
ADVANCED LIGHTING CONCEPTS LLC - EX 1004

Doc Code: PET.POA.WDRW 
Document Description: Petition to withdraw attorney or agent (SB83) 

PTO/,'.l,'.j83 (M-13) 

Approved for use through 03/31/2.021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COIVIMERCE 

Under t .. e Paoerwor Rec uction Att o. 1995 no oer~~ons are reaulrea to resnond to a co !ertion o · imormation Ufl!ess it aisn:avs a va!i' Ofl!R con tro: num .er. f . 'd b 

I" Application Nu,nber 13/058,335, Patent No. 8,525,446 ""I 

REQUEST FOR WITHDRAWAL F:iing Date September 17, 2009 

AS ATTORNEY OR AGENT AND Fitst Narned Inventor David Tikkanen 

CHANGE OF Art Unit 2819 

CORRESPONDENCE ADDRESS Examiner Name Jason Crawford 

Practitioner Docket 
6008.012 \. Number .,I 

To: Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313~1450 

Please withdraw me as attorney or agent for the above-identified patent application, and 

□ all the practitioners of record; 

□ the practitioners {with registration numbers) of record listed on the attached paper{s); or 

[I] the practitioners of record associated with Customer Number: 30589 

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

The re3son(s) for this request 3re those described ;n 37 CFR: 

□ 11.116{a)(l) D 11.116{a)(2) l"i] 11.116{a)(3) 

l"i] 11.116{b)(l) □ 11.116{b)(2) □ 11.116{b)(3) 

□ 11.116{b)(4) □ 11.116{b)(5) □ 11.116{b)(5) 

D 11. 116{b)(7) Please explain beiow: 

Certifications 

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

approved. 

1. l"i] I/We have given reasonable notice to the client, prior to the expiration of the response period, that the 
practitioner(s) 

intend to withdraw from employment. 

2.[i] I/We hilve delivered to the client or a duly authorized representative of the client ali papers and property {induding 
funds) to which the client ;s entitled. 

3.li"J ____ :,., I/We have notified the client of any responses that may be due and the time frame within which the client must 
respond. 

Ple3se provide an explanation, if necessary: 

I Page 1 of 21 
This ccl!ecr:cn of !ntorrnation is required bv 37 CFR 1.36. The !ntorrnc:11:ion is required to obtain or retain a benefit bv the public whkh :s to me (and by the US PTO to 

process) an L1:,:,:,:,!icat!on. Ccnfldert!a!ity is governed bv 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This conection is estimated to take 15 minutes 1:0 cornplete, i0dudi0g 
gathering, preparing, and submitting the compk:te,:l applkation form to th~:: USPTO. Tim~:: will vary depending upon the individual case. 1\ny comm~::nts on th~:: 

amount ,:,f tlr;•e you r~::quire to cornp!ete this form and/er suggestions for reducing this burden, should be sent to the Chlef Information Offker, U.S. Patent and 

T"rademark Office, U,S. Department of Commerce, P.0 llox 1450, ,'.lexandria, VA 2231.3-1450. DO NOT SEND FEES OR C:OMPLl:TE:O FORMS TO THIS ,~DDRESS. SEND 
TO: Commissioner !or Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

if you need assi,:;tance in r:ompfetmg the form, calf J-800-PT0-9199 and select option 2. 



PTO/,'.l,'.j83 (M-13) 
Approved for use through 03/31/202:l. 0MB 0651-0035 

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

Under the Paperwork Reduction Act of 1995, no per~~ons are required to respond to a rol!ertion of information un!ess it displays a va!id Oflm 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. Changes of address wi!! only be accepted to an applicant. 

Change the correspondence address and direct all future correspondence to: 

A. D The address of the applicant associated with Customer Nurnber: 

OR 

B. ~ Appiicant 

Address 219 \N. Wilshire Blvd. Suite 104D 

CitvQklahoma City I State QK Zip 731 16 Country LJS 
I 

Telephone4Q5-52Q-922Q Email Jen n@onyxtheater.com 
I am authorized to sign on beha!f of myself and a!I withdrawing practit;oners. 

Signature /Ann M. Robl/ 

Name Ann M. Rabi Registration No. 71541 

Address 609 W. Sheridan 

CitvQklahoma City I State QK Zip73102 Country LJS 
I 

Date April 28, 2021 Telephone No. 405-607 -8600 

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

[Page 2 of 2] 

This rol!ert•on of information is required bv 37 CF H 1.36. The information is required to obtain or ret;:;in a benefit by the public wh;r.:h ,s to flle (and by the US PTO to 
process) an app!icat!on. ConfidenHaBty !s governed by 3:i U.S,C 122 -.md 37 CFH 1.11 and l,14. This rol!ection is estomated to take :L:i monutes to complete, induding 
gathering, preparing; and ~~ubmltting the cm'iipleted applkation form to the USPTO. Time wi!! vary depending upon the indlvldual case. Any comments on the 
amount of tlme vou require to e,omplete this form andjor suggestions for reducing thi5 burden; should be 5em. to the Chlef Information Office( U.S. Patent and 
Trademark Oftice, U.S. Department of Commerce. P.O. Box 1450.- Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO TH!S ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

:j you net:d a5sfstance in completing rhe form, ca!/ 1-800-PT0--9199 and select option 2. 

I 



Electronic Acknowledgement Receipt 

EFSID: 42581110 

Application Number: 13059336 

International Application Number: 

Confirmation Number: 9207 

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. Rabi/Bradley Thompson 

Filer Authorized By: Ann M. Robl 

Attorney Docket Number: 6008.012 

Receipt Date: 28-APR-2021 

Filing Date: 22-MAR-2011 

Time Stamp: 16:07:23 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

165938 

1 Transmittal Letter 
6008012_SB21Transmittal_042 

no 1 
82021.pdf 

63ad5ad821 c7ed61 bf23e 76c250acc80d8a 
19bcc 

Warnings: 



Information: 

133972 

2 
Petition to withdraw attorney or agent 6008012_AIA83Withdrawal_04 

no 2 
(5B83) 282021.pdf 

7b 13e8bd5ff7f7df7e5f0336b7685c2046e8 
862f 

Warnings: 

Information: 

Total Files Size (in bytes) 299910 

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 AQQlications 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 AQQlication 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 AQQlication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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: TRAN. LET 

Document Description: Transmittal Letter 
PTOiS8i21 (07-0~1) 

Approved for use through 12i31/2020. 0MB 0651-0031 
U.S. Patent anrl Trademark Office; U.S. DEPARTMENT OF COMMERCE 

TRANSMITTAL 
FORM 

(to be used (Dr a!i correspondence after initial fifing) 

Total Number of Pages in Tliis Submission ! 3 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Attorney Docket Number 

September 17. 2009 

David Tikkanen 

2819 

Jason Crnvvford 

6008.012 

ENCLOSURES {Check all that apply) 

□ □ □ 
After Allowance Cornmunication to TC 

Fee Transmittal Form Drawing(s) 

□ □ Licensin[1--related Papers □ Appeal Communication to Board 
Fee Attached of Appeals and Interferences 

□ □ Petition □ 
Appeal Communication to TC 

Amendment/Reply {Appeal Notice, Brief, Reply Brief) 

□ □ 
Petition to Conve1i to a 

□ After Final Provisional Application Proprietary Information 

□ [Z] Power of Attorney, Revocation 

□ Status Letter Affidavits/declara!ion(s) Change of Correspondence Address 

□ □ Termirrnl Disclaimer □ 
other Enclosure(s} (ple;ise ldenlify 

Extension of Time Request below): 

□ Express Atiandonment Request □ Request for Refund 

□ lnfommtion Disclosure Statement □ CD, Number of CD(s) 

□ Landscape Table on CD 

□ 
Certified Copy of Priority I Remarks I 
Documen!(s) 

Electronically Transmitted: 

□ 
Reply to Missing Parts/ 
Incomplete Application 1) sb2·1 Transmittal (1 page): and, 

□ 
Reply to Missing Parts 2) aia83 Request for Withdrawal ;is Attorney or /-\gent and Change of Correspondence Address 
under 37 CFR ·1 .52 or 1.53 {2 pages) 

SIGNATURE OF APPUCANT, ATTORNEY, OR AGENT 
Firm Name 

Dunlap Codding, P.C. 

Signature 
/1-\nn M. Robl/ 

Printed name 
Ann M. Rabi 

Date April 28, 2021 I Reg No. 171,541 

/' 
""" CERTIFICATE OF TRANSM!SSION/MAIUNG 

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313--1450 on 
the date shown below: 
Signature 

iAnn M. Robl/ 

\.f:YPed or printed name Ann M. Robl I Date I April 28, 2021 

Tt1,s collect,on of information is required by 37 CFR 1 S The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C 122 and 37 CFR 1.11 and1 14. This collection is estimated lo 2 hours to complete, including 
gathering. preparing, anrJ submitting the completed application form to the USPTO. Time wi!I vary depending upon ttIe individual case. Any comments on ttIe 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief lnlormation orncer. U.S. Patent and 
Tratiemark Office. U.S. Deparirnent of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing tfle form, cail 1-800-PTO-9199 and select option 2. 



UNIIBD STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 37l(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID 

13/059,336 03/22/2011 David Tikkanen 6008.012 

Acknowledgement of Change to Small Entity Status 

The entity status change request below filed through Private PAIR on 01/21/2021 has been accepted. 

CERTIFICATIONS: 

Change of Entity Status: 

X Applicant asserting small entity status. See 37 CFR 1.27. 
N0IB: 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. 

129954 

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

Signature: I Ann M. Robl/ 

Name: AnnM. Robl 

Registration Number: 71541 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/059,336 03/22/2011 

34236 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David Tikkanen K8001064WOUS 
CONFIRMATION NO. 9207 

POWER OF ATTORNEY NOTICE 
GOWLING WLG (CANADA) LLP 

111111111111111111111111]~!1]!~1!~1! ~!~H! ~!Ull 11111111111111111111111 50 QUEEN STREET NORTH, STE. 1020 
P.O. BOX 2248 
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 assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/zabraha/ 

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. 

page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/059,336 

30589 
DUNLAP CODDING, P.C. 
PO BOX 16370 
OKLAHOMA CITY, OK 73113 

FILING OR 3 71 (C) DATE 

03/22/2011 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David Tikkanen K8001064WOUS 
CONFIRMATION NO. 9207 

POA ACCEPTANCE LETTER 

1111111111111111111111 ll]~!l]!~l!~IU!~H! ~If !Ill lllll 111111111111111111 

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. 

/zabraha/ 

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. 

page 1 of 1 



[ 

PTO/A!AjSO {07-l?} 
Approved for use through 03/31/202:l. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMrnT OF COIVllVlERCE 

Under the P2i:,:,erwork Reducr:ion .A.ct of 1995, no per5oi1 :s required to respond to a conectior of intorn1ar:ion unless it dispi2ivs a valid 0MB control nun1ber 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached 
statement under 37 CFR 3.73(c). 

I hereby appoint: 

~ Practitioners associated with Customer Number: 130589 

I 
OR 

r--------1 Practitioner(s) named beiow (if more than ten patent practitioners are to be named, then a customer number must be used): 
'---------

Name 
Reg;stration 

Name 
Registration 

Number Number 

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 

any and a!! patent appiicat!ons assigned~ to the undersigned according to the USPTO assignment records or· assignment documents 

attached to this forrn 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: 

[D The address associated with Customer r~urnber: 30589 
OR 

□ 
Firm or indlvidua! name 

Address 

City State I Zip 

Country 

Te!ephone Emaii 

Assignee name and address: Mme. LLC 

2i g 1/'..f. Vv'•lst-iire Blvd, su,te ·104D 
Okia~oma City. Oklal1oma 734 4 5 

A copy of this form, together with a statement under 37 CFR 3.73(c) (Fmm PTO/ AIA/96 or equivalent) is required to be 
filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of the 
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whose signature and title is suppiied below is authorized to act on behalf of the assignee. 

Signature Ar.t1J.Jm Date 12/20i20 

NameJon Upton Telephone 405-520-9220 

Title Manager, Mate. LLC 
This ccik:cticn ,:,f inforrnation is required bv 37 CFR 1. 31, 1.32, and 1.33. The information ls requlre,:l to obtain or retak• a ber.eflt by the public, which is to update 
{and by the USP TO to process) the file of a parenr or reex,.;rnination pn.Keeding. Confident,a!ity ,s governed by .:15 U5.C. 122 and 37 CrR 1 ll and l.:Lt~. This 

co!!ecrion is esrimated to take 18 rninutes to r.:ompiere, induding gathering, preparing, and submitting the cornplered applic;:;toon forrn ro the USPTO. Time vvil! vary 

depending upon rhe individuol cose. Any rornments on the arnount of rime you require to complete th•s form ,.;nd/or suggestions for reducing this burden, should 

be sent to the Chief information Offie,er, U.S. Patent and Trademark Office; U.S. Department of C:ornrnerce, P.O. Box 1450, Alexandria,. \!A 22.:113-1450. DO NOT 

SEND FEES OE COMPLETED FOBMS TO THIS AODEESS. SEND TO: Commissioner for Patents, P.O. !lox 145(), Alexandria, VA 22313-1450. 
:j you net:d a5sfstance in completing rhe form, ca!/ 1·-800-PT0··9199 and !.elect option 2. 

] 



PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Oll;ce. US. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coilection of information un!ess it displays a va!id 0MB controi nurriber. 

STATEMENT UNDER 37 CFR 3.73(c} 
Applicant/Patent Owner: Lumastrearn Canada ULC 

1\pplication No.!Patent No.: 8 ,525,446 Flied/Issue Date: _0_9_10_3_1_2_0_1_3 _________ _ 

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

Mate. LLC , a limited liability corporation 
--------------------

(Nan1e of Assignee) (Type of Assignee, e.g, corporation. partnership. university, govermrient a~1ency, etc.) 

states that, for tl1e patent application/patent identified above, it is (choose one of options 1, 2, ~-l or 4 below): 

The assignee of the entire right, title, and interest. 

An assignee o1 less tt1an the entire right, tit!e, and interest (check applicabie box): 

LJ Hie extent (by percentage) of its owners~1ip interest is ______ %. Additional Staternent(s) by the owners 
hoiding the balance of the interest must be submitted to account for i 00% of tl1e ownership interest. 

[J There are unspecified percentages of ownership. The other parties, including inventors, who together own tl1e entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of tl1e interest must be submitted to account for the entire 
right, title, and interest. 

3. [J The assignee of an undivided interest in the entirety (a compiete assignment from one of the joint inventors was made}. 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding tt1e balance of t~1e interest must be submitted to account 1m the entire 
right, title, and interest 

4. [J The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer o1 ownerst1ip interest was made). Tt1e certified document(s) st1owing the transfer is attact1ed. 

Tt1e interest identilied in option i, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B be!ow): 

A. D 1\n assignment from the inventor(s) of tl1e patent application/patent identified above. The assignment was recorded in 
tt1e United States Patent and Trademark 01fice at Reel ______ , Frame ______ , or for w~1ic~1 a copy 
thereof is attached. 

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

·1. From: Da~dTikkanan,Jasonraeudort,StevenLyons.ToddScott,l\yleHatr,away,andDa~ajansen To: Electronic Craftsmen Corporation 

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

Reei 025818 , Frame o97o , or for which a copy thereof is attached. 

2_ Fmm: Electronic Craftsmen Corporation To: E Craftsmen Corporation 

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

Reel 025819 , Frame 0023 , or for which a copy thereof is attached. 

[Page 1 of 2] 
Th;s co!lection of informat;on is required by 37 CF'R 373(b). The information is required to obl,m or retain a benefit by the public which 1s to fiie (and by the USPTO to 
process) an appiicat!on. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This co!lection is est!n1ated to take 12 minutes to complete, includm~~ 
gathering, prepar;ng. and subm;Hin9 the con1pleted application lorrn to the US PTO. Time will vary depending upon the lndiv;dual case. Any con1n1ents on the amount 
of time you require to comp!ete this form and/or suggestions tor reducing this burden, shou!d be sent to the Chief information Officer. U.S. Patent and Trademark 
Office.US. Department of Commerce, P 0. Box 1450, A!exandna. VA 22313-1450 DO NOr SEND FEES OR COMPl.ErED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box ·1450, Alexandria, VA 223·13.·145()_ 

lfyou need assistance in compiering the jiJrm, cail 1-800-PTO-9199 and select option 2. 



PTOiAIA/96 (08-12J 
Approved tor use through 0"1/31/2013. 0MB 0651-003'1 

U.S Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act cf 1995. no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c} 

3. From: E Craftsmen Corporation To: Lumastrearn Canada ULC 

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

Reel 026192 , Frame _0_2_2_0 ___ , or for wt1ict1 a copy thereof is attac~1ed. 

4. From: Lurnastrearn Canada ULC To: Lumastream, Inc. 

Tt1e document was recorded in the United States Patent and Trademark Office at 

Reel 054134 

5_ From: Lumastrearn, Inc. 

, Frame _0_0_8_9 ____ , or for which a copy thereof is attached. 

To: E Craftsmen Corporation 

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

Reel 054134 , Frame o33o , or for which a copy thereof is attached. 

6. From: E Craftsmen Corporation To: Mate. LLC 

Tl1e document was recorded in the United States Patent and Trademark Office at 

Reel o547o9 , Frame o94o , or for whicl1 a copy thereof is attached. 

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

RJ As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of t~1e chain of title from the original owner to tt1e 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CH{ 3. i 1. 

[NOTE.: 1\ separate copy (i.e., a true copy ot the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPE.P 302.08] 

The undersigned (whose title is supplied below) ls authorized to act on behalf of the assignee. 

/Ann M. Robl/ January 4, 2021 
Signature Date 

Ann M. Rob! 71,541 

Printed or Typed Name Titie or Registration Number 

[Page 2 of 2] 



Electronic Acknowledgement Receipt 

EFSID: 41542298 

Application Number: 13059336 

International Application Number: 

Confirmation Number: 9207 

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: K8001064WOUS 

Receipt Date: 04-JAN-2021 

Filing Date: 22-MAR-2011 

Time Stamp: 13:16:19 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

170600 

1 Transmittal Letter 
6008012_sb21_ Transmittal_0l 

no 1 
042021.pdf 

ee984ac22f72a4 50cb8eff63 e 70cfbf81844 3 
cOe 

Warnings: 



Information: 

109212 

2 Power of Attorney 
6008012_AIA80_POA_0l 04202 

no 1 
l.pdf 

51bba786d365b2e28ea4d732dcb464118fi 
6b1ec 

Warnings: 

Information: 

82222 

3 
Assignee showing of ownership per 37 6008012_AIA96_Statement_0l 

no 2 
CFR 3.73 042021.pdf 

d900385d756542732082bc498167cf1 cce4 
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This is in response to the Power of Attorney filed 11 /17/2015. 
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Questions about the contents of this notice and the 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent owner: Lumastream Canada ULC 

Application No./Patent No.: 8,525,446 Filed/Issue Date: 2013-09-03 ---------------- -----------------
Ti tied: 

Lumastream Canada ULC ____________________ ,a corporation 

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

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

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

the patent application/patent identified above, by virtue of either: 

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

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 
TIKKANEN, David; NEUDORF, Jason; LYONS, Steven; SCOTT, Todd 

1. From: William;HATHAWAY,KyleGrahame;JANSEN,DavidWainesworth To: ELECTRONIC CRAFT;3MEN CORPORATION 

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

Reel 025818 Frame0970 , or for which a copy thereof is attached. 

2. From: ELECTRONIC CRAFTSMEN CORPORATION To: E CRAFTSMEN CORPORATION 

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

Reel 025819 Frame 0023 , or for which a copy thereof is attached. 

3. From: E CRAFTSMEN CORPORATION To: LUMASTREAM CANADA ULC 

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

Reel 026192 Frame0220 , or for which a copy thereof is attached. 

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

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

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Jeffrey W. Wong/ 

Signature 

Jeffrey W. Wong 

Printed or Typed Name 

2015-11-17 

Date 

Agent, Reg. No. 46414 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent owner: Lumastream Canada ULC 

Application No./Patent No.: 8,525,446 Filed/Issue Date: 2013-09-03 ---------------- -----------------

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

Lumastream Canada ULC ____________________ ,a corporation 

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

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

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

the patent application/patent identified above, by virtue of either: 

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

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 
TIKKANEN, David; NEUDORF, Jason; LYONS, Steven; SCOTT, Todd William; 

1. From: HATHAWAY, Kyle; JANSEN, David Wainesworth To: ELECTRONIC CRAFTSMEN CORPORATION 

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

Reel 025818 , Frame 0970 , or for which a copy thereof is attached. 

2. From: ELECTRONIC CRAFTSMEN CORPORATION To: E CRAFTSMEN CORPORATION 

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

Reel 025819 Frame 0023 , or for which a copy thereof is attached. 

3. From: E CRAFTSMEN CORPORATION To: LUMASTREAM CANADA ULC 

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

Reel 026192 Frame 0220 , or for which a copy thereof is attached. 

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

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

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Jeffrey W. Wong/ 

Signature 

Jeffrey W. Wong 

Printed or Typed Name 

2014-10-14 

Date 

Agent, Reg. No. 46414 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C.122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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r 
PATENT • POWER OF ATTORNEY Patent Number 8,525,446 

OR Issue Date 2013-09~03 
First Named Inventor TIKKANEN, David Rl:VOCATION OF POWER OF ATTORNEY CONFIGURABLE LED DRIVER/DIMMER 

WITH A NEW POWER OF ATTORNEY Title FOR SOLID STATE LIGHTING 
AND APPLICATIONS 

~HANGE OF CORRESPONDENCE ADDRESS Attorney Docket Number K8001064WOUS 

I hereby revoke all previous powers of attorney given in the above-identified patent. 

□ A Power of Attorney is submitted herewith. 

OR 

[gJ 
I hereby appoint Praotitioner(s) associated with the following Customer Number as my/our 

134236 I attorney(s) or agen\(s) with respect to the patent identified above, and to transact all business in 

OR 
!he United States Patent and Trademark Office connected therewith: 

□ 
I hereby appoint Practitioner(s) named. below as my/our attorney(s) or agent(s) with respect to the patent identified 
above, and to transact all business In the United States Patent and Trademark Office connected therewith: 

PractiUoner(s) Name Registration Number 

Please recognize or chiinge the correspondence address for the above.·ldentifled patent to:. 

[8] The address aiisociated with ihe above-mentioned Customer Numb.er. 
OR 

I □ The address associated With Customer Number: I OR 

□ 
Firm or 
lndlVldUal Name 

Address 

City. I state I I Zip l 
country 
felephone I Email I 
tam the: 

□ Inventor, having ownership of the paten!. 
OR 

IZl Patent owner. 
Statement under $7 CFR 3. 73(b) (Form PTO/S8198) submitted herewith or fifed on 

' 
SIGNATURE oflnventor or Patent Owner 

Sighl:lture 1tl I Date I Av111 ""' /20 I l.J 
Name David TIKKANEN I Telephone I r;1c/Y1"ti SG~-f '~f 
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US Patent Application No. 13/059,336 
Preliminary Amendment Filed on August 3, 2012 

line 25 

Ch ( ) !Please replace the 6th paragraph, starting at.+i1,e ~. on page 9 with the following amended 
ange s app 1ed 

to document, paragraph: 

/S.W/ 
5/20/201::, 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 redactor inductor converter converter (SEPIC). 

line 6 
Please replace the 2nd paragraph, starting at-ltrre--S, on page 14 with the following amended 

paragraph: 

Furthermore, the communication interface 74 can be adapted to have one or more O -

10 Vdc signal voltages control an associated group of one or more output current drivers in 

:l:eA-e zonal dimming applications. An optional master O - 10 Vdc signal voltage could be able 

to simultaneously control all of the individual groups of output current drivers. 

4 



US Patent Application No. 13/059,336 
Preliminary Amendment Filed on August 3, 2012 

instance, the dimmer 10 can also include an EMI filter and a bridge rectifier. With respect to 

connections, it will be understood that the primary digital controller 58 can also be connected 

to the PFC boost 44, the inrush current limit 40 and the DC/DC controller 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. 

line 26 

Ch ( ) !
Please replace the 4th paragraph, starting at liRe 20, on page 6 with the following amended 

ange s app 1ed 

t d t 
paragraph: 

o acumen, 

/S.W./ 
5/20/2013 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 oo fil. 
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. 

line 15 
Please replace the 3rd paragraph, starting at tine-9, on page 7 with the following amended 

paragraph: 

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 eei-l- 86 and a switch 59. The relay eei-l­

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. 

3 



US Patent Application No. 13/059,336 
Preliminary Amendment Filed on August 3, 2012 

Amendments to the Specification 

line 24-

ch ( ) !
Please replace the 4th paragraph, starting at Iii ,e rn, on page 5 with the following amended 

ange s app 1ed 

t d t 
paragraph: 

o acumen, 

/S.W./ 
5/20/2013 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 Base 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 Base 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. 

line7 
Please replace the 1st paragraph, starting at~, on page 6 with the following amended 

paragraph: 

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 oo 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. 

line 1 9. 
Please replace the 3rd paragraph, starting at liAo 13, on page 6 with the following amended 

paragraph: 

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 

2 
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-- The MAILING DA TE 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. [gl This communication is responsive to 4/12/13. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. [gl The allowed claim(s) is/are 1,3,4 and 6-23. 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 ~;ttp:i/www.uspto.gov/patentsiinit events/pph/index.is_p or send an inquiry to PPHfeedback(a)uspto.aov. 

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

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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: __ . 

Interim copies: 

a) D All b) D Some c) D None of the: Interim copies of the priority documents have been 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. [gl Notice of References Cited (PTO-892) 

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 2/16/11 ,8/31 /12, 1 0/2/12 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/Jason M. Crawford/ 
Primary Examiner, Art Unit 2819 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 
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Drawings 
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The drawings were received on 4/12/2013. These drawings are accepted by the 

Examiner. 

Miscellaneous 

The Applicant has cancelled claims 2, 5 and added new claims 21-23; therefore 

only claims 1, 3-4 and 6-23 remain for this Office Action. 

Allowable Subject Matter 

Claims 1, 3-4 and 6-23 are allowed. The following is an examiner's statement of 

reasons for allowance: 

In regards to claim 1, the prior art discloses of the claimed subject matter with the 

exception of the configurable light emitting diode (LED) driver/dimmer further comprising 

a power circuit including: an inrush current limit; a DC/DC converter; a power factor 

correction (PFC) boost connected to the inrush current limit and the DC/DC converter; 

a regulated output voltage bus connected to the DC/DC converter; and at least one 

power limit connected to the output voltage bus, nor would it have been obvious to one 

of ordinary skill in the art to do so. Claims 3-4 and 6-22 are also allowed as being 

dependent on claim 1. 

In regards to claim 23, the prior art does not disclose of a power circuit for a 

configurable light-emitted diode (LED) driver, the power circuit comprising: an inrush 
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current limit; a DC/DC converter; a power factor correction (PFC) boost connected to 

the inrush current limit and the DC/DC converter; an output voltage bus connected to 

the DC/DC converter; and at least one power limit connected to the output voltage bus, 

nor would it have been obvious to one of ordinary skill in the art to do so. 

