
ths  OC_ dayof _DcE . 2008 .
Da Month e

stirj T!kkanén i

- STATEMENT BY WITNESS

L SCOTT  (DLQUHOUM _ ~ whose full post office address is
’ (name of wilness)

(DO ANTION STRECT _ICITeHNG, ONTALID. K2 n»éi

Was personaliy present and did ses David Tikkanen execute he wnthm‘"?
assignment and such assignor is personally known to me to be the person
described in such document. .

" Signature of Witness_____

SIGNED at

b optaded

i’{'(’,‘[x(ﬁw@( O %%ﬁ;.\,‘ s

T

this

ks dayof _{ »t 2093
Day . ~ Month ' -

City 011 Town ~— ; T Country

oy
STATEMENT BY WITNESS

L JeoTT  CotQUHOUN.  whose full post office address is
(name of witness)

PO [PANSION CTEEET, JCITCHANEL, (NpARIO . NIH. B4L

WHS pe'rsona!!y present and did see Jason Neudorf execute the within
assignment and such assignor is personally known to me to be the person
dessnbed in such document.

Slqnature of Wit ﬂess
Page 2 of 4




SIGNED at K WHENGZ  ONKRR D

City or Town

this '(Q’.; _dayof OCIOBEY 2008

Day Month

Sl

~ STATEWENT BY WITNESS
L S<oTT (L Q{,;{"QL;&@L/A}' - whose full post office address is

(name of witness)

| f20  mustcrop) STREET_KITCHINER, QN ,afzz*:fof

was personally presen“t and did see Steven Lyonsexecute_thé within
lassignment and such assignor is personally known to me to be the person
described in such document,

~ " Signature of Witness

SIGNED at I TCHEN B ) OATHAYLO _CAAAOA
City or Town Country

ths (& A dayof Oc 7o emn 2008

Da Month p— Pl
“Todd William Scott i

STATEMENT BY WITNESS
L, _SeoTT  coeQuuoun __ whose full post office address is

(name of witness)
120 MANGION_(TREET. , JETLHENAL, .ONTARID. Wi 04).

%&as péféonaily presévnvt”énd didﬁseeT;:)dé{ William Scott execuls the within

assignment and such assignor is personally known to me to be the person
deseribed in such document.

___Signaltire of Witness
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SIGNED at ) fﬂ‘*cﬁénef e Canao)ca_“

Cityor Town . nace
this __L day of «__‘(_i_@m
Day Month >
Kyfe HathaWay il o
“STATEMENT BY WITNESS
1, ScoT T (OLBUHOUN ~ whose full post office address is

(name of witness)

Lo mansion) STREET , ICITCHENEL,_ONTALID MIH-0l

Was ‘personally present and did "’Sée‘"Kylé'HathaWéy”ékeCute the within
lassignment and such assignor is personally known to me to be the person
déscribed in such document,

" S;gnature of Wl’mess

SIGNED at f fheqer  Canad a
i City or Town o County
this G dayof _Ocdober, 2008
“Day Month A ‘
")Davi‘&(;‘;?va,inéf {yGrindansen —
STATEMENT BY WITNESS”
1 SCOTT (o QuUHOUN . whose full post office address is

(name of witness)

0 NGO, (TUET, KITCHENEL, L?ff:‘”/fff/@ Mt 04,

was personally present and did see David Wainesworth Jansen execute the
witliin assignment and such assignor is personally known to me to be the person |
described in such document,

':ignat'ure of Witness
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ASSIGNMENT OF INTELLECTUAL PROPERTY RIGHTS

In consideration of One Dollar and other good and valuable consideration, the receipt
and adequacy of which is hereby acknowledged,

Elestronic Graftsmen Corporation

{a corporation under the laws of the Province of Ontarlo, Canada)
73 Schaefer Sireet

Waterloo, Ontario N2L 4C4

CANADA

does hereby sell and assign to:

E Craftsmen Corporation

{a corporation under the laws of the Provinece of Ontarlo, Canada)
73 Schaefer Strast

Waterloo, Ontarlo N2L 4C4

CANADA

all its right, title and interest in and to the patents, design patents, industrial designs,
trademarks, and applications for same listed in Schedule A hereto, specifically including
any rights granted based on any of the applications and any divisional, continuation,
reissue or other related applications derived from any of the patents, design patents,
industrial designs, trademarks, and applications for same; and with respect {o the
trademarks, specifically including all associated goodwill,

SIGNED at ’N3S/ 55/’%/(3 A
City or Town
this __S 0‘7’3‘;5( of \TUNE 2009,

Page 1 0of 3




Electronic Gr&ﬁsmen Corporation

(,ﬂ o ,,{\"““*\M
Authqtiz_ed Signing Off joel

Name: ‘:'ﬂ"?t ﬁ/gﬁ,\/gag
Title: GEC/QET/J; B\/

STATEMENT BY WITNESS

| feree A. £rnind  whose ful post office address is 906 Hlagyrirs Cre 7
(name of witness) ‘ |
FNEE B AG AA L LAl CAmpAns__LI5H. S467%:

was personally present and did see _CuRls Saveas ,

(Signing Ofﬁcer)
execute the within assignment and who is personaliy known to me {0 be the person
signing such document. vV

Signature of Withess
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SCHEDULE A

INDUSTRIAL DESIGNS AND DESIGN PATENTS

Seriaib No.

Country “Filing Date Title BLG Ref No.
937922 23002008 | LIGHT EMITTING DIODE DIMMER CONTROL D 317800
126857 11-03-2009 | CONFIGURABLE LED DRIVER/DIMMER D 217961
TUS. T 20/334.020 19.03-2008 | CONFIGURABLE LED DRIVER/DIMMER 1D 21790-2
PATENTS
Country Serial No. Filing Date | Tide 1 ELG Ref No.
Canada 5.564.659 162102006 | MODULATION METHOD AND APPARATUS FOR PAT 608291
DIMMING AND/OR COLOUR MIXING UTILIZING
LEDS .
“Us. 11/550.837 19-102006 | MODULATION METHOD AND APPARATUS FOR "PAT 608292
DIMMING AND/OR COLOUR MIXING UTILIZING
L o ... LLEDS , A
US. 61/097,963 18-09-2008 | A CONFIGURABLE LED DRIVER/DIMMER FOR "PAT 67545P2
_SOLID STATE LIGHTING APPLICATIONS
TRADE-MARKS
- Country Serial No. ?iling Date RegN T Titleffark ; BLG Ref No.
“"Canada | 1,367.373 | 12-10-2007 | | POWER VECTOR ENGINEERED LED POWER |
o N | &DESIGN Lo
U.s. T77/346,154 | 08-12-2007 | "POWER VECTOR ENGINEERED LED POWER | TM 666882 |
, I R & DESIGN ]
__Canada | 855165 | 04-09-1997 | 512251 T POWER VECTOR TV 666891
Canada 856675 | 24-10-1997 | 512295 "POWER VECTOR & DESIGN ~TM 666901 |
U.s. 77/346.161 | 06-12-2007 | [ | POWERVECTOR & DESIGN _ TV 666902
US. 77/346,166 | 06-12-2007 | 36243883 | 19-05-2009 | ENGINEERED LED POWER ™ TM 670812 _
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A W g N B L a

ASSIGNMENT OF PATENTS

HN CONMDERA FION of One ($J OO) Do ar an(i m;* Other g{xmi it valbable
_ wled o

-nwmdmg any ngm gxanwd {msed on any of tim sxpphm Ohs and .,my'.

continuation, reissue or othst related applications dérived: from any of the- palents mdf

applications.

THE ASSIGNOR further hereby covenants that it will, at any time, upon the
reguest of the Assignee, execute and deliver to the Assignee new or confirmatory
struments and perform:(at the Assignee's reasonable expense} any other acts which the

\§iignee may reasonably uqucst in order to fully asmén and transfer to and vest in the
Assagnee‘ dll ofdlje: Assipnors vight, title and interest in and to the patents including those
Tisted in-Sehedule “A™annesed hereto,

DATED this _\ "™ _day of April, 2011,

E. CRAFTSMEN CORPORATION

5& ZL@,;Aae:u;%g%ﬁfi} N

Witness = A~ Naitie: Tom Richards
( Title: President

L have quihority to bind the Corporation

Fa4ta2

|




SCHEDULE A

INDUSTRIAL DESIGNS AND DESIGHN PATENTS

Filing Date

Title

B8LG Ref Mo.

127922

23-09-2008

[GHT EmnTmé DIODE DIMMER CONTROL

T 27904

129957

11-03-2009

CONFIGURABLE LED DRIVER/DIMMER

iD 21796-1

29/334,022_

A 9-0_3~2"009

"CONFIGURABLE LED DRIVER/DIMMER

D 217902

PATENTS

" Country

Title

BLG Ref No.

~ Canada

2564859 7

18-10-2008

TMODULATION METHOD AND APPARATUSEOR |

- DIMMING ANDFOR COLOUR MIXING UTILIZING
LEDS

BAT608291

U,

T7/550.937 - 1

“45.10-5006

SLEDS

MODULATI@‘«I METHOD AND APPARATUS F'OR ‘
L DIMMING AND/OR COLOUR MIXING UTILIZING

PAT 608292

ST e

16-08-2008

“A CONFIGURABLE LED DRIVER/DIMMER FOR
| SOLID STATE LIGHTING APPLICATIONS

FATETS

TRADE—MARKS

“Serial No.

T Filing Date

Reg No‘.w: ibR&g Date

Conada |

1367373 |

12-10-2067 |

1% DESIGN

| POWER VECTOR ENGINEERED LED POWER |

T 666581

US

T TR |

06122007 |

& DESIGN

- POWER VECTOR ENGINEERED LED POWER

T E66862.

_Canada

855165

04091997 .

5951 |

36-05-1988 | POWERVECTOR

TM 66689-1

Canada

859,673

24-10-1887 -

512,285

17 26-05-1960 | FOWER VECTOR & DESIGN.

TM 66680-1

| 771346161 |

96-12-2007 1

- POWER VECTOR & DESIGN

TM 666802 1

[ 777246,166

06122007 |

3 624,683

| 79052000 | ENGINEERED LED POWER

Page 30of 3
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LIGHT SMITTING QDR DRIVER AND METHOD

TERCHNICAL FIELD

This invendion relates to Light Emittag Diodes and to apparatus and methods for

thelr combrad,

PRIORITY
The presedd apphication claims priorty frovy Austealian Provistons Patent

Application Ne. 2006806139 entitled "Light Emitting Diode Driver and Method™.

The sntire content of this provisional application is hereby Inoorporsted by referene.

BACKGROGUND

Acommon reguiremient for electrorde squipment is to have 2 visual indivation on s
corgrol devive, Stch a conteol devive could be a buttor, lever, kneb, ov shailar, and
the visusl indivation iz often uaed o shonw the state of whatever is gontredlad « for

exaple an slectrivad load belng turned ot or off, or a door upeny oo cloged

In modern slectronio squipment, the visual rnlication is readily provided by a Hght
emitting diode (LHD) which bas the advantages of bedong senall, cheap, anda long
eparating e, Multiple colours may be achioved by making use of several LEDs of

different solowr ~ these van even bs mounted in the same physical package.

By separate dimrdng of each component colouy, a dual-oploar cordination TED o
b nsecd romidx the dwo commponant colowss o croate additional colours, as percelved
by 2 hunwn observer. More vec ently, theee colour comblnation LEDs have beoome

svailabls, and some of these inchude elomental components '{fi”&&i mw m the colours

Red, Greereared Blue. By sedevtive dinuning of thess unvpamzm tre any wolou,

inchucing white, can be obtained,

I order o producs any mesudtant colowr, an RGB combination LED needs sachof the

colour componends to have a separate diwmmable delve, Whilst LED dizaming §s
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strafghiiovward using the well-established method of pulseswidth modulation, such
2 by pleal corabination LED will wsually have at legst 4 torvainals: a cormmmn polg

ancd a dvive tnpet for each of the thees colour slernends,

Using a single three colouy BGE combination LED with a common polndand 3 deive
inpuis in relatively sasy to deive to obtain any destred homeae-pescetved colour. For
exaple, & strall wiceo-processor can use 3 sepavate pulssowidth moedulated culpuls
to deive sach andindicator. &n exemplary arrangement of this application e showa in
peior art figuve 1. In figuee 1, there is shevwn roforoprocessor T8 deiving two LEDs 30

\

aned 8, Fack LED has respective coloury corpporsnts of ved {E%‘.E,}, araeat (33} and blue
)

o the LED components

. Respective resistors 34, 58 and 36 ave alse provided to Bodt the curvent spplied

In operation, microprocsssy 10 gonerates and transaits conteol sigoals to sach LED
30 and convespotading colowr component JL 32 and 33 o contved the ppecstion of
earit LED o accondanes with a sequence of nstroctions programmed into

wioroprocessor 1 as will be understood by the persen skilled tn the azt.

As can heveent from Flgure T, deiving R LEDs reguires & deive signals 31,12, 18, 14,35
and 16, noe for sach LBD component, or three for cach LED in the case of o three-

vodony LEDL

Howill be appeeciated hioweves, that when many such combiration LEDs nead to be
driven {rrespective of the number and nature of the ooloured sletuents) ~ potontially

all showing separate information (for sxample colouy and beightness) the number of

L

8
K

drive ¢ sigrals rapidly incresses, Fov examgls to deive 1 sach RGE combination LEs

vordd reguire 30 drive signals. As the mumber of multootonr combination LEDs In
@ product increases, the complesity of wirlng these i a controller device Increases, as
does the complexity of the controling device, For sxample, a iézrge snamyber of wiring

paths rdght be needed on & printed clivudt beard, aved & bvge number of pulse width

modulated cutprts raight be nesded on & raicroprocessor,
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LED controller dev

sw are currently avatlable that miske use of seviad data buses - the
most rotubly belng the Philipy inder-integrated clreuit {ILZC} bres. Suich LELY controllers
X

allow o Swive contrel output from a microprocessor o be comnected toa LED dever

I, which in turs s vonnected 0 pue or mote corpbination LHDs. By sending

»»1

avpropeiate comanands o the T drdesr I, a suitalle colour and brighiness can be
obtatied from the combination LEIXs), I the combination LED contalng ved, green
and blue clements, then by appropriate selection of brightvess of the elements, ary

colpur can beabtained.

Whilst butug andimproveneat enadivectly connecting LEDs to & miroprocssor,
svstems using these approaches have a number of deficiencies. These deficiencies
include the Sigh vost of the LED defver I, the Hratted addressing rangs of these bus
systems, and the sddittonal nead w route power and / or ground separately ta the
LEDs and the driver I ~ inorsssing viveuit board layout complexity and potentially
cost, through the noad for malti-layer BB Whilst this Himdted addressing can be
ovroome by the use of L2 beidges, this adds extza devicss and cost to such an

QTR “"ﬁf"i\?ﬁi

It i therefore an object of the prosent invention fo provide an altermative fo existing

LED control systems.

SURMMARY OF THRE DNVERNTION

According toa Hest aspert of the present fnventior, there Is provided a

cormnunivations protocn] for tse n controlling a phuesiity of Light Bodtiing Dlades
{LEDs) sssociated with respective LED duivers, the communtations protoent

copmprising & fest Conweand packet containing st least one insteuction for contrailing
1 fivst of the phurality of LEDs, aved st least o subseguent Conunand packet
containiug nstructions for controliing atleast ane subsequent LED, connected i

serizs with the hrst LED,
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In one forma, the vrotoced further comprises a START code prior fo the fyst
§ ¥ :

Cearprand packat,

Tooone form, the respective BYART codss ars provided prior to sach subsequerd

Conmand packes.

In ome foron, at least one of the Hret and subseguent Cornpsund packets contains

instruotions for controdling & pluvality of elements within @ respective LRD,

a second aspect of the prosent invention, there fs provided a Light
Eonitting Diods (LED) deiver comprising

an trpat foy vaceiving & signal scvording to the corunumdeations protocod as

clatmed tnany one of dalwms Tio g

means for contradling anassociated LED fnancordance with the af bast ane

instricton t the st Conunand packet; and

s ondput for ouiputting the at least one subssguent Comunand packet.

Inone forny, the LED furthey comprises means for separating the first Comenand

packet frot the signal

Avcording to & third gepect of the prisent invention, there Iy provided a Light
Emiitiog Dinde (LED) comprising an LED driver according to the second form of the
presevt fyvention.

Arcerding to o fourth aspect of the present inveadion, there is provided a devive fe

controfling a plurality of LHEDs, the device comprising

woeans for generating and cutputting & signal comprising a START code, & fest
Comnand packet and at foast one subsequent Command packes;

fivsf msang fov rece afving the sigral and controll fing an LED assoclated with the

&

first meang I accordance with instructions n the Hrst Command packet;
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frst means for separating the fivst Command packet om the sipnad fo

provide a vemnatning signal and

woeans for outpuiting the remaining signal.

P

Torome formy, the means for generating is & miCToprotessor.

Trone form, the Hest msans for recaiving snd Cﬂﬁ*&mﬁmgf the flest means for

separating and the means for sutputting comprise an LED dedver,

s one formy, the TED deiver i a nderoproessar,

i one for, there s at least one subsegrent dviver associsdad with at lzest ane

subsequent LB,

According to a fifth axpent of the present ventiog, thees is provided an electron

devios comprising:
a pharality of Light Erdtting Diodes (LEDs)

aplurality of LED drivers gz claimed incladm § for coptroliing & ve

one Of the phagality of Light Bmitting Diodes: and

& rofertprocesaot for gensrating snd cutpatting 8 signal ax‘.s;z»:')mmg 0 the

copraurdvationg protocal as elabmed noany one of clalms Tho 4 to s first of the

ploradity of LED drivers.
According 1o a sixth aspect of the present invention, there Is provided a mu‘hmi for
controling a plurality of LEDs, the method comprising:

generating and outpuiting » sigeal oomprising a START code, a figst
Cormnand packet and at leest one subsequent Cormmramd packey;

veceiving the signal and controlling an LTED i avcordance with instractions in
e foest Cornnwend packet;

separating the frst Command packet from the signal to provide o rermaining

stpmal; and

(]
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outpuiting the remainiog signal

According to & seventh aspect of the prasentinvention, there s provided & mashine
readable medium contalning machine sxecutable nstructions to perfors the method

of the sixth sapect of the preserd Invengion

BRIEF DESURIPTION OF THE DRAWINGS
Figrre 1 - shows g prior avt arrangsent with 2 RGE combination LEDs connected o
& microcontaties;

Bigure ¥~ shows a fest exeraplary huplemesitation of an sspect of the prosent

tnventior in which seversl LED defeer chroudts are conmected to a single
merapronesser cutpuy)

Figure 3 - shows an exempdary thindrgy dlagrare and coronand sequenos that conld be
applied to the amvavgement of Blgure

Figuve 4 - shows an alternative sveraplary thning dlagram and covanand sequance
that could be apphiad fo the avrangement of Rigure &

Hgure § « shows a second exemplary boplamentation secordiog to an aspent of the
preserd imfentiti:; i which hye LED sdriver cirouits are conmected bo 2
WIRTOProcsssnT pudpuly;

Figure 6 - shows an exernplary timdog dagram and command seguence thet could be
appdied to the avrangement of Flgurs 5

Figrwe ¥ - shows & block diagran of an LED didver as shown do Bigure 3

Figire 8 « shoves aoreference cireudt diagram of the LED deiver of Figare 4

Fignre 9 ~ shows a block diagram of an LBD driver as shown n Figuye &

Figure 10~ shows a clronit diagram of an exemypdary embodiment of the master
section of the avrangement shown in Figuve 2 and

Figare T1 - shows a cirowdt diagrara of an exeoplary eonbodivesst of the delver

sectionyof the arrangement shown in Bloure 2
& &

DETAILED DESCRIFTION

Figure 2 shows an slectrorde device T showing an swemplary sreangsment of

ceanponents according to g Hrst aspect of the present fnvention. In Figure 2 there is
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shown a microprocesser Hhwith o single puipubsignad T comnented to LED drdver
clronit corwtoucted according 0 anwther aspect of the present invention. Detadls of
the aperation of LED dedver cironit 30 will be sliscussed i roove detadl further bedow.

