
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 14/590,045, Patent No. 9,320,093 ""I 

REQUEST FOR WITHDRAWAL F:iing Date January 6, 2015 

AS ATTORNEY OR AGENT AND Fitst Narned Inventor David Tikkanen 

CHANGE OF Art Unit 2844 

CORRESPONDENCE ADDRESS Examiner Name Vibol Tan 

Practitioner Docket 
6008.016 \. 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"iJ 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 l"iJ 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. 

ADVANCED LIGHTING CONCEPTS LLC - 1004



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: 42582321 

Application Number: 14590045 

International Application Number: 

Confirmation Number: 7610 

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: 6008.016 

Receipt Date: 28-APR-2021 

Filing Date: 06-JAN-2015 

Time Stamp: 16:59:50 

Application Type: Utility under 35 USC 111 (a) 

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.) 

205639 

1 Transmittal Letter 
6008016_SB21 Transmittal_042 

no 2 
82021.pdf 

b54e6d7453780c921 c48976074faa11d554 
c9a36 

Warnings: 



Information: 

133069 

2 
Petition to withdraw attorney or agent 6008016_AIA83Withdrawal_04 

no 2 
(5B83) 282021.pdf 

a08d023636b67b683133abc243835c3ab8 
6e8f86 

Warnings: 

Information: 

Total Files Size (in bytes) 338708 

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 ! 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Attorney Docket Number 

January 6, 2015 

David Tikkanen 

2884 

Vibol Tan 

6008.016 

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 submilling the ccrnpleted 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 fer 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. 



Privacy Act Statement 

The Privacy Act ot· 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 ofihis information is 35 U .S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for whict1 the information is used by the U.S. Patent and Trademark 
0t'fice 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 tl1e patent. 

Tl1e 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 me 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 me Member with respect to tile subject matter of the 
record. 

4. A record in tllis system of records may be disclosed, as a routine use, to a contractor ol tile 
Agency having need for tt1e 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 tl1e International Bureau of the 
World Intellectual Property Organization, pursuant to tile Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes ol 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 tl1is system of records may be disclosed, as a routine use, to tl1e 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 tllis 
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 tt1is system of records may be disclosed, as a routine use, to tt1e public after 
eitl1er publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Furtller, 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 USPT0 becomes aware of a violation or potential 
violation of law or regulation. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

14/590,045 

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

FILING OR 3 71 (C) DATE 

01/06/2015 

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 6008.016 
CONFIRMATION NO. 7610 

POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~IU!~H!!IIIJI] 111111111111111 IIII IIII 

Date Mailed: 01/11/2021 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 01/05/2021. 

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. 

/qnguyen/ 

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 FILING OR 3 71 (C) DATE 

14/590,045 01/06/2015 

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 K8001064WOUSCI1 
CONFIRMATION NO. 7610 

POWER OF ATTORNEY NOTICE 
GOWLING WLG (CANADA) LLP 

111111111111111111111111]~!1]!~1!~1! ~l~H! ~U] 111111111111111 IIII IIII 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 01/05/2021. 

• 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). 

/qnguyen/ 

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 
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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.: 9,32o,o93 Flied/Issue Date: _A_~_ir_il_1_9_,_2_0_1_6 ________ _ 

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: David Tikkanen and Christopher Booth To: Lumastream Canada ULC 

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

Reei 034639 , Frame 0617 , or for which a copy thereof is attached. 

2_ Fmm: Lumastream Canada ULC To: Lumastream, Inc. 
--------------------

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

Reel 054134 , Frame 0089 , or for which a copy thereof is attached. 

[Page 1 of 2] 
Th;s co!lection of informat;on is required by 37 CF'R 373(b). The intormat;on is required to obl,m or retain a benefit by the publ;c which ;s 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 wiil vary depending upon the lndiv;dual case. Any con1n1ents on the amount 
of time you require to comp!ete this form and/or suggest;ons tor reduc;ng th;s 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: Lumastream, Inc. To: E Craftsmen Corporation 

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

Reel 054134 , Frame _o_3_3_o ___ , or for wt1ict1 a copy thereof is attac~1ed. 

4. From: E Craftsmen Corporation To: Male. LLC 

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

Reel 054709 , Frame _o_9_4_o ____ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

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

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

6. From: To: ------------------- -------------------
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combination with other limitations of the claims, the cited prior arts fail to teach wherein 
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claims 15 and 16. 

3. Claims 2, 5-12 and 15-25 are now in condition for allowance. 
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Application/Control Number: 14/590,045 

Art Unit: 2844 

Page 3 

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 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

rtJr:= IISearch _auery -----------------------------------------------------11D Bs----------·-- J!~~=~~!or]B ~~~P·---- j 
FJC 11("20080018261."). A'J·----------------------------------------1 uu~~~UB; lr=7EJ 210;:~2121041 

led.u/c. adj (loads or strings or array or I U&PGPUB;i ON i 2013/12/04! 
modules) I USPAT; : j 17:20 : 

I USOCR- : i : 
I FPRS- , i l i 
I EPO· ,JPO· : ; : 
I DERWENTj ! : 
I IBM TDB: ; : =~ ,.===-=s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~ ~ - ~~' ~~~~~~~~~~~~~~~~~~~> ~ ~ ~~~~~~~~~~~~' 

~ I,,,,,,, 1 I (~!~i~~EY'.11~: ((i)~;f~~;ii;r:j uit~rr I,,,,,,, ON I 21oi:~112/041 

I ~w~1 I I 
................................ tF===========~ __ I_BM_ TDB __ i ............................................. , ........................... . 

S4 !,',,,,,,,,,,,,,_ 2 j (led. u/ c. adj (loads or strings or array i U&PGPUB· i OR !,',,,,,,,,,,,,,_ ON 2013/12/04: 
I,,,, ~;,)odules)) same ((break or fin) adj I iJ 1721 I,, 

I DERWENT! 
' ' 

----------·--· ------------------;------------------------------------------------------------------------------------------I . I BM_ TDB --: ------------------------· -- ------------: 

S5 !,',,,,,,,,,,_ 10 i (("20050289279") or ("20050218838") I U&PGPUB;: OR !,',,,,,,,,,,_ OFF i 2013/12/04! j or ("20080018261 ") or ("8197079") or I USPAT : i 17:25 : 
!("20020047642")or("20080018261") I : i ' 
j or ("20090179594") or ("5420780") or I : I,,,,, I,,,, 

j ("20100164403") or ("20080025028") I : 
-------------- ------------------ i . or. (" 20060132063") ) . PN. ------------------------------·__! . ------___: -------------------------- ------------------·, ------------------------·--
S6 71 l("20010022301" I "20020014867" I U&PGPUB; OR OFF ! 2013/12/04: 

"20020086567" I "20030057884" I USPAT; i 17:30 i 
"20030137258" I "20040105264" I USOCR 
"20040164619" I "20040207341" I 
"20040212993" I "20050062446" I 
"20050122065" I "20050122105" I 
"20050128751" I "20050169015" I 
"20050236998" I "20050285547" I 
"2006000211 0" I "20060070763" I 
"20060267028" I "2007000871 0" I 
"20010045524" I "20080197790" I 
"4367417" I "4667133" I "5008595" I 
"5577832" I "5580155" I "5661374" I 
"5803579" I "6016038" I "6150774" I 
"6161496" I "6166496" I "6283612" I 
"6340868" I "6346777" I "6392368" I 
"6424248" I "6459919" I "6505958" I 
"6528954" I "6540373" I "6548967" I 
"6597179" I "6600324" I "6608453" I 
"6608485" I "6624638" I "6720745" I 
"6762563" I "6764196" I "6781329" I 
"6788011" I "6806659" I "6869204" I 

EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 
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1 "6936978" I "6965205" I "6967448" I 
i "6995355" I "7014336" I "7038399" I 
i "7042172" I "7064498" I "7102112" I 
; "7145125" I "7148470" I "7161313" I 

: I "7186003" I "7187141" I "7202613" I I i i i i 

""""""_: """"""""J --~_?,?.Q~~-?,?J,. ~-""""""""""""""""""""""""""! """"""""""""_: """"""""""""_: """"""""'" i """"""""""""'_: 
S7 : 36 i (led.u/c. adj (loads or strings or array I U&PGPUB;: OR : ON ! 2013/12/05: 

: ! or modules)) same distributor I USPAT; : : ! 16:53 : 
: I I USOCR; : : I : 
I I I :~7;JPO; I I I I 
i i I DERWENT; i i i 

"""""'": """"""""" i """""""""""""""""""""""""""""""""""""""""""""I _I_ BM_ TDB __ : """""""""""'": """"""""'"I """"""""""""": 
S8 I U&PGPUB;: OR 

I USPAT; : 
I USOCR; : 
I FPRS; : 
I EPO· JPO· i 
I DERWENTi 
' 1 i 

9l 13686 I (~~di~~~~)i:,: (~\~~\~'V::;~jY 111~1 OR I ON I 21oi¾o121osl 

·············'···················I ··························································································I ·l·BM_TDB .. 1 ......................... , ................... ' ··························' 

S10 1421 1(rEf~:1;/=:(~:~~'o~'V:::~iy ll!~IOR ION 121oi¾tw 

____________ , ----------------- 1 ----------------------------------------------------------------------------------------__! __ I_BM_ TDB __ : ------------------------, _________________ J --------------------------, 

! or modules)) same (light adj fixture adj I USPAT; : i 17:22 i S11 !,',,,,,,,,,,,,, 3 i (led. u/ c. adj (loads or strings or array I U&PGPUB;: OR !,',,,,,,,,,,,,, ON i 2013/ 12/ 05! 

_,_I:___1~~1_,_I_I 
S121. O I (i~;'.~~i ~~j ~~i~;~) same loads same 111~1 OR 1. ON 1. 2g~ f; 2/061. 

' I I I BM TDB I ' ' . ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~ - ~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S14 107 i (light adj fixture) and loads and 
! ( current adj drivers) 

I 

U&PGPUB;! OR 
USPAT; : 
USOCR; : 
FPRS; : 
EPO; JPO;: 
DERWENTj 

ON i 2013/12/06! 
i 06:37 i 

I I 
EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 



EAST Search History 

II :l II 111 BM_ TDB :l :l H : 

!,',,,,,,,,,,,,,ON 

I I (current adj drivers) and (led.u/c. or I USPAT; : j 06:38 : 
I j (light adj emitting adj diode)) I USOCR; j ! j 
' ' i FPRS- , i , 
I ; I EPO· ,JPO· : ; : 
' ,,,,''~ ' ' ' ' ' ' I I DERWENTj ; : 

! ............. ' ................... i ........................................................................................ ..1. I_ BM_ TDB __: ......................... ' ................... l ........................ ..! 

1s1s 112 1(1~i~::~j:~~~ifi~1:~~~h/r IIf ~IOR ION 12g;~;vosl 

1 ............ , ............. J ....................................................................................... .J .. 1.BM_TDBi ........................ ' ................... , .......................... ' 

I S17 !,',,,,,,,,,,,,, 0 j (light adj fixture) and loads and i U&PGPUB·i OR !,',,,,,,,,,,,,, ON l 2013/12/06! i j (current adj drivers) and (led.u/c. or I USPAT; 'I l 07:09 i 
I i (light adj emitting adj diode)) and I USOCR; : i i 

I I (lighting adj track) I ~w~1 I I 

I ut~Br 1. ON I 2o0i:~/112/061 

I ' I or (light adj emitting adj diode)) I 

51
~

1 

' I i 

i j adj drivers) and (led.u/c. or (light adj I USPAT; : l 07:15 i I S20 !,',,,,,,,,,,,,, 48 j track and fixture and loads and ( current i U&PGPUB;: OR !,',,,,,,,,,,,,, ON l 2013/ 12/ 06! 

I I emitting OOj diode)) I iil I i 

I ~1 124 I f~~~~'.in~~r~~;~~~~~[i~r~j I If ~I OR I 2g;f;vosl 

1 ........... .! ··················' ·······················································································J .I.BM_ TDB__i ....................... .! ............. 1 ......................... ) 

'~21',,,,,, 262 I (l~;~~~; ~~j 1~~::sr dimmer)) same I l~Br I,,,,,,, ON 12i/!d2/061 

I I l~~I I, i 
1 ............ ' .................. 1 ...................................................................................... ....1 .. 1.BM_TDBi ························' ···················'··························' 

I : i (current adj drivers) same loads USPAT; : : j 07:49 : 
r in6 ! (led.u/c. adj (driver or dimmer)) same U&PGPUB;:nR :nN j 2013/12/06: 

I I I ~~iR; I I I I 
EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 
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'············'·············1··························································································'··~~1 ........................ ' ................... , .......................... ' 

I ~41',,,,,,,,. 3 I (i~~;~~~i ~~j 1~~::si°~~~:~i)a~~d I ur~rr 1,,,,,,,,,. ON 1200/~;21061 I I ((fan or fin or bre$) OOj out) I ~~I I I 

I u{~TR 1. oN 1200~:~91211 ol 

I ' I i:~:i$fj emitting adj diode)) and I ~~: ' I I 

I vibol I ur~Br I,,,,,,, ON 1200~:!912/ 101 

1 

I 1~w~1 I_ I 
1 ............ ' ............. J ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• J .. 1.BM TDB •• 1 ........................ ' ···················'··························' 
l[S27 :[83464 ll("315").CLAS. I USPAT; :~:[OFF ! 2013/12/10: 
i , i i USOCR l ..................... ..J i 08'49 , 

I S28 ; 119 i S26 and S27 ; U&PGPUB;; OR ; ON i 201.3/ 12/ 1 o; 
I : I I USPAT· : : i 08'49 : 

•............. 1 ................... 1 ........................................................................................ 1~~1 ......................... 1 ................... 1 ......................... 1 
i S29 i ("20010000422" I "20030107888" I I U&PGPUB;i OR i 2013/12/10! 

I "20030179578" I "20050231134" I I USPAT· i i 08:58 i 
I "20050243549" I "20060067089" I I USOCR i 
I "20010268701" I "4656398" I 
I "4688154" I "4822292" I "5072216" I 
I "5347431" I "5637964" I "6037721" I 
i "6175201" I "6310440" I "6655817" I 
! "6667578" I "6794830" I "7024119" I 

i i i "7764162").PN. I i i i i 

l[S3o iOil("20080018261 ").PN. I u&PGPUB;i~i[oFF i 2013112110i 
I : i I USPAT l_ ____________________ __j i 11 :24 : 

l[S31 iOil("20080018261").PN. I u&PGPUB;i~i[oFF !2014102119i 
I : i I USPAT l_ ____________________ __j i 12:01 : 

I S32 i 5 ! (low adj voltage adj distribution adj I U&PGPUB;i OR i OFF i 2014/02/191 
I i I system) same (led.u/c. or (light adj I USPAT· i i i 12·08 i I j I emitting adj diode)) I USOCR; j j I · j 

I I 1,,,, I :~7;JPO; I I I I 
I i I DERWENT; i i i 

I _____________ : """"""""" i """""""""""""""""""""""""""""""""""""""""""""I _I_ BM_ TDB __ : """""""""""'": """""""'" j """"""""""""": 
I S33 21 I (low adj voltage adj distribution adj U&PGPUB; OR OFF ! 2014/02/19j 

I I i~t~~~ :f d:~~~)\c or (light adj i~; 112 08 I 
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ll ............ 11 .................. ll. ......................................................................................... 11 .. ~BE:1~~T ll ........................ 11 ................... 11 .......................... 1 

I S34 !,',,,,,,,,,,,,, 0 I (low adj voltage adj distribut$3) same I U&PGPUB;: OR !,',,,,,,,,,,,,, OFF l 2014/02/19! I I ((led.u/c. or (light adj emitting adj I USPAT; : l 12:11 i 

l ............. , ................... ldiode))~jl~~d) 1 ~~1 ......................... , ................... 1 .......................... 1 

i S35 i (low adj voltage adj distribut$3) same I U&PGPUB;i OR i 2014/02/19! 
i j (led.u/c. or (light adj emitting adj I USPAT· i i 12:12 : 
I j diode)) I USOCR; ! i i 

I __ I___J~~: __ I_ 
l[~_~ _____ II~--------------- I[~~-~-~~~~-~-~~::_~-~-~:-~-----------------------------------------------l[~~:~~-----------11~: __________________ II~~~----------I ~1~d :~

1

8~~~--~-~-I 

I[~-~ .... I!~ ............... lf :.·~.~.~~~·~·~·~:~:.:.~:.:: ................................................ 11.~.~~~~ .......... I!~: ................. I!~~~ .......... I .~1°d :~:8~~~.~.~ I rB ,0 ; ("5534768" I "7274175" I I U&PGPUB;:□R ,1oFF 12014/02/19; 
I i j "7358707").PN. I USPAT; i i l 12:18 i 
I i i I USOCR i i i i 

l[S39 i□;l("20110018464").PN. i usPAT; i~i[oFF i 20141021rni 
i i i i USOCR l. ..................... ..i i 14·21 i 

i[s,o ;Di[r"20110018464"). RN. i us-PGPUB; ;~ i[oFF i 20;41021 W 
I i i I USPAT l ...................... ..! i 14:21 i 

l[S41 iC.i[("20110018464").PN. j uu~~~us;j~.i[OFF j2
1
od:~

2
09;04j r i□i ("5534768" I "7274175" I I U&PGPUB;i□R iloFF i2014/09/29i I i j "7358707") .PN. I USPAT; i i i 11 :31 i 

I ............ : ................. j ........................................................................................ ..1 .. USOCR ...... : ........................ : ................. J .......................... : 
I S43 : 55 j (low adj voltage adj distribution) and I U&PGPUB;: OR : OFF ! 2014/09/29: 
I : j (led.u/c. or (light adj emitting adj I USPAT; : : i 11 :56 : 
i i i diode)) I USOCR; i i i i 

I ut~Br 1. OFF I21011:il9/29I 

I ' I ;~:,f~~)~Jnii~~~t or (light adj I ~~: ' I i 

I (~~7,~~)t~~i~:ii~:;};:~i~~ ;~j I u{~B; I OR I,,,,,,, ON I21011:il9;29I 

I I ronn~ors) I ~~I 1. I 

1 ............ ' .................. 1 ...................................................................................... J .. 1.BM_TDBI ························' ···················'··························' 
I S46 105 j (low adj voltage adj (distribution or U&PGPUB;: OR ON l 2014/09/29! 
i j network)) and (led.u/c. or (light adj USPAT; : l 12:00 i 
I j emitting adj diode) or (solid adj state USOCR; : i i 

I I adj lighting)) 5J~! I I 

EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 
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[
S68 :11 1[("6,329,840").PN. 1rusPAT; :[OR :[OFF !l2014/09/29: 

: ! I USOCR : : ! 16: 33 : 
~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

EJ□I (("8957601") or ("8525446")).PN. I USPAT; :r==]R :[OFF ; 2015/09/18: 
t i USOCR i i 1 10·21 i 

~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~] ~~~~~~~. ~~~~~~~~~~~~~~~~~~: 

0
70 :□; ("20020047642" I "20050218838" I I U&PGPUB;:□R rFF 12015/09/18, 

i l "20050289279" I "20080018261" I I USPAT; i i l 10:25 i 
: l "20080025028" I "20090179594" I I USOCR : : l : 
: ! "20100164403" I "5420780" I I : : ! : 
!) ""8197079") .PN. ______________________________________________________ I _________________________ ! ________________________ !------------------ l __ __ _________ ! 

S71 28 (("20120280637") or ("20150108912") I USPAT; OR OFF i 2015/09/18: 
or ("8525446") or ("20130300312") or I USOCR 
("20110204820") or ("20150115839") I 
or ("907831 O") or ("9049759") or I 
("2734757") or ("2734757") or I 
("2010031169") or ("20130020964") or I 
("8664888") or ("20110260619") or I 
("2014141002") or ("8593079") or I 
("20140042912") or ("20110080111 ") I 
or ("2011044083") or ("8492988") or I 
("20130018522") or ("20110043133") I 
or ("8810159") or ("20130141012") or I 
("20140125244") or ("8390214") or I 
("2708096") or ("2013066270") or I 
("2013072784") or ("9035563") or I 
("2012158498") or ("2774457") or I 
("2752089") or ("20120286696") or I 
("2012321085") or ("20140285103") orl 
("2012321085") or ("8933642") or I 
("20130300310") or ("8975825") or I 
("2404484") or ("2013169460") or I 
("2014534598") or ("8866401 ") or I 
("20100225240") or ("2010101900") or I 
("2477460") or ("2404484") or I 

J'2754022")__or _("2830905")) .PN. ______________ I 
~~:~==; ~===C:~==~~=~~==""""I 
S72 (("20120280637") or ("20150108912") I U&PGPUB;: OR 

or ("8525446") or ("20130300312") or I USPAT; : 
("20110204820") or ("20150115839") I USOCR; : 
or ("9078310") or ("9049759") or I FPRS; : 
("2734757") or ("2734757") or I EPO; JPO;: 
("2010031169") or ("20130020964") or I DERWENT; 
("8664888") or ("20110260619") or I 
("2014141002") or ("8593079") or I 
("20140042912") or ("20110080111 ") I 
or ("2011044083") or ("8492988") or I 
("20130018522") or ("20110043133") I 
or ("8810159") or ("20130141012") or I 
("20140125244") or ("8390214") or I 
("2708096") or ("2013066270") or I 
("2013072784") or ("9035563") or I 
("2012158498") or ("2774457") or I 
("2752089") or ("20120286696") or I 
("2012321085") or ("20140285103") orl 
("2012321085") or ("8933642") or I 
("20130300310") or ("8975825") or I 
("2404484") or ("2013169460") or I 
("2014534598") or ("8866401 ") or I 
("20100225240") or ("2010101900") or I 

! 2015/09/18! 
! 10:32 i 

: ! ("2477460") or ("2404484") or I : : i 
............ : .................. l .("2754022") .. or. ("2830905") )_.PN ................ 1 ......................... : ........................ : ................... l ........................... . 

i USPAT; : : i 10:38 : rn1 i light adj fixture adj loads U&PGPUB;jnR rN 12015/09/18! 

I USOCR; I I I I 
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S74 ! (light adj fixtures) same (power adj 
i converter) same (power adj limit$4) 

I 

S751,,,_ 334 I (f~;;~J°dj converter) same (power adj I U~] OR I,,,_ rn I,,,, 21o;~i9/181,,,_ 

I I DERWENTj 

----------·--, ________________ _j ----------------------------------------------------------------------------------------1 _ I BM_ TDB _ _: ----------------------·--, ----------------·--, --------------------------, 

S7610 I (f~;;~t~~:e"0:~J t;tl~~~;er adj I lI~r R I rn 1210; ~l9/ 181 

-------------' ------------------ i ----------------------------------------------------------------------------------------J _I_BM_ TDB __: ----------------------·--' __________________ J --------------------------' 

! limit$4) same (light adj loads) I USPAT; : i 10:47 : S77 !,',,,,,,,,,,,,, 4 ! (power adj converter) same (power adj i U&PGPUB;: OR !,',,,,,,,,,,,,, ON ! 2015/09/18: 

............. ) ............. 1 ......................................................................................... 1 ~~! ........................ ) ............. 1 ........................ 1 

S78 I,,,_ 98 I (f~;;~J°~~:e"~°.:\:r) same (power adj I U~] OR I,,,_ rn I,,,, 21o;~i9/181,,,_ 

! I DERWENTj 

"""""'"' """"""""J """"""""""""""""""""""""""""""""""""""""""""" I 'I_ BM_ TDB..: """""""""""'"' """"""""'"' """""""""""""' 

S79111 I (f~;;~J°~~:e"(i:\~1o~;eli:~;er adj 111~1 OR I rn 1

2
1°; ~

911

81 

____________ , --------------·-- j ----------------------------------------------------------------------------------------J __ I_BM_ TDB __ : ------------------------, _________________ J --------------------------, 
S80 

S81 188 ! (("20150108912") or ("8957601") or 
i ("20120280637") or ("20120280617") 
i or ("2011014963") or ("8624500") or 
! ("2770225") or ("9049759") or 
! ("20130300312") or ("2010031169") or 
i ("907831 O") or ("8525446") or 
i ("2734757") or ("2734757") or 
! ("20150115839") or ("20110204820") 
~ 

i U&PGPUB· i OR 
I USPAT; 'I 
I USOCR; : 
I FPRS; : 
i EPO· JPO· i 
I DERWENTi 
' ' i 

U&PGPUB;: OR 
USPAT; : 
USOCR; i 
FPRS; i 
EPO; JPO; i 
DERWENT; 

IBM_TDB I 

OFF i 2015/09/ 18! 
i 11 :00 i 

I I 
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i or ("2013026037") or ("20110068703") I 
I or ("7132804") or ("2012068687") or I 
! ("2644008") or ("8183797") or I 
I ("20150035443") or ("20130342119") I 
I or ("8994296") or ("2856753") or I 
I ("20040155609") or ("20070195527") ! 
I or ("7658510") or ("8217588") or I 
I ("20110068704") or ("8519626") or I 
I ("2011249122") or ("20140265932") or I 
! ("101674695") or ("2015057578") or I 
I ("2012064685") or ("101674695") or I 
I ("20120112641 ") or ("2627155") or I 
I ("20040189555") or ("2819132") or I 
I ("20130214697") or ("20120025709") ! 
I or ("9013114") or ("8519634") or I 
I ("20090195189") or ("20150021988") I 
! or ("2012177729") or ("20140028191")1 
I or (" 8013538") or I 

------------------I_ ("20130322082")). PN·------------------------------------j --------------·-- J --------------------------' 

12846 I,,,,,,, low near1 voltage adj distribution I U~B;I OR I,,,,,,, OFF 1
2
1°i,~i

91w 
: I EPO· JPO· : !,',,, i,,,, : I DERWENTi 

i ............ ! .................. i ........................................................................................ ..1 .. 1.BM_ TDBJ ........................ , ................... ' .......................... , 

I ffi3 I',,,,,, 3 I (low near1 voltage adj distribution) I u;~B; I OR I,,,,,,, ON i 2015/ 09/ 18! I I ~me (light adj fixtur~) I 5J~I 111 59 I 

i S84 !,',,,,,,,,,,,,, 9 ! (low near1 voltage adj distribution) and I U&PGPUB;: OR ! 2015/09/18! I (light adj fixtures) I USPAT; : ! 12:00 : 
! I USOCR; : ! i 
! I FPRS- i ! : 
I I EPO· ,JPO·: I,,,, I,,,_ 

i I DERWENTj 

------------·' ------------------ 1----------------------------------------------------------------------------------------J _I_BM_ TDB __: ----------------------·--' --------------·-- J --------------------------' 

I ffiB 1437 I (~~~~~:~;oltage adj distribution) I Uf ~I OR I rn I 21o;~2o9
1
1
sl 

! ............. , ................... , ........................................................................................ j IBM~TDB .. 1 ......................... s ................... , .......................... , 

i S87 ! (low near1 voltage adj distribution) I U&PGPUB;: OR ! 2015/09/ 18! 
i I same (led.u/c. adj loads) I USPAT· i ! 12:03 : 
I i i USOCR; : ! : 