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." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Jason M. Crawford whose telephone number is 

(571 )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, Shawki Ismail can be reached on (571) 272-3985. 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 
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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 2819 
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I .......... ...! ........... J ........................................................................ ..! I BM_ TDB ....................... ...i ...................... ...! ................. ..! ........................ ..! r 19 l□I (PFC (power adj factor)) and i U&PGPUB; USPAT; :DR :□Ni 2013/04/18: 
I i I S118 i USOCR; FPRS; EPO; i i i 07:36 i 
i i I iJPO· DERWENT· i i i i 

!d□ i1BM~TDB , id□ I 

1 

S118

1
12 _ 

1 

:~iJ}~J~l~;~ . OR_ 1 ~~LIB;. USPAT; _1 OR _

1 

ON_ 1 ~~11~04/1w 

r117 'DI S116 and (DC adj DC) i U&PGPUB; USPAT; :DR :□Ni 2013/04/18: 
i i I i USOCR; FPRS; EPO; i i i 07:36 i 
I i I !JPO· DERWENT· i i i i 
I : I 11 BM~ TDB , : : I : r 16 :□3 I S115 and (LED (light adj emit$4 i U&PGPUB; USPAT; IDR l□N i 2013/04/181 I : I adj diode)) ! USOCR; FPRS; EPO; : : ! 07:36 : 
i i i iJPO· DERWENT· i i i i 

I ............ I .......... J ........................................................................ JI BM~TDB ......................... 1 ........................ 1 ................. J .......................... 1 

r15 r□ 1S114 and (inrush (in adj rush)) I U&RGPUB; USPAT; 'DR :□N !2013/04/18\ 
I i I i USOCR; FPRS; EPO; i i i 07:36 i 
i i i iJPO· DERWENT· i i i i 

1 ............ J ........... .J ........................................................................ ..1 1 BM~ TDB .............. · ......... .J ........................ J ................. l ........................ .J r 14 '1229 I ("315"/$.ccls. "361 "/$.ccls.) and I U& RGPUB; USPAT; 'DR :□Ni 2013/04/18: 
I i I S113 i USOCR; FPRS; EPO; i i i 07:36 i 
i i I iJPO· DERWENT· i i i i I : I I I BM, TDB , : : I : 
11S113 r44 iS112 and @ad<"20080918" ; u&RGF'us; USPAT; :DR l□N !2013/04/181 I i I i USOCR; FPRS; EPO; i i i 07:36 i 
i i i iJPO· DERWENT· : : i : 
I I I I I BM, TDB , I I I I r 12 r77 I (PFC (power adj factor)) and I u&RGF'us; USPAT; :DR i□N i 2013/04/18i 
i i I (heatsink$3 (heat adj sink$3) i USOCR; FPRS; EPO; i i i 07:36 i 
I i I fins) i JPO· DERWENT· i i i i I : I I I BM, TDB , : : I : 
r11 'Di("315"/$.ccls. "361"/$.ccls.) andjU&PGPUB; USPAT; :DR :□N !2013/04/18! I : I (I CSP (in adj circuit adj serial ! USOCR; FPRS; EPO; : : i 07:35 : 
I : I adj program$4)) and ! JPO; DERWENT; : : i : 
I i I @ad< "20080918" i I BM TDB i i i i r10 r iS1 □9 and @ad<"20080918" i u&RGF'us; USPAT; iDR ilON i2□13/04/rni I i I i USOCR; FPRS; EPO; i i i 07:35 i 
i i i iJPO· DERWENT· i i i i 

! ............. 1 ............. 1 ........................................................................ J 1.BM~TDB .............. • ........ ..1 ......................... 1 ................... ! ........................ ..1 
lr-717 H H 
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r□9 r 4 I ((u adj shap$3) with I US-R3PUB; USPAT; 'DR :□N j 2013/04/18! I : I (heatsink$3 (heat adj sink$3) I USOCR; FPRS; EPO; : : j 07:35 : 
I : I fins)) and (LED adj2 control$4) I JPO; DERWENT; : : j : 
I __________ j ___________ J ________________________________________________________________________ j I BM_ TD B ________________________ __: ______________________ j _________________ j ________________________ __: 

r□B 'D" r□6 not S107 I US-R3PUB; USPAT; 'DR :□N j2013/04/18: I i I I USOCR; FPRS; EPO; i i i 07:35 i 
i i I iJPO· DERWENT· i i i i I : I I I BM, TDB , : : ! : 
- ............. • ............. • .....................................................................•....... ~ ................................... • ......................... • ...................•.......................... · 

r□7 'DI S106 and (thermistor and coil) I U&PGPUB; USPAT; :DR :□N j 2013/04/18: 
I i I i USOCR; FPRS; EPO; i i i 07:35 i 
i i i iJPO· DERWENT· : : i : 
I : I I I BM, TDB , : : I : 
r□6 !□2 I S105 and (heatsink$3 (heat adj I U&ffiPUB; USPAT; iDR i□N j 2013/04/18i 
I : I sink$3) fins) I USOCR; FPRS; EPO; : : j 07:35 : 
i i i iJPO· DERWENT· i i i i I : I ! I BM, TDB , : : I : 
r105 'Dg I (PFC (power adj factor)) and i U&ffiPUB; USPAT; :DR :□Ni 2013/04/18! 
I i I S104 i USOCR· FPRS· EPO· i i i 07·35 i 
I : I i JPO· DERWENT· , : : I . : 
1 ............ ! .......... ..J ........................................................................ J I BM~ TDB .............. • .......... j ........................ j ................ ,J .......................... j 
r□4 r52 IS1 □3 and @ad<"20080918" I US-R3PUB; USPAT; 'DR :□N j2013/04/18l I i I I USOCR; FPRS; EPO; i i j 07:35 i 
i i i iJPO· DERWENT· i i i i 

1 ............ J .......... ,J ........................................................................ J I BM~ TDB .............. · ........ ,J ........................ J .............. , .. l ........................ J 
JC 

r□3 r□6 I ((inrush (in adj rush)) adj2 I US-R3PUB; USPAT; 'DR :□N j 2013/04/18: I : I limit) I USOCR; FPRS; EPO; : : j 07:35 : 
i i i iJPO· DERWENT· i i i i I : I ! I BM, TDB , : : I : 
r□2 :or□□ not S101 ; us-R:l"us; USPAT; :DR l□N !2013/04/181 I i I I USOCR; FPRS; EPO; i i l 07:34 i 
i i i iJPO· DERWENT· : : i : 
I : I I I BM~ TDB , : : I : -............. - ........• -........................................................................... ..........................................• ........................ - ....................................... . 

r101 'DI S100 and @ad<"20080918" i U&PGPUB; USPAT; :DR :□Ni 2013/04/18! I i I i USOCR· FPRS· EPO· i i i 07·34 i 
I : I I JPO· DERWENT· , : : I . : 
I : I ! I BM, TDB , : : I : 
r□o 'D" r)B not 899 I us-R:l"us; USPAT; 'DR :□N j 2013/04/18! I i I I USOCR; FPRS; EPO; i i l 07:34 i 
i i i iJPO· DERWENT· i i i i t : \ : ' ' : : : : 
ill_llBM~TDB_I_I_II r 'DI S98 and (PFC (power adj I U&PGPUB; USPAT; :DR :□N j 2013/04/18! I : I factor)) I USOCR; FPRS; EPO; : : j 07:34 : 
i i i iJPO· DERWENT· i i i i 

! ............ J ........... J ........................................................................ J I .BM~ TDB .............. , ........ J ....................... J ................... ! ........................ J r '02 I ("315"/$.ccls. "361"/$.ccls.) and I U&PGPUB; USPAT; :DR :□N j 2013/04/18: 
I : I (I CSP (in adj circuit adj serial I USOCR; FPRS; EPO; : : j 07:34 : 
I : I adj program$4)) I JPO; DERWENT; : : j : 
I : I i I BM TDB : : i : r i□I S96 and (power adj limit) I U&ffiPUB; USPAT; iDR i□N j 2013/04/18i 
i i I i USOCR; FPRS; EPO; i i i 07:27 i 
I i I !JPO· DERWENT· i i i i 
I : I ! I BM~ TDB , : : I : r :Do !S95 and @ad<"20080918" i U&PGPUB; USPAT; IDR l□N !2013/04/181 
I i I i USOCR· FPRS· EPO· i i i 07·26 i 
I : I i JPO· DERWENT· , : : I . : 
1 ............ ! .......... ...1 ........................................................................ J I BM~ TDB ............. .' .......... j ........................ j ................. J .......................... j r '.113 i (inrush adj current) same (PFC U&PGPUB; USPAT; :nR :.ION I 2□13/04/181 I : I (power adj factor$3 adj USOCR; FPRS; EPO; : : i 07:26 : 
I j I control$4)) same (DC adj DC) JPO; DERWENT; ! ! ! ! 
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Wainesworth 

Serial No.: 13/059,336 
Filed: September 17, 2009 
Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE 

LIGHTING APPLICATIONS 
Group: 2819 
Examiner: 
Attorney Ref.: 

CRAWFORD, Jason 
PAT 67545W-2 US 

Mail Stop Amendment 
Commissioner for Patents 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria VA 22314-1450 
USA 

AMENDMENT 

April 12, 2013 

In response to the Office Action of January 23, 2013, please amend the above-identified­

application as follows: 

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

Amendments to the Claims are reflected in the listing of claims which begins on page 3 of 

this paper. 

Amendments to the Drawings begin on page 6 of this paper and include both an attached 

replacement sheet and an annotated sheet showing changes. 

Remarks/Arguments begin on page 7 of this paper. 

An Appendix including amended drawing figures is attached following page 8 of this paper. 
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Amendments to the Specification 

Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

Please replace paragraph [0009] with the following amended paragraph: 

[0009] In another aspect of the present disclosure, there is provided a oonfigurable power 

circuit souroe that can provide[[s]] a plurality of output channels, such as 6, 8, 9, or 12, to color 

change or dim OLEO 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. 

Please replace paragraph [0070] with the following amended paragraph: 

[0070] Figure 8 is a schematic diagram of an alternate embodiment of a configurable LED 

dimmer 10. As shown, individual current sources 114 and current senses 116 are mounted in 

the light fixture containing the LED load 56, and power and data signals are provided to each 

output current source 114 by the multi conductor cable 22. In this embodiment, the current 

sources 114 are configured to regulate to a predetermined peak current. The load controller 

110 e4 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. 
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Amendments to the Claims 

Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

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

Listing of Claims 

1. (Currently Amended) A configurable light emitting diode (LED) driver/dimmer for controlling 

a set of light fixture loads comprising: 

a power circuit including: 

an inrush current limit: 

a DC/DC converter: 

a power factor correction (PFC) boost connected to the inrush current limit and the 

DC/DC converter: 

a regulated output voltage bus connected to the DC/DC converter: and 

at least one power limit connected to the output voltage bus: 

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 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-;-aA-€1-

11,1herein the secondary digital controller provides digital feedback control information to 

the primary digital controller. 

2. (Cancelled) 

3. (Currently Amended) The LED driver/dimmer of Claim 1 further comprising: 

a set of in-circuit serial programming (ICSP) ports, each of the set of ICSP ports 

associated with one of the set of output current drivers for dynamic control of the configuration 

of output current drivers. 

4. (Currently Amended) The LED driver/dimmer of Claim [[1]]22 further comprising an in-circuit 

serial programming (ICSP) port connected to the primary digital controller§. 

5. (Cancelled) 
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Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

6. (Currently Amended) The LED driver/dimmer of Claim 1 further comprising a 

communication interface for receiving data from an external transmitter and for transmitting 

the data to the secondary ~ controller. 

7. (Currently Amended) The LED driver/dimmer of Claim [[1]]Q. further including an isolation 

barrier for separating the secondary~ controller and the communication interface. 

8. (Original) The LED driver/dimmer of Claim 1 further comprising a housing portion for 

housing the components of the driver. 

9. (Original) The LED driver/dimmer of Claim 8 wherein the housing portion comprises: 

an aluminum heatsink; and 

a Li-shaped chassis. 

10. (Original) The LED driver/dimmer of Claim 9 wherein the heatsink comprises a plurality of 

fins. 

11. (Original) The LED driver/dimmer of Claim 10 wherein heatsink acts to cool the 

driver/dimmer via convection cooling. 

12. (Original) The LED driver/dimmer of Claim 9 further comprising a thermally conductive 

electrically isolated material for coupling the power circuit to the chassis to further improve 

heat dissipation .. 

13. (Original) The LED driver/dimmer of Claim 6 wherein the communication interface is either 

DMX512A, 0-10Vdc analog control, Zigbee wireless or Remote Device Management (ROM) 

compatible. 

14. (Currently Amended) The LED driver/dimmer of Claim [[2]]1 wherein the inrush current 

limit comprises: 

a switch; 

a relay coil, connected to the switch; and 

a thermistor; 
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Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

wherein the relay coil and the thermistor are in parallel with each other. 

15. (Currently Amended) The LED driver/dimmer of Claim 1 wherein the light fixture load is 

one of an Organic LED (OLEO) load or an LED load. 

16. (Currently Amended) The LED driver/dimmer of Claim [[2]]§ comprising an auxiliary 

flyback converter to provide power to the primary~ controller, secondary digital controller, 

and communication interface 

17. (Currently Amended) The LED driver/dimmer of Claim 2i wherein the primary digital 

controller can disable the PFC boost and DC/DC Converter at zero light intensity state. 

18. (Currently Amended) The LED driver/dimmer of Claim 1[[5]] comprising a means to map 

output current drivers to various DMX512 addresses. 

19. (Currently Amended) The LED driver/dimmer of Claim 1[[5]] comprising a means to map 

output current drivers to various dimming zones for 0-10 Vdc control. 

20. (Currently Amended) The LED driver/dimmer of Claim 1[[5]] further comprising an isolated 

communication bus to transmit the digital feedback control into the primary controllerP-GG. 

21. (New) The LED driver/dimmer of Claim 1 wherein the secondary controller provides 

feedback control information to the primary controller. 

22. (New) The LED driver/dimmer of Claim 1 wherein the primary and secondary controllers 

are digital controllers. 

23. (New) A power circuit for a configurable light-emitted diode (LED) driver, the power circuit 

comprising: 

an inrush current limit; 

a DC/DC converter; 

a power factor correction (PFC) boost connected to the inrush current limit and the 

DC/DC converter; 

an output voltage bus connected to the DC/DC converter; and 
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at least one power limit connected to the output voltage bus. 
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Amendments to the Drawings 

Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

The attached sheet(s) of drawings includes changes to Figure 8. The sheet, which includes 
Figure 8, replaces the original sheet including Figure 8. 

Attachment: Replacement sheet (1) 
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Remarks/Arguments 

Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

Claims 1, 3 to 4 and 6 to 23 are pending in the current application. Claims 1, 3, 4, 6, 7, 14, 15, 

16 and 17 are amended, Claims 21 to 23 are new and Claims 2 and 5 cancelled. 

Claim 1 has been amended to include the subject matter of original Claim 2 and to remove the 

phrase "wherein the secondary controller provides feedback control information to the primary 

controller" which is now added as new Claim 21. Claim 3 has been amended to replace the 

expression "dynamic control of the" with the expression "configuration of". Claims 4, 6, 7 and 

16 have been amended to remove the word "digital". Claims 4, 14, 16 and 17 have been 

amended to change their claim dependency. New independent Claim 23 is directed at the 

subject matter of original Claim 2. 

The amendments to the specification and figures are to correct clear errors. No new subject 

matter has been added as a result of these amendments. 

Claims 1, 6 to 8, 13 and 15 are rejected under 35 U.S.C. 102(a) as being anticipated by US 

Patent Publication No. 2008/0018261 to Kastner. Applicant has amended Claim 1 to include 

the subject matter of original Claim 2 which has been deemed patentable in the Office Action 

by the Examiner. It is respectfully submitted that independent Claim 1 and each of its 

independent claims are now patentable over the cited art. Retraction of Examiner's rejection 

of Claims 1, 6 to 8, 13 and 15 is respectfully requested. 

Claims 3 to 5, 9 to 12 and 19 to 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kastner in view of US Patent Publication No. 2008/0025028 to Gloisten et al. Applicant 

respectfully submits that the Examiner's rejection is now moot in view of the amendments 

outlined above. Retraction of Examiner's rejection of Claims 3 to 5, 9 to 12 and 19 to 20 is 

respectfully requested. 

For the above reasons, it is respectfully submitted that the application is now in condition for 

allowance, which is requested. If there are any outstanding issues, the Examiner is invited to 

contact the undersigned to discuss this matter further. 
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Ser. No. 13/059,336 
Amendment dated April 12, 2013 

In Reply to Office Action dated January 23, 2013 

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

payments, to Deposit Account No. 501593, in the name of Borden Ladner Gervais LLP. 
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Respectfully submitted, 

Tikkanen, Dave, et al. 

By: /Jeffrey W. Wong/ 
Jeffrey W. Wong 
Registration No. 46,414 
Agent for Applicant 

Borden Ladner Gervais LLP 
100 Queen Street 
Ottawa, Ontario 
Canada K1 P 1J9 

Telephone:519-579-5600 
Fax:519-741-9149 
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Page 2 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

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

A person shall be entitled to a patent unless -

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

1. Claims 1, 6-8, 13 and 15 are rejected under 35 U.S.C. 102(a) as being 

anticipated by Kastner (US 2008/0018261 ). 

In regards to claim 1, Kastner discloses of a configurable light emitting diode 

(LED) driver/dimmer for controlling a set of light fixture loads (see Fig 20D) comprising: 

a power circuit (Figs 20A-B); a primary digital controller (U1, Fig 20B) for controlling the 

power circuit; a set of output current drivers (in Fig 20D), 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 (see Fig 20D); a secondary digital controller (U4, Fig 20C) 

for controlling the set of output current drivers (Fig 20D); wherein the secondary 

controller (U4, Fig 20C) transmits LED control information to control outputs of the set of 

output current drivers (Fig 20D); and wherein the secondary digital controller (Fig 20C) 

provides digital feedback (VFB) control information to the primary digital controller (U1, 

see Figs 20, 20A-D). 

In regards to claim 6, Kastner discloses of the LED driver/dimmer of Claim 1 

further comprising a communication interface for receiving data from an external 
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transmitter (see Paragraph 0105) and for transmitting the data to the secondary digital 

controller (U4). 

In regards to claim 7, Kastner discloses of the LED driver/dimmer of Claim 1 

further including an isolation barrier for separating the secondary digital controller (U4) 

and the communication interface (see Fig 20C and Paragraph 0105). 

In regards to claim 8, Kastner discloses of the LED driver/dimmer of Claim 1 

further comprising a housing portion for housing the components of the driver (see Fig 

20, 20A-D,. parts of an IC which is housed). 

In regards to claim 13, Kastner discloses of the LED driver/dimmer of Claim 6 

wherein the communication interface is either DMX512A, 0-1 0Vdc analog control, 

Zigbee wireless or Remote Device Management (ROM) compatible (see Paragraph 

0105 and Claim 7, dimming function controlled from a dimming circuit remotely located 

from the driver). 

In regards to claim 15, Kastner discloses of the LED driver/dimmer of Claim 1 

wherein the light fixture load is one of an Organic LED (OLEO) load or an LED load 

(LED, see Fig 20D). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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In regards to claims 3-5, Kastner discloses of the LED driver/dimmer of Claim 1 

as found within the explanation above. 

However, Kastner does not disclose of the LED driver/dimmer further comprising: 

a set of in-circuit serial programming (ICSP) ports, each of the set of ICSP ports 

associated with one of the set of output current drivers for dynamic control of the output 

current drivers, and the in-circuit serial programming (ICSP) port connected to the 

primary and secondary digital controllers. 

Gloisten discloses of a configurable light emitting diode (LED) driver/dimmer) for 

controlling a set of light fixture loads (within 240) comprising a set of in-circuit serial 

programming (ICSP) ports (see Paragraph 0033) connected to and associated with 

digital controllers (275) and current drivers respectively, for control of the light fixture 

loads. 

At the time the invention was made, it would have been obvious to one of 

ordinary skill in the art to utilize a set of in-circuit serial programming (ICSP) ports as 

taught by Gloisten for utilizing known standards for loading and programming of 

firmware to achieve the desired control characteristics. 

In regards to claim 9, Kastner discloses of the LED driver/dimmer of Claim 8 as 

found within the explanation above. 



Application/Control Number: 13/059,336 

Art Unit: 2819 

Page 5 

However, Kastner does not disclose of wherein the housing portion comprises: 

an aluminum heatsink; and a U-shaped chassis. 

Gloisten discloses of a configurable light emitting diode (LED) driver/dimmer for 

controlling a set of light fixture loads (within 240) comprising a set of in-circuit serial 

programming (ICSP) ports (see Paragraph 0033) connected to and associated with 

digital controllers (275) and current drivers respectively, for control of the light fixture 

loads, wherein the LED driver/dimmer comprises a housing (280), such that the housing 

portion comprises an aluminum heatsink (see Paragraph 0027). 

At the time the invention was made, it would have been obvious to one of 

ordinary skill in the art to have an aluminum heatsink housing as taught by Gloisten for 

utilizing the properties of aluminum for the proper amount of heat exchange to achieve 

optimum temperature reduction. 

Furthermore, at the time of the invention, it would readily apparent and obvious to 

one having ordinary skill in the that the shape of the chassis is an obvious matter of 

design choice to accommodate a desired shape or the presented shape of the device. 

In regards to claim 10, Kastner in view of Gloisten disclose of the LED 

driver/dimmer of Claim 9 wherein the heatsink comprises a plurality of fins (see Gloisten 

140, 200B, 200 and 280 of Figs 1-2, 2C and 3 respectively). 

In regards to claim 11, Kastner in view of Gloisten disclose of the LED 

driver/dimmer of Claim 10 wherein heatsink (140, 200B, 200, 280 of Gloisten) acts to 

cool the driver/dimmer via convection cooling (see Paragraphs 0003 and 0023-0028 of 

Gloisten). 
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driver/dimmer of Claim 9 further comprising a thermally conductive electrically isolated 

material (160, 250 of Gloisten) for coupling the power circuit (150) to the chassis (140, 

280) to further improve heat dissipation (see Gloisten Paragraph 0003). 

In regards to claim 19, Kastner in view of Gloisten disclose of the LED 

driver/dimmer of Claim 5 comprising a means to map output current drivers (Fig 20D of 

Kastner) to various dimming zones for 0-10 Vdc control (see Kastner Figs 20, 20A-D, 0 

Vdc for shut off of load). 

In regards to claim 20, Kastner in view of Gloisten disclose of the LED 

driver/dimmer of Claim 5 further comprising an isolated communication bus to transmit 

the digital feedback control (VFB of Kastner) into the PDC (U1, see Kastner Figs 20B­

C). 

Allowable Subject Matter 

3. Claims 2, 14 and 16-18 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 

matter: 

In regards to claim 2, the prior art discloses of the claimed subject matter with the 

exception of the LED driver/dimmer of Claim 1 further comprising wherein the power 

circuit comprises: an inrush current limit; a power factor conversion (PFC) boost; a 
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DC/DC converter; an output voltage bus; and at least one power limit, nor would it have 

been obvious to one of ordinary skill in the art to do so. Claims 14 and 16-17 are also 

objected to as being dependent on claim 2. 

In regards to claim 18, the prior art does not disclose of the LED driver/dimmer of 

Claim 5 further comprising means to map output current drivers to various DMX512 

addresses, nor would it have been obvious to one of ordinary skill in the art to do so. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Jason M. Crawford whose telephone number is 

(571 )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, Shawki Ismail can be reached on (571) 272-3985. 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 
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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 2819 
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I : "6548967" "6577080" "6586890" I : : I 
I : "6608453" "6618031" "6624597" I : : I 
I : "6639198" "6667583" "6717376" I : : I 
I : "6120145" "6734639" "6768047" I : : I 
I : "6774584" "6777891" "6781329" I : : I 
I : "6788011" "6801003" "6806659" I : : I 
I : "6801202" "6836081" "6853150" I : : I 
I : "6869204" "6883929" "6888322" I : : I 
I : "6888383" "6888529" "6897624" I : : I 
I j "6930452" "6930893") PN. OR I j j ! 
I : ("6936978" I "6943504" I "6965205" I I : : I 
I : "6967448" I "6969954" I "6975079" I I : : I 
I : "7009348" I "7015654" I "7030572") .PN. I : : I 

________ J __________________ I Q_~J'.'.I~-~-~-~-1-~J_:_~-~~: _______________________________________ J _________________________ I ________________________ I __________________ I ~==~I 
El□[(09/968775),.APP.""""""""""""""""""""""""'"I ~~~~ ______ Jr:=]r=J ~~\3~01/031 

□21[2 :("20050024877" I "7141941" I IU&PGPUB;:□R :□N j2013/01/03: I !"20050105311"1"4492899"1 !USPAT i i !11:17 i 
I : "20060001381" 1 "7276861" 1 "5661645" I : : I : 
I ii "7489086" I "3176204" I "6507159" I I j j ! j 
I: "6274987"J __ "7129652"). PN."""""""""""""'J """""""""""'" j """""""""""" j """"""""J _ _ """""'" j 

111 ii ii ii :I n 
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EAST Search History 

i's23 121s 

I 

: (inrush (in adj rush)) and (PFC (power 

I adj fact or)) 

1~3 a 

i U&PGPUB·i OR 
I USPAT; 'I 
I USOCR; : 
I FPRS; : 
I EPO; JPO; i 
I DERWENT·! \ ,; 

I U& PGPUB; i OR 
I USPAT· i 
I USOCR; : 
I FPRS· i 
I EPO; ,JPO; : 
I DERWENT;j 

! 2013101103: 
l 11: 18 i 

I ! 
I 2013/01/03! 
I 11: 18 i 

I ! 

□□ ' □□ . I ~5 j 7 ............... ! ~i~~i~~!iii!~'' !.I ::Ei~~1~~~=·· 1 ··········· j ~~~PUB; I OR·················I ON ........... 1 ~~1i601/031 

ll~-~--l□l.~~---~-~~---~--------------------------------------------------------------------1 ~~~~~-~~-lr==JEJ ~r~{~-~-~-~~I (i----- ' ' ' ' ' ' 
!S27 6 !"315"/$.ccls. and ICSP iU&PGPUB;!OR !ON !2013/01/03! 
i i I USPAT· i i i 11 ·28 i 
I i I USOCR; i i I . i 
I I I :~7;JPO; I I I I 
i , i DERWENT·' , i , 

1----------· ------------------ ! ---------------------------------------------------------------------------------------------11_ BM_ TDB _ _' j ------------------------ j -------------------! -------------------------- j 

I~ 7 i ''315''/$.ccls. and (ICSP (in adj circuit I ~~~~B;I OR !,,,,,,,,,_ ON l 2013/01/03! 

I I adj seriru adj program$4)) I ~+,I 111 

29 
I 

12 : ("315"/$.ccls. "361"/$.ccls.) and (ICSP I U&PGPUB;: OR 
I : (in adj circuit adj serial adj program$4)) I USPAT; : 
I i I USOCR· i i ' 

I ! I~+,! I I I= ................... 1 ............................................................................................. IIBM_T□B .... 1 ......................... , ............. ] ......................... .' 

I S30 2 : S29 and (PFC (power adj factor)) I U&PGPUB;: OR : ON j 2013/01/03: 
i i i USPAT· i i i 11 ·29 i 

I I 1~~iR; I I I . I 
I : I EPO; JPO; : : I : 
i i i DERWENT·! i i i 

! ----------· ------------------ i ---------------------------------------------------------------------------------------------11_ BM_ TDB _ _' j ------------------------ j -------------------! -------------------------- j 

I ffi1 10 I ~9 not ffiO I ~;r I ON I ~~

1

il

01103

1 

!, .......... _,_il.BM_TDB_I_,_,_; 
i S32 6 S31 and @ad<"20080918" U&PGPUB; OR ON l 2013/01/03! 
i USPAT; l 11 :30 i 

1,,',,,, ~~iR; 1 1 

6~W~+; I I 
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EAST Search History I '°7 and (serial$2 adj2 port) I ~:~r I~ I ~~1}~01/031 

' l~~~T;I ' I i 
:~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~ - ~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~~: 

S61 0 

IB2 4 1 (~ (power adj factor)) ~d C07 I ~;r I~ I ~~1}~01/031 

, I I BM TDB i , , , 
l~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S63 I 34 : ((u adj shap$3) with (heatsink$3 (heat I U&PGPUB;: OR !,',,,,,,,,,,,,_ ON ! 2013/01/03j I : adj sink$3) fins)) and (LED adj2 I USPAT; : ! 13:29 : 

I !,',,,,,,_ control$4) I USOCR; : i i I I FPRS· : I : 
I I EPO· ,JPO· : I,,,_ I,,, I I DERWENT·! 
I : I I BM_ TDB , : : : : ,.............. .................. ,, ............................................................................................ ,, .......................... , ........................ ,, .............................................. ,, 

S64 I 22 : S63 and @ad<"20080918" I U&PGPUB;: OR : ON l 2013/01/03! 
I i I USPAT; i i l 13:29 i 

I I 1~:~,1 I I ! 
i , i DERWENT·, , ' , 

........ 1 ................. J ........................................................................................... I 1_BM_ TDB .. 'j ........................ J ................... ! ......................... J 
~ ,-----,,..---------------,,-----,,-----,,----.,-----,1 

S65 6 : ("315"/$.ccls. "361"/$.ccls.) and (ICSP I U&PGPUB;: OR i,,,',,,,,,,,,,_ ON l 2013/01/03! : (in adj circuit adj serial adj program$4)) I USPAT; : l 13:37 : 
: and @ad< "20080918" I USOCR; : l : 
i I FPRS· : l i 
: I EPO· ,JPO· : I,,,, I,,,_ : I DERWENT;! 
i I I BM TDB i , , , 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

ffi6 6 I,,,,,,_ ffi5 I,, ~EPPO~·zJ:POuB_ i,, OR I,,,,,,_ ON i ~~~:~01/031 

I oERWENT I 1. I , I I BM TDB , i , t , 
~---------------·'--------------------------------------------------------------------------------------------'--------------------·'-----------------------·'·-----------------'-----------------------·' 
S67 I 445 i (ICSP (in adj circuit adj serial adj I U&PGPUB;i OR i ON j 2013/01/03! 

I (rogrrun$4)) I j~J I 11343 I 
i , i DERWENT·, , ' , 

~ 1 ................ J ............................................................................................. 11 _BM_ TDB .. 'j ....................... ..! ................... ! ........................ ..! 
IB8 277 I ffi7 and ~d< "20080918" I ~;r I~ I ~~1ii01/031 

, I I BM TDB i , , , 
l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S69 103 S68 and (light$3 illuminat$3) U&PGPUB; OR ON ! 2013/01/03: 
USPAT; i 13:43 i 

~:~, I ! 
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DIGITAL DRIVER APPARATUS, METHOD AND SYSTEM 

FOR SOLID STATE LIGHTING 

FIELD OF THE INVENTION 

The present invention in general is related to supplying and controlling 

power to solid state lighting devices, and more particularly, to digitally controlling the 

current of solid state lighting devices such as light emitting diodes utilized in lighting 

and other applications. 

10 BACKGROUND OF THE INVENTION 

Arrays of light emitting diodes ("LEDs") are utilized for a wide variety 

of applications, including for general lighting and multicolored lighting. Because 

emitted light intensity is proportional to the average current through an LED ( or 

through a plurality of LEDs connected in series), adjusting the average current through 

15 the LED( s) is one typical method of regulating the intensity or the color of the 

illumination source. Solid state lighting, such as LEDs, are typically coupled to a 

converter as a power source. 

A step-down (Buck) converter can be controlled either in discontinuous 

conduction mode (DCM) or continuous conduction mode (CCM). Typically DCM is 

20 suitable only for low power processing, while CCM mode is utilized for higher power 

conversion, such as for high brightness LEDs. 

In the prior art, a technique referred to as "current programming mode" 

("CPM") is utilized in an attempt to simplify compensator designs for the Buck 

converter, see, e.g., U.S. Patent Nos. 6,034,517; 4,975,820; 4,672,518; 4,674,020; and 

25 4,717,994. Prior art circuits for this CPM mode typically regulate the inductor current 

in CCM mode around a set point within the Buck converter. This set point is further 

manipulated by an outer compensating loop. For a Buck converter implemented with 

CPM mode, the outer compensating loop can be a single pole network. 

A CPM implementation, however, cannot simply utilize a controller for 

30 a Buck converter, but must also be accompanied with a circuit implementing DCM. 

One challenge facing this CCM implementation is that the control system needs to 

transition between DCM and CCM modes in both directions. Many prior art control 
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systems will oscillate around these two modes, which causes LED current to fluctuate, 

and which may be visually apparent as flicker, for example. When the outer 

compensator bandwidth may be low, another problem with this CCM technique is that 

the LED current may also fluctuate, particularly when the input voltage to the Buck 

5 converter contains a high ripple percentage. 

Most prior art LED control systems also utilize a "high side sensing" 

technique, in which the output current of a Buck converter is sensed by a sensing 

resistor in series with the inductor (see, e.g., U.S. Patent Nos. 6,853,174; 6,166,528; 

and 5,600,234). With high side sensing, output current can be regulated accurately, and 

1 o high side sensing can also be utilized with CPM techniques. In order to overcome the 

various stability problems and other disadvantages mentioned above, the prior art has 

utilized various controllers to implement hysteretic (or so called "bang-bang") control 

to regulate this inductor current. 

The high side sensing technique works well when the controller 

15 integrated circuit ("IC") can tolerate the Buck converter input voltage range. This is 

typically not the case for an LED driver, however, which involves input voltages which 

are much higher than what a controller IC is capable of tolerating or specified to 

tolerate and, accordingly, such a high side sensing technique cannot be utilized with 

typical controller ICs. 

20 Various techniques for "low side sensing" are also found in the prior art, 

in which the sense resistor is in between the main converter switching element 

(MOSFET) and ground, see, e.g., U.S. Patent Nos. 6,580,258 and 5,912,552. The low 

side sensing technique is usually associated with a control method called "constant off 

time" (U.S. Patent Nos. 6,580,258 and 5,912,552). Detailed analysis of this constant 

25 off time method shows that while it may be suitable for controlling Buck converter 

output voltage, it exhibits a very large error if it is used for controlling output current, 

due to converter component and environmental variations (e.g., manufacturing 

variations, component aging or life span, and environmental conditions such as 

temperature). 

30 A need remains, therefore, for a control method, apparatus and system, 

using low side sensing and suitable for IC implementation, that can regulate output 

current accurately while eliminating those drawbacks caused by existing techniques. 
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Such an apparatus, method and system should provide a simpler controller compared to 

CPM techniques, and further provide excellent accuracy and not exhibiting the 

problems associated with prior art techniques such as CPM technique. Such an 

apparatus, system and method should also control the intensity (brightness) of light 

5 emissions for solid state devices such as LEDs, while simultaneously providing for 

substantial stability of perceived color emission and control over wavelength shifting, 

over both a range of intensities and a range of LED junction temperatures. Such an 

apparatus, system and method should be capable of being implemented with few 

components, and without requiring extensive feedback systems. 

SUMMARY OF THE INVENTION 

The exemplary embodiments of the present invention provide numerous 

advantages for providing power to solid state lighting, such as light emitting diodes. 

The exemplary embodiments allow for energizing one or more LEDs, using digital 

15 control and low side sensing, enabling low voltage IC implementations. The exemplary 

apparatus and system embodiments may be implemented with either fixed or variable 

frequency switching, and may be implemented with either AC or DC power sources. 

As a digital implementation, the exemplary embodiments may also be implemented at a 

reduced cost. The exemplary embodiments also provide for precise current control, 

20 within any selected tolerance levels. In addition, the exemplary embodiments also 

eliminate the required RC filtering of the prior art. 