LED deiver 20 defves TED 30

Flgure 4 also shows a seconnd LED 307, detven by a seoond LED deiver

Microprovessor 10 can be sy microprocessor, frotu any seanufactursy, that is capable
of transeadtting w deda stresm ot of  single oulput - a techrdgue commondy referred
b an “hit bashing”. Such microprocessors are readily axvatlable from many
manafacturers, iy an almost infinite varland of copabiiity variations. Suiteble
microprocessors ave availabde front manufacturers tnchading Attael, Texas

Y wa

Tastruments, 2oy, Breescade, 3T, snd moany others,

According to anaspect of the prasent nvention, sdoroprovessor 10 generates a

congrol signal and transmits this alorngg output 13 to an tnpad T of the LED deiver 200

As will be desoribed in mwove detall further below, the signal generated by
micropronessor 10 congiets of » serres of Comumared packets, each buended for ane o
the LEDs neoded to be controlled by solomnconiroller 18, Dhdver 20 accepis the signel,
and strips off {or sepavates) the et Conumnand packet In the signal or data strean

and outputs the remainder of e signal or date stream via ontput 32, The rematnder

of the signad i then inpuat into the foput 217 of the neort LED dfver 20, which then

strips off the rext Corpand packet and outputs the remainder of the strad via
owtput 227, The signal continues to fravel front one LED driver to the nexs, until all

Cormmand packets have been stripped off or soparated,

The Corarrand packet fioy sach LED cordairs information to allow sach LET driver

30 o drive ssch of the ved {31), green (32) and blue (33} Bght components of

PEAPRE tiva LEDs,

ry
£
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XA

{n one form, the compmanication protocal ncludes & START vode indication,
followed by one or roere subseguent Conunand packests. The et Dommand packet
is applied o the Geet LED dreiver siveuit that the signads reach alter the controlling
device, snd is removed from the stream. Bverything after the fivet Comreared packet
ie then passed out of the fisst LED driver oiroudf to the seeomgd LED driver clveuit aawd

soun, as desoribed above, Bock LED driver clronit knows teexpect a new Conunand

packet when it sens the START code. To ansure that the STARY vode s passed slong,
each LED driver cironit can aither resgenerate the START code, as shown n Bigare §,

o can simaply pass it out whent 3t & recetved, as shown in Fgure &,

Iy eme formy, the LED driver cleouit 31 has the function of accepting in ity Command
packet a setting of the brighiness of each of the colour slements of ity attached

cornbinating LED.

By placing the LED driver circuits fooa sequential cascade avnngernend, there s no
need o address information to cach ciroudt - instead, sldressing will be achievad by
the order of the ddesirical intercormeciioay. Thus, for sxample, the frst Compmand
packet will be accapted by the frst LED debver clrendt {and subsegasnt Command
packets ave simply passed cut o the next one R the Hined. Similedy the second LED
driver clreult, rot sseing the Comrnanad packiet that was removed by the fivst LED
driver civeuit, will accept the sseonad Compmand packet transmitted, and ass OFLany

that follow. This process Is repeated until the Inst UBD deiver civenit is veached.

Figures 3 and 4 show an exemyplary stracturs of such a signal, contalning multiple
Command packets, Figure 8 shows the case where the START code is vegenersted,
while Flgnee 4 shows the case whare the START code is copled instead of being

regenerated. The fivst row (&) of Pigures 2 and 4 show the signal as generated by the

<

£

microprocessey 10 This sigral is nput to the input 2T of the Hrst LED driver device

20 (for exaunpde as sosm It Pigure ) 10 one form, the signal may include a STARY

code T at the beginning of the signal. Inone fowrn, the START code 110 comprises a

sattern that is distinguishable from the Command packet information. When a LED

t'{“

X3
g
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driver olrcuil recogrises the sequence comprising the START vade, it kvowy that the
Command packes that follows Is for #ts wse, and subsequent cormmands e to be

relaved out o subsequent device,

Qe suitable methad of g3 generating the 8TARY vadeds to e d&} the Commarngd

ryr

TARY ¢ode -
¥

portions using "bitstuffing”, ard use a coding viokuion as the 51

techmigque which is well esteblished In the prior art, Another possible method is to

transmit the Connand portion as & stream of ssynchronous serial date hits, and to
trangnit a “Broak” syrebol as the START oode. Whilst these ave two sujtable

mrethods, there are many others that provide the sane behaviour

Following the BTART cede 130, when presentt, s the fivst Comerand 120, This

Commared sontaine contol nformation for the first LED drtver 20 o conirol the

wartous slemerds of the LEDN 30 teowhich it is connectad {sep Figure 2. Upon

£,

reveiving the stgnal, LED debver 30 steips off, or otherwise “switkches off” the fiest

Comumand so as to be not present, or ignared by subseguent LEU deivers, and

retranscdts or otherwise forwards the signal from s oatpat 22 to the next LED

driver 2 i the sevles.

The signal may contain as weny Coramands as there are LED deivers, or may cantain
more oy fesy, depending upon the required function of the LEDs to be controllad, For
sxample, i there ave more Comumands than LEDs, the extra Corronands could be

stmply tgnoved. I theve ave fower Coumrnds than LEDs, cither the extra LEDs may

not be provided nstractions, ov the exdra LEDs may parform the same fanction ays the

fzet LED which had g specific Coantmand, or could be othervise connected to

&

previous LHDs to perform the same function as those,
In e Boof Figuves 3 and 4, the signal carbe seen to have had the fiest Command 120

repwyved, with subseguent Commands 130 and 140 reveivdng, This is the struchurs

of the signal ot the putput 22 of LED deiver 20 ard the inpot 21 of LED debysr 20

Figare 2. Invow C, the signal can be seen 1o have had fivst avid seonved Comanargds
removed, to have remaining the last Comnand for the last LED requbed to be

g
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controiled. In the case of Figure 2, this signad stenchure will appear on the vufput 23

of LED ditver 2, for inprt indo the vext LED detver {not showny,

The steacture of sech Comroand will be tattoved for the reguived opevation of sach

indivichual LRI 30, v one exawmple, the struchure of the Comumared can be a set of

binary coded brightrass bevels for sach individual LED. For RGB LEDs, the

Command might comprise typloally bebween ¢ arst 8 biks to speode the brightuess

L7

tevels of the Red, Greeny, and Blus component LEDs. Any precise ovderivg ov

Qm:s:n':iiﬁg of these brighiness fevals s undmpertant, provided itis applied

consistently between the mderoprocessor 10 and ol LED deivey cireaits,

Fou s roenme, @ single mieengrocessor cordd drive a single coralination TED, ar any

other momber, without addifional bardware intercormections betag reguived o the
microproosssny. In another fovee, tds arraugement vould be wed to deive twoor
wore LEDS having ondy one colovwr component, or havitg any number of colow
compotents, I some forms, the TEDs deiven vould have varying numbers of nelovr
or other control componants, for exsmple, the microprocessor oight set & Hash
pattern ot a LED, or combination LED, by setting a flash vate, or setting peviods of

time fora LED or LED components are to be switchad oo and off,

For example; a system may have 10LEDs, §of which may be single colow
copiponents, 2 may be Zoolour components arel 3 may be Soolowy covaponents, OF

cotrse the suunbsr of controliable components within an TED reed not be restricked

to 3, but could be any suunber axmay be veguired for the particidar application.

Qe exampte of a stacture of o Stact bit used as the Start code, s 144Due widde, with a
low for #60us and & high pulse for 48y, A data Tt definition toy the Conamand

5

packets eowuld be “BH DT having 60 us width with a 20us low and a dDus Mgh pulse
The "B 17 definition couldd have & 80us widihowith dthas Tow and 2es high prdse
Such coding I koown as Manchester coding and is well known o the person skillad

in the art, OF course, any other form of suitatde coding mav also be wsed,
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I generating & gy

ol acrerding to this aspect of the Invention, the IHCTORTOCREsNT

does se in soonrdance withos softwars progrant. Au example of & suitadbls program
for contmlling fve LEDSs, 2 of a stngle colour component and 3 of 8 codow

corpoterds is shown e following peendocode:

Ass

’)1

fosimw

A single Covweand comprises brightness for Red, Green and Bl in that
& ;

order

Asiogle coloar LED has #s brightoess set by the Red component of &
Command only

A suiteble coding system has been chossn for the Cornmands and the STARY
code

b ovn singgle colour LEDs are wived closest to the mdcrepracsssat, followed

by the §, 3 colony LEDs

Freudocods:
Rend the BTART vade

Bend the Commaand for the § & oolowr LED coreprising the set (Flest

v, anvthing)

prighiness, anyihing,

Send the Command for the sevend single eolowe LED comprising the set
{Sevond brightness, anyihing, anything)

Send the Comuvuarsd for the third LED comprising the sst (Thivd Bed, thivd
Green, Thind Blue)

Send the Command for the fomth TED comprising the set (Fourth Red, Fourth
Groery, Fourth Blue)

Sensd the Comprand for the {iith LED compriging the set (Fifth Red, Fifth

{rean, Fifth Blag)

frian alternative form of the present mvention, the signal genevated by the
micreprovessor 10 nead not have a START code embedded therstn In thinvase, bvo
HECPOPTOTERsOT Cutpirts meay be used, the fivst such outpuat being nsed fo signad the

stert of & new command stream, anad the second suck ontput beingy used to encode

i
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thwe stresn of Comunands belng sent to each of the delvey ciroults In taen, Suchan
enwesding of the Commands could comprise digitad date, typically as o strearof

binary digits {bitsh,

Figure & shows an avrengeraent acvording to this aspent of the hvvention, nowhich
Hke elemants we rawbered accordingly. In this arvangemend. migroprocsssor 10 has
bove outputs, 31 aned 12, Cutpat 11 funcons as previeusly desoribed with reference

CART information o inform cach LED

o Pigure 4, but outpub 12 now provides the
drtver 20, 30 ... when g new Conpnand stream §s belng transimdtted, in place of the
START code being prosent in the sigaal

Lo
F TR

In this arvangement, LED dedvers 20, 207 will have o thivd input 33, for sscelv ing

the START code from micraprogcsesor T

Figure 6 shows an exemplary stracture of the contral signals pevsrated by
nuicraprovessor 1 in the avrangensnt as showroin Figure B, lnopw A of Bligure &8
START code is provided on output 12 of microprocessor 10 and Input o each of e
LHEY drivers 20 vis respective Inputs 33 Bow B shows the stracture of the sigoal
senerated by rdoroprocessor W and outpot on putpat 13 to be recetved by each LED
driver 2 in tuen. ¥ will be noted that no 8TART code is passent in this stouche as it

is being provided by output 13 Bows B Uarnsd I of Figire 6 comespond torows &, B

and T of Flgures 3 and 4 and furection in the sams way,

Fignee 7 shows an emumplary syster Mock dingram of an LED deiver olvendt for an
LBy debver s shown in Figure 2 that has o single tnput fov receiving & START code
and Unpreand packets, In this anvengersent, the START code and Coramemd packets
enter driver 20 at data loput 21 The BTART code is detected af block 24 and the
Command packet {8 recetved at block 26, decodud and pagsed to pulse width
wedulation (PWM) chaonels block 27 for application to the components of the LED

{mot showeny via an optional current Hmiting Hlodk 20, Oseiflator/ clock genevator 28

provides the Hraing for block PWM block 87,

ek
P2
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o~

Frow block 26, the remaining Commana packefs sre pesssd through fo date output
22 W the START code iz o be regenerated and passed throngh to subsequent deivery,
thin s dorwe ab block 35 sod previded to outpat 22 with the remaining Conmand

codles from Block 76,

Figure 8 shows @ reforencs civeadt dlagram of the srsangement of Figure ¥, This

veference olppuit uses a scvall, lowsost midcraprocessor as the main eleroend of the
LED drdver clecntl, with all major functions implersernded insoftware, Suitable
mlornprocsssors ave svailable from Texas Instrooments, Freescale, and othwy
mansiachavers, Naturally, stch an arvangement can be replaced by any other

fonctionall ¥ a4 mi\\zis sat eiveudt, whethey LS soffwrre or not

Figure 9 shows an exeraplary systern block disgram of an LED detver civoadt for an
LB driver ag shown i Figare B that hay a single input for vecsiving o BUART cods
and Comunand packets. This s an alternative srsangement for driver 20 o that of
Figore 7. In this arvangemant, the Comeosnd packets enter driver 20 at data foput 21
The START code that is generated separately at a secorsd putput of microprocessor 1

=y

B} emters dyiver 3 at second input

{ps deaovibed poeviousdy with reference to Pigus

o}

3. The Commmad packets and START code ave received at back 36, The Compardd

~

packets are decoded ad passed to pulse width modulation (FWM) channels block
27 for apploation o the components of the LED (not shows) vir an opional cunent
Hendting block 28, Qectllator/ clork gessrame 28 provides the tming for black PWA

Poek 27,

The START code snd reoining Conumand packeds are then sent to subsequend

deivers vig output e

The arvangerent of Figure @ can eruadly be lmplemented as a singls mivroprogessor
having progranened therson nstructions to carry out fhe funclions of the

arrangenestt of Figuve 9. This woudd be as shown in Figure 8
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Figure 1 shows sn allsroative swdodireent of the LED comtroller master section,
showing micvoprocessor 1, which in this exeazaple s a PICTEE?S, The particular
layout and furction of the surrownding cheodivy will be apparent te the person
skilted in the art and will not be described o detall hogein,

>

Figurs 11 shows an implementation of an

LED drbver 20 and associated LED 30 with
individually-drivable colonr components 81 (Red}, 32 {Green) and 38 (Blus), In this
sxampde, the wicroprocessor weed for the driver 2 is an BM7EPIRE available from
BLAN Microslectronics Uprporatiordin Talwan, Again, the layout and frvcton of the

¥

gont skilled in the artand will not be

surrounding civeuitry will be apparent s the pe

described i detail herein.

fronse, @ civoedh will be budlt up using o plucality of drivers 30 as shown in Bguee 11,
ascaded i daisy-chain style Bach LED 30, 207, 307 e, wordd be agsoclated with

v

s owndriver 20, Y, 207 et

I another sspect of the invendian, there s provided s mettod of controlling a

plurality of LEDs. The first aspect of the msthod provides for the genervation of 8
signat or date stream sconrding to the protocad desoribed above. Inparticadar the
nethod melhudes generating the sigral or data stronm by generating u St code,

generating & fest Comumarnd packet, gensrating ot least cne subseguent Commared
iy © g

packet and then outputting the signal. & finther aspect of the method tncludes
vecaiving the date stream or slgoal, separating the Hest Convmand packet from the
data stream or signal fo provide & rentadning data steean or signal, condeolling a Hrst

LED in accovdance with insiructions in ’f‘m‘ flest covomand packet and outputting the
ematning data stream ov sigred. The remaining dats streara ov signal s then
provessed io the sawe way with respect o the ot leest one subsequent Comumand

packel,

In another aspect, the present lnvention provides compirter sxecitable instructinng

which conse a corppatey ko porform the vavious steps of the methads desaribed

hevein, Yo particular, the compater exscutable instructions cause the computer uch

1
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as radepnprocessor 1Y o execnte the steps of generating a Arst Comrnand packet
containing at least one wstrucBon for conbrolling » fiest of the plurality of LEDs, and
generating af leash one subseguent Comerand packet contaiondng instructons for
cordroting af least one subsaguent LED, connected fnosariss with the frst LED. In
another formy, the compuiter exevutabls InstracHons catse the computer to also
generate a BTART vode and Insert this fn a data stream n front of the Command and
subseguerd Commarad packets: In another form, the eorpuim ssecutable
Instroctions cause the compuater o gensrnte separate BTART codes prior to each of

the Connnand snd subsequent Uooveared packets

£y

In ancther sspect, the computer exccutable nntructions also canse 8 computer fo
perform the steps perfornad by the dviver 200 As desoribed with reference to Pigwre
8, the vearparter vonld also be s saloroprocessor. In s agpect, the compater
execttable metructions cause the computer to exenite the steps of receiving a data
stream including a frst Command packet and at least one subsequent Cormand
packet, separating the fivst Cornrvand pocket from the data stresom, contredling an

Corarmand packet, and outputting the ot least one %ubaa\‘{u@ﬁ%( crmmand packst foe

use by another defvar,

in one formy, the compuisr executable instructions way also cause the computer to
detert a START code in the dats strequn, and sither pass that START code dwough

and output with the at leest onw subseguent Dowunand packed or gersvate o vew

START code argd putput that with the at least ane Covamand packet

X8
H
A

T another aspect of the Invention, there i3 also provided s machine readabde mudinan
containing the machine sxecutable instructions described above, Buch & machine
regcdable medivm fnchudes the reemory on the micropracesser 1L or other, suparate
memory medin, including « O, a2 VD, & Flash drive or othey portable memory

medinm,
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in one embodiment, the LED dyiver oivoudt could be implemented as an integrated
civenit, using a sultable sexaicorductor tecknalogy such as but not Hmited to silivon.
A vartation of this embediment would be to abtach and Indegrate the chroudt with an
LED device. Inone e:xa;z‘z‘apkz, thig conld be an LED with 3 primoeey codowr LED
sloments. Inosuch an embodinent the curvent Hndt vesistors may be lntegrated, op

rephwed by a traveisior based current lwmiting arrangement, both technigues betng

weedl putablished.

I such an embodinent, which made use of @ single control signal fmm e

rated detver oirouit and LEDs would

croprocsssoy, e completed paokegead fnsyg

have four ¢lectrival vonnections cotaprising & power iInput, & power return {0
ground}, a data in &:gﬁ;ﬁ, andd a dats ot sigoal. An srobodiment making use of twn

outputs onuadoropracessor would include o 8fth electrice] conseetion wead to

s

indicate the afart of a nevw e of Conunanuds.

n one form the microprocessor 30 would transmit the Coramand stream at a rate of
at loast THLO0 bits/ secomd, Sucka rate wonld allow the colour and brightvess of 10
BRG LEDs to be completely updated in less than 3 millissconds. Natuy 'ziy operation
at even faster speads would be straightfceward and yield comamensiwately lower
update tnes. Naturally, where rapid update or ondy & small number of LEDw fs to be

condrallad, a loower rade would also be suttable

This avrangsment has the advantages that it allows sy mumber of combination LEDs
to be driven withowt need for special expansion devices when an addvessing rangs is
exveedad; i allows s sl nudeyr of debve signals ftoan the wordrolling deviee; and
it offers the berefit of infegrating such a LED detver clrowit fnto the savee pomponsnt
package as the combination TED. hasgeation of the driver viroudt tnto the LED
package mindrises the overall cost and dramatically reduces the runeber of slectricad
Iteroonnections batwveen the driver IC and the elour elements of the combination

LED,

16
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The varipus aspects of the present invention may be used fnosny suaber of slectronie
devices that bave LEDs as part of thelr chrondtey. Thde bwlodes enterbdnment devices
such as televisions, J“i?g\i*iii sef-top boxes, sound systerns, DVD players, T8 players,
remote control units, ek inchades compuders snd comparter peripherals, and
hisplays for vebicles and other devicss. The varipus aspects of the present tnvertion
can sl be spplied to electranie devices that have not yet been nverted at the tiae

ot filing the present application.

Towill be nuderstood that the above has been described with reference to particular

erbodiments and thet many vaciations and modifivations may be made within the
seopas of the ditferent aspents of the pressrt fnventing,

Threughout the speeification and the claims that follow, unless the context vequives
otherwise, the words “comprise” and “incdude” and verlations such as "comprising”
ard Mhwhaeding” will be understood o faply the Inclusion of » stated integer o

group of ndegers, but not the exclusion of avy other indager or group of integers,

The refetence o any prioy art in this specification is not, and should wot be taken as;
an acknowledgemant of any form of saggestion that sucly priey et fovms part of the

common general knowledge.

¥

17
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o

1 A compnunications protoved o usy in controlling a pharality of Light Brostting
Diodes (LEDs) sssociated with respsctive LED davers, the conmmunications protocol
covrprising a Hest Conmmand packet cordaining at least ome Insteuction for condratiing
& st of the plavalty of LEDs, and at least cne subseguent Command packet
containing instractons for controlling at least one subsequent LED, contected In

serfes with the Srst LED,

2. A commundcations proteco! a8 dafroed fnnclaio T furiber comprising a BTART

P

cogle prior o the st Conmand packet

L

A conmandeations pratoent as clattaed in ghaint @ wherett tespective STARY

codes are provided pricr (o each subseguent Commansd packet

4. A conmunications protocod as cladomed in claim 1 whereln al loast one of the
first aned subsegpaent Conunaned packets contains instroections for contrelling &

phuality of clements withdn a respentive LED

B, A Light Bmitting Diods (LED) dedver comprizing

arcinput for receiving a signal sccording o the compunications protocol as

clalmed i any one of clabms T o &

means for cordrolling an assochied LE in scvordance with the at least poe
<Y

rstruction i the fiest Conunand packst; and

an output for outputting the at least cne subseguernt Coranend packet,

&, A Light Emitting Dode (LED) deiver as clabned In claina B farther coraprising

rucans for separating the fivst Commund packet from the signal,

<

7. A Vicht Boitting Dicds (LED commsising an LED driver as claimed o ohadm
& 4 ; 3 ¥ 8

57
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&. A devive for condrotiing a plucality of LEDg, the device corapeising

means for generating and outputing 2 signal cornprising a STARY vode, a Hist

Corared packetand atleast one subseguent Commrrmnd packets

first mears for reveben g the sw\‘mi ared stfmfah:(}iiﬁmg any LHEY sssociated with the

fivat wwans In accordancs with instructions o the st Command packet;

Hest msans for separating the fivst Coromand packet from the sigrad to

&

provids 2 remaining signal; and

means for outputing the ternaioing signal.

g, A davive as cladmed in claim & wherein the means for gevevating s e

migra pl ONEREON.

14, A devics as clatmed in olaim ¥ wherein the flest means for receiving and
controliing, the frst rmeans for separating and the means for outputting comprise an

LED driver.