I,,',,,, I I FPRS; : i : 

1,, I 6~W~+l 1,,, 1,,_ 

I IBM_TDB: 

l!S88 :lo il(low near1 voltage adj distribution) IIU&PGPUB;:iOR :iON il2015/09/18l 
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EJL 1["72331.15" ................................................................... IIUSPAT .......... l[OR ................. I~ ~1~1~:~4~~~-~-~I 
EJ9 :□!l("7233115").PN. ! USPAT; :r==JR :[OFF !2015/09/22! 

i l I USOCR i i l 11 : 45 i '" '- '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-,'-'- '-'-'-'-'-'-'-'-'-'-'-' 

60 ! (U&20070045524-$ or U& I U&PGPUB;! OFF l 2015/09/22! 
20040164619-$ or U&20070293061-$ l USPAT· i . 
or U&20060109204-$ or U& \ 

20130147367-$ or U&20120280637-$ \ 
or U&20110309746-$ or U& I 

20100195024-$ or U&20040155844-$ l 
or U&20130034172-$ or U& l 

20100231136-$ or U&20120043909-$ l 
or U&20060067089-$ or U& \ 

20050231134-$ or U&20130270097-$ \ 
or U&20050218838-$ or U& \ 

20100280677-$ or U&20100007289-$ I 
or U&20050220021-$ or U& l 

20030112647-$ or U&20030111909-$ l 
or U&20140265932-$ or U& l 

20080211412-$ or U&20070091598-$ \ 
or U&20060252303-$).did. or (U& \ 

8197079-$ or U&7187141-$ or U& \ 
7148470-$ or U&7145125-$ or U& I 
6764196-$ or U&6720745-$ or U& l 
6624638-$ or U&6608485-$ or U& l 
6608453-$ or U&6597179-$ or U& l 
6540373-$ or U&6459919-$ or U& \ 
6424248-$ or U&6340868-$ or U& \ 
6283612-$ or U&6166496-$ or U& \ 
6150774-$ or U&6016038-$ or U& I 
5008595-$ or U&7310074-$ or U& l 
6559879-$ or U&6535235-$ or U& l 
5917534-$ or U&8310171-$ or U& l 
7405523-$ or U&8604712-$).did. or l 
(U&8258721-$ or U&7355523-$ or \ 
U&4688154-$ or U&8436555-$ or U& \ 

7274175-$ or U&8025423-$ or U& I 
7081007-$).did. or (U&20100231136-$ I 
. or .. WO-201_2068687-$).did_. ............................ l 

□r11~0oand .. oled.u/c ............................................... """u~=1=~=s=~~=~""';1•e1e: 1210;~~9/2:1 

LJ[Jl~OOandorganic················································ j u{~r;1e1e: I 210;~909/2:1 
S103 61 ! (U&20070045524-$ or U& U&PGPUB;: OR OFF \ 2015/09/22: 

l 20040164619-$ or U&20070293061-$ USPAT; i l 15:35 i 
! or U&20060109204-$ or U& 
l 20130147367-$ or U&20120280637-$ 
l or U&20110309746-$ or U& 
l 20100195024-$ or U&20040155844-$ 
l or U&20130034172-$ or U& 
\ 20100231136-$ or U&20120043909-$ 
\ or U&20060067089-$ or U& 
! 20050231134-$ or U&20130270097-$ 
l or U&20050218838-$ or U& 
l 20100280677-$ or U&20100007289-$ 
l or U&20050220021-$ or U& 
l 2003011264 7-$ or U&20030111909-$ 
\ or U&20140265932-$ or U& 
\ 20080211412-$ or U&20070091598-$ 
\ or U&20060252303-$).did. or (U& 
~ 
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18197079-$ or U&7187141-$ or U& 
i 7148470-$ or U&7145125-$ or U& 
i 6764196-$ or U&6720745-$ or U& 
i 6624638-$ or U&6608485-$ or U& 
i 6608453-$ or U&6597179-$ or U& 
! 6540373-$ or U&6459919-$ or U& 
! 6424248-$ or U&6340868-$ or U& 
i 6283612-$ or U&6166496-$ or U& 
i 6150774-$ or U&6016038-$ or U& 
i 5008595-$ or U&7310074-$ or U& 
i 6559879-$ or U&6535235-$ or U& 
i 5917534-$ or U&8310171-$ or U& 
! 7405523-$ or U&8604712-$).did. or 
i (U&8258721-$ or U&7355523-$ or , 
! U&4688154-$ or U&8436555-$ or U& ! 
I 7274175-$ or U&8025423-$ or U& I 
l7081007-$ or U&7233115-$).did. or ! 
i (U&20100231136-$ or WO- i 

------------------ ! 201206868 7 -$) . did. ____________________________________________ j --------------·-- J --------------------------· 

S104 38 i S103 AND ( (H05B33/0815 OR i U&PGPUB;: OR I 2015/09/22j 
H05B37/02 OR H05B33/0863 OR ! USPAT; i i 15:41 i 
H05B37/0254 OR H05B33/0842 OR I . ; ' 

~~!ai;~!~i g= ~~!ai;~1i~~~ I I,,,,, I,,,,, 
H05B33/0896 OR H05B41/36 OR I 
F21V23/06 OR F21V27/02 OR I 
Y02B90/2638 OR i i 

__ HO 1 _L2224/ 49175) . C~ .. )"""""""""""""""'" I """"""""""""" """"""""'" i """"""""""""'" 
:.:.:.:s=10=5.:.:;:.,.:.:;25==.:.:.:; (("8197079") or ("5420780") or I U&PGPUB;: OFF ! 2016/01/07: 

("8604712") or ("8310171") or I 
("8258721 ") or ("7405523") or I 
("7310074") or ("6720745") or I 
("5008595") or ("8436555") or I 
("7804189") or ("7961113") or I 
("8143792") or ("20050289279") or I 
("20050218838") or ("20080018261 ") I 
or ("20090179594") or I 
("20020047642") or ("20080025028") I 
or ("20100164403") or I 
("20060132063") or ("20100231136") I 
or ("20100066267") or I 
("20110018464") or I 

. ("201_10309746")) .PN. ____________________________________ J 
~=::==o=:; r----~,.----~,----a---~1 

9 ! ((external adj transmitter) or (remote I U&PGPUB;: OFF i 2016/01/07\ 
! adj ( control or console))) and (light adj I USPAT; : i 15:47 : 
! fixture adj loads) I USOCR; : i : 
; i FPRS- i 1 i 
i I EPO· ,JPO· : i : 
I I DERWENTi I : 
i I I BM TDB 1 i : 

~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~ - ~~~~~~~~~· ; ~~~~~~~~~~~~~~~~~~ ' ~~ ~~~~~~~~~~·; 

S107 !,',,,,,,,,,,,,, 1527 i ((external adj transmitter) or (remote I U&PGPUB;: OR !,',,,,,,,,,,,,, OFF ! 2016/01/07! i adj ( control or console))) and (light adj I USPAT; : ! 15:49 : 
i fixtures) I USOCR; : ! i 
i I FPRS; : i : 

; i EPO· JPO· : I,,,, I,,,_ I I DERWENTj 

"""""'"' """"""""...! """"""""""""""""""""""""""""""""""""""""""""" I . I_ BM_ TDB..: """""""""""'"' """"""""'"' """"""""""""'" 

n
l272 I ((external adj transmitter) or (remote U&PGPUB;lnR rFF 12016/01107! 

! adj ( control or console))) and (light adj USPAT; : : ! 15:50 : 
! fixtures) and (control adj information) USOCR; : : ! : 
; FPRS- i i ; i 
~ ' I I ~ l 

EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 



EAST Search History 

············'·················1 ······················································································'··~~1 ........................ ' ................... 1 .......................... ' 

! adj (control or console))) and (light adj I USPAT; i 15:58 : S109 !,',,,,,,,,,,,,,_ 681 ! ((external adj transmitter) or (remote I U&PGPUB;: OR !,',,,,,,,,,,,,,_ OFF ! 2016/01/07: 

_._I==:1~~1_._I_I 
S110 !,',,,,,,,,,,,,, 153 i ((external adj transmitter) or (remote I U&PGPUB;: OR !,',,,,,,,,,,,,, OFF i 2016/01/07! i adj ( control or console))) and (light adj I USPAT; : i 15:59 : 

! fixtures) and (control adj (information I USOCR; : i i 

I or signal)) and (limit$3 adj power) I :~~;JPO· i 1,,,, 1,,,_ 

! I DERWENTj 
, i I I BM TDB i , , , 

~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~ - ~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

EAST Search History (Interference} 

lrrJEJISearch _Query __________________________________________________ JIDBs ------------------- I ~~=~~!or ______ IE ~~~P ________ I 
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C:\ Users\ vtan\ Documents\ EAST\ Workspaces\ 14590045.wsp 

EASTSearchHistory .14590045 _Accessible Version.htm[ l/7 /2016 5 :30:02 PM] 



Issue Classification 

CPC 

Symbol 

H05B MI 0815 

H05B MI 0803 

H05B MI 0809 

H05B rn 0245 

H05B rn 0845 

H05B rn 0896 

rn 
rn 
mi 
mi 
mi 
mi 
rn 
rn 
rnr 

CPC Combination Sets 

Symbol 

NONE 

(Assistant Examiner) 

/VIBOL TAN/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Application/Control No. 

14590045 

Examiner 

VIBOL TAN 

Applicant(s)/Patent Under Reexamination 

TIKKANEN ET AL. 

Art Unit 

2844 

Type 

(Date) 

01/07/2016 

(Date) 

Set 

Type Version 

F 2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

Ranking Version 

Total Claims Allowed: 

20 

O.G. Print Claim(s) O.G. Print Figure 

1 8 

Part of Paper No. 20160107 



Issue Classification 
Application/Control No. 

14590045 

Examiner 

VIBOL TAN 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

H 

H 
CROSS REFERENCE($) 

F 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

NONE 

(Assistant Examiner) 

/VIBOL TAN/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 

0 

2 

5 B 

5 B 

1 V 

Applicant(s)/Patent Under Reexamination 

TIKKANEN ET AL. 

Art Unit 

2844 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

37 I 02 (2006.01.01) 

33 I 08 (2006.01.01) 

33 I 00 (2006.01.01) 

Total Claims Allowed: 

20 
(Date) 

01/07/2016 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 8 

Part of Paper No. 20160107 



Issue Classification 
Application/Control No. 

14590045 

Examiner 

VIBOL TAN 

□ Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 12 17 

2 2 13 18 

3 14 19 

4 15 20 

3 5 16 21 

4 6 17 22 

5 7 18 23 

6 8 19 24 

7 9 20 25 

8 10 

9 11 

10 12 

13 

14 

1 15 

11 16 

NONE 

(Assistant Examiner) 

/VIBOL TAN/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

□ 
Final 

Applicant(s)/Patent Under Reexamination 

TIKKANEN ET AL. 

Art Unit 

2844 

CPA 181 

Original Final 

(Date) 

01/07/2016 

(Date) 

T.D. □ R.1.47 

Original Final Original Final Original 

Total Claims Allowed: 

20 

O.G. Print Claim(s) O.G. Print Figure 

1 8 

Part of Paper No. 20160107 



Doc Code: DIST.E.FILE 
Document Description: Electronic Terminal Disclaimer - Filed 

PTO/SB/26 
U.S. Patent and Trademark Office 

Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 14590045 

Filing Date 06-Jan-2015 

First Named Inventor David TIKKANEN 

Attorney Docket Number K8001064WOUSCIP1 

Title of Invention 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS 

l'vl Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
iL:::,J Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Lumastream Canada ULC 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

8957601 

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 



0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

Q Small Entity 

Q Micro Entity 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 46414 

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Jeffrey W. Wong/ 

Name Jeffrey W. Wong 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 



Electronic Patent Application Fee Transmittal 

Application Number: 14590045 

Filing Date: 06-Jan-2015 

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

First Named Inventor/Applicant Name: David TIKKANEN 

Filer: Jeffrey Wong/Christopher Kreider 

Attorney Docket Number: K8001064WOUSCIP1 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Statutory or Terminal Disclaimer 1814 1 160 160 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 160 



Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer -Approved 

Application No.: 14590045 

Filing Date: 06-Jan-2015 

Applicant/Patent under Reexamination: TIKKANEN et al. 

Electronic Terminal Disclaimer filed on December 15, 2015 

C8J APPROVED 

This patent is subject to a terminal disclaimer 

0 DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 



Electronic Acknowledgement Receipt 

EFSID: 24361163 

Application Number: 14590045 

International Application Number: 

Confirmation Number: 7610 

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

First Named Inventor/Applicant Name: David TIKKANEN 

Customer Number: 34236 

Filer: Jeffrey Wong/Christopher Kreider 

Filer Authorized By: Jeffrey Wong 

Attorney Docket Number: K8001064WOUSCIP1 

Receipt Date: 15-DEC-2015 

Filing Date: 06-JAN-2015 

Time Stamp: 10:31:44 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $160 

RAM confirmation Number 10144 

Deposit Account 501613 

Authorized User WONG, JEFFREY W. 

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 



Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

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

33583 

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2 
b0419df2ea53ddcc07e29dccf42deeced84 

1244 

Warnings: 

Information: 

30791 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
8c41 ad6fead1 bb4e52644e072da379bdfb0 

d380b 

Warnings: 

Information: 

Total Files Size (in bytes) 64374 

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 Agglications 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 Agglication 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 Agglication 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 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In The Matter of United States Patent Application: 

Applicant 
Application No. 
Filed 
Title 

TC/A.U. 
Examiner 
Docket No. 
Conf Number 
Date 

Lumastream Canada ULC 
14/590,045 
January 6, 2015 
CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE 
LIGHTING APPLICATIONS 
2844 
TAN, Vibol 
K8001064WOUSCIP1 
7610 
December 15, 2015 

MAIL STOP AMENDMENT 

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

RESPONSE TO OFFICE ACTION 

In response to the Official Action mailed September 30, 2015, kindly amend this application 

as follows: 

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

this paper. 

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

replacement sheets. 

Remarks/Arguments begin on page 7 of this paper. 

1 



Amendments to the Claims: 

United States Patent App. No. 14/590,045 
Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

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

Listing of Claims: 

1. (Cancelled) 

2. (Currently Amended) The method of Claim 1§ wherein limiting converted power 

comprises: 

limiting converted power to the multiple current outputs being supplied to a set of 

Organic LED (OLEO) or LED light fixture loads. 

3. (Cancelled) 

4. (Cancelled) 

5. (Currently Amended) The method of Claim 15 wherein limiting converted power 

comprises: 

limiting power to a calibrated value when an event failure occurs. 

6. (Original) The method of Claim 5 wherein limiting power to a calibrated value comprises: 

limiting power to less than 100 watts. 

7. (Currently Amended) The method of Claim 1§ wherein converting power for powering 

comprises: 

receiving power via a set of input channels. 

8. (Original) The method of Claim 7 further comprising delivering power to the set of light 

fixture loads via a set of output channels. 

9. (Original) The method of Claim 8 wherein splitting or regrouping comprises: 

2 



United States Patent App. No. 14/590,045 
Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

splitting the set of input channels into the set of output channels. 

10. (Original) The method of Claim 8 wherein splitting or regrouping comprises: 

regrouping the set of output channels from the set of input channels. 

11. (Currently Amended) The method of Claim 1§ wherein converting power comprises: 

receiving an alternating current (AC) power; 

converting the AC power to a low voltage direct current (DC) power; and 

converting the low voltage DC power to the multiple current outputs. 

12. (Currently Amended) The method of Claim [[4]]15 further comprising, after receiving 

communication the protocol: 

adjusting GAS at least one of the multiple current outputs in accordance with the 

communication protocol; and 

delivering the adjusted multiple constant at least one current output to tAe an 

associated light fixture load. 

13 - 14. (Cancelled) 

15. (New) A method of configuring and powering a set of light fixture loads in a light emitting 

diode (LED) low voltage distribution system comprising: 

converting power for powering the set of light fixture loads; 

limiting converted power to multiple current outputs supplied to the set of light fixture 

loads; 

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

current outputs to the set of light fixture loads; 

receiving a protocol from an external transmitter; 

converting the protocol into a data stream; and 

translating the data stream to LED control information; 

wherein the LED control information is used for controlling the limited power. 
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Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

16. (New) A method of configuring and powering a set of light fixture loads in a light emitting 

diode (LED) low voltage distribution system comprising: 

converting power for powering the set of light fixture loads; 

limiting converted power to multiple current outputs supplied to the set of light fixture 

loads; 

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

current outputs to the set of light fixture loads; 

receiving a data stream from an external transmitter; and 

translating the data stream to LED control information; 

wherein the LED control information is used for controlling the limited power. 

17. (New) The method of Claim 16 wherein limiting converted power comprises: 

limiting converted power to the multiple current outputs being supplied to a set of 

Organic LED (OLEO) or LED light fixture loads. 

18. (New) The method of Claim 16 wherein limiting converted power comprises: 

limiting power to a calibrated value when an event failure occurs. 

19. (New) The method of Claim 18 wherein limiting power to a calibrated value comprises: 

limiting power to less than 100 watts. 

20. (New) The method of Claim 16 wherein converting power for powering comprises: 

receiving power via a set of input channels. 

21. (New) The method of Claim 20 further comprising delivering power to the set of light 

fixture loads via a set of output channels. 

22. (New) The method of Claim 21 wherein splitting or regrouping comprises: 

splitting the set of input channels into the set of output channels. 

23. (New) The method of Claim 21 wherein splitting or regrouping comprises: 

4 
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regrouping the set of output channels from the set of input channels. 

24. (New) The method of Claim 16 herein converting power comprises: 

receiving an alternating current (AC) power; 

converting the AC power to a low voltage direct current (DC) power; and 

converting the low voltage DC power to the multiple current outputs. 

25. (New) The method of Claim 16 further comprising, after receiving the data stream: 

adjusting at least one of the multiple current outputs in accordance with the data 

stream; and 

delivering the adjusted at least one current output to the associated light fixture. 

5 



Amendments to the Drawings: 

United States Patent App. No. 14/590,045 
Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

The attached sheets of drawings includes changes to Figures 8 and 10. These sheets 

replace the original sheets including Figures 8 and 10. 

Attachment: Replacement Sheets (2) 
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REMARKS/ARGUMENTS 

United States Patent App. No. 14/590,045 
Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

Claims 2, 5 to 12 and 15 to 25 remain in the current specification. Claims 15 to 25 are new, 

Claims 2, 5, 7 and 12 are amended and Claims 1, 3, 4, 13 and 14 are cancelled. No new 

matter has been added as a result of these amendments. 

The amendments to Figures 8 and 10 are to correct clear errors. 

Claim 15 is a combination of original Claims 1, 4, 13 and 14 which Applicant respectfully 

submits is patentable over the cited art in view of Examiner's comments in paragraph 6 of the 

Office Action. Claim 16 is a combination of the subject matter of original Claims 1, 4 and 14. 

Claim 16 differs from Claim 15 in that the system receives a data stream from an external 

transmitter which is translated to LED control information (Claim 16) rather than receiving a 

protocol from an external transmitter which is then converted into a data stream and 

translated to LED control information (Claim 15). It is respectfully submitted that both 

independent Claims 15 and 16 are patentable over the cited art. Claims 2, 5, 7 and 12 have 

been amended to amend their claim dependencies. Claim 3 has been cancelled and the 

subject matter has been included in Claim 2. The remaining claims are cancelled as their 

subject matter has been added to the new independent claims. 

Claims 1, 3, 7 and 8 have been rejected on the grounds of nonstatutory double patenting as 

being unpatentable over Claim 15 of U.S. Patent No. 8,957,601. A Terminal Disclaimer is 

being filed along with this response to overcome the Examiner's rejection. Retraction of 

Examiner's rejection of Claims 1, 3, 7 and 8 is respectfully requested. 

Claims 1 to 4, 7 to 9 and 11 to 13 are rejected under pre-AIA 35 U.S.C. 102(b) as being 

anticipated by US Patent No. 7,233,115 to Lys ("Lys"). Applicant has re-written the 

independent claim (as new Claim 15) to include the subject matter of original Claim 14 which 

was deemed patentable over the cited art by the Examiner. Similarly, new independent 

Claim 16 includes the subject matter of original Claims 3, 13 and 14 as well. It is respectfully 

submitted that these two independent claims along with the claims which claim dependence 

7 
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Amendment dated December 15, 2015 

In response to Office Action of September 30, 2015 

from these claims, directly or indirectly, are also patentable over the cited art. Retraction of 

Examiner's rejection of Claims 1 to 4, 7 to 9 and 11 to 13 is respectfully requested. 

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

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

contact the undersigned to discuss this matter further. 

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

payments, to Deposit Account No. 501613, in the name of Gowling Lafleur Henderson LLP. 
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Respectfully submitted, 

By: /Jeffrey W. Wong/ 
Jeffrey W. Wong 
Agent for Applicant 
Reg. No.46414 

Gowling Lafleur Henderson LLP 
Suite 1020 
50 Queen Street North 
P.O. Box 2248 
Kitchener, Ontario N2H 6M2 
Canada 

T 519-575-7543 
F 519-579-0141 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Double Patenting 

Page 2 

2. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the claims at issue are not identical, but at least 

one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 

1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on a nonstatutory 

double patenting ground provided the reference application or patent either is shown to 

be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. See MPEP § 

717.02 for applications subject to examination under the first inventor to file provisions 
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of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for 

applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 

form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 

PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out 

completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

3. Claims 1, 3, 7 and 8 are rejected on the ground of nonstatutory double patenting 

as being unpatentable over claim 15 of U.S. Patent No. 8,957,601. Although the claims 

at issue are not identical, they are not patentably distinct from each other because they 

require the same claimed features. 

In claim 1, Patented claim 15 in Pat' 601 teaches a method of configuring and 

powering a set of light fixture loads in a light emitting diode (LED) low voltage 

distribution system (col. 16, line 5) comprising: 

converting power (power circuit; col. 16, line 6) for powering the set of light fixture 

loads; 

limiting converted power (power limit; col. 16, line 7) to multiple current outputs 

supplied to the set of light fixture loads (col. 16, line 1 O); and 
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splitting or regrouping (col. 16, line 16) the multiple current outputs prior to 

delivery of the multiple current outputs to the set of light fixture loads. 

Page 4 

In claim 3, Patented claim 15 in Pat' 601 further teaches the method of Claim 1 

wherein limiting converted power comprises: limiting converted power to the multiple 

current outputs being supplied to a set of LED light fixture loads (col. 16, line 14). 

In claim 7, Patented claim 15 in Pat' 601 further teaches the method of Claim 1 

wherein converting power for powering comprises: receiving power via a set of input 

channels (col. 16, line 17). 

In claim 8, Patented claim 15 in Pat' 601 further teaches the method of Claim 7 

further comprising delivering power to the set of light fixture loads via a set of output 

channels (col. 16, line 14). 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 

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

A person shall be entitled to a patent unless -

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

5. Claims 1-4, 7-9, and 11-13 are rejected under pre-AIA 35 U.S.C. 102(b) as being 

anticipated by Lys (U.S. PAT. 7,233,115). 

In claim 1, Lys teaches all claimed features in Fig. 22, a method of configuring 

and powering a set of light fixture loads (1 00A-1 00C) in a light emitting diode (LED) low 

voltage distribution system comprising: 

converting power (520) for powering the set of light fixture loads (1 00A-1 00C); 
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limiting converted power (200A-200C) to multiple current outputs (Vouts from 

200A-200C) supplied to the set of light fixture loads; and 

splitting (multiple outputs) or regrouping the multiple current outputs prior to 

delivery of the multiple current outputs to the set of light fixture loads (1 00A-1 00C). 

In claim 2, Lys further teaches the method of Claim 1 wherein limiting converted 

power comprises: limiting converted power to the multiple current outputs being 

supplied to a set of Organic LED (OLEO) light fixture loads (col. 17, line 5; organic light 

emitting diodes). 

In claim 3, Lys further teaches the method of Claim 1 wherein limiting converted 

power comprises: limiting converted power (200A-200C) to the multiple current outputs 

being supplied to a set of LED light fixture loads (1 00A-1 00C). 

In claim 4, Lys further teaches in Fig. 21, the method of Claim 1 further 

comprising: receiving communication (208) from an external transmitter (425). 

In claim 7, Lys further teaches the method of Claim 1 wherein converting power 

for powering comprises: receiving power via a set of input channels(+/- Vin terminals 

for 200A-200C). 

In claim 8, Lys further teaches the method of Claim 7 further comprising 

delivering power to the set of light fixture loads (1 00A-1 00C) via a set of output 

channels(+/- output terminals that carry Vout signals to 1 00A-1 00C). 

In claim 9, Lys further teaches the method of Claim 8 wherein splitting or 

regrouping comprises: splitting the set of input channels (+/- Vin terminals for 200A-
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200C) into the set of output channels (+/- output terminals that carry Vout signals to 

1 00A-1 00C). 

In claim 11, Lys further teaches the method of Claim 1 wherein converting power 

comprises: receiving an alternating current (AC) power (from 67); converting the AC 

power to a low voltage direct current (DC) power (from rectifier 68); and converting 

(200A-200C) the low voltage DC power to the multiple current outputs (222A-222C or 

Vouts). 

In claim 12, Lys further teaches the method of Claim 4 further comprising, after 

receiving communication: adjusting one of the multiple current outputs in accordance 

with the communication (208A-208C); and delivering the adjusted multiple constant 

current output to the associated light fixture (1 00A-1 00C). 

In claim 13, Lys further teaches the method of Claim 4 wherein receiving 

communication (208) comprises receiving a protocol (OMX protocol; col. 13, line 33). 

Allowable Subject Matter 

6. Claims 5-6, 10 and 14 are objected to as being dependent upon a rejected base 

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

limitations of the base claim and any intervening claims. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Vibol Tan whose telephone number is (571 )272-1811. 