Further advantages of the exemplary embodiments further provide for 

controlling the intensity of light emissions for solid state devices such as LEDs, while 

simultaneously providing for substantial stability of perceived color emission, over 

25 both a range of intensities and also over a range of LED junction temperatures. The 

exemplary embodiments provide digital control, without requiring external 

compensation. The exemplary embodiments do not utilize significant resistive 

impedances in the current path to the LEDs, resulting in appreciably lower power losses 

and increased efficiency. The exemplary current regulator embodiments also utilize 

30 comparatively fewer components, providing reduced cost and size, while 

simultaneously increasing efficiency and enabling longer battery life when used in 

portable devices, for example. 
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An exemplary embodiment provides a method of controlling solid state 

lighting, with the solid state lighting coupled to a switch providing an electrical current 

path, and the solid state lighting having an electrical current. The exemplary method 

comprises: turning the switch into an on state; detecting when the electrical current has 

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

reached a first predetermined current threshold; determining a first on time period as a 

duration between detection of a second predetermined current level or turning the 

switch into the on state and the detection of the predetermined average current level; 

determining a second on time period as a duration between the detection of the 

1 o predetermined average current level and the detection of the first predetermined current 

threshold; and determining an on time period of the switch as substantially proportional 

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

period has elapsed, the exemplary also provides for turning the switch into an off state. 

The exemplary method may also provide for detecting when the electrical current has 

15 reached the second predetermined current threshold. 

The exemplary embodiments may operate in a fixed or variable 

frequency switching mode. For the fixed frequency switching, subsequent to turning 

the switch into the off state, when a fixed time period has elapsed from having turned 

the switch into the on state, the exemplary method again turns the switch into an on 

20 state and repeats the detection and determination steps. For this exemplary 

embodiment, the method also provides for generating an error signal as a difference 

between the second on time period and the first on time period, and adjusting the on 

time period proportionally to the error signal. 

For variable frequency switching, when a current off time period has 

25 elapsed, the exemplary method provides for determining the current off time period of 

the switch as a function of the first on time period and the second on time period, and 

more particularly, determining the current off time period of the switch as a function of 

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

an exemplary embodiment, the current off time period of the switch may be determined 

30 as: 
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period, T oN2(K) is a previous second on time period, T oFF(K) is a previous off time 

period, and TONI (K + 1) is a current first on time period. In another exemplary 

embodiment, the current off time period of the switch may be determined as: 

5 T
0

FF (K + 1)::::: (ToNi (K) A + TaN2 (K)) • TaFF (K), in which T OFF(K + 1) is the current off 
TONI (K + 1) + TON2 (K) 

time period, TONI (K)A is a previous first on time period determined using the detection 

of the second predetermined current level, T oN2(K) is a previous second on time period, 

T OFF(K) is a previous off time period, and T 0N1 (K + 1) is a current first on time period. 

In another exemplary embodiment, the current off time period of the switch may be 

1 o determined as a function of a current first on time period, a previous second on time 

period, and a previous off time period, or as a function of a current first on time period, 

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

time period. 

In another exemplary embodiment, the method includes adjusting the 

15 current off time period to provide that the first on time period is substantially equal to 

the second on time period. In addition, the exemplary method also provides for 

decreasing the current off time period proportionally to a driving gate rising edge time 

period, or decreasing the on time period proportionally to a driving gate falling edge 

time period and a comparator falling edge time period. In another variation, the 

20 exemplary method may include adjusting the second on time period proportionally to a 

driving gate falling edge time period, or decreasing the second on time period 

proportionally to a driving gate falling edge time period and a comparator falling edge 

time period. 

The exemplary method also provides for determining a blanking time 

25 interval following turning the switch into the on state. During the blanking time 

interval, the exemplary method provides for ignoring the detection of the second 

predetermined current threshold, the detection of the predetermined average current 

level, or the detection of the first predetermined current threshold. The blanking time 

interval may be determined as proportional to a gate rising edge time period and a 
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transient current time period, or as proportional to a gate rising edge time period and 

detection of the predetermined average current level, for example. 

In another exemplary embodiment, the exemplary method includes 

adjusting a brightness level of the solid state lighting by using at least two different and 

5 opposing electrical biasing techniques. In addition, the method of adjusting a 

brightness level of the solid state lighting may include using a hysteresis of at least two 

electrical current amplitude levels and at least two electrical current duty cycle ratios. 

In an exemplary embodiment, the solid state lighting comprises at least 

one light emitting diode which has a comparatively high voltage node and a 

1 o comparatively low voltage node, and wherein the detection of the second 

predetermined current threshold, the detection of the predetermined average current 

level, and the detection of the first predetermined current threshold occur at the 

comparatively low voltage node. 

In another exemplary embodiment, the solid state lighting comprises a 

15 plurality of arrays of a plurality of series-connected light emitting diodes, and each 

array of the plurality of arrays further coupled to a corresponding switch providing an 

electrical current path. The exemplary method may also include separately determining 

a corresponding first on time period, a corresponding second on time period, and a 

corresponding on time period as substantially proportional to the sum of the 

20 corresponding first on time period and the corresponding second on time period for 

each array of the plurality of arrays; when the corresponding on time period has 

elapsed, separately turning the corresponding switch into an off state; and separately 

determining a corresponding off time period for each array of the plurality of arrays. In 

addition, the exemplary method may also include interleaving the corresponding on 

25 time periods of the corresponding switches of the plurality of arrays, such as by 

successively switching electrical current to each array of the plurality of arrays for the 

corresponding on time period. 

Another exemplary embodiment provides an apparatus for controlling 

solid state lighting, with the apparatus comprising: a switch couplable to the solid state 

30 lighting; a first comparator adapted to determine when a switch electrical current has 

reached a first predetermined current threshold; a second comparator adapted to 

determine when the switch electrical current has reached a predetermined average 



WO 2009/039112 PCT/US2008/076552 

- 7 -

current level; and a controller coupled to the first comparator and to the second 

comparator. In an exemplary embodiment, the controller is adapted to turn the switch 

into an on state and an off state, to determine a first on time period as a duration 

between either a detection of a second predetermined current threshold or the turning 

5 the switch into the on state, and the detection of the predetermined average current 

level; to determine a second on time period as a duration between the detection of the 

predetermined average current level and the detection of the first predetermined current 

threshold; and to determine an on time period of the switch as substantially 

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

1 o controller is further adapted to perform the methodology discussed above. 

In an exemplary embodiment, the apparatus also includes a gate driver 

circuit coupled between the controller and the switch, and wherein the controller is 

adapted to turn the switch on and to tum the switch off by generating a corresponding 

signal to the gate driver circuit. The exemplary apparatus may also include a third 

15 comparator adapted to determine when the electrical current has reached the second 

predetermined current threshold; a reference voltage generator adapted to provide 

reference voltages respectively corresponding to the first and second predetermined 

current thresholds and to the predetermined average current level; an input-output 

interface coupled to the controller and adapted to receive an input control signal; and a 

20 current sensor coupled to the first and second comparators and to the switch. An 

exemplary current sensor is embodied as a resistive circuit element. 

When the solid state lighting comprises a plurality of arrays of a 

plurality of series-connected light emitting diodes, with each array of the plurality of 

arrays is further coupled to a corresponding switch, the controller is further adapted to 

25 turn each corresponding switch into an on state and an off state; to separately determine 

a corresponding first on time period, a corresponding second on time period, and a 

corresponding on time period as substantially proportional to the sum of the 

corresponding first on time period and the corresponding second on time period for 

each array of the plurality of arrays; when the corresponding on time period has 

30 elapsed, to separately turn the corresponding switch into an off state; to separately 

determine a corresponding off time period for each array of the plurality of arrays; and 

to interleave the corresponding on time periods of the corresponding switches of the 
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plurality of arrays, such as by successively tum into an on state each corresponding 

switch for each array of the plurality of arrays for the corresponding on time period. 

The exemplary embodiments also provide a solid state lighting system, 

the system couplable to a power source, with the system comprising: a plurality of 

5 arrays of series-connected light emitting diodes; a plurality of switches, a 

corresponding switch of the plurality of switches coupled to each the array of the 

plurality of arrays of light emitting diodes; at least one corresponding first comparator 

adapted to determine when a corresponding switch electrical current has reached a 

corresponding first predetermined current threshold; at least one corresponding second 

1 o comparator adapted to determine when the corresponding switch electrical current has 

reached a corresponding predetermined average current level; and at least one 

controller coupled to the corresponding first comparator and to the corresponding 

second comparator, the controller adapted to tum the corresponding switch into an on 

state and an off state, to determine a corresponding first on time period as a duration 

15 between either a detection of a corresponding second predetermined current threshold 

or the turning the corresponding switch into the on state, and the detection of the 

corresponding predetermined average current level; to determine a corresponding 

second on time period as a duration between the detection of the corresponding 

predetermined average current level and the detection of the corresponding first 

20 predetermined current threshold; and to determine a corresponding on time period of 

the corresponding switch as substantially proportional to a sum of the corresponding 

first on time period and the corresponding second on time period. The exemplary 

controller is also adapted to separately perform the methodology of the invention for 

each array, including the interleaving and the other features discussed above and below. 

25 In addition, in the exemplary system, the exemplary apparatus may be 

coupled to a DC-DC power converter receiving a DC input voltage or coupled to AC­

DC power converter receiving a rectified AC input voltage. When the power source 

provides a rectified AC input voltage, an electrical current through a corresponding 

switch is substantially zero when the rectified AC input voltage is below a selected or 

30 predetermined threshold. In addition, when the power source provides a rectified AC 

input voltage, the at least one controller is in an off state when the rectified AC input 

voltage is below a selected or predetermined threshold. 
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Another exemplary embodiment includes an apparatus for controlling 

solid state lighting, with the apparatus comprising: a switch couplable to the solid state 

lighting; a current sensor coupled to the switch; a first comparator adapted to determine 

when a switch electrical current has reached a first predetermined current threshold; a 

5 second comparator adapted to determine when the switch electrical current has reached 

a predetermined average current level; a third comparator adapted to determine when 

the switch electrical current has reached a second predetermined current threshold; a 

reference voltage generator coupled to the first, second and third comparators and 

adapted to provide reference voltages respectively corresponding to the first 

1 o predetermined current threshold, the second predetermined current threshold; and to the 

predetermined average current level; an input-output interface adapted to receive an 

input control signal; and a controller coupled to the first, second and third comparators 

and to the input-output interface, the controller adapted to turn the switch into an on 

state and an off state, to determine a first on time period as a duration between either 

15 the detection of a second predetermined current threshold or the turning the switch into 

the on state, and the detection of the predetermined average current level; to determine 

a second on time period as a duration between the detection of the predetermined 

average current level and the detection of the first predetermined current threshold; to 

determine an on time period of the switch as substantially proportional to a sum of the 

20 first on time period and the second on time period; to turn the switch into an off state 

when the on time period has elapsed; and to determine a current off time period of the 

switch as a function of the first on time period, the second on time period, and a 

previous off time period. 

Numerous other advantages and features of the present invention will 

25 become readily apparent from the following detailed description of the invention and 

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

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present invention will be 

30 more readily appreciated upon reference to the following disclosure when considered in 

conjunction with the accompanying drawings, wherein like reference numerals are used 

to identify identical components in the various views, and wherein reference numerals 
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with alphabetic characters are utilized to identify additional types, instantiations or 

variations of a selected component embodiment in the various views, in which: 

Figure (or "FIG.") 1 is a block and circuit diagram of an exemplary first 

system embodiment and first apparatus embodiment in accordance with the teachings 

5 of the present invention. 

Figure (or "FIG.") 2, divided into FIGs. 2A and 2B, are graphical 

diagrams illustrating a first exemplary current waveform through the solid state lighting 

and through a switch, respectively, in accordance with the teachings of the present 

invention. 

Figure (or "FIG.") 3 is a graphical diagram illustrating an exemplary 

current waveform of a solid state lighting current overshoot, in accordance with the 

teachings of the present invention. 

Figure (or "FIG.") 4 is a graphical diagram illustrating an exemplary 

current waveform of a solid state lighting current undershoot, in accordance with the 

15 teachings of the present invention. 

Figure (or "FIG.") 5 is a graphical diagram of an inrush current and a 

blanking time interval in accordance with the teachings of the present invention. 

Figure (or "FIG.") 6 is a graphical diagram illustrating combined pulse 

width modulation ("PWM") and amplitude modulation for brightness adjustment in 

20 accordance with the teachings of the invention. 

Figure (or "FIG.") 7 is a graphical diagram illustrating hysteresis 

between two amplitude levels and duty cycle ratios for brightness adjustment in 

accordance with the teachings of the invention. 

Figure (or "FIG.") 8 is a block and circuit diagram of an exemplary 

25 second system embodiment and second apparatus embodiment in accordance with the 

teachings of the present invention. 

Figure (or "FIG.") 9 is a graphical diagrams illustrating a second 

exemplary current waveform through the solid state lighting and a rectified AC current 

in accordance with the teachings of the present invention. 

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

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

multiphase switching of the exemplary third system embodiment in accordance with 

the teachings of the present invention. 

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

5 embodiment in accordance with the teachings of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

While the present invention is susceptible of embodiment in many 

different forms, there are shown in the drawings and will be described herein in detail 

1 o specific exemplary embodiments thereof, with the understanding that the present 

disclosure is to be considered as an exemplification of the principles of the invention 

and is not intended to limit the invention to the specific embodiments illustrated. In 

this respect, before explaining at least one embodiment consistent with the present 

invention in detail, it is to be understood that the invention is not limited in its 

15 application to the details of construction and to the arrangements of components set 

forth above and below, illustrated in the drawings, or as described in the examples. 

Methods and apparatuses consistent with the present invention are capable of other 

embodiments and of being practiced and carried out in various ways. Also, it is to be 

understood that the phraseology and terminology employed herein, as well as the 

20 abstract included below, are for the purposes of description and should not be regarded 

as limiting. 

As mentioned above, exemplary embodiments of the present invention 

provide numerous advantages for providing power to solid state lighting, such as light 

emitting diodes. The exemplary embodiments allow for energizing one or more LEDs, 

25 using digital control and low side sensing, enabling low voltage IC implementations. 

The exemplary apparatus and system embodiments may be implemented with either 

fixed or variable frequency switching, and may be implemented with either AC or DC 

power sources. As a digital implementation, the exemplary embodiments may also be 

implemented at a reduced cost. The exemplary embodiments also provide for precise 

30 current control, within any selected tolerance levels. In addition, the exemplary 

embodiments also eliminate the required RC filtering of the prior art. Further 

advantages are discussed below. 
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Figure 1 is a block and circuit diagram of an exemplary first system 150 

embodiment and first apparatus 100 embodiment in accordance with the teachings of 

the present invention, for a single channel of LEDs 110. As illustrated in Figure 1, the 

system 150 comprises an apparatus 100, a converter 120 with an array of LEDs 110 (as 

5 an exemplary type of solid state lighting), and a current sensor 160 (illustrated in Figure 

8 as implemented using a resistor 160A). The illustrated configuration for the converter 

120 is a Buck converter, although many other configurations and types of converters 

may be utilized equivalently, requiring only the capability for "low side" (node 116) 

current sensing, i.e., current sensor 160 is on the comparatively low side (e.g., at node 

10 116) of the power converter 120, as described in greater detail below. The converter 

120 comprises an inductor 105 and a diode 115, with the inductor 105 having a series 

connection with the LEDs 110. The switch 155 may be considered part of the 

apparatus 100 or part of the converter 120. As known in the art, other components may 

also be included within the converter 120, and are also within the scope of the present 

15 invention. 

The apparatus 100, also referred to as a "digital LED driver", comprises 

a controller 125, a plurality of comparators 130, 135, 140, and a reference voltage 

generator 145. The comparators 130, 135, 140 and reference voltage generator 145 

may be implemented as known or becomes known in the electronic arts. Optionally, 

20 the apparatus 100 may also include an input-output ("I/0") interface 170, to receive 

(and/or transmit) various signals, such as on, off, brightness (dimming) information, or 

other control information (such as from a building control system), and may 

communicate using any protocol, as described below. The apparatus 100 also may 

include a memory 175, such as to store settings, values, and other parameters which 

25 may be used by the controller 125, and which also may have a connection to the 1/0 

interface 170, for input or modification of such parameters. Various implementations 

of the controller 125 (and other controller 225 embodiments), the I/O interface 170, and 

the memory 175 are described in greater detail below. A switch 155, typically 

implemented as a field effect transistor ("FET") or any other type of transistor or 

30 switching device, may be considered to be part of either the apparatus 100, the 

converter 120, or the system 150, and is controlled by the controller 125, typically 

through an optional gate driver (buffer) 165. The current sensor 160 also may be 
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considered to be part of either the apparatus 100 or the system 15 0. Those of skill in 

the art will recognize that the current sensor 160 may be implemented in innumerable 

ways, in addition to the illustrated resistor (Figure 8), and any and all of which are 

considered equivalent and within the scope of the invention. Not separately illustrated 

5 in Figure 1 are the typical power (Vdd and/or V1N), ground, and clock (oscillator) inputs 

and connections for the apparatus 100. In addition, either terminal illustrated as VIN- or 

V1N+ may also be a ground (GND) connection (e.g., V1N+ and GND, or GND and Vr:-,-). 

Also as illustrated, VIN+ and VIN- may be a DC voltage or a rectified AC (AC line 

voltage), using an optional rectifier 325. Exemplary current waveforms for an AC 

1 o implementation are illustrated and discussed below with reference to Figure 9. 

As mentioned above, the apparatus 100 implements "low-side" sensing, 

such that voltages are detected on the "low" side of LEDs 110, compared to prior art 

"high-side" sensing of inductor 105 ( or LED 110) current. Accordingly, the apparatus 

100 is not required to tolerate high voltages which would be necessary with high-side 

15 sensing. The apparatus 100 operates by detecting various LED 110 current levels when 

the switch 155 is on and conducting, and by the controller 125 calculating and 

predicting optimal switch 155 "on time" durations ("ToN") (divided into first and 

second portions) and switch 155 "off time" durations ("TOFF°'). By controlling the on 

and off durations of the switch 155, the controller 125 thereby regulates the current 

20 through the LEDs 110, with current increasing during the on time, and decreasing 

during the off time (and flowing through diode 115, rather than the switch 155), as 

illustrated in Figure 2A. In addition, for these first system and apparatus embodiments, 

because the combined duration ( arithmetic sum) of the on (T oN) and off (T OFF) times 

for the LEDs 110 is not constant, but is variable, the system 150 has a variable 

25 switching frequency ( a constant switching frequency is discussed below with reference 

to Figure 8). The LED 110 current levels are detected as corresponding voltage levels 

across the current sensor 160 during the on time, and compared by the plurality of 

comparators 130, 135, 140, to corresponding reference voltages generated by reference 

voltage generator 145. When the switch 155 is off and not conducting, however, it 

30 should be noted that no current flow through or otherwise will be available to the 

current sensor 160 (switch 155 current falls to zero during ToFF, as illustrated in Figure 

2B), and as a consequence, the comparators 130, 135, 140, will not have corresponding 
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voltage input and will therefore have a low (binary zero) output. Described another 

way, during the off time of the switch 155, the comparators 130, 135, 140 are not 

providing any (valid) information concerning the LED 110 current levels. 

In accordance with the present invention, the controller 125 will 

5 determine various "on" times of the switch 155 to provide a selected or predetermined 

average current level through the LEDs 110, which current is further less than a 

selected or predetermined first, high threshold level and greater than a selected or 

predetermined second, low threshold level, thereby regulating average current through 

the LEDs 110 with a predetermined current ripple level. A first comparator 130 is 

1 o utilized to detect the first, high threshold ("HT") level, typically as a voltage across the 

current sensor 160, by comparing the voltage level across the current sensor 160 with a 

first reference voltage level provided by the reference voltage generator 145. A second 

comparator 135 is utilized to detect the second, low threshold ("LT") level, by 

comparing the voltage level across the current sensor 160 with a second reference 

15 voltage level provided by the reference voltage generator 145, and a third comparator 

140 is utilized to detect the third, average level, by comparing the voltage level across 

the current sensor 160 with a third (e.g., average ("AV")) reference voltage level 

provided by the reference voltage generator 145. Based upon those detected levels, the 

controller 125 will determine the accurate (and optimal) on time durations for the 

20 switch 155. Using those switch 155 on time durations, and a current "off' time 

duration (which at initial start up may be a default value), the controller 125 will 

calculate a next off time duration. Quite rapidly and within very few on and off cycles 

of the switch 155, the controller 125 will cause the on and off durations of the switch 

155 to converge to accurate (and optimal) values, and further, to provide any 

25 corrections within very few clock cycles, such as due to potentially fluctuating input 

voltage levels (V1N_,_ and/or V1N-)-

Figure 2, divided into FI Gs. 2A and 2B, are graphical diagrams 

illustrating a first exemplary current waveform through the solid state lighting (LEDs 

110) ( and being equal to the current through the inductor 105) and through the switch 

30 155, respectively, in accordance with the teachings of the present invention. As 

illustrated in Figure 2A, during initial start up, the switch 155 is on (ToNI(l), interval 

214), and the current through the LEDs 110 will increase (180). During this time 
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period, as the current increases and the voltage across the current sensor 160 increases, 

the voltage level across the current sensor 160 will be compared by the comparators 

130, 135, 140. As the various threshold levels are reached, the comparators 130, 135, 

140 will provide corresponding signals to the controller 125, and the controller 125, in 

5 tum, is adapted to determine the corresponding time intervals (durations) for the current 

to increase, for example, either from when the switch 155 has been turned on to the 

third, average current level (signal from the third comparator 140) (T01,a(K)), or from 

the second, low threshold (signal from second comparator 135) to the third, average 

current level (also a signal from the third comparator 140) (ToNI(K)A), and then from 

10 the third, average current level to the first, high threshold level (ToN2) (signal from the 

first comparator 130). Upon reaching the first, high threshold, the first comparator 130 

will provide a corresponding signal to the controller 125, which will then tum off the 

switch 155, typically via the gate driver 165, and the current through the LEDs 110 will 

begin to decrease (181). During initial start up (ToNi(l)), the ToNi(l) interval is not 

15 utilized (e.g., insufficiently accurate, due to the start up time), and a default off time is 

implemented (ToFF(l)), such that following the default interval, the switch 155 will be 

turned on again (187). 

In accordance with the exemplary embodiments, the on time of the 

switch 155 is divided into two intervals, ToNi(K) and ToN2(K), indexed for each 

20 switching cycle "K" of the switch 155, with consecutive cycles referred to as "K" and 

"K +I", with TONI (K) being the time interval commencing with turning on the switch 

155 and ending with the LED 110 current reaching the third, average current level 

(IAv), and with ToN2(K) being the time interval commencing with the current having 

reached the third, average current level (IA v) and ending with the LED 110 current 

25 reaching the first, high threshold current level (Im). In addition, to accommodate 

various input (VIN+) and output (Vo) voltage levels, another TONI time interval is 

utilized, illustrated in Figure 2A as ToNI(K)A (177) and ToN1(K+l)A (198), which is the 

time interval commencing with the LED 110 current reaching the second, low threshold 

current level (ILT) and ending with the LED 110 current reaching the third, average 

30 current level (hv). The ToN1(K)A and ToNI(K+ l)A time periods are utilized for the 

non-linear rising of the inductor 105 current, illustrated as curves 183, 186 in Figure 

2A. The alternative first on time, ToNi(K)A, from the second, low threshold (hT) to the 
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third, average current level (tw ), also may be utilized generally when valid second, low 

threshold (hT) information is obtainable (depending upon whether the low threshold 

has already been reached when the blanking time interval has elapsed, as discussed 

below). Also in accordance with the exemplary embodiments, as the apparatus 100 has 

5 a few cycles of operation, the time at which the switch 15 5 is turned on will be at about 

the second, low threshold current level (ILT)-

When the switch 155 is turned on again (187), depending on the input 

(VIN+) and output (V 0 ) voltage levels, the increase in current through LEDs 110 may be 

comparatively linear (182, 185), typically for the input voltage Vn/ being significantly 

1 o greater than the output voltage V 0 , or may be nonlinear (183, 186), typically for the 

input voltage Vm ~ being comparatively close in value to the output voltage V 0 . The 

exemplary embodiments of the present invention provide current control for and 

regardless of either the linear or the nonlinear situation. As the current increases, based 

upon the input from the comparators 130, 135, 140, the controller 125 will determine 

15 the time intervals (durations) ToNI(K) and ToN2(K). When the first, high threshold has 

been reached, the controller 125 will again tum off the switch 155 (189, 199), and will 

calculate the next off duration for the switch 155 (to be utilized currently), such that the 

LED current level is generally kept above the second, low threshold (188), and does not 

have undershoot (or has insignificant undershoot) (as may have occurred previously 

20 (187) during initial start up, as illustrated). 

The controller 125, generally, will determine a current off time of the 

switch 155 as a function of the on time and the previous off time. More specifically, 

the controller 125 will determine a current off time period of the switch as a function of 

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

25 Even more specifically, the controller 125 will determine a current off time period of 

the switch as a function of a current first on time period, a previous second on time 

period, and a previous off time period. In another alternative, and also more 

specifically, the controller 125 will determine a current off time period of the switch as 

a function of a current first on time period, a previous first on time period, a previous 

30 second on time period, and a previous off time period. In addition, current and 

previous should be understood in their relative sense, which are also pair-wise 

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

next and current, respectively. 

During any given cycle, at the point of turning off the switch 155 (189, 

199), the current values ( or parameters) for TONI (K + 1 ), T oN2(K + 1) and the previous 

5 values ( or parameters) for T 0N1 (K), T 0N2(K), and T OFF (K) are known. In accordance 

with the exemplary embodiments, the next off time (T OFF (K + 1)) which will be utilized 

in the current cycle (K + 1) will be calculated or otherwise determined by the controller 

125 using the previous off time (ToFF (K)), and the various on times, such as the 

previous second on time ToN2(K) and the current first on time ToNI(K + 1), or the 

10 previous second on time ToN2(K), the current first on time ToNi(K + 1) and the previous 

first on time ToNI(K)A- More specifically, in accordance with the invention, the switch 

155 off time (ToFF (K)) is adjusted such that the first and second on times are generally 

about or substantially equal to each other, TONI (K) ::::: T oN2(K), which then provides the 

desired current regulation, maintaining the average current level (IA v ), while generally 

15 maintaining the current below the first, high threshold (IHT) and above the second, low 

threshold (ILT), depending upon the allowed or tolerated current ripple level. 

When V1N is significantly higher than V 0, the inductor 105 current rise 

slope generally is substantially linear (182, 185). We may assume that the converter 

120 input and output voltages V1N and VO do not vary between consecutive cycles. For 

20 a Buck converter, the current rising slope is defined by (Equation 1 ): 

. . l VLV-vo current rzszng s ope = _, __ _ 
- - L 

such that the current rising slope does not vary appreciably between consecutive cycles. 

Since comparators 130, 135, 140 are comparing against fixed thresholds IHT, ILT and 

IAv, ToN2 should remain the same across the consecutive cycles, i.e., (Equation 2): 

such that any calculation using a current second on time T oN2(K + 1) is equivalent to and 

includes using a previous second on time period T oN2(K), and vice versa. By the time 

Tm;1(K+l) elapses, the controller 125 knows ToFF (K), T0N2(K) and ToNI(K+l). Since 

T OFF (K), T 0N1 (K + 1 ), and T 0N2(K + 1) (which equals T 0N2(K) from Equation 2) share 

30 the same peak (IHT)and valley (ILT)currents, then (Equation 3) 
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Af =;, TOFF (K) = ~n ~ Vo {TONl (K + 1) + TON2(K + 1)} 

V. -v , } 
~ zn L o {TON! (K + 1) + TON2 (K) 

Because an average current ofl,w and equal halves (time intervals) for 

of peak (IHT)and valley (Iu) currents are desired, then (Equation 4): 

TONl (K + 1) = TON2 (K). 

5 The desired T OFF (K + 1) can be formulated as (Equation 5): 

-~ -~-~, l /J..J desired - LTOFF (K + 1) - L 1_2 • TON2 (K) J • 

Dividing Equation 5 by Equation 3 (i.e., Equation 5 over Equation 3) to remove a 

dependence over VIN, VO and L, yields (Equation 6): 

T0 FF (K + 1) 2 • Tmn (K) 

TOFF (K) TOlvl (K + 1) + TON2 (K) 

1 o Thus, for an exemplary embodiment, the next T OFF (K + 1) should be 

generated by the controller 125 as (Equation 7): 

TOFF(K +1) = 2•ToN2(K)•ToFF(K). 
TON! (K + 1) + TON2 (K) 

Implementation of Equation 7 requires one multiply, one shift, one addition and one 

divide operation per converter 120 switching cycle. The performance of the apparatus 

15 100, therefore, is about two switching cycles to converge to its target values or 

parameters for t,\v, IHT, and Iu. In addition, the requirement of one multiply and divide 

per converter 120 switching cycle can be relaxed if the converter 120 switching 

frequency is much higher than normal ripple found in V1N and V 0 . As mentioned 

above, however, when the current first on time ToNi(K + l)A or previous first on time 

20 ToNi(K)A are available (i.e., may be measured after the blanking interval described 

below), these measurements may be utilized instead of the current first on time ToNi(K 

+ 1) or previous first on time TONI (K). 

When V1N is not much higher than Vo, the rising slope of the inductor 

105 current is no longer linear (183, 186 in Figure 2A). Typically, the initial slope 

25 during the TONI (K) interval is steeper than the T oN2(K) interval. Because in this case 

Equation 7 may yield a much lower valley (ILT) current than the desired average current 

IAv, Equation 7 can be modified as (Equation 8): 
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As mentioned above, ToNI(K)A is the time interval from ILT to IAv, and may be 

determined along curves 183, 186 or the curves 182, 185. As discussed in greater detail 

below, however, because the controller 125 of various exemplary embodiments does 

5 not utilize any output of comparators 130, 135, 140 during a "blanking" interval 

following turning on the switch 155, it is possible that the output of the second 

comparator 135 (ILT) may be already high when the blanking interval has elapsed and, 

in which case, Equation 7 is utilized to calculate T OFF (K + 1) as well, rather than 

Equation 8. 

Referring again to Figure 1, the thresholds (peak (IHT), valley (ILT) and 

average (IAv) currents used by comparators 130, 135, 140 are set (predetermined) 

within the apparatus 100, such as by inputting values using the 1/0 interface 170, and 

storing those values as parameters or values in memory 175. For example, for an 

allowable or selectable 20% ripple in LED 110 current regulation, peak (IHT), average 

15 (IAv) and valley (ILT) currents can be set to be apart by 10% intervals. Typical values 

for peak (IHT), average (IAv) and valley (ILT) currents are represented by corresponding 

voltages across the current sensor 160, e.g., at around 0.3 Volts (and can be lower when 

using an IC). The current sensor 160 is selected based upon the desired application; for 

example, when implemented as a resistor, a value is selected to pass a desired average 

20 current. 

For even more fine-grained current regulation, the exemplary 

embodiments of the invention also account for rise and fall delays of the various 

switching elements, such as the rising and falling time delays of the switch 155, the 

gate driver 165, and the comparators 130, 135, 140, with any propagation delays 

25 included within any such rising and falling time delays. Figure 3 is a graphical diagram 

illustrating an exemplary current waveform of a solid state lighting current overshoot, 

in accordance with the teachings of the present invention, illustrating in greater detail 

section 215 from Figure 2. Figure 4 is a graphical diagram illustrating an exemplary 

current waveform of a solid state lighting current undershoot, in accordance with the 

30 teachings of the present invention, illustrating in greater detail section 210 from Figure 

2. 
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Referring to Figure 3, when the LED 110 current reaches the first, high 

threshold (IHT) at time t1, there is a rise time associated with the first (peak) comparator 

130 (interval 201), such that the controller 125 does not receive the corresponding 

information until time t2 • At time t2 , the controller 125 will tum off the gate driver 165 

5 to tum off the switch 155, resulting in a fall time associated with the gate driver 165 

and the switch 155 (interval 202), such that the switch 155 has stopped conducting at 

time t3 • As the current through the LEDs 110 (and switch 155) decreases, there is 

another fall time associated with the first (peak) comparator 130 (interval 203), such 

that the controller 125 does not receive the corresponding information until time t4 . 