11 A device as claimed incolatm I whereln the TBED driw MICTOPIOUESsor.

12 A device ax claimed in oladms 10t 11 further comprising af brast ome

subseguent driver assoclated withat least one subseguent LED.

13 Anclectvonic device comprising

a plarality of Light Bmitting Diodes (LEDs)

& plurality of LED drivers as claimed tn cladin 3 for contredling a respective
one of the plurality of Light Emitting Podes; and

a microprocessor foy genenating and cutputting a signad according fo the
copnuneatione protocod as clabmed dn any one of claime T to 4 toa fist ol Gee

plurabity of LED deivers.

19
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14, Awmethod for controlling & plutality of LEUs, the method eomprisiogs

generaing and outputtng & signal cony STiSing a DTART vode, @ fist
B4 & %

reeeiving the signal and controlling an LED in sccordance with instroctions in

the fiest Command packel;

sepavativg the frst Command packet from the signal to provide s vemaining

signal and

outputting the ramaining signal.

15, A machine readable medivm containing machine executable Instructions o

perform the method of cadne 4
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DIGETAL DRIVER APPARATUS, METHOD AND SYSTEM
FOR SOLID STATE LIGHTING

FIELD OF THE INVENTION

Th prosent tvention w gencral s related 10 sspmlying and controlling

powsr o sohd slawe hghting deviges, and swse pacticalatdy to digiially conyalling

correst of solid state Ughting devives such as Hughe wreitting diodey withized 1o lighiiog

this applications,

BAUKGROUNDOF THE INVERTION

<\!H>\ o Hght cm_s‘ﬁing dindes ("LEDE are eidized for awide varisty

h?.i!’ig and oulticoloved lighting, Bovause

pe curront therneeh an LED G

Ei;i‘uugh & gﬁinmfit}! of LEDs connecled in sontas}, adjosting the svew

!

b through

the LED s v ove tvpical owthod of regoiating the intenaty of the ealor of e
tHuminaton sowe, Selid state Hghting, such s LEDs, sve pepieally soupledioa
CEREVERTEST HA & DOWQY SINIGS,

A stop-down {Back) convertor ssn be cortroliod oithor in discoutinuma

conduction reode (RO o comtinun condirtion sede (€8 Pyprcathy DOW 18
sutiable oady for low pc\,\ or progessing, wiih: COM mody & witlized for higher power

gonversion, such ae for high brightness LTEDs

In the priovary, # tech reod fy as erTent prog

{OPNMTY v milised

unming mode™

Contvarier; ave £

4

Mo, 0,034 51T AT R 4,

SITR8E Praorart glirguis for this UFM mode typleally rogalate the ndoctor vorrent

i COM voode aroid stset poind within the Baok convester. Thas sot podnt w funther
mranipulered by an suter corponsanng loop. For s Buck converter implomonted with
CPM mode, the outer compensating ket can be - slugle pol natwork,
A OPM impfomentation, however, campt shmphy atilize @ gontrolisr &y
2 Buck ensverter, bub roast also be accompanied with s ciowt mplomenting DUM.

e chalionge folng this QUM mydomonation is that the condrol systom nzeds 1o

tomsttiom betweor BEOM and COM muadees by both dispetions,. My prior arl gontred
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systoms witl oscillate sround these two modes, which causes LED et o Huctuate,

chomay e visually apparent as flicker, for cxampls. Whon ther eastor

compersstor bandwidih may be low, another problem wilh s OOM techaigee s tha

tee LED corrent maey also Buctaate, pacticolarty when the byt vollage to the Back

comverier containy a high rippls percsntags.

Most priorart LED comtrol svsfoms alses atilize 2 "ok sidey somsing”

k

N

1 ihe ontpat carrent of s Bag

gonvertoris sevmed b SRR “\\HI

fochnigne, mow

rosistor in sevies with the inductor {see, Sug, LLS. Patery Nas, 6 853,174, 0,

1
2R

wh 5,600,034 Witk high side soaxig, mutput ot cin be fogubied sctuately, and

P
ok

hiuh side sonsing cun alse beoilinsd with OPM teebnigues, In ovder o ovdreome th

variony stabiiny problems and other disadvaniages mentioned above, the priovarrbes

N \

varous soninbons o spploment hysteretio fob so Salled “bang-hang ) comrol

N

tifilired

o pogulate mchuoton ourvant,
The high side sepsing tochnipe works well when the controller

wiggrated chreudy CHCT) cn wolorste the Buek converter inpad voltsge range. Tiy

s LED drivor, howover, which brvolves mput volsges whish

ares wineh higher than what e comrolisr IO v capable ofiplorsting or speoified

side sopming fechoigue cannot be anbized weith

fslorate wied, aocordingly, such a b

typcal comtrobier Js,

by PR S L A i
are alas found in the prive it

ox S Mlow side sonstng
fvowhich the sonse resistor txon bebwesn the mutin converter swiiching choment

o

{MOSFET b and wronnd, seg eig, VLS. Patont Nog, 6,88

Q058 mnd 390123588, The b

side sensing rochniging 15 sl ’i}f assasutod with 8 control method ealled "constunt off

tne” (L8, Patont Mos, 8.5 S9FE332) Dotarlod anadysis of this onnstant

oft'tiie fncthad » e 1 b saitable for controlling Back cowvertar

Purput vollags, # axhibns a veby targe crvor 111w used for controlling output urveny,

due o convener {i(}'t}fi"sfi{)iit)ni ansd m.‘s\ri.t‘azn;m@:niﬁ variati (‘W‘S 8.2, 3.’(},‘&23.’('1}?\'(}(‘.{11}‘;ﬂg

hE

5,
5

wiby, cornponent aging o BE: span, and envirotmenid sonditiony st s

s
¥

torsperatireh
& need romoing, thorefore, for 8 control methodd, apparstus and systim,

o~

v JO myomeniation, thal oo

Lo oundp

using Jow sy sonsing snd saitable

¥,

ourpent acvaately while ehiminating those draedbacks caused by oxisting trehwigues,
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Such an apparshey methad and systony should provide @ simpler contrndior cotaparad o

P toohntgues, and forthor provide exeelfont securacy ml not exhibiting the

probloms associated with price avt technigues such as OPM technigus. Suchan

mpm&mm, syntern and moethod should also condead the imenstiy (v

ghingasyof g

grntasimy for solid state de ax LED, whils simabancously prsviding for

substantisd stability of perocived color emission and comtrod over wavelen
over both a renge of intensiies and & range of LED junciiont tomperabarss, Suaciian

appsratids, system and mothod should be capable of being ploroomtod with fow

conmponents, and withoutre
SUMMARY OF THE INVEKTION
The exemplary ombodimans of the presord indention provighs mumdrons

advaniages tor pronviding poaver ts solid state Hghting, such as Bght ovtting Qindas,

The exemplary ombodin

iy atlove for energizing ove ov moee LEDS, eomg digirdd

!

&y

contrest and Tove sidy sevsing, enabl

s o voliage ) wmysiomaniations.

S ERNQTHE t WYY

R

o or varishle

P
:;)

DRETATYS an e ombodimonts may by iroplomeried with either 8y

frequspoy swiiching, and may be uplomentad with sither AC or DO power sougos

kN

As s dlgitsl tplomentation, the oxemplary onbodimonts may slse bo roplomontod sl a

reduced cost. The exeraplary smboshirosnis slse provvide for precise cuvvent contivd,

wd toleranes fovels. dn aditiony the oxmplary ennbodiments also

slimirte the reguired RO Glioring of the prioy ant

3
1

Fortiiar advadagss of the exemplary enbodiments furthar provida

e

v For solid state devives such as LEDs, while

controlling the mteasity of |

sivndtoonsty providing for substantind stability of poseoived volor onudssion, over

Ry

both & range of intensitioy and alag Over & ran

of LED junetion tomporetares. The

exemplary oinbodimensts provide digrial control, without regpiving exiamsd

The excomphiey crebodiroents do bot wtilize stgnificant resisy

frapedancss b the curvent padh o the LEDs, rosulting v sppeeniably fower

and worcased eofficiinoy. The exomphary currant rogulator conbodiments also oilize

congraraitvely fower compononts, providing reduced ost snd size, while

Ry

N -

.t;im1.EE.!"3;1=30‘(3;\‘§}-‘ moreasing officieney wwd enabling longor battory R wien used in

portadle devicos, for exaonsle,
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«d e

An cxeraplary embodiment provid il of controdhing solid state

K

ng &mmia ai

,ﬁ
=
7
i
-
P
G
:
=
=
=
e
&
=
@
=
&
4

path, wned the solid state hghting having wy electrical covrent. The exomphary maethod

e

.

coraprizes; torning the switch into s on staie; deoat

ingwhon the electrical curvent ha

reached & prodetermaned averags curront fovel defoening whon the clectrical ourrsnt hax

reached a erivined current throshold; detormindng s frst sn e pertod as g

duration betwesy detection of & soooud prodetevmined carrsnt fevel or tw

switch into the on state angd the stion o the predatesanad wvetage cureent lavely

3

deternuniig & seomul on tne peried sy s durstion bobwad:

prodistermbned average ourvent ovel and the detestion of the fest prodetormpacd owrvent

treshold; snd detormining anon tine poviod of the switch oy sebstantially proportionat
i s st of the St on tine pesiond wd the Second ontime il When the on i

R4

o has olapsed, theovomplaey also provides By herang the swileh indo an o uale

The

reachod the second predetormaned Gavent threshold,

)-;.u

>exemplary mothod may alse provide Yor detecting whow the sleotvioal cument has

The exvroplavy embodineniz may oporste inoa fingd o vartable

frequspoy swviiching mode. For the Hixed Feouengy seeiiohing, subseguent ybanmng

the switch win the off state, whon g fixed time poried b olapeod from having funed

e swich foate the orostte, the exevaplary mathod agais turns the swich i an o

state et roperats the dotestion sad defermbation steps. For this oxen

sonbodivnent, the mothed slve provides for generading av ovaw signat &y » difforamee

time ;}é;ﬁi@d proportionaliy o e eoror signak

o

Fov vaniable froquensy switching, whon & sarront off time prriod hag

clapsed, the exemplaty mothod provides o determining the cavmat o time parind of

e swlich as g Dmotion ol the Gest on time period and 1he setond on droe pariod, dnd

e

he current off time poriod aof the switch as a functin

siore partionlacdy detprmining 1 af

D

o~

e first ob timg ;f-‘m& the seorud on tre period, and @ provious off trae peried. I
an savovnplary ernbodiment, the Currest off time peviod of thy seeitohy may be dotonidie

&N
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Sl TopeKon 1Y s the cureont of e

sond o bl poeid, Tord K0 B a provious off o

Eﬁﬁi‘ﬁﬁ& Tiven
peeiod, amﬁm;ei’%i}%ga. urrent fivst on tiwe perind, Insnotisr exomplary

S

eotbodivuant, the current off time pard of the switch may b deterrained as:

4

50 SN e e .
~a whieh ToppRet s the

e poried, Tora{Rds i3 3 provious Hirston time poricd determinad using

o the second prodetorrained curvent Jovel, Tona:(B0 s 8 provious secend on tioe paviod,

Fops{K ¥ is a provious off Hime poriod, amd Tow K1) iva curvont St on Hime peniod,

¥

in snother exempdary orabodiment, the aurrent off timwe ported of theowiteh may be

determined wxe funetion of i current Ird on e periad, @ provious seeoed ondime

portod, sid s previoas off tme pentod, or as 8 fntion of ¢ carreat St on time perind,

s provious Hestont timg perrod, 8 provions second ontine perisd, and a pre
i poriad,

En anothor oxomplary sbodionent, the mothod weludos adinsting the
garrost off pote poviost by peovide thar the fivst ot pevioed i substaptially etual w
the vevondd o e period, Bysddiion, du oxomphoy sothedd sdso provides fw

devrossing the surrent off time partod proportionally o a da‘ix-aing_

poriod, of dedraasing theo o Hme pontod propestionaliv o s deiving g

woe perioad anch e Coanpanstor falling edge time g-a::'ri{ted. in another varigtion, the

exenydany method may include adjusting the secomd on tive period froporivaally 1o

gate tal

s odas e poriisd, o dosrensing the seoovd on tinme perioed
proportonatiy oa driving gade Talling odpe B pertod and & compurstor Balling edge
time period.

The exsmplary mcthod also provides for detenmining a blanking tiwe
fepval following twning the swiich foto the on stale. Drartag the blanking time

svorval, the exemplary metbod provides fov tgnoning the detection of the second

X

predeternuned owrront threshodd, the detection of the prodoeoinad averages current

o

level, or the detection of the fsd predutarmined corrent theeshold, The bladdng ti

in minadd as propovtionad to @ wate vistog edge tme peviad and 8

terval mray b g
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i

ansiont currant tme peried, oy ay proportiomal 0§ gate ristag odge e poriod and

detectim of the prodedermined sverage cany vid, o oxample,

fo apother sxemplary erobodivoent. the exemplary method inciudes

ness fovel of the salid slate hghing by nsing st iosst vwo diffevent sud

sy fechoigues. beoaddition, the method of adlusting a

¢ sodigd stuse Bghting may wchude using s hystorenis of al loast twa

glogtrieal uerent-daty oyl

e e\mm §<~1”: enbodimesy ¥

one Hyld

,.’: 7
=
X
o]
.
el #-
o
L'J
¥
foe
s
<
Lin
&
%
’:..r" o
,.
s
PN
fosa
ool
o
@
o
“
)4-'
et
o
%)
ol
P

comparatively low \f{\iz\w apode, and o whsoadn the dotpotion of the sesond

predetetmiined current threshald, the detection of the predeterminad aserage sirvent

fevel, and the detoption o the fvar prodetermingd current threshold sotur st e

hodiment, the solid staw lighting congises a

P
9

§
4

wepded Hght oraitting diog

8 SR

sponding swich providing an
clootrical cumrant _mﬁh\ The exempluy method way alao nclade separatady detorining
s eorresponding frst on tiue ported, & coreaponding seeond on tme poriod, and &
correspanding on time portod as substantudly proportional tothe sum af the
corroxponding fivst on Hme period sad the crrresponding second on e poriod Sy

gachoarvay of the plassity of svoevs, when the corraapoiding o g paviod hay

plapred, sopsvately turning the comre ommﬁ._a,g swviteh ime w ofT srate and St);’.‘:ﬁl‘&%t"ﬁ.fi’?

dSIETINING & COTHUATR vy of grrayss In

additiom, the oxumplary method sy alew invhuds dng

corrosponding on
tirne poriads of the cortadponding switchos ot the pl *\'misi}v of areays, sach ax by
suveossively swikihing eletivical current o sech atrey ofthe pluvality ofseviys for tie
corresponding on thme period.
Anothor excogiary ombodiment provides an epparatin for conirolling

solid state lighting, with tha spparstay comprising: g sselich coupdabie to the solid state
Hehting: s fest comparator sdapted o deforming when 8 switel slectrios! curvent has
reswhod & fst predetorotned curvent throsholds o seoond comparator adapted o

deterpene ehen the switch clertvizal curvent e rosched a prodetmired average
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B

SXMIY

gurrent fevel; s a1 controller coupled o the first covppavatnr and B the 8

comaparidor, v ansxomplary emboediment, the condrotior ix adapted to turn the swiich

e
&

fevto s o st angd an of Vadaie to dotormine o fiest on time pordod sy g duralion

hetweerteither g detection of 3 second predetoms i threshold wr the tamng

81

the switch fute the ou stale, and the detectinn of the prodetonmingd aversge ot

fovel; o dolormine & sooond o tne pertad as a doration detwnen the detention of the

prodeterpmned aver

threshald) and to dotenmine an on tuse povied of the switch s .‘faﬂﬁ.ﬁ?‘,&iiﬁtfﬁf?}

proportional tou sum oF the st on thne perity
corptrotier s further adagsted o porfnn the tathodulogy discassed sbave

Toan sxomplhary ernha wsoabso mohudes a guee driver

1

crrouit coupied betwean the cantrolior and the switch, and witerein the comrrolisn is

;,

y

adapfod to tarn the switeh ooy aud By oo the swteh of U by gondrating a corrospa

1

sigual i the gate drdver syt Y apparsios ey ale inchwde o thied

sotrical carrent has veached the sevend

COERPRiiaon Jd&f tad fo deloranie

prodetormingd curvent twesholds # reference voltage

~

roference voltages rospoctively corraapemnding to the st and second pradetoruined

current trasholds and fo thoe prodotormined avorage currong loved aninput-oniput

svorface coupied o the contradior wnd sdapted to receive an inpma contrad stgnal, sand g
current sansor coupled 1o the frst snd second compsatins and to the switeh, &n
exemgrary curvent sensor 1s ombodind ve a restative clrenlt sienent,

When the solid &

phursliny of serie

s iy further coupdod to s onrrasponding ,\fs»'i.i.ci}, the controtiod ix huthor aduptod to

saritehy determng

e aneon st and an off sty oo

earling ¢

g sectnd on te poriod, sad 8

e

s eorresponding frston thee pu’iofi\ & currespondin

p55

corresponding on time poriod us substantslly proportionab o the suny of the

e o

gorvesponding Hrst on tme period and the eorrssponding secomtbon e poriod finr

~

sach svvay of the plarality of evvavs o when the corresponding o i pisiod hay

olapsed, o sepsratety turn the corresponding switch it an off state; to separsi

determinge & congsporniing off gme porisd for cach srray of the pharality of srvays; and

miprhzave the vorrespording s fime pertods o the vorreaponding ywitches of the

b

%



s

Y

-

24

3G

LSR8 PH LIRS R Jed

AR

oby BEn EHe sh on sEE0 o

i
,,
»;

ality of wrrass fw the sorrespongiing o time periﬂd,

The exs:n“api ary embodiments abw provide g sobid staie Hebling system,

e sysian couplable to a power souree, with the systoro copwisiag 8 pi‘u‘r v ot

les-compotad uht gmitting dlodos; o of pwitches, &

arrays of sy
gorresponding switch of the plursiity of switches wu;*i sty cuelt the mvay of the

plorality of arrays of Hald eoitting diodess gt least one covresponding fsd comparator

atapted to doteroune when s corresponwling switch slectnical et hay reached a

cortasponding fest prodetermined vurron thresholds it feest o votrosponading séron

T, 3

covnparator adanted o detormine whan the corresponding swaich elosuical ¢

£e

reached & correspondivg prédetonmdnod average current lovel; and at feast one

controiier conplod fo the corresponding fiyst compaatar ansd 1 the corasponding

sevond comparator, U st e the corpesponiding switch b anon

state aod an off state,
botwean eithor o de
or the tuming the corresponding switch i the o gate, and the dorection of the

corrssponding prodetormined average carsent fov werdotorming & corrospondi

socond o e ponod as & duration toction of the coresponding

predetervuned average awrrent level and te detecton of the sowasponating He

prodeternnnod currend threshidd; and fo deterpine & conresporsdiog on fims poviost of

fhe corresporihing switoh ax substanilally proportisned o a s od the corresponding

fivston tne peviod and

or

he corresponding segond i inie peniad. The examplary
comtreilar s also sdapiad 1o sopararely porfonm the methodoelogy of the fnvention for

crah aroay, inchuding the tutorlonving and the othor foatees discussad above and below.