The examiner can normally be reached on Monday-Friday (7:00 AM-4:30 PM). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Alex Taningco can be reached on (571) 272-8048. The fax phone number 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

/Vibol Tan/ 
Primary Examiner, Art Unit 2844 
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I l~~I 1. 1. I ' ' I I BM TDB : ' ' ' 

I ffi5 I 9 I (;~;h~~J~::~(~:j distribution) and I lf ~I OR I ON I 21o;~i
9
i

2t 
! ..... ,., ........ ,.1 ............................................ j I BM_ TDB.1 ........... ,., ........ ,., ·············' 
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1°; ~i

9122
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lt~~---·Jr ~~~----------1r:_~~~-~-~--~-~~------------------------------------------------------------------- 11~~~~~--------· j[~-~----------------·1r~~~--------- I ~1°1
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:~4~~:-~
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

14/590,045 01/06/2015 
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GOWLING LAFLEUR HENDERSON LLP 
50 QUEEN STREET NORTH, STE. 1020 
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KITCHENER, ON N2H6M2 
CANADA 

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 K8001064WOUSCIP1 
CONFIRMATION NO. 7610 

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

Publication No.US-2015-0108912-A 1 
Publication Date:04/23/2015 

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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APPLICATION AS FILED - PART I OTHER THAN 
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
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(37 CFR 1.16(i)) 

minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 420 = 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 $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600 

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 
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ADDITIONAL 
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I- AMENDMENT PAID FOR z 
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~ (37 CFR 1.16(i)) 
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~ 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 

14/590,045 01/06/2015 2115 1600 K8001064WOUSCIP1 14 1 

34236 
CONFIRMATION NO. 7610 

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

1111111111111111111111 ll]~!l]!~l!~l!~lil)H!!l~JI] 11111111111111111111111 

KITCHENER, ON N2H6M2 
CANADA 

Date Mailed: 01/15/2015 

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 

lnventor(s) 
David TIKKANEN, Waterloo, CANADA; 
Christopher Douglas BOOTH, Saint Petersburg, FL; 

Applicant( s) 
LUMASTREAM CANADA ULC, Calgary, CANADA 

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

Domestic Priority data as claimed by applicant 
This application is a CON of 13/466,509 05/08/2012 
which is a CIP of 13/059,336 03/22/2011 PAT 8525446 * 
which is a 371 of PCT/CA2009/001295 09/17/2009 
which claims benefit of 61/097,963 09/18/2008 
(*)Data provided by applicant is not consistent with PTO records. 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

If Required, Foreign Filing License Granted: 01/13/2015 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 14/590,045 
Projected Publication Date: 04/23/2015 
Non-Publication Request: No 
Early Publication Request: No 
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Title 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS 

Preliminary Class 

713 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the 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 (1-866-999-4258). 
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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 
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). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PTO/AIN80 (07-12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; u.s DEPARTMENT OF COMMERCE 
Under tho Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unless It displays a valid 0MB contrpl number. 

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: 

~ Practltioners·assoclated with Customer Number: 
134236 I OR 

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

Name Registration 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 all patent applications assigned Qn!y to the undersigned according to the USPTO assignment records or assignments documents 
attached to this form In accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application Identified in the attached statement under 37 CFR 3. 73(c) to: 

~ The address associaled with Customer Number: 134236 I OR 

□ 
Finn or 
Individual Name 

Address 

City jstate iz1p 
Country 

'Telephone I Email 

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

A copy of this form, together with a statement under 37 CFR 3, 73(c) (Form 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 supplied below Is authorized to act on behalf of the assignee 

Signature {~ ~ .._ JffJ~ Date ~ \10 -2. l l-2:0 I 4 
V 

sP~ - 1Ljif - 5,-::;7 Name David TIKKANEN Telephone 

Title Vice President, Lumastream Canada ULC 
This collecllon of Information 1s 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 (end 
by Iha USPTO to process) an application. Confldenllallty Is governed by 36 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is esllmated to take 3 minutes 
to complete, Including gathering, preparing, and submitling the completed appllcallon 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 lnformallon Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents-, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



WORLDWIDE 
ASSIGNMENT 

We: 

TIKKANEN, David 
194 Silverwood Place, Waterloo, Ontario, N2T 2R9, Canada 

BOOTH, Christopher Douglas 
2445 3rd Avenue North, Saint Petersburg, Florida, 33713, USA 

for good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, confirm that effective at least as early as May 8, 2012 we did sell and assign to: 

LUMASTREAM CANADA ULC 
400-3rd Avenue S.W., Calgary, Alberta, T2P 4H2, Canada 

all our right, title and interest in the United States of America, Canada, and all countries foreign 
thereto, in and to the invention(s) disclosed in U.S. Patent Application No. 13/466,509 filed May 
8, 2012, which is a continuation-in-part of U.S. Patent Application Serial No. 13/059,336 filed 
February 16, 2011, whtch claims priority to United States Provisional Patent Application No. 
61/097,963 filed September 18, 2008, relating to, and entitled: 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING APPLICATIONS 

and to any application for patent claiming priority therefrom, and to all our corresponding right, 
title and interest in and to any patent issued therefrom, and to any patent issued from a 
continuation, continuation-in-part, re-issue, divisional or re-examination application derived, or 
claiming priority, from the above application. 

We authorize the firm of Borden Ladner Gervais LLP to insert any further identification 
necessary to make this assignment suitable for recordation in the Patent Offices of any country 
as may be required. 

SIGNED at 
Country 

this -;; 1 day of 

STATEMENT BY WITNESS 

I, J<orr· COL WV J.J.OV.;J whose full post office address is 
(name of witness) 

'di:l lhlN. './0· J1: *lo,· 11T/J:Ni.:l; .·. : Wtl < 
· as personally present and did see David TIKKANEN execute the within 
assignment and such assignor is personally known to me to be the person 
delii.cribed in such document. 

Si nature of Witness 

Assignment from TIKKANEN, David, et al. to LUMASTREAM CANADA ULC 
PAT 67545AW-2 
Pag<'! 1 of 4 



Assignment from TIKKANEN, David, et al. lo LUMASTREAM CANADA ULC 
PAT 67545AW-2 
Page 2 of 3 

tlSA 
·· Country 

I 



SIGNED at 

this 

LUMASTREAM CANADA ULC 

By: DAv 1-t,, 1/kk/\NG,N 

Title: V,ce ffgst/;>£!{T 

STATEMENT BY WITNESS 

11 J'lo-r_, . . C_CY.41.Ji--/Olj tJ. _ . whose full post office address is 
(name of witness) 

1 //0 /P/AAIJ.ltJY J1. 11 
1 {) 1 ti re ;lcM J/4 , ,0}}; 

as personally present and did see IY(/ 0 '1/t{,,A;J f j} 
xecvte the within assignment and such assignee is personally known to me 

o be the person described in such document. 

Assignment from TIKKANEN, David, et al. to LUMASTREAM CANADA ULC 
PAT 67545AW-2 
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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 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

U.S.PATENTS Remove 

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 8197079 2012-06-12 RUUD ET AL. 

2 5420780 1995-05-30 BERNSTEIN ET AL. 

3 8604712 2013-12-10 BLOOM ET AL. 

4 8310171 2012-11-13 REISENAUER ET AL. 

5 8258721 2012-09-04 MEYER 

6 7405523 2008-07-29 WILHELM ET AL. 

7 7310074 2007-12-18 CHEN 

8 6720745 2004-04-13 LYS ET AL. 

EFSWeb2.1.17 



Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

9 5008595 1991-04-16 KAZAR 

10 8436555 2013-05-07 LO ET AL. 

11 7804189 2010-09-28 KOEHLER ET AL. 

12 7961113 2011-06-14 RABINER ET AL 

13 8143792 2012-03-27 JOO ET AL. 

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

U.S.PATENT APPLICATION PUBLICATIONS Remove 

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 

4 20090179594 2009-07-16 YANG 

EFSWeb2.1.17 



Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

5 20020047642 2002-04-25 MIYAGAWA 

6 20080025028 2008-01-31 GLOISTEN ET AL. 

7 20100164403 2010-07-01 LIU 

8 20060132063 2006-06-22 HUNG ET AL. 

9 20100231136 2010-09-16 REISENAUER ET AL. 

10 20100066267 2010-03-18 MEYER 

11 20110018464 2011-01-27 LO ET AL. 

12 20110309746 2011-12-22 ECKEL ET AL. 

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

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 2008052293 WO 2008-05-08 
CLIPSAL AUSTRALIA 

□ PTY LTD. 

EFSWeb2.1.17 



Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

2 2009039112 WO 2009-03-26 EXCLARA □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

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 

EFSWeb2.1.17 



Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

9 
INTERNATIONAL SEARCHING AUTHORITY (CA), International Search Report and Written Opinion for International 

□ Patent Application No. PCT/CA2009/001295, 2010-01-13 

10 
SEARCH & EXAMINATION REPORT (UK), Further Search Report and Examination Report for GB1102782.8, 

□ 2012-09-06 

11 UNITED STATES PATENT AND TRADEMARK OFFICE, Office Action for 13/059336, 2013-01-23 □ 

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

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

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

15 
UNITED STATES PATENT AND TRADEMARK OFFICE, Notice of Allowance for US Patent App. No. 13/466,509, 

□ 2014-10-06 

16 
POWER VECTOR, A DIVISION OF ELECTRONIC CRAFTSMEN, Product Information Sheet for IRIS LED Driver/ 

□ Dimmer, 2007-10-22 

17 
TRYKA L.E.D. LTD, Product Information Sheet for IDS-12 Intelligent Drive System, http://www.tryka.co.uk/lDS-12.htm, 

□ downloaded 2007-07-18 

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

EXAMINER SIGNATURE 

Examiner Signature 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. 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

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. 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I TIKKANEN, David 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number K8001064WOUSCIP1 

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). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted herewith. 
SIGNATURE 

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

Signature /Jeffrey W. Wong/ Date (YYYY-MM-DD) 2015-01-06 

Name/Print Jeffrey W. Wong Registration Number 46414 

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

EFSWeb2.1.17 



Privacy Act Statement 

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

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

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

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. 
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LIGJ:-IT EIVHTTING DJ.ODE DRIVER A.ND rvl"ETHOD 

TECH~NICAL FJELD 

PRIORITY 
The present application dat.ms priority from /\ustra/.ian P:nJvisioni\l J:\lfa::nt 

AppHca.tkm No. 2006906139 entitled: "'Light E1nlHing Diode Driver and :h,1efhod''. 

The entire content o.f th:is pn)visi.rn:uil a1:mHc,iHon is h~reby im,orpo:rated bv rE{en:•m:;e, .... Jr ,... ~ .j 

BACKGROUND 

l\ ..:on:unon requirernent frxc el{:dtonic equipment i.s to have a visual lndkaHon on a 

control di;.''<-1ke, Snch a control device could be a button., ki.-'l,ir! kl"'l.ob, or shri.ilar, and 

the vbual indication ls ofo~n used to shovv the sfaite t)f vvhatever is controlfod - :tor 

By sepa:rah~ dimming d ea.ch component colour, ,1 du.'i.1·,colour cornbination LED c;.-m 

hf' 1rne.-·{ tn ~nb·' the "ivn Cf!F1t->nr<ert ('Ptn•JYS to , ... ,.,?T''P ,1(ldH1', .. ,·":~1 ;•,,-i1rp i·.-,3 •:.,;; ,-"~-..·---·eJved • -.,. •• ,i....,_ • ·'- ~ ~ . • •.. X.f_- ~•,·'--•'--~• ., .. •,;;..., ..... :,..,,_ •-.. , . .J, • .. i. ~ .... ,t;.-.:. •~-.; ... -:J>..>. l-/S.e..,.,,._ -....,~,..~~,.,Ji.~,'{..)..,._~ }J'"I.,..}., •. ,~ , . 

availabk., and some of d1.e~1e indu:ck elemcnh.tl cornponents that €n:tlt in. the colours 

Red.,. Green a:nd Blue. By sclex.:t.ive dinurdn.g of these cornponents, any cokn.n-, 

including ~-vhitc., c~u1. he obh:\lned, 

In order to prndu.tx, any re15uH:,rnt C{>.kmr,, {1n. RGB rnrnbination LED needs f..'ach of th\~ 

colour cornponent.s to have a sepa.rate di.rnrn:;:ible drive, \A/hUst LED dh:nming is 



~ typical corn.bination LED 1-vm usually have at kast 4 t(~:nnfnals: a common point 

and <~ drive innut for each of fhe t:hn.:e colour elentents, 
.t 

to dri've ~mch an in.dicato:r. An axernplary a:rn.",J1:gement of this applic$hon is sho~Nn in 

pdo:r ,lt't figure L ln figure 1,- the:re is shovfl7 n1.kroprncesso:r 10 driving t-wo LEDs 3D 

an··i ·10' F-1 -1· I FD lrs res1:"p·~"iv··, .. ,.,1-·,ur c•r1P')n£<rt:<=: of t!i.' -1 r:i•t ') ::>-_r-~, .. ,·1 (~.')'1 ·1·~d bltt<> , . 1.. ,. , •• ,< l;. t ... • "' .. ·.:,, ... ,. ./ .,,.l. ·to LI.. .\.., . ,C•.1.A '-•-" ~-, ,. . .. ·.!,.. ,,) .. , h 1.::1.::.l. · ,"'.,1,..> < .>., · s: 

to the LJ1D curnpone.nts. 

In. operation., .microproc1c_~ssor 10 generntt~s and t.ra.nsr:rdts control signals to each LED 

30 ~md co.rresponding colou.r com.po:nent 31_, 32 and 33 to contn:i! the opE~ratlon of 

~:xilour LED. 

It \.,viIJ b(~ app.r1o~cfoh.~d. ho<;,veve.r,. that ·when many such con1bination LEDs rK,ed t.o ht~ 

driven (irrespective of the nmnber and rwJu:re d the col.cYtn'f?.d elf:.'111.t':,nts)- potentially 

n11 sho1.-vin.g separate information (fo:r example cokm.r a.n.d hright.nr:~ss) the nmnber of 

drive slgnds 1"'-i.pid.ly increa.s(•s, for ex,n:nple to ,-_Mve 10 such RGB cornhinntio:n LEDs 

1.•-1ould require 30 i:.fr:ive s.ignah. A.s th~, n.mnbet of r:rn.tlti--colonr co1nbinatkrs.1. LEDs in 

does lhe conrplex.ity of the controning d.evke, For (1xampk,. a forge rmm.be.t of v .... iring 

paths rnight be needed. on a pxinted dtcnil: bcrn.n:-l, and <'l large ntnnber of pulse vrfd.t.h 
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IC,. which in ttlXJ\ is connf:icted to one u:r rnore cornbination LEDs, By s~~nding 

obtained frorn the cornbi:nat.ion LED{s), If th<~ ccri:nbination LED contains n~d, gn¼~n 

and blue ekmenl:s, fhen by npp.ropriate sdecti.on of brighh1(~ss of the efo:tnet,{s, ,~ny 

colour can be e:ibhdned, 

VVhilst being an h:npn:.JvenK:nt on dJrectly com1ecting LEDs: to a mk.'n::iprocessor_, 

systems using these app:rotte.hf::~ have a. nur.nber of deficiencies, These ddidendes 

indu;:k• t.he hidl co5t of H-i.e LED driver ICs,. the lhrdted ;;idd.resshvr, ran~e of tl1l~Se hus u ' t u 

cost, through the need for 111.riJti-foyt~r PCHs. \'Vhilst this H1nited. addtessing can be 

lWercm.n<i.? ·by the u.se of I2C brichrt,·~s, this add,<s extra devices ,;;\nd cost to such an . ~ 

an'angement 

It is therefore an obiect of tho~ present invention to i-'l.rovide ,in aite.nwhve to existing ... ... J:' ... 

ST.l1\·HvtARY OF THE INVENT10N 

Accordi.ng tn a first aspect of tht? present inv~~n.lion.,, there is provided a 

cormxn1nirnti.ons protocol for use in coni.:roU.ing a. pltn:a.Hty of Light Emitting Diol'.fos 

(LEDs) associated ·with respective LHD ,b-ivers,. the cc-n:rirnunkatfons pri:A-ocol 

romprising ;~ first Conunand packet containing at least one instruction for controlling 

fl first of the ph1rality o:f LEDs, and al: least one subsequent. Comi:ru,tnd packet 

containing instrnctions for controlling a:t least one subBequr~nt LBD, conn(x:ted b. 

M:ries V<l.ith the first LBD. 



ln. one fon.n, the protocol further corrrpdst~S a STARI' t1)de prior to thf.~ first 

Comrna:nd. pt"!Ck\'_•t_ 

In. (,ne frxnn, tlH,i rt~$pective START c<.x:ks are ptovid.}2:d ptio.r to eiich subsequent 

Command. pc.u:kdK 

In one fon:n,, at le,'lst one of the Hrst and subsequent Cxri.rnand packets: contains 

instructions .for contro1hng a tilurali!:y of e1ements ,vithin ;;1.respecfrve l.BD, 

clain1ed in any one of cfoim.s: 1 to ,J; 

instrm:±ion in the first Comr:nand pach:t_; ;:tnd 

ln one fo:rn\, the l.£D further cornprises :means for sepamting tht~ first CQnU11$J1d 

packet from. the sign,>i1, 

.Accon .. iing to a third aspect of the p.n:st.mt inverition, then,.' is provided a Light 

fo:nittlng Diode (LED) z:,onl:prisin.g an LED ch'iv1~r <-:i.ccordh1g to the sc·con.d form of the 

present inventio:n. 

Acco.td.ing to a: fou:rth aspect of the present. :invf11.Hon, then~ is prnvicfod. il device for 

controllinf~ a phJr~lity of Lf!Dt1, the devici~ cr:nnprising: 

Crnnrnand. packet and al:: !.east one snbsequen:t: Coi:nman.d packer; 
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In o.ne forrn,_ the :first me,'\J:1s for receiving and cn.nt.r.o.m.ng., the first mea.ns for 

sepa:rati.ng an.d thQ n1i:ans for outputting coniprlse an LED driver, 

ron-i:n1.unkHtkm.s prob:.x:ol m; cl.111111,:'.(.t in a.ny one of dait:r1s J to 4 to ~'l. Hrsl: of l:be 

p1u.ra1H:y of LED d:rivf.~rs, 

According tn a s:io:<1.th asptKt. uf t.he present tnventlon, then:_: is pnYvJded ti rnethod for 

controlling a ph.tralHy of LEDs_, the method. cmnptising: 

receiving the signal and. coritrnHing an LED in .,1ccon:b1\ce ,,vH:h instructions in 

the fi:rst Coffu-nan.d pai:ket_; 

separating th>'-! first Cotmnan.d p;-:Kket .fron\ the signal to provide a rc1uah1i.ng 

sign.ah and 
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According to a. sE:rventh aspect of the present invention, there fa provided a machirK~ 

readable rnedimn containing machine executable ir1.strn.,;::ti.on~ to peti:ortn the rnethod 

of the sixth asps3.:d of t:he p:resent in:ven.tion, 

BRIEF DESCRIPTION OF THE DRA\VINOS 

Figure l 0 - sho~.vs a ptior art ,-1.1·rJ.ng1itne.nt -wHh 2 RGH cmnbinatlon LEDs coru1ectcd to 

a m.ictoconb:o11e:r; 

microprocessor outpttt_; 

Figure 3 - shi:yi;-vs an (~xemph.try tin1ing diagran1 and co1:n.rnand S<i.:qcm:nce that could be 

.:lpplied to th.B a.n'.,utgem~'nt of Figtm.~ 2; 

Figu.-re 4 - shm•vs an al.ternat1ve exen:ipb.ry !:.lrn.In.g diagnnn and co1Yu.1iand sequence 

tLal: could he a pplk~d to the arra.ngern.ent of Figure 2; 

Figure 5 ~ shov.;1s a second exernp1a.ry implernen::tation accon:.Eng to a.n. aspect of title'} 

present invention., in .vh:kh hvo LED driver circuits ,\te CQnnech;d h) 2 

rnicn)proc;-;,ssor oul:p1.1ts~ 

Figi.ti·t~ 9 - shcn.•ls a block diagra1n of an LED d.riwir a& &h!:Ytvn ln Fignre -5. 

Fl.gu:re 1.0 - shows a dr<:llit diagJarn of an. exe1npla:ry etnbodiment of tht.~ .rnast.er 

szict.io.n of the atnl.ngz,ment sfo:.n-vn in Figure 2,: a.nd 

flif{lW211 - shovvs a circuit d:iagra1n of a.n exemplary z~m.bodiment <>f the driver 

c1°,·t<rq1 ,-.J $ . .1"'1"" ,,.,.,, •• ,.,.,o.<>JJ'CJ"t sh•'YW1" j,., r:go·iu· "'\"' ') 
... ~ ..... ~ . . -t.\.a.~ ... ., ,.~.l ~! ... ~- ~~,e....-...:;,-_,c ,tt>'· ·, -~ . ·1· ' (. ~--, -~- .. c..<.. .( -~t) -"- - ......... 

DHTi\ILED DESCRIPTION 

com.ponents according to a first aspect of the present i.rrvention. fa Figure 2 th<':.re is 



s:hovv1.1. a r:nicroprocessor 10 V>lifh a singh~ outp1H s.igrwJ 11 co.nn~~cted to LED dxiv,:r 

circuit constructed according to another ,:i.spect of the present irrvention. Details of 

LED <frivet 20 dd.ves: LED 30, 

Iviicropxocessor 10 can be any n1icropnXe::Bs{n\ from any ma11t1fachn'H\ that is capable 

of transntH-Hng a data si:rem:n out of a sing1e output- a tez:hni.t:iue ;;:;orrnnonly refoned. 

rnic.ropn:.ice8sor 10 consists nf a series of Con:u.nand packets, e~~ch intended fo.t one of 

of thf signHI is then input into the input 21' of the 1v2xt LED dri've.r 20", vvhkh then 

<l[T•ns oH ~1w n!"X\' Cnr'(""Yland n<,,~kftl• o·,v:l <'iFtrnJl~ J.1,e 1·-,,;,1,·>c>·1'~,,-1,:,,;, ··)f. fl-,,,, s1'n1·F•] v-ici 
... · ....... •.,:··- •• - } •. -·' !-,,.-•,• .... ~-• ........... $,J_ .•. "' .. ,• r~i. , .......... ,C:.~,).~'I;,, '-~ _., T' . ..,,/ ~-. ~ ~· ,,~~ .e. . .c~, .),h,. ,i;.,.~-!>.. it ...... I,.~ ... •• (:r ;,,.,C.i,._ "..,;.C, 

r;,· 
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·1 - 1 , - t -- ' , - ' -1 '"''I., \ '>'I' l . ' ' ;.,.; n (.rne torm~ t1e con1rnrm.1cnhon pro {)CO.t 1nc1nc.,es a :::i I.,.h. i:.:oc ~.: mo.1.cHu.cm,, 

t,-i1·1,·"'••V("(~ bv· <'H'I"" Ol' r,,n,-e ,:;1 •\s•'n 'U.'"l"'"i C'.:vrnn--r-1d yw,··1--i:,t"' 'I'!"'~> -fl·••i.<->· (',·)'"U'>:1,H:,,·-1 '')S'<"'ke'· t.c .E-..... .. _,. .• ,.I '···•"-.· ......... ,\,,q,, .. ~,,(, . w ,._tl_:,..;..-,....,;.,1 ~ l.~ _. ~ t A x·~-") ..... ).,N' V1- l~x~ ...... J..)-.;,S.- ~ ....... ~ ;u, ,••,; ....... ~ }- t-1.t,,, , ... t-

is then p;,~ssed out. of the fittit LED driver d.rcuit to thf~ second LED driver ch-cu.it and 

so on., as descd.bi~d above, Bach LED driver ci:reu.it knov,.rs to expect s::i ncvv Con-lmr;rnd 

packet vlhen it SU"s the ST.ART code, To en3u.te that the START code is passed alo.n.g., 

In one fon:n$ the LED driver drcuit 20 has the function of accepting in its Con:mrnnd 

pw;;ket. a setf:ing of the hdghtn~~ss of €itch of tbe colour ek1n.ents of its attached. 

conibirw.Uon LED, 

need. to a(.hfress information to each circuit-instet~d., zu-Jd:reSt,ing wl!l be achieved hy 

the otder nf the .=:~lectdc;,11. lnt(>tconnection. Thus, for exarnple, .. the first Co.rm-r1m1d 

packet ,.-vm be t~cct:ph.~d by the first LED driver dtcuit (and subsequent Co-rrn:mmd 

packet':l a:re s.imply pa,95ed out to Hi:e next one .in the line), Simlhdy the second LED 

driver cJn::-u.it., not seeing f:b.e Com.nl;.:l.,ni:.1 packet that -,;y~s ren:1o·ved by t.he first LED 

driver ci:r(:-uit,, vv:Hl accept the second Con1_mand: pack.et transmitted., and. pass on any 

m.icroprocessor 10, This sip1.:l.1 is input to fhe .input 21 o.f fhe first LED clrive:r device 

70 (fer ex.,,,,nnh::- ';tS s,"1,:<n in fi,.1-t:ffP '?} 1n 01~e fon:n tht" si,-.--,.-,.,,1 •~'1'"' 1',--,,·•"l1.1··1•" ,~ scr ;." °f\'-"I~ .,.,,.,. , ... , ...... , ",:. .r· '-"Xh--. · ·:f) .---:.:-.~8-· ... , ... ' /', --t--f:~,l-1;~< J;.J.t.f},--~o ..... ,,, \., ....... ,..,<,,._J_,._") ... · .... 



0Jnunmki packet that follows is fot lts use_, and subsequent co-:r.u.rrnmds are to be 

relayed out to a subsequent devin.~. 

technique v,.rhkh ls t-vell established in !:he prior art Another possibfo m.dhod is to 

-h,,,-,,,-..,,n~1't ,,-s..,, C'"'1l"'""q1,·:'l n,•v<H,-,,.., '~",, c:J·>"'-''~l-'1 of ,,;i:;v, .... rJ1..-,•,,., .. ..,. . .,,, ,,o.-••>·:>l' A-·, .. ,,. l ... ;~-c ,v-,t~ "') 
\....).. s;.,1;.s,_l.);)'... ~ ... '- ~ .. U .. ~; ·"'-~· -.. UJ: ~(.., ,:.,:t.,..:, .t:' v~ t,,.t\~~~.t ,~~ :"..~ ,.~ ,...,;:, \:,.~. $. · ~>--r..~ J J: ~w. J. ,.,.{ H., ~,-,...,_-:, >...~Js..U....( -.,.,,i,.(-.,,;.t{~ . .L•.d.~Y .... .x."'_<.,.v, i.~. 

transrnit a '"Break'·' synibol as the ST.ART code .. vVhilst these are t.-vo suihtble 

n1t~frwds1 them am tna.ny others that provide fri,~ S<tme behaviotu-. 