1 o Because of these rising and falling time delays, unless the delays are accounted for, 

there can be an overshoot of the LED 110 current, with the LED 110 current being 

higher than the selected first, high threshold. Accordingly, the controller 125 receives 

the corresponding comparator (130) rising and falling edge information at t2 and t4 . 

Similarly, referring to Figure 4, when the LED 110 current decreases to 

15 the second, low threshold (ILT) during an off time period, no current is flowing through 

the switch 155 (Figure 2B), so no information is available to the controller 125. At 

time t6 , the end of the off time period, the controller 125 will tum on the gate driver 165 

to tum on the switch 155, resulting in a rise time associated with the gate driver 165 

and the switch 155 (interval 205), such that the switch 155 will start conducting at time 

20 t7 . As the current through the LEDs 110 (and switch 155) increases to the low 

threshold (t8), there is a rise time associated with the second (valley) comparator 135 

(interval 206), such that the controller 125 does not receive the corresponding 

information until time t9 . Because of these rising and falling time delays, unless the 

delays are accounted for, there can be an undershoot of the LED 110 current, with the 

25 LED 110 current being lower than the selected second, low threshold. Accordingly, the 

controller 125 receives the corresponding comparator (135) rising edge information at 

(9. 

The exemplary embodiments of the invention may be implemented to 

account the various delays associated with the rising and falling times of the first (peak) 

30 comparator 130, the gate driver 165 and the switch 155, and the second (valley) 

comparator 135. By making the rising and falling delay times equal (symmetrical) for 

each comparator 130, 135, then the time interval during which the controller 125 
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receives the corresponding comparator (130, 135) rising and falling edge information 

(e.g., at t2 and t4) is equal to the actual overshoot time interval (of t1 to t3). 

Accordingly, the overshoot time may be measured from the first comparator 130 rising 

edge (t2) (also coincident with the falling edge of the off command/signal to the gate 

5 driver 165) to the first (peak) comparator 130 falling edge (t4), resulting in (Equation 

9): 

Tovershoot ~ Tp _gate_drive_fall + Tpk_comp _fall· 

Accordingly, for finer-grained control, the overshoot time is subtracted from ToN2 by 

the controller 125, such that the actual LED 110 current would barely reach the first, 

10 high threshold IHT. 

Because the second comparator 135 is not receiving comparable 

information during ToFF, a different approach may be utilized, as an option, for 

determining an undershoot time interval or duration. Accordingly, by also making the 

first comparator 130 and second comparator 135 to be similar, such that each 

15 effectively having the same rising and falling time intervals as the other (symmetrical), 

then the undershoot time may be considered to be substantially equal or otherwise 

comparable to the overshoot time. Assuming such symmetry between comparators 

130, 135, results in (Equation 10): 

T undershoot ::::: T overshoot, 

20 such that the interval from t2 to t4 in tum also would be equal to the undershoot time 

interval (of t5 to t7). In this instance, the undershoot time is subtracted from ToFF by the 

controller 125, such that the actual LED 110 current would barely decrease to the 

second, low threshold ILT. In both overshoot and undershoot circumstances, the 

measurements of these intervals may be completed during the initial system 150 start 

25 up, and treated as constants during subsequent switching cycles or, alternatively, the 

overshoot and undershoot time intervals may be calibrated whenever the corresponding 

first (peak) comparator 130 has valid information. In addition, because the undershoot 

and overshoot time periods may be symmetrical, when the gate driver 165 and switch 

155 have symmetrical rise and fall times, and when the various comparators have 

30 symmetrical rise and fall times, then the measurement of one (overshoot) also may be 

used for the other (undershoot). 
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In another variation, when the second comparator 135 does not provide 

valid information during an on time interval (e.g., the second comparator 135 has 

already indicated that the low threshold of current has been reached when the blanking 

time has elapsed), then the relevant undershoot time may be considered to be only the 

5 rise time of the gate driver 165 and switch 155 which, given the symmetrical rise and 

fall times, would be equal to the fall time of the gate driver 165 and switch 155. This 

may be determined as described below, or as another alternative, the overshoot time 

(which also includes first comparator 130 rise or fall time) may be utilized as a 

sufficiently accurate estimation. 

1 o In addition, in exemplary embodiments, depending upon selected 

tolerance levels, the undershoot compensation may be omitted, as lower current levels 

are not harmful to the LEDs 110, and if the undershoot is not large, may not be visually 

apparent. Alternatively, the first, high threshold IHT and the second, low threshold ILT 

may also be adjusted in advance, to provide tighter regulation, such as spacing them 

15 apart by 5% of 7.5% intervals, rather than 10% intervals, for example. 

Both of the overshoot and undershoot controls, however, generally 

should be implemented such that both the first (peak) comparator 130 and the second 

(valley) comparator 135 periodically trip, to avoid the LED 110 current from deviating 

down or up without notice. Accordingly, in accordance with the exemplary 

20 embodiments, the controller 125 will periodically allow the LED 110 current to rise and 

fall sufficiently to trip the first (peak) comparator 130 and the second (valley) 

comparator 135, respectively. 

Conversely, if the specification for LED 110 current ripple allow current 

overshoot (e.g., allowing the LED 110 current envelope to follow VIN ripple), then the 

25 overshoot and undershoot may be made symmetrical as well, such as by increasing the 

off time ToFF by the undershoot (or symmetrical overshoot) interval. By doing so, the 

LED 110 average current would remain constant. 

Figure 5 is a graphical diagram of an inrush current through the switch 

155 when it is turned on and a "blanking" time interval in accordance with the 

30 teachings of the present invention. In the prior art, such an inrush (transient) current 

would be filtered using an additional capacitor and resistor (RC filter) in parallel with 

the current sensor 160; in the exemplary embodiments, the use of such an RC filter is 
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not required, and a blanking time interval is utilized instead, as mentioned above and as 

described below. Initially the controller 125 issues a command to the gate driver 165 

(and thereby switch 155) to tum on, at time t10 . After the gate driver 165 and switch 

155 rise time (interval 211) (combined as "Tp_gate_drive_rise" time), the switch 155 

5 current exhibits a transient spike, referred to as an "inrush", starting at time t11 , 

typically caused by its terminal capacitance and the reverse recovery of diode 115, 

which lasts for interval 212 (through time t12). This inrush current through the switch 

155 may be higher than the average current (IAv) and potentially even higher than the 

first, high threshold (IHT), causing their respective comparators 140, 130 to trip (and 

1 o provide corresponding logic high signals to the controller 125). In accordance with the 

exemplary embodiments, the controller 125 disregards this information by establishing 

or setting a "blanking" time interval (216) ("Tb lank"), during which the outputs of the 

comparators 130, 135, and 140 are ignored. The blanking time interval commences 

when the controller 125 generates the command to tum on the gate driver 165 ( and 

15 switch 155) (t10), and extends until the transient inrush current has settled (t13), resulting 

in (Equation 10): Tblank > Tp _gate_drive_rise + r;nrush · 

The transient, inrush time interval (212) is generally a function of switch 155 terminal 

capacitance, diode 115 reverse recovery charge, and the sense resistance value (when 

current sensor 160 is implemented as a resistor). If the inrush current is higher than the 

20 average current (IAv), it is possible for the controller 125 to determine the inrush time 

and adjust the blanking time appropriately. 

Ideally, Equation 4 provides that ToNI should be equal to ToNz- The 

controller 125, however, as mentioned above, should tum on the gate driver 165 and 

switch 155 earlier by an amount equal to their combined rise time (Tp _gate_ drive_ rise 

25 time). In a system where the gate driver 165 is designed such that its rise time is close 

to the overshoot time (e.g., the gate driver 165 and switch 155 have symmetrical rising 

and falling times and comparator delay time is not significant), then the overshoot time 

can be utilized to decrease T OFF. 

Yet another method of determine the rise time of the gate driver 165 and 

30 switch 155 (Tp_gate_drive_rise) is through the third, average current (IAv) comparator 

140. Although the moment when the switch 155 inrush current trips the third, average 

current (IAv) comparator 140 should not be used as an indicator of the actual inductor 
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105 average current, it can be used to indicate the time when the switch 155 actually 

starts to conduct. Accordingly, the rise time of the gate driver 165 and switch 155 and 

the rise time of the third, average current (IAv) comparator 140 ("Tav _ comp _rise ") 

(Tp _gate_ drive _rise + Tav _ comp _rise) can be measured from the time the controller 

5 125 issues the tum on command until the third, average current (IAv) comparator 140 

trips. Then the third, average current (IAv) comparator 140 rise time (Tav _comp_rise) 

is subtracted from the measurement in order to obtain the rise time of the gate driver 

165 and switch 155 (Tp_gate_drive_rise). In an exemplary embodiment, the third, 

average current (hv) comparator 140 rise time (Tav _comp_ rise) is a known design 

1 o parameter or is significantly smaller than the rise and fall times of the gate driver 165 

and switch 155 (Tp_gate_drive_rise and Tp_gate_drive_fall). 

The rise times of the various comparators 130, 135 and 140 may also 

affect the measurements of T 0N1 and T 0N2- As mentioned above, T 0N1 is the interval 

from the time the current reaches the low threshold current level (ILT ), as determined by 

15 the second (ILT) comparator 135 (or from the time when the switch 155 actually 

conducts) to the time the current reaches the average current level (IA v ), as determined 

by the third, average current (IAv) comparator 140. Tmn is the time interval from the 

average current level to the first, high (peak) current level, namely, as determined by 

the third, average current (IAv) comparator 140 and the first (IHT) comparator 130, 

20 respectively. In the exemplary embodiments, therefore, the first (IHT) comparator 130 

and the third, average current (I,,w) comparator 140 are designed or implemented to 

have the same or substantially similar delay times (i.e., Tav _comp _rise = Tpk_comp _rise). With 

the rise times of the first (IHT) comparator 130 and the third, average current (IAv) 

comparator 140 being substantially the same, then T oN2 can be measured by the interval 

25 from when the controller 125 receives the rising edge of the third, average current (IA v) 

comparator 140 to when the controller 125 receives the rising edge of the first (IHT) 

comparator 130. It should be noted, as mentioned above, that this measurement does 

not apply during the blanking time interval, or when the controller 125 does not receive 

a valid rising edge of the first (IHT) comparator 130 (e.g., due to overshoot 

30 compensation, in which case T oN2 may be adjusted occasionally in order for the first 

(IHT) comparator 130 to trip and provide information at these various intervals). 
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As indicated above, TONI may be measured from the interval beginning 

with the controller 125 receiving the rising edge of the second (ILT) comparator 135 

(when available (i.e. when the rising edge did not occur during the blanking interval)) 

until the controller 125 receives the rising edge of the third, average current (I Av) 

5 comparator 140, or beginning with the controller 125 generating the tum on command 

for the gate driver 165 and switch 155) until the controller 125 receives the rising edge 

of the third, average current (IAv) comparator 140 (ToNI measured). For the former 

case, given the symmetry of the comparators, no additional compensation is needed for 

determining TONI measured. In the latter case however, when the rising edge of the 

10 second (ILT) comparator 135 does not provide valid information (during the blanking 

interval, or due to undershoot compensation), then for this measurement, the rise time 

of the gate driver 165 and switch 155 should then be subtracted, to provide the actual 

value ofToNI (ToNI:::::: ToN1 measured - Tav_comp_rise). ToN1 may also be measured 

using the transient current spike (inrush current), if the inrush current is sufficiently 

15 high to trip the third, average current (IAv) comparator 140, indicating a start of the 

conduction by the switch 155. ToNI is then the interval between the controller 125 

receiving the first rising edge of the third, average current (IA v) comparator 140 due to 

the inrush current and receiving the second rising edge of the third, average current 

(IAv) comparator 140 ( after the transient has settled). Knowing both T 0N1 and T 0N2, the 

20 controller 125 may then determine ToFF-

In the event that during initial start up, the third, average current (IA v) 

comparator 140 stays high after the transient current spike (inrush current) has settled, 

indicating that the current is already too high, there is no need to measure TONI and 

ToNz- Rather, TOFF is extended, to allow current to decrease, with valid measurements 

25 for TONI and T oNz obtainable in the next cycle. 

Figure 6 is a graphical diagram illustrating combined pulse width 

modulation ("PWM") and amplitude modulation for brightness adjustment in 

accordance with the teachings of the invention. The exemplary embodiments 

implement brightness control ( dimming) using a combination of at least two different 

30 electrical biasing techniques across the LEDs 110, such as PWM and amplitude 

modulation ( or constant current regulation ("CCR"). A first electrical biasing 

technique, by itself, will tend to produce a first wavelength shift (higher or lower) in 
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response to a change in intensity, such as in response to a change in duty cycle for 

PWM, while a second electrical biasing technique, by itself, will tend to produce a 

second, opposite or opposing wavelength shift (lower or higher, respectively) in 

response to the change in intensity, such as in response to a change in amplitude for 

5 analog regulation or CCR. In accordance with the exemplary embodiments, any 

resulting wavelength shift is minimized or maintained within a selected tolerance level 

by utilizing at least two different and opposing electrical biasing techniques ( such that 

the opposing wavelength shifts effectively "cancel" each other). Additional discussion 

of that methodology is in one or more related patent applications. To decrease 

1 o brightness, for PWM, the duty cycle is decreased ( e.g., from D 1 to D2), and for 

amplitude modulation (CCR), the amplitude of the LED current is decreased (e.g., from 

ILED 1 to ILED2), as illustrated in Figure 6. In accordance with the exemplary 

embodiments, the controller 125 implements dimming by using both PWM and 

amplitude modulation, either alternating them in successive modulation intervals or 

15 combining them during the same modulation interval, with the latter illustrated in 

Figure 6. This inventive combination of at least two different electrical biasing 

techniques having opposing effects on wavelength emission allows for both regulating 

the intensity of the emitted light while controlling the wavelength emission shift, from 

either or both the LED response to intensity variation ( dimming technique) and due to 

20 p-n junction temperatures changes, and also to produce dynamic lighting and color 

effects. 

Figure 7 is a graphical diagram illustrating hysteresis between two 

amplitude levels (ILEDI, ILED2) and duty cycle ratios (DIL, D2L, DIH, D2H) for 

brightness adjustment in accordance with the teachings of the invention. In order to 

25 prevent jitter, a hysteresis is implemented as illustrated in Figure 7. The operating 

points (ILEDI, DIL) have the same brightness (color) to (ILED2, D2L), and the same 

brightness applies to (ILEDI, DIH) and (ILED2, D2H). When DI comes from high 

brightness down to D 1 L, ILED 1 is changed to ILED2 and D2L is used instead. When 

D2 comes up from low brightness to D2H, ILED2 is switched to ILEDI and DIH is 

30 used. 

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

250 embodiment and second apparatus 200 embodiment, for fixed frequency switching 
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operation, in accordance with the teachings of the present invention. The second 

system 250 and second apparatus 200 differ from the first system 150 and first 

apparatus 100 insofar as: (1) the combined duration (arithmetic sum) of the on (ToN) 

and off (T OFF) times for the LEDs 110 is constant, not variable, such that the second 

5 system 250 has a fixed or constant switching frequency (rather than the variable 

switching frequency previously discussed); and (2) the controller 225 is adapted to 

provide current control when the commencement or initiation of the on time of the 

switch 155 is at a fixed, regular frequency. In addition, as an illustrated alternative, the 

controller 225 is coupled directly to the switch 155, rather than via a gate driver (165). 

10 It should be understood, however, that the second system 250 and second apparatus 200 

may also include such a gate driver circuit 165, such as a buffer. 

For the second system 250 and second apparatus 200, the controller 225 

includes an error generator 260, a compensator 255, and a control block 251 for 

determining the respective on (ToN) and off(ToFF) durations for the switch 155. In this 

15 embodiment, the controller 225 also provides that ToNI is substantially equal to ToN2, 

with the error generator 260 generating an error signal substantially equal or 

proportional to the difference between TONI and T 0N2 ( error = T 0N2 - TONI, error :::::: T 0N2 

- ToNI, or error:::::: c · (ToN2 - ToN1), where "c" is a constant of proportionality). The 

error signal is provided to the compensator 255, which then adjusts the on time (ToN) of 

20 the switch 155, which is then correspondingly switched on and off by the control block 

251. It should be noted, because the switch 155 is switched on at a fixed frequency, 

adjusting the on time (ToN) of the switch 155 automatically changes the off time (ToFF) 

of the switch 155 (e.g., increasing the on time ToN decreases the off time ToFF, and vice 

versa). 

25 Figure 9 is a graphical diagrams illustrating a second exemplary current 

waveform through the solid state lighting and a rectified AC current in accordance with 

the teachings of the present invention. Such a rectified AC current 301 ( or voltage) 

may be provided by a rectifier 325 to provide a voltage input V1N (illustrated as V 1N-'­

and VIN-) having a DC average value, from an AC line voltage (AC mains), for 

30 example, and may be utilized with either the first or second system 150, 250 and first or 

second apparatus 100, 200, and also may be utilized with the third system 350 

discussed below. When the rectified AC current 301 is below a selected (or 
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predetermined) threshold, illustrated as intervals 303, there is generally no switch 155 

current, and the apparatus 100, 200 will typically be off during these AC zero crossing 

intervals. As illustrated, the switch 155 is turned on, above the selected (or 

predetermined) threshold, the LED 110 current 302 will initially track the rectified AC 

5 current 301, increasing to the second, low threshold (Iu), reaching the average current 

level (IAv) and then the first, high threshold (IHT), followed by turning the switch 155 

off for its calculated duration, and followed by successive on and off cycles, as 

described above, using the measurements and calculations described above for ToNI, 

ToN2, and ToFF, or using the error signal (e.g., error;::::: ToN2 - ToNI) described above, for 

1 o either variable or fixed frequency embodiments. Such an apparatus and system can be 

built directly into an Edison socket, and further, can provide power factor correction 

("PFC"). In order to achieve PFC operation, the controller 125 or compensator 255 is 

comparatively slow with respect to a VIN ripple frequency of 120Hz (or lO0Hz). For 

example and without limitation, for each half of the AC cycle, the TON determined and 

15 outputted by the compensator 255 can be regarded as a constant, and is adjusted during 

successive half-cycles. 

It should be noted that the first system 150, first apparatus 100, the 

second system 250 and second apparatus 200, and their versions including an AC 

rectifier 325, may be scaled or extended to multiple channels of LEDs 110. In one such 

20 implementation, the first or second apparatus 100, 200 is instantiated in its entirety for 

each separate channel of LEDs 110. 

In another such implementation, discussed below with reference to 

Figure 10, the comparators 130, 135, 140 are instantiated separately for each separate 

or independent channel of LEDs 110, such that the LED 110 current through each 

25 channel is separately monitored. In this scaled embodiment, the controller 125, 225 

then has multiple outputs, one to each to each gate driver 165 (which in tum is coupled 

to a corresponding switch 155 for each separate or independent channel of LEDs 110). 

The controller 125,225 separately computes the various on (ToNI and ToN2) durations 

for the switch 155, and for apparatus 100, the controller 125 also computes the off 

30 (ToFF) duration, for each separate (or independent) channel of LEDs 110, and 

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

discussed above and as discussed below. 

Figure 10 is a block and circuit diagram of an exemplary third system 

350 embodiment, for multichannel operation, in accordance with the teachings of the 

5 present invention. As mentioned above, the various first and second apparatus 100, 200 

may be extended to control current through a plurality of separate arrays 310 ( also 

referred to equivalently as channels or strings) of LEDs 110, illustrated as array 3101 

having LEDs 1101, array 3102 having LEDs 1102 , through array 31 On having LEDs 

11 On. Each such array or channel 310 includes at least one LED 110 or a plurality of 

1 o LEDs 110 connected in series. In contrast with the prior art, the plurality of LEDs 110 

of each array are not required to be identical or from the same manufacturing bin; 

instead, because of the separate control and regulation provided by the exemplary 

embodiments, there may be significant variation among the LEDs 110, for a 

considerable cost savings. 

15 With the separate current control for each LED array 310, the regulated 

current can be matched to each separate LED array 310. Accordingly, various LED 

arrays 310 are not subject to excessive current levels, that would be caused in the prior 

art systems from some LED arrays having a higher impedance and drawing less current 

than expected. As a consequence, the exemplary third system 350 enables increased 

20 durability, improved system lifetime, decreased heat generated (also enabling a 

corresponding decrease in the size of heat sinks for the LEDs 110), a decrease in the 

number of LEDs 110 required for the same optical output, and overall increased system 

efficiency and efficacy. 

As illustrated for the third system 350, each array 310 has a 

25 corresponding switch 155, illustrated as switch 155 1, switch 1552 , through switch 155n, 

which are controlled by respective gate driver circuits (buffers) 165 (illustrated 

collectively, for ease of discussion), under the control of at least one controller 125, 

225. The comparators 130, 135, 140 are instantiated separately for each separate or 

independent array or channel 310 of LEDs 110, such that the LED 110 current through 

30 each array ( channel) 310 (via corresponding current sensors 1601, 1602 , through 160n) 

is separately monitored and separately controlled, as described above for the first and 

second systems 100, 200. At least one reference voltage generator 145 provides the 
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corresponding reference voltages ( corresponding to the first (high) threshold, average, 

and second (low) threshold) for each current through each separate array 310. It should 

be noted that the various average, first and second threshold currents may be either the 

same or different across the various arrays 310, such that any selected array 310 may 

5 have its own set average and threshold current levels, separate from the average and 

threshold currents of the other arrays 310. 

In this scaled, third system 350 embodiment, the controller 125, 225 

then has multiple outputs, one to each to each gate driver 165, to tum on or off a 

corresponding switch 155 for each separate array 310 of LEDs 110. The controller 

10 125, 225 separately determines the various on (ToNI and ToN2) durations for each 

corresponding switch 1551, switch 1552, through switch 155n, and for variable 

frequency operation, the controller 125 also computes the off (T OFF) duration, for each 

separate (or independent) array 310 of LEDs 110. The controller 125, 225 separately 

controls each gate driver 165 to each switch 155 1, switch 1552, through switch 155n, for 

15 each separate array 310 of LEDs 110, to provide separate current regulation through 

each separate channel of LEDs 110 in accordance with the exemplary embodiments of 

the invention. 

Accordingly, for each separate array 310 of LEDs 110, for variable 

frequency switching, the controller 125 will determine ToNI and ToN2, and a 

20 corresponding ToFF, as previously described above for the first system 150 and first 

apparatus 100, to provide regulated current control, for each array 310, and for fixed 

frequency switching, the controller 225 will determine T 0N1 and T 0N2, as previously 

described above for the second system 250 and second apparatus 200, to provide 

regulated current control, for each array 310. 

25 While the exemplary third system 350 provides separate control to each 

LED array 310, such control may be independent, controlling each LED array 310 

completely independently of all the other LED arrays 310, or such control may include 

any type of coordinated, joint or dependent regulation, for any selected lighting or color 

effect, as may be necessary or desirable for any selected application. In addition, such 

30 independent or dependent regulation may be implemented for any type of LEDs 110, 

such as separate or independent control of red, blue, and green LEDs 110, or 

coordinated control of such red, blue, and green LEDs 110, such as to produce various 
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lighting effects having a selected hue, for example. Also for example, lighting effects 

such as output intensity, color output, color temperature, etc. may be regulated 

independently or in a coordinated manner for each LED array 310. Importantly, the 

exemplary third system 350 is capable of providing completely separate and 

5 independent current regulation of each LED array 310, with any such independence 

selectively implemented or not, for example, by the end user of the exemplary third 

system 350. Also importantly, the exemplary third system 350 is capable of providing 

any type of coordinated current regulation of each LED array 310, with any such 

coordination selectively implemented or not, for example, by the end user of the 

10 exemplary third system 350. 

As an example of one form of coordinated control, in the exemplary 

third system 350, interleaving of switch 155 on (T oN) durations may be implemented, 

providing a multiphase control, such that only selected arrays 310 are switched on and 

are conducting current during a given time interval. Figure 11 is a timing diagram 

15 illustrating exemplary multiphase switching of the exemplary third system 

embodiment, for "n" arrays 310 of LEDs 110, in accordance with the teachings of the 

present invention. As illustrated, each ToN "pulse" 370 represents the on duration 

(ToN) of a switch 155 of an array 310; while illustrated as a square wave, it may have 

any waveform, and merely represents a signal from the controller 125,225 to tum on 

20 (and keep on for the selected on time duration) the corresponding switch 155 (via a 

corresponding gate driver 165). Also as illustrated, the timing of each such TON pulse 

370 differs across the "n" arrays, with ToN pulses 3701, 370n-3, and 370n-2 occurring 

during time interval tA for LED arrays 3101, 310n-3, and 310n-2, respectively; ToN pulses 

3701, 3702, 370n-2 and 370n-l occurring during time interval tB for LED arrays 3101, 

25 3102, 310n_2 and 310n-l, respectively; ToN pulses 3702, 3703, 370n-l and 370n occurring 

during time interval tc for LED arrays 3102, 3103, 31 On-1 and 31 On, respectively; and so 

on. The various on durations may be selected to be separate (e.g., ToN pulses 3701 and 

3704) or to overlap (e.g., ToN pulses 3701 and 3702), as may be necessary or desirable. 

Because of this interleaving, multiphase control, not all LED arrays 310 

30 are receiving current at the same time. This enables a much smoother AC input 

current, which minimizes any requirement on input electromagnetic interference (EMI) 
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filter size, further enabling a reduction in the input filter capacitor size, and reduced 

component costs. It is also expected to work well with a thyristor-type dimming. 

It should be noted that the controllers 125,225 may be implemented the 

same, and configured or otherwise programmed for operation as part of any of the 

5 systems 150, 250, and 350. 

Figure 12 is a flow diagram of an exemplary method embodiment, in 

accordance with the teachings of the present invention, for controlling the energizing of 

solid state lighting, such as LEDs 110, and provides a useful summary. As discussed 

above, the solid state lighting is coupled to a switch (155) providing an electrical 

10 current path (e.g., through current sensor 160), and with the solid state lighting having 

an electrical current. The method begins, start step 400, with turning the switch 155 

into an on state, step 405. The method then detects when the electrical current has 

reached a predetermined average current level, step 410, and detects when the electrical 

current has reached a first predetermined (e.g., high) current threshold, step 415. When 

15 available (i.e., not during the blanking interval), and prior to detecting the average 

current level, step 410 may also include detecting when the electrical current has 

reached a second predetermined (e.g., low) current threshold. The method then 

determines a first on time period (T oNI) as a duration between the detection of the 

second predetermined (e.g., low) current threshold ( or turning the switch into the on 

20 state) and the detection of the predetermined average current level, step 420, and 

determines a second on time period (T oN2) as a duration between the detection of the 

predetermined average current level and the detection of the first predetermined current 

threshold, step 425. An on time period (ToN) of the switch is then determined as 

substantially equal or proportional to the sum of the first on time period and the second 

25 on time period (ToN:::::: To1>a + ToN2), step 430. When the on time period has elapsed, 

the switch is turned off, step 435. For a first embodiment, the exemplary method also 

determines a current off time period of the switch as a function of the first on time 

period, the second on time period, and a previous off time period (Equations 7 and 8), 

step 440. When the method continues, step 445, then following expiration of the off 

30 time period, step 450, the method returns to step 405 to turn the switch on, and the 

method iterates. When the method does not continue in step 445, the method may end, 

return step 45 5. 
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Not separately illustrated, the method may also include: adjusting the 

current off time period to provide that the first on time period is substantially equal to 

the second on time period ( (T 0N1 ;::::: T 0N2); or decreasing the current off time period 

proportionally to a driving gate rising edge time period. In addition, the determination 

5 of the current off time period of the switch may be a further function, more specifically, 

of previous first and second on times and one or more current first on times. 

The exemplary method may also provide for determining a blanking 

time interval following turning the switch into the on state, and ignoring the detection 

of the second predetermined current threshold, the detection of the predetermined 

1 o average current level or the detection of the first predetermined current threshold during 

the blanking time interval. The blanking time interval may be determined as 

proportional to a gate rising edge time period and a transient current time period, or as 

proportional to a gate rising edge time period and detection of the predetermined 

average current level. 

15 The exemplary method may also provide for adjusting a brightness level 

of the solid state lighting by using at least two electrical biasing techniques, and for 

example, adjusting a brightness level of the solid state lighting by using a hysteresis of 

at least two electrical current amplitude levels and at least two electrical current duty 

cycle ratios. 

20 The method may also provide for current overshoot protection, by 

25 

adjusting the second on time period proportionally to a driving gate falling edge time 

period, and more particularly, such as by decreasing the second on time period 

proportionally to a driving gate falling edge time period and a comparator falling edge 

time period. 

The method may also provide for current undershoot protection by 

adjusting the first on time period proportionally to a driving gate rising edge time 

period, such as by increasing the first on time period proportionally to a driving gate 

rising edge time period. Such undershoot protection may be provided equivalently by 

decreasing the current off time period proportionally to a driving gate rising edge time 

30 period, such as by decreasing the current off time period proportionally to a driving 

gate rising edge time period. 
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In another exemplary embodiment, the method may include generating 

an error signal as a difference between the second on time period and the first on time 

period, and then adjusting the on time period proportionally to the error signal. 

Referring to Figures 1, 8 and 10, as mentioned above, the 1/0 interface 

5 170 is utilized for input/output communication, providing appropriate connection to a 

relevant channel, network or bus; for example, and the interface 170 may provide 

additional functionality, such as impedance matching, drivers and other functions for a 

wireline interface, may provide demodulation and analog to digital conversion for a 

wireless interface, and may provide a physical interface for the memory 175 and 

1 o controller 125, 225 with other devices. In general, the interface 1 70 is used to receive 

and transmit data, depending upon the selected embodiment, such as to receive 

intensity level selection data, temperature data, and to provide or transmit control 

signals for current regulation (for controlling an LED driver), and other pertinent 

information. For example and without limitation, the interface 170 may implement 

15 communication protocols such as DMX 512, DALI, l 2C, SPI, etc. 

Also as mentioned above, a controller 125, 225 (or, equivalently, a 

"processor") may be any type of controller or processor, and may be embodied as one 

or more controllers 125, 225, adapted to perform the functionality discussed herein. As 

the term controller or processor is used herein, a controller 125, 225 may include use of 

20 a single integrated circuit ("IC"), or may include use of a plurality of integrated circuits 

or other components connected, arranged or grouped together, such as controllers, 

microprocessors, digital signal processors ("DSPs"), parallel processors, multiple core 

processors, custom ICs, application specific integrated circuits ("ASICs"), field 

programmable gate arrays ("FPGAs"), adaptive computing ICs, associated memory 

25 (such as RAM, DRAM and ROM), and other ICs and components. As a consequence, 

as used herein, the term controller (or processor) should be understood to equivalently 

mean and include a single IC, or arrangement of custom I Cs, ASICs, processors, 

microprocessors, controllers, FPGAs, adaptive computing ICs, or some other grouping 

of integrated circuits which perform the functions discussed below, with associated 

30 memory, such as microprocessor memory or additional RAM, DRAM, SDRAM, 

SRAM, MRAM, ROM, FLASH, EPROM or E 2PROM. A controller (or processor) 

(such as controller 125, 225), with its associated memory, may be adapted or 
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configured (via programming, FPGA interconnection, or hard-wiring) to perform the 

methodology of the invention, as discussed above and below. For example, the 

methodology may be programmed and stored, in a controller 125, 225 with its 

associated memory (and/or memory 175) and other equivalent components, as a set of 

5 program instructions or other code ( or equivalent configuration or other program) for 

subsequent execution when the processor is operative (i.e., powered on and 

functioning). Equivalently, when the controller 125,225 may implemented in whole or 

part as FPGAs, custom ICs and/or ASICs, the FPGAs, custom ICs or ASICs also may 

be designed, configured and/or hard-wired to implement the methodology of the 

10 invention. For example, the controller 125, 225 may be implemented as an 

arrangement of controllers, microprocessors, DSPs and/or ASICs, collectively referred 

to as a "controller", which are respectively programmed, designed, adapted or 

configured to implement the methodology of the invention, in conjunction with a 

memory 175. 