T addition, i the oxernplary systom
coupbod o @ DODC pawer Conpveter reaeiving s DO inpis‘ valtage or couplad 0 AT
D pOwsn SORvarter peg

ek

switeh i sobstantially sovo when the vectifiad AC fnput w‘;iiz;ge ts budow o selegted o8

dving arpotified AC & . Whaon the power sourcs

# convesponding

provides 8 recttfiad AC nput veltage, anclecttizal o

prodetermined threshold. I addition, when the power souree provihes a roctifiod AC

o~

s ontraior §s i an ofUstate when the metificd AC nput

gt vk, the st

voltage s belimy @ sulestod s predetarmined theeahsid,
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Anumther exeraplary ombodiment meludes an appiwatus for contrailing

sotid state Huhtmp with the apparatus comprising: & switeh soeplabls o the selid state

ey

Hyhtine a current sowaoy eoupled o the switeh o st comparstor adapted to Jolerine

when a switch olectvical current has roschod @ first prodetermingd current thresholds s

g

serond comperator sdaptad © dotormine when the swiich cloorical Grent has

pradetornnned avecags ourvent Invell g thivd comparator adapiod foodoterming whon

&

T

the switch elegtrical civeant has resched @ socond prode

ined currentthreshold,

reforanos vollsgd goncrator conplad fo the Besr, seonmd and third somparators and

4
REchNS

m;%’::ag}i‘eii i provide weforener valbages respeotively sotroxporuding to the fist

ferimnad current threshnidrand o the

predsmmm ad average current [ovel; an input-ontput imterfuce ddapiod 1o redeive an

v

Dt contred signal; snd a contradior couplod 4

Rird compaion

and to the input-outpat fntorfacy, the ooastrolior adupted oy burn the sedtoh s an on

iy

state and ay off state, fo dek oy lime portod as # darstion betweon either

the detaction of @ second predetermninegd cuvront threshold or the tarning the switeh o

ctipn of the predorervungd average cureent lovel; o detgrmine

PR

i

& seoond on thne poviod as & duration between ihe detertion of the prodetermined

2

servend foved and the dotoction of the first prosfetoroingd curvont throshold; 1o

deformime s on e porfod of the switeh as substsrdiaily proportonad 1o a surond the

fivst ow e period and the socmuton time ponod; to turn the switeh fnto an off stat

when the oty peiod has slgesd; and o detormine a earyent off ime porind of the

switeh ds'a Tneton of the first on tme pentod, the second oo e peviod, and a

- advantages snd fostures of the prosent myvoation will

bocome readily apparant from the followmg detatod dosomption of the vention and

1

o embodimments thereo!l frof the Clasiny dod foemn the wig

vipanying drbwings,

el

BRIEF DESCRIFTION OF THE DRAWINGS
Th olyjoniy, foatores and advaniages of the prossntirvantion will be

raore readiby gpprocisted upon referencs fo the foikmving disclosure whoen considerad i

forenee nunteralsane el

mnjs:;n_cﬂ on with the acoompanying drawings, wheretn fikg s

v ke E'E{ LORNY RN 1! the vanous vinws B, P whwherets ‘:'.,‘E SYUCQ Y
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~ M=

v ars il dentify sddintonad pepos, rstantiations o

vartations of @ solectnd componnnt ombodinment i the vacious viows, i whicks

Figure {or "FRE) s a bloek and vivauitg

system cinbadinent and fiv Hoent i acos

2L dividad ot FIGy 34 and 2B, are graphical

s

s dusivaling o fest axemplaey currant watvetorot Huesiel the sobd state hghting

cirdanos with the teachings ol the prosey

anad throngh & seatoly respoctive

SEHGY

oy civent overshoot, i socordancy with the

currantwavefonm of a solid sate
teaphings of i Aut invention,

Ty is @ graphicel dlagean hstrating an exomplary

sent undesshoot, 1 accordance with the

e
)
g
b=t
b
<%
24
o]
=
-t
3
g
o
£
)-,,,

teachings of the prosent invention,

gram of an fnrush cwrent id g

o

SEFRET) S i a graphics! du

Blanking tme buorval v socordance with the teachings of the prosent fpvention

Prgare for "FRE 608 2 raphica] dlagram dlnstrating combingd pulse

soishh modulation OPW M and amphitude modulation By boigidness adpstment

socidancs with f:h:;—: éeaci:}i.n_gg of ihe invention.

UEFIETY T bow wraphival Qlagrarn Hlustrating hvsteresis

o)

betwesn two smphitnde lovels sud im‘y cvole vatios Tor nghiness adjustownt

accordanee with e toscinngs of

U E s e blooksnd cirowt disgrany of an sxomplaty

secimd 83

o ermbodireont and sSecond apparatis ovhodineat i accovdance with the

tpachings of b

KR \;3“

sraphical Glagrans Hastrsting 2 secim
exeongdary carent waveftnrn theongh thesolid stale Hebting snd 8 veotifiod AC curnent
in aecondancs with the teachings of the prasent Inventivn

CUERGET G is g blosk and srowt dagransd an oxeraplary

i acrordance with e tachiogy of the prosent invantion.
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~ 1=

P11 % a Hming dagrem tHustrating exomplary
soexonphary toed sestom oot v acpordanae with
e irventon,

SEHETY 12 s g How diagram of we exemplary mothod

et vt

DETAILED DERCRIPTION OF EXEMPLARY EMBOMMENTS
R

owings snd will e deseribied hereln in dutal

Ho of mmbadiment o roany

X

{

While the prosong fpvention i suse

ditfirent fornu, thore wre shiown i

corvipdary ernbodivnenta dhereot, with the undesstandmy that the proxent

disclostas iy 10 be conmidored ag s exemplificanion of the principles of the invention

ic entbodiments Hlustiared, In

sind {s not indended to limit the inventon to e sp

rospect, bofon oapluining at lomt ong crmbodivaent consistont with the proxent

wvention o dotail, 1 to be wdersiood that the vention fe sot Houted iy fs
anplicationt o the detsily of comstrucnion and 1o the arvangorsents of componanis set

5, o as deseribed by the

forth shove sud bedow, Hlestrared inthe drawing

fass covalaton with the prosentinvention are capable of other

R S 1 E I
SRS &Y

avvied out movanons wavs, Ao, B s e
unskzratood that the phrascodogy and terminndogy smploved hergm, as well ws the
sbetract included below, are for the purposes of deseription and shondd rdt b rogardad
ue Hrabig,

Ag montioned above, exemplary embodimams ofibe prosent fmvention
provide mimnerons adviutages oy provighing power 1o solid state Hghting, such as hight

conitting diodes, Ths mbodirents allow for cnorgizing onc or morg LEDs,

asing digitabcontral and T @ido sensing smabhing low vedtage 1 iraple

The excrapliry spparstts and system evbodiments may be ngslemented with eivher

rogueney switching, angd may be implomented with athey AT o DO

fizad or varabie

pinwer soutons. As s dgttd implevontationy the oxomplary entbodinents raay s by

impiomented af @ rodeced cost. The exsmplary orabodinminty alse provide Ex procise

3

curvent controd, within any svicoted toleranoe

snibodinents alvo clminate the ree

B O ORI oy ¥
advenbrges aee discassed boling,
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siveutt disgrant of an excmplary fest systom 150

gbodiment ard fent appaeatus 100 enbodiment i accordanve with the texchings of

st nvention, Ree single ob As ilhuatrated wo Figoe 1L the

pet

systom 130 coroprises an appaeatis 100, @ covegrter 1280 wilh wowray of LEDs 110 {as

{F
el
b
25
B
=
fos
2

N
St
o
=
144
55
it
=
2

~
=

L7
=
[
o
et
[

P
s
joad
=
oot

s
o]
g
&
=
£3 ?
pe®
]
peiecy
_—
-y
[

7 f_‘/
fo

sy
o

s gxovgrary type of solid state B
X a8 ir.:'i;ﬂe:sr;mis:d wainig g reststor 16080 The tdlosteated configuration for the converier
124 55 2 Dok covrvarier, shthough may othar configursbions and Depes of Coapvartars
rany he wiilized egivalently, woquiving only the vapshility for Mo ':_si_de” {aode 116}

¢ ow sty feg stnede

v sunsing, Le, current sensor 166 s on the corpartividy

11 t} of the powar sonvertey z.z.@,, as desoribed fn greater dotail bedow, The comvetiey
$sud s diods LIS, with e mnductor 103 having a senes
QOHNE The switeh 138 may bo considored past of the

apparatas Bl or part of the coavertor T2 As ktenwn 1 the art, othot componaiits ay

also e included widun the converrer 128, and arve wlso within the scope of the presers

WOrion.

EX3

Phoe apparatus 100, slso referred to vs o Vdigital LED deiver™, comprises
s oovsvallor 123, a pluraliny of comparators THL 135,140, and & veforense voliage

genorsior M8, The compargions 130, 135, 190 and refnoe voltuge geoorstor 148

o4
3

sy be aplomentad as knoeen or beoomies Rasewn in the electronte avts. Optionsily,

R RTINS

:

e apparatus F may alag iclode s inpub-outpat OV

{anndfor ranernit) varions signaly, such ax on off], brightooss (hmuadngy nfhrmation, or

sthey eongrod inforrsation (suely as from o bailding coutead svsom, and oy

CORENURITEE using my wotocnd, ay described el The sppassius 100 alsaomay

<

welude & vy 173, such a3 to storp suttings, valugs, and othor peramoturs which

iy Beoused by the ormttolier vich aiso may have & corsrection to the TQ

sitoriace 170, B & it psramieters. Varlous mgdoroentations

of the controller 125 & S embodimenisy, the VO boorfsce 170, snd
the memory 173 are dosoribed in grostor dotaif bodow - & switch 133, typically

mpiomented a8 w Geld offegt owiswry CFET Yoo e othet tvpe of ransiaitd o

switching device, may be consiierad fo be part of elther the apparatus 106,

converter F24 o thas s sontrtiod by the condrollor 128, typ (‘~Ev§}-’
hvogh an options g -"} 185, The amrent sensor 168 adse may e
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i

Those ot

considred oy be pant of either the

gparaios Hior e

ti urnorable

the st will coognizg that the cavrent sensoe 160 oy b =m§‘i

ways, i adaitivg to the hustrated reststor Figore &), and sy sndall of winch are

considored equiviion snd within the seope of the invention. Ne® separsiely ilusbrated

r

Jdd andioy Vi ground, snd clock {oscillatory inputs

ha

v Figae Darg the teplos

e torpunal esirsted as Vi o

and GXRE or Gy and ‘@;\}

and conpentions for the apparatus 100, In addinion, ¢

Viv may also boa g

Adsvrns Uuamated, Vi s hine

AX

volage), UsIRg uit syt voeurent waveformy & an Adl

1

fryplomentation afe Hlasirated and disoussed below with veftvenee to Figare &

Ax mentionied above, thes ppas‘eimsa FO0 wmipiomants “lowsside™ sonsing,

Rd

such that voliages are detocted on the “low > of LEDs LG, vomy riofast

watde™ sedemg of inductor 185 {or LRI HIO) corrent. Accordingly, the apparatuy

1Y is not required to tolorate Mgh voltages which woudd be necsssary with hagh-side

sevsing. The apparatus 100 oporsies by detecting vantons LEDY 110 cuevont levels swhen

the switch 133 15 on snd vonduciing,

snd by thy contzg caloidating and

prodieting optiaval switeh 1833 Yo time™ durations {"‘"E} "y Edivided dnto frstand

v

socond portions) and awiich 133 Vol e dorations { Hy controliing the on

\\

tions of e switch 138, the contralfer”

swvd off du eroby regulates the surront
Hrough the LEDs I, with owent incrossing during the on how, s deorcssing
during the off toe {and Bowinyg through diode 113, rather Buur the switeh 133}, &
dhuatrated 1w Frgure 248, In addition, forthese Srstavston and spparatius embodimans,
bocause the commbingd duration {aritunetiv swnd of the on {epd and ofF s times
for the LEDs 11018 not comstant, but ts variablo, tho systom 150 has wovnable

n dizsaussed below anth veforenee

gomparatirs 138, 138, 1, 10 corvesponding rgt

TN

vishage gonerator 143, When the switch 133 s offand not eondupiing, howeyer, &

shoatid be noted that no surrent How threugh or otherwise will beavarlable fo the

i o

cuvrent sensor J6 {owitch L35 awrant falls o zovg d

sillusteated in Figure

2B}, amd ay a consegunnes, the covaparators 138, 135, E&'Ei}g will ol have corresponding
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voltage wnput and will therefony have a fow (hinary zero) mutpuat. Deseribed another

way, daring the off tiow of the switeh 155, the coraparatens 130, 135,

e
3

S current levels,

providing any {valid) iwltvrmation coneeraing the L

N

To aceordance with the prosent mvenitan, the controlier 3

rtorraing verious on” thines of the switch 153 to provids woselocred or proderermaned

average current foved through fhe LEDs 110, which currentis further loss than a

wubokd foveland torthan o soicted oy

A average current througi

wodstornined curront n il A fiest pomparator T3 iy

throshold {"HT Y loved, tvpioslly an g voltage deross the

}

s vollage dovel m{}yidﬁa‘} by the refrenge voltage gonerater 45, A weond

currentsonsor IS by comparing the voltsge kovel across the carrent stosor 160 with g

csocond, Eay throshedd (LT oved, by

cvedtage fovel sevoss the carvent senser 160 wath @ sovond refarenee

vesdtage Tovel provided W ’vs}imga SEE

N

140 iy writized to dotoct tho thivd, sverage v el Somsy

thercurrent sousor 160 with » thivd feug, average {TAVTY refersnos vodtage foved
provided oy tho reforoncs vollage gonovator 143, Bused gpon those doteeted lovels, the

controllor 125 will deternmne the acturaty {and aptimall on thme dusanions for the

ix Y b '\';\“ o \" e O w.\.. & 3 v 3 0 o N
.,\l"){‘)\_i%}h. 122 USing iiosg sw “on tine divs vHons, and 2 gurren

shration (whivh st witiad stert op sy be a default vadue), the

caloniate wonest off nme shvation, Quite vapidly and sl very Sovw o and off oyveles

ohecontrabior 125 will cause theon and of F durations of the vt

.

195 10 conydrgs 10 steurato {and optimal) vidues, sud Barthor, 1o provide any

corrsgtions within very fow ol ol asdui o potontially Hlactuatng gy

vorbidge lovels (Wi sodir ¥ \\k

g 2B, are graphics! diagrams

4
“i

Hluntrating  Arst oxempdary current wavetorm throush the solid statg Hghting {(LEDR

TUHE (and

,.‘,
s
frecy
T
i

cing egquad to the carrent thimagh e inductor 198 and teough the switeh

185, respestively, b aovordance with the teack sent tnvendion. Al

Hustearod m Figure 24, during vuiial start up, the switeh 135 o (Towed 1), itoyvsd

214y, and the careend through the LEDs 1100w Burnng thig timg
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period, ay the current eroases and the voltag: somss the corront sensat 160 ersases,

theevoltage fovel aoroas the surrent sensor 160wl be c::am'gmmd by the conprators

Rock

130, 138, 146 As the variows treshold lovels are re

sudd the contreiter 125, 0o

140 will provide C»ﬁ‘ﬁ.’{?s‘:ﬁi‘}li_i‘iiﬂg

23

X

furn, w8 adapied w dotormine the corresponding Hme Itorvals {durations} for the curent

¥

0 inorease, for oxample, cither oy when the sebich 133 has boon twrned onto the

ccurpent lovel (agnad frove the thind corpparater 140 Yo Bh, or Som

1 {stgnal from se

tho sevend, fow thres onud comaparator 138} vo the thivd, average

e fan

¢lovel {als g signal foen the thivd cormpuratin 1483 {Fagd

the thivd, svorage cotront foved 1o he Brst bigh threshold havdd f?w,ﬂw: onal Froam the

fisst comparator 130) Upon reacking the firgd, ligh threshold, the fivad commpan

A provide & Cotrespo sl to the controtler TES, which will fhen turm offthe

secitoh 185, tvpioaily vigthe gato dvtver 165, and the cueront throagh the LED THE will

veass {ERTY During fratial start up (Tol ), the Teay

b intorvad 1 not

LA

Brogin fo dog

ufihized (oo, pafficientdy gocurate, due to the stavt up Bmed, angd @ dofuubt off v

b
'

P

i,

3 3

efwult mtorval, the wwireh 133

fgrlemonted (a1, such that following sthe d

furned on apain {I&TY,

o aceordancs with the exomplary ombodimonts, the ovtime of the

w divided i tway snteevads, Teen G and Vol iodexed fiw cach
de PR of the switeh 155, with conseouibve oveles sofomraed tous K and
SRR P, wath Tona B being the e mtervad sommencing with tuning sn theoovieh

185 and ending with the LED 116 curvent reaching the thivd, average carrany fovel

U Bein

i the i interval coransmcing with the currend Saving

by

custdnt fovel ot and onding with tho LED 110 durrent
resching tho firgd, high theoshold cvment lovel {hy) Braddibion, o aceommodate

varsiay put (e Pamd output (Vo voltage lovels, another Teey thoe nforvel s

arilived, ustrared in ’fﬁ'if?;u:z‘( RO (17T pannd Tond Ko 1 (198, which ithe

v

tine intorval comanoiig with the LED 110 curvont roaching the secotd, low theeshold

e

o7

gurrent lovel Givand doding with the LED 11 curont reaching the thivd, qversge
arvent Towel €8y k\-{}_, The TonadR and Tie K D time pordods arg stilized for the

the inductor 108 owrrend, hstrated ss aorves 183, 18 i Fipes

2AL The ahomatbve frston Gime, Te by Promn he secend, Jow throshe
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sralfy when valid sopond, bnw

information is obtainalie {depending apon whethur the low threshold

hawx alveady Desw vachediy

o Manking oo Interval hay clupsed, as discusaed

helowh Alse i sccordsge wit grlary evnbodiroenis, as tw apparatos 100 has
a few oycios of oppration, the time at whigh the switch 135 is tirood o will be af about
the seeond, low thresheid owrent foval thyl

Whant the sweiteh 1535 s turned om agean {187 de

’L
u:/
..,,
g

vase i onprent thee

v and output { Vot voltage levels, the ine

companitividy Huear {182, IS}, typivally for the dnput voltage ¥ baing sigeifivumdy

Ry

Vi 0 sy hoonoitinear {183 ‘s i

groter than the cotput voidtage

it voltago Vi baing compsratively ¢ g Ve The

[

.E‘: =

exemplary ombodiments of the proscnt froven

rrpardioss of either the hacar s the nomitisar sitaatieny,

o
3
it
-
M
.«-»-
Ea
s
s
-
5
1
2
=
o
ot
fay
]
paied
[27)
4
,.,.
(
=
#
<,
poes
ot
(’«:L
<5
o
f'/

upor the inpot from the compuaraors 130,

SERIINS

ations Ton (K aad T hold bay

Bovn reachsd, the contrailor 125 will ngain turn off the switeh 138 {'_?{:‘fg 198y

catoulate thepext ofUduration for the swiich 158 (o be stilized owrenily), sueh that the

LEL curvon dovel ia goneraliy xopt abeen the seeond, low theoshold (188},

- b

andk

have undershoot {or bay osigntiossd undershoot (as may have ocored provionss

tutial stiot upy, as Hhustated).

Tha contruller F28, goverslly, will doterming 2 cwrent off thne of the

s function of the on time and the previces off tme. More specifically,

otfer 138 will dotorniing a current off e poviod of the switeh s & funciion of
the fivst on time poriod, the sopond on tive poriod, snd @ provismis of P time porssd,

ally, the covitrolter 125 will detorwane & arrent of P timis povied of

e swlich as g Dmotion of & current Hirst ou tine pediod, & previows scoond on tane

period, mnd # provioes off tme pariody I another alternative, and alsoe maore

wably, the controdlor 123 will dotorming aourront o e pornod of the switch ay

~

¥ fimetion of & cudvéant fesh on time i

ad, g previvas Brston thme pofied, o provinusg

seentsl on e pored, and a previous off tine peded. I addition, ewrmamt and

provious shoull be voderstood b thetr relative sense, whish are alsn pairs

gontivaloat o the selarive toros ext and aurrent frospeetively, as  paiel, so that any
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reterence o olairs 10 curvent and o wderstiwsd o mean and metade

noxt angd gurvent, rospogt

Dhinng wny given oyele, st ihe pomt ol turing off the switeh 185 {18

1994, tho carrent values for paranetersy for Trapd K1), yand the provioas

ues for parametors) B Tond K, ToetKy snd Toee (K are known, o acoprdanes

with the oxemplary sigbodiments, the nesd off tome {lare (R0 winioh will be atilized

e the eurrent ovole GOV sl be caleulated or otherwsg by the controilor

=
[

ot
)
pRon
prrg
P
174
pracl
g
7

evirns off ttnse (g {}_“\'}},, sued the various on fRes, s

s T 1), ef thé

w 'f aund th “?I“&ih]io

fivst on tivoe Tow (B, Maore spec i secordanse witl e Invennon, the switch

L5 ofF i (Vo (K18 adiusted

abhout or &y

dusired current i‘::gu?eriiam misbuyaining the avsvage cuvvent lovel (o) whiks weneradly

ing the curvent bebow the sy, fogh threshald (heyand shove the second, low

3
i
e

o), doperding upon the allowed or tolerated current ripphe lovel.