FoH(n,ving the START ccHie 110, \\then ptesent,- is the first Co:rn.tnrrnd 120, 0l1lis 

Comrni~:nd contains co11trol Lnfon1t-.1tinn. for the fi.rs{ LED drivet 20 to control drn 

v,:ldous E!kmen.ts cf the LED 30 to vv-h.kh it is connected (sec Figure 2). lh, ... _:.on . ~ . " 

Co:n:unand so m, to he not p.reseDt., or ignored hy subsequent LED drivers,_ and 

"<e,h•,-,i1g•~,,,-I-,:;: <)>' qt]·,s:•1"\,,r1'~,., i\•,,c,{K•'•:n·.-1·~ "1"' ~-1\,,1·•:cl i:l'.'~'l') 1't,::. ,·n.r"r-r1t ".i'') to th<> n_p-xt I 1:ZD .1.\,.,.,-;_..,o,,._.c,...., .,.:.l.\.~~-w .;.,..,~ , ... .,,...~~ ~, '-~'-'· .t~..:.. :t';!C..<J..-..... ,. 5. .e., . ._, {;J.).>t;•} .L v..:. . ~-• -~- .lot.~ · """""' . :.:: .. , .. , .•. ~ . .. , .. S,"'. -• 

ddver 20' in the series, 

rnore or le,%., depending upon the n~quiriv-0. function of -the LEDs to be C<)ntrolled, For 

exa.rnple., if there art~ :n10:re Coi:n.t-n.a:nds t+:.an LEDs, the extra Cotnmands couid he 

sh:rrr~lv ienored. If the.re ate fov,rer Co.rnnmnds than LEDs., either the extra LEDs rnav r ~ o ~ 

not be provided insbrw:tio-Its, or the extra LEDs rnay perforrn the san:H.~ function a_g the 

last LED 1Nhkh had a specific Conm1.a11d, or could be ot:he.r~vise conn,.2ctt~d. to 

n1··,~,-,,-)H~ 'l' 1:/.f),;; t·1 ...-;,:c.1•fnr·>V< tl:..."-' ·"'"1TI""' f,·nv,-t,;,,~1 <><-, t''l:.., :'!"''" t• .. t. \• ..:. ~-~ ~... ..,. .. .. •-· J..,. J· -L-., .. ,. . • ,. .L< li. . ~-,-· ,;.n.,~ . ~-t: ... ~ . .;:.~ ... t •. ~•n ... i > .• .i:... , ,S: ~-t. ~»,,... ~ 

removtxl, vv'ith subsequent Co1nrnnnds BO and 140 .ren:1.aining, This is the strudure 

of the sig-:nal 01\ ·foe 01ttp-ul: 22 of LED d:rh.rer 20 and the input 21' of LED d:dver 2.0" fo 
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Thii strudm:-e of e~'l.ch Command htin be l:ai!ored for the required operatfon of f~ach 

individ:ual LED 30, In one e>;;ample., the stnKtnre of the Cornm<~.nd c.ln h,} a set of-

Commrmd rnight comprise typirally hetv.,ree:n '-* and 8 bits to encode the brightness 

levels of the Red .. -Green,, and Bbt'. co:rnponent LEDs, i\.ny p.rec:we <..'">rdedng or 

encoding of fr1ese brightness. k.-vefo is ttnimpm:tant,- provided it is applied 

consistently b~}hvi.::\t:m the r:n:k:roprocessor JO and ,~H LED d:river c.ircuiht 

other n:umbe1'; v•lithout addjtionttl hardv,;-;::m~ intercornHx:tions being n:iqui:red b.:s thE.i 

m.icropwcessor, ln <"lrH)t:hei: frrn:n, this itrrangernent could be used t.o (bdve hvo or 

rnote LEDs havin\~ onlv one colour con:mone:n.t, nr h2rvtncr a.nv nurnber of cohnH' <~- ·' t -.:.:• ~ 

or other control <.Xn:-nponfints( for eXJ;lrnple, the microprocem-,or might st;::t ;;\ ffo.sh 

patt.:_,n·n on a LED,. or i::ornhination LED., by setti.ntt a flash rate, or setiing pe.riods of 

tir-r1t: for a LED or LED cornpnnents axe to be sv·tltched on and off. 

Fm: ex.;u--r1pk, a syst:ern nh~Y have 'l O LEDs, 5 of ,-vhi ch Blsfl 1x~ ~jingle colour 

con1ponen.h3, 2 rri.ay he 2-colonr o::.nnponenb5 ~nd 3 .m.ay be 3-colour con1ponents, 0£ 

1 . (j ... C\.. i i · l 1 .. · t~'l "' ' 1 ' -~ J ,, ' • t· ·... ,,.., 1 nv1 tor ~ iJVd.s axK a 1ng :1 pu se J:or" ,,t us, .h na1:a Dh <. .. et1n1tl,)n . ()f t.ne LO.mmanc 

packets rould brs. "mt fY' having 60 u.s \vidth vli.t.h a 20us k,-i;-v ,;i:n.d a 40us high pulse, 

'I'he '''Bit.1'' definition could have<'\ 60us v'tir.H:h \•\>1th 1mns 1o,N' a.nd 2Uus high pnfoe, 
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does so in accordru.1ce ,vith a softt;,va_r~ prog~rrm1, An B:K~1.mple of a suitable ptogrnrn 

for c<xo.trolling five LEDs,. 2 of a si:ngk: cokn:tr cn1nponent ~1.nd 3 of 3 col.our 

.i\ssurnp tions: 

order 

A s.in.gle colour LED has its brightness set by the Red f:ornponent of a 

O:..mu-nan.d only 

A sult.~1-bfo coding sysh.~1n has been: chosen for the Corm:nands and HK~ START 

brightness., anything, a_nyfhing) 

Send the Comrnand .for fhe SE¾;On:d single eoJour LED co:mp.rising the sd 

ln an alter:native form of th.e present 111:vention" th€ si~;na1 ge:n.f-.."..Wl::ed by the 

r:nicr.oprocessor 10 need not have a ST.ART code ernbed(k!d therein. In th.i.s case,_ hvo 

1.n..icrorJrocessoT nutpnts :r.n.a.v be used, the first such nuh:mt heJrn,,,· vsed to slP·n.aJ tlw .. / .r "-.~ o 
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the stream of Cornmands lx~ing sent i:o each of tht~ d.dv,'n- circuil:s i.n t:ur.n, Such rn1 

encoding of the Corn .. martds couk:l. co-i:nprise digital dn.t'd.1 typically n.s n. stn.:arri of 

biuarv dfrd.ts tbits'"i. 
.,., 1.,..) \ .• 

like elements are n1.tmbe:red accordingly. In this ilnang:ement., :rnicrnprocr-:.ssor 10 hHs 

In fhls ar..range:rnent, LED drivers 20t 2(f,,. \,Vin have s:i. third input 23, for receiving 

tl-m STA,RT code fror.n rnicrop.n)cesso.r 10. 

STA.RT code is provided on ontput 12 of .n:1.kroprocessor lD and input to each of th,:s 

LED drivers 20 vi,1 respective i.npul:s 23. Ruvv H shov\rs lhE.! st.rudu.re of lhe. sig-na1 

?,·enc1'ated by rr:dcn-:rp:rocessor "10 and outout on output 11, to he received b'il each LFD 
~ ~ A ~ ~ 

rnodufait.ion (PW~-✓:l} ch.anneb bkx~k l.? for application to fhe cornpnnenfa of the LED 

( ' ' , ' ' ~· .,, . , ' 1 1 ?O •') ·11 . ' .k ··H.> ,not s:.n.cn,,'n) vu:i an opttoni:n Cl1n·en,'. mruttng o oc.;,; ·";;,, <..... sni ator/ c1oc . .-·· gen.e.rator :.:C.o 

p:rovkh~s the b:rnirw; fo.r block PWI\.J block 27, .... )_,,,.• 

12 



22- If the ST.ART code is to be 1<e~.~Bm~:ratecl. and pass1o.~d fb:rough to subsequ~mt d:dvets., - -

this is done al: block 35 and p:rov:ided to ontpuf 22 v.,rith the ternain.ing Conu:nan.d 

codes from block 2.6 .. 

27 for apnhci~hon: to the conronnents of the LED (not sh01-vn1'i vfoi a.n ontfo1wJ i::u:rtl,mt 
... ~I.. .t , £ 

hl.ock 27, 

havino~ p.roo;.ra:r.nrn1:x1 thereon instructions tn canv ont the .hmdions of the -c.,, ... e. ..,. 



foyouf and fon.c:tion of the sur.roundinF drc-u:H:ry ·will be a:nnare:nho the 1::ien,on , },; ;,. .r-- r r 

tikiUed in the art and will not be descdbed in detail hm:ein. 

ca-so.H.{,;:d in dnlsy--d1.:.1.in style. Each LED :30, 30', 3{l'"' t~-t.c. would be associated v.t1th 

its (Ji.\/n dxiV\:ff 20, 2{Y, 2or-· td ,c. 

piurnlity of LEDs, 'fhe frr&t csSp€.\(.:t of the rnethod provh:ks for th.e generation of a 

s1gn.a1 or data strean, according to th>::' protocol ch.iscribed. above, In parl:icuhr; the 

gen€\niting a first Curnma.nd packer, ggrn~rating at .k.i~st on8 subsequent 0:>1Yi1-ruu1d 

pack.et and then outputting lIK~ signaL A forther (~sped: of the 1nJ.:·tl1od indudes 

processed in the smne ,A-'"ay with .rnspto;ct to the at least ont~ subsequent Com.rxmnd 

packet 

14 



containlng a.t least one iristmcl:ion for contn)lH.ng Il: first of tlv.~ plurality of LEDs,. and. 

generating at least nne subst~quent. Com.rnand. p~tcket conta.lning instn.1di0ns for 

cont.rolli:ng at lem;,t ont~ subsi?qu:ent LED., co.1.meded in series \Vi.th th~':. first LED. ln 

another {onn! tfo,., contpu\:er executrd)le insh:ndions cmrne th.~ <:o:rnpu.te:r to also 

gen.crate a STl\RT rode s:1nd fasert this in a data .stream. in .fro.nt. o.f the Con:nnand and. 

subsequent Ccm:nnand. packets, rn .-1.nother fo.rrn,. the co.mpute:s: exec-u.l:ahl.e 

instructions Gtnse t.he cotnputer to gt~ne.n,1te separate START codes prio.r to e$ch of 

Jn anollter aspect_, the t:ompti teer executable in~trnctions also c;:1use t, ccm1put.er to 

perfor.rn the sh~ps perfor111ed by the drive.r 20. As described \N:i.fh refen~nn~ to Fi.gt1te 

8., the comput1:::r i:.\:r1..Jd dso bi:.· a .rn,h:.Topro-cess•,)r. ln this .~spet:(, the cornputet 

packet., separating the first Ctxrn.n-rn.ud. packet fron.1. th.e data sb'£an1_, i;.:on:troHing an 

I FD W''-<")''"J':xt,.:wl i.v1't1·, f-f-,.:, ''•)l")n,,•·<>·•· 1'1" :1,v,,·,1•,-{-,,:,,·'(,.c' -<,<>jtJ-, 1''"<:;;'T"'''{'i<')l'"- ln l 11i:< >-'xi-~~---·~•··~~ ... _-,;,.._, . ....__, __ ..,"- w-.... 1 ... .,,l).t; "---:.. .:,.,.J:':'.~,i.~, . .J.. ~ . .). ,...,_:,,,,,.."'-~• , • .c,.,._ .,. - ~,.. .t .-r.c. •• t~~.\...)."'_,._,...,_. "-'-- ~ ........ ~.,,,, i.-!c. .__t 

In one form,, th€ cornputer executable i:n.stwctb:rts n-i.ay <-1lso cause the cor:nputer to 

detect a ST.ART code in the data stream,- and dther pa.ss thc:it. START code thmngh 

and output it '.With th<:.~ at foast cirie subsf.!q_-1.1ent Comn.1a:nd packet o-r gern::.:.rah:.~ n nevl 

START code axu:l output t.1:mt \-V:ifh Hw at 1m~st one Co.mr.nm1d packet 

In another aspect of the irrvention,, there is a:lso pn.wided a n1.achine n~adabk rn.edium 

co11.htining the 1.:r1achine l:.':xecutable insttudio:n.s descri.l~d above, Such a machine 

rne:rnory n1:Hli.u.rn, indnding a CD_, a DVI:'.i; ~, F1a,sh drive or other portable mcn1.ory 

15 



In one ernbodirne.nt:, t:he LED driver circuit cotild he irn:pieml'.mted as an. intf..igrated 

drcuit, using a suitabk.• sernkondu.cl:or technology such ~~s hut not lhn.ih~d. to sitkon. 

A variation of this ('mbodh:nt~t\t s;"lnuld bt;~ to attach artd h:1t1c.~g:rah~ the dn::uit ·wlth an 

ekrnen_ts, In such an cn-ihod.h1i.e.nt tb.t~ c1.1trent lhnh resistors may b;;.> integrated., or 

l'!''t)l ... ,,.,,,,,·l tl'-' 6 t, .. ,,.,.,.,., ~!-<',>• h;s,s:;'-'>(.:l ''" ,·1•s>n·1· l '1n·'1't·i' q,·,· "'l.i.'r .,..,1 ''"'"'l:}'•·>, ... \·. h•,t1-.. t··u,s}1.r.''t··1i1•"·,:. l·• .·,'1 ... 1<• -·-;: .C-.~~'-. t} <:i: . ..e.~~·."-\."Q,J.y;,..\..•~ ..... ~.-"--..:..:..;J,-..;.'-.< ..... .....,.,,;,.l. -~-~ .• .f.:l<·.--<.:l'-.."-t,"'--··->--... .. q . .._:, ~~·'.!< •• 11. ...:.,i;. .. . }.'>-..). c, .... ,A:.:.-....:.C_.< 

m.JlJHJts frm:n micropron::ssnr \Vould. include a fifth eled:rical connection. ·lrncd to 

indicate the start of a nev'-" stn;":arn of C<: .. \t1U1);.tnds. 

RBG LEDs to be completely ·updated in 1ee,s than 3 .rn.Hlis<2cot1ds. Naturally., opera.don 

,~t even fosh~'1' ,.:;~~f'f'd'-> '<-•vnulc' ix, straio·btfnn.-va"d and Yield. crir,1n1!'.~n,:.pratelv Jo~Nl"l' ,;..., - ., ·••·• · .,. ,._ ' ~ .. -.. J· ·• •· • ·•· • · -C • • ).. ~, >.C;-'' ·. .. o;, l. •,• ~ . ;. ~ ,.,, · · \., •. -., , .... .:, •., .J:,• ... x~ . • .... , ~• ..• ~ . ..., 

updah~ tin1~~s, Natt.n-a.lly, t1.1hfi'<2 rapid -apdate or onJy a sn:u~l1 w.m1.ber of LEDs fo, t:o be 

controlled,, a Jcr;-ve.r .t'ate vvould also be suihfble 

excem:k,d,: :it al!.o'ws a sm.dl .nu.r.nbl'c:r of drive sig:na1s froxn the o:>ntrolling device; and 

it. offers tlK: benefit of integrating such a LED (.tdver cin:uit into the san1e romponent 

Pa.ckm1e as the coufr.1.ination LED. lnh~g_r~tion o:f th:.! driver cil'cuit. into the LED 
V U 

11as.:kage m.inimh,es the overall cost- and dnun.atica.Uy reduces the nuJnbf..1r of e1ectr.ica1 

i.nt£~ro:::n11.ediot1s betv/ec.n the driver JC and the colour deme-nts of the co:r.nbinatiort 

16 



such as telev.isions, digital set-top boxes, Si.nrrid systen-11.\, DVD players, CD playe.:rs, 

ren1:ote control un.H:s. It ;;11so ind:udf.~s con1.pu.ters and <.xnnputer periphera:is, and 

displays for ·vehkl.es <01.nd i)ther de·v.kes, The various aspects of tfo~ present invention 

can ak,cJ lx~ appl.led to etectronk d.evkes that ha"\A~ not yet. bN~n invented at the thne 

of HUng the present app!ica.ti.on. 

It. 'i-vm be underntnod that the above has been describc·d. iv.iJh reference to p;_t.rtkular 

etn:bo-dt.ments and that rnanv va.:ria.Hons and modifk:ations nui:v b~~ made Vfithtn fof., 
./. ,.,· 

and •'1i.nclw:.Hng'" 1-vHl he understood. to i.nlp!y fhe indu.sion of a stated :integer or 

The reforence to any prior art in this s1x.:dfication is not., a.nd should not. be taken as, 

17 



TlfE CLAHvlS: 

] _ /\ t~crrnmu.nio-1!:ions prnh.xol for ·use in conh'.oHing- '°' plurality of Light EmHti:ng 

Diodt~s (LEDs) assod;;:ited 1-vith .re.spective LED drivers,- the cor:n:mrm.icatlons protocol 

comprising ,\ first Co.r:runand packet conl:aJning at k::ast one i:n.stti-Jct.inn frw conb:omng 

a first of the phtrnlity of LEDs . ., and at least oni:.i suh%~quent C\.rn:u:nand packet 

2, A <:.\..'1rnmunirntions proto,;.:o1 flS daJ.m.;id in cb:in:1. l .fur.thet comp.rising a START 

'.i A coi.ni:nunkations profocol a.s d.a.hn.ed in dain:t 2 v,.1herein respective STAirr 

zxx.ics are provided prior to e,,Kh su.bseqmmt C1.m:)nw.r1.d packet 

4. ls. cunm:uxnicat.kms protrx.:01 tts dairned in ckun.'l. l \.\rfo::::n~in at least one of tlrn 

first and snb;equent Co1nrnand packets con:t~lns instructions .f:01' controlling.~ 

phu:al.ity of ek~rnenh1 V•l.ithin. a rcspcct.h.,,,.-,} LED, 

5. i-\ Light Emitting Diode (LED) d:dver cnu1pd.sh.)g: 

(>_ /:>., Light. Ern:itting Diode (LED) d.dver as d"Ifr:rtf:d in daim 5 frn:th£r comprising 

7- A Light Emitting D.lodt~ (LED) crnnprising .:tn LED driver as cfoirnt.id in dain.1 



first means for separating the flt'st Cor.omand packc:t from the signal to 

controlUng, the first me.:\ns f o.r sepan'lting and tht :rneans fot outputting corn.prise an 

LED drivc1-. 

12. .A device .=1s cfo:frned in claims 10 to 11 .further conl:pr.ising <01t foast one 

snbBequent driver associated v~rith at foast one subsequent LED. 

a ph.nYilHy of LED drivers as dairned in claim. 5 .for controUing a re~,:pective 

one of the pluri,litv of Uv,ht Emitttrnr, I)iock-:s; <'tnd ... ... ,_ ..... 
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14, A niethod for conh'ol:Ung a pl.nrality of LEDs,- the tn<?.thod cnrnprising:: 

geJ1.e:niting and outputting a signal conlrwising a START code, ~l first 

Com.rna.nd p<:i.{;k(~t and at foast ont subsc,quent Contrn2lnd P<lcket 

foe first Comm.and pai::ket; 

sign.al; and 

15, A machi:n(~ readable medium containing rnai:..:hine executable instrndit)n8 to 

20 



.l/9 

Figure 1 

Prior Art 



I 

l---------.-------·-····· .. -··.. l 

~~ncrc,proc~,s~~or 
(10} 

i 
l 

219 

STi\r-rr ~;ignaJ 
". Cornm,::ind 
strn,mi 

L ________ ········· .... _---

Figure 2 



F!m:v A:: Command 
s!Je;,ml from mli:m 

Row B: Cornn,z,n<l 
istrBmn fyun, firnl 

LED confrd!~r 

START ·1:3iU.oD I ::.:rod l.ED 4tfi LEG ,,. fod::i:stlSD I.. Ell);;;;~;;;] 'c;;;~~-;;;;;;·\;~1 c~~;Mil;d-f.-r;r ____ ·(;:;;;il,; fo~r [c;;;;~;~·;;;ci··--·i 
-.,ode (110) conu<:!fer ( 120) ' ce>f!lmiler (13C) l..'l)ntml,r;r {'l 40} . ._,,)ntwl!,;; 

..... .: .......... ..._ _____ .....;,1-______ J.!-__ ..................................... .,.,,,..., ~ . .,. ............................... , .. , .................................. .. 

[

--E-.-r-,t:<:lddild i f):,rnm:;!i~d io1· c,~':'m;;,n(l-fr.,r ']· ~c~~~;;;;;~d--··· 
STAB.ri ,~:nd t.ED t 4th tEO , ~ ~ fc-r ta$et LED 

-"-- .. - -------- codeC1H1_)l lctmtrt.,!bt(\:$C}_ 1conird!<,t(~40} ... c;::;ntmller 

.
Row G; f._;omn. :•,.ln(l c··E~~::;;~.~:.-i·;;;·;·1 r(;;,llr:-i,ind. f:.~,r I fc;;.:;.;.:;;d·----·1 

t.!rE2<lm from s,:wr1d ffl!\RT \ ! 4th U.'£D \ "' I ft1t l':l:st Ll::O 
LED ControJj,er cc-d~ ('110), ~ contron~~ (";4G) ~ · t~oritt~!~-

1 _____ __. __ ""~••-"·'-••"--'" "'-' . P--. --!. ;(._ •, 8• ""•. ~J .. "..l---~· ! 

l --------------·--···-------------·---------·------------·· ----- ---- ----------------------------·---·--------------·- i 
Figure 3 

Figure 4 



S1AHT ~ign,:;l 
!n oihf~r Lf-:n 
<,:!riv,s cir@its 

·"'f""'""'""'" -r·-- ,,.. suppl>' 
r .. 1.-·~-:-•:d t ................ T~""' .. .... ,.,., .... ~.·-~";!: ..... ...,4~i~•·~~ 
i \. l.:.;. i !' 1' f,3l} G (3,.) j t, ,,}3} i 

I ·1 : . ✓-~ ,A~ ,.,,.,.,,,. l 
} { - .,_ ~Y~ ~ 

,
111111,_ '·i· i .. "." .. , ........ ._,.l.. .......... ··j " .. "~P~ : . r··1 r\ r··1 l,.~, 

i {22} -------- Tl__________ trl ------~).1 
} .. M(;f'QfJrOC0ij,$(lf i {23} 1 . ' ' 

('W) <--------....... -; 1 FD d•f",,~,- ciw• ,J❖ (20'! I 

:,...,, . .,,.,,,. .... ~----........................ ,,. 

(21 rL. _______ ~ -- ------· · .. ~· _____ . ,~ , ------, ......... .1 

··~t)tnrnsnd 
str,sum 

Figure 5 



RO\:!;\; ST:~\HT 
s~m~l 

Row B: C;omm'iln,J 
slr<iani ftom micro 

Rcl~f r} c~1n1m.;:-.:nd 
~lream fi'om ·nmt 

LED conlrc:,/ier 

5/9 

Row· D: Cormm,nd jC~>mm»nct for ,., ..... , , 

~

'"· --••• ·.•.1n.-._11d .... ll 

,;lr,;B.m from :se.c,md j 4iJ, t.E.D . " r ,:,,s; Ll.:.D \ 
I.· tED oonlr◊ilW ,tQrst,_c_!~_"_r_(_t-1_'_)_'...;· ,,. ____ 00,)lrol!t',t _! ..... ····· ---·-- ··--- .. " .. ------------------------L· -- .. .. ....... . .. . L _______ _ 

Figure 6 



! 

?•i .. ) 
~~ i 

l~·25 
J 

..,..,_-.,.--.,..,,n~,-..~. ~ .,,-.,.-.,,..., • ..,. - .. ,..,.._.., • .,_, ..,_.,.._..,..,.,_.., 

} 

) 

START symbol 
9enemtion 

Cornrnand 
dec0<..1e and 

Pulse 
V\ffdth 

Moduk::ition 
Chanrw!s 

OsiHator/ 

28 ·"_.,/· Clock 
gem:irator 

Figure 7 

rvtlcmprocessor vifith: 

., 3 P\AJfvl Output Channels 
- f nt.en1;:'.i! Osd!!ator f Cloc;k 
- fnternal Povver Up Reset/ Sup(nvisor 

•· Function of LED driver imp/tw1tmted 
in .soft.1Nar0 

I 

.J._ 

Figure 8 

StJBSTffUTE SHEET {RUL.E ZS} R0!,4.U 

Curn.1nt 
Um!tlnq 

(optlonal) 

-,-L, :::: : t-·-~ 
--c::::;,:~--------► 
-r __ J -----,----· ► 



22, 

l 

23 ~~,\ 
\ 

Start \ 

Data Input 

f 

2·1 J 

7!9 

Comrnand 
decode and --"" \A/!dth 

.Pass through l\,fodul-~tkm 

! -·----·---··-------·-·--·--l 
Osmatorl 

28 // Clocl~ 
gr:Hw.wator 

Figure 9 

Cun'ent 
Urnfting , ,(,< 

{optional) 



w 
C 
to 
w 
;j' 
~ 

r:! 
~ 
m 
00 
'X 
m 
rn 
~ 

;a 
C 
i~ 
m 
N er~ -A) 
0 

► C 

r~~---- -,:-- i~ 
r-7 ,., ·' ·~ ./ +9\/ l 2 1 L20Vac i 11 · 4 ~-- 2 . -
l. j . .,, ... ., .. ,,, .. ,..,,,,.,.,,-._,,~f! r 8r'i , , , --r---r--! 1 t ! J H} ··><11,. j , !~ i, __ )ii ,.,..,,,1 .-,.;,,,,,, I 1 

'l'""l 1 l 1 
,) ! .,, ! l C'"'J; f I l 

! 1 i I 'j 
~ $ J 

!nµut220Vac Output:9v@70mA I J,_Gi b +C4 1 !Ci 4-,~•, r 

j T'104 ·-, iOODuFJ 3 :~~LO?_,• r 1 ; ---~v 
1 I 1-1 ,'"'l / ~Vi, i . Vwtit ~ ~ i i f I 1CH, ! / J ,,.,,,,.., ,..-.. ~ j 
I 

I L i Q i ... J.. .. (.,,,,_') i +s.__,4 i 
i \ i ' """;"'. •• ~•·r• .. - ✓.~.,1/ 10···•--.. i J ! I 104 rv•ui:ff!U\j 1 -----... ,.... I , ('·,l f 1 < V " 'I 

........... I l -- . -4- ____J l ·•..... L-----·~..,.,.---- ~ 'j 
r ' T C !v'1 ·····,. ~

1 
20 

1~~. u : ___ J nll.c'•LR '·,,, RB7 --l "~l ❖ r,7 
2.......,.J Rhf)ilf\l\lf) F~.86 b·!"' 1 ·•,,-,,., r,,L . , . 2b 
3 __ ,-,j ('.)l~.,j 11,t<,,_\"1 RB5 -

< ,~r) ~ 1r~ .. ·~ ~ · 

2
f.. ....... 

4 RA·)/At-.Y) RB4 ° , S.:,1';,. (f<~,it;.... )"""}4 

5J RAJIANJ RB3 --~ 
, .. ,, .. ,2, 23 
I·{ d - •---~--tL, ... 1 R)\4fTOCK1 

JT1 

l 1 
~/ .. ----------1:r;; 1 L. y ................. -1 '* LJ I 

c5 7,.,,, RA.:)At-l4 R8'1 _?,.2. -
33P 8 ' i.J ,'l :.;i' 2'1 !' 
l'_....._ __ ~ -- \/~¼' RGQHf>,!T - ' r·n ,., ,. . liS r---i ,,_...,~ • ! '• ''·""" ,•,;..., n,si ! ,..,r, I -~;;,u.1:.< ,, .. 2 l ....L,Ci1 ·h;J.:3<f 

, ' 1 (4: .✓ • l , , •• ., . , ,~-r• . 7r~· , .....,.... i ,,.A,,.~ )<·J . .-J 1C;;f""»--1 \ l . .,., ,.;::,,;:_,._,.,_,. ,__....,.,.-; ~:=!}·r- )vU.-1>} "B" ·•,J~:H r 
j \j 94.iJM iD r✓ ... ~ ... ,/ ( vDD 'jC! ;..;-=--,.;,,.-1

1
·-~}" ,Jee ,,1-,.,,__ ... ,:, ' 

•-,••.~11·""··••m--~-----···~------.w ...... -- ,.,.,, ,--c-·-2 ,, lr"S - V CJ:+ ! .,.,).,,, Cll< {'{'?·}f:i · ii '1::; ;.,;.;,... - b ,.,.... ----r- - ., . .1.,., 
~ r·• . ,,. ,, "' ' - .. . - -1 a ,.,,,,,,.,.,.,. ,._,i'.-- i. CM' 1 r~---.. 