15 The memory 175, which may include a data repository (or database), 

may be embodied in any number of forms, including within any computer or other 

machine-readable data storage medium, memory device or other storage or 

communication device for storage or communication of information, currently known 

or which becomes available in the future, including, but not limited to, a memory 

20 integrated circuit ("IC"), or memory portion of an integrated circuit (such as the 

resident memory within a controller 125, 225 or processor IC), whether volatile or non­

volatile, whether removable or non-removable, including without limitation RAM, 

FLASH, DRAM, SDRAM, SRAM, MRAM, FeRAM, ROM, EPROM or E2PROM, or 

any other form of memory device, such as a magnetic hard drive, an optical drive, a 

25 magnetic disk or tape drive, a hard disk drive, other machine-readable storage or 

memory media such as a floppy disk, a CD ROM, a CD-R W, digital versatile disk 

(DVD) or other optical memory, or any other type of memory, storage medium, or data 

storage apparatus or circuit, which is known or which becomes known, depending upon 

the selected embodiment. In addition, such computer readable media includes any form 

30 of communication media which embodies computer readable instructions, data 

structures, program modules or other data in a data signal or modulated signal, such as 

an electromagnetic or optical carrier wave or other transport mechanism, including any 
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information delivery media, which may encode data or other information in a signal, 

wired or wirelessly, including electromagnetic, optical, acoustic, RF or infrared signals, 

and so on. The memory 175 may be adapted to store various look up tables, 

parameters, coefficients, other information and data, programs or instructions ( of the 

5 software of the present invention), and other types of tables such as database tables. 

As indicated above, the controller 125,225 is programmed, using 

software and data structures of the invention, for example, to perform the methodology 

of the present invention. As a consequence, the system and method of the present 

invention may be embodied as software which provides such programming or other 

1 o instructions, such as a set of instructions and/or metadata embodied within a computer 

readable medium, discussed above. In addition, metadata may also be utilized to define 

the various data structures of a look up table or a database. Such software may be in 

the form of source or object code, by way of example and without limitation. Source 

code further may be compiled into some form of instructions or object code (including 

15 assembly language instructions or configuration information). The software, source 

code or metadata of the present invention may be embodied as any type of code, such 

as C, C++, SystemC, LISA, XML, Java, Brew, SQL and its variations (e.g., SQL 99 or 

proprietary versions of SQL), DB2, Oracle, or any other type of programming language 

which performs the functionality discussed herein, including various hardware 

20 definition or hardware modeling languages (e.g., Verilog, VHDL, RTL) and resulting 

database files (e.g., GDSII). As a consequence, a "construct", "program construct", 

"software construct" or "software", as used equivalently herein, means and refers to 

any programming language, of any kind, with any syntax or signatures, which provides 

or can be interpreted to provide the associated functionality or methodology specified 

25 (when instantiated or loaded into a processor or computer and executed, including the 

controller 125, 225, for example). 

The software, metadata, or other source code of the present invention 

and any resulting bit file (object code, database, or look up table) may be embodied 

within any tangible storage medium, such as any of the computer or other machine-

30 readable data storage media, as computer-readable instructions, data structures, 

program modules or other data, such as discussed above with respect to the memory 

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

above. 

Numerous advantages of the present invention for providing power to 

solid state lighting, such as light emitting diodes, are readily apparent. The exemplary 

5 embodiments allow for energizing one or more LEDs, using digital control and low 

side sensing, enabling low voltage IC implementations. The exemplary apparatus and 

system embodiments may be implemented with either fixed or variable frequency 

switching, and may be implemented with either AC or DC power sources. As a digital 

implementation, the exemplary embodiments may also be implemented at a reduced 

1 o cost. The exemplary embodiments also provide for precise current control, within any 

selected tolerance levels. In addition, the exemplary embodiments also eliminate the 

required RC filtering of the prior art. 

For changes in brightness levels, a combination of forward biasing 

techniques are implemented, which allow for both regulating the intensity of the 

15 emitted light while controlling the wavelength emission shift, from either or both the 

LED response to intensity variation ( dimming technique) and due to p-n junction 

temperatures changes. In addition, the exemplary embodiments of the invention also 

provide for varying intensity while simultaneously reducing the EMI produced by prior 

art lighting systems, especially because current steps in the pulse modulation are 

20 dramatically reduced or eliminated completely. The exemplary LED controllers are 

also backwards-compatible with legacy LED control systems, frees the legacy host 

computer for other tasks, and allows such host computers to be utilized for other types 

of system regulation. The exemplary current regulator embodiments provide digital 

control, without requiring external compensation. The exemplary current regulator 

25 embodiments also utilize comparatively fewer components, providing reduced cost and 

size, while simultaneously providing increased efficiency and enabling longer battery 

life when used in portable devices. 

Although the invention has been described with respect to specific 

embodiments thereof, these embodiments are merely illustrative and not restrictive of 

30 the invention. In the description herein, numerous specific details are provided, such as 

examples of electronic components, electronic and structural connections, materials, 

and structural variations, to provide a thorough understanding of embodiments of the 
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present invention. One skilled in the relevant art will recognize, however, that an 

embodiment of the invention can be practiced without one or more of the specific 

details, or with other apparatus, systems, assemblies, components, materials, parts, etc. 

In other instances, well-known structures, materials, or operations are not specifically 

5 shown or described in detail to avoid obscuring aspects of embodiments of the present 

invention. In addition, the various Figures are not drawn to scale and should not be 

regarded as limiting. 

Reference throughout this specification to "one embodiment", "an 

embodiment", or a specific "embodiment" means that a particular feature, structure, or 

1 o characteristic described in connection with the embodiment is included in at least one 

embodiment of the present invention and not necessarily in all embodiments, and 

further, are not necessarily referring to the same embodiment. Furthermore, the 

particular features, structures, or characteristics of any specific embodiment of the 

present invention may be combined in any suitable manner and in any suitable 

15 combination with one or more other embodiments, including the use of selected 

features without corresponding use of other features. In addition, many modifications 

may be made to adapt a particular application, situation or material to the essential 

scope and spirit of the present invention. It is to be understood that other variations and 

modifications of the embodiments of the present invention described and illustrated 

20 herein are possible in light of the teachings herein and are to be considered part of the 

spirit and scope of the present invention. 

It will also be appreciated that one or more of the elements depicted in 

the Figures can also be implemented in a more separate or integrated manner, or even 

removed or rendered inoperable in certain cases, as may be useful in accordance with a 

25 particular application. Integrally formed combinations of components are also within 

the scope of the invention, particularly for embodiments in which a separation or 

combination of discrete components is unclear or indiscernible. In addition, use of the 

term "coupled" herein, including in its various forms such as "coupling" or 

"couplable", means and includes any direct or indirect electrical, structural or magnetic 

30 coupling, connection or attachment, or adaptation or capability for such a direct or 

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

another component. 

As used herein for purposes of the present invention, the term "LED" 

and its plural form "LEDs" should be understood to include any electroluminescent 

5 diode or other type of carrier injection- or junction-based system which is capable of 

generating radiation in response to an electrical signal, including without limitation, 

various semiconductor- or carbon-based structures which emit light in response to a 

current or voltage, light emitting polymers, organic LEDs, and so on, including within 

the visible spectrum, or other spectra such as ultraviolet or infrared, of any bandwidth, 

1 o or of any color or color temperature. 

Furthermore, any signal arrows in the drawings/Figures should be 

considered only exemplary, and not limiting, unless otherwise specifically noted. 

Combinations of components of steps will also be considered within the scope of the 

present invention, particularly where the ability to separate or combine is unclear or 

15 foreseeable. The disjunctive term "or", as used herein and throughout the claims that 

follow, is generally intended to mean "and/or", having both conjunctive and disjunctive 

meanings ( and is not confined to an "exclusive or" meaning), unless otherwise 

indicated. As used in the description herein and throughout the claims that follow, "a", 

"an", and "the" include plural references unless the context clearly dictates otherwise. 

20 Also as used in the description herein and throughout the claims that follow, the 

meaning of "in" includes "in" and "on" unless the context clearly dictates otherwise. 

The foregoing description of illustrated embodiments of the present 

invention, including what is described in the summary or in the abstract, is not intended 

to be exhaustive or to limit the invention to the precise forms disclosed herein. From 

25 the foregoing, it will be observed that numerous variations, modifications and 

substitutions are intended and may be effected without departing from the spirit and 

scope of the novel concept of the invention. It is to be understood that no limitation 

with respect to the specific methods and apparatus illustrated herein is intended or 

should be inferred. It is, of course, intended to cover by the appended claims all such 

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

1. A method of controlling solid state lighting, the solid state lighting 

coupled to a switch providing an electrical current path, and the solid state lighting 

5 having an electrical current, the method comprising: 

turning the switch into an on state; 

detecting when the electrical current has reached a predetermined 

average current level; 

detecting when the electrical current has reached a first predetermined 

1 o current threshold; 

determining a first on time period as a duration between detection of a 

second predetermined current level or turning the switch into the on state and the 

detection of the predetermined average current level; 

determining a second on time period as a duration between the detection 

15 of the predetermined average current level and the detection of the first predetermined 

current threshold; and 

20 

determining an on time period of the switch as substantially proportional 

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

2. The method of claim 1, further comprising: 

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

3. The method of claim 2, further comprising: 

subsequent to turning the switch into the off state, when a fixed time 

25 period has elapsed from having turned the switch into the on state, again turning the 

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

4. The method of claim 3, further comprising: 

generating an error signal as a difference between the second on time 

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

adjusting the on time period proportionally to the error signal. 

6. The method of claim 2, further comprising: 

when a current off time period has elapsed, turning the switch into the 

on state and repeating the detection and determination steps. 

7. The method of claim 6, further comprising: 

determining the current off time period of the switch as a function of the 

1 o first on time period and the second on time period. 

15 

8. The method of claim 6, further comprising: 

determining the current off time period of the switch as a function of the 

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

9. The method of claim 6, further comprising: 

determining the current off time period of the switch as: 

( 2•Tmn(K)•ToFF(K) · h" h ( ) · h ff· T0 FF K + 1) ~ 1 
, m w 1c T OFF K + 1 1s t e current o time 

TONl (K + 1) + TON2 (K) 

period, T oN2 (K) is a previous second on time period, T OFF(K) is a previous off time 

20 period, and TONI (K + 1) is a current first on time period. 

10. The method of claim 6, further comprising: 

determining the current off time period of the switch as: 

T
0

FF (K + 1) ~ (To,,.n (K) A + ToN2 (K)) • ToFF (K), in which ToFF(K + 1) is the current off 
TONl (K + 1) + TON2 (K) 

25 time period, TONI (K)A is a previous first on time period determined using the detection 

of the second predetermined current level, ToN2(K) is a previous second on time period, 

T OFF(K) is a previous off time period, and T 0N1 (K + 1) is a current first on time period. 
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11. The method of claim 6, further comprising: 

determining the current off time period of the switch as a function of a 

current first on time period, a previous second on time period, and a previous off time 

period. 

12. The method of claim 6, further comprising: 

determining the current off time period of the switch as a function of a 

current first on time period, a previous first on time period, a previous second on time 

period, and a previous off time period. 

13. The method of claim 6, further comprising: 

adjusting the current off time period to provide that the first on time 

period is substantially equal to the second on time period. 

14. The method of claim 6, further comprising: 

decreasing the current off time period proportionally to a driving gate 

rising edge time period. 

15. The method of claim 1, further comprising: 

decreasing the on time period proportionally to a driving gate falling 

edge time period and a comparator falling edge time period. 

16. The method of claim 1, further comprising: 

determining a blanking time interval following turning the switch into 

25 the on state. 

17. The method of claim 16, further comprising: 

ignoring the detection of the second predetermined current threshold, the 

detection of the predetermined average current level, or the detection of the first 

30 predetermined current threshold during the blanking time interval. 
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18. The method of claim 16, further comprising: 

determining the blanking time interval as proportional to a gate rising 

edge time period and a transient current time period. 

19. The method of claim 16, further comprising: 

determining the blanking time interval as proportional to a gate rising 

edge time period and detection of the predetermined average current level. 

20. The method of claim 1, further comprising: 

adjusting a brightness level of the solid state lighting by using at least 

two different and opposing electrical biasing techniques. 

21. The method of claim 1, further comprising: 

adjusting a brightness level of the solid state lighting by using a 

15 hysteresis of at least two electrical current amplitude levels and at least two electrical 

current duty cycle ratios. 

22. The method of claim 1, further comprising: 

adjusting the second on time period proportionally to a driving gate 

20 falling edge time period. 

25 

30 

23. The method of claim 1, further comprising: 

decreasing the second on time period proportionally to a driving gate 

falling edge time period and a comparator falling edge time period. 

24. The method of claim 1, further comprising: 

detecting when the electrical current has reached the second 

predetermined current threshold. 

25. The method of claim 1, wherein the solid state lighting comprises at 

least one light emitting diode. 
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26. The method of claim 25, wherein the at least one light emitting diode is 

coupled to a power converter, and wherein the electrical current detections occur at a 

comparatively low side of the power converter. 

27. The method of claim 1, wherein the solid state lighting comprises a 

plurality of arrays of a plurality of series-connected light emitting diodes, and each 

array of the plurality of arrays further coupled to a corresponding switch providing an 

electrical current path. 

28. The method of claim 27, further comprising: 

separately determining a corresponding first on time period, a 

corresponding second on time period, and a corresponding on time period as 

substantially proportional to the sum of the corresponding first on time period and the 

corresponding second on time period for each array of the plurality of arrays. 

29. The method of claim 28, further comprising: 

when the corresponding on time period has elapsed, separately turning 

the corresponding switch into the off state. 

30. The method of claim 29, further comprising: 

separately determining a corresponding off time period for each array of 

the plurality of arrays. 

31. The method of claim 29, further comprising: 

25 interleaving the corresponding on time periods of the corresponding 

switches of the plurality of arrays. 

32. The method of claim 27, further comprising: 

successively switching electrical current to each array of the plurality of 

30 arrays for the corresponding on time period. 
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33. An apparatus for controlling solid state lighting, the apparatus 

compnsmg: 

a switch couplable to the solid state lighting; 

a first comparator adapted to determine when a switch electrical current 

5 has reached a first predetermined current threshold; 

a second comparator adapted to determine when the switch electrical 

current has reached a predetermined average current level; and 

a controller coupled to the first comparator and to the second 

comparator, the controller adapted to tum the switch into an on state and an off state, to 

1 o determine a first on time period as a duration between either a detection of a second 

predetermined current threshold or the turning the switch into the on state, and the 

detection of the predetermined average current level; to determine a second on time 

period as a duration between the detection of the predetermined average current level 

and the detection of the first predetermined current threshold; and to determine an on 

15 time period of the switch as substantially proportional to a sum of the first on time 

period and the second on time period. 

20 

25 

30 

34. The apparatus of claim 33, wherein the controller is further adapted, 

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

35. The apparatus of claim 34, wherein the controller is further adapted, 

subsequent to turning the switch into the off state and when a fixed time period has 

elapsed from having turned the switch into the on state, to turn the switch into the on 

state. 

36. The apparatus of claim 35, wherein the controller is further adapted to 

generate an error signal as a difference between the second on time period and the first 

on time period. 

37. The apparatus of claim 36, wherein the controller is further adapted to 

adjust the on time period proportionally to the error signal. 
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38. The apparatus of claim 34, wherein the controller is further adapted to 

determine a current off time period of the switch as a function of the first on time 

period and the second on time period. 

39. The apparatus of claim 34, wherein the controller is further adapted to 

determine a current off time period of the switch as a function of the first on time 

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

40. The apparatus of claim 34, wherein the controller is further adapted to 

10 determine a current off time period of the switch as: 

15 

T
0

FF (K + 1) ~ 2 • ToNz (K) • ToFF(K) , in which T oFF(K + 1) is the current off time 
TONI (K + 1) + TON2 (K) 

period, T oN2(K) is a previous second on time period, T OFF(K) is a previous off time 

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

41. The apparatus of claim 34, wherein the controller is further adapted to 

determine a current off time period of the switch as a function of a current first on time 

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

42. The apparatus of claim 34, wherein the controller is further adapted to 

20 determine a current off time period of the switch as a function of a current first on time 

period, a previous first on time period, a previous second on time period, and a previous 

off time period. 

43. The apparatus of claim 34, wherein the controller is further adapted to 

25 adjust a current off time period to provide that the first on time period is substantially 

equal to the second on time period. 

44. The apparatus of claim 33, further comprising: 

a gate driver circuit coupled between the controller and the switch, and 

30 wherein the controller is adapted to tum the switch on and to tum the switch off by 

generating a corresponding signal to the gate driver circuit. 
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45. The apparatus of claim 44, wherein the controller is further adapted to 

decrease a current off time period proportionally to a rising edge time period of the gate 

driver circuit. 

46. The apparatus of claim 44, wherein the controller is further adapted to 

decrease the on time period proportionally to a falling edge time period of the gate 

driver circuit and a falling edge time period of the first comparator. 

47. The apparatus of claim 44, wherein the controller is further adapted to 

adjust the second on time period proportionally to a falling edge time period of the gate 

driver circuit. 

48. The apparatus of claim 44, wherein the controller is further adapted to 

15 decrease the second on time period proportionally to a falling edge time period of the 

gate driver circuit and a falling edge time period of the first comparator. 

20 

25 

49. The apparatus of claim 44, wherein the controller is further adapted to 

determine a blanking time interval following turning the switch into the on state. 

50. The apparatus of claim 49, further comprising: 

a third comparator adapted to determine when the electrical current has 

reached the second predetermined current threshold. 

51. The apparatus of claim 50, further comprising: 

a current sensor coupled to the first, second and third comparators and to 

the switch. 

52. The apparatus of claim 51, wherein the current sensor is embodied as a 

30 resistive circuit element. 
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53. The apparatus of claim 50, wherein the controller is further adapted to 

determine a current off time period of the switch as: 

T
0

FF (K + 1)::::; (ToNl (K) A + TaN2 (K)) • TaFF (K), in which T OFF(K + 1) is the current off 
TONl (K + 1) + TON2 (K) 

time period, TONI (K)A is a previous first on time period determined using the detection 

5 of the second predetermined current level, ToNZ(K) is a previous second on time period, 

T OFF(K) is a previous off time period, and T 0N1 (K + 1) is a current first on time period. 

54. The apparatus of claim 50, wherein the controller is further adapted to 

ignore the detection of the second predetermined current threshold, the detection of the 

1 o predetermined average current level, or the detection of the first predetermined current 

threshold during the blanking time interval. 

55. The apparatus of claim 50, wherein the controller is further adapted to 

determine the blanking time interval as proportional to a rising edge time period of the 

15 gate driver circuit and a transient current time period. 

20 

25 

30 

56. The apparatus of claim 50, wherein the controller is further adapted to 

determine the blanking time interval as proportional to a rising edge time period of the 

gate driver circuit and detection of the predetermined average current level. 

57. The apparatus of claim 33, wherein the controller is further adapted to 

adjust a brightness level of the solid state lighting by generating control signals to a 

driver circuit for using at least two different and opposing electrical biasing techniques. 

58. The apparatus of claim 33, wherein the controller is further adapted to 

adjust a brightness level of the solid state lighting by generating control signals to a 

driver circuit to use a hysteresis of at least two electrical current amplitude levels and at 

least two electrical current duty cycle ratios. 

59. The apparatus of claim 33, wherein the solid state lighting comprises at 

least one light emitting diode. 
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60. The apparatus of claim 59, wherein the at least one light emitting diode 

is coupled to a power converter, and wherein the first and second comparators are 

coupled to a current sensor at a comparatively low side of the power converter. 

61. The apparatus of claim 33, wherein the solid state lighting comprises a 

plurality of arrays of a plurality of series-connected light emitting diodes, each array of 

the plurality of arrays is further coupled to a corresponding switch, and wherein the 

controller is further adapted to tum each corresponding switch into an on state and an 

1 o off state. 

62. The apparatus of claim 61, wherein the controller is further adapted to 

separately determine a corresponding first on time period, a corresponding second on 

time period, and a corresponding on time period as substantially proportional to the 

15 sum of the corresponding first on time period and the corresponding second on time 

period for each array of the plurality of arrays. 

63. The apparatus of claim 62, wherein the controller is further adapted, 

when the corresponding on time period has elapsed, to separately tum the 

20 corresponding switch into an off state. 

25 

30 

64. The apparatus of claim 62, wherein the controller is further adapted to 

separately determine a corresponding off time period for each array of the plurality of 

arrays. 

65. The apparatus of claim 62, wherein the controller is further adapted to 

interleave the corresponding on time periods of the corresponding switches of the 

plurality of arrays. 

66. The apparatus of claim 62, wherein the controller is further adapted to 

successively tum into an on state each corresponding switch for each array of the 

plurality of arrays for the corresponding on time period. 
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67. The apparatus of claim 33, further comprising: 

a reference voltage generator coupled to the first and second 

comparators and adapted to provide reference voltages respectively corresponding to 

5 the first predetermined current threshold and to the predetermined average current 

level. 

68. The apparatus of claim 33, further comprising: 

an input-output interface coupled to the controller and adapted to receive 

1 o an input control signal. 

15 

69. The apparatus of claim 33, wherein the apparatus is coupled to a DC-DC 

power converter receiving a DC input voltage or coupled to AC-DC power converter 

receiving a rectified AC input voltage. 
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70. A solid state lighting system, the system couplable to a power source, 

the system comprising: 

a plurality of arrays of series-connected light emitting diodes; 

a plurality of switches, a corresponding switch of the plurality of 

5 switches coupled to each the array of the plurality of arrays of light emitting diodes; 

at least one corresponding first comparator adapted to determine when a 

corresponding switch electrical current has reached a corresponding first predetermined 

current threshold; 

at least one corresponding second comparator adapted to determine 

1 o when the corresponding switch electrical current has reached a corresponding 

predetermined average current level; and 

at least one controller coupled to the corresponding first comparator and 

to the corresponding second comparator, the controller adapted to tum the 

corresponding switch into an on state and an off state, to determine a corresponding 

15 first on time period as a duration between either a detection of a corresponding second 

predetermined current threshold or the turning the corresponding switch into the on 

state, and the detection of the corresponding predetermined average current level; to 

determine a corresponding second on time period as a duration between the detection of 

the corresponding predetermined average current level and the detection of the 

20 corresponding first predetermined current threshold; and to determine a corresponding 

on time period of the corresponding switch as substantially proportional to a sum of the 

corresponding first on time period and the corresponding second on time period. 

71. The system of claim 70, wherein the at least one controller is further 

25 adapted, when the corresponding on time period has elapsed, to tum the corresponding 

switch into an off state. 

72. The system of claim 70, wherein the at least one controller is further 

adapted, subsequent to turning the corresponding switch into the off state and when a 

30 fixed time period has elapsed from having turned the corresponding switch into the on 

state, to tum the corresponding switch into the on state. 
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73. The system of claim 72, wherein the at least one controller is further 

adapted to generate a corresponding error signal as a difference between the 

corresponding second on time period and the corresponding first on time period. 

74. The system of claim 73, wherein the at least one controller is further 

adapted to adjust the corresponding on time period proportionally to the corresponding 

error signal. 

75. The system of claim 70, wherein the at least one controller is further 

1 o adapted to determine a corresponding current off time period of the corresponding 

switch as a function of the corresponding first on time period and the corresponding 

second on time period. 

76. The system of claim 70, wherein the at least one controller is further 

15 adapted to determine a corresponding current off time period of the corresponding 

switch as a function of the corresponding first on time period, the corresponding second 

on time period, and a corresponding previous off time period. 

77. The system of claim 70, wherein the at least one controller is further 

20 adapted to determine a corresponding current off time period of the corresponding 

switch as: 

( 1) 2•Taw,(K)•TaFF(K) . h. h ( ) . h d. T0 FF K + ~ ~ , m w 1c T OFF K + 1 1s t e correspon mg current 
TONl (K + 1) + TON2 (K) 

off time period, T oN2(K) is a corresponding previous second on time period, T OFF(K) is 

a corresponding previous off time period, and TONI (K + 1) is a corresponding current 

25 first on time period. 

78. The system of claim 70, wherein the at least one controller is further 

adapted to determine a corresponding current off time period of the corresponding 

switch as a function of a corresponding current first on time period, a corresponding 

30 previous second on time period, and a corresponding previous off time period. 
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79. The system of claim 70, wherein the at least one controller is further 

adapted to determine a corresponding current off time period of the corresponding 

switch as a function of a corresponding current first on time period, a corresponding 

previous first on time period, a corresponding previous second on time period, and a 

5 corresponding previous off time period. 

80. The system of claim 70, wherein the at least one controller is further 

adapted to adjust a corresponding current off time period to provide that the 

corresponding first on time period is substantially equal to the corresponding second on 

1 o time period. 

81. The system of claim 70, further comprising: 

at least one corresponding gate driver circuit coupled between the at 

least one controller and the corresponding switch, and wherein the at least one 

15 controller is adapted to tum the corresponding switch on and to tum the corresponding 

switch off by generating a corresponding signal to the corresponding gate driver circuit. 

82. The system of claim 81, wherein the at least one controller is further 

adapted to decrease a corresponding current off time period proportionally to a rising 

20 edge time period of the at least one corresponding gate driver circuit. 

83. The system of claim 81, wherein the at least one controller is further 

adapted to decrease the corresponding on time period proportionally to a falling edge 

time period of the at least one corresponding gate driver circuit and a falling edge time 

25 period of the at least one first comparator. 

30 

84. The system of claim 81, wherein the at least one controller is further 

adapted to adjust the corresponding second on time period proportionally to a falling 

edge time period of the at least one corresponding gate driver circuit. 
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85. The system of claim 81, wherein the at least one controller is further 

adapted to decrease the corresponding second on time period proportionally to a falling 

edge time period of the at least one corresponding gate driver circuit and a falling edge 

time period of the at least one first comparator. 

86. The system of claim 81, wherein the at least one controller is further 

adapted to determine a corresponding blanking time interval following turning the 

corresponding switch into the on state. 

87. The system of claim 86, further comprising: 

at least one corresponding third comparator adapted to determine when 

the corresponding electrical current has reached the corresponding second 

predetermined current threshold. 

88. The system of claim 87, wherein the at least one controller is further 

adapted to determine a corresponding current off time period of the corresponding 

switch as: 

T
0

FF (K + 1):::::; (ToNI (K) A + T0 N 2 (K)) • ToFF (K), in which T oFF(K + 1) is the 
TONI (K + 1) + TON2 (K) 

corresponding current off time period, TONI (K) A is a corresponding previous first on 

20 time period determined using the detection of the second predetermined current level, 

T oN2(K) is a corresponding previous second on time period, T OFF(K) is a corresponding 

previous off time period, and TONI (K + 1) is a corresponding current first on time period. 

89. The system of claim 87, wherein the at least one controller is further 

25 adapted to ignore the detection of the corresponding second predetermined current 

threshold, the detection of the corresponding predetermined average current level, or 

the detection of the corresponding first predetermined current threshold during the 

corresponding blanking time interval. 
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90. The system of claim 87, wherein the at least one controller is further 

adapted to determine the corresponding blanking time interval as proportional to a 

rising edge time period of the at least one corresponding gate driver circuit and a 

corresponding transient current time period. 

91. The system of claim 87, wherein the at least one controller is further 

adapted to determine the corresponding blanking time interval as proportional to a 

rising edge time period of the at least one corresponding gate driver circuit and 

detection of the corresponding predetermined average current level. 

92. The system of claim 70, wherein the at least one controller is further 

adapted to adjust a brightness level of at least one array of the plurality of arrays of 

light emitting diodes by generating control signals to a driver circuit for the at least one 

array for using at least two different and opposing electrical biasing techniques. 

93. The system of claim 70, wherein the at least one controller is further 

adapted to adjust a brightness level of at least one array of the plurality of arrays of 

light emitting diodes by generating control signals to a driver circuit for the at least one 

array to use a hysteresis of at least two electrical current amplitude levels and at least 

20 two electrical current duty cycle ratios. 

94. The system of claim 70, wherein each corresponding array of the 

plurality of arrays of light emitting diodes has a comparatively high voltage node and a 

comparatively low voltage node, and wherein the at least one first and second 

25 comparators are coupled via the corresponding switch to the comparatively low voltage 

node. 

95. The system of claim 70, wherein the at least one controller is further 

adapted to interleave the corresponding on time periods of the corresponding switches 

30 of the plurality of arrays. 
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96. The system of claim 70, wherein the at least one controller is further 

adapted to successively tum into an on state each corresponding switch for each array 

of the plurality of arrays for the corresponding on time period. 

97. The system of claim 70, further comprising: 

at least one reference voltage generator coupled to the at least one 

corresponding first and second comparators and adapted to provide corresponding 

reference voltages respectively for the corresponding first predetermined current 

threshold and the corresponding predetermined average current level. 

98. The system of claim 70, further comprising: 

an input-output interface coupled to the at least one controller and 

adapted to receive an input control signal. 

99. The system of claim 70, further comprising: 

at least one rectifier couplable to the power source. 

100. The system of claim 70, wherein the power source provides a DC input 

voltage or a rectified AC input voltage. 

101. The system of claim 70, wherein when the power source provides a 

rectified AC input voltage, an electrical current through a corresponding switch is 

substantially zero when the rectified AC input voltage is below a selected or 

predetermined threshold. 

102. The system of claim 70, wherein when the power source provides a 

rectified AC input voltage, the at least one controller is in an off state when the rectified 

AC input voltage is below a selected or predetermined threshold. 



WO 2009/039112 PCT/US2008/076552 

103. 

compnsmg: 

- 57 -

An apparatus for controlling solid state lighting, the apparatus 

a switch couplable to the solid state lighting; 

a current sensor coupled to the switch; 

5 a first comparator adapted to determine when a switch electrical current 

has reached a first predetermined current threshold; 

a second comparator adapted to determine when the switch electrical 

current has reached a predetermined average current level; 

a third comparator adapted to determine when the switch electrical 

1 o current has reached a second predetermined current threshold; 

15 

a reference voltage generator coupled to the first, second and third 

comparators and adapted to provide reference voltages respectively corresponding to 

the first predetermined current threshold, the second predetermined current threshold; 

and to the predetermined average current level; 

an input-output interface adapted to receive an input control signal; and 

a controller coupled to the first, second and third comparators and to the 

input-output interface, the controller adapted to tum the switch into an on state and an 

off state, to determine a first on time period as a duration between either the detection 

of a second predetermined current threshold or the turning the switch into the on state, 

20 and the detection of the predetermined average current level; to determine a second on 

time period as a duration between the detection of the predetermined average current 

level and the detection of the first predetermined current threshold; to determine an on 

time period of the switch as substantially proportional to a sum of the first on time 

period and the second on time period; to tum the switch into an off state when the on 

25 time period has elapsed; and to determine a current off time period of the switch as a 

function of the first on time period, the second on time period, and a previous off time 

period. 
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Dear Sir: 

PRELIMINARY AMENDMENT 

Please amend the above identified application as follows: 

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

August3,2012 

Amendments to the Drawings begin on page 5 of this paper and include the attached 

replacement sheets. 