When Vin s significantly }ugim than Ve, the indector 13 aerontrise

slope geoorsily s substantially baear (IE0 163 Wo may sssume that thoe convartor

126 mp snd sauput voltages Ve s Vi doomt vary Tdseoon conseamive €3

s Buek comverten, the current rising slope ix defured by (Epration Ih

ST ST e
CREVENY INNIRG

such that the Qurrent vising Shape does not vy appreciably beiwemy consaeutive o

Rivee oopvoparstors 1Y 135, 140 are comparing agains Bxed theestindds Ly, Jovand

Fave Tony shoald romsain the same soross de conseoutive cvales, Lo (Bquation 2h

such thatany

&

chragnals Toud KD from ¥§;qi;s;'ﬂ"i£}rz ot

(T pioureents, then (Egquation §)
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 intorvels) R

Diviging Eguaton 3 by Eguation 3 {ue, Eogustionr 3 over Egusbion 3} o romove @
depandonce over Ve Vo and L, yiolds (Bouation 61

A (K

(K 4133 T XY

Fhua, S oxamplary obodiment, the pext Teee (Kt shoald be

genvrated by the contralior 125 ag {_if:'.quati.m:a b

{c\ *3}‘15( \\i;{\\-

33

fernontation of Bguation T reguives one mulbtiphy, one siuf, one addition and one

divide operahion pay convertey 120 switehing oyela, The porfoemunet of the appatahs
HRL thovotorg, s about two swilching Sveles o contvorge o s taveot vitluos or
parsvactons fo Loy, fivps and e oaddition, the reguwroment of one onttiphy and divide

por-convirter 128 switching syele can be relaxed if the sonverter 120 switching

froguumoy s much higher thaw normal ripple found w Vv and Voo As mantioned

o

Dhs OF provious Hrst on time

shove, however when the currant firston fe Fowid

Tonat K ave avatlable {ie, owy be moeasured afior the Eﬁiarﬁl{ing sl dh
hodow), these mossiromenty may be utilizod instead of the current st et TomK

ey time Tont K

SWhon Vi by sot rouch Mgher thas Vi, teoiviog sﬁ:};}e of the induetur

108 curront 1s vo Jongey Uacer {183, 188 10 Figure 285 Typioully, the mitisd slope

during they Ten KDY interval s stoopor than the Trepf K intorval. Beosuse in this case

‘%,

s closired vinae cuvrent

Bauation 7 may vicld 2 masch fovear valioy () carroat than 8

o

Favy Egustion: 7 can be mndifiod 88 (Bgnation Ry
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oug curves 183, IR or the

v A
AS hsTusss

storrained o

bolenw, hoswever, bogunse tw contaller 125 of vartony exeveplavy smbodiments does

not uttlize any ocutput of comparsttors 138, 135, s d “blanking” nferval

follonwing turnmig on the swiich 188, 1 prssible that the cutpnir o the seoond

cornparaior 133 {41 may b abrady bigh swhen the Manking nterval hay slupsad and,

-

iy which case, Bguation 7 i utilized to culendate Topy (KD s s, rathey than

Reforting again o Figure 1, the theesholds {poake (I, valk

18

{hat carvenis usod by cotparators E.,\.‘.s; 135, 140 are sot Vpredelermingd)

in the appuaratus 10 such as by mpatd ves using the FO interface THE, amd

storing thuse valuex as parameters or values bomemry 1730 For oxample, far an

%

Yo vipple in LED Y cwrront rogatlation, poak (I

L BVOTEEE

cband valley (ory owrrants cay be selis Do gpart by HBG dntorvals, Typeal vabus
fur posk (aek, svosige Uavy and valloy Hrd corronds swe roprosaivd by congaponding

sy arross the carrentsensor 168, we, at armarad 8.3 YVolis Guwd can be lower whan

S %,

o sobuoted based wpon the dosinad aa.ppiiszsiz,as;zm far

-~
=
¥
oy
b
&
7
bl
<o
3
o
o
o
]
P
<
et
e
”,
i
ey
o
o

For oven more fing-gratned curvend rogulation, the oxemplary

embodimontsof the mventisn abeo acoount T e and Gl dolayvs oflths vasiows

switchng clemuents, such as the vcing snd tlling ime delays of the swiich 133 ke

X

pado drbver 163, and the commparatoes 130, 135, 148, with any popa

fncluded withivt sy such visiag and Blling tine dels

s & grephical di

Hhustrating an sxoplary Quvent wavelbem of 2 solid staby Hghting surront ovarshood,

b
=

waccordancs with the weachngy of S present fvention, Hlustrting Uy greator detail
section 315 frove Figure 3. Fgure 4 s o graphica! dlagram dlustrating an excraplery

gurrent wavelnrm of & solid state wont undershont, i acoordanos with the

trachings of G proseat inventivn, Hlustrgly

2
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wihen the LED 11 cavrent rons

hex the firs, high

21 rine S assoctated with the st

peakd comparator

3

136 (ntrval 200, sueh that e contrpllor 123 does pot recsive the cosresponding

tfirmstion wotl thne £ Af

tey turn ofUthe weiteh 135,00 v wsenciated with the gete drtver 183

gt
1

3

P

b switeh 135 has stopped condecting of

o

and the switch 133 {mtorval 2623, sugh thaty

by

fne o As tho currsat Seough the LB 11O Gand swerieh 135y dopreasen, thore 8

ancher foll ote sssosiwrad with the t

1 {pakt congrarsior 130 Gnterval 203, such

thut the corotior 123 doos not e the errvesponding mfvmation uniih Haw &

Bovhose of those vising and Sdbog v delave, undorg the delays are socounted fin
e ca be o gvershoot of the TED 18 cuedom, with the LED T HY cureent betog

higher thar the seloctod fivst, high threshedd,

f'/
C«
/
=
e
by
=
s
-
-
5L
o
e
44
~D
o
e
B
w
=
P

the correnprarcding comparator (13 vbing wand fathag o
Stmtlardy, i‘s;:i‘bs":‘:%ng sor Figure 4, when the LER 110 coprent decrsises to

the second, low throsheld (i)

tivae poriod, vo currest i3 Howing through

the switeh 135 ¢

wre 28, so no iformation s availsble o the contradler 1330 Ay

e &, the end ot the off e poriod, the controlier 123 will torn on the gete dotver 188

%
3

bty on the swrteh 155, rosudung 1o 8 vise Y associgtods

the switch 133 305, sueh i

2x A the sorrent throy

heeshobl {7g), thors 16 8 v Hime sasociatud with the socond {valioy) comparatin 133

{iverval 208, such that the controllor 123 docs not retsive the vorvesponding

o~

sonad thest rising and falling tine dolays, unless the

iGi’F‘ﬂ‘\UOﬂ WY !E tf,t}}i‘. fa.
dolays wre accountsd Hw, thore van boan undorshont of the LEEY TH curvont, with the
LR 1

ogrvent hoing knwer than the selegtad second, low thredhold, Avcordingly, the

ey

k,l

controllor 123 receives the comesponding cotopirator {133} riving odpe fvomation @
The oxervplary cinbodivacnts of the tnvention may be plemented to

gocoamt the vartous delays associated with the vising and Ralling Hmes of the st {peak)

N

congraraior 130, the gate drbver 1S and the sseiteh 1585, and the sovond valley)

Ry

o~

saual {xvpunetriond) for

shang the vising snd 8

erch congacaior T3 133, then the e mvreal daving which the euedrolior 125
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sing and felling edge wmformation

PO
fogs, st and i) i sgual o the sotual ovorshosd trow witerval {of 7 1o 1),

Accordingly, the evershont S way be measyred Fropthie finst comparator 130 rising

= gy

edge {15} {also cobwident with the flling edue of the off commundisienal 1o the gate
diiver 163} o the fst {poak) somparator 136 illing edge {0) resulting tn {Eguation
Sy

\”m P = ;'“‘:?Hf.gz‘ $EN * .‘?‘:\H W R

Accordingdy, forfiner-graingd coutral, the overshoot fime T subiracted fromm Towa by

o controlier 123, such that the sonial LED 1Y curvent wanild bavely veach the iy,

high sheeshold Ly

HBeomune the sccond comparator 133 13 nol roceiving comparable

wtormation during

T & diffvent spproack may be willized, us an optiesy, for

determinmy an uondershond tme interval or duration. Accordingly, by alss making the

¥

fiesd oovpavtor 130 snd second comparator 133 4o be stndbiay, such that sach

effectively having the ssype tsing wd falling o mtervals av the other (oyonastnest),

&

fron the undershoot v voay bo congidercd 0 be substannialiy equal or ptlorwise

¥

corapivable 1o the overshoor e, Assumiyg suoh symursiny Debeoon CoONpaaton

138, 135, vexabts b {Bouation [y,

sush that the fmerval fong 1 foin i alse would bo oy

b

wiatval (of i o B this Instiee, the undorshos e |

conttrotior 128, sueh that the detusl LED I cuvront wowd
second: v theeshodd o I both overshont snd andershoot {_‘.Iii‘s':ii;i}f}&'t?m(‘.&?& the

sl svston 136 ste

measurzroards of thess dorvaly may be camplaied

vy wind trostod as constants duttag subseguent swilghing vpclox or, altematively, the

Y

grvarshoot-and wadershoot s fngervaly may becalitvatad whenever the vofresponding

first {posh) cornparatoy 130 bay valid bformation, In adidition, because the undersho

andd ovorshont tine: poriods may be symowatvioa], whon the gate detvr 168 aad switeh

153 hayve svmmetneal nise and B s, and whan the variows comparators have
153 have svmmetncad nise and fall tives, and when the varioss coraparators ha

sy

syoupoivical riseand Bl tuves, thew the reaswrament of one fovneshoot) abso pamy be

syt Forthe other {undeeshooth
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v
pt

frosavother variation, when the serond compatator 135 does not provids

~

valid wformation ding an on tow wiervab{e.g, the soovmd covopmeator 1331

e

a8

shrosdy mdicated that the low il w the blanking
time hag elapsad), then the relovant vadershoot Hme may be considerad to boonly the

o time of the gate drbvor 103 and switch 133 which, given the svametriond o

Peg

fall fnesweoddd e squal wethe fll Yo of the gate driver 168 ad svateh 15

iy be determned s dosorhad boleow, ovas anothor alfernative, the overliost g

{which also dnciodes Brst comnparator 13 rise oo fall foogh may be o wtthized sa e

sutficiontly acourate estimation,

i'/,,
[N
frred
=
poss
ol
-4
=
o
paet
(
)/(“
£
"3
a
fw
&
g
27
<%
!
poat
=
o
s
prel
lv\l
=
£y
44
=
e
e
M
Py
£
o]
L]
4
pos’
Lo
fooced
=
fond
5
¥
o
r4
o
=
o]
o
Ex7]
1
Pacst

i

tslorsmse fevoly, th vodesshoot componaation may bo oralt

arrafl o the LR VIO, and 0 the ande

oot 1o large rany not be visasily

grond, kv threshedd §iy

Hoth of e avershoor amd undershos contrads, ﬁ(’\\x or, pemorsily

should be tpgdemeniod suehy that both the Nest {noak) comparnior 130 and the seotud

fvatov) comparator 1535 portodieally tap, fo svord the LED 110 current from doviating

divwen or apowiihowt netice, Acoordingly, 1o socordance with the axs

crnbodiznenty, ihe condrotler 125 will peried ihe LED TG onrent o vise ansd

Sl sufficiondy o iy the St {peak) coanparatyy 130 snd the secon

Copversely, if thospeaification for LEDY 110 current vipple allow currem

g, allown rront envilops o follow Vi vipplad, thoy the

it and widershoot sy bewade syramatvioal se wall, siohad by Borgasing the

EED T averasb ourvent woukd remain Lonstant,

Surs pizws dlagram of an rgsh curreat theoneh the awiteh

IS8 ohen iy v sy and 2 THlg covdanes with the

.
-
w
--)
et
o

o

S

.6“

-~

ol

i,
P

s
/v
”3

esvnt invertion, In the price art, such an wresh (ioansiont} oureat
wenld 'S:st: filroved ung an sdidivional copacibar and vesistor (RO fltery b paratiel with

the current sensor 168 in the exomplaty endbodients, the wee olsuch an B filler s
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not requived, and & blanking rimg interval is utihized instosd, ax montiongd sbhove ¢

desertbed below. Initiadly the vond sy & conamand 1o the gate deteer 163

theareby switch 1550 o fvwen, at thve e &dter the gate drivey

135 rise e (terval 218 {combingd as ¥Tp gate deive vise™ tme), the swich 153
gurrent exiubits & trunsiont spike, rofiered {0 ax an “hnal™, starting at Hime
fynically cansed by #s tormimad capeettance and the reverse recovery of dinde 113,

witeh fasta for interval 212 (heagi This inrush cuvrend twough the awitch

55 roay be bigher than the aversge cuoront {1 snd potontialiy even higher than S

¥

finsd, high theoshold (i) consing their respective Comparators 146, 130 o wip fand

provide correspovuhing logle high sipnels o the codevoller 128 In avcordance with the

expmplary drmbodiments, the conoiler s thiy informwation by ostablishing

or sething & “blenking™ time interval 2163 I Tland ™), during which the outputs of the
A8, snd T sy opnored. The Manking tivse mtotrval corsmancss

when the controliny 125 gouerates the commud o howon the gate deiver 168 fand

ok sind oxtends yntil the transiont inrush Cuvvent bas settiod (), resuiting

it Baguation i}}: 1}’7\.35\,,‘\_

The wansiont, invesh time interval {21211 gonerally & fanetion of switch 135 rormingd

Y

papasitance, dinde 115 reverse recovery charge, and tho senss msistines vahse Owhoe

&

carrerd sensor 160 a8 ;s“p oented s w rosistory, Hihe hvush Guvent iy toghey dhanihe

currsnt {Favy 88 possible for the controdler 123t doternune the rusioime

3
ki

andd adiust the hlanking e apprapriately,
fdealty, Equation 4 prosvides that T sheadd bo ogual 20 Tien. The

contratior

howover, 8s mentiond ghove, should turn o the gate deiver 168 snd

switch 1535 carbior by s sinouny squalss e siag i {Tppate drbve nise

fey. tgned such that s s e iy close

torn where the gate duver 16

o therovershoet Sme (e, the gate ditver 188 g soittoh 155 Bave aymmeteiesd sixing

atud faiimg tngs and conpartor deley tioe Is ou significant), thon the overshoot tme

Yed another method of detorming the nse timoof the sate detver 163 and

fed

switeh 155 (T _gate debve_rise) iy theoagh the teed, sverage curvent () comparatoy

148, Aldwugh the momenewhen the wwiteh 155 tush current ivtps the turd, avera

by

gurront {Lyv peomparator 140 should not be ueid vs an iuliontor of the actud inductor
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LY

wrvent, it oan be used to indizate the Bme when the switeh 138 sdustly

stavis s ormhset. Acceadingly, the tiae time of the gate devver 163 mad stk 153 and

',,,

s g o the thivd

L average verrent (Lo vomparatoy WG O Tay oo vise ™)
(T gate deive vise Tay covop sise) can boreasured from the me the controiler
125 issues the turn on sonunangd until the tivd, avoraps currert g comparatsy 140
trips. Then the thivd, swverage varrent (Tav) comparator 148 rixe time {(Tav_ctanp_risg)

1w suhtraciod from the sreasaroment i arder fo obiain e v Hme of the gatedvwver

168 sud steiteh 1535 {Tp pate sdrive I an exemplary sotbedioent, the g,

¢ current {Fov) Cvnpuaraion 140 v e Ty cotnp rised 8 i kourwn dosian

paramcior of 18 sigmiticantly smaller than Beovseand Sl n

and swinh 155 (T

v riseand Ty gate doive fall

as of the varous comparators 138, 135 and 140 raay alse

atfect the As mentionad ahervs, Toneg 18 the inierval

fromm the Hme o cyrrentt veuches the fow threshold covront Tovel ), aw dotermined by

o {Rory covopavator 138 (o Srom the fee when the switeh 133 sctpally

+ T .
TRORS

comdioisHo the vime the gur s thy svorsge sureent Joved (lavd ss dotermined

2

By the find, average cuvrent {aoy comparator 146, T 5 the e erval Tom the

seprape curront lovel to the fiest, hgh {pouk] current fovel, vamely, g5 dotgy

the third, average current () comparator 146 sd the Sest () covapsvatay 1,

sospmotively. bathe ¢

aphary vrabodiraens, therefore, the

andd the thivd, average curvent Ty conpantor 140 sre designed o baplomented

have the sume of sulstantially stmilar delay mwes (fen T,

S

e vise ey o the Hrst U d comiparstor 130 gad the thivd, average current Had

corapsiratr 140 bolng subsbutinily the ssme, thon Toxe Can b mesned by the intorval

froe whesn the controdlor 128 roretvey the nising odwsr of the thied, sversgs vaccont (L)

gospaiaior 144 o whon the comtrolior 123 ssostven the shaing edge of the fisst They)

conrarsior 130, 1 should be suted, as menttmed sbove, tha tus sossurenon does

P

N

¢ THE (e g, Quoin overshon

& vahd nsinge
cornpersetion, i which case Toxe may be adpusted oocasionally norder for the firg

ey congrarator 138 o tip snd provide domation at these various mrervals),

£
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Ax indivated above, Tep sy
werth thee conirolter 1235

during the blanking wiervaln

)

{when avatiable
aniid the contralior 123 rocetves the ;.'i.s:..i.s}g gdye ofthe thivd, average curvant (a6}
gomparator 140, me boglaning with the vontrabior 128 gonerating the tirs on conuaagul

fose the gate deiver 163 and seciteh 35wt the contredior 1235 rogeives tho nising odge

(runasured), Forthe &

Sonrent ) comparator 8 iw

v o the comparators, no sddiional Covapansationt I8 woeded for

0

P
IREIY

derermanig Toss tagastived, In the ttey case however, whan the nvs

socesrd ey ctmpavator 133 doos st provide valid information (dumm the blanking

sutions), then for this medauremend, the riseame

wterval, or dug o undershoot compan

3 should then by subiracied, 1o provide the sctusl

of the gate dr

,,J

vadue of Tons o ¥ Voo mictsurnd - Tay cownd visel Tony meay also be teasared

waing the transiont covesat spikve (orush carmoty, 1F the nrash corvent s suffiaongly

figh to iy the thind, avorsge camrad o compangor 140, imdicaning @ stant ofthe

condugtion by the
receiving the frdebving odee of the thivd, sverage gurrsat (a) comparstor 148 due o

e ovush curvont sad recoving the second mising odge of the Gurd, avorage curromt

{law b coropsratee 14O (atioy the trsasiont has sended). Koowng both Tow sed Ty

coniratior |

ittad start ap, the thivd, sverage camvent{ia}

5 ?:)_zg;‘ v aftor the transieons current spike Gorush curronty has sealed,

<
{

siready 100 ugh, there 1§ 10 peod 1 mdasure Teny andd

Fere Kuther, TOFF w oxtendod to allaw ourrent 1o dostoase, with valid soasuirmonts

Frgure 6 s graphival d.i&gs‘am Hlusuating combined pulse width

g

miodubatim CPWMT) snd smphitnde modulation for brightness sdjusinent in

~

socordancs with the teachings of the hrvention, The exgnplary entbidinonts

mpioment brightness condrol (dimming) using o comnbination of at loast two Sifforent

elnctrical bawsing techriques across the LEDs 110, such ax PW M and angplitude

madiiation fow constant Quy datson CCCR™L A St eleaicst brssing

teohnigue, by el will tond b prodece & Dest wavelength shaft (higher or lowgs o



s

Y

-

24

3G

LSR8 PH LIRS R Jed

~ 35

m
)/
’I
o
Ty
procsy
po¢
7
pere
o]
s
’U

ORPONSE 10 & chaies i duaty ovele for

?:\R\Ji\fiﬁ whil & senond shroincal Tasing tochatque, by el will toned fo produce ¢

secetd, oppostts oy epposing wavelengsh sl (lower or higher, sespectively) in

b

syoplifude for

rosponise i the change inintonsity, such as fnwsponse 10 2 change

X

sudation of CCR. In avcordunce with the exernplary cmbsshiments, any

restiting wavekengtl shalt s minmized or manianed within g sclogted todovance level

by antlzing st loast ben diffevont and opposing slectrical biasing teehnigues {such Gat

the opposing waveiongh shifts effectivady “eancst” o

Ay
P

other)y, Additbenal discassion

of that mothudology v in e oy s Fubad

st patont applivations. To doersase

brichiness, for PWM, the dotvoyvele ia deersased (e, from D1 D2}, and for

sroptitade medulatton (OOR), the amplitude o the LED carrsnt s deoreasat

Haglyie i

sia sHusirirod wm Figlee 6, By socordancs with the oxampls

3
b
e
=

-:,i

soabadiments, the costrolior 123 imploments diveming by weing both PW and
amyplttude modalation, cithor eltornating thom iy suecessive modulanion intervads or
e

comtbindng tem duwring the savoe modulavon interval, with the lattor dhsstrwad in

Figure &, This inventive corabination of a8 feast pwn diffiorons olovirisal Tasiny

fechnigues having oppostng offeoly on wavelongth ondssion allowws for bath regnisting

e ooty of the onvatiod Heiw whiic comtrolhin

o waselongth omiasion shill, from

k3
3

eithar g both the LED response to fatepsity variation {Hmrming techolgne) and due fo

peit paehions emporatures vhanpes, and also o producs dynsmit hightiog and color

I

gifocty,

Tevwe 7 i w graphios) disgraon Hustating bysiergsis betveer twa

<33

ampiiude lovels (ILEDT, TLEL ad duty oyclo tatos (1L, URE, DM, DR for

X

brightuoss sdjustnent it accordaneg ahm t\,uhmwx of the mventiot, In ordor i

provent pitter, @ hystoresis % wphovnentad s sy

The speraning

podiis JLEDL, DL bave the same brighiness foolor) w QLEDD, DXL, snd the same

o

brichinoss appliosto LEDL DM end (JLE When D1 comes from high

brightnges dow o BL ILERY iy changed to ILEDR d tostoad. When
L3 comes up fron ke Drightness to DEHTLEDS fyswdtched 0o ILED Pand B H
sed,

ro ¥ lea blnck s

agramof an exgmoplary seoond system

250 sebedinngnt and sscond apparaius 200 eadwodineal, i fixed froquency switching




s

Y

-

24

3G

LSR8 PH LIRS R Jed

operstion, W acrordance with the & X WOSORT ] tion. The

fronn the fivgd systone 130 angd find

svetom 28 seoennd apparaus 2

apparaiys 100 insolar ay durntton {erithmetiv somd of e o {Toad

P

iboes Torthe LED 110 s constand, not saniables such that $he seeond

~

sstora 231 hus a fxd or oomatant swiching foquorey {rathor than thy v

<Y ‘.:\ -

PEraNED S To.