• ..,5 .l _j ,,.. ·---c r-- ,1 r· so f'.J(':7/RX l () / r --"- ,<i-t') 1 
av,□ -- RL )1 i 1l) ,~vJ. ~ 'l'l ·r•JJ"l ·r.10/iJTI 14 r~r•._!f,. b : ..... vr ,.,. .,,,. ---,.~~,.,,,,,.,,.~,. ~v•, •~. J-,,.,.,.-_.-_~ ._,., •~." .,.:i: • ,.,.,. y, ,.,.. ~ 1 

Rc11ccp2 i~cHrrx '. 1 1 ... r :19 r2iN T2oc17j....]_ •.~,,<:,, ,,,,i-l-o . r· ,..;,;1 
. i "'p •2 I r •.• ,. /;,r• ,x.- , / ,,r.t ·i~c.·2'(".,..,,.._1 ~~r,.,,.-{Pf",01' f<.' _,, ____ , .'"'_,,r;••(".ll'"f' R1l!\'' _ .. ,. , u ., .. ) ,1 0 L~ -1 r ,._, ~' "")"· 'v. ,...,.,,,,,. -7' lr"'d,.,- ,, _ .. ,_,<~ . ..,. 

~ ~~--...,.)': - t v--.. '1'.....,,,,LJ ~ ~ ,"J,>r•;'j {T R2'.'i\~~ '.J • ~~,!,---;O l 1 A ~ ,._... __ ~ r-;Lvv -: ~r"'1!-r--h~~ r~.,p•, "1: , i 
•d <,'._,..,,, ,~, .. ,.-, • l '0 I v,•~ =' j _~~. ( ~ W. ,c~...,;,_ ' ~ ~ l ,. ~ D ,. ~ •,7 i1 ", RC31,::)vK .,,,C41v01 ~ ·:f:.,.,1-~ND ·r-r" 0 l h <i O 1 l.;,_,-.,.,... ' ----------------1 .J::~ e:,~y_,,,,>:--~,; r--} /,, ~~1-n ;?:rW- ~~.•h } 

·RP'"/46,--,3 (',ND Mf.,,/.j.,e,)t;-.,S{:: •>.-,d •--"'--' vh ~ 
,: · {t.s- ~ ~~t~ I~ t~NO 7t~t;i5f;"'i 

12 
1~3v, 
'i4 

Figure 10 

,m 
0 

_,.,. .,.,,. 
C 
~ 
-~ 

~ ,..., 
~~.;,: 
·-?;, 
w 

~ n 
~ ;: 
C 
~-;c -~ 
SI 
§ 
~-. 
',%; 

---~ 



w 
C 
tr! w 
:::::i 
,.,.,.; 

~ 
"""< m 
w 
:r: 
m 
m 
-l -· ;z! 
C 
r 
m 
tv 
m ._,... 
,::; 
0 
~ 
C 

~--- ---- ------------- --- ------- --- ------------ - ____ :t ___ -:----
1
- -\ 

! 1 1 i 

~
, R" in' P." l~R3 HR4 ! 

' ) ,M,- K •'•K' <:iK. LJ2K i 2 1 t ~ • ! ,::,. ... ~ ~ ~ y i -":ff}. 

'; _, ; , Ei'">•' i l ! __ ..r' >,;V 2!}--... , "'.1 LED2! Lt:01 l L"' u
1

11 ,..,--i---···r -. 1 .j -·-·-·-·,., Red\ Green] Bu~:__. 'r i I 
! ''"" ,..,.,,. .._.--..,.. ..,z,,,, I I 
j ,. ~ -~~- ·--1\·<"" : ~- ! j 

' / j "- :I' j · I j " I !Cl / ----, i4 I :1 I l l ..;2 
i P,..O 1-\,.7 P51r:;;-··_ ....... , ]\ .. ,.,),:) i l i ~ 
·;~·- ~er \ ~~ryL,J{t .... -............... _..J .,;;,, 1 \ '--·1 ,; ! 
·= .... p,.., ; F,N-i ) ~ ! a; 
" '°' ,I ·12 I I ,,., 

i .J p?"~,... P53_"r-=-"···----·· ! r------f -;; : •c2 - ~------· ·---· " 0 
,.... 1 ·i 1 

7

E' ,, .. ,_., J
" i ltL~f,.r: ·+oV i 4 ,

1
r-~o VSci---·----

1 
i , ; ' f 0 V..) •i M,,.. J -····--·-·'1'-·-·-··-- ' ,__, ,1 " l >m"."1 i 3 :-. --.- · l~·-·-·-+-~··-·-·- i ,.:; . , . !No/ ... .l.!..J ..... , l l 3! '···-·---···

4
·-···••.•·•· .. ,v,, Vout , i ! , -"-·-P65/0SC1 P60/. '· 

0 

1 , 

I 2 ------------, ·11 . _t_ c2ctt f'1,p.,:: 'OR6 6 !r-,;q.Poc:r-o P61 ....2.·-·-t-7 : , , , <...,. (•,l~- .,, _,_,,,.,, 1, ·,v i ,.,.,

7 
.. K Llw· b<-t; vv _ (> , 

1 

L ~ I • ~J I f - - -,-, /. ~: f 1{"•7K ! ,,,._~ ~ 0 1 0 .1s7 ! (>,1!104!50V j47{}urJioVi !rl'- '' '1 - . L,P63iRST P62/TCC I l E<7, 
..... __ , ! ' , . ! r'l', ~~18P1z:q,;;:: i l 27h .. -::" ' -.~ - l ! Cl>1l , ,,_;-._,v i i., 

I - ._,, I I I I I 
l H8 ! i ___ ..... ~--~ .. •····•• ... • .. J j ! I 1 OK ' ------+-- ··-··-· I r,"A 01 4----···--·---=·-- I I 1 /-.V. ) ,., 

1 ! t-----.................... . .............. -·•·--·~-r-····~l _ -,7 
, , , , 1 l ·/ , 02 
I , ,,-J. I ,~,, '·- -. i _R9 i r 1 ./ .,_ c~•') ~·-----,---- ~: ' • . '¥ I -i l/ 'i ,1,.;; • ' ! _____ ,JQr-1--- ----- -+---;- \h_ J I 
'- - i i --.. ....... :;:;r l 

i, 8-~A D4 ! ·-::::---; // ,~,._ ......1....... 
t~~ } ~ 

\ f'-.,. J -·•..,,,;:_,x 

-b- Figure 11 

:~ 
·cc 

~ 
C 
~ 
i 
:Z;: 
:-;;, 
~...;, 
t~-4 
:.c, 
~~ 

"i:i 
~ 
~ 

► ~ 
:-,...i( 

~ 
g 
Z';;· 

(;',, 

':; 



···:1nt~n~i,tknal ,ipr,lkatkm N0. l 
PCT/AU2007/{}01697 I 

.A .. 
-------....................... _....;.. _______ ····-······--·······"----···----·---------~ ....... -...... ....... . ···-------------------··············i 

CLA.SSIFICATION OF SUBJECT }.-tATTER · 

Int CL 

flfJSB 3 i/lrJ (2006.01) 

I .c\c,:;.;xdir~g i.,., bterm;l.kit!ii1 hknt Cli,~-~lf\u:tk)ti tl}>C') <w tn both n1donal das~lfl,;,ii.km al'd IPC 
:-,..,'" • .,...,..,.,., •••• _..,,.,,..,..,"!(: ~•u,,-.,uun,,,;-, • • •• • ..., ... .._.._,,., \. • ,,,.~_: .. :.~,u.,, ... ~-~h , ........ ., ...... ~ • ............ • ............ •~ .,.,.,,,,,.,.,.,_~n,,,,,.~•n,, .. ,.......................... "''"¥• "' ..... 

rmLDS SEA.RCHED 

t~t;t¾fr:t t;:tt<:~Y:-ft~\'.: ◊f f:itt;.i dn::~mx:.t:1::.~:. 
dn~~m~:ni d~ns:i::g fo.-.~ ~~!':~·:·~~1 :-rtst~ t·1f th~: :c~n ~1;,·I1k':: ~~ 
flf~ CC?1~~6erc~- t.1) b-..:: ~.::t pt~s-tfo;;far H=k:v;.~Hf~:..= 

'~r.v t&::.'Jk.-· &}:pfrw:r.ti(~ )>£ p;:i:ls:'.:"}! hn~ p:.:.bU~:htid ~~l ::-.1r :·r:'1~r ·~h~ 
?rtk~fn~rj1_;1i~t fiHi}g d:?:;l,'t: 