Remarks/Arguments begin on page 6 of this paper. 
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Preliminary Amendment Filed on August 3, 2012 

Amendments to the Specification 

Please replace the 4th paragraph, starting at line 18, on page 5 with the following amended 

paragraph: 

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 Base 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 Base 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. 

Please replace the 1st paragraph, starting at line 1, on page 6 with the following amended 

paragraph: 

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 oo 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. 

Please replace the 3rd paragraph, starting at line 13, on page 6 with the following amended 

paragraph: 

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 

2 
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Preliminary Amendment Filed on August 3, 2012 

instance, the dimmer 10 can also include an EMI filter and a bridge rectifier. With respect to 

connections, it will be understood that the primary digital controller 58 can also be connected 

to the PFC boost 44, the inrush current limit 40 and the DC/DC controller 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. 

Please replace the 4th paragraph, starting at line 20, on page 6 with the following amended 

paragraph: 

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 oo fil. 
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. 

Please replace the 3rd paragraph, starting at line 9, on page 7 with the following amended 

paragraph: 

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 eei-l- 86 and a switch 59. The relay eei-l­

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. 

3 
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Please replace the 6th paragraph, starting at line 20, on page 9 with the following amended 

paragraph: 

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 redactor inductor converter converter (SEPIC). 

Please replace the 2nd paragraph, starting at line 3, on page 14 with the following amended 

paragraph: 

Furthermore, the communication interface 74 can be adapted to have one or more O -

10 Vdc signal voltages control an associated group of one or more output current drivers in 

:l:eA-e zonal dimming applications. An optional master O - 10 Vdc signal voltage could be able 

to simultaneously control all of the individual groups of output current drivers. 

4 
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Amendments to the Drawings 

The attached sheets of drawings includes changes to Figs. 9 - 11. The sheets, which include 

Figs. 9 - 11, replace the original sheets including Figs. 9 - 11. 

5 
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REMARKS/ARGUMENTS 

The figures and description have been amended to correct typographical errors. No new 

matter has been added. 

For the above reasons, it is respectfully submitted that the application is now in condition for 

allowance, which is requested. If there are any outstanding issues, the Examiner is invited to 

contact the undersigned to discuss this matter further. 

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

payments, to Deposit Account No. 501593, in the name of Borden Ladner Gervais LLP. 
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TIKKANEN, David et al. 

By: /Jeffrey W. Wong/ 
Jeffrey W. Wong 
Registration No. 46,414 
Agent for Applicant 

Borden Ladner Gervais LLP 
100 Queen Street 
Ottawa, Ontario 
Canada K1 P 1J9 

Telephone :519-579-5600 
Fax: 519-741-9149 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/059,336 03/22/2011 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

08/03/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) · 20 Minus ** 20 = 0 X $ = OR X $60= 0 
0 

Independent z * 1 Minus ***3 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** X $ = OR X $ = 

0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /MINNIE JACKSON/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/059,336 

26123 
BORDEN LADNER GERVAIS LLP 
Anne Kinsman 
WORLD EXCHANGE PLAZA 
100 QUEEN STREET SUITE 1100 
OTTAWA, ON K1 P 1J9 
CANADA 

03/22/2011 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David Tikkanen PAT 67545W-2 
CONFIRMATION NO. 9207 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~l!~H!~Hll lllll 111111111111111111 

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

Publication No.US-2011-0204820-A 1 
Publication Date:08/25/2011 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/059,336 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 330 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 430 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 220 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 52 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 220 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $270 ($135 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 980 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

13/059,336 

26123 

David Tikkanen PAT 67545W-2 

BORDEN LADNER GERVAIS LLP 
Anne Kinsman 
WORLD EXCHANGE PLAZA 
100 QUEEN STREET SUITE 1100 
OTTAWA, ON K1 P 1J9 
CANADA 

Date Mailed: 05/16/2011 

INTERNATIONAL APPLICATION NO. 

PCT/CA09/01295 
LA FILING DATE PRIORITY DATE 

09/17/2009 09/18/2008 

CONFIRMATION NO. 9207 
371 ACCEPTANCE LETTER 

11111111111111111111111111111111111111111111111 ll~~j~~!~~~~~~~llll~I j~ 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495 

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a 
Designated/ Elected Office (37 CFR 1.495), has determined that the above identified international application has 
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United 
States Patent and Trademark Office. 

The United States Application Number assigned to the application is shown above and the relevant dates are: 

03/22/2011 
DATE OF RECEIPT OF 35 U.S.C. 371 (c)(1 ), 

(c)(2) and (c)(4) REQUIREMENTS 

03/22/2011 
DATE OF COMPLETION OF ALL 
35 U.S.C. 371 REQUIREMENTS 

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING 
ON THE FILING RECEIPT AS THE" FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE 
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the 
international application (Article 11 (3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all 
correspondence to the Group Art Unit designated thereon. 

The following items have been received: 

• Copy of the International Application filed on 02/16/2011 
• Copy of the International Search Report filed on 02/16/2011 
• Preliminary Amendments filed on 02/16/2011 
• Information Disclosure Statements filed on 02/16/2011 
• Oath or Declaration filed on 03/22/2011 
• U.S. Basic National Fees filed on 02/16/2011 
• Priority Documents filed on 02/16/2011 

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 

FORM PCT/DO/EO/903 (371 Acceptance Notice) 

NADINE V CLARK 

Telephone: (571) 272-8662 

page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

13/059,336 03/22/2011 2821 1110 PAT 67545W-2 20 1 

26123 
CONFIRMATION NO. 9207 

FILING RECEIPT 
BORDEN LADNER GERVAIS LLP 
Anne Kinsman 
WORLD EXCHANGE PLAZA 

111111111111111111111111]~!1]!~1!~1!~11~~ IIH~ !Ill lllll 111111111111111111 

100 QUEEN STREET SUITE 1100 
OTTAWA, ON K1 P 1J9 
CANADA 

Date Mailed: 05/16/2011 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
David Tikkanen, Waterloo, CANADA; 
Jason Neudorf, Kitchener, CANADA; 
Steven Lyons, Kitchener, ON, CANADA; 
Todd William Scott, Waterloo, ON, CANADA; 
Kyle Grahame Hathaway, Kitchener, ON, CANADA; 
David Wainesworth Jansen, Waterloo, ON, CANADA; 

Assignment For Published Patent Application 
E CRAFTSMEN CORPORATION, Waterloo, ON, CA 

Power of Attorney: The patent practitioners associated with Customer Number 26123 

Domestic Priority data as claimed by applicant 
This application is a 371 of PCT/CA09/01295 09/17/2009 
which claims benefit of 61/097,963 09/18/2008 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 

If Required, Foreign Filing License Granted: 04/14/2011 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/059,336 
Projected Publication Date: 08/25/2011 

Non-Publication Request: No 

Early Publication Request: No 
page 1 of 3 



Title 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS 

Preliminary Class 

315 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 

page 2 of 3 



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). 

page 3 of 3 



PTO/SB/81 (01-09) 
Approved for use through 11130/2011. 0MB 0651·0035 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

I' 
POWER OF ATTORNEY Application Number 13/059,336 ', 

OR Filing Date 2011-02-16 

REVOCATION OF POWER OF ATTORNEY First Named Inventor TIKKANEN, David 

WITH A NEW POWER OF ATTORNEY Title CONFIGURABLE LEO DRIVER/DIMMER FOR SOLID ST 

AND 
Art Unit 

CHANGE OF CORRESPONDENCE ADDRESS 
Examiner Name 

'- Attorney Docket Number PAT 67545W-2 

J hereby revoke all previous powers of attorney given in the above-identified application. 

□ A Power of Attorney is submitted herewith. 

OR 

I I 
ig] I hereby appoint Practilioner(s) associated with the following Customer 26123 

Number as my/our attorney(s) or agent(s) to prosecute the application 
identified above, and to transact all business in the United States Patent 
and Trademark Office connected therewith: 

OR 

□ 
I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and 
to transact all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 
•, 

. 

Please recognize or change the correspondence address for the above-identified application to: 

ig] The address associated with the above-mentioned Customer Number. 

OR 

I I 
D The address associated with Customer Number: 

OR 

D Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone l Email I 
lam the: 

□ ApplicanVlnventor. 

OR 

~ 
Assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3. 73(b) (Form PTOISB/96) submitted herewith or filed on 

SIGNATURE of Applicant or Assignee of Record 

Signature .✓\ ,..J~ /JI I Date I .At:>r,; I 15/201/ N 

Name havid Ti km ·"""'rv-- I Telephone I s 11<:t -· '-11-flf- 5c.,·:p1-
Tille and Company ~;c-4. n~- ~ 1 -, t; - E Craftsmen Corporation 
N.QI!;;: Signatures of all the Inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below•. 

ig] *Total of 1 forms are submitted. 

This co!fection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313•1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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U.S, Palenl and TrmJ<;rn;;,k omce: U,S, DEPARTt.AENT OF COMMERCE 
Under tile Paperwork RedllClh:m Act of 1995, no perwns ;;ire mr~uirnd !<:t respond to ;;i collection ot inlormation unless it displays a valid ONIB c1:mH<:tl number, 

STATEMENT UNDER 37 CFR 3.73(b) 

.Applicant!Patent O\tvner: TIKKANEN, David, ET AL. 

Application No./Patent No. 13/059,336 Filed/Issue Date: 2011-02-16 ---------------- -----------------
Titled 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STA TE LIGHTING APPLICATIONS 

E CRAFTSMEN CORPORATION _____________________ ,a corporation 

states that it is: 

1 - iX} the assignee of the entire right, title, and interest in; 

2, [J an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is %); or ----

3. r-···1 the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

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

OR 

B fX1 A chain of title from the inventor(s). of the patent application/patent identified above, to the current assignee as follows 
) ..... ... 

1 From: All inventors (TIKKANEN, David, ET AL.) To ELECTRONIC _CRAFTSMEN __ CORPORATl(W 

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

Reel 0258 i 8 Frame 0970 or for which a copy thereof is attached, 

2. From: ELECTRONIC CRAFTSMEN CORPORAT!~ To E CRAFTSMEN CORPORATION 

The document was recorded in the United States Patent and Tradema1·k Office at 

Reel ~_?_~~·1·~······························ Frarne~~?~................................. or for which a copy thereof is attached. 

3. From: To: 

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

Reel Frame .............................................. , or for which a copy thereof 1s attached. 

[J Additional document,; in the chain of title are listed on a supplemental sheet(s). 

[Xl .As required by 37 CFR 3.73(b)( 1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was. 
or concurrently is ooing, submitted for recordaticm pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied belo\l'i) is authorized to act on behalf of the assignee. 

/Jeffrey W. Wong/ 

Signature 

Jeffrey W, Wong 

Printed or Typed Name 

2011-04-19 

Date 

Agent, Reg. No, 46414 

Title 

This oollection o! inlorma1iot1 is required by "J7 CFR 3, 73(b), Thi, inform.itrun is roquiroll to obMin or retain a l:>ene!il by the public which is lo file (and by the LISPTO lo 
pmce&,} mi .,pplication. C-:mlidentmlity is g;J1<;m100 by 35 U,S,C, 122 mid 37 CFR 1, 11 a11d 1,14. Thi~ collecl~.1111s estimatoo to take 12 minutes lo oomplete, induding 
g,:,thering, Pf"P"''ing, and Mtbmilling !I,., ,;ompleted applkalion fmm lo the US PTO. Time ,,,•ill vaty depending upon !he imiividm,I c;;.~$e. An,' c,omments on the amrnm! Df !ime 
you requim to complete this form andlor suggestions for reducing this burden, should be sen! !o the Chk!f lnforma!ior, Offic&r, U.S, Patent and Trni:kmwrk Office. U.S, 
Departm,in! of Commert:,,, P,O, Sox 1450, Almmndna, VA 22313-1450, 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO: Commissioner 
for Patents, P,O. Box 1450, Alexandria, VA 22313-1460, 

If you need m,mstanoo in mm1Jk,li11g ffw fotm, ,;.,// t•800-PTO·0199 and sek,ct optkm 2. 



Electronic Acknowledgement Receipt 

EFSID: 9907302 

Application Number: 13059336 

International Application Number: 

Confirmation Number: 9207 

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

First Named Inventor/Applicant Name: David Tikkanen 

Customer Number: 26123 

Filer: Jeffrey Wong 

Filer Authorized By: 

Attorney Docket Number: PAT67545W-2 

Receipt Date: 19-APR-2011 

Filing Date: 22-MAR-2011 

Time Stamp: 11:36:49 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

72138 

1 Power of Attorney pat-67545w-2-poa.pdf no 1 
28063884ef5b6636c17d8b72413c3cd6b7a 

1b3fb 

Warnings: 

Information: 



176748 

2 
Assignee showing of ownership per 37 

pat-67545w-2-statement.pdf no 1 
CFR 3.73(b). 

444 79154b6f468b 134b7c11 dbf00a82e8df 
85e46 

Warnings: 

Information: 

Total Files Size (in bytes) 248886 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

13/059,336 

26123 

David Tikkanen PAT 67545W-2 

BORDEN LADNER GERVAIS LLP 
Anne Kinsman 
WORLD EXCHANGE PLAZA 
100 QUEEN STREET SUITE 1100 
OTTAWA, ON K1 P 1J9 
CANADA 

Date Mailed: 04/18/2011 

INTERNATIONAL APPLICATION NO. 

PCT/CA09/01295 
LA FILING DATE PRIORITY DATE 

09/17/2009 09/18/2008 

CONFIRMATION NO. 9207 
371 ACCEPTANCE LETTER 

11111111111111111111111111111111111111111111111 ll~~j~~!~~~~~~~llll~I j~ 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495 

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a 
Designated/ Elected Office (37 CFR 1.495), has determined that the above identified international application has 
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United 
States Patent and Trademark Office. 

The United States Application Number assigned to the application is shown above and the relevant dates are: 

03/22/2011 
DATE OF RECEIPT OF 35 U.S.C. 371 (c)(1 ), 

(c)(2) and (c)(4) REQUIREMENTS 

03/22/2011 
DATE OF COMPLETION OF ALL 
35 U.S.C. 371 REQUIREMENTS 

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING 
ON THE FILING RECEIPT AS THE" FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE 
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the 
international application (Article 11 (3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all 
correspondence to the Group Art Unit designated thereon. 

The following items have been received: 

• Copy of the International Application filed on 02/16/2011 
• Copy of the International Search Report filed on 02/16/2011 
• Preliminary Amendments filed on 02/16/2011 
• Information Disclosure Statements filed on 02/16/2011 
• Oath or Declaration filed on 03/22/2011 
• U.S. Basic National Fees filed on 02/16/2011 
• Priority Documents filed on 02/16/2011 

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 

FORM PCT/DO/EO/903 (371 Acceptance Notice) 

NADINE V CLARK 

Telephone: (571) 272-8662 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/059,336 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 330 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 430 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 220 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 52 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 220 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $270 ($135 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 980 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

13/059,336 03/22/2011 1110 PAT 67545W-2 20 1 

26123 
CONFIRMATION NO. 9207 

FILING RECEIPT 
BORDEN LADNER GERVAIS LLP 
Anne Kinsman 
WORLD EXCHANGE PLAZA 

111111111111111111111111]~!1]!~1!~1!~11~~ IIH~ !Ill lllll 111111111111111111 

100 QUEEN STREET SUITE 1100 
OTTAWA, ON K1 P 1J9 
CANADA 

Date Mailed: 04/18/2011 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
David Tikkanen, Waterloo, CANADA; 
Jason Neudorf, Kitchener, CANADA; 
Steven Lyons, Kitchener, ON, CANADA; 
Todd William Scott, Waterloo, ON, CANADA; 
Kyle Grahame Hathaway, Kitchener, ON, CANADA; 
David Wainesworth Jansen, Waterloo, ON, CANADA; 

Assignment For Published Patent Application 
E CRAFTSMEN CORPORATION, Waterloo, ON, CA 

Power of Attorney: The patent practitioners associated with Customer Number 26123 

Domestic Priority data as claimed by applicant 
This application is a 371 of PCT/CA09/01295 09/17/2009 
which claims benefit of 61/097,963 09/18/2008 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 

If Required, Foreign Filing License Granted: 04/14/2011 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/059,336 
Projected Publication Date: 371 Perfected 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS 

Preliminary Class 

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 US PTO 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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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). 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: TIKKANEN, David; NEU DORF, Jason; LYONS, Steven; SCOTT, 
Todd, William; HATHAWAY, Kyle, Grahame; JANSEN, David, 
Wainesworth 

Serial No.: 13/059,336 
Filed: September 17, 2009 
Title: CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE 

LIGHTING APPLICATIONS 
Examiner: 
Attorney Ref.: PAT 67545W-2 

MAIL STOP MISSING PARTS 
Commissioner for Patents 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, Virginia 22314-1450 
U.S.A. 

Dear Sir: 

March 22, 2011 

RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS 

In response to the Notification of Missing Requirements Under 35 U.S.C. 371, 

dated March 14, 2011, Applicant submits a copy of the originally-submitted Declaration 

with all alterations initialled by the appropriate inventors. 

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

any over payments to Deposit Account No. 501593, in the name of Borden Ladner 

Gervais LLP. 

JWW/cgk 

Respectfully submitted, 
TIKKANEN, David, et al. 

By: /Jeffrey W. Wong/ 
Jeffrey W. Wong 
Reg. No. 46414 
Borden Ladner Gervais LLP 
World Exchange Plaza 
100 Queen Street, Suite 1100 
Ottawa, ON K1 P 1 Jg 
CANADA 
Tel: (519) 579-5600 
Fax: (519) 741-9149 
E-mail: ipinfo@blgcanada.com 



PTO/SB/01A (01-09) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

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

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

As the below named inventor(s), I/we declare that: 

This declaration 

□ The attached application, or 
is directed to: 

[Z] United States application or PCT international application number PCT/CA2009/001295 

filed on 2009-09-17 

□ As amended on (if applicable); 

I/we believe that I/we am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is 
sought; 

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended by any 
amendment specifically referred to above; 

I/we acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me/us to be 
material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which 
became available bet\,1/een the filing date of the prior application and the national or PCT International filing date of the 

. continuation-in-part application. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card 
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by -
the USPTO to support a petition or an appllcation. If this type of personal information is included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication 
of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance 
of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained ln the application file and therefore are not publicly available. 

All statements made herein of my/our own knowledge are true, all statements made herein on information and belief are 
believed to be true, and further that these statements were made with the knowledge that willful false statements and the like 
are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or any 
patent issuing thereon. 

FULL NAME OF INVENTOR(S) 

Inventor one: David TIKKANEN Date: &-o ?-4', 2c}J 

i~~-~ 
7 

Signature: Citizen of: Canada 

Inventor t\,1/o: Jason NEU DORF Date: dO( I Yivi :;)~-

. ef-A>L-0- Citizen of: Canada Signature: _________ 

[Z] I Additional inventors or a legal representative are being named on 2 addllional form(s) attached hereto. 
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca// 1·800-PT0-9199 end select option 2. 



Under the Pa erwork Reduction Act of 1995 no e 

DECLARATION 

Name of Additional Joint Inventor, If any: 

Steven 

Inventor's 
Si. nature 

ON 
State 

ON. 
State 

Name of Additional Joint Inventor, if any: 
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□ A petition has been filed for this unsigned inventor 

HATHAWAY 

Family Name or Surname 

CA 
Count 

N2K 1E5 
Zip 

CA 
Count 

CA 
Citi;=enshi 

This collection of informaUon is required by .35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO IQ process) an application. Confidentiality is governed by 35 u_s,c. 122 and 37 CFR 1.11 and 1.14. This collection ls estimated to take 21 
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Privacy Act Statement 

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

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

1. The 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 lnspection 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 ofthe 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 routlne use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 
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PAT 67545W-2 
U.S APPLICATION NO. (If known, see 37 CFR 1.5) 

INTERNATIONAL APPUCA TION NO. 
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This is a FIRST submission of items conc<irning a submlssk>n under 35 U ,$ C. 371 , 

This is a SECOND or SUBSEQUENT submission of i!ems cm,ceming a submission under 35 U S.C. 371. 

This is an express reql,est lo begin national examination procedures (35 U ,S.C. 371 {f)), The submission mtist include items 
(5). (6), (9) and (2·n indicated below. 

The US has been elected (Article 31 ). 

A copy of the lntematic,11a1 Application as filed (35 u.s.c. 371 (c)a)} 

il, 0 is attached hereto (required only tf 1101 communicated by the International 8meau). 

b. [:J has been commw1icated by the International Bureau. 

c. D is not requirod, as the application vtas fil,;,d in the United Slates Receiving Office (RO/US). 

An English langui:lge trnnslation of the lntemiitional Applici:ltion .is fil.id {35 U.S.C 371 (c)(2Jl. 

il.n 
b. □ 
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A comptiter-readable forni of !he sequence listing in accordance with PCT Rule 13for.3 and 37 C FR ·1 .821 · l 825. 
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entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by 
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification. 

Prior Application Status Pending I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

a 371 of international CA2009/001295 2009-09-17 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

CA2009/001295 non provisional of 61097963 2008-09-18 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 
This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is 
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b) 
and 37 CFR 1.55(a). 

I Remove I 

Application Number Country i Parent Filing Date (YYYY-MM-DD) Priority Claimed 

0 Yes 0 No 

Additional Foreign Priority Data may be generated within this form by selecting the I Add I Add button. 

Assignee Information: 
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37 
of the CFR to have an assignment recorded in the Office. 

Assionee 1 I Remove I 
If the Assignee is an Organization check here. ~ 
Organization Name I E CRAFTSMEN CORPORATION 

Mailing Address Information: 

Address 1 73 Schaefer Street 

Address 2 

City Waterloo State/Province ON 

Country ii CA Postal Code N2L 4C4 

Phone Number Fax Number 

Email Address 

Additional Assignee Data may be generated within this form by selecting the Add I Add I button. 

Signature: 
A.~.~ll_nature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37 

EFemi'.¾td) for the form of the sionature. 



PTO/SB/14 (11-08) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

PAT 67545W-2 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Signature /Jeffrey W. Wong/ Date (YYYY-MM-DD) 2011-02-16 

First Name Jeffrey W. I Last Name I Wong Registration Number 46414 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

EFS Web 2.2.2 



Privacy Act Statement 

The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.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 the Freedom of Information Act requires disclosure of these records. 

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

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. 

EFS Web 2.2.2 



PTO/SB/01A (01-09) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

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

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

As the below named inventor(s), I/we declare that: 

This declaration 

□ The attached application, or 
is directed to: 

[Z] United States application or PCT international application number PCT/CA2009/001295 

filed on 2009-09-17 

□ As amended on (if applicable); 

I/we believe that I/we am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is 
sought; 

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended by any 
amendment specifically referred to above; 

I/we acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me/us to be 
material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which 
became available between the filing date of the prior application and the national or PCT International filing date of the 

. continuation-in-part application. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card 
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by -
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication 
of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance 
of a patent Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent(see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

All statements made herein of my/our own knowledge are true, all statements made herein on information and belief are 
believed to be true, and further that these statements were made with the knowledge that willful false statements and the like 
are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or any 
patent issuing thereon. 

FULL NAME OF INVENTOR($) 

Inventor one: David TIKKANEN Date: ~D ?-~. 2c}J 

'tA~-~ 
7 

Signature: Citizen of: Canada 

Inventor two· Jason NEU DORF Date: dO( I Yivi :;)~-. r7 , 
Signature: (5 - /t..>2-0- Citizen of: Canada 

[Z] I Additional inventors or a legal representative are being named on 2 additional form(s) attached hereto. 
This collection of information is required by 35 U .S.C. 115 and 37 CFR 1 .63. The 1nforma!1on is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313·1450. 

If you need assistance in completing the farm, call 1-BOO-PT0-9199 end select option 2 



PTO/SB/02A (07 -07) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoeiwork Reduction Act of 1995 no □arsons are reauired to res□ond to a collection of information unless it contains a valid 0MB control number. 

DECLARATION 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle !if any)) 

Steven ~ ~ I) 

ADDITIONAL INVENTOR($) 
Supplemental Sheet 

Pane 1 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

LYONS 

of 2 

Inventor's J)fe 4/ftv Jt-.J 24/q 
Sianature Date 

,_... , V 

Wallenstein k'\TCHE~ ON CA CA 
lieei!ileA w.Citv State Country Citizenship 

.--.. -.J A- -
. \ 

, ou~ ·~, -~ ~--·, 1',"'", ~ 
I Vt\ CQ\J&-B NS. ·"l-f,.__-0 

Mailinq Address If ') U I Qc-,, 

11,u •• 

kt\GT\E~ 
ON 

IV ._, I '- '-''\.) 

CA I NUts..::.;::,o 
Citv State Zip Countrv 

......... 

I Name of Additional Joint Inventor, if any: □ A petition has been filed for this unsigned inventor 

Given Name (first and middle (if any)) Family Name or Surname 

Todd William SCOTT 

Inventor's ~~ JA/\/ 7- 'f-/ 2o( t 
Skinature Date 

Waterloo ON CA CA 
Residence: Citv State Country Citizenship 

581 Drummerhill Crescent 

Mailina Address 

Waterloo ON N2T 1G3 CA 
City State Zip Countrv 

Name of Additional Joint Inventor, if any: I □ A petition has been filed for this unsigned inventor 

Given Name (first and middle (if any)) Family Name or Surname 

Kyle G rc;1Jw,me HATHAWAY 

If>:;;,-/~ 
_.,,, ), L/ ' I I Inventor's ,Ja1r, 

Slanature Date 

Kitchener 
t/ ON CA CA 

Residence: Citv State Country Citizenship 

5 Norbert Place 

Mailinq Address 

Kitchener ON N2K 1E5 CA 
City State Zip Country 
Th1s collection of information Is required by 35 U .S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 
minutes ta 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 10 complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2. 

] 



Under the Pa erwork Reduction Act of 1995 no ersons are re uired to 

DECLARATION 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if anv)) 

David Wainesworth 

Inventor's /·OJ. Signature - /\ ----
Waterloo rrj ON 
Residence:. City { State 

-
333A Mayview Crescent 

Mailina Address 

Waterloo ON 
City State 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)} 

Inventor's 
Sionature 

Residence: City State 

Mailino Address 

Citv State 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)) 

Inventor's 
Sionature 

Residence: Citv State' 

MailinQ Address 

City State 

PTOISB/02A (07-07) 
Approved for use through 09/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
s and to a collection of information unless it contains a valid MB control number. 

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

□ A petition has been filed for this unsigned inventor 

Familv Name or Surname 

JANSEN 

2 

Date :il,c.r?, <f !zt1 i I 
CA CA 
Countrv Citi:zenshio 

N2V 1P9 CA 
Zip Countrv 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

Countrv Citi:zenshio 

Zio Countrv 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

Countrv Citi:zenshio 

Zio Countrv 
This co!lect1on of information IS required by 35 U.S.C. 115 and 37 CFR 1.63. The mformat1on 1s required to obtain or retain a benefit by the public which 1s to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-B00-PTO-9199 (1-800-786-9199) and select option 2. 



Foreign applications: 

Prior Foreign Application 
Number(sl 

PTO/SB/028 (07-07) 
Approved for use through 09/30/2010. 0MB 0651-0032 

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

DECLARATION - Supplemental Priority Data Sheet 

Foreign Filing Date Priority Certified Copy Attached? 
Country (MM/DDNYYY) Not Claimed YES NO 

□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 

This collect1on of mformat1on 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The mformat1on is required to obtain or retain a benefit by the pubhc which Is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Bax 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. 

lfyou need assistance in completing the form, ca/11-800-PTO-9199 (1-800-786-9199) and select option 2. 



Privacy Act Statement 

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

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

1. The information on this form will be treated confidentially to the extent 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. 



Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David, ET AL. 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PAT 67545W-2 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

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

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20050289279 2005-12-29 FAILS ET AL. 

2 20050218838 2005-10-06 LYS 

3 20080018261 2008-01-24 KASTNER 

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

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 2008052293 WO 2008-05-08 QUICK ET AL. □ 

EFSWeb2.1.17 



Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David, ET AL. 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PAT 67545W-2 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

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

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 ERICSSON AB, Power Supplies Goes Digital White Paper, October 2006 □ 

2 
SKANDA; MICROCHIP TECHNOLOGY INC., Power Factor Correction in Power Conversion Applications using the 

□ dsPIC® DSC", AN1106, June 2007 

3 TRAXON TECHNOLOGIES, LED Engine XB 3W-108 Technical Specifications and User Manual Version 1.1, 2007 □ 

4 
PENWELL CORPORATION, Dialight Lumidrives Launches Colurdriver XP for High-Power LEDs, LEDs MAGAZINE, 

□ downloaded from http://www.ledsmagazine.com/press/15469, 2007-09-25 

5 Colourdriver XP data sheet, 2008-07-30 □ 

6 US-TECH ONLINE, Dialight: New High Power LED Driver, downloaded from http://www.us-tech.com, October 2007 □ 

7 1ST LTD., iDrive™ 1000 The Intelligent 210W LED Driver User Manual, v. 1.7, 2008-06-20 □ 

8 
ROAL ELECTRONICS, S.P.A, Programmable RGB LED Driver 200 Watts Model RHPS180 Product Details, Rev. 2, 

□ 2007-10 

9 
INTERNATIONAL SEARCHING AUTHORITY (CA), International Search Report and Written Opinion for International 

□ Patent Application No. PCT/CA2009/001295, 2010-01-13 

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

EFSWeb2.1.17 



Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David, ET AL. 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PAT 67545W-2 

EXAMINER SIGNATURE 

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 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 WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 



Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David, ET AL. 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PAT 67545W-2 

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 
D 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 

D 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). 
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LIGHT EMITTING DIODE DRIVER AND METHOD 

TECHNICAL FIELD 

This invention relates to Light Emitting Diodes and to apparatus and methods for 

their control. 

PRIORITY 
The present application claims priority from Australian Provisional Patent 

Application No. 2006906139 entitled ✓/Light Emitting Diode Driver and Method". 

The entire content of this provisional application is hereby incorporated by reference. 

BACKGROUND 

A common requirement for electronic equipment is to have a visual indication on a 

control device. Such a control device could be a button, lever, knob, or similar, and 

the visual indication is often used to show the state of whatever is controlled - for 

example an electrical load being turned on or off, or a door open or closed. 

In modern electronic equipment, the visual indication is readily provided by a light 

emitting diode (LED) which has the advantages of being small, cheap, and a long 

operating life. Multiple colours may be achieved by making use of several LEDs of 

different colour - these can even be mounted in the same physical package. 

By separate dimming of each component colour, a dual-colour combination LED can 

be used to mix the two component colours to create additional colours, as perceived 

by a human observer. More recently, three colour combination LEDs have become 

available, and some of these include elemental components that emit in the colours 

Red, Green and Blue. By selective dimming of these components, any colour, 

including white, can be obtained. 

In order to produce any resultant colour, an RGB combination LED needs each of the 

colour components to have a separate dimn1able drive. Whilst LED dimming is 
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straightforward using the well-established method of pulse-width modulation, such 

a typical combination LED will usually have at least 4 terminals: a common point 

and a drive input for each of the three colour elements. 