switohing fregueney previously discus

fradwhen the g

provide current ¢

Wt i;,xect g

MR

conbroder 273 &

7
el
@
o
%4
R
=
Yo
Poct
=
<%
Feda
C;..
s
o]
P
<
ﬁ
bl
P
7
P
fouci
%
i
o
a'
-1.
5
precy
s
b
1.5
s
o
o0
jors
s
..«
e
L'J
,e/
=
’i’,
[
WA
[
i
pecs
jcs
g
£ “
P
e,
et
ot
Ty
a

Hoshould be undomstosd, howaver, thay the sccond svatom 330 and socond apparstys 208

also include sueh & gate driver civendt 163, soch aaa hudter

s
Py
P
=

fet
&-

For the second syvstem 350 and seommappatus 208, the contretler 245

wohydeg s srrorgohordor 266, & componator 235, and & contto! block 231 for

5

determining the rogpestive on (T and of P Toery durations for the switeh 155, Tn thix
emtbodiment, the controlieor 223 alse provides that Towy s substansiaily equal 1o Vou,
with the grrer penorator 300 penorting an orror signsi substantially equal vy
proporiional to the differencs bodwesn To and Towe {orvar = Ton ~ Tenr, crror = Ty

e e

~ Feumne HFQPROE S g howhore 7o a constant ot wroportiorality), The

errew stgal s p-rm-‘.icfe-% o the compeasatin 285, which then adfusts the an thee {Tond of

%
b

which i then correspondingly swiiched on ant off by the contrel Bock

P

A
LA

witch 13

=

%

it

2310 B shoukl be noted, borause the sweiteh 185 4y switched o at » fixed frequaney,

he ontime {Voxd of the sweateh 155 womatioaliy chunges to oflDume (N

., bcreasing the on timg Tow deate the ofF time Topw, and vige

5 Of the prosent fmventon,

&

aay boe providod by a roctifior 325 10 wovide 5 volty

& D avorags vadue, Fom et AD ne voliage (AT maing), for

exszople, and may be ahilized with sither the Hirstor second aystem 130, 250 and fust or

soonnd apparatus 100, 200, and olso roay bo vtibizad with theshind syvstom 334

-\

disopssed below, When the roritfied AQ current 30T i hebvw a sedenied (i
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prodoterminad ) throshold, Hlustrated as interval oy 158

currsat, and the apparatey 10, 200 will typacally be off duemyg thoss AU sove crossing

ftorvals, Qs usirated, e sottoh 158t tammed o above fe selected for

predeterovined ) threshald! the LED 110 curvent 302 waill bratially tvack the reotified AC

N,

gurrent 301, morsasing to the second, Inw

fovel (avy and then G Rest, high threshold

oot for s catoniatad duration, sl followad by suocossive o and oft utas §x

describod ahove, using the measuroments ansd coloulaions destatbed sbove for Tose

Tone and Topy, or using the eony sigaad {eg, oror® Tonn - Tond desenbed abov, for

either vartabldeor fived feguency embodiments, Such an appavaiog and systeon can be

hailt direstly i an Bdisow socket, sl further, can provide power fagtar correction

%

(PO I order to aghiove PREC oporstiony, the comrolier TES o copmponsator 285 &

atrveby show w

O For

l\.\g\,\i )d \"
sxample wnd withont Braliabion, for caeh halfofthe AC cyels

By

{}i;iff.‘!l!ifii i} 0¥ the SoTpnenssiay

g
A

whatfeye

ft shenedd ba netod that the feat
socond systovn 286 and socond apparatus "{}{}, angd thor vorsons weluding an AC

regtifior

may bo sealed or extended fo roultiple chammels of TEDR HHG T ame such

&

saplomeniation, the find or seoond appreatus 100, 200 s stantiatod 1o il entirety oy

sack s
B ansthor such wypsienentation, discassad bolow witds referonoe o
Figure 10, the comparators 130, 133, 148 are mstantuuod separately for cach sepgrats

ot ideprardont ehannel of LEDs 118, such that the LR 1O cwrrent theought cach

&

senbdinent, the conteedior 125, 322

ol monitored, In this s

<

fas el ple outpuis, one wr each fo oaeh gate depver 168 (which o

o bumn s coupled

o

sonding Switch 133 for cadh soparaie or independent channe! o LEDs 110}

ately omoputos the vartns on {Tean and Towe} dursiivns

for apparsios 100, the condrollor 125 abso comprudes theoff

Coved duration, for each sepassie for indopendonty channel of LE

saparsiely sontrods cach gate dviver 163 to oxoh awitoh 153 forveach separsie channel of
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I T as

LED 1S to provide the curront regudation thimaeh csch such chamed of L
disorssed absove and ae dizcussed below,

Frgure 10 10 block and ebeult disgraen ol an oxsmplary thivd systom

350 obodinent, for modtichaone! operation, in accordanee with

nt pvention, As nentionod aborve, the various Hest and seoond appacatus 108, 208

o oxionded fr cvatrol clorent tivough & phraliy of scparate arrays 310 {also

veforred fo squivalently e charoaly or strpgsy of LEIR T H thiustea

having LERs 110 svvay 310 having LER

s vy or thanael 3184

LEDR LD conncoted o gories, T oongrast senth the pricr aet, the phoy aiity of LEDs 116

af SR har T Qe ol reg Jif&i?’d o b idont RN OF from the sante manifiet s!rm\: ‘3!0

catine of the sepanite confrol and regulation provided by the exemplary

G, frwra

sonbediments, there tay bo signifioant varistion among the B
constdorabls sost savings.
With the separsto corront control for sach LED sivay 31, the regulated

currend can bo matthed o cach soparvate LED sovay 3180 Acgordin

vosstve currant lovelsy, thatecouid becamed o the prioy

avrans 31 are not subjeci & ex

sty frovo somo LED aorays baving @ ughor wpodanes snd dinwing loss curvont

' (?ifﬁii:f-‘i{\ wmorgased

than expected. A s comagquenie, the oxemplary thnd s

dursbility, trapreend systom Histime, doorsased he

¥

3¢ V100, o deorense w the

gorresponding deorease othe sisg o hoat s

mmher of LEDS 110 required for the ssvoooptical sapuy, sod oversll inersased systom

&

shency and oft

Ay shiustratod for the thisd seston 350, pach srvay 310 bas n

ol 185, thremseh swted 135,

siding siwitch 155, hatatod se swvitch 188

SO

shich are controiled by respoutive gate donver aivoutts (uffees) 168 (lustraied

cotleerivaly, foreaso of discussiond, under the conmol of st losss ong contralior 128,

{

H0 e fostantiatod seprvataly or sach sepavate or

;,;4

233, The comparatons 130, 135,
cpendent sy o channed 310 ol LEDs 110, such that the LED 118 curront through
each arvay {chappeh) 318 (via corvespomting vurrent sonsors 168y, 160, thgh 160,)

R

bonve o the fiodd and

s Seseribed

s separately mendted and sepandely controlled, X

Ad loast s veforence vollage gooondor 145 provides the
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sveftages (orrespondh

thresfiodd, avaragy

s

g ko the st (b

chold) for cach amrent through cach sopivats arvay 310, Roshould
be potid that the vadows average, fiest and second thrsshold currents may bo either the
sami or difforont across the various arrays 310, soch that any seleciad avay 310 mey
have s own setsvorags sod theoshold current Tovels, soparate from the sverags sad

throshold oaronts of the other arrays UL

b chis soalod, third systonm 350 embodunent, the conirolles

n,
ot
953
’;
g
4

s madiple outpus, ene Yo each o vaclt gate detver 163, to tutn omvor oft a

conrasponding switch 133 for vach sopurate wivay 310 of Ther conirolior

128, 238 soparately deteroninesthe various on (Toon snd Tone ¥ dhirations for sagh

corrasponding switch 135, switch 185, throngh swigh 133, and for vaviabie

frequency nperation, the yontradier 125 alss C{;‘:m.pii.ii s the s {Foeed duriiion, S cuch

separate for independonty arrae 3T o LEDS 116, The Gostrolior 123

to cach switeh 188, switely 185, through swite!

\ g e
%

contels oach gate driver 165

each sopanwie agy 310 of LEDS 114, o provide sopavate swvont regulustion duough
cach separate chumiel of LED 118 bt acomrdance with the exeraplary smbadiments of
the Irpvention,

Agcordiagly, for cach sopevate avvay 3ol LEDs G, Sor varable

frequancy switehing, the controller T35 sall deterovne Towr snd Toxs, and &

corresponding Tow sousty deseribed e Sy the Best

appaviios T, o provide segulated current contiel, for erch srney 310, und

fraguoney switching, the contralier 223 will determane Towy aod Toxy, a8 proviowsty

deseribed shave Ry the second sysi’a;zrs 230 and second appsratus 00, 0 provide

fasod surront vontinl, for sach arvay 310

While the exemplary third Sestorn 354 presvides separate control to each

LED srvay 310, such conrol vawy be indepondent, vontroling cach LED wvay 31

coraplotely ndependemtly of all the other LED arravs 318, o such onntrol mgy inchud

sty fvpe of coordinaied, joint or dependent rogulativar, for any sclooted Hebting swcndor
sdfoct, sy muy be nesessary of desieabde Tor vy selocted appdication. Ty wddibion, such
mdependent or dependent regulation say be tmplomented for say fvpe of LED: 118,

such ax soparaty or i

erident opatrol of rod, bhisy, and grose LEDS 11D, o

consritinated contred of sech rod, Bloge, sad groen LEDs 110, such as to produce varioas



s

Y

-

24

3G

LSR8 PH LIRS R Jed

~ 3l

selected hoe, R c-xa:nfg;ﬁie\ Aldso fiwr example, &t

ot having

such as cadput wteasity, coluy cutma, codor teon

ol or In @ eoordinatsd mawey for cach LERvarray 3L Tportantdy, the

W providing conplotoly sepavatg and

fndependent current rogulation of sach LED srray 316, with sy such nudepondinog

sefectively tnplomented or net. For sxawpde, by the ond wsorod thy sxemplany thid

Al toporiantly, the exemplary thivd systom 334 iy capable of providuy

systom A0

Pee

any type of conrlingiad cuew 318, with any such

B3 awsy

comrdination selevtively mploracntod or not, forexannple, by the ongd wser of the

RS

exeanplary third systom 384,

Az an oxmmple of ene form ol coordinaied comtrol, i the

.,

Hurd systetn 380, butorlesving of Switeh 185 on (Vo) durstions myy

10 pif;fsrr arted,

providivng s ondtiphase control, sech thatond cotad arrays R are switched onr and
1 curent darog a goven thine Interval, Figure 11 s a liming disgram

wovoplary vouliiphsse swiching of the oxe

embodiment, for i arvays 310 o LEDs 119, i avcurdance with the toachings of ¥

]

provent wvention, As Hosirsted, sach Tov “pubse”™ 3 reprosomiathe on doration

fhond of & switeh 1535 ol an avvny 3100 while usirated as aosquars wave, Wy bave

sy wavetorm, and worsly reprosenty a signal from the contradior 125, 228 o tmoon
fwr the selovted on thne duration the coorospondingg switeh 133 (e s

gorrexponding gate do

o

37 dittors across the "7 arvaysowith Tox pudses 370, 5378, and 3 ooguring

durm g eyl £ for LED arvays 3100, 3380, and 310, rospectvalys Tox pulsss

%

370y, A0 370, and 370, noowring huting nw tntorval d for LEDY armys 310,

30, 30, and 318, roxpestively: Teow padse bor und 37 oedarring

during T dnterval o for LEEY wvaye 310, 313, 31800, and 31, vospodibvedy; sud o

N

o The various o duvations mey be wleotod 1 bo sep 2., Fow palses 370 and

¥

3785 or tvoverfap {e g Tox pulses 378 and 37 oxirable.
Beomuse of this intardsaving, sultiphase coptrad, pot ol LED arrgvs 310
ave rocebving curngd at the same tme. This enables & muneh sooether AC fnput

currend, whizh minimizes any roguismend on fnpuat ol wetie mterforones {EM}




s

Y

-

24

3G

LSR8 PH LIRS R Jed

v onabling a redectzn m the fnput Blter capacitor stze, and rodhuned

componont costs, Bis abo oxpeotad o workowell wigh & thyeistor-type dimming,
it shenedd e rused that the contreliors 128, 223 way be fmplemenied the
savie, sud contigured orotherwise programnned for oporation ss past ol any ofthe

systorns 180, 254, and 330,

c chiagrien of my exenndary nsthod embodient, i

accordance with the teachngs of te prosoat bvention, Ror contreiling the envrgizing of

stdid state Bigh selnd suoenary. Av discussed

abuvi, the solid suke highting s coniplod o @ swineh

nt. The wethod beging, start stop 460, with wrning he swit

AT
EREY

o an o siste step 305, The mothod hon detosts wier

reached & prodetormmed sverags corront lovel, step

gupront has reached o fivet prodetormaned Loy, bigh) corrent throshold, step 415, When

¥
“ Ky
pRaaes

Y

e {fe, not during the blanking fnterval), and poorfo doteoning the average

corrent lovel, step 410 may also include

senched # second pradoterniined (eg, low) current threshold, Themethod then

dotormines a firston v poried ) as g duration behwoosy the defoction of the

\

sevond pradoremuned {eg, low) curvent theeshobd {or fuming the switch mite the

-,

EKS

staicrand the detoction of the predetomuned swvarags surront lovel, sic

~

detorraiies 4 second on thae peried {Toead oy & duration hotwenn the detaction of the

prodetormmned svorsge vurrent lavel and the detaction of the fist predetormiied curven

Agt o time portod { Ton of the sswiteh s then deteroined as
tally cgual s propurtionad 1o the sy of the Host oo tiowr potesd and the sovend

Nty

ernbodivesnt, the ex.@:n‘:zp‘iarj,f muthad also

detormines a current off inte period of e switch s a function of the Sirst on e
poriod, the socond on time poried, and & provicus off time poviedd {Equanions 7 and 83,

stop 481 When the mthed continues atop 445, then fetlowing expivation of the oft

Hmie poriod, stop 450, the mathod returs o step 05 1o turn the swis

mgthod ftwrates, Whon the methed dogs not contimeg nsiep 448, the rovthod sy and,

renn dop 35
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~ 33 -

Kt soparvately Hosivied, the mathod muy slo inchy

ourrsnd off time poriied o provide that the Hiest on tire potisd b subastantially sgual to

T = T ks o7 dogvosaing the sarrent b tive peiod

proportionaily s debving gate rising edge thoe period. I sddition, the \§\§ erminatin

o~

ad e current off time poried o thy svitoh raay be a further Rinotion, mavs speetiie

N

ot provions Fest and soorad on times and one of more current Hrst on times,

The axeraplacy mothod way sbso provide for detgmmning a Mankd

time menval Following tirong e switel fto the o state sl tanoning the detsotion

of the secnnd prodetermbned current throxhold, the detoctioneof the predeteriied

scurrent fevel or the detectiva of the Srst predoenmined cwrrent hreshald dhing

e Dlanking tve fnterval, The blunking five nterval nay be dotermined

proportiial 0 a gate rsing wdge time poriod and a tranvient et tme poriod, o ax

,

priportioeal o e gate rising adge time pettod and datection of the prodatermingd

average corsent fovel

g fosr gedyust

f!)/

The sxeraplavy wothod v

o3 provics

of tho solid state Dahting by wsing st e

cxamphe, adiusting 8 brightness fovel ¢
st fonst bep oloetntcal corrent anplitude fovels and at least fwo glegirie
ovels rafios:

Theomngthod nwy also provishe S nvent overshos prodoctiony, b

sciusting the szoorul on thme pedded prpartionaily ten debving pate Billing odge time

perisd, and more particudarty, such as by decreasing the second on thme peviad

proportionatly o a detving gate Talling sioe prenind and w oovoparate Taliing odgs

tirme period.

The mathad may also provide for carvent imdershoot protection by

gt Best ovc b peorod propurtionadty o & derviag g sising odge time

w

period, sich as by inoreasing the first on time poriod proportionatly 1o s driving gate

b~

rising adge tme peried, Such undesshoot protection may be provided squivelontly by
deoveasing the cuvvant off tive perlod propotisuaily to o driving gats vistng odge time
poried, such as by docressing the currend off e peniod proportionaliy to a diving

gate rsing edge Hme poiod,
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3.
b

mplary enbodinnent, the method muy inchede generating

fnanother ¢

1

avt oy signad as a difforonse botween the secomd s rae ponod and the Brst on time

¢ an tm peried propoviionadly B Beogevor signal,

aring © Fs‘guree‘s o8 and 1, as oot e, the BO witerfacs

178 by withized for Dypsoutpot communicontion, oy

AEREORT S COTIDOHION 10 @

,,,7

refevant chaneel netweak or bus, fw examypde, wad the interface 170 may provide

ol functionaliy, such as podence matching, dervars and othor fanctiors fora

ﬁy
...;.,
-.«4,
poss
=

s ierisee, wony provide demoshidanon and anstlog o digltal comversion fova

¢ intorfaog, and raay provide ¢ plavsiond intorfacs for the momery 175 u0d

v

comtrodlar 125,228 with other dovicss, I goheral, the narfies P70 i ased o rocabva

s transmit davs, doponding upon the selectod simbodiment, such 8810 recaive

4/
s
7

>
&
£44
s
o5
o+

fnfonsity etion duty, tonporstues date, sed to proavide o tansmit control

sipnais forcurrent vegudation (for controdiing n LED drvvor, and other portingnt
information. For sxample and without initanon, the wiatace 1T wmay nplement

12, DALL P ‘*z‘ﬁ i

cossnunicaiion protocots sueh ax TIX

Alsiy ax montioned shove, & condraller |

&

prescessar” b ey Do ay tvpe of controllor of procosser, and may o ombasdio

o e controliors FIS, 2323, sdapicd to porform the Tunctionality disenssod boran, &g

e tor contratieor or processar ik used horein, a contrailer 125, 2235 wmay include us

~d onudts

woxingle intograted gtrsait (UHCT), or may clude uxe of

wrality of infegrat

s othgr voraporenix vonnesied, amanged or yrniped topother, such ug contvoliors,

migroprocessars, dig

b

al signal procossors (CISPRT) parallsl processoes, muhiple gore

&

e

PROCUESOrS, custing 105, ;};}iix‘,mimz speciiic hntograted oivowity ARSI, field

progounmubio gate

¢ {TFPGAST), adaptive computing I0K assoclated monory

feiely a8 RAM, BRAM and ROM), and other HOg and compomenty, As & oovistgpimncs,
s used horein, the wom condrollor {or provessory should be undernsioad o oquivalantly

»

seurt sngd inchinde o single B, o avtangement of sustom JOK, ASIC 8 P

adormproccasors, oontrolises, FPGAS, adaptive computing I0s, v some oy grouping
et nfonrated oircudts which porforn the fmctions discusacd bolowe, with sasociated

reemnory, such as microprocessar mamory of addiBiongl BAM, DRAM, SDRAM,

SRAM, MRAM, BOM, FLASH, EFROM or E'FROM. A contmlier (0T PROCESSOT

{such as contzolior 125, 223, with fix asepcidad mumory, may be adupied or
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gond o, o hardswiviap B porfiem the

wrod {vie programmg, PRGRA rergmuee

.