)t~/ d,x-:um~nt "Nh:di ff}::-ty thrc:t,' <l{:'~}bt~ tm pri;;.:ihy ~;!skn(:;) 
i..:r '?..-hi-::•h ls '"i;r:,d ii..< i:-shthH:tb ;h~; .::'t~hfo>~tk:t~ ;Jr~t!.": nf 

~~~::;:,~~;i;~~;;i~;~~?\~~)'.::,:;~';;;;~:i::t~::~:~':;,:;~:,)C) 
,~r cih~r S1! ,;;~};.C~!i 

i:;:,:, tt:.)C{JW•;:nt pt~Ni~-:he<l _~,ri,.1t ~:i) the;: fn~r~ffl~1ti1.'}n3..t Wing tfat•, 

h"tk1 ~\;J-c,:.um~~Bt ~i.:t:nst:eU ~~n~r itK~ hHt":.EW~lk .. •Hs.: t1!bt d:::.h~- ),,_;r pr"tf...:[j.!-3•· f?~1t,~ W)d m.ri h 
1..\.::-d1fr:t \(•·W: ~ht~ ~ttPl-={~St}i_;n br:t :..":Jhxi ~D Btl:.1:~rsr.;fr:J iht~ :t;drJ(;.1pJ~ -:.1-t ~h~1tr 
i):':tierlyin~~ tlk it~'l~r;l:(•f:; 
d,.\:'Hfnt!~~t ◊f p3nk:;..,::J~r ·r-.::,t~v.3r:i.~t: th\$ •~ls.Ci~.j ~ftVtmi(<.Sc ~-~::m)I :",,-~ ~r:st<kr~d ~~ov..::l 
t,r •;:<:.nnot lx: ~cn~ict~=R.=•:J :.~ 1n\•:,.1ly<: an ~nvcr:::iv~ s~..::p ..,_·{:,;;:~ th~ ~t!"l:~1mi<:m is ~~~£:i~ 
~to;;;; 
~k~f.;:t~nc;.:;:n~ '-)f p¼.n.kH~~r $~:t~,:im~;:.:~: t.h~ •.~l~1::n::.j fr~\·~m~{j.~ .~~:}r:::"':-t)! b~ ;;{m$iC~-'.t'~d t;.1 

frw,1;.1h:e ~~:"! i·.i:~•~n~;-..,~. :$t-::.r~, ).•A~:t:::": fr:-t:- :.i\.~,t;i-!Tt:t':.:~~ i:: tx1mbhi,;:,d w.(~h <;n~ :.)c rn(:~e :'.Ith~'!-: 
~::tt':;~ d~.:.;,:1.1:":'!-~!t::A. $JKh :.:0mhim~t~~1n hcjni. ~-.-:~Y kn~s ~~ :c-:. ~1,:,t:s-:.m ?'ik~~fod in t:Jf~ ::ut 

_______________ bu~ h::t•X'_t.h~~r. fo~ pd~d~y d~h: ,;lJ~ir.1t~d ··-•--,nnnnn,nnnnn-------,------------· 
1)3.tc ofth.c s<:tus] t<,1n1pk:ti• .. 1n ,,rth(: hrt:::rn;sh~>fi<J ;?.:-.."::art-h r.l~t~: ~.1-f~n~1ii!rig c,f the ;_n,t~trm~k)J.'lf~l s:enrd~ i~p~!ct 

,, n JAN woa 

I 
I 



F' r-••····· ...... ,_ --.............. • •..• 

l ruterirn:!ic,,i,d i1pplic2tinn No. 

i :PCT!AH"'.WW:.'/MU.i97 
.......... ....... , .... • -----~-~ ......................... . . --.................... ········· ................. .. .................. , ........ _..... ........................ ., ···----..., 

i ·nil:,: Annex. list-., fh(l kra,~.vr, !1,:\" ,:mb!ication kwd ptit"'nt fa,mi!v n:1,:,mb~:r,; rnl,itirn: to the paJcnt do::::mn(:mts cited in th~ 
r abovc~:XtCniiond inkma!:kmd $(;a.n::.l1 t'<:OOrt. Th.e Austrrtlimi };::i.kmt Offk.e i;, t!)~l<) \','HV }fable for th$:;C particuh:1r·:i 
: ' ,. s ... ' • -

i ','ihich an~_m<:1·c,fygivm, for Hm pw:~( in.kirmatlm1 ..................................... _....................... .. .... ~ ..................... ··----···--
, ____ ,,_,,_,, __ ,,,,,,,,••••••--•n,no,••••••••••••••••••••••••••••-.•--.-.-.-.-.-.-.-...,.,,.,.,...._-.-.-.•--------,,,,,,,,,,.,_,,,,,,,,,,, .....••.. ,,-.,•••••, ... ,.,,.,.,..,..,.., .. ..,.,,. .............................. ..,,. .. .,.,~•WWW-

hir.em Do-:.mn~:it C!i.e;~ in 
i <.;,~;,in;fi T{e",l"' I ........... ,.-.. • .. ·-... -~- ... -........................................................ ._ ........ _ ........ ___________ ............................. ________ .........., 
i US 20U4257ZHY/ AU 17825/01 A1.J 19)41/99 AD 39t,70/02 
i 

AU 

AU 

AU 
A1J 

CA 

CA 

EP 

EP 

EP 

EP 

HK 

KR 

us 
us 
lJS 

us 
us 

us 

77185/0] 

200236(r721 

2003265764 

2004200183 

2559718 

iC\40398 

1195740 

122Al40 

1422975 

!$35495 

lh.l<l"/2& 

1729bi5 

2006lil31% 

678801 T 

AU 

AU 

AU 
AU 

AU 

CA 

CA 

CN 
EP 

EP 

EP 
EP 

EP 

EP 

EP 

BP 

JP 

lJS 

us 
us 
us 
us 

us 
us 

$3129/99 

91111/0 l 

2003268540 

2302227 

2579196 

.[809867 

1287724 

1501763 

l6l0593 

6016038 

6577080 

6777891 

Al) 59134/0t 

AU 73694/01 

AU 92{)60/9t 

i\U 2003279157 

CA 2314163 

CA 259t 133 

Ef' l 172748 

EP 1224845 

EP 1295515 

.EP 1:5(}JAR3 

EP J.'?54.!2l 

EP 1849152 

GS 615077,; 

us 629290! 

us 6608453 

us 6720745 

lJS 6781329 

ns 6897624 



~f)l 
.. "''ll"l'·1{~"'' 1. "l'_'p,1' "'s'; ,. -, ·.l',h ---------·] .l. • ._,\ ,I.•.~ .l'~.J'IJ., i_ ._:.._;: ,:\.,_,~·},-.\••;,,..; ,'v, 

faformmkir: on p,i.i:t:m fomily mcmbots PCT/AU2tl07/0flrn:tJ7 
,,,,,,,~~-- .. -. .......,.,,,,,,,,,,,,,,,,,,-• .... ,,.._................... . ..... ~, .. , ... , ........... ,, ........ .._.._.._.,_.._.._ _________________ ,,, .... ,._, ... ~- -~-----------········~ 

\JS 

1JS 

us 
us 

tJS 

us 

lJS 

us 
cs 
us 
us 
CB 
1:.:rs 

us 
us 

7132804 

7l86{}(l3 

7131060 

7242152 

7255457 

W02J52045 

2002Vi3316 

200301!538 

2003057S86 

2{}03076281 

2.004090787 

UB 2lKM !30909 

us 2004178751 

C'S 20042 l 2993 

us 2(!{)$():35728 

US 2(l05()4J.l6l 

us 2005063194 

us 2005213353 

~JS 

lJS '2005248299 

us 
us 
IJ'S 

us 
us 

us 

us 

lJS 

LtS 

lJS 

us 
us 
us 

6965205 

7014336 

7038399 

71J354l 

7161313 

7248239 

7303300 

2DC2057G6 l 

200207§221 

2002(76259 

20030232.60 

20(l4052n76 

2004!0526! 

us 200415%09 

us 1(!\}42 J 232(} 

us 2004240890 

r.:rs 2G05047U4 

us 
us 

2005253533 

us 
lJS 

lJS 

us 
\JS 

us 

us 
us 
us 
us 

us 

us 
us 

us 
u:s 
us 
us 
U8 

us 
us 

us 
us 
us 
us 
us 
us 

6967448 

713.0252 

7202613 

7233831 

2002 rn 1197 

200215.858} 

2003057890 

2.(H}:32 J 425 9 

200409019! 

2-004160199 

2(H)42l232t 

2005044617 

200523699S 

·., 

I 

I 

l 
i 
' l 
l 
l 



us 

us 
us 

us 
us 

'NO 

WO 

\VO 

\VO 

V{O 

WO 
\'\/0 

2005276053 

2006012987 

2006J.5il8$l 

2006262516 

2007086754 

2{}1)7 ! t %65 

000!067 

0245467 

02061330 

0302:4269 

20040.2.3850 

20{}5089309 

I - , . • . ,:,,,..,.,.,,,-...,.,,, 

j lnten:~)n0n3.! !!pphc.at:on t,H); 

i l"C'l'/AU29H7/0tll.irn7 .~-~--.. - ........................... ___ .........., 
us 2005285547 

us 2006(}16%{} 

lJS 200<5076908 

us 20070869!2 

us 2007195526 

\VO (} l 05 l 95 

\VO 9910867 

WO 02091005 

\\'O {do:26:l58 

\VO {H09676t 

\VO 2004032572 

WO 2Nl::Hl2997 

V</0 200508,:!339 

\VO 2006069117 

us 
us 
tTS 

LTS 

us 
e, 
\VO 

WO 

\VO 

'NO 

\VO 

\VO 

\VO 

2:01)60021 H) 

200615202 

2007047227 

2007 l 8fi427 

'.<.007258240 

0199475 

0240921 

2004021747 

2.006031753 

FND OF ANNEX i 
•~-~---~-•-•n,,,,,,,,,,.,n,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,: 

·•························ .............. ~ ........ ~~-...................... _ .............................................. ., .................................................................... --. .... --... 



-
:::::::::::::::::::::::: 
,,..,...._; 

--~ 

fI9J W<H'ld foidli.:'thml Prwi~'r!Y Org;.Hl.lni.i.iun ,. 
J:rlt(:t'mHiOMi Hm\~lin 

(43! fot('1·naifoirnl Puhl.it.'~iJi<m I.l.ah• 
:16 !\·hffdl 2009 (2(~,!):3,:M}(l:9:) 

(51) foknrnlkwml .Piiknt Cllls,;ilkiitimi: 
(;,}_;rp Ui\l/) (Wfl!d) i ) 

(1f) lniN'twHnn,,l Applka!l.,m NB.ml>N·: 

PCT 

Fc:·1·/US2t·O~/(r"!6552 

(11} l.ukrniil:bmi.l Fl!hit foHt:: 

(.~}) l'rlm-~ly Oai~~: 
l U8S9 . .68n 

16 St~ph.~n:Ih;:.~r ~}((13- {)6.0~)'.2008) 

(71) ~'lpp§k~a1:1t (Ah•' tllt ~lf7~:.i8l"?.::~r~~d ,\~\-~h~s i~.};r:-r?pf {.!,\)~ 
E\.f'.L.,\R,\, JNC. (U:"./U'.';j·. S,\it,~- L!.O. ·.'\921} h·,,•,,•. 

dOUJ: (~i:.t:li~:, S:cit:W CJ:~.:.<1 .. (~.:\. 9)f.6.:l (l!S). 

(72) fowul.M's, ,md 
(7:'i_) hr•niloi-~/Appfo:a:nts (fo., US f.:ni_,/; ZHOU, .l)n(ig~fwng 

fU::'.fUSi: U.'55 Ki,,,yr,: 'N;iy .. S:c,.n Je;:;.::. C,\ 9~.i.29 (1.lS}. 
S!lTE\·;,,imm.G, Anai(>!:r P.iS/C:S]: l l9l Qs.mH Cr,x,\ 

om l1i.i~l!ll:\tl!imd Pnhlit;:lil@ Numht~{' 

\V() 2009/039112 Al 
Ci;,,k, San .fo,c. CA 95)'.:0 (li:3J. RO.IJR!Gl.il'], l'fan-.~· 
{US/l.:!c":.j; 105·15 h)(>thnl i\,,~ .. Gl.:_r,;)y, CA 95(1"20 (US\ 
:EASON, )·fod, fl .. :SlUS} 1670 M::mk, Vj,;ti DriY,~, ffo[. 
fo:m·. Ci',. 1!'>tf'_'; il}.',l. r..-GU'r'E?>., La.nil iTJS/1.:S]. ?"Ht 
D1md,x~ DtlYc, S;;nt:\ ('i,m;, Ci\ '):305) {US\ 

(74} i\{;?l~t: Gi\.lVmt.:RIJ, Naiwy, R,; (hml)l},·d Law Omur 
Ll .. C, iii.lo \\,-\,,1. },;d,WH Blvd., Suikl C'S, C;ika;c:<', rL 
W66.l ,LS\ 

(81) l)~~$gn~h:"Ki Sl~~ti~S ~ Ntti~-:·.r5, ~-_}~hi:.,·wi.;;,~· iruht:<tti~}-J, .f~_}>· .:-"'P,:-"~"Y 

kfri•ti •\fn{1tinn;:d prrJ?fr~f!.rJ.n fJ.1:{Jihifd1:::}; Ai\ A(l AL, A\r 
AO,ALAU. AZ. B/,. nn. HG.HlLHH,HW, BY. HZ,CA. 
CH, CN, co,c~, CU,C/ .. Db, i)K, DM, l)O, nz .. li(. Lb. 
EO,. rs, FL OK GD, (W, GH, GM, GT, HN. HR. HU, lD, 
TL. !N. IS., .lP: Kl\ KG, KM·, KN. Kl". KR .. KZ. l.A, LC. LK. 
LR. LS, IT LU, J.Y, i'<-L\, MD, :ME MG, MK, J\.lN, \1\.V; 
J<,lX, NP( lvt:i'.. NA, NG, NJ., NO, NZ, O\'l, FG. PH, PL. . .PT, 
RO. RS, RU, SC, SJ\ SE,. 5G, SK. SL S\t ST, SV :'t( TJ, 
l'M, TN, TR, TT, TZ, UA, UG, US, OZ. VC, VN, 1:A, Z?\,L 
Z\"·,./ 

!54) '11Lk: DKffL\L DHrVER i\l-'P.<\KATUS, t-lEU!OD AND$ YSTEt,,t FOR SOLlD STi(l'b UGlfl'lNG 

Fl"G, J. 
.it\ 

i~ 
' --- . --- . -- -. ·---. ---- . --- .. --- --- . --~-. ---

(57) .--'.h .. --.tnid., /',n ~,-::pant!:!,, !'Mtl,nd '3.nd ,,y,,,,n, arn 
pr,:_;yid<!d fvr (:OntrolHng ti;~. :;•)lid :;;;.ii,;, lighting, ,;w;h :J.~ LED,, 
/'i_:~ fi-X~::rnp1~ffJ' ~fpp;~_:_-::~:BJ~- l\")tl-:ph$i.:~..,; ~--- :-.\V£l:(.'.h. for ~-._:_:{tchi;\~ 
~"i~:,.:Jrh::~il ~urn~:11 tbx~.~Gf:h th~: }J-:{J')\ a (:nnent ~e:.r~o.r_. ;~ 
first <..X>HiJ)~~..r~ttGr :.:!d~ip;;..:•J to d(:;:1...~ru;Jrt{,~ :.:~ S'--~·il~:h "-~UU\.~nt fir~ t 
p.i\:d~-t~rrni~-~.i.:X1 lJ}r~-~h-;::Jd~ a ~tt(·:nd t.1J:n:1~a~'J:t..-)r d~~i~~nxt~nhig 
th~~ ~-..:d tefi t~unt~~~t re;._=tt"'.hcd an ~'/e~·Hg;::: h-:vc:L ('..:}ntr·,~lh:r ;:~df~pH: .. -..d 
t(:' b};n th..:': :~ \\•'iti..• h intf, nr~loff ~1..~<tt"::s~ d'-:~i.~";rn.~.lnf: ;3 hr~t on fr:-n~:: 
pe.d<~d ~it ~ dwr:_=tthn~ }:••1:~\~·\;~\:;~n ,:.::}th:er s~~,-x}:1d pri:.f...k:k~n-nfned 
thr:·:-:~:·};-;jd ::i~:-:h:~·;_if>£t ;.:r tf1(:-: trrtnfrsg ~fo·: ~-..:.:~tt'.h h~h.: HK· nt} .. ;J;3_:_;.:':_ 

<tfid th(: d~-1~-..;_:~ior: of i'lK~ pnxfott:::';_lrh:;~~d :i\-•i::~ragt c·:..~rn.:~tlt h!'-~l. 
,h.':tr=--rn~ im;: a sect~~xi ,~1~ ;.h::1H:s p~~r~qd ~ts ~t dr.:·...-,m.ion lK~t...::\"(~cr1 

p.tf:.d::.:-.1Brr:1i~)(~d ~i~,~~·r.:~f.i.:" curr(~n·t ht·i.:i.:~.l ~~nd fir:~t p.rf~:d~~t::?:rcr~frK~d 
ihr:::·sh(;1I.J (k:t~~ti•)n~ Jd:cnn.ia:.::- ~Hi 1.),rt l-3.rat: ~}1..-it,-:h p~:t:i:_;,J ;;~s 
pt<,,~P•fJ£llf:'£~aJ to flr:~: ~;.r~d ·~>:.~x~.r,d ~)n ti1~·~::j. p1.:1·jtx}~ .,\.d<htk~n;:<Jty, 
1J.tih:-:-~~ ~~ dift~r~~nce h•::~t':veeH fjrst ;Jnd .•:-i!i::~}nd ;;}::1 ti.t:h~ 



G\,t, KE lS, :ofW. MZ, NA. Sl), SL, SZ. TZ. UG, Z\·-1, PHb.lb!wd: 
Z\\:) .. Ei.tr~~s.h:n (A~-1.. ;\Z: lfY: l{.Ct K:t, ~l{):- RU. IJ~ 'l~.ft u1f.£h h1t~~,Na1t·_..r:ul )t'ilrch n~pun 
Fm·,)pe,i.:.\ (AI lrn. BG, CH, CY CZ .. UE .. l.lK. EC ES, Ft 
FR, GB, GR. HR HU, lE, XS, rt U~ LU, LV, ?v1C ~4T, NL, 
:NC\ PL~ PT. R(\ ,~~E .. SL s.1-::. .. ·r.R::. f).l~.PI rBr. BJ.. c:r. C(t. 
f~C C1,•%{ ()/'~ .. ~ (-JN": fl{), (tV~/ ~·n .. , Jvnt NE~ SN~ Tl), T(fL 



PCT/VS2!W8/H 76:55.2 

DlGtTA.L HRIVER ,,.\PPARATVS, l\.-JETHOO A.ND S'i"STEM 

FOR SOUO STATE LIGHTING 

FlELH Of THE INV'ltNTlON 

The present invention in g;;meral is rrfoted ro supplying and cnntrolhng 

pn-wcr to :-:.olid sfarc;; bghling devices, and mor,;.'. particularly, fo digitally contr(ilFng the 

cun:crd" eif solid state lighting ,:fo,,.·ices snch a:-:. ligh1' emi1ting diodes utiliz~xi in lighting 

BACKGROUND OF THE INVENTlON 

Arrays of light emitting diod;;.,.s (''LE.Di:',"} are utilized fix a wide variety 

of appl1cations, including for general lighting und rnulticolorcd Lighting, Bct,ausc 

emitkd light intensity 11-, pmpol'tiornl! to the av<:.:ragc current through ~m LED (cw 

through ,l plurnhty (JfLEDs conn,~ct;:'.d in serie_:;,), adjusting th:: average: cmrI,ntthi{iugh 

t 5 the LED(:1} i:-; one typical nwthrn.l of rcgu!.:,Jing the inH.:n,;,;ity or the color {_if thr 

ilhimination sm.irr.(\ Solid ~;tat.c lighting, such HS L.EDs,, arc typkaH::,' coupk~d to a 

A sk:rHkW<'ll (Buck) converter um be contmHcd either in di:-.contirn.iow.;. 

conduct.ion mode (DCM} nr cnntirmmis condiictinn n1nde (CC'Tvf). Typically DCl\1 i~ 

ln the pr1or art, a wdmiqne refr::rrcd to 11s "c11rrtnt progrnnm1ing mrn.k'' 

("CPl\.f ') is utilized tn an HHcropt to sil:nplify compensator designs for tht Bm:k 

1.x1irv;::ricr, n'r, e.g;, f/5.. f\itcnt No~. 6Jl34,5l7: 4,975,820; 4,672,518; 4,674,020; 1::.nd 

25 4,717,994. Prim· an drndt-; for tl:10 CPTvt rriode typically rcg:ulak the inducl:z)1· rurrnit 

CC\J rnode aroi.nvl a set point \Vithin the Bi.u::k converter. Thii:ii set point i-; fun.lier 

mrmiptdHt.cd by an {JUtcr compensating loop, For a BtKk con\\:rt~:r implcmcnhxt with 

A CP?r'l in1:r.!ernent~.lion, howcvel', cartrmt t{impty utilize u controll.er for 
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(X.n.npt'n$;:1tor bandwidth rn.ay be lovv, m.iother probk'.rn V\'ilh Uris CC\'.'f technique i,.:; tl.u.tt 

lb;; LED current rmry also fo.tctuate, p,:nticuiarly v\'licn the input vokap~ lo the Huck 

s <.\)nvcncr conta.in:c; a high rippk pi::rcenuigc, 

!\,·:lost prior art LED crmtrn1 systeniB aLso utilize u "'high sid('. serrning" 

techniqu\.'., in ,;.vhich the nutput curr\.'.nl of a Bw:.:k converter is sensed by ii i:>Crn-,ing 

re.,i·'.l!or in seri-:.,8 \Vith the inductor (see, e.g., U.S. P,tknt Nos. 6)Vi3, 174; 6, !66,528: 

and 5,600,234)_ \Vith high side sensing, output currtnt cw>i be r,:;gulmed ai:.:cun,itdy, and 

l G high side sensing c,,n a.lso bt:'. utiliZ('.d with CPlVl techniques. fo order (Q overro.rne the 

\·Hrious stahiWy prnbkm" and other di"ad.vanuge'.;; rnentioni;;d above, th,;; prinr ait hu::; 

ut.ili?ed vm1ous Cl)nlrolk,rs to irnpkrncm l:1ysti:.:n~tic for so c1.dk:d "bang-brng') control 

to 1'(:gulatc ti-di, irdllctor cu1-rcnt. 

Th.0 high ':>Ide i:>Ct:sing technique v,mks ,vtH vvhcn HK contwl.icr 

lokrnk und, acct)rd.ingly, ~;uch a high side .>,Cni:>ing technique <:.:annot be utilized vvith 

typical contrnlkr !Cs. 

(fv10SFET) and gmmid, see, e.g,, HS. Patent \lo$. 6,580,258 and .\912.552. The kw 

sitfo sensing technkp.lG is usuarly associated w·ith a control mtthod called "constml t)ff 

time" (U..S. PMrnt ;\fos. 6.,580,258 ~wx:l 5, 9 l 2,552L Detailed an~dysis trf this cm1.5tant 

outp.1t voltage, il exhibits a very brg¢ error if it is used for u.1ntrolling rnlipt,t u.rrrcnt, 

du<: to con\\:n:cr component Hnd cnvironm~~ntaJ variations (e.g·,, manufacw.ring 

ten-ipemture). 

u-,;ing low· s;ii:k sensing tffi.d ~uitabk fr:ir lC in1_p1crncnrntio•n, tl:H-Ji cw:t r<:gufat:::: outp1.1t 

c,irn:.nt ,KTurntdy \A·hik dirninating those drav,,-barb, (~;:iusiid hy existing kdmiqt>es, 
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Such an app;:1nitu$, mcihnd and sy;;t(Yn shouk! pn:rvick a simpler controller tompard to 

CP1\,l kchniqncs, and further provide cx,;::dknt ,W<.'.nracy and not exhibiting (h('. 

probk'.Hl$ as;,,or.i;;lted \.-\ith prior ;;irt k<:.:hniqm.'.;,, sud1 as CPtv1 ti.x:hniquc,, Such an 

appanrni.i:<, $)'/'it(:m and rndhod ~:hmld afao control the intonsity (brighi1wi:ls} of light 

5 en1isslon$ fi.>r $Olid state'. <levic;::;; such t\S LEfJs, whik simultancow-;l}' providing for 

subsl,rnHaI stability ofperccived color rn1bsfon and control over wavelength shifong, 

over both a rnngr of intcnsi lies a.nd a range of LED j unctim\ k'n:1pGrntun.:s. Such m.\ 

appHrntus, sy.,k:m and rncthod should bf: capable of being irnpkrnent~xl ,vith few 

Sll.1\JMAR):' OF THE lN\-'ENTlON 

Thr: r:xcmphry embodiments of the present invention provi{k nurnen.1us 

The cxenrplary ernbodintcnb aUov,o for energizing one or n-wre LEDs, using digital 

i 5 control <1nd lmv side sen:,;ing, crn.tbLing Iow ,-dtagt: JC implerncntatiorrn. The i~xempkry 

appHrntus and system crnbodirncnt.s mi::.y h-: irnpkmr:nted \Vith cith.;_~r fix(,d or va:rir-tbk 

freqw:w:y switching, ,md n-rny he iinpiemenlcd with either AC or DC fH}\Ver sou.nx,.-;, 

i\~: a digitd implcmcn(Jtion, the exemplary crnbodirncnts may d-.o be irnpkmcnkd ut a 

Further advantag;;;.s of the exernpbry cmbodin\cnts further pn.ivid:~ for 

conttoliing the inwnsity ofhght ernisskms for solid statf (.kvk:cs such as LEDs, -,yhik 

sim.ultm:i(x)usty providing for suhs;tantwl stability of pcrtclv,::d i::ofor crnission, over 

25 both ,t ran gt:.'. ofintcnsitic."i and aho over a range nf LED junction tcmpcnuurcs. The 

30 con\pa:rntiv(.dy fe\VGr cmnponGnt.s,. prc,viding reduced cost. and :'size,, 1,vhile 

~;im1.dt;:mc:()usfy incrOl$ing efficiency m'.!d cnnbling longer battery life i.-vhcn u~e::d in 
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An cxempbry t~mbcidin1t:'.Ot provi,ki'i ,'l mtthQd of contro!bng .:-;olid 5tate 

Lighting, ,-vi!h the sond stMc l1ghting coupkd to a s'..vitch pnJ\·iding ~:n dcctrkal curr('.n( 

corn prises: turning the :-s\vitdi inw m1 on i:itutc: dekcting ~vhcn the ekx:tricaJ current has 

5 reached a predctermin<.:d avcrnp:'. (:urrcnt le:1,:d; detecting \vhe:n the ckctrical curn:'.nt hn.:,; 

reached a first prcdetenriincd <.:nrrent thrcshokl; determining a first on tirne period as ci 

duration bchvccn dctrdinn of a second prrdetcnnincd ctirre.nt kvtl or turning the 

sv,,itch into the on stale and the cktection of th,:-: predct.(;rn:1:ined Hvtrngr: n.irrent kvd; 

ddcrmi n ing a scctm.d <:.m thnc period ,IS a durntwn bct,i·ccn ti]i.'. dekdkm of tb:'. 

l G prcd;;;ttrrnined avetagc nnn.'.n( !eve.\ and the d,dedinn (lf the first pr,;;detcrmined c1mYn( 

threshold; awl detennining an nn tin1e period of the switch as substantially pr,_iportional 

to a sum of the first on time period und tfa~ M.:cond on tin-i(: ptrk1d. \Vhcn the on time 

period has cbp1,,cd, th(: (:>:empfory ~ilso provides fhr turning the sv,-·ildi in!o an olTstalc. 

The cx(;nrplary method may uli:>o provide for detecting when the cb.::lric;.tl current ha:,; 

i 5 rcw;:.hed the second prcdetcn:nined current tl:irc:,;hold. 

'fh(: exempia:ry cmbodirm:nts may opera.te tn a fixrd or variHbk 

frnqw:'.ncy S\'.\'ikhing rnode. For the fli,('.d .frequency s:\vltchlng, ,fi.,bt~(:qucnt to turning 

the &\,.·itch into the ,,ff staic, ·when a fixed tirne peri(>d hi.1.:., elapsed from huving turned 

the s\vitc.h intn the on stak\ the cxernpb.ry method again turns flw ss,vitch intn an on 

·:,o :;.laie ,md rcp1'.'.MS HK'. dcieciit)n 1,md ,:ktc:rminatk,n -'>.1tps. f-\w thb e>:cmphiry· 

('.mb<x!irnent, th,:'. method ,,tlso provid(~:,:; for g<c'.ncniting. ~in cnor :,;tgn,1l as ,i <:.hft'ci<;nce 

bcmecn the ~:ccond on tirne period and tht: first on iinw pcrind, and adjusting the on 

tfrne period proptxtionaHy to t.hc ~;rror signal. 

For variabk frequency 5•Vitching, when a current offtitrtc pi.':riod bas 

25 dapscd, the cxcrnpbry rnethod prrrvides fi.)r <:ktn-rnining the cunent off time puiod of' 

lh~ s\.v·itc.h as i.l. \mdion of the first on time period and tbe ;c;ccond on time period, and 

more partictdady, dct1-~rmining the current off time ix:,riod {Jf !hr: switch a-; a function of 

the first l>t1 time period, the ;;ccund on dnw pcril)d, and a previous off tim,:, period. In 

an (:x(miplury ('rnbodimcnt, lht current off tir:ne pcdod of th,;.: switch may be detcrniined 
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pi::.rii:.Kt Tu--.;;?{K) L" a pr'"viou.:,; secz>nd c.m time'. prrlod, TnnJK} it a prc,-·kn.rn off dme 

1x.:riod, and To,\ 1{K+ l) is a current fir::;t on tlm.e period. fo anottwr (;:ternplary 

lo1 ;:{K) is a prcviou;.; off fonc period, imd ·r,lc-; dK·i· l) b a nirrcnt finit on tin:-,c pc:riod. 

ln irnz'Yihi::r cxcrnplary cmbodirr::cnt, the currcn1 off tin1(~ pcrkid nf tht :-:;1--vitrh may be 

lo dd.eirnincd w;; ,1 function of ,i current first on tinw period, u pn:vions second on lime 

period, and a previous off tin1r, period, or as J furn::tion of u nirr,~:nt first on time pert(Jd, 

ihc s::x:o.nd. nn tirnc period. ln fad.d.ition, th,,) ,:n,(~mphiry i:ndhod alsci pro,:idcs.c frir 

dccrea$ing the ctirrent ,.Jff tin1c period proportion a Hy to a. driving gate rising edge time 

period, (>r dccrea.c';ing tl-w on time period proportfr:mal! y to a dri v'ing gMe fol ling edge 

tim;;.~ prriod and a con1panHor foiling cdg(: tinw prriod. 'in ,tnoth<;T variation, the 

20 cxcmphiry method may include a(tiu&ting the ,"ccond on th:nc period pn>portionally to ft 

driving gate fol 

proportionally to a driving gate falling edge tint<.:.'. [Kriod und a cornixuator falling edge 

tirnc period. 

2:5 .intervid fr.dlowing turning Hw switrh into the on state. Dmin_g the hfonking tirne 

iniervaL the cxe1np!ary rnelhod pniv1des for ignoring the detc,:;tinn of !he second 
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brighlrws~:; kvd of the solid state lighting 1.rn\y include w,ing a hy:,tcresis of d least lsvo 

ckclricaL cum:nt amplitude kvtis and at tca1,,t two dcdricaJ current dutycydt rnlio/';. 

ln an excrnpLll'}' ei:nbodimcnt, the scilid :c.tat(: ligl:n'ing comprises at k,a:,J 

one Light rmitting diode w-lw:.:h lui;:; a cornpin,,dvtly high voltag('. n<.Kk ;:ind ;:l 

electrical curn:.:nt path. The exernph,ry method rnu:y uJM.i .indmk sep;;irnkly deknnining 

a c{n-rcspond.ing first on Lime period, a corresponding second nn tirnc pcdnd, and a 

corresponding on tirnc period as i>Hh,,.t,mt.ially propmtiomd m the sum nf th;;:: 

dcu:rmining u c,}rri::spondirig off tinH: period fbr car:h army of the plurality t)f urrays. ln 

addition, the cx,::mplary method may also inctud;:: intcrb,:.ving the ctnTc:-;ponding on 

succ;.;-;:'>~ivdy :',Witching dcctrica.l u.irn.,n{ lo each arrny of the plurnhly of army:;; for the 

/\notfo::r fX.CJnplary crnbodimcnt pn:rvidcs ,rn apparn.t,is fi.:ir <.\:inrr()l!ing 

solid (,tak lighting, \'<-ith the apparatus ,;;ompdsing: a s'.:v1tch crmpluble to Hw solid :'il~ite 

30 lighting; il. fin,t comparntor adapk:d to determine whc.n a :-;-;>,·itch dcctrical curn~nt J:rns 

reached 11 first pr\~ckH.:rmind cun·(nt th\:shdd; a second compa:rntor adapted to 
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prc'.tktennincd. average current lcvd and the detect.ion of the first prcddcrrnincd current 

sigrml lo 

reforenrn voltage::, respertiv,Jy corn.':,ponding to the first and second prtdetenn1ned 

txcmplary current sensor is crnbodkd as ~l t\?,istivc circuit ,~krncnt. 

When itH.! solid sWJe lighting compris;;.\.<i a plurality of arrn:·/S of a 

25 tun·i each C<liT<::.,.prmding ~nvitch into ;,tn on state and an oil stale; to sci.,,ar(ttcly ddcrrni-nc 

a cunc:,;ponding fir:"-l o.n tirm~ period, a c.:ornispr.mdi.ng S(:u.md on frne period, and a 

corresponding on thnc period BS subs;Hmt;;:dly pl\)pon:ion:al to the sum nf th('. 
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phindhy nf Hrrny,;, ~;uch a.;;; by "ucc(5!>ivdy turn into an on sVitc (;~ich corrc:!>ponding 

;;'.:-vitch for c1.id1 ,u-ray of the ph1n:i.hty of;:,rrays for thr con-esponding on Hrnt. ;.Kriod, 

The cxernphuy e1nbodi1nenb ubo pn.hfrk ii sobd stat{' hghling sy.skrn,. 

tb;; :'-.ysti:.?n:1 couplabk to a po'NU' sonrc,;;, with dH., system con1pri1:,ing: a ph.rrnEty nf 

s arrays of scrks-eonneeted Hght fmitting diodes; a pfon:1lity of ,;v,,:itehcs, a 

c.orresp<nKhng switd1 nfthe plurn!ity of s,-vitcb;;s cnupled to each the army of the 

piurniity nf ,irray.,, of Light crniHing diodes; at least one corrc;-;ponding first cornpan1tor 