Using a single three colour RGB combination LED with a common point and 3 drive 

inputs is relatively easy to drive to obtain any desired human-perceived colour. For 

example, a small micro-processor can use 3 separate pulse-width modulated outputs 

to drive such an indicator. An exemplary arrangement of this application is shown in 

prior art figure 1. In figure 1, there is shown microprocessor 10 driving two LEDs 30 

and 30'. Each LED has respective colour components of red (31), green (32) and blue 

(33). Respective resistors 34., 35 and 36 are also provided to limit the current applied 

to the LED components. 

In operation, microprocessor 10 generates and transmits control signals to each LED 

30 and corresponding colour component 31, 32 and 33 to control the operation of 

each LED in accordance with a sequence of instructions programmed into 

microprocessor 10 as will be understood by the person skilled in the art. 

As can be seen from Figure 1, driving 2 LEDs requires 6 drive signals 11, 12, 13, 14 ,15 

and 16, one for each LED component, or three for each LED in the case of a three­

colour LED. 

It will be appreciated however, that when many such combination LEDs need to be 

driven (irrespective of the number and nature of the coloured elements) - potentially 

all showing separate information (for example colour and brightness) the number of 

drive signals rapidly increases. For example to drive 10 such RGB combination LEDs 

would require 30 drive signals. As the number of multi-colour combination LEDs in 

a product increases, the complexity of wiring these to a controller device increases, as 

does the complexity of the controlling device. For example, a large number of wiring 

paths might be needed on a printed circuit board, and a large number of pulse width 

modulated outputs might be needed on a microprocessor. 

2 
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LED controller devices are currently available that make use of serial data buses - the 

most notable being the Philips inter-integrated circuit (I2C) bus. Such LED controllers 

allow a 2-wire control output from a microprocessor to be connected to a LED driver 

IC, which in turn is connected to one or more combination LEDs. By sending 

appropriate commands to the I2C driver IC, a suitable colour and brightness can be 

obtained from the combination LED(s). If the combination LED contains red, green 

and blue elements, then by appropriate selection of brightness of the elements, any 

colour can be obtained. 

"Whilst being an improve1nent on directly connecting LEDs to a Inicroprocessor, 

systems using these approaches have a number of deficiencies. These deficiencies 

include the high cost of the LED driver I Cs, the limited addressing range of these bus 

systems, and the additional need to route power and / or ground separately to the 

LEDs and the driver IC's - increasing circuit board layout complexity and potentially 

cost, through the need for multi-layer PCBs. "Whilst this liinited addressing can be 

overcome by the use of I2C bridges, this adds extra devices and cost to such an 

arrangement. 

It is therefore an object of the present invention to provide an alternative to existing 

LED control systems. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, there is provided a 

communications protocol for use in controlling a plurality of Light Emitting Diodes 

(LEDs) associated with respective LED drivers, the communications protocol 

comprising a first Command packet containing at least one instruction for controlling 

a first of the plurality of LEDs, and at least one subsequent Command packet 

containing instructions for controlling at least one subsequent LED, connected in 

series with the first LED. 

3 
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In one form, the protocol further comprises a ST ART code prior to the first 

Command packet. 

In one form, the respective START codes are provided prior to each subsequent 

Command packets. 

In one form, at least one of the first and subsequent Command packets contains 

instructions for controlling a plurality of elements within a respective LED. 

According to a second aspect of the present invention, there is provided a Light 

Emitting Diode (LED) driver comprising: 

an input for receiving a signal according to the communications protocol as 

claimed in any one of claims 1 to 4; 

means for controlling an associated LED in accordance with the at least one 

instruction in the first Command packet; and 

an output for outputting the at least one subsequent Command packet. 

In one form, the LED further comprises means for separating the first Command 

packet from the signal. 

According to a third aspect of the present invention, there is provided a Light 

Emitting Diode (LED) comprising an LED driver according to the second form of the 

present invention. 

According to a fourth aspect of the present invention, there is provided a device for 

controlling a plurality of LEDs, the device comprising: 

means for generating and outputting a signal comprising a ST ART code, a first 

Command packet and at least one subsequent Command packet; 

first means for receiving the signal and controlling an LED associated with the 

first means in accordance with instructions in the first Command packet; 

4 
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first means for separating the first Command packet from the signal to 

provide a remaining signal; and 

means for outputting the remaining signal. 

In one form, the means for generating is a microprocessor. 

In one form, the first means for receiving and controlling, the first means for 

separating and the means for outputting comprise an LED driver. 

In one form, the LED driver is a microprocessor. 

In one form, there is at least one subsequent driver associated with at least one 

subsequent LED. 

According to a fifth aspect of the present invention, there is provided an electronic 

device comprising: 

a plurality of Light Emitting Diodes (LEDs); 

a plurality of LED drivers as claimed in claim 5 for controlling a respective 

one of the plurality of Light Emitting Diodes; and 

a microprocessor for generating and outputting a signal according to the 

communications protocol as claimed in any one of claims 1 to 4 to a first of the 

plurality of LED drivers. 

According to a sixth aspect of the present invention, there is provided a method for 

controlling a plurality of LEDs, the method comprising: 

generating and outputting a signal comprising a ST ART code, a first 

Command packet and at least one subsequent Comm.and packet; 

receiving the signal and controlling an LED in accordance with instructions in 

the first Command packet; 

separating the first Command packet from the signal to provide a remaining 

signal; and 
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outputting the remaining signal. 

According to a seventh aspect of the present invention, there is provided a machine 

readable medium containing machine executable instructions to perform the method 

of the sixth aspect of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 - shows a prior art arrangement with 2 RGB combination LEDs connected to 

a microcontroller; 

Figure 2 - shows a first exemplary implementation of an aspect of the present 

invention in which several LED driver circuits are connected to a single 

microprocessor output; 

Figure 3 - shows an exemplary timing diagram and command sequence that could be 

applied to the arrangement of Figure 2; 

Figure 4 - shows an alternative exemplary timing diagram and command sequence 

that could be applied to the arrangement of Figure 2; 

Figure 5 - shows a second exemplary implementation according to an aspect of the 

present invention, in which two LED driver circuits are connected to 2 

microprocessor outputs; 

Figure 6 - shows an exemplary timing diagram and command sequence that could be 

applied to the arrangement of Figure 5; 

Figure 7 - shows a block diagram of an LED driver as shown in Figure 2; 

Figure 8 - shows a reference circuit diagram of the LED driver of Figure 2; 

Figure 9 - shows a block diagram of an LED driver as shown in Figure 5. 

Figure 10 - shows a circuit diagram of an exemplary embodiment of the master 

section of the arrangement shown in Figure 2; and 

Figure 11 - shows a circuit diagram of an exemplary embodhnent of the driver 

section of the arrangement shown in Figure 2. 

DETAILED DESCRIPTION 

Figure 2 shows an electronic device 1 showing an exemplary arrangement of 

components according to a first aspect of the present invention. In Figure 2 there is 

6 
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shown a microprocessor 10 with a single output signal 11 connected to LED driver 

circuit constructed according to another aspect of the present invention. Details of 

the operation of LED driver circuit 20 will be discussed in more detail further below. 

LED driver 20 drives LED 30. 

Figure 2 also shows a second LED 30', driven by a second LED driver 20'. 

Microprocessor 10 can be any microprocessor, from any manufacturer, that is capable 

of transmitting a data stream out of a single output - a technique commonly referred 

to as "bit bashing". Such microprocessors are readily available from many 

manufacttuers, in an almost infinite variant of capability variations. Suitable 

microprocessors are available from manufacturers including Atmel, Texas 

Instruments, Zilog, Freescale, ST, and many others. 

According to an aspect of the present invention, microprocessor 10 generates a 

control signal and transmits this along output 11 to an input 21 of the LED driver 20. 

As will be described in more detail further below, the signal generated by 

microprocessor 10 consists of a series of Command packets, each intended for one of 

the LEDs needed to be controlled by microcontroller 10. Driver 20 accepts the signal, 

and strips off ( or separates) the first Command packet in the signal or data stream, 

and outputs the remainder of the signal or data stream via output 22. The remainder 

of the signal is then input into the input 21' of the next LED driver 20', which then 

strips off the next Command packet and outputs the remainder of the signal via 

output 22'. The signal continues to travel from one LED driver to the next, until all 

Command packets have been stripped off or separated. 

The Command packet for each LED contains information to allow each LED driver 

20 to drive each of the red (31), green (32) and blue (33) light components of 

respective LEDs. 

7 
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In one form, the communication protocol includes a START code indication, 

followed by one or more subsequent Command packets. The first Command packet 

is applied to the first LED driver circuit that the signals reach after the controlling 

device, and is removed from the stream. Everything after the first Command packet 

is then passed out of the first LED driver circuit to the second LED driver circuit and 

so on, as described above. Each LED driver circuit knows to expect a new Command 

packet when it sees the ST ART code. To ensure that the START code is passed along, 

each LED driver circuit can either re-generate the START code, as shown in Figure 3, 

or can simply pass it out when it is received, as shown in Figure 4. 

In one form, the LED driver circuit 20 has the function of accepting in its Command 

packet a setting of the brightness of each of the colour elements of its attached 

combination LED. 

By placing the LED driver circuits in ~ sequential cascade arrangement, there is no 

need to address information to each circuit - instead, addressing will be achieved by 

the order of the electrical interconnection. Thus, for example, the first Command 

packet will be accepted by the first LED driver circuit (and subsequent Command 

packets are simply passed out to the next one in the line). Similarly the second LED 

driver circuit, not seeing the Command packet that was removed by the first LED 

driver circuit, will accept the second Command packet transmitted, and pass on any 

that follow. This process is repeated until the last LED driver circuit is reached. 

Figures 3 and 4 show an exemplary structure of such a signal, containing multiple 

Command packets. Figure 3 shows the case where the START code is regenerated, 

while Figure 4 shows the case where the START code is copied instead of being 

regenerated. The first row (A) of Figures 3 and 4 show the signal as generated by the 

microprocessor 10. This signal is input to the input 21 of the first LED driver device 

20 (for example as seen in Figure 2). In one form, the signal may include a START 

code 110 at the beginning of the signal. In one form, the START code 110 comprises a 

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

8 
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driver circuit recognises the sequence comprising the ST ART code, it knows that the 

Command packet that follows is for its use, and subsequent commands are to be 

relayed out to a subsequent device. 

One suitable method of generating the ST ART code is to encode the Command 

portions using "bit-stuffing", and use a coding violation as the ST ART code - a 

technique which is well established in the prior art. Another possible method is to 
I 

transmit the Command portion as a stream of asynchronous serial data bits, and to 

transmit a "Break" symbol as the ST ART code. Whilst these are two suitable 

methods, there are many others that provide the same behaviour. 

Following the START code 110, when present, is the first Command 120. This 

Command contains control information for the first LED driver 20 to control the 

various elements of the LED 30 to which it is connected (see Figure 2). Upon 

receiving the signal, LED driver 20 strips off, or otherwise u switches off" the first 

Command so as to be not present, or ignored by subsequent LED drivers, and 

retransmits or otherwise forwards the signal from its output 22 to the next LED 

driver 20' in the series. 

The signal may contain as many Commands as there are LED drivers, or may contain 

more or less, depending upon the required function of the LEDs to be controlled. For 

example, if there are more Commands than LEDs, the extra Commands could be 

simply ignored. If there are fewer Commands than LEDs, either the extra LEDs may 

not be provided instructions, or the extra LEDs may perform the same function as the 

last LED which had a specific Comm.and, or could be otherwise connected to 

previous LEDs to perform the same function as those. 

In line B of Figures 3 and 4, the signal can be seen to have had the first Command 120 

removed, with subsequent Commands 130 and 140 remaining. This is the structure 

of the signal on the output 22 of LED driver 20 and the input 21' of LED driver 20' in 

Figure 2. In row C, the signal can be seen to have had first and second Comm.ands 

removed, to have remaining the last Command for the last LED required to be 

9 
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controlled. In the case of Figure 2, this signal structure will appear on the output 22' 

of LED driver 20', for input into the next LED driver (not shown). 

The structure of each Command will be tailored for the required operation of each 

individual LED 30. In one example, the structure of the Command can be a set of 

binary coded brightness levels for each individual LED. For RGB LEDs, the 

Command might comprise typically between 4 and 8 bits to encode the brightness 

levels of the Red, Green, and Blue component LEDs. Any precise ordering or 

encoding of these brightness levels is unimportant, provided it is applied 

consistently between the microprocessor 10 and all LED driver circuits. 

In this manner, a single microprocessor could drive a single combination LED, or any 

other number, without additional hardware interconnections being required to the 

microprocessor. In another form, this arrangement could be used to drive two or 

more LEDs having only one colour component, or having any number of colour 

components. In some forms, the LEDs driven could have varying numbers of colour 

or other control components, for example, the microprocessor might set a flash 

pattern on a LED., or combination LED, by setting a flash rate., or setting periods of 

time for a LED or LED components are to be switched on and off. 

For example, a system may have 10 LEDs, 5 of which may be single colour 

components, 2 may be 2-colour components and 3 may be 3-colour components. Of 

course the number of controllable components within an LED need not be restricted 

to 3, but could be any number as may be required for the particular application. 

One example of a structure of a Start bit used as the Start code, is 1440us wide, with a 

low for 960us and a high pulse for 480us. A data bit definition for the Command 

packets could be "Bit O" having 60 us width with a 20us low and a 40us high pulse. 

The "Bit 1" definition could have a 60us width with 40us low and 20us high pulse. 

Such coding is known as Manchester coding and is well known to the person skilled 

in the art. Of course., any other form of suitable coding may also be used. 

10 
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In generating a signal according to this aspect of the invention, the microprocessor 

does so in accordance with a software program. An example of a suitable program 

for controlling five LEDs, 2 of a single colour component and 3 of 3 colour 

components is shown in the following pseudo-code: 

Assumptions: 

A single Comm.and comprises brightness for Red, Green and Blue, in that 

order 

A single colour LED has its brightness set by the Red component of a 

Command only 

A suitable coding system has been chosen for the Commands and the ST ART 

code 

The two single colour LEDs are wired closest to the microprocessor, followed 

by the 3, 3 colour LEDs 

Pseudo-code: 

Send the START code 

Send the Command for the first single colour LED comprising the set (First 

brightness, anything, anything) 

Send the Command for the second single colour LED comprising the set 

(Second brightness, anything, anything) 

Send the Command for the third LED comprising the set (Third Red, third 

Green, Third Blue) 

Send the Command for the fourth LED comprising the set (Fourth Red, Fourth 

Green, Fourth Blue) 

Send the Command for the fifth LED comprising the set (Fifth Red, Fifth 

Green, Fifth Blue) 

In an alternative form of the present invention, the signal generated by the 

microprocessor 10 need not have a START code embedded therein. In this case, two 

microprocessor outputs may be used, the first such output being used to signal the 

start of a new command stream, and the second such output being used to encode 

11 
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the stream of Commands being sent to each of the driver circuits in turn. Such an 

encoding of the Commands could comprise digital data, typically as a stream of 

binary digits (bits). 

Figure 5 shows an arrangement according to this aspect of the invention, in which 

like elements are numbered accordingly. In this arrangement., microprocessor 10 has 

two outputs, 11 and 12. Output 11 functions as previously described with reference 

to Figure 2, but output 12 now provides the START information to inform each LED 

driver 20, 20' ... when a new Command stream is being transmitted, in place of the 

ST ART code being present in the signal. 

In this arrangement, LED drivers 20, 20' ... will have a third input 23, for receiving 

the START code from microprocessor 10. 

Figure 6 shows an exemplary structure of the control signals generated by 

microprocessor 10 in the arrangement as shown in Figure 5. In row A of Figure 6, a 

ST ART code is provided on output 12 of microprocessor 10 and input to each of the 

LED drivers 20 via respective inputs 23. Row B shows the structure of the signal 

generated by microprocessor 10 and output on output 11,. to be received by each LED 

driver 20 in turn. It will be noted that no ST ART code is present in this structure as it 

is being provided by output 12. Rows B, C and D of Figure 6 correspond to rows A, B 

and C of Figures 3 and 4 and function in the same way. 

Figure 7 shows an exemplary system block diagram of an LED driver circuit for an 

LED driver as shown in Figure 2 that has a single input for receiving a ST ART code 

and Command packets. In this arrangement, the ST ART code and Command packets 

enter driver 20 at data input 21. The START code is detected at block 24 and the 

Command packet is received at block 26, decoded and passed to pulse width 

modulation (PWM) channels block 27 for application to the components of the LED 

(not shown) via an optional current limiting block 29. Oscillator/ clock generator 28 

provides the timing for block PWM block 27. 

12 
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From block 26, the remaining Command packets are passed through to data output 

22. If the START code is to be regenerated and passed through to subsequent drivers, 

this is done at block 35 and provided to output 22 with the remaining Command 

codes from block 26. 

Figure 8 shows a reference circuit diagram of the arrangement of Figure 7. This 

reference circuit uses a small, low-cost microprocessor as the main element of the 

LED driver circuit, with all major functions implemented in software. Suitable 

microprocessors are available from Texas Instruments, Freescale, and other 

manufacturers. Naturally, such an arrangement can be replaced by any other 

functionally equivalent circuit, whether using software or not. 

Figure 9 shows an exemplary system block diagram of an LED driver circuit for an 

LED driver as shown in Figure 5 that has a single input for receiving a ST ART code 

and Command packets. This is an alternative arrangement for driver 20 to that of 

Figure 7. In this arrangement, the Command packets enter driver 20 at data input 21. 

The ST ART code that is generated separately at a second output of microprocessor 10 

(as described previously with reference to Figure 5) enters chiver 20 at second input 

23. The Command packets and START code are received at block 26. The Command 

packets are decoded and passed to pulse width modulation (PWM) channels block 

27 for application to the components of the LED (not shown) via an optional current 

limiting block 29. Oscillator/ clock generator 28 provides the timing for block PWM 

block 27. 

The START code and remaining Command packets are then sent to subsequent 

drivers via output 22. 

The arrangement of Figure 9 can equally be implemented as a single microprocessor 

having programmed thereon instructions to carry out the functions of the 

arrangement of Figure 9. This would be as shown in Figure 8. 
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Figure 10 shows an alternative embodiment of the LED controller master section, 

showing microprocessor 10, which in this example is a PIC16F73. The particular 

layout and function of the surrounding circuitry will be apparent to the person 

skilled in the art and will not be described in detail herein. 

Figure 11 shows an implementation of an LED driver 20 and associated LED 30 with 

individually-drivable colour components 31 (Red), 32 (Green) and 33 (Blue). In this 

example, the microprocessor used for the driver 20 is an EM78P153S available from 

BLAN Microelectronics Corporation in Taiwan. Again, the layout and function of the 

surrounding circuitry will be apparent to the person skilled in the art and will not be 

described in detail herein. 

In use, a circuit will be built up using a plurality of drivers 20 as shown in Figure 11, 

cascaded in daisy-chain style. Each LED 30, 30', 30'' e.t.c. would be associated with 

its own driver 20, 20', 20" e.t.c. 

In another aspect of the invention, there is provided a method of controlling a 

plurality of LEDs. The first aspect of the method provides for the generation of a 

signal or data stream according to the protocol described above. In particular, the 

method includes generating the signal or data stream by generating a Start code, 

generating a first Command packet, generating at least one subsequent Command 

packet and then outputting the signal. A further aspect of the method includes 

receiving the data stream or signal, separating the first Command packet from the 

data stream or signal to provide a remaining data stream or signal, controlling a first 

LED in accordance with instructions in the first command packet and outputting the 

remaining data stream or signal. The remaining data stream or signal is then 

processed in the same way with respect to the at least one subsequent Command 

packet. 

In another aspect, the present invention provides computer executable instructions 

which cause a computer to perform the various steps of the methods described 

herein. In particular, the computer executable instructions cause the computer (such 

14 
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as microprocessor 10) to execute the steps of generating a first Command packet 

containing at least one instruction for controlling a first of the plurality of LEDs, and 

generating at least one subsequent Command packet containing instructions for 

controlling at least one subsequent LED, connected in series with the first LED. In 

another form, the computer executable instructions cause the computer to also 

generate a ST ART code and insert this in a data stream in front of the Command and 

subsequent Command packets. In another form, the computer executable 

instructions cause the computer to generate separate START codes prior to each of 

the Command and subsequent Command packets. 

In another aspect, the computer executable instructions also cause a computer to 

perform the steps performed by the driver 20. As described with reference to Figure 

8, the computer could also be a microprocessor. In this aspect, the computer 

executable instructions cause the computer to execute the steps of receiving a data 

stream including a first Command packet and at least one subsequent Command 

packet, separating the first Command packet from the data stream, controlling an 

LED associated with the computer in accordance with instructions in the first 

Command packet, and outputting the at least one subsequent Command packet for 

use by another driver. 

In one form, the computer executable instructions may also cause the computer to 

detect a START code in the data stream, and either pass that START code through 

and output it with the at least one subsequent Command packet or generate a new 

START code and output that with the at least one Command packet. 

In another aspect of the invention, there is also provided a machine readable medium 

containing the machine executable instructions described above. Such a machine 

readable medium includes the memory on the microprocessor 10, or other, separate 

memory medium, including a CD, a DVD, a Flash drive or other portable memory 

medium. 
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In one embodiment, the LED driver circuit could be implemented as an integrated 

circuit, using a suitable semiconductor technology such as but not limited to silicon. 

A variation of this embodiment would be to attach and integrate the circuit with an 

LED device. In one example, this could be an LED with 3 primary colour LED 

elements. In such an embodiment the current limit resistors may be integrated, or 

replaced by a transistor based current limiting arrangement, both techniques being 

well established. 

In such an embodiment, which made use of a single control signal from a 

microprocessor, the completed packaged integrated driver circuit and LEDs would 

have four electrical connections comprising a power input, a power return ( or 

ground), a data in signal, and a data out signal. An embodiment making use of two 

outputs from microprocessor would include a fifth electrical connection used to 

indicate the start of a new stream of Commands. 

In one form the microprocessor 10 would transmit the Command stream at a rate of 

at least 100,000 bits/ second. Such a rate would allow the colour and brightness of 10 

RBG LEDs to be completely updated in less than 3 milliseconds. Naturally, operation 

at even faster speeds would be straightforward and yield commensurately lower 

update times. Naturally, where rapid update or only a small number of LEDs is to be 

controlled, a lower rate would also be suitable 

This arrangement has the advantages that it allows any number of combination LEDs 

to be driven without need for special expansion devices when an addressing range is 

exceeded; it allows a small number of drive signals from the controlling device; and 

it offers the benefit of integrating such a LED driver circuit into the same component 

package as the combination LED. Integration of the driver circuit into the LED 

package minimises the overall cost, and dramatically reduces the number of electrical 

interconnections between the driver IC and the colour elements of the combination 

LED. 
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The various aspects of the present invention may be used in any number of electronic 

devices that have LEDs as part of their circuitry. This includes entertainment devices 

such as televisions, digital set-top boxes, sound systems, DVD players, CD players, 

remote control units. It also includes computers and computer peripherals, and 

displays for vehicles and other devices. The various aspects of the present invention 

can also be applied to electronic devices that have not yet been invented at the time 

of filing the present application. 

It will be understood that the above has been described with reference to particular 

embodiments and that many variations and modifications may be made within the 

scopes of the different aspects of the present invention. 

Throughout the specification and the claims that follow, unless the context requires 

otherwise, the words 0 comprise" and uinclude" and variations such as ucomprising" 

and "including" will be understood to imply the inclusion of a stated integer or 

group of integers, but not the exclusion of any other integer or group of integers. 

The reference to any prior art in this specification is not, and should not be taken as, 

an acknowledgement of any fonn of suggestion that such prior art forms part of the 

common general knowledge. 
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THE CLAIMS: 

1. A communications protocol for use in controlling a plurality of Light Emitting 

Diodes (LEDs) associated with respective LED drivers, the communications protocol 

comprising a first Command packet containing at least one instruction for controlling 

a first of the plurality of LEDs, and at least one subsequent Cormnand packet 

containing instructions for controlling at least one subsequent LED, connected in 

series with the first LED. 

2. A communications protocol as claimed in claim 1 further comprising a ST ART 

code prior to the first Command packet. 

3. A communications protocol as claimed in claim 2 wherein respective START 

codes are provided prior to each subsequent Command packet. 

4. A communications protocol as claimed in claim 1 wherein at least one of the 

first and subsequent Command packets contains instructions for controlling a 

plurality of elements within a respective LED. 

5. A Light Emitting Diode (LED) driver c01nprising: 

an input for receiving a signal according to the communications protocol as 

claimed in any one of claims 1 to 4; 

means for controlling an associated LED in accordance with the at least one 

instruction in the first Command packet; and 

an output for outputting the at least one subsequent Command packet. 

6. A Light Emitting Diode (LED) driver as claimed in claim 5 further comprising 

means for separating the first Command packet from the signal. 

7. A Light Emitting Diode (LED) comprising an LED driver as claimed in claim 

5. 
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8. A device for controlling a plurality of LEDs, the device comprising: 

means for generating and outputting a signal comprising a START code, a first 

Command packet and at least one subsequent Command packet; 

first means for receiving the signal and controlling an LED associated with the 

first means in accordance with instructions in the first Command packet; 

first means for separating the first Command packet from the signal to 

provide a remaining signal; and 

means for outputting the remaining signal. 

9. A device as claimed in claim 8 wherein the means for generating is a 

microprocessor. 

10. A device as claimed in claim 9 wherein the first means for receiving and 

controlling, the first means for separating and the means for outputting comprise an 

LED driver. 

11. A device as claimed in claim 10 wherein the LED driver is a microprocessor. 

12. A device as claimed in claims 10 to 11 further comprising at least one 

subsequent driver associated with at least one subsequent LED. 

13. An electronic device comprising: 

a plurality of Light Emitting Diodes (LEDs); 

a plurality of LED drivers as claimed in claim 5 for controlling a respective 

one of the plurality of Light Emitting Diodes; and 

a microprocessor for generating and outputting a signal according to the 

communications protocol as claimed in any one of claims 1 to 4 to a first of the 

plurality of LED drivers. 
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14. A method for controlling a plurality of LEDs, the method com.prising: 

generating and outputting a signal comprising a ST ART code, a first 

Command packet and at least one subsequent Command packet; 

receiving the signal and controlling an LED in accordance with instructions in 

the first Command packet; 

separating the first Command packet from the signal to provide a remaining 

signal; and 

outputting the remaining signal. 

15. A machine readable medium containing machine executable instructions to 

perform the 1nethod of claim 14. 
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CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING 

APPLICATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 61/097,063 

September 18, 2008, which is incorporated herein by reference. 

BACKGROUND OF THE DISCLOSURE 

With the rapid increase in light emitting diode (LED) efficacies for high powered 

10 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 

15 high power LEDs with various recommended drive currents such as 350 mA, 500mA, 

700mA, lO00mA, and 1400mA or higher. 

In recent 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 

20 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. 

25 

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. 

Therefore, there is provided a novel LED Driver/dimmer for solid state lighting 

applications. 

SUMMARY OF THE DISCLOSURE 

With the wide variety of communication interface options and LED drive currents 

30 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 

1 
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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 

5 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 

10 controlled by one O - 10 Vdc analog signal. 

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 

15 include, but are not limited to, theater, convention centers, cruise ships, architectural 

building features, amusement parks, museums, and hospitality lighting in restaurants and 

bars. 

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: 

20 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 

25 drivers; and wherein the secondary digital controller provides digital feedback control 

information to the primary digital controller. 

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 

30 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 

2 
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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. 

5 In another embodiment, the dimming of multiple monochromatic color or white 

LED loads ( output channels) utilizing a single 0 - 10 V de analog control signal, or the 

control of groups of LED loads ( output channels) with an associated 0 - 10 V de analog 

control signal for each group is contemplated. 

In another aspect of the present disclosure, the output channels are digitally 

10 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 

15 isolated DC/DC converter stages. 

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 

20 enclosure. 

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. 

In another aspect of the present disclosure, the power source utilizes an 

25 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. 

3 
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BRIEF DESCRIPTION OF DRAWINGS 

Embodiments of the present disclosure will now be described, by way of example 

only, with reference to the attached Figures, wherein: 

Figure 1 is a perspective view of a configurable LED Driver/dimmer; 

Figures 2a and 2b are cross-sectional views of the configurable LED 

Driver/dimmer; 

Figure 2c is a schematic view of an internal layout of the LED Driver/dimmer; 

Figure 3 is a schematic block diagram of the configurable LED Driver/dimmer; 

Figure 4 is a schematic diagram of a prior art inrush current limit circuit; 

Figure 5 is a schematic diagram of an embodiment of a novel inrush current limit 

circuit for use with the configurable LED Driver/dimmer; 

driver; 

Figure 6 is a schematic diagram of an embodiment of an output current driver; 

Figure 7 is a schematic diagram of another embodiment of the output current 

15 Figure 8 is a schematic block diagram of another embodiment of the configurable 

LED Driver/dimmer; 

Figure 9 is a schematic diagram of a prior art multistage power source; 

Figure 10 is a schematic diagram of an embodiment of a novel multistage power 

source; and 

20 Figure 11 is a schematic diagram of a communication interface for use with the 

configurable LED Driver/dimmer. 

DETAILED DESCRIPTION OF PREFERRED El\IBODIMENT 

In general, the present disclosure is directed at a method and apparatus for 

25 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. 

Turning to Figure 1, a perspective view of an LED dimmer is shown. The LED 

30 dimmer 10 includes a body portion 12, or housing, which includes a monolithic aluminum 

4 
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heatsink 14 and a U-shaped chassis 16. Cross-sectional views of the dimmer 10 are 

provided in Figures 2a and 2b. 

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 

5 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. 

Turning to Figures 2a and 2b, a pair of cross-sectional views of the LED dimmer 

10 are provided. Figure 2c 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. 

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 

15 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, MOSFETs, 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 

20 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. 

Turning to Figure 3, a block diagram of another embodiment of the LED dimmer is 

25 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 tum, 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 

30 power limiter 50. The inrush circuit 40, the PFC boost 44, the DC/DC converter 46, the 

Output Voltage Base 48 and the power limit 50 can be seen as a power circuit 4 7. 

5 
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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 

5 individual Organic Light-Emitting Diodes (OLED)/Light-Emitting Diodes (LED) loads 

56, further referred to as LED loads. 

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 

10 isolated communication bus 66 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. 

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 

15 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. 

As will be understood, not all of the components or connections of the LED 

20 dimmer 10 required for operation are shown as they will be understood by one skilled in 

the art. For instance, the dimmer 10 can also include an EMI filter and a bridge rectifier. 

With respect to connections, it will be understood that the primary digital controller 58 can 

also be connected to the PFC boost 44, the inrush current limit 40 and the DC/DC 

controller 46 while the secondary digital controller 64 can be connected to the output 

25 voltage bus 48, the power limit 50 and the output current drivers 52. 

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 66 to regulate the output voltage bus 48. Secondary digital controller 

30 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 

6 
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secondary 64 digital controllers and output current drivers 52 have an associated 

programming port for further configuring the LED dimmer 10. 

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 

5 negative temperature coefficient thermistor (NTC) in parallel with a relay contact. During 

initial tum 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 

10 the relay. 

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. 

15 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 coil 86 and a switch 59. The relay coil 86 is 

connected in parallel with the thermistor 84. A typical relay coil requires greater energy to 

20 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 

25 consumption. It should be noted that the pulse duty cycle and frequency can also be 

changed to improve or optimize performance. 

In one embodiment, the primary controller 58 pulses the DC voltage across the 

relay coil via the switch 59 to reduce power consumption. 