ELn

muthodology of the Invention, as disoised ehove snd halow,

Fod

msthodslogy ey be programmud and steved, fu s controller 125, 225 with s

sasociated wamony Gandior memory 1753 and other cquovelon components, a8 a sot of

program Bstnuetions or other code tatont confunmation or other programs for

subsoguent oxeontion when the proosssor s aperative {iel, powargdion and

functioningl. Bamvalontly, whowcthe contraller 123, 225 sy whole o

partas FPO&s, sustont IO andfor ASI s, the FPOSS, vustom s or ASCs also may

be desdyned, onnfigured mdior herdwwired to ii,s“;r;)i-::mmt the meth

fvéntiog, For sxmnple the controlioy 123, 225 mury be fovpleniented w an

ovs, PSP andior A collegtiv

serangeroont af controllars, microprac

b s Cooirotier™, wiuch are respeaiiv ‘§;\ prpgrammask

The moveory 178, which may wclude & data repositeny {0 database),

rasy be embodiad inany mumber of forms, ‘iii{ﬁ'?i.!s‘.ﬁ.!lg;‘ within any conputas oy othey

mmachino-readabio data doeage medium, meanory dovies or athersiorags ar

cornpnincation doviee for storsge o comonameation o informabion, currently X

g whach bovomzs avarlabls mothe futvee, icluding, bt et Hnted Yo, & mersory

ratod wivawil RO, o monory portim ol an

&

vated elrvuit {such ay the

residont monwey within a coatreller 125, 2335 av procassur W, whethor volutile or nonie

votatde, whether romervable or non-remavable, tooluding withost g
FLASH, DRAM, SDRAM, SRAM. MEAM, FeRAM, ROM, EPROM ar E'PROM, or
any other foem of momeey dovieg, such o ¥ magactic hard drbvg, s opriosd dirve, a
mgnetio disk o fape deive, @ hatd dixk detve, othor mackinersaddle Slorage oy
aoiory media such as @ foppy disk, ¢ COROM, & C-RW, digitad visesatife disk

{IWD or other aphical mcraory; ar any other type of moemory, storegs motium, or date

ratue oF oty which ix kewewnt o which becgnnos knowy, depetding: gpon

SHIraQe
tho'sedeotad sanbodiment, In addition, such comipuder readable media ineludes any form

Ry

of SO ation i’i“{\\ which embodies C{}?Ti‘”‘ﬂil oY "“(’,Bd.f:ii‘rf.@ msdraety R, dlaty

tules o othar duty s data signal o movhidated signal, such as

SIPRCIERSN, POOEI

an eloctrony ival carrier wave s other ravaport owchun ey, weluding any
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which muny crcode dita or othoy wfiwmation i a sigsal,

wionmation debivery oy

REEN

wired or wirelossiy, inclading clociromagnotic, optival, acoustic, BE or infarad signaly,

Tiolents, other infoemation and daty, programs or instractions {ofthe

sothwrre of the prosent tnvention), and othor tvpes of tablos such as database tbles,
As imdicated above, the controlior 1250 385 15 programmed, using

soffweare and datwstroctures of the mvenhion, $or example, o porforie the methodology

of the prosomt fvention. As a conscguunce, 1o sy W the prosent

toa ey Be embodiod ax suftware whach provides such progratanang o sther

fstruetions, sueh pea st of mstractions snddor otadaty sntbodiod within a Somputer

rootadai atay also bewitheed to define

readable medium, disoassed above. In additd

o various date strictures of a ook up tabile or ¢ dutebage, Bach Software roay be
the form of souree o sdijoct vode, by way of xample ad withowd Hinitation, Sounve

cade forther ey be compilad it some foom of nsbructions or olject code (usluding

swgnbly langosgs instmactions of soufignration hformation). The sofbware, source

coude o smbisdiod as any Wpe of code, such

as £, O,

e IR RN

A, XML, Java, Brow, S snd s variafivas feg, DOL 88 or

<

proprictary vorsions of S, DR2 o sy other iype of programming langusge

shich porforms the fndtin gh: discussed horom, ncluding vanous hardwary

definiion or kardwarg i:ii{}i‘i{:‘iin@ languages {eg, Yorilog, VHDL, R and rosuliing

dubibase Niles (oo, GOSN, Ax w consequenee, & "oonmatruet”, “prousm oonatruet”,

s

“soffwarg cousinnet” or Usofbware”| s used equivalensdy horein, mosns and rolfert to

any programiming langusge, of any kimsd, with any syntar or signatures, which provides

ot an bo wirerpretod (o providhs the axseciated funetiomality or mothodology spocified
{when mstantisied o Joaded e @ procossor o compider wrd oxeduted, nohaling the

controllor 123, 223, By example)

The softwire, metadata, or othey sowrcs code of the prosont mvention

and any rosulting bt fils (objoct code, database, o kit g

withinany ngible storage medinm, such ag any of e computer of ather mgcliue-

resdabls ity \{ﬂ]"‘*“’i‘ i f)\d B C-’”@?’R;‘U\x! roadable ﬁ}m!”{“iw‘ﬁi‘ﬁ\ st sty LOTres,

program moduoles or othar dita, suck as dixoussed above with rospact 1o the maomory

175, ega floppy disk, = TDROM, 2 CLERW, « DV, # nwgootic hard deive, an
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optical drive, o any other fype of dats stirage apparatus or med
abeove,

Nagmerows advantages of the Einvention oy providing poneseia

solid state bgh such as Hghbt onniting dindes, ave readily spparoxd, The oxemplary

s one o mave LEDs, using digital comtrol andd yw

grnbodimenteatinw for sag

side sonaing, onabling Jow valtage IC impie‘saez'xtasiion.& The oxom gh,h spparsins and

R

system ombodinonty may bo implemented witl either Sxed ov vanab

wnpees. Asa dightal

witching, anst ooy bi froplamented with aither AC o U powey

ation, thy exewgdary ornbodinents ey alse be inaploninted w8 reduend

e covonnplary emnbodimoents alse prov

3
b

solectod thlevance fovels, fnaddition 8

¥
reguired RO filioring of the prioragt

For ghangas i brighttoss loveds, a combapation of fwward hasing

sechnigues wre oplanented, which sllow for both regubaing the itenaity of the

emiited Hahtwhile controliing the wavelongth sonissilon shifl, fom oither or both the

s

LED rogponse iy mionsity wirfation {dinuning we

chatqued and duo o pa Junction

temperatiees changex, In addvivn, the exemplary ombodiments of the wvention alag

provvide for varying fonsiy while sivoelancously sodoging the MY produced by prioy

art B M’m i

&

wtems, sapaciatly browuss current steps e the pulss modulatiy wre

anated comgretely, The exomply LED contradlers am

;:i's‘f.:'f{armz‘zs‘:i(‘.aii} duced el

atse backwirds-corapatible
copypaer for other tasks, and allovwy such tost covopiiers 1o be oiilized for othoy types

of systern rogulation The % armplaty curtent ;'wz;E of anthodinients weV idedt g st

control, without roquiving oxtornal componsation. The cxemplaty survont rogulstor

evnbodimentyabyo glifize comparatively fower components, provading roduced cratand

stae while sirneltaneousty providing forcased effiGieney ¢

e when wsed in p

Wthegh the invention e bear deseribad with rospect fo spontfic

(/

b4

sonbidbiments thoreod) these embodinmonts ard morely Hostrattve and sot rosvictive of

the invention. bothe description horan, pum

s specific doratls are provided, sach g

s of electromic comnpononis, eleorronic snd shambund conpoptions, matert

andd strectural vavistiony, o provide a thorough undorstanding of ernabodinean of the
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P

- thst an

prosent imverdion. Uneskilledd woant vt will rosoguize, haswevs

gbodiment of the hivestion can be practiced witheut sow o s of the speaitio

details, orwith other appacatus, sysiams, assembdins, components, mesdarials, pans, ste)

I other instancey, well-kpowr stractures, vosterials, o oparstions are not spacifically

shown or deseribed b detall 10 avold obsouring sspects of cobosdiments of the prosent

wventon, by addition, thevarious Frorey ars nob drawn 1o acaie sud shoald sot be

vegarded ax liouting

Reforsnoe twougbout this specifivation jo one smbodinmest”™, "

o

codiodinent”, o v apenific “ombodin

*mncans that & parmicuber fature, structurg, of

charactonstic desgribed i otnnaction with the smbodiment s oloded o gt loast ous

erobodivoant of the presentinvention snd not necessarily in ol cmbodimends, and

furthor, sre not hecessanly referring v the same smbodinment. Furthetmars, e
partivalae Toatuves, stroctarey, or chatscforiation of any esifiv ambodimant ot the
prasent bvvention vy be combined oy suitable many and woany suiable

combination with one or more other entbodiments, ineladi

foatures without corresponding use of sther festures, o addition, many maslifications
sy b mnade tooadapt e particuday applicgtion, situaling or material tethe sesential

seops and spivtb ot the prosond imvention, s to bo underatond that other variations sud

modifivations of the crebodiraents of the pressat mveations desceibed snd Hhastrated

Brein wre peesible wn lght of te roachings horein and are to be cosidered paot o the
spinit andd seope of the present ipvention,
Iowill also bo appreciated that one or more of the eloments dopicted in
the Frgires o siso by nplomenied I & mord separaio of intigrated nminner, o event
removiod or tondornd inoporabic reorinin Sases, s may b uschul in accordance witha

vk corrdnationy o Comnpononts are alxo within

narticular applicaiio

s

the seope of the invention, parbeularly R sotbodiments 1o which & separation oy

corsbination of dlstrete corapanints is vnclour or ulisornible. By addition, use of tha
torm Ucouplid” horein, tohading 1o s varinn forms saeh s Ueoupling” oy

“ooupiable”, tveans and nclades any dizset or indireot sdevtvical, stractaral oy magnatic

attachmend, inchuling

s comphing,

SONRSG
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v formupd vomponenty and comporents which ang coupled wig ov through

o~

A used burein for purposes of the prosent invendion, th torn SLEDD

<
N

be understoad & tnclude myyelectroluvaineseen

srad s phueal forns "LEDS sbould

dinde or sthor type of carrier goctiont o junctime-based svston which s capably of
genorating rediation m rosponse toan olsetrica] signal, incleding without Emttation,

vasio senyeonductor or carbovtbasad structures which sout Hgtd momapomcdo

guprest or vl IHOTS o ony including serdun

the visible shedtram, ov othor sprotra sueh sy altraviolot or mdrared, of sy bandwidih,

o o any color or color fomperatun.

Furthenmore, any signal ayvews in the drawings Figares should by

considored anby exonpliry, and not Himiting, tnloss othetwise specifically noted,

Cornbinations of componend of xaps will also b consideted within the scope of the

.

prosent vention, particidarty whers the ability to separate or combine wanclear oo

forosozable, The (ii.’\_‘j’!li}ﬂ;.i'ii‘;’t} o or”, we wsed borewn and throughont the clun tha

PRI

adod 0 mcan an

follew, iy genorally

&

<~\
bEE

f;(
[
fow
Ve
(o
ooy
=
=~
~
e
v
pie
7
£
w
iy
o
o
o
o
e
Py
o
s
s
s
&
s
-
L4

} . oy 3
Syt g i

Alsa as wsed i the

N

pdes “in" and Yon” undess the vontext ol

mesning of ™ b

The foregoing desceipnion of Husrated smbediments of e presest

wverdion, includimg what I3 deseribed in the Ssumnary o in the absirsct, is sot intendid

to bo exhaustive oF o Himi the mvdntn 0 the provise fors disclosed foroin, From

A ani

oW boobsorved that swmorany vartaiions, moditioations and

.
the

v b effeciod without deparbing Fom the spiritand

@ fivention. Bt be undesstood that oo Hmitaton

with fispect fo the spoctiie muthody and apparatus tthustrated herein i tntondsed oy

showld be dndorred, THisg of oo, intended 4o ofrver by the sppended glaims ol sech

aitons as fall within the soope of

the claims,
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H bocluhmely

1.

Apwethod of conredling

sobid slale hphting, the solid state hghting
coupted {oa swiich providing an olectrical current patly and the solid stsie

the method comprising:
furning the swilch o an oo staly
detegting whow the eleomoal sueront has reavhed a predotenmined
average current lovel;
detzetag whin the slectnical covrent has reached o Sest predetormined
W cwreat thresbald;

doternuning wiirston e pori

porfod % & durilion botween dotection ot g
sevond predotornunad current fovel or tuning the swiich it th
dote

oy o thi peadetervdned ave

R

& oy stute sl the

agss current hovely

<

determining 2 serond on e portod as s du

duration Beteosn the dotoetion
5 efthe pradetormined svérgg curent ovel wnd the datection of the firs prodetoringd
surrend threshelds and
detornrining o oot poniad of the wwviich s substantiaily proporttional
b g st of the firston fime povlod and the seeond ow ime ponod
2 Theomethrod of clabm 1, further connprishgy
when the s tirme ported hay olapsed, torsing the switeh fate s off state,
3

The method of alaim 2, fiacther compm

STuE
subscguent & tummg the switoh tme the off state, whon & fixed tiw
B perod s clapsed Trons having teened the awitch it the on state, again furning the
switeh e the o state and repoatiig the

w datection and detetminaiion stans

The mothod of clabn 3, fwther cotaprising

genarating an oo signal us o difforonee bebwean the seoomd ontim
30 poriod sad tho finst on i periad,
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5. The method of dludm &, further conygmisd

adpeting the ea time podlod propestiomally e thy ooy signall

&, The method of claim 2, fither comprising:
swhon & cwvvent off tine povind has clapsad, turndng the sviieh ddo the

X

gsg-sate and ¢ "%df!i‘" the detoction and detormunuiion sk SR

The mothod of ol &, furthar comprising:
deteriabmng the current off thne peviod of the seiteh o & function of the

frst ontime period sud the second o e potisad.

o]

q

The mothod of clalm & furthor comprising

fc

detormining the carvond of Vo prrtod of the swileh ax g Rgction of the

fivst ooy v pevlod, the second op time poried, and a proviows off tivoe periad.
£, Themethod of claim &, further comprising

deternrining the aerent off e poviod ofths switeh as

::\\5\3@;

[Fisnd

i which Tape(H D i the qurrent of iye

dous socond on time penod, Toee (K 15 8 provieus off time

pevied, and {{,\'\i\‘{‘i}\@ & ourrent st on thve pedind,

14 The method of olatm &, furthor Somprist

L e e L

e pertod, Tow K 1 provious Hext on Hime poviod dedermined watng the detaction

X

of the second predatennunad cmrent fovel, Tone (B 15 2 pravicus seoond on tiwe portod,

o

Torp{K Y s a provicus oft fvoe poriod, ansd Tow X1 s o caront okt on tiime peviad,
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11 The method of chdm &, further conyprist

detorvining the crvent off time poviod o the seviivh as # fenction of &
curpsnt firston e poriod, 8 proviows seoond on e period, wd & provives off tme

poviodd,

1. Tho method of claim 6, Further comprisiag
deterrnining the corrent off hine povipd ol the svertch s unchion ot &
garrest Tivst on tive petiodd, a prondons Tiest on e peciid, & previens second on time
poried, and & provieus off dme poriod.
Y]

13, The method of clatm &, firthor comprising

arhiusting the current off thag period o prowide that the fustan thne

subadantially squal wocothe scooad o i poiod

3 14, The method of olaim 6, further compriving

decrvasing the current off time poriod proportionally 1o 8 deiving gate

EARRN

eising cdus e pesied.

Dot e

1% The method of clabm 1, fivther covaprising:

T

ssing the on Bowe poviost proporiionsdly iy a drving pate Bdling

24 deny

o

sdge thme poriod and v comparatin Badhing edge time poniod.

8. The method of claim 1, farther comprisiog:

doterrabnng & blanking tne intorval &

3% theow stae
i The method of claim 36, fusther comprising

prening the dotectin of the secorad prsdetarmined currsat threshald, the
duteotion of the predetormined averags curvent ovel, or the detoetion of the Tt

30 prodetormined curvent Sweshold during the blanking time interval.
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[ The method of chdm 16, Ruther compuisg

detorvinng the blank irig frme tntorval as proportional 0 @ gate vising

-~

19, The method ot clatim 16, further covaprising:

detormining the dasking e intorval s proporiional 1o » gale hadng

R

gdge tme poriad and dotechion of the predetormined svarsge ¢

26 The muthod of vhum 1, further compist
sditing o brightneds lovel of the solid state Hohting by astng &b least
b difforent nd opposing eloctrical biasing technigues.

LR Tha rothod of clatin 1, further comprining:

1

adjasting # brightaess fevel of the seiid state Hghting by using #

fpstoresis ofat loast wvo glegtrioa! cuvvent waphitnde lovels and w Tosst tevp eloetrical

CRETeTd {"lit’}‘ C¥C deratios

22 The mothod of clam 1, fthor comprising

achiusting the socond on time penod ;mwmﬂmmi vy a deiving gate

falling wdge e poriod.

Tk
Tl
i
Py
Raad
2
oy
foud
=
[£9
=,
=
in
o
P
x;
il
o
e
pioes
et
pr

iher »::{mtq, ETHT

s

o o clalm 1,

detecting whon the glotirizal current

predoternned owrrond trgshold,

25 The method of claim 1, whertn the soid state Helting comprises o

raitting thode,
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¢ af fonat one light et diode is

The msdhod of s

*rc

S

wohinns oonnr st g

conpled fo & power convertor, sad wheredn the slootrieat sureont ¢

CERRR srabiv Jl‘;‘ I aide of the L POWED S8y erter,

27, The mothod ot olatm 1, whorein the salid state

pluraitly of arvavs of w plurality of septeavwonnected Hebbeoniting dindes, and sach

1y of the phavality of aveays firthey conpled o & comrespouding switch providimg an

al curredt path

23X, Thometi

ek of olatrn 27, Sathey comprisihug

saparately determining & correspovaling Tiast on Now paried, &

1 sovond sn Hime peviod, snd s corresponding on Hme peviod us

¥

crbiomud to the sum of the corresprsding Reston time poriod and the

correspongding second on i porlod for caeh avvay of the ploralivy o avays

I8, The mothod of dlaim 28, fatdes

7

whan the oo

o corresponsting sseioha

Theometod of clabm 29, Rether coanpris

s
Powsg

sepivataly doternuning & cormspemding off tiee porind for cach srray of

31, The methed of oo 29, Burbor do

wtsrieaving the vorresponding o i penods ot the corresponding

switiches of the plusshiy o

#
%

o~

32, Thy mothod ot clatm 27, Ruther comaprising:

suecassively wevitvhing eloctrical owrvent o ounh stray of the plurality of

"

1y for the amrespending on hime porisd,
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33 An apparatus for comradling solid state hphting, the sy

COTNRT (XiE AL

& wwiteh eouplable to the solid stare Hghting:

a first comparstor adepted fo deternune when a switch olecirical curent

fas roschod v fivst prodetoemined cwrvont teeshndd;

i secewidor sotriond

carrerd Has reached a pradetarns

a contior coupdod wr the Hesd comparates snd to o
conparstor, the contrstior Aé\s;‘t».d to turn the switch fito o ot siute andd an o state,

2
bESS

eewitch intothe on siade, dnd 8

e

gvel fo detetmine o segond o timg

sotion oF the prodetermingd averape carrent oyl

and the detection of the first prodetermined cucrowt thresheldy and to doterming a0 on
HvR §‘C)"i($ii of the swiich ax subsrampigtly proporbons] 1o g st of the fust oo i

Cmd ORI ‘3&"“{ .

iy

34, Thoe apparatus of clatm 33, wherein the controllor s Nurther adapied,

sehon the om trae penod Bas slapsed, fo tum the steh o an ofVstate.

fv.f b
L2y

Th apparatos of claive 34, whorein the contreller s funter ei&ifei;'stex;h

subseguant W uRTang e switch o the off state snd when s fike

olapsed frore having turned the wwiteh o the on stasg, to st the swi

4‘;

stahy,

b
H

36, The apparstus of olabm 33, wherett tw conbroller s turther adapiod wo

BOROEHIC A Ore il av a differone botwien the stoond on thne period and the fiest

st e period,

3. The apparaius of chism 36, whersn the controller is firther adapted to

aciust the oan o pa

il proportionally o the ervow signall



s

Y

e

G

LSR8 PH LIRS R Jed

46 -

3. The apperatus of sletm 34, wheram the controllor i further adepted

deternune & owrrsnt off tinee porissd of the switch as & function of the fest o time

period and the seoond on time peviod,

b3

Thi spparatos of claim 34, whorein the controllor is further adaprod

‘»,/

i
ay

iod of thoswiteh as o Rmotivey of the fivst o dime

diderming & current off me |

périod, the secoud on time poriod, snd &

reviows off tirme period,

it 31{ wherein the vontrallor tv further adupted 10

1T

W, Tope

"\

) is & provious sovond m Hme poriod, Towe{K ) is # provious off time

poriod, and T arvent first on ptme poiisgd,

41, The apparstus of clabm 34, wherehn the controiler i further adapied o

determme & current off time poriod of the switch as a Banetion of a cwrvent st on time

poriod, y previonx scoond on tie poriedd, and g provious ofF tiwe periad.

X

43, The apparatns of vhum 3, whergin the conttollar i furthey adapied w
doterming & cwrrent of Prinae povind of the switch s a function of x ourrent firss on tme
poriod, & provices b on thine periad, & proviegs sedond s time portod, and o prayious

off e period.

43, The apparatos of cham 34, whorein the controllar is further adapted o
sdiust @ corvent of rinie paviod ws provide tha the st on i petied {s substanually
pausd o the second on e pariod.

~

44, The apparatus of olatm 33, futher compois

e

kY
RoS
g

1

@ gate shviver eientt goupled betweoan the controlisr and the switely, and

wharetn the cordrollar w adapted 0t the swatel om andd S ot swaiteh off by

I

penersting & onrrasponding signal 1o the gate driver clrewdt,
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seatis of clatoe 44, wherein the contrallor & Rurther adap
neriod of e gt

Theappe
# current off tiwe peviod proportioraily fo a rising sdge dme

devroses
driver ¢irgult.
44, whorein the controllar 1s farther adapted 0
gatg

sdps time period ot the

e toadallings
frst comnparator.