aduptcd !n dete:rrnine whc:1:1 a con:csponding s\vttch Gkctrical cum::nJ has n;,iched a 

con<c:~pondLng fit.st prcddcrrnhK:d ,:urrcnt thrcshokl; ,,it bi.st one, ,:orrc!:->ponding ~ctzmd 

lll cornp:.rrator ,Kfapted to determ.ine when tk corresponding si;viKh ekcrrical current h,rn 

readi;:;d a corresponding prcdcwnnined av'i.mige current fovd; a.nd al lea~;t (>nc 

controller ctmpkd to the corresponding first coropanr!{Jr and !{J !h;;., corr(~spom.Hng 

:;;ccond comp,~rator, tk <.:on!n.illu a,fa,_pi<::d to turn foe corrc.s;ponding .;;,vitd1 into an on 

st,ile ;;md an off state, tn d,,tcrrnin,, a corresponding .Hn,t m.i time period a;:; a dun1tion 

i 5 bct\.vccn either " d.cwction of i.l corresponding second pnxletcr.niined ctnTc.n.r thrc~hold 

or the turning the corresponding :5v,.-itd:1 into d,(: on state, a.nd tlw detection of the 

corr('.Sponding pt\xktcrrnfrwd average Cllfft.'.nt lev,:,l; to determ.inf H corresponding 

second on tirnc period as a duration between the ddcchon of the C(Jrrespunding 

pred.ctermin(~d avr:rage ntnent kvd and the detection nf the .:orrc!>ponding fo'i:.t 

·:,o pn::d.ctcrmincd curr;:'.Di ihn:.:sh;)Jd; a.nd io determine a couc:sponding t)n time period of 

the c<Jn:t.~ponding ~vdtch 11.:,; !:->Ub.:-;tanibUy prupurtiond t<:} a (>urn oftl·t;:'. corrc.:-;p<.mding 

first on tinI,;; period and th<;; corresponding second on tim(: p'i.'riod, The excrnphry 

contmlk:r is also Hdapkd to sq:w.rntdy pcrfrwm the rrK~ttHJi.lology of the invention for 

each army, indnd.n1g the interleaving and the other features discuss;cd abo:vc and bdo?,··. 

25 !n ~tddition, in the excrnpku-y s_ystcrn, th,;.'. ,:;xcrnp!ary ~tpp,u·ftut rrn~y b1~ 

ctmpkd w a DC-DC pm,,er convcrt,;.,r nxt:iving H DC input voltage or coupled to .1-\C~ 

DC pow,:cr convcrwr l\X'6ving a n~ctifi;;::d A.C inpm \·ohiigc. \Vhcn tfa~ po'Ni..T sour<.x~ 

provides a rcctifitd AC input vultage, an cfo<::trk'.al current thn:n.igh ;;i cm-rCSfKYnding 

s\vitch is subshm!Ldly z,:ro wht.:n the rectified A.C il-ir,ut volwge is bdmv ~. :;;elected or 

30 pnx1dcrrnined t.hn~shokl. In addition,. svhen thG pO'-Ver i~rn.irn:':'. prnvifks ii rccttfiGd AC 

i1\p1.1t vnJt,igc:, thr ,li bist ont controller is in a:n off statc:-,,vhen the l'.tctiflcd .AC input 

vdtag( b hdn\-V a .;,;~·kck:d or pR;dd(:,Tnincd thn;t,ho!d. 
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Another cxempbry en:,hndimcnt includ(~S an apparatus ft)r contn1i ling 

;;oHd ;;h1tc lightmg, \;,·ith tk~ app,:,,rntu~ cornpnslng: ,:, S\vitch t:GupbbL;.'. to the -?lOiid itatl.:-. 

lighting: a current SlilVKH coupled ki the swih;h; a first c,rrri.parntor adupkd to dttt:nninc 

the »\vitch dcctricaJ current has reached ,J second prcd.et~:rmincd c:urr<;;nt threshold.: a 

refercnc-:.~ volbigc generator crn.ipLx1 to the Erst, !:i<:.~cnml and third rnmpa.rntors and 

ad~tptcd. fri turn the switch into an on 

i 5 the dekction of ,1 0ernnd prcdetennined current thrcs.lmld or the turning the ~witdt into 

ttvcrngc Clffl\,nt level and the detection of the fir.st prz:d;:.'knnincd current thrcshokl; to 

ddermirn:: }j_n on !irne period nf the 1>\.,..-it.c.h as snhstm~tial ly pn::ipmtionHl to a 1>UH\ flf the 

·:,o first i}n tirne period and the :;.cci:md on iimc period; 10 {um ihc :-;\vitrh into an off state 

,\·h<::n the· on tinK'. p('.tl<)<.l ha~ chtpsi:'.d; and to dct,::-rminc a cun<:.'.nt off timt !XTbd of tlK' 

S'Nttch as a fi.nwiion of \ht fir.,;t un tirne perimL the second on tintc p;;.~riod, a.nd a 

Nurncn::n.r:-;, either advantag(~:-;, i:l.nd foaturc:-;, of the prct;cnt invc'.n(h)t1 '<-vdl 

25 bcconK readily &ppan::nt frorn th<:: f<il!O'>'<'·ing detailed dc.:'>ct1plkm <.iflhc::: invention ,rnd 

lb~ ,~,rnbodirrwnts thcreoL from !he duirns and fn)rn the a,::.rmnpanying dnHvings. 

BRlEF OESCRtf'TlON OF THE ORA \VE\GS 

30 r:nore readily apprcci,ated upon reference t.o the foi knvi;)g disclosurz; s,vhen ennskknxl in 
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Vigim: (or "FfG.") l is ct block and dn:nit diagrnrn of m1 cxcrnplmy frrsl 

diagra:ms illH;;trnting a fir.-;t exemplary Uffrcnt wav,'.fotm through the solid .,;tale lighting 

and thn.nigh ,l ~\v!Jch, rcspcctivc:ly,, in 1-Jccordanc-:.: with the teaching;,, of the pn.:i>eni 

i 5 teaching~ of the pre1,-ent inventimi. 

Figun.: (or ''FKi.") 6 is a graphical diagrarn iih.islrafrng n)rnbincd pub.c 

\'Vtdt.h rnodnbtkm {"P\Vf\f'} and amp!inKk modulation ¾)r brighi-ne1>s iidjustrncnt. h 

Figur('. (or "flG,") 7 b a. grnphkal dia.grnrn illu~trating hyi,tcrc(',i~ 

1K't\vecn two arnpWudc levels m1d duty cyck ralios fhr brightncs.,;, tKUu~;tm;;;nl in 

c:xcmpkiry current \VHY(:fr.irm thro;.igh HK solid. .\'itiici(: lighting 11.nd a n:'.ctifkd /\C currtni 

in accordance \Vitb the kachings of HK IH't;:k:nt h1venHrm, 
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Figm\: {or "FKi.") l l i;,; a timing diagrnrn illustrnting excrnph1ry 

nr!JlHpha,<;c :,wltching of the c:,;onpbry third ~yskxn embodiment in acrordimt(~ ,vith 

li.K tew.::.hing$ nfthc p.ivsent in\.cntion, 

Figure (or ''FlG.") l 2 is a flow diagrmn of an exempbr):1 rnethod 

5 en1bodimcnt in ite<.\)rdnncc 'Nith the teachings t1f tlK pn:'.stnt Invention. 

\Vhik the present invention is susceptible of ~;mbm.Hmenl in 11iany 

d[ffrrcnt fi:.nrni,;, then:: ,Ire ~Jtown m tht dt;gvings ,,ind 'NH! hi;: described herein in dtL:iil 

l G spt'Cifi,;; (:xcrnpbry embodiments thereof~ \Vtth the trnderstanding dwt the present 

disclosure h to be considered a~; an exemplification of the priw:.:ipJ;~s of the invention 

w:1.d is not intcnzk:d t.o limit the inv~mlion t.o the spGdfic trnbodimcms irlu~tratci:.L 'in 

this 1'1.><!)cct, bcfrm:.: (:xpbining at lui.»t <.nK crnbodfrncnt l'.Onsistcnt with the prc:;;cnt 

imcntion in detail, it t$ to he understood that dw invention is not liniitcd its 

i 5 apphciltion ki tlH.: details of con~truction and to the arnrngern.ent':'. of component::; ~d 

forth Hbov<: and bdtn.v, illustrated in thf dnnvings, or as dcsrribcd the \;::rnrnpks. 

\,fothcd:, and app,,,.rntWK'.,~, eurrnfatent with the present invention ~,re capabk'. of oth('.t' 

crnbodirnGnrn und of being pm.diced and Gc.trrkd out in varioti:<- \vays. /\ho, h i,;, to be 

uni:kr~tood l'lrnt the phrnsen!ogy and i\~m)ri:mlogy ;;.:mployed herein, as \Vdl us the 

·:,o t:\bsi.1·an indu.d.(xl bd~)\\',. arc i<)r lhc purpo::,cs cd' description and should nnl he rcgHrde:d 

,1i:', bnutmg. 

As rm~ntioned above. exemplary crnhodirncnts of the present invention 

provid;;:, m.irncrm.is ndva.11tHgrs for providing pov,·;;::r to solid stMc lighting, such as l(lht 

crnitfrng d,odcs, Th,:: ,:::,,;crnplriry embodiments ~i!l<),v fr.a· cncrgizrng one or rn<.wc LEDs, 

25 using digihd con!rql ;Jnd lnw side sensing, enabling: knv vnlt;:igc IC irnpknK:n!(ttion.::;, 

Th~ cx,~mpbry apparntus and system i~mbodini':..:nts may he imp1emcntcd with either 

fixed or variabk fr<:xrt.wncy S\ViJching, and may be i:mpkmcnt~~d with either AC or ·oc 
p;;3,vcr sourct:s. 1\3 a digitd implcrncnunicm, the cxi::mphry crnbodlnwnt.5 n-1,:iy Idsc, lx 

irnpkn1cnlrd iit a. rcdue('.d i;;ost The ex,~rnplary crnl:,c::diinent:, also providr fiJt pred:c,c 

30 cum::11t control, within any fo.dcctcd. tokrnnec level~. b addition,. the exemplai~v 

ctn!A)d.;\·ncn1.5 also clin'.lina.tc the required RC fihtring of the prior Iirt. Further 

tKh,,inl.::ig.:.c:s ;'H\~ discu.:c;scd hcluw. 
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Figm\~ l i!'i a block 11nd tttttd1 drn.grnm of an exemplary fir;:;t fiy."itc-m l 50 

emhod frncnt 1.md fir,'.';t aprntrntt6 100 emhodhncnt in 1.Kcon:fancc with the tc;:tching,.~ of 

li.K p,cst'.nt im·fntion, for a s.ing.h: dwn.nd of LEDs .l Hl /\s iHll~trnkd in Figure L the 

syi,item 150 cornpril'ies an apparatus l 00, a crnw;;.\tter 120 \Vlth an m.-ay nf LEDs 110 (a.s 

5 an txeraplary !ypc nf solid :-,U,tt.C lighting), and a cmnnt i;ensor l 60 (Hlustratcd in Figur,::: 

8 as i1nple.me11tcd t.rning a rtdistor ! 60_,\). The ill ustruted configuration fix the cmrvc.rter 

l 20 ii, a Buck convcrkr, ,ilthough rnany ,rther t:{mfigurntions and type:s. of convcnc.c-. 

may be utihz:ed cq1.liv,ilemly, <'~quiring only the t,tpllhihty for ''ki\v :;;irk" {node l 16) 

c1.irrtnt i::,cnsing, Le,, current scnS{>f I NJ hi on th,:;;' corr1par;;1tl\'(:.ly knv !:>idc {e.g.,, <it node 

l G l l 6) of the power converter l.20,. HB de:s.cdbcd in greater detail beki\.V, The converk'..r 

120 cmnprhe& an imfocior l 05 m1d it diode 1 l 5, \0viH1 HK, inductor 105 having a l'ieries 

conmx:lfon vstith tht LEDs l l iJ. Th1~ .s;,vit.ch 155 may be con.skk,t\:d part of the 

,:::ppan,tus 1 HO of part of LlK crmvcrkr l 2{L As krH'l\•Vn in th,:; 1.ut,. othtr conitxmcnts may 

also be included \\.·ithin the cmiv;;.'.ner 120, and are also \virhin the :,cope of the present 

Th(: apparatus WO, also rcfc:m:.:d to as " "digit:d LED· driver", comprises 

a controller 125, a phrndity of cornpm:t,turs 130, 135, J40, ;;md a rfforence voltage 

gcncnmw l 45. The eornparntorn 130, 135, 140 and rcfon:.:ncc vohugc g;;:ncrntor 145 

nrny 1x: imp!cn,cnfrd a;,; knrn.vn or br:cornes knn'Nn in the e!ectrnnk arts, Optimw.lly,. 

·:,o the app::irah.1s JOO may atsn include ::q1 inpul-ouipni t·'VO") inicd\cc 170, to n:'.ccivc 

(,1nd;\n tninl'.<rnh) wiri<:Al::-; :-,ignab1 such a::-; cm, off, brightness (dirmning) infbrrna.tiun., <)r 

other control infonnution (such as frmn a building control sy~:tcm), and may 

con1mun:i.(;atc using any pn>ix.x.:oL as dcsn~ibcd helm\·\ Tl:ie apparntus l 00 alsQ rnriy 

indudc ~l m;::n-iory 175, \uch ~\S to stc.irc setting-:;, vducs, and lither p\:l.n.~mcts::r,,; vduch 

25 nrny be used by the control lcr l 2.5 1 and \vh i<:h a.bo ,rn.ry have a ermric<.'.tion lo lht V'O 

interface 170, f;;_ir input or modification of such paramdi..:rs. V,,rfr:i\.t.S implementations 

of tht controtk~r L~5 (and other co111Tollcr 2?5 ~~mhodimr:nH), tfa~ VO int(:r:facc 170, and 

the m('.mory 175 i~rc de.scribed in gruitcr detail tdo,v, A switch 15.5, typkally 

irnpkn1enkd w, u fidd effect tn.u-rnii,tor ("FET") or ally other type of trnw~istor ot 

30 S\Vtkhing device, may he considered l'o be pa:rt of dthGr the .apparatu:,, 100, thG 

con-v{'.rt('.r l'.20, ot the systz:rn 1 50, and i:-, U)nfrolkd by tht c.:irrtn:.}lkr ns, typic;1lty 

through an ()ptional g;:•k driver (huller) 165, The Z.'.l1rrcnt sensor .160 ,,dso rnay be 
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considtrcd to be partofdthcr tht i,ipparn.tus 100 or the syMcrn 15\L Those of;;..kiH in 

the mt wdl recognize tlrnt the curr<:ori.t :Knsor 160 rn~ty lx'. irnpkn,,;;m(;:d in inniirncrnbk 

ways, uddfriun w tlw.: illw·,trntcd resistor (Figure 8), m1d ;Jl\Y and all of ,-vl:tidi HE' 

confidcred equivalent mid 'Ntthin !he sc9p(i of HK? invention, Nnt sepanrtdy ilh.istrated 

5 in Figure J art the typk~ll puw<:r {'Vdd and.ior Vr:-.;), ground, \'<nd do<:k (o:-;dthton lnputs 

mA i;;onnedinrrn frx tbe apparntw, 100, l.n addition, (,itlwr term.inn! mw~trnkd w; V,s or 

\!r-/ may abo be a ground (CND) conncctinn (e.g,, Vn-/ and GND, or Gl\D and Vi?-:°/­

Al~o us iUu~trnt()d, \\:--:•·and.\\:--:· rnay lx~ a DC voltage or a rectified AC (AC line 

VT1ltag<:;), wing ,ni i:iptinmd rectifier 325. E>:ernplary <:1..n-rtm \>-···avdt.wrn:-; tbr an AC 

l G i-mpkrnentation are .il.lustrated m-td dbcussed below \v.lth T('.-fl.~rence to Figure 9, 

As n:l'i.)ntfrmcd aho\ .. Z\ the apparntu.'> JOO inrpkmcnb ''](>-;.vc.sidc" ~:cnsing, 

such that voltages arc dct(~ctcd on the ''b\:v'' .sid1;~ of LEDs l JO, cor:npwcd to pnor mt 

"high--sidc" scn<;ing of inductor 105 (or LED l lO) etHT(::nt. According lye the ilpjXtratus 

100 is not required lo tokrate high voltages which would he nece;-;~ttry v,·ith high-side 

t 5 ~errning. The upparntw, 100 opentte1> by ddec.Hng various LED 110 current J,;_~veh: vd1en 

thz~ S\vitch l 55 is t)n m:,d ronducting,. 1::.nd by th!;.~ i:.:ontrollcr 125 c~dc1Jlating and 

predicting optirnul s\vikh .155 ''on tirn,:_:'' durations ("To;-/') (divid,.;_'.d into first nnd 

scc(md. portions) and ,~·witch 155 ''off time" durations (''Tun''). By controHing th.;; on 

and off durntions rif the switch l 55, th;;.: contm!ler l 25 thereby regulat;;;~, tlw cnrl\~nt 

·:,o throu.gh the L.Ens l l 0, ,vith curn::nt inc\~i:1&ing during the on titW\ Imd ,:kcrcasing 

during the off time (and fl,:y;,vtng through diode 115) rntho than the t,\.:.,ltl .. 'h 155} ~is 

illirntrntcd in Figu.n.~ 2A. ln addition, for these fast sysKnt and Hpparntus crnhodin1,.;nrn, 

lxx:ausc the cnmbin;;;d durnticm (;i.rlthrneti( sum) of the on (To~J and off (Toi,) til:ncs 

for the LEDs 110 is not ctnwtant, but is vt1riabk the syst>::n-, l 50 has H variabk 

25 ;;,v:tdiing frequency (a const.:mt .;,\v,tch)ng fr<:'.qncncy h, discussed bdow· v,·ith c({crnicc 

to Figun:, 8i. Th,;., LED l l O current k,\-C],fi an.~ dcki;.:ted ~lS c1me~p(Jnding voltage fovds 

:wross tlw nirrcnt s<::~1wor 160 during the on time, and con:1p,ti\x1 by the phm:Jity of 

co.rnpi:irawrs 130, 135, 140, to 1xKrc1;ponding rifi:Y<::nc,:; voltag,::s generated by n::forcncc 

voll~ige genera.tot 145, \Vht.n the switch 1.55 is off and not condw:;ling, how0'vet, it 

30 should he n()icd that m> current flo,v through or oih~~rwise \Vilt be ava.itabk to the 

currc:nt sen!ioor 160 (;,,\vikh 155 curn::ni fatli:. to ztr() during Ton, as illuMrat.cd in Figure 

2B )s m-id a.B a C<)n.:c,cq1.t ,;.:n c,:., UK curnparntor:,; 130, 13 5, 14(\ ,viH nol hav<.:.'. <:CHTcspzrnding 
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voltagC'. input and \Vilt thcrcfon:. hfave a kw (binary zC'.ro) m.1tput Described another 

,:vay, during the oiTtimc ofthc switch 155, th,: cor.nrMrntnrs !30,. !35, l40 art not 

ln accordance 'vVith the present inventkin, the controller l 25 will 

<'!:veragc current levd lJnXAtgh tht LEDs 1 ! 0, 'whi.d1 current is forthcr le::;.s than a 

$tlectcd or preddcnnined fiNt, high threshold kvt! and greater than a ::;ckckd or 

pnxletcrmirn::d scx:ond, lmv thn>$hold b·\.ti'.J, thereby rcgubting average q.llT(~nt ihn:mgh 

th<:.'. LED,;, 110 \vith a pnxktcrrnind i:'.UtTcnt ·dppk kvd. A first t\)ntparntor DO .b 

crnT;;.~nr sensor l 6(\ by comparing l1H.! voltag,;; k\·el acnJ::;s the current sen~or f 60 \"<'ith a 

first ri'.'.fcrencc \•oltagc kvd pmvidrd by the rcfen~ni:,c V(:>ltagc genc:ratCH' l 45 .. A serond 

provided by the reference voltage generator !4:5, Bused upnn tbnsc detected lcvds, the 

cuJc u!ate a next off tinw duration, Quite rapidly and within Vt\l)' fa'.,-V on and olT eye ks 

ofth(: switch 155, th(: rnntnilkr !)5 \\·ill cause dw on and off durations of the S\viti:h 

11 H) (;;md bdng eqiw! to the current through th,;; .indnctt)r 105) and through the switch 

30 l 5'.'5- rcspc,:tivdy, in accordimce ,vith the teachings of th~: pre:-.ent invention. A-'< 

illn~trntcd in_ Figure 2;\, during initra.1 Mart 1.1p, the ;,;witch t55 is en (fo':-<rl ! ), intcrv1-::.l 
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140 ,-vm provide C{H"n.?sponding signals to the con!roifar 125, and the contn)Jler 125, in 

5 turn, ,.:-; adapted ro determine th<:.'. corresponding tin1c intervals {duration;;; fi.1r the'. current 

to incrrJ:-;e, frn excmwk1 either fin:n when the switch 155 h,w, betn turned on to the 

third, average currtnt kve! (:-,ignal from the third cornparnlor 140) (T(i;<dK)), or frnm 

the ,-.ccrin.d., lo\v threshold (sigmd frorn ~econd comparator l !15) to the third, avernge 

C!.lrh'.nt kvd (ah.1) a sign,,d fn:nn the third comp;,1.rator 140) CI\r..;,(KJ.'\), and thtn fr1Jrn 

lll lh: third, ,ivcnigc t.nrrent k'Yd to the first, high threshold k'.vel Cl\iN?) (.-;ignal frorn the 

'>"lirl fffOVi1.k: !:i: corresponding signil to the cont.roHcr 125, ,vhich V<'iH then hm1 off the 

switch l 55, typically v1ft the gat,:; driver l 65, and the cnrrcnt through the LEDs l l O win 

b:1:;in lo dccrcmK (181 ). During inihal 8tart up (To::-;Jl)), dK: To"i(l) interv<li i:,:; not 

i 5 utilized (e,g., imrnfficicmly i.Kcun,k\ dne tn the sti:i.rt up timd), and a default off tI,ne is 

ltrtplcm(,ntCd CfoJ:'( ! n, such that follO\.\/Jr1g the default interval, !he: ;-;witch l 55 \ViIJ he 

tunwd on again (187), 

ClAvJ. and v-Jith Tn:;:,{K) being the t.i1:nc interval commc:ncing \Vtth the cun1.:.nt brvtng 

reached the: third., t:veragc current k:vd OA,.) and ending ·witb the LED 1 l{} current 

25 rc;;iching the first, high thrcshokl cuttcnt kvcl Clm). ln ;:.ddifam, ln accornrnodatc 

vHrious input (Vr:-'i) and output (\\1.J ,-ohagz'. level~, anoth~r Tu:-.; 1 tirne inh;:0iHl Ji,; 

Utilized, illu.strntcd in Figure 2A i:lS 'l\x..;i{K.}\ (1 rn and To?-< r(K-i--1.h(198), which is the 

time: intcrval connm'.ncing ,v.lth the LED 110 turrrnt n:aching the sccfmd, fow th1\,:c;hold 

current kvd (hr) and ending \vith lb~ LED 11 n current reaching tbc third, avern.ge 

30 cum:.:n.t levd OA.v} The Toc\1 (X}t, and Tu>; l(K + 0A th:nc period~ are ntilized fnrthe 
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third, average current kvd (1.,,\), ab() may be ,itihzcd gencraily ,vhtn vahd ;;;eowd, lnw 

tb,~shokt (h-r) infi.1nn;:i.tfrm h, obt;:1itwhk (dcpendlng upon ""·hcfh(:r the knv thrc:-;hold 

\Vhen the switch l 55 i:<; turned on ,igain OK?), dcptnding on the input 

{\\~/} and OHtput (\lo} ,'Oltagc k:vds,, th() increa:"-e in n.irrent thrrn,igh LEDs J l O r:nuy be 

•'Ol'~'lYi'"',<t 't'"''l" T-1'i•,,.,,:1i· r g,·: l x<; \ t·H,if">l1·, <:}p· f!·i•·' i' "I'll'' V')lf'i•) •'' ~ ii,:' h-c,1't1P "l. ,rt1 't'·t-:;,,,:1i·tth· -..,.,. d::-"-,!-M~-. (~ ........ .._'!' .._ J-..,;'- \:.!><.)"-.~~. \.•·...,,/:-, -.,."'i~,n. ..... ,<,Lf'J ~........, ... , .v .•lt' .l ., -<,.,:':"-:'!,._,,,_. V :--.: •-,.\, .. b-:r-~ ... Sv'-, -,J 

upon th~ input from the contparaton, J 30, 13.\ 140, dw controller 12:5 \Yill dct~nninc 

i 5 the tirne intervals (dur<1tirm{l T,)0i:(K} and Tu"'/K). \Vhen the fir;,;t, high threshold has 

c.:ikulatc the next off duni.tion for the switch 155 (to be ublized currtndy}, 1,ud1 that the 

LED current kvd i:~ gcntraJly kept ubnvc the ·"ccond, hw thrcshotd Cl 88}, and doti,i not 

have undershoot (or has imdgnificani undershoot) (as may- have occiin-ed prev{nus!y 

·:,o (l W?} dodng lnitia l sii:irl up, a1-, illustrated). 

The i::ontrulkr 125, gcnernlly, ,_.v-;n dctcnninc u currtnt offthnc of the 

the controller l 35 will determine a currc:nf off tirne period of the S\Vitd1 as n function of 

the firM on time period, the second on tin1i::: p;::no(t and a pn::v.ruus off time pc:noi:L 

25 Ev,:;n rnorespccifk:ally, the controllu !25 wrn dctcnninc a CWT(:ntofftimc pcrind of 

lb~ s.\.v·itcJ1 as a .\mdion of a cum.in! first on tin\c fKTiod, a pr,~vim.is ;,,(:tonzl on time 

period, irnd a pn::vions off time: p<:riod. ln anoth;;:r altrnrnt.ivc, and also rnort 

:,,pci::ificaffy, the contn.:dkr l 25 \vHl dtltrmin~: a ;;;urrcnt off time: p(riod c.if the 111-vltch a.s 
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Du.ring any given cyck, at tht'. poin l of turning off Uw swil(h 155 ( j 89, 

199), th(~ current vahi,;;s (or pararneters) for T0 ~;-JK+ 1 ), T0 ,,;Al(+ l) and the previous 

5 Vfafo<::s {z1r parameters) Ibr To,,;iCK), To:-,)(l(), 11t1d Tnn {K) arc ktH)'Nn. ln accordanci:'. 

in tk cmTent cyck (Ki 1) \viH be c,iJcnfoted or oiherwi'ie dekrrnincd by the controilcr 

previous sc,:_:ond. 1)n tirn<:.'. To"':;-{K) ;Ind the cun<:.n-lt first on timt'. To'\i (K + l ), or the 

lll pn-"vious second rm. tin1e Trn,·/K\ th~'. current first on Ume TnN;(X + .1) mtd Ow pri:.,viou:~ 

first on iirne To":(f()\. )\:'lore spe;:.ificaJly. in accon.hncev,:iththc invention, the i:'<\Vltch 

l 55 off fonc (Tun {K}} is ,idj1.istcd sui::'h that th<: fin;t and second OD timq; HJ\~ \\:ncrnHy 

\Vhen Vr" i;,; significMtly higher than Vo, tlw inductor l 05 current ri::;e 

slope grntrdly fa. ::;ubsta.nfraHy linca:r O 82, l E5\ V/c may u&,mn1c Hrnt the cmrvcr!cr 

! 20 input ll.nd nutput voltages Vt,.; and Vu do nnt V}.;.ry b;;::'.f\'vc;.:n i::on:,;ecl.ltive q1ck:~. For 

·:,o i:t Buck co,1vcncc, the current rising &lope is dd'in<:.'.d by (Eqtrn.doi, l): 

v;,\, ---v:,. 
r 
l~•· 

Tor;' (K\ Tn::-,:i(K'· l ), and T::J;-.;AK+ l) (w·hkh equals To,-n{K) from Eqi.w.tion 2) sh.arc 

30 the smnc peak (Lrr}and valky {11 r)currrnt<;, then (Equation 3l 
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/\./ ,,, .!jL l~1n ( K ) ,,, .!:~~L:;::.!::~:. { 1:1:\ ; ( g· .;. l; + l:}x, ( l{ -+ l ) I 
-' $.. 

-~- V~. ;:· V, {l;;,n (1<: ..;.. l) + (;c ( l{}} 
,~ 

Divtding Equation 5 by Eqi.Hti1on 3 (Le., b:p.1t.tion 5 over Eq1.w.tion 3) to remove a 

yidd~ (Eqtiadon 6). 

1::>,F ({( + l) 2 >1l> ;,:,_,_, fK) : \. :"':"': -~-~ 
J~HT V,tl 1;:;_,_-i (.t( + l) i 1;w:: (/() 

gcnernkd by the rontrolkr J)j as (Equation 7}: 

lmplcrncntation of Equation 7 requires on.c r:n1.!ltiply, one shifi:, (H:l:C addition imd one 

di vkk op(~rution per convertel" l 20 ,,\vltching ('._yck, The perfr.1rmancc of the apparattrn 

ts l 00, therefore, is about l\vo switching cyck;,; lo rnnvcrg:c ts.i it:~ u.rgd vi.dues or 

freqw:w:y .is nmch higher tl.rnn norm.al ripple found in \\., and Vo. As n-iendoned 

belo,.v), thtsc mcl:\Hn\:'.mcnb may be utihzcd instead of the cuiT<.'nt first on timt fu.,.d:K 

+ nor previous fin,t on time To"'1{K}. 

V</h,~n \--' 1:-; is not much higher than Vu. the rising ~lt>pc of the inductor 

l 05 current is no longer hncar ( l 83, l ~6 in Figi.m: Z/\.), Typically, the initial slope 

2> durrng thi:'. To.-..;1(K} ink:n-''-d is stc<.:pcr than tht TrNiK} inti;;rvaL Ikcaus~ in this case 

Equation 7 may yidd a much lower vaJk·y (I, Tl ci.irrcnt Hwn the \.k:&ired <l:V{;rag'i.: current 

l_,,,, Eqw.Bjnn 7 can be modified. ii.<; (Equation 8): 
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5 not utilize any t)Utpm of compm:1n'ors !JO,. )35, 140 during a. "blanking" intcrv1:1l 

foHo,ving turning on ihe sv,·iich l 55, it is ro&s1blc Huit the output of the: second 

,vitl11n the apparatus l Of\ ;;;uch as by inputting vilhies lrning l'hc l/0 inkrfoce 170, and 

vnhagcs i:\tt\,ss the current ."-Cn&or l 60, e.g·., ,~t arnund O 3 \/olts {and can he kn=x .. cr vvh,;n 

U$ing m1 IC). Tht current .:--cn.:--<.ir 160 ii:, sekctcd based npNi the dcs-lnA ,~pplicM,oE for 

For cvi:'.n rnorc finc--grnincd current rcguh.tkm, the cxcmpfary 

S\'<'ltching denwnis, such as the rising imd foll 

25 included ,vi thin any .such rbing :Jnd fh!ling timt delays. Figure 3 b ii. grn.phical dhi.grnrn 

mustrating an o:ernpbry <.:urrent 1,vav1:.Ji.).rn1: of a 3oJid :~tak lighting curreilt overshoot. 

section 2.l 5 from Figm-c 2. Figure 4 is a grnphicn! diagrnrn illustrating an cx<.':r:npb.ry 

::,o kachings of lhe prc:senl invenunn, illuslntting in gre.:der detail fedion 2 l O fron-i Figurt 
. ..., 
.,;;..,. 
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Rd(~rring to Fi~prc 3, \,;hen tk LED ! l O current rc;:u:'.hC\ the fir\t, high 

thn~sho!d (hn) at 1:imr;;. t;, (h(rc is ;=t ri-"l('.. time <'tS.'.'i<.ici:Hcd ,vith HK firnt (rKak) con-tparntor 

DO (iiHtn~d 201), $LKh thut tht'. controller 125 doc::; not nx.,tivcthc corrcsponding 

information until time r-". At time ""'' dw controller 125 ',viH turn off itH.i gate driv;:\r 165 

5 t(> turn uffthi:: sw-itch 155, rc.:mbng in a fal! tirac ,v;sn('.tatcd with the g,,,tc driver 165 

mA the S\.Vitch !55 (interval 202), Iiw;;h that the .:,;;witch 155 h,t'i sk)pprd conducting ut 

time{)'. A:'-- the current Hnxmgh fhe LEDs 110 (and switch 155) dctn~D},c.s, there Ji:> 

another fall tinw a;,,sociated \Vi!h the first (p(:ak} crn:nparntor 130 (interval 203), snch 

tbtt the cnntro1kr 125 dnt'.S n<.it rc\::eivc the c,:1rrcspondfog fnfonnatim, mitl! time t,, 

l G Hecau:'--e of the::;e rfalng mld fa Hing tin1e dehiyi'l, unless the ddays ~ire actonutrd fo1\ 

tb~re z:icrn be mi ovc;;rnhoot of the LED 110 current \Vifh HH.i LED l l O current being 

higlwr thm1 th~; sckctcd first., high threshold .. Accordingly, the contrcilk:r !25 rc{.ccivcs 

the con,~:,prmding ccHnparator ( 13ffl i-faing and falling edge inforrnation at (, and t.;. 

Simitady, rdb:ing to Figure 4, ,-vhcn tbc LED J JO uinent dccrcuse::; to 

15 the sccowJ, kn.v thrcshoi(i (h:ll dmi.ng an nfftirne pz~riod, no current i;, fo>,ving through 

th,:,~ S\vitch l 55 (Figun.:: 2H), so no infrwn:wJion is Hvaih.blc to the tontroller 125 .. At 

lime ir;, the end of the offthne perk!d, the control.kr l.25 v,-m turn on the gnte driver 165 

lo turn on the S\'i'ikh 155, rciiu!ting in a rii:ic fanc as;,,ociatcd with Ui.:' gate driver 165 

and the ~\vitch 155 (intc:rva.l 205\ such thai the S\s-'itd, 155 v,iil st.art conducting ,1t time 

·:,o r:. /ts the currc:nl through Lhe LEDs l W (and s,vildi l 55) incivbes io Hw krw 

thrcshoh:l (fd, there i~ i.1 rbe tirnc H$SZKi,rti;;d \.Vith the 9;::z:ond (va!ky) i.'.omp,,iratur U5 

{inwrvaJ 206), such that the contmlkr !25 does rwt n:::cri\z: the conespnnding 

hfbn:nation wxtd tinw 1\,. BtcHus~ Gt' thQ;,;,; lising and falling ttm(.:: ddays, unlQ~,s the 

delays 1:n-c a.ccount;:'.d for, there can be an undershoot ofthe LED ! l O current, \,,ith the 

25 LED l l O cmT<:'nt being lm-v,:r fkrn the sCh:'.ctcd i,tc<.)nd, low threshold. ,-\ccnrdingly, the 

controH,~r Lb rcn.iivzis the cnrrcsponding cornparaJor ( 135) rising cdg¢ infornH.1.Lion at. 

Tht txcrnplary embodiments ofthc inv('.nth\n nmy be implemented to 

account the various <:kby:j associ~,kd with the rising ,tnd hdHng tirne:.;; of the first (pe~,k) 

30 con\parnl:or 130, ibe gak, driver 1 fi5 and the s\vitch 155, and the serond ('valley) 

con1parMor 135. Hy ma.king ihc rising Bnd faHing delay tit'ne" cqi~al (symrnctriciil) for 

ew.:h con-.lp,trntor .I 30, l 35, th,:n the Hrne interval dl1ring ,vhich the contwllc, l 25 
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(<>.,~;., at t:i and Li) is ('.qual to the ,:i.ctuaJ 01,1(:r.,;;ho1)t time inkrval (<.if t1 to tJ}, 

/\ccordingl.y, the ovcr:;;hoot tinti.' rnuy be nifasurcd front th('. fo~s.t compa.nrtur 130 rising 

edge (tJ (also coincid;:;nt with the falling 'i.dgc of the olTconrrnand/signaJ tt> tfo;; gak 

:-l-,: 

l ({~:.:•,.-:.,;:,.,,:,; 

the (:ontrolk:r l 25, u1ch that tl:H:: i:i.ctual LED 110 current \vm1ld ln~.rdy n::ach th(: fin;t, 

i o hi gb tbrc:-,hold lnr, 

tktermi11ing an undershoot tin:1t interval oc cbrntion .. Accotd:ngly, by Hlso making tli,:: 

fast c1;:1n1pnrator 130 and .second comparator 135 10 b<.". 1,imibr, such that c:,Kh 

then the mKkrstmot t,\m: rnuy be considered to be ,;ubstantiuJ)y cqiw.l or othenvise 

C\)trrptHa.bk to the lWer:"lhoot tinic. ,'\1,t;urning 1,nch syrnn1.dry between companitors 

20 su,:h thm the imcrvaJ from i; t() t." in turn also \1_.could be equa.l to th<;: um:k:rshoc,t time 

inttrv~d {oft_, t,:! t:). In thi1 instance, tbe undcr5hont tin1i:: is snbtnict,;.;d frnm Ton by the: 

controH~r 125, such that the actual LED .l H} current woukl barely decrea.::;e to ttw 

second, Inv,, i'hrz:sl:mld h.T· Jn both on:r.';l:10nt ~nd im,_kr;.;hoot circmxJ.';tanc'i.:'.'i, the 

25 Hr\ ,wd tff,i.kd ~15 c<:.m.s;t,rnh iforing ~uh(>,;;:qucnt swit<:.:hing cydc.s; or, altcnrn.thdy, the 

overshoot Hnd undei'$h~xn time intervals may be c,;lihrnwd 1\·hrnever th,;.: corresponding 

first (ix~ak} cornps::.rntor !JO has valid inforn:1,1.tion. ln addition, bcca.use the undershoot 
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valid inf<.irn-wtion during an on tin-tt interval (e,g., the sccnnd cornp;:muor l 35 has 

dre;:1dy indicah:d that lh('. k1\-v llff>i.'.shnld of current hw, bc:('.n f<;.'.,tchcd \Vlt>i.'.B the blanking 

tin:K, lia.-:; elapsed), then the relevant nndershoot tinK? rna:-:,, he considered lo he only the 

itrc not harrnfd to the L.ED:s l l O, and if th(: 1.m{:kr,,hoot is rmt Jn:rge, nrny not be vbtrnJly 

,:::ppatt.nL .. \ll<::rnativcly, HK Virnt, high lhr<:: . .;hnld hn· and lk s:::x.:ond, kiw thn:;i,lwld l!J 

should he implemented :,ui.:::h thut b<Yth the first (peak) cornrxu-Mor J 30 and Hw sec-rmd 

(\ulky} cnmparnlor 135 periodically trip, to avoid the LEl) 110 c1m;::nl from deviating 

dn\vn or up v:?ithmtt m)i"ice Acci.mJingly,. in ,iccordancc ,with the CXf'.rnplary 

·:,o cmbodirncnJ;,;, the ccmtroHcr l 25 ·will pcdodicaHy dlo\v the LED l 10 curn:,nt to ri~c and 

f;Jl suffi<~:icndy to trip iht first (pc~tk) c;,:Jrnparn:tor J 30 and tlK second {vdky') 

cornparntnr 135, rcspectiv<;;l:/, 

off time Ton by th:.;-, wxkr:s;hoot (or ~yrnmdricul o\·,;.:r;,;b)t){J ink~rvaL By dmng so, HK~ 

LEl) 1 l O a,\:rng'i; curr,:nt \,-odd rcrmiin (,on~:tant.. 
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(and thi.'.reby swikh 155) lo lmn on, ;1t time {fO. Afo:r the g;Jte dri-..tr 165 and switch 

155 rise tir:ne (interval 2 l 1) (..:nrnbincd as ''Tp gate (iriverise" tinw}, the s·witch US 

,,,,!Jich la.sb for ink'rvaJ 2l 2 (tl:miugh tinK fn). This inrush current through the t,'i-vitdi 

l 55 nrny he higlwr than the 1:iverng~; curn~nt O.,v) iin.d potr~ntidly even higher than th,:': 

fo:-.t, high thre.:,;hold (J;rr),. caw-;ing th<:.'.ir n::spccttVZ'. cornparnton-, ! 40., 130 tq trip (,,md 

l G pn:)vide corresponding logic high .sig.ri.ab to the controHGr .l 25). In acc<)rdance w.ith the 

exr.~mplary ernhodiment:'i, the comrnlkir 125 dh,regards this infbrmation by csmhfo,hing 

,yhcn the controlltr l 25 generates the cmnmand to turn on tlK g;;tte driver 165 (and 

The irnns.knl, inrn;,;h timt intC'.rval !2) .rs generally a hmch0n of switch 155 tcrrninal 

25 time), In ;:t sy<;tern wlKTc the gate dri\(T 165 is d,:signd such lh;:it il.:,; rise thnc is <.:k)sc 

to the ovcr::-;lwm tinK! (e.g;, Hw gate driv,;;r 165 ;;md s\vit;;;h 155 luivc :~yrnnwtrica1 rl$ing 

and falling tin1s;.s nnd coi:npnwto:r delay fr:nc i~; not. significant), then the ovi'..:rshoot time 

Ycl an<:.rthcr rncthod nf dd:crrnh,,:. the rise tirnc of the gate dri vcr l 65 and 

30 swikh 155 (Tp ___ g,tle ___ d.rivt __ risc) i:-. th.rough the third, average current (IA\.,) compm-alor 

140. Although the morncrrt vA1cn thc switch l 55 inrush ctm-s::nr trips ilw third, avcrngi: 

C'.tn-rcnt (hv) <.:omparninr 140 should m)i he tiSc'.d r,.s an indicator of the actual indtKtoT 
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l 05 av.::)rngc euff('.nL, it can be Ui<Cd to indicate the tinK \\·hen th('. sv,.-i(eh ! 55 att\1/dly 

st~nts to conduct. Accordingly, the rl~(~ tin1<:: of th<:: gi.lle driver 165 ;:ind S\vit(h l 55 and 

li.K ·fi:,;;;_~ timt of th;;.'. third, avcnige curn.:'nl 0Av) cornparatnr 140 ("Tu ... __ eonip __ rist: ") 

(Tp gatr.'. drive rise+ Ta\ccnrnp ris<i.,} c;u, he rneai:<urcd from the time the cmun)lk?r 

5 125 l1suc:-; the h,rn (Yn NYm.rnand until tk third, avi::rnge current {I,,v) ceimp;,irator 140 

trips. Then the third, averngc current (hv) com1x,.rator .! 40 rise time (Tav __ cornp __ ride) 

l 65 ;:md s\vitch l 55 (Tp.,);HtG_Jh:-iveJise). 1n ,m cw:mplmy crnbcidinwn!, thG third, 

av(:rage current (Lw} (~ornptff;1t<)f l40 rise thnc ('f;,iv comp rise) is ,1 krnJ\l;'n dc:-;lgn 

l G pata.meter or is significantly srnallcr than Ow ris,;.'. ornd faH tirn.es of the g~ite drtV(\l' 165 

m1(l s\vitch LS5 (Tp ___ gatc;.;~--driv,;.; ___ rise and Tp ___ gaw __ driv"-~-- foJ1\ 

Thr: rise time~; of the \·11nor,s {.comparators 130, !35 and 140 r:nuy aho 

aJfcrt the rn,;;asnrement, of To"\l and T\'i:'s:>- As n·icntioncd alxivc, To"<l is th(: interval 

from the lime the ctirrent r<::achci,, the !01:v thr:::shokl cuncnl kvd (h·r), ,ii:> ddennined by 

15 the second (kT) cornparator U5 (or frrnn tfa~ frmc ,-vhcn the :,;,;vitch 155 actually 

cond1i,::ts) to t.hc tirn(~ tl:ie currem reach;;.:s thG r::.vcn:lgc cu:rrent kv;;::l ClA\.°l, a$ d<~t1;~nnined 

by the third, uverage current (t~v) cornpan.1:tor 140. To;:o .is the time interval frorn Hw 

ttvcrngc rnn\,nt kvd k) the first, high (peak) C\.trrcnt !cvd, mim;:;ly, as dctcrniincd by 

the third,. averagG cnrr(~nt 0Av) comparator 140 and the frr-.t { lnT) cornparaJor l Ml, 

·:,o n:::sp,'.'.ctiveiy . .tn th,'.'. r:,,:cn,pi::n)' (:rnb(Kliments, ihc:refore, the fas! (f1n) cornpi,m~tnr UO 

,1nd the third, average cum::-nt Ow) C<:.)rnpanit(n· 140 ,'ire dcsignui or lrnpkrnented to 

lwve the i>ti.nK or sub;tanlhl!y 1irnihr delay· th::ncs (i,e .. 7;,, ,,,,,,,_,, ,,,,,, ,,, 1; ... ,. ,M;· "''''·' \ With 

foe rise tinws of fhc firM Unr) ci:irnparntor l 30 and th(~ third, avcrag(: cunYnt nA\·) 

ccm:1pHrntcff 140 being subst;:mti,;,.lly !ht smnc, then TG\,;z can he rne,;,s1vcd by the interval 

25 fn:.irn \',·h(Tt the contru!kr l 25 f('{.'.C!\CS the rising cdg('. ()f ih<.'. tbirdi avcragc ,;:urrent o .. \V) 

coni:pM'utor 140 to 1,vhen the c.:mtrolkr 125 1\~(x,ive:~ dw ri:{ing edge of the first (hr) 

con\pa:rnl:or l 30. h shonkl lw not(:d, as rocntiontd H.bove, that thi:-.; rnemmn.:mcm' docs 

nol apply during the blanking time mtcrvtd, or ,vhtn tbe contrdkr 125 ifocs not rci::civc 

a valid rising cdg<: of HK'. firM {Im) c<.rmparntor 130 (.~:.g, due to ovcrsh<iot 

:;o cornpen:-:;<ition, in -which cusc Toe--:) may he acUustcd occ,tsioirnHy in order for !be first 

Oirr) cornparntor l. 30 t(> trip and provide inf(:m:natkm at these various int.c:rval~)-
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(\.-vhen av;;1ilahk (i.e. ,:1,,htn the rising tdgc did not o;;;eu, dming Ou:.'. bkmking inkrval)) 

until llHi contmlier 125 rcc,jve~. tfo3.i ri1sing 'i.dge of the third, av'i:rage current U.wl 

5 <.\)trrpm·attir l 4O, or beginning 'Nhh the ;;.:{)ntn:slkr l 25 generating the tum <)n C()rnmand 

for the gJk driver 165 ~,nd switch 155) until the cm1trr>lkr l 25 re<.\~ivcs the rising edg<: 

of the third, average ctmcnt (Lw) comparntor l40 (To'-.:1 nic,isured}. For the fi.)nncr 

ddcrmi ning 1\i':'-'.J nKasurcd. ln the btkr case ho1,vcvcr, \Vhi:.n tbc ri:-;mg cdg1.'. iJf th,~'. 

l G secxmd (It:;J cornpatator 135 does not provide valid infr)rmation (during the blanking 

interval, m dne tn nmforshont comp'i.:n.salion), then for thi.s m'i:asurernent, the rise tinu., 

of tht g!li'e drh.\~r 165 imd switch 155 should then bl'., subtrnchx\ t.o r:mJvid,, th(: itctirnl 

vfahK of To,"; (To:'ii :-:.-: To;.;;J mc,~siircd -- Tav __ cnrnp __ _ri:.,<;;). ToN, rnay HI.so lw irn.::asurcd 

w-i-ing the tnmsi.cnt cmr('.nl 1:<pikc (inrw,h c11ni;.'.n(), if the inrush current J$ suiTicicntly 

25 fbr To\ t and Tn:'-'.2 obb:1.inahlc in the next cyck, 

Figun .. : 6 is ~l grnphical diagram dfo;;trnfrng cornbinixl pulse '>vidth 

modulatkm ("P\V\,f') i:l.nd ar:nplitmk rno<.fohi.fion for brightn,,ss &djustmcnt in 

irnpkfncn l brightness control {dimming) using ct combination of nt ka:~t hvo dffiirent 

30 ekctrical biasii'1g techniques iKrnss the LEDs l l H, :-.uch as P\V M and iin,phtude 
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rc;-;ponsc to a change in inktwity, s1ic:h ai> in response to a chai1gc, in duty cydc for 

P\\tl\·'t vvhik ,'\ .s(xond t.J<;;ctrii>d hi:tsing kchniqrn:\ by lt~dC \VlH tend ki pr<)di,<:x a 

second, opposik or oprmsing \c\avdengfo 1,hifl Clower or higher, rtsp,x.,fr,,dy) in 

respon3e to lh,;; chang(i in inten3ity, :mch as in n;;~:pcm.,;,;; to a change in 1.n-nplilmk for 

5 annlog rc'.gtd~itkm. (}f CCR. ll1 acc,,nfanc(: ·\vlth the cxcrnphit)' c:mbodinwnts, any 

resulting \VHvel.ength shift .is rnini mi zed or rrndnlaincd w·ithin a .selected trMnmce h)vel 

by utihzing at ka~t hvo different and nppc,1,ing ,:.:kclrical biasing techniques (such thaJ 

the opposfog ,va-\·dcngi'h shifr~ effrxtivr:l:y ''nmcel'' each other). .Additinnal disu.t·,~ion 

of that n1cthudol<)gy is in tmi:: nr mort n::btcd patent appllcations. To ,L::ci-('.aSc 

lll briglune.ss, fix PV{lvl, the duty cyde b dccreaBcd (e.g,, frorn DI tn 02), mtd for 

mnplilude rn(>elulation (CCR), the an1rdit11dc of th(~ LED current is ,focreascd (e.g,, from 

lLEl)t to n_.FD2), ii& !TlusiTHt(xl in Figw·e 6, ln 0.ccordnnc!i., with th(; (;Xemptaiy 

embodinwnts, the crm!solkr 125 implement$ dimming by i.rnhg both P\Vkl and 

arnplitudc\ modulation, either ulknrnling thcin in successive modulation it:tcrval::. or 

i 5 cornbining thi:.:rn during the same modulation inkn.caJ, ,vith !he l<lltcr illu;,;trntcd in 

Figure 6. This inventive: cor:nbination of at least two dif:fc:l\;nt ckx:tdnll basing 

t<;;chniques having opposing cf/i'.cts on \v;;i.veknglh ciTiission nJknv:~ for both reguh(ting 

the ink:rn~ity of the emitted hght ·while controlling the wavelength ;;:mi,~sion iihift, from 

eiih;;;r cir both fht LED re~ponise k) inlem;ity variation (dimming technique) and due to 

·:,o p--lJ ji-1iKLtt)n t1'.'.n1pcr::itu.1\> ch,wgcs, and nbo io prodnC{'. dyna.n:Jk lighting and color 

drc(ts, 

m:nplit.udc kvds OLEfYl, lLED2) ard duty cydc rntios (D l L, D2L, nrn, D2H) for 

bnghtncss Iidjustm.cnt .m accordance with tbc teachings of the invcnth:rn, 1n zYrdcr io 

25 pn:::v(:nl jiH(T, a hy~.tcrti,i~ is inirkmcmcd Ni ilh,strntcd in Figur(: 7. The nr;crating 

poinis (!LED J, D JLJ hav,~, the ,,,anH/ briglilm:ss (color} tn (ILED2, D2l..\ ~md. the .smne 

brightness apptks to {fLED l, D1 H) and (LLED2, D2H). \.Vkn D l cornes from hlgh 

brightnct;s down to DU., ILED1 is thang<::d tti ILED2 irnd n:::L bused instead. Whrn 

D2 com.es ur, fn.nn knv brightness to D2H, lLED2 ls i,witchrd tt) ILED t ,rnd Dl fl is 

JO w,cd. 

Figm\) f is H block 1,md cirnd1 diagnnn of an. C'<ciwplary scco:nd system 

250 r:n-ibu..:li,noil and M:cond appa.rntus 200 crnbodirncnt, for fixixl frequ<:::nc.y ,,;-witching 
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op;::Y1:ition, in accordan(c v,·i(h the teachings of the present in-vention. Tb;::) se:cnnd 

;;y$te.m 250 and su,ond Hpp,tntlw;; 200 dlffcr frorn the first ,;y5ton l :50 and first 

apparatw,; l 00 insohn as: O} tlK'. cornbined dnrntiun (aritlun('.lic Hnnl of lht'. on (To") 

and off (Ton) times for 1hc LEDs 110 is constant, not v~ffi~ibk:, such that the second 

prr>vide current control vvhen the cornnicnccrnen1 or .inirialion of the on 6me of the 

S'Nttch 155 i,c; at a fixed, rtgubr fr;;.:qucncy. ln addition., ,t'i ,.rn iHu:-:;trnt;xJ alt.ernutiv;;.:, the 

controlkr 225 1$ ci:1uplcd dtn~'.ctl:/ to the ~\.vitdt 155,, nithcr th,tn ·via ,i gate'. driver ( 165), 

prGportio1wl to the difference b,;.'.l'\\•·e('.n Tn'>;1 and To:--u (error'' Tr,'>;/-· Tu'"s;, error,.:·. To:<) 

- To~::1, or crrnr ~,- e ·(To'::>• Tu,-,;;J, \.vhcrc "c" ii:; u constant ofproporhonality), The 

error signal is pi-civided tn tlw comp;::irnalm 255, \Vhich then adjusts tk: nn tirne (f<)l'<) nf 

·:,o the &\.,·itch 155, w·hich is then correspondingly S\,ttd1;::d ;:H1 and off by the control block 

25 L lt should be notuj, btTtHbc th<:; :-;witdi 155 h, ~\.1,·itdx:d on at a fixed frcqH;.'.nCJ\ 

nrny be provkkd hy a rectifier 325 to pnwkk a voltagi:: input \lrv (ilhiftn,tcd w-, Vr', 

and\\,.,;) h,iving a DC ;;t\·erag(: v,lihw, from an AC line \·'l.lltag<.'. (AC nwins}, fr)r 

30 exmnpk, and rnay !:H: i.ititized Viit.h either the firs! or second 0y:;;tem !50,, 25H iind first or 

~;r:cond apran,tus 100,200, and abo may be ,itifr->:cd '>-vith the third sysw:n 150 
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pnxktermin;::d) tlu\,shold, illm,trntcd a.s iot<:rvt'!.b 303, thc:rc i,;; generally no i,\.vitch l 55 

eurrfnt, ~tnd the apJMrntu.:- 100, 200 "viH typie;:tlly he off dnnng (~K~,,;; AC zero <:ro1%ing 

intcr-v;;ds. /\s. inustrnkd, tht :-:.1c\ik.h l 55 iY; tunKd on, above the sckctt:d (or 

predeu::rmimxl) thn.:f,lioki- tfo3.i LED 1 l O current 302 will initially track the rectified A.C 

5 crn-rcnt 301, incrc'.asing to lh('. .second, krw thrcshokt (11 'iL rc~idtlng the iwcn1gc nrrrc:nt 

kvd (Lw) and then tht fin,t, high thr1;.:t,;hokl G,n\ fr)llO\Vtd by tutning the switch ! 55 

off for it,,, cakubtcd duration, and followed t\Y sm:.x:.c:<;siv<;,; flTl and off cycks, a:-; 

tfoscri1xd above, U:,,ing the n:K:asnrcments and C}lkubtions. ,k:,,crihr:d above fhr Toc,;t:. 

Tcf\:>, and Torr, or u~ing the cnor sign;:d (e.g., error:.:. To,u -- ·ru"'i) dc:-ehbcd aboV('., for 

l G either variable or fixi.Xf frequrncy enihodiment~, Such an a.pparntus and sy~t(:.m cm1 be 

built directly into Ml Edison sockd, and further, can provide pnwer factor correction 

("PFC"). ln order to achieve PFC opcnitinn, the eontroHcr 125 or con1pc.n.sator 255 i& 

comp;;>-ri.Ui vdy sknv 'I-Vi th rc.-,p::x:l to a VJ:> rippk frcqrn:mcy of l 20Hz (or l om lz).. For 

cxtn.npk and v,ithonl !irnitation, for each half of the AC cyck, the To"< dclt.~rmincd ,~nd 

i 5 outpultl~d hy the compen1,.atnr 255 c,m be regarded as a corrntant, and i:> adjusted dming 

succz:s.si,\~ ha1fcydcs. 

h shouid be noted tb,t the firnt system 1 SO, first npparnti.h 100, the 

second :<;ystcrn 250 and scct)nd apparatus 20(\ and their version:<; including an AC' 

rectifier 32.\ may be ;;;cHled or r:xlemled tn rnnkiplc channds of LED:,, l ! 0 ln one &uch 

·:,o knpkn:K:n1:,1tinn, tk~ first or second nppt:ffa!us l 00, 200 is h1stanti<Hcd in its entirety for 

tach scp,,irah:: chmnd of LEDi; l l 0. 

ln anothi.~r such i.mpkmcntahon, discu:<;S(~d hdcnv with n.:fcrence to 

Figure H\ th,;: con:1pan~tors UO. 135,. (40 arc in,;iantiatcd ,;(:paratdy ftx c:ach scp:J.rnH~ 

or indcp;::ndcnt drnnnd of LH)s 1 ! 0, such that LlK LED l l O current through each 

25 c!mnncl bi ,;;cpm-atcl y rnon itorcd. ln th is scah.:d unbodirncnt, the .::ontrnl k:r 125, 225 

lb~n has rnullipk'. outputs, one to euch lo cw;h gak driver 165 (whix:,h in tum is cmipktl 

to ;::: corresponding s·-vitch l 55 for ~~ad1 .separate or indcpcr:::dcnt ch,tnncl of LEDs 1 t 0), 

The contrcdk:r \25, 225 scrrn.rntdy ccn:npuh;i; the vaxii)us mi {Tc,,.;i and Tir·-u) di,rations 

fr.w thi:.: :-,\'>-itch 155, and fGT apparn.tu~ 100, lhr control.kt 125 abo corrtputci; Hw off 

30 (TorJ durntion, fi:,.r each ,'>eparate (or indq~t,ndent) channd of LEO;;; 110, m1d. 

~;,)paniidy controls c,tch gate driver 165 to ,~ach S\,ritch l 55 for c:ach ~cparatt. cha:nnc:! nf 
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LECb l 10 to pn:rvkk:: the ctn-rent rc:gubtion through (J.ch ;.;uch channel of LEDs 11 H ~is 

Vigim: l O 1s ;J bl.ock and ci-n::.u.it di.agrnrn of an ex.ernpbry third systcrn 

350 crnhod.irncnl, for m.u!tichannd operation, in accordmff.'.C ~vith lb~ teachings of the 

5 plTSCnt lnv(:ntk:m. As rncntkmcd above, th;;:: v1i.rlous first and s;:'.cond '-lpparnws I 00, 200 

may be extended to crmtml. current through ~l pluralfry of separate arrnys 3 l. 0 (u.lso 

refi.~rred in equivalrnHy as chm1neh or :-ih"ing;,;) LEDs l l fl. ilhbitated iis array 3101 

having LEI);;; 1101, army 3102 having LEDs 1 H\. through army 3H\ having LED;;; 

110,,, Eath ~tid"l ;,irray or ch,nmd 310 indudcs at kai,t i:mt LED 110 or tt p1mdit)l of 

l G LE[)(~ l. lO c.onnedtid in sedcs. ln contrast with tlw rrior art, the plurality of LEDs 110: 

of each arniy an.i not r~qnfrcd to b(: i(lcnticll.1 or frmn the same mmmfw:::turinghin; 

instead, het,'WSC of tlw scpa:rm\~ control and n~gt!lation pnw,dcd by the exemplar:::· 

embodinwnts, lh<::n~ rnay be .signific,~nl variation i>-nKmg tl-K: LED;; 110, frw a 

considcrnbic cost savings. 

\.Vith the 1>eparntc current contn>I for cadi LED army 3l 0, the regulated 

cuncn.t c;:m be rn,tk'b,~d to (:iK,h separate LED array 3 li}_ i.\crordingJy, various LED 

arrit}i, 310 an., not subjtct to excessive current kvd:t. that would he cawK:d in the prior 

ari systcn1.s frorn some LE!) array., having a higher irnp,.xfo.ncc und drmving )cl(,;,; c11n·cnt 

tbm expec!i.:d. "'-" ll. con(';q;qnenn\ the e>,ernpbry third ~)':'itetn 350 t~nahks increased 

·:,o (h.1rab1Ety, in,pnJvtd. sy.si<.Tn lifr'.Ltmc,. dccn::a5;cd hcd gencra.kd. (a1:-;o e:-nabiing n 

corrcsp<.mding <.kereasc in the sizt nf hc,iL ~inki; fin th<.'. LEJ)i. 110), ;,t dtcreai;c in the 

number of LED::; l l fl n:~quirtd for th(~ smnc optical ouipm, and ovcndl incrca1,ed sy;;;tern 

effickmcy and cft\cu\.'y. 

A .. s illustrated fi>r the third sy;.;tcrn 350, ca,:::h trrny 3 l O has a 

25 con·c:~.ponding ,;;w(tdi ! 55, ifhtstrnted ;,t,; S\vitch 155t, s,v1tch 155I, thrmrgh :-.'<'<-·itch l 55,,, 

1,vhich arc (:ontn>1fod by n..:spec:Hvc galt.: driver circuit;;; (buffor;;;) l 65 (ilfostrnted 

colkctivcly, for (:Hse of discussion.\ um:k:r th(: comml of at least on(, conlrolkr 125, 

225. The: tomr11.rntcm~ BO, !35, HO Iirc instantlatcd :-:.cp,:1ra:tdy for (:a<.":h :-:.cpilrHh> or 

indq-K\ndc,Jt mTay or chunnd 310 of LED~i l.10, snch Huit the LED 110 urrrtnt through 

30 each army (cfomnd) 310 (via corresponding current scn<'mr:s 1601, l Mh, through l 60,1) 

is ->cpa:ratdy m.:mitored and scpa:ratdy v>ntrolkd, ,3$ dc:sc.i.·ibcd Ithovc for the ficsi a:nd 

1;ccond systcnw.. 100, 200. i\t kast one n::-f{;:1Tn(~<:: vulh1g:;;- g;::m~n<:to1 l 45 prcn·kk(, l}K 
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same or difforent acrnss the various. an,Jy:,,; 310, :".uch that any sekcted arrny 310 nrn.y 

thre.sho l.d currenb of the othtr arrays 3 .l n, 

then .ha:,:; n::i.iltipb outputs, one to cHch to each gatG driver 165, to turn rm or off a 

con<c:~pondLng S'Nttd1 155 for t.ac.h sq:nm~tc- ,,,.rray 310 of LEDs 1 l 0. 'HK c.ontrolki: 

lll l 25,225 separakly deh:rmines the v;_rrinus on fTo\t and 'fiN::) duration,~, for each 

fn::quGnC}' riprrntion, tlw {;ontmllcr !25 also compuks th<;, {Jff ('f,i,+) dunition, ihr each 

.scraratt (or indqKndcm} ~u-my JlO of LED!, l lO .. The cnntrolkf 125,225 /K:panitcly 

Accordingly, for each ,;;.cparaJc army 3 t fl of LED:, 1 H\ for vuriablc 

fn::quency svvitching,. thG cnnt.roller 125 \Vil! dett·rmine Tv,;1 and To"'h and ;i 

frequency .