In one embodiment, for the PFC boost 44, as shown in Figure 3, the PFC Boost 44 

30 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 

7 



WO 2010/031169 PCT/CA2009/001295 

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 

5 fundamental AC mains frequency being introduced into the power line is reduced. 

10 

For the 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. 

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 tum on. The result is higher efficiency due to the elimination of 

Coss (drain to source MOSFET Capacitance) switching losses, reduction of gate charge 

15 across the Miller capacitance and minimized power loss during switching transitions when 

voltage and current are changing simultaneously. 

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 

20 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. 

For the primary digital controller 44, the controller 44 provides digital feedback 

25 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. 

The primary digital controller 44 also controls the inrush current limit circuit 40, 

30 provides primary current limit protection, and over voltage protection for the output of the 

8 
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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. 

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 

5 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. 

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 

10 sense 94. Although only one current driver 52 is shown, it will be understood that 

multiple are present as reflected in Figure 3. 

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 

15 variables of on time, off time, and period where by no three variables are held constant. 

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 

20 generate a digital signal 98 and an analog signal 100. 

25 

30 

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. 

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 redactor convector (SEPIC). 

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. 

9 
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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 

5 board assembly of the apparatus or they can be located on the outside of the enclosure. 

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. 

For example, it might be necessary to increase the frequency range of the dimming 

10 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. 

15 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 

20 precisely calibrated to within typically 1 % via the secondary controller 64 during factory 

calibration. 

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 

25 apparatus 118, such as a light fixture. The light fixture 118 also includes the LED load 56. 

30 

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. 

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 
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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 64 transmits the data signal containing the output current information encoded 

5 within the three variables of on time, off time, and period whereby no three variables are 

held constant. 

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. Pl, P2 ... Pl0 represents the various 

10 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. 

In operation, the bridge rectifier converts the AC mains voltage Pl to a rectified 

voltage P2. A portion of power P6 from the output of the bridge rectifier P2 is supplied to 

15 the start up circuit. The start up circuit is comprised of a power transistor or MOSFET and 

is intended to provide power P8 to the PFC analog controller for only a short duration of a 

few seconds. Power P8 to the PFC analog controller will allow the PFC Boost stage to 

begin switching, providing power PlO 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 

20 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. 

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 

25 means of PS. 

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 

30 converter stage to provide power P4, the PFC Boost stage must remain on. 

11 
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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 Oto lV via a controller compliant to ESTA El.3-2001 or IEC60929 as 

5 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. 

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 

10 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 

15 flyback topology with a wide input voltage range and pulse skipping capability to 

minimize its power dissipation at light loads or no load conditions. In other words power 

can be provided to the primary digital controller 58, the secondary digital controller 64, 

and the communication interface 74 via an auxiliary flyback converter. 

A 'black out' state received from the external transmitter 76 to the communication 

20 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. 

It should be noted that even when the PFC Boost 44 is disabled, power can 

25 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. 

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 

30 be able to 'listen' for or sense a change in light intensity state that may be communicated 

by the external transmitter 76. 

12 
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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. 

With respect to the communication interface 74, the communication interface 74 

5 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. 

The communication interface module receives lighting control information via the 

10 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. 

15 Turning to Figure 11, an embodiment of the communication interface is shown. In 

this embodiment, an analog interface module adapted for O - 10 V de IEC60929 or EST A 

El.3-2001 dimming methods as the communication interface 74 is shown. The analog 

interface module can be adapted to receive one or more analog control voltages from one 

or more associated external transmitters 76. The external transmitter 76 is preferably an 

20 electronic resistor or potentiometer that sinks current from the current source located on 

the analog interface module and outputs a variable O - 10 V de control voltage proportional 

to the required light intensity. 

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 

25 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,Vl,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 

30 communication bus 78. 

13 
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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 

5 to control multiple light loads. 

Furthermore, the communication interface 74 can be adapted to have one or more 

0 - 10 V de signal voltages control an associated group of one or more output current 

drivers in zone dimming applications. An optional master O - 10 Vdc signal voltage could 

be able to simultaneously control all of the individual groups of output current drivers. 

10 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. 

With respect to the secondary digital controller 64, the controller 64 monitors and 

15 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 

20 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 O - 10 Vdc analog control applications, the secondary digital 

controller ICSP port allows for the mapping of output channels into groups for each 

25 associated O - lOV de control signal. 

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 

30 source (ie DMXOl) and the last 6 channels could be mapped to DMX address +1 (i.e. 

DMX02). 

14 
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This mapping capability is also useful in zone dimming applications using O - 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 O -

10 Vdc signal, the next 3 channels can be grouped to a second associated O - 10 Vdc 

5 control signal, and the last 2 channels can be grouped to a third associated control signal. 

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 

10 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 

15 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. 

The above-described embodiments of the disclosure are intended to be examples 

20 only. Alterations, modifications and variations can be effected to the particular 

embodiments by those of skill in the art without departing from the scope of the 

disclosure, which is defined solely by the claims appended hereto. 

15 
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What is claimed is: 

1. 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; 

10 wherein the secondary controller transmits LED control information to control 

15 

20 

outputs of the set of output current drivers; and 

wherein the secondary digital controller provides digital feedback control 

information to the primary digital controller. 

2. 

3. 

The LED driver/dimmer of Claim 1 wherein the power circuit comprises: 

an inrush current limit; 

a power factor conversion (PFC) boost; 

a DC/DC converter; 

an output voltage bus; and 

at least one power limit. 

The LED driver/dimmer of Claim 1 further comprising: 

a set of in-circuit serial programming (ICSP) ports, each of the set of ICSP ports 

associated with one of the set of output current drivers for dynamic control of the output 

25 current drivers. 

4. The LED driver/dimmer of Claim 1 further comprising an in-circuit serial 

programming (ICSP) port connected to the primary digital controller. 

30 5. The LED driver/dimmer of Claim 1 further comprising an in-circuit serial 

programming (ICSP) port connected to the secondary digital controller. 

16 
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6. The LED driver/dimmer of Claim 1 further comprising a communication interface 

for receiving data from an external transmitter and for transmitting the data to the 

secondary digital controller. 

7. The LED driver/dimmer of Claim 1 further including an isolation barrier for 

separating the secondary digital controller and the communication interface. 

8. The LED driver/dimmer of Claim 1 further comprising a housing portion for 

10 housing the components of the driver. 

15 

9. The LED driver/dimmer of Claim 8 wherein the housing portion comprises: 

an aluminum heatsink; and 

a U-shaped chassis. 

10. The LED driver/dimmer of Claim 9 wherein the heatsink comprises a plurality of 

fins. 

11. The LED driver/dimmer of Claim 10 wherein heatsink acts to cool the 

20 driver/dimmer via convection cooling. 

25 

30 

12. The LED driver/dimmer of Claim 9 further comprising a thermally conductive 

electrically isolated material for coupling the power circuit to the chassis to further 

improve heat dissipation .. 

13. The LED driver/dimmer of Claim 6 wherein the communication interface is either 

DMX512A, 0-lOVdc analog control, Zigbee wireless or Remote Device Management 

(RDM) compatible. 

14. The LED driver/dimmer of Claim 2 wherein the inrush current limit comprises: 

a switch; 

17 
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a relay coil, connected to the switch; and 

a thermistor; 

PCT/CA2009/001295 

wherein the relay coil and the thermistor are in parallel with each other. 

5 15. The LED driver/dimmer of Claim 1 wherein the light fixture load is one of an 

Organic LED (OLEO) load or an LED load. 

16. The LED driver/dimmer of Claim 2 comprising an auxiliary flyback converter to 

provide power to the primary digital controller, secondary digital controller, and 

10 communication interface 

17. The LED driver/dimmer of Claim 2 wherein the primary digital controller can 

disable the PFC boost and DC/DC Converter at zero light intensity state. 

15 18. The LED driver/dimmer of Claim 5 comprising a means to map output current 

drivers to various DMX512 addresses. 

19. The LED driver/dimmer of Claim 5 comprising a means to map output current 

drivers to various dimming zones for 0-10 V de control. 

20 

20. The LED driver/dimmer of Claim 5 further comprising an isolated communication 

bus to transmit the digital feedback control into the PDC. 

18 
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A CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING 

APPLICATIONS 

BACKGROUND OF INVENTION 

LED TECHNOLOGY 

PCT/CA2009/001295 

[0001] With the rapid increase in Light Emitting Diode (LED) efficacies for high powered 

LEDs compared to common light sources, the latest LED technologies have exceeded 

incandescent and halogen sources and are now starting to compete with fluorescent, 

mercury vapour, metal halide and sodium lighting. 

[0002] 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. 

[0003] The advancement of LED technology by various manufacturers such as Lumileds, 

Osram Sylvania, and Nichia has produced high power LEDs with various recommended 

drive currents such as 350 mA, 500mA, 700mA, 1000mA, and 1400mA or higher. 

COMMUNICATION OPTIONS 

[0004] The ability to dim the light output of LEDs is also important to reduce energy 

consumption and a number of different interfaces are available such as DMX512A, 0-10Vdc 

analog control, Zigbee wireless, and Remote Device Management (ROM). A brief description 

of each interface is as follows; 

[0005] DMX512A (Digital Multiplex or OMX) is an EIA-485 based unidirectional 

communications protocol that is used for entertainment lighting control. A OMX controller is 

connected to lighting systems incorporating the appropriate OMX receiver interface in a daisy 

chain link. DMX512A data is sent serially at 250 Kbit/s using RS-485 voltage levels and 

cabling practices and is grouped into packets of up to 513 bytes, with the first byte being the 

start code byte. The remaining 512 bytes are 8 bit values, between O and 255 corresponding 

to a light intensity level. One OMX universe comprises 512 addresses with each address 

associated with a function within a device or load that can be independently controlled by the 

corresponding 8 bit value within the OMX packet. 

1 
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[0006] ROM is an extension of the DMX512A protocol that incorporates bidirectional 

communication between the lighting controller and lighting fixtures. ROM allows for 

diagnostic feedback and remote addressing capabilities for a lighting system. 

[0007] 0-10 Vdc analog control can be implemented by various means such as the ESTA 

E 1.3-2001 "Lighting Control Systems 0-10 Vdc Analog Control Specification" for 

Entertainment Technology or I EC60929 "AC supplied electronic ballasts for tubular 

fluorescent lamps". 

[0008] E1 .3 based lighting controllers (transmitter) provide a current source output to a 

dimmer (receiver). The output is intended to vary between O and 10 volts and be linear. 

Minimum light output is represented by about O volts and full light output is represented by 

about 10 volts. IEC60929 based dimming methods have a current source within the lighting 

ballast to provide a O to 10 Vdc voltage to the control interface. 

[0009] Zigbee is a wireless mesh networking communication protocol based on the IEEE 

802.15.4 standard. It is targeted at wireless control applications that require low data rates, 

low power consumption and secure networking. Its applications include home automation 

and commercial building automation. 

INTENSITY CONTROL FOR LEDS 

[0010] It should be understood that the terms intensity control, dimming, and color mixing 

control are terms that can be used interchangeably. Color mixing controls the intensity of 

more than one LED color. 

[0011] The light intensity of an LED as seen by the human eye can be varied by various 

modulation techniques that change the average current through an LED. 

[0012] Pulse Width Modulation (PWM) is the most common technique used to vary the 

intensity of light. It uses a fixed frequency with a variable duty cycle or on time. The duty 

cycle determines the intensity of the LEDs. 

[0013] Pulse Amplitude Modulation (PAM) is another known technique. In PAM, the 

system creates a PAM signal, which encodes the required LED current in the amplitude of a 

series of pulses of constant duration and frequency. 

[0014] Bit Angle Modulation (BAM) utilizes a binary pulse train that contains the light 

intensity value. Each bit of the pulse train is stretched proportionally to the binary significance 
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of each bit of the binary word and therefore allocated a fixed range of phase angles within 

the drive cycle. 

[0015] Pulse Frequency Modulation (PFM) is a method using a constant pulse width. 

Intensity control is achieved by varying the repetition rate of the pulses and therefore the 

frequency of the signal. 

DIGITAL CONTROL IN POWER SUPPLIES 

[0016] In switch mode power supply applications, analog control techniques have been 

the main approach for feedback control. The use of microcontrollers in power supplies has 

typically been limited to monitoring functions such as temperature, over current, and over 

voltage and under voltage protection as well as other housekeeping functions. 

ENERGY EFFICIENCY 

[0017] Solid State Lighting (SSL) systems that incorporate LEDs or OLEDs have the 

potential to generate energy savings if the power sources used to power them are energy 

efficient as well. 

[0018] The California Energy Commission (CEC), Environmental Protection Agency 

(EPA) and Department of Energy (DOE) have developed energy efficiency standards for 

consumer products including external power supplies and lighting fixtures. The Energy Star 

Program created by the EPA in 1992, has recently established industry wide requirements 

for Solid State Lighting (SSL) products. The principle energy efficiency metric used is the 

luminaire efficacy whereby luminaire efficacy is defined as net light output from the fixture 

divided by input power. 

[0019] The Energy Star program and CEC have also established standards for external 

power supplies. For example, the principle energy efficiency metrics used include the 

average efficiency of the power supply over various load ranges such as 25%, 50%, 75% 

and 100% and the standby power consumption at no load of less than 0.5 Watts. 

NEED FOR ENERGY EFFICIENT CONFIGURABLE LED DRIVER 

[0020] 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. In order for lighting companies to develop energy efficient SSL 
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systems, they must either source or design, then integrate the various elements of AC to DC 

power conversion, interface control for dimming requirements, and constant current drivers 

with the various LEDs available. Thermal management and power efficiency is a key 

consideration for the SSL system. 

[0021] The specific LED drive currents, the number of LEDs required (and therefore the total 

power requirement), as well as the color or colors of the LEDs, and the dimming method all 

depend on the end application. 

[0022] This has created a need in the market place for efficient, configurable, controllable 

power sources in order to utilize the full benefits of LEDs. 

BRIEF DESCRIPTION OF DRAWINGS 

[0023] Embodiments of the present invention will now be described, by way of example 

only, with reference to the attached Figures, wherein: 

Figure 1: Preferred Embodiment -Block Diagram of Configurable LED 

Driver/Dimmer 

Figure 2: Preferred Embodiment-Mechanical Configuration of LED Driver/Dimmer 

Figure 3: Preferred Embodiment-Mechanical Cross Section of LED Driver Dimmer 

Figure 4: Prior Art-Inrush Current Limit Circuit 

Figure 5: Preferred Embodiment-Inrush Current Limit Circuit 

Figure 6: Internal Layout of Configurable LED Driver/Dimmer 

Figure 7: Preferred Embodiment-Output Current Driver 

Figure 7 A: Alternate Embodiment-Output Current Driver 

Figure 8: Alternate Embodiment- Electrical Block Diagram of LED Driver/Dimmer 

Figure 9: Prior Art-Typical Application of Internal Auxiliary Power Distribution in a 

Multistage Power Source 

Figure 10: Preferred Embodiment-Internal Auxiliary Power Distribution in a 

Multistage Power Source 

Figure 11: 0-10 Vdc Analog Control Communication Interface 

SUMMARY OF INVENTION 

[0024] In recent years, controllable power sources greater than 150 watts of output 

power for Solid State Lighting applications have entered the market with integrated features 

4 



PCT/CA2009/001295 

such as power factor correction (PFC), an isolated power conversion stage, a communication 

interface such as DMX512A, and multiple current sources incorporated into a single module 

or enclosure. 

[0025] With the wide variety of communication interface options and LED drive currents 

available for numerous architectural and entertainment Solid State Lighting applications, the 

current invention includes one or more 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 given that there are multiple LED drive current 

options for various LEDs. 

-no need for a cooling fan which may present issues with audible noise and 

flexibility in where the power source may be located, 

-relatively low standby power consumption at "black out" lighting conditions, 

where "black out" refers to no load operation on the output of the dimmer/driver. 

-multiple communication interface options available 

-the ability to map output current sources/channels to different DMX512A 

addresses 

-the ability to configure multiple groups of output current sources/channels such 

that each group is controlled by one 0-10Vdc analog signal. 

[0026] Recently, there has been significant growth in the implementation of digital 

feedback control as better digital controllers become available at lower cost. Digital control 

has considerable benefits over analog control solutions that include; flexibility to control 

parameters for nonlinear control loops to improve stability and responsiveness, better energy 

efficiency by optimizing switching characteristics, and EMI reduction. 

[0027] 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. 

[0028] Some embodiments of the present invention are directed to a highly efficient 

enclosed, configurable power source, controllable by means of various external 

communication interfaces and a method for driving and dimming LEDs or OLEDs in lighting 

fixtures used for architectural or entertainment lighting applications. Such applications can 
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include theater, convention centers, cruise ships, architectural building features, amusement 

parks, museums, and hospitality lighting in restaurants and bars. 

(0029] One aspect of the present invention is a configurable power source that provides 

a plurality of output channels (6, 8, 9, or 12) to color change or dim OLEO or LED loads. In 

color changing applications, the number of available channels is a multiple of 3 or 4 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 maximized based on the LED 

current requirements. The output channels are programmable by means of in circuit serial 

programming (ICSP) ports and calibrated by means of their secondary digital controllers [see 

figure 7] to the required output current and other parameters such as frequency range. 

[0030] 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. 

[0031] In another aspect of the present invention, 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. 

[0032] In another aspect of the present invention, the configurable power source is 

mechanically packaged 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 maximize heat transfer to the outside surface of the 

enclosure. The output connection means to the LED loads comprises multipair cable or 

cables to decrease space requirements on the end plate. 

[0033] In another aspect of the present invention, the power source utilizes 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. 

[0034] In another aspect of the present invention, the power source utilizes an 

independent efficient auxiliary power source and one or more digital controllers to provide 
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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. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0035] Figure 1 is a high level block diagram depicting a configurable LED 

Driver/Dimmer. The system generally comprises a PFC Boost and DC/DC Converter power 

conversion stage with an electrical isolation barrier, output current drivers, an independent 

auxiliary power source, and communication interface. The PFC Boost and DC/DC Converter 

stages are controlled by a primary side digital controller and the secondary digital controller 

translates dimming and/or color mixing information from the external transmitter into LED 

control information for the output current drivers. The primary and secondary digital 

controllers and output current drivers have an associated programming port for configuring 

the LED Driver/Dimmer. 

[0036] A perspective view of an embodiment of a configurable led driver/dimmer for solid 

state lighting applications is shown in Figure 2: Mechanical Configuration of LED 

Driver/Dimmer. The device is contained within a rectangular shaped housing. The power 

output connection apparatus, or means, from the output current drivers comprises multi-pair 

conductors within one or more cables that exit the end plate of the configurable power 

source. This approach reduces the space, surface area requirements for the end plate 

compared to other connection means such as terminal blocks or connectors. 

[0037] The housing as shown in Figure 3: Mechanical Cross Section of LED Driver 

Dimmer comprises a monolithic aluminum extrusion heatsink and a U shaped aluminum 

chassis. To optimize the heat dissipation capability of the configurable power source at full 

output power, the extruded aluminum heatsink incorporates fins to maximize the surface 

area. The heatsink also has a mounting platform for the power semiconductors such as the 

bridge rectifier, MOSFETs, and diodes to efficiently transfer heat to the outside surface of the 

heatsink. The power factor inductor and main isolation transformer are thermally coupled to 

the U frame chassis by means of a thermally conductive, electrically isolated material to 

further improve heat dissipation of these components. 
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INRUSH CURRENT LIMIT 

[0038] To limit inrush current limit during initial start up of the power source, a typical 

approach is to utilize a negative temperature coefficient thermistor (NTC) in parallel with a 

relay contact as shown in Figure 4, which is a Prior Art -Inrush Current Limit Circuit. 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. This approach is typically used to eliminate power dissipation in the NTC thermistor 

during normal load operation. 

[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] An improvement to this approach is to have the primary controller pulse the DC 

voltage across the relay coil via a switch to reduce power consumption, such as shown in 

Figure 5: Preferred Embodiment-Inrush Current Limit Circuit, A typical relay coil 

requires greater energy to close the contacts than is required 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 12VDC, modulation of the relay coil voltage can be initiated by the 

primary controller 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 be changed to optimize performance. 

PFC BOOST STAGE 

[0041] Referencing Figure 1 in the preferred embodiment, the PFC Boost Stage utilizes 

a boost topology with an input AC voltage mains range of 103 Vac to 300 Vac .. Energy 

stored in the PFC boost inductor 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, it reduces the amount 
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of harmonic currents of the fundamental AC mains frequency from being introduced into the 

power line. 

DC/DC CONVERTER AND OUTPUT VOLTAGE BUS 

[0042] The preferred implementation for the DC/DC converter stage 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. 

[0043] 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 

capacitiance and minimized power loss during switching transitions when voltage and current 

are changing simultaneously. 

[0044] The output of the DC/DC converter is a tightly regulated DC bus. To limit the 

power output of each of the output current drivers, a set of power limit circuits coupled to 

either one or more current drivers are used to power a plurality of LEDs or OLEDs. The 

power limit circuits each include a current sensor that is monitored by the secondary side 

controller. In the event of a single component failure within the output current driver module, 

the power limit circuits limit the energy to the loads in accordance with the UL standard 131 O 

Class 2. 

[0045] 

fuses. 

Supplementary protection to the power limit circuits can also include one or more 

PRIMARY DIGITAL CONTROLLER 

[0046] The primary digital controller provides digital feedback control for the PFC Boost 

and DC/DC Converter stages. 

[0047] The digital feedback method for the PFC Boost Stage 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 stage utilizes voltage mode control for the 

digital control loop. 
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[0048] The primary digital controller also controls the inrush current limit circuit, provides 

primary current limit protection, and over voltage protection for the PFC Boost Stage output. 

The primary digital controller also disables the PFC Boost stage and DC/DC Converter stage 

during black out or no load conditions to reduce power dissipation. 

OUTPUT CURRENT DRIVERS 

[0049] Referring to Figure 6: In the preferred embodiment, the output current drivers are 

a monolithic part of the apparatus. 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) port. 

[0050] Referencing Figure 7, which is a preferred embodiment of an output current 

driver, the output current drivers 40, comprise a load controller 30, a current source 20, and 

current sense 28. Although only one current driver 40 is shown, it will be understood that 

multiple are present. 

[0051] The output current drivers utilize the dimming/color mixing techniques for LEDs 

described in detail in provisional patents 60/796,550 and 60/735,220 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. 

[0052] The secondary controller 12 receives dimming and/or color mixing information in 

the form of a serial data stream from the external transmitter via the communication interface 

and secondary controller and translates this into LED control information. The LED control 

information is transmitted to the load controller 30 in the form of instructions to generate the 

digital signal 22 and the analog signal 24. 

[0053] The load controller 30, further comprises a signal generator 18, which transmits a 

digital signal 22 and an analog signal 24 to the current source 20. The digital control signal 

22 and the analog signal 24 are preferably generated via a digital control algorithm and 1 Bit 

algorithm, respectively. 

[0054] The current source 20 preferably includes ancillary circuitry for operation and 

comprises a buck topology power stage with hysteretic control. The current sense 28 

provides a digital feedback loop for each current source 20. The current source 20 is a buck 
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circuit topology however other embodiments may include topologies such as boost, buck­

boost, or SEPIC. 

[0055) The output 42 of the current driver 40n provides a current pulse via current source 

20 to the LED Load 26n whereby on times, off times, and period are not held constant. 

[0056) Each output current driver 40, has an associated in-circuit serial programming 

(ICSP) port 60. The ICSP port 60 provides access to the load controller 30 such that 

firmware updates are possible to permit the configuration of the output current drivers 40n. 

The ICSP port(s) 60 for the output current driver(s) 60 can be located on the printed circuit 

board assembly of the apparatus or they can be located on the outside of the enclosure. 

[0057) 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. 

(0058] 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 may be programmed for a 2000Hz to 250GHz 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 Electromagnetic Interference (EMI) effects. 

[0059] The default peak output current set point is programmed via the I CSP port 60 

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% by the secondary controller 12 during factory calibration. 

[0060] An alternate embodiment has the current sources 20 and current sense 28 

remotely mounted from the PFC and DC/DC Converter stages as shown in Figure 7A: 

Alternate Embodiment of Output Current Driver and Figure 8: Alternate Embodiment­

Configurable LED Driver/Dimmer. The current source and current sense may be mounted 

in the light fixture containing the LED load, and power and data signals are provided to each 

output current source by means of a multi conductor cable. In this embodiment, the current 

sources are configured to regulate to a predetermined peak current for example 700mA. The 

load controller transmits the data signal containing the output current information encoded 
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within the three variables of on time, off time, and period whereby no three variables are held 

constant. 

[0061] Alternate embodiments of the present invention for light intensity control include 

pulse width modulation (PWM), pulse amplitude modulation (PAM), Bit Angle Modulation 

(BAM), and pulse frequency modulation (PFM). 

AUXILIARY POWER SUPPLY 

[0062] Referencing Figure 9, which shows a typical application of internal auxiliary 

power requirements in a multistage power source, a typical approach is shown of 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. A brief description for initial startup and continuous operation of 

the auxiliary power source is as follows; 

[0063] The bridge rectifier converts the AC mains voltage P1 to a rectified voltage P2. A 

portion of power P6 from the output of the bridge rectifier P2 is supplied to the start up circuit. 

The start up circuit is comprised of a power transistor or MOSFET and is intended to provide 

power PS to the PFC analog controller for only a short duration of a few seconds. Power PS 

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 PS to the PFC analog controller. 

[0064] 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 PS. 

[0065] 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. 
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[0066] 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 ROM controller interface, or it may receive an analog voltage of 

between Oto 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. 

(0067] Figure 10: Preferred Embodiment-Internal Auxiliary Power Distribution in a 

Multistage Power Source shows a preferred embodiment for providing auxiliary power to 

the various blocks of a multistage power source. K1,K2 ... K10 represent the various power 

(voltage and current) 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. The transfer of power from AC mains to the Output Current Drivers 

(K1,K2,K3,K4,K5) is unchanged. This embodiment shows a novel implementation of an 

independent auxiliary power source providing power to the Primary Digital Controller K7, 

Secondary Digital Controller KS, and Communication Interface K9. Note that there is an 

isolation barrier between KB and K9. The auxiliary power source is comprised of 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. 

(0068] A 'black out' state received from the external transmitter to the communication 

interface is communicated to the secondary digital controller and then the primary digital 

controller via the isolated communication bus. The primary digital controller then disables the 

PFC Boost Stage and DC/DC Converter Stage reducing overall power dissipation of the 

configurable power source. 

(0069] It should be noted that even when the PFC Boost Stage is disabled, power K6 

can continue to be supplied to the auxiliary power source since the rectified voltage K2 from 

the bridge rectifier can continue to peak charge the PFC boost capacitor via the boost diode. 

[0070] The auxiliary power source continues to provide power to the primary digital 

controller, secondary digital controller, and communication interface in order to be able to 

'listen' for a change in light intensity state that may be communicated by the external 

transmitter. 
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[0071] Alternate embodiments may include additional ancillary circuits that may 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. 

COMMUNICATION INTERFACE 

[0072] The communication interface comprises a removable and interchangeable 

module with each module adapted for different control options such as DMX512A, ROM, 0-

10Vdc and Zigbee. 

[0073] The communication interface module receives lighting control information via an 

external transmitter 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 via an isolated serial communication bus. The electrically 

isolated barrier between the secondary digital controller and the communication interface 

prevents ground loops. 

[0074] One embodiment of the present invention utilizes a DMX512A module as the 

communication interface. 

[0075] Referencing Figure#11, another embodiment of the present invention utilizes an 

analog interface module adapted for the 0-10 Vdc IEC60929 dimming method as the 

communication interface. The analog interface module can be adapted to receive one or 

more analog control voltages from one or more associated external transmitters. The 

external transmitter 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-

10Vdc control voltage proportional to the required light intensity. 

[0076] The analog control module comprises one or more current sources and voltage 

sensors and controller. The differential amplifier senses a voltage across the voltage sensor 

and converts this into a correlated voltage (Vm,V1 ,V2 ... Vn) supplied to the controller. The 

controller converts this analog voltage into a serial data stream for transmission to the 

secondary digital controller via the isolated serial communication bus. 

[0077] The analog control module may be configured to have one 0-10Vdc control 

voltage simultaneously control via the secondary digital controller, all output current drivers 

and multiple LED loads. This application is beneficial in monochromatic color or white lighting 
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applications since only one control signal and associated wiring is required to control multiple 

light loads. 

[0078] As also shown in Figure 11, an alternate configuration can have the 

communication module adapted to have one or more 0-10Vdc signal voltages control an 

associated group of one or more output current drivers in zone dimming applications. An 

optional master 0-10Vdc signal voltage would be able to simultaneously control all of the 

individual groups of output current drivers. 

[0079] In applications not requiring the complexity of DMX512A, these analog control 

options are beneficial in simple 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. 

SECONDARY DIGITAL CONTROLLER AND ISOLATED COMMUNICATION BUS 

[0080] Referencing Figure 1: Configurable LED Driver/Dimmer Block Diagram, the 

secondary digital controller monitors and transmits output voltage bus information (feedback 

loop) via the two way isolated serial communication bus, decodes the serial data from the 

communication interface, and transmits control information to the output current drivers. As a 

protection feature, the secondary controller also monitors input currents in the power limit 

stages supplied to the output current drivers. 

[0081] The secondary digital controller includes a ICSP port to program and calibrate the 

output voltage bus to the required voltage. In DMX512A applications, the ICSP port also 

permits the mapping of each of the output channels to a wide variety of addresses. Similarly, 

in 0-10Vdc analog control applications, the secondary digital controller ICSP port permits the 

mapping of output channels into groups for each associated 0-10Vdc control signal. 

[0082] 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 OMX base address of the power 

source (ie DMX01) and the last 6 channels could be mapped to OMX address +1 (ie 

DMX02). 

[0083] This mapping capability is also useful in zone dimming applications using 0-10Vdc 

analog controls as the communication interface. For example, a 12 channel output LED 
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Driver/Dimmer configuration can have 7 output channels grouped for a first associated 0-

10Vdc signal, the next 3 channels can be grouped to a second associated 0-10Vdc control 

signal, and the last 2 channels can be grouped to a third associated control signal. 
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What is claimed is: 

1. A configurable LED driver/dimmer for solid state lighting applications comprising 

a PFC Boost and DC/DC Converter power conversion stage with an electrical isolation 

5 barrier, output current drivers, an independent auxiliary power source, and communication 

interface wherein the PFC Boost and DC/DC Converter stages are controlled by a primary 

side digital controller and the secondary digital controller translates dimming and/or color 

mixing information from the external transmitter into LED control information for the output 

current drivers, and the primary and secondary digital controllers and output current drivers 

10 have an associated programming port for configuring the LED Driver/Dimmer. 
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MULTIPAIR CONDUCTOR CABLE 

FIGURE 2: MECHANICAL CONFIGURATION OF LED DRIVER/DIMMER 
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Foreign Priority Information: 
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Assignee Information: 
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Assignee 1 
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This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.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 lo determine 
whether the Freedom of lnfonnation Act requires disdosure of these records. 

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, induding disclosures to opposing counsel in the course of setUement 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 197 4, 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 disdosed, 
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 disdosed, 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 disdosed, as a routine use, to the public after either publication of the application pursuan 
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to public inspections or an issued 
patent. 

9. A record from this system of records may be disdosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
US PTO becomes aware of a violation or potential violation of law or regulation. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/059,336 02/16/2011 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

02/16/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) · 20 Minus ** 20 = 0 X $ = OR X $52= 0 
0 

Independent z * 1 Minus ***3 = 0 X $ = OR X $220= 0 
w f37CFR 1.16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** X $ = OR X $ = 0 (37CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /JUDY SWAYNE/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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