Thy apperatas of glw
U prOpOTiis

s

4,

dagrease theon dime
sl abthe

aling edige tve pevis

o

derver etrcwdt and a fa
Fhe appaiatus of olalne 44, whirsin the contvaier iy further adapts
fulling edye time period of the gate

Y]
seliieet the sevond @
deiver olrutt,
43, The apparatus of cham 44, wheran the controllar s fasther adapted i
R < % ST T SIS PN s Fi ¥ vy Bverre
15 decrsase the second ext ime poriod proportionsily fo s falling cdige vme penpd ot
roirenit and o falling edge dme peviod of the CORPATRION,

gate driver ¢
Felabmy 4, wheroin the controllor ix Ruther adapiod o
BEH

Tho apparaius o
gt fdorval follewing turning the sseiteh ol the onosty

49,
.

N3

1N

determine s hian
focteteal current bas

s I3 N
REhe oladt

Pl apparatas of claire 49, furthay comp
sod o dotenne whan o

24

LA

#thind conparator adap
reschod the ond pradetermuned Surrent tuashold,
RS
Heawdck
crein the cwrrent sensor s ombodisd as e

G

The apparatos of ol

(921
f ]

o resistive eireult elom



e

G

LSR8 PH LIRS R Jed

o

L
[*5

The apperatus of oletm 30, wheram the controllor i further adepted

determune & current ofF tine poried of the switch an;

e period, Yo

first on tme podod determinad nsing the dotection

of the second prodater curtert fovel, To (K iy 8 provious sceond on tie patiid,

Towe(B0 8 provens of e padied, and Toa (0MEY v 3 vocront Hist wai i paviod.

S The apparatus of claim 30, wherein the contreller is further sdapted W

fgnore the detestions of the socond pradetermuned awrrent thsshald, the detection of the

wv

pradotornnned avarags curvont lavel, o the detootion of e Hest predetermined cusrent

1

throshold danng the badking e dntarval,

35 The appuratus of olatne 30, whersin the controllor Iy firther sslapted o
v tievie Interval as proportionad W g riskug edus thoe perind of the

wate driver cwowt and @ ransiont current tme penad,

Sf Tho apparatos of claim M3, wherein the controllae i farther adapted o

o Manking twe beresl as propovtional fo & niving adge bme poriod ofthe

Forrn
A

distermme g

gate driver ehvond and detection of the predeternaned gegrage cierent lovell

a7, The apperatus of elaing 33, wherain e contvalfor ix further adapted

7

seivst & boighivess Bevel of the solid swate ligh - gonerating control i

43 By

driver clicui foar ux

LAY
e
P
e
1)
’3
s
o
o4
=
f.u
=
o
pest
[ d
-
o
ey
P
,;;
pretd
5o
e

adiust g E}ri_gin:\\x\_ fevel of the sohd stax

srosis of st e

driver irenit o uss g hyy

3 FI e 3 o ST s T S
east two slooivical cyurrent duty ovele rutios,

SN

38, The apparstus of olabm 33, wherels e s

feast one light onutiing dinde.
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S

seatus of olatme 59 wheren the st foast v Heht omitiing diade

6.

s pouphad s powser converiar, wad whersin the Seal ad sovond comparators e

coupstod {08 current sensor at & comparanively low sideof the power corvarter,

&1, Thy apperatas of clatny 33, wherein the solid state bghing comprisesa

plorality of arravs of & pleralty of sevlesconnected hght emitting dlodes, sach avgyof
the phavaliny of serays s fonher ztmspi_@% o a vomospossting swieh, and wheran the

¥ adon state and an

controllor is futhor adapted i un cech cotrespoading switch 1

S o
Qi stale

&, Fhe spparstos of clabm 81, whetein the contrelber is Aat

adapied to

separately detormine g coarespondivip fiston e poriod, & covmspanding seopnd og

e peried, and 2 corresponding o B pertod as sebstantiaily propeational to the
savg of the gorrosponding frst on tme portod and the comresponding seeowd on time

38
a2 ariod forosch ¢

obfthe phurality of arvays,

63, The a&ppe«:mm;y; of clalm &2, wherom the controiier 1s Rurther adapiod,

$

sehen the cortasponding on tirae ponod fas dapsed, o aeparsioly turs the

corresponding sa\.-'s‘_(a:h. iRy an g

a4, The apparatos of chum 62, whersin the cortrollar i frthey adapted w

v determaing a correspuanting oiF o poriod for cadit drvay of the plusdiny of

£

b
H

ol

&3 The apparstus of olabm &3, wheretn tw conbroller s Turther adapiad wo

snicriosve the corrasponding on tinge povods of the corresponding switchos of i

phuvality of sroavs,

Hi. The apperatus of elaim 62, whornn the controller i furthor adapted o

s

%\ R UHO 2N meakie eeh oorres ﬁmﬂ switeh for mack IR Y of the

3

SYRICE

plurality of wrays for the corresponding on tme pened,
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o

&7, The apparatys of olatee 33, Svther comprise

l

s retvrenes voltags gonerator couplod 1o the st aad serond

bl

LOTTOSPM ity R

RS TORPOCHN

orained current theeshold and §

HY. The dppsratus of claim 33, funbor conpuis

an wpul-output terfuce copled o the controllor angd adapied 1o soeive

65, The apparaius af ¢ appstatis 8 coupled to s DD

sovoompted o AR powdy

P cdrnerier reodiving a TN mpat volt v Cemvehoy

roostving « rontified AL nput voliage
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H A soeld state lghting systom, the sy

the sestons pompristeg:

& plupdity of &i§'1‘2§};’5 of sevieswonneried hght emitting din

& plaratity of weitches, 8 comesponding switch ofihe plyalivv of

swiwhox souplad to cach the atray of the plurality of srrays of hight cmttty

at lewat one corvesponding Bt comparatoe adapted o detorming when g

corresponding switeh clectneal corrent has redcindy onding fest pradetermaned

¢urresd threshold:

at fastone correspnuhing sevond compantor adaptod 1 dotoroune
whon the ceerasponding switch cleivival current hus resvhed o céarssponding
prodeterovined average ourrent fovel; and

af foast one eoatrolior coupled R the oy

ponding frst comparator and

caperding second compavator, the cotradier adaptod fo tuen the
gopresponding seifeh mibn avton stade and an off state, to determiing g sorresponding

flest o pne peviod s duration batwesn eithera detection of 8 corvesponding seeond

]

prodetermingd cureont threshold or the tuming the comresponding switch o the on

stase, andd thoe deleotton of the a::m‘:.‘e:;'ps:;n'z{iiz}g\ swrodetermined aversgs surrent lavely o

dotornmng & corrosponding socond on e poriad as g daration boebweon the detestion of

e sovresponding wredetomuned aversge curvent fevel spd the dotection ofthe

tormined curvzat threshedd; and o de

THIE & QRsieeiing

corroxponding first pro

st bone portod of the corresponuding switch sy subsbagially proportiond to o sum of the

L

Lk

cofresponding first ov nime ported and the corrosponding second on time panod,

i3

. The svstontof olamy 70, whereh the st oast v contradior s furthur

sdapded, whon the oo

pomding on time poviead has clapsed, o the correaponding
syeiteh fto an o
T2 The system of ol 76, whenoin the &t least one controlior i further

sdaptad, subsequent o tuining the vorrexponiding ywiteh ints e off stwte and whan g
fized time peaod bag olspacd Soan having timed the eormespondigy seiich o the on

state, v ban the corresponding switch ot the on siate,
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73 The svstom of olaim 72, whavein the st Rast one contradior is forthor

adapbed fr genorato @ corrcapsahing orror stgnal # renes habwe

E3

wding seood on e peniod and the correspumding st on sl parind,

b3

TN

74, The svasn of elaing 73, wherein theat least one.corgrolior s Rurther

W

adaptad to adpast the vorresponding on Hme peniod proportionally to the covrasponding

sty

The system of clatm T8, whevein the
selaptod o detormine a corresponding aurrent off timoe periad of the cortesponding
switgh dea funetion of the corresponding Hrst an tive poriod and e corresponding
sevond ov e period,

T Tho systavt of ehom 78, whersdn the at ot ong controlior s finthe
adaptod to doternene @ correspeviding current off Dinve peviod o 1he comesponding

Hoh as afuscion of the ;:()sfms;;}m:zdi_n_g 2 peniod, the correspoanting stoond

on e posted, and e correapesiing o & perigd

i The systern of olaire 70, wherern the &t bast ovo omarelion s furthor

sdapted 1o doformine o sovres ponding vurrent off Hme period of the correspunnding

s iehy sk

Vol .
= which TesselB 118 the corvesponding ot

-

Vorat K i s 0 £ peevious socond oaotoe porind, Tore{K} s

ARor T iy corresponding current

B GO ;vm\im\v: prvious aff g

frst oo Hme pevied,

TE. The systen of clamy 70, wherelit the gt loast one vontralier is further

adupicd & detorminea coarespond g oarent of U thme poriad o the corresponding

switch aa g fanction of g corresponding curront Hrat on Hine peviad, a cormsponding

provious seeond on e peeiod, and a corresponding pravious ofU e pertod,
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T The svstom of olaim T, wharein the st Rast one contradior is forthor

e poried ot ihe corresponding

adapted to detorming & covresponding oavent off

&

switch me o functton ofy coresponding curvent Jest on e pertod, g eovssponding

previous st on bme peniad, 8 corvasponding provious second on Bime pevind, and a

corresponding proviows off me poriod,

3tk Tho system of clan 78, whoretn the st loast one controbior i fiather

3
A

et e ot & comresponding current off o poviod o povide that the

conrespotding frst on tine porind i subwtantially gqual to the Sorvesmshing seeond on

thne poriad,

[z

The systom of laira 74, further comprisiag:

at foant onig corvesponding gate detver ervoutt couptod betwag
feaat ovee controlor aud the corveyponding switch, sud wheremn the &t least one

contrpiler is adapted to turs the convesponding switeh o and 1o turs the corrsapond

(El\‘“ﬁ.?iﬂt & CUITES TN *(imu‘ 3‘:)’&"\-}} 0 the corres

(N

{2, The systorn of clara 81 wheromn the b keast ong controlior s furthey

sdapted 1o decrease a correspangling curret off time poviod proportionally toa risiag

dod ot the v sl driver cHBEL

3 N oy
sdge fume po aspond

¥3.

v.{

The svaany of ¢latm R, whoredn the st least one controbier ik Turthey
adgptent tr dowresse the covvsponding o time peond proportionally to & falling edpe
tirae portod of the st fosst one cortespongding gate driver cvait aod & Billing wdgo time

.

period st the ab fodst s Brgt compadaton,

84, The sysiern of olairg 81, whorein the 8t ast one gomovolior is firther

adapted to adiuy the correspondivg second on thng period proportionaily 1o & falling

sdge e poviod of the ot foust e pottaaponding gibe driver Sirvain
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#5. The svstom of olaim 81, wharein the st Rast one contrndior is forthor

wespeaeling scoond on tive peried propovtionetly fea il

ik of the &t lesst one corraspon »ddviver cirowt and & fulling odgs

v peviad of the at least ong fust comparston.

B Thy systent of vlany 81, wherem the st lopat one contsolior s further

1

wng tvoe wiervel followt

i carreanoviding Ban

£ £ i3

5“3@ jotiia

I8

gorrespenwhing switch uno the on st

&7, The svsten of olaim 36, Rurther comprisiag:

al least one ci?:s;‘ws:;f;gsns),(i,iﬁg third comparatsr sdapted to deterraing when

e corresponding stectrioal vurrent has reached the corresponding secongd

prodetermaacd current thesshedd,

m

HH. The systom of cliom 87, wheredn the at foas ang controbior i further

adgptaddt fy doternne a oorrssponding current off tinte peried of the convesponding

cofresprmding cuvrent off time pontad, Tow (K, 18 8 comes ,‘gf.\(m_aiiﬂg provious Hest on

trae poried dutermined using the detsotion of the sreondd prodeterained curcont fovel,

W 134

Tl K s 8 oovrssponding

Tera{K¥is & covvaspond

provions Sesond oay iin period,

3

s oyirvent Hrsh on e poriod.

For

pravioas off time penad, wed To K1) g covraspond

v
e

The aystum of chiam 7, swhorgin the ab loast one condeolien ix further

adapiod to ignore the detection of the vorresponding sevond predetormined curren

Ky

threshold, the detection of the corresponding predetsrounad sverage currant fovel o

the detectimof the comresponding st prodetermined current threshold dhring the

b

crrresponding blaskmy e nterval,
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gt The syatonn of elabm 87, whereln the sl least one contradier s furthar

KW

b intsrval ay proportional Wea

adapted to detorming the corvesporshng blank

E3

rising odue thoe poriod of the st losd one corvesponding gete drivey clrout and @

corresponding tansont current tme poriod,

o

1. Thy systent of vlany &7, wherem the st lopat one contsolior s further

o hime brterval as proportional o a

e

adapted to deteorane the corvesponding blank

prsing odpe e povead of the at least ong oo pas}_sﬁﬁg cate driver Civonit and

o pnrvent fovael,

dereetion of the covrespomding predeionminia

o elab 70 whorein thy st least ong controlisr s Tarther

a7, The syste

scdapted 1o bdjust a brighingss lovel of af loast one sevay of e plusaliny of arvays of

Huht emitiing diodes by gonerating contrel signaly fo a driver givou

<

avray for using ab least two difforont and opposing sheetnesd Blasing chuiques.

83, The svates of clamy 74, whevelit the b loast one sontraller is finther

adarded foadiost 3 betalng

i3

Hght onuiing diodis by gonerating controd signals fo a depvor aivseit for the at foast one

srvay fo e s hysteresis of st losar perr oloctoical current anplitude tovels amd at deadt

<

twir clectrical currant doty cvelo tdins.

G4, The systooy of el 70, wheretn cach comesponding avay of'the

temitting diodes has o compsratively high valtnge node and a

32

commpattivly ow veltuge nodo, and whoroin the ot Rest one Hrst and scoond

X

& porresponding switeh to the comparativedy fow voltage

AR The system of ol 76, whenoin the &t least one controlior i further
sdapdod to intaelsuve the corresponding oa Hme pontads of ey coresponding swited

of the piumsity of arrays.
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S The syatonn of elabm T whereln the sl least one contradier s furthr

&7, Tl sysem of clain 70, further comprising:

W

gl Jerst ong velorenoe voltage genermior souplad fo the at lsast ong

30

corresponding fiest and second comparators aud adapied to provide corrasponding

reforanos voltsgos e o vorvasponsing first pedotsrnuaed current

v

throshold end the o § produiovmined weoruge curtent fevid,

a8, The sys

ern of claim 74, futther comprisingn

an npui-outpat interfacs voupled tothe at feast one comtrollsr and

adapiod to recetve avc il cotrtead sunal

N Fed

G The systom of clam 70, furter comprising

s Toast s vect & Cﬁfpuﬁ\ st the THOWEE SQUECS,

166 The systerp of olatra T wherein 1he poveer sonred provides & D foput

sodbage or ovestifiod &C nput voliage,

11, The systmn of haim 70, whergin when the power simpue prov

pierd

vocitliod AC npad veltage, s elootrioal curvent dusugh o covosponding switch i

/;J

substantially sor when e rectifiod AL mput voltage 1 below a s

1

prodetormined threshold,

162, The systern of olairn 70, wherein when the powsy stwires provides a

AC toput voltags is below a solacted ov pradetornuned thesshadd,

Cinput voltags, the at foast one comtradlor is i an of ¥ state whon the roaifier
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i

Faneed

RN
Eh

COTNRT (XiE AL

& wwiteh eouplably to the selid state Hy

@ ourrent scosor coupled o G switohy

 fest comnparator adepted o detormine when a switch olectrizal curem
b veached s Brst pradotorpuned amrvent thveshodd;

a secoud vovtparsior adapted to detovmine wheyn the awitch elsetneal
currend fas reached a prodetemuned svevage ourpent lovely

3 thivd compandor aduptod o dotermane when the switeh slecteiond

curEEnt hay roavhed wescond predoterminsd varront thresholdd;

a veforer
coraparatins and adapied
the Hest prodetermiigd cureont threshold, the seoimud prodets

and to the predesermined sverage carvent Ee\l-‘sifi;
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CONFIGURABLE LED DRIVER/DIMMER FOR
SOLID STATE LIGHTING APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of US Patent Application No. 13/941,871, filed July
15, 2013, which is itself a continuation of US Patent Application No. 13/059,336, now Patent
No. 8,525,446, filed February 16, 2011, which is a national stage filing under 35 U.S.C. 371
of International Patent Application PCT/CA2009/001295, filed on September 17, 2009, which
claims the benefit of priority of U.S. Provisional Application No. 61/097,963, filed September

18, 2008, all 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; and

[0027] Figure 11 is a schematic diagram of a communication interface for use with the

configurable LED Driver/dimmer.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

[0028] 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.

[0029] 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.

[0030] 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.

[0031] 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.

[0032] 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.

[0033] 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.



[0034] 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.

[0035] 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.

[0036] 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 converter 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.

[0037] 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.

[0038] 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.

[0039] 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.

[0040] 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 or relay contact 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.

[0041] In one embodiment, the primary controller 58 pulses the DC voltage across the
relay coil via the switch 59 to reduce power consumption.

[0042] 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.

[0043] 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.



[0044] 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.

[0045] 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.

[0046] 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.

[0047] 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.
[0048] 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.

[0049] Turning 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.



[0050] The output current driver utilizes the dimming/color mixing techniques for LEDs
described in detail in US Patent Publication No. 2007/0103086, which is hereby incorporated
by reference, wherein the LED average current is encoded within the three variables of on
time, off time, and period where by no three variables are held constant.

[0051] 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.

[0052] 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.

[0053] 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).
[0054] 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.

[0055] 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.
[0056] 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.

[0057] 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.

[0058] 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.
[0059] 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.

[0060] 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
current sources 114 are configured to regulate to a predetermined peak current. The load
controller 110 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.

[0061] 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.

[0062] 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
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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.

[0063] 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.

[0064] 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.

[0065] 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
communication interface options. In this ‘black out’ state, the DC/DC Converter and PFC
Boost Stage continue to dissipate an excessive amount of power.

[0066] 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
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controller 58, the secondary digital controller 64, and the communication interface 74 via an
auxiliary flyback converter.

[0067] 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.

[0068] 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.

[0069] 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.

[0070] 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.

[0071] 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, 0 - 10 Vdc and Zigbee. Operation of the
communication interface with such control options will be understood by one skilled in the art.
[0072] 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.

[0073] 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
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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.

[0074] 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.

[0075] 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.

[0076] 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
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.

[0077] 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.

[0078] 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
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[0079] 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.

[0080] 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 (i.e. DMX01) and the last 6 channels could be mapped to DMX address +1 (i.e.
DMX02).

[0081] 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.

[0082] 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.

[0083] The above-described embodiments of the disclosure are intended to be examples

only. Alterations, modifications and variations can be effected to the particular embodiments
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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) driver for powering a set of light fixture loads
comprising:
a power circuit including:
an inrush current limit,
an apparatus for power factor correction and DC/DC conversion, and
a regulated output voltage bus connected to the apparatus for power factor
correction and DC/DC conversion;
a primary 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 powering the connected light fixture load; and
an apparatus for mapping the set of output current drivers to various dimming zones

and for mapping output channels into groups.
2. The LED driver of claim 1 wherein the apparatus for mapping comprises:
a secondary controller; and

a port for mapping the output channels into groups.

3. The LED driver of claim 2 wherein the output channels are mapped for DMX512A

control.

4, The LED driver of claim 2 wherein the output channels are mapped for 0-10 Vdc

analog control.

5. The LED driver of claim 1 further comprising a communication interface for receiving

data from an external transmitter.

6. The LED driver of claim 5 wherein the communication interface is DMX512A, 0-10

Vdc analog control, Zigbee wireless or remote device management (RDM) compatible.
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7. The LED driver of claim 2 further comprising a communication interface for receiving

data from an external transmitter.

8. The LED driver of claim 7 wherein the communication interface includes a universal

asynchronous receiver/transmitter (UART) to transmit data to the secondary controller.

9. The LED driver of claim 7 further comprising an auxiliary flyback converter to provide

power to the primary controller, the secondary controller, and the communication interface.

10. The LED driver of claim 9 wherein the primary and secondary controllers are digital

controllers.

11. The LED driver of claim 1 wherein the light fixture load is one of an Organic LED
(OLED) load or an LED load.

12. The LED driver of claim 11 wherein the primary and secondary controllers are digital

controllers.

13. The LED driver of claim 1 further comprising a housing with a heatsink portion for

housing the components of the LED driver.

14. The LED driver of claim 13 wherein the heatsink comprises fins.

15. The LED driver of claim 1 wherein the apparatus for power factor correction and
DC/DC conversion comprises:

a DC/DC converter; and

a power factor correction (PFC) boost connected to the inrush current limit and the
DC/DC converter.

16. The LED driver of claim 15 further comprising at least one power limit connected to

the regulated output voltage bus.
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17. The LED driver of claim 1 further comprising a set of isolation barriers to separate

components of the driver from each other.

18. The LED driver of Claim 1 wherein each of the set of output current drivers
comprises:

a load controller;

a current source; and

a current sense.

19. The LED driver of Claim 18 wherein the load controller comprises a signal generator.

20. The LED driver of Claim 2 wherein the port is an in-circuit serial programming (ICSP)

port.
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ABSTRACT

The disclosure is directed at 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.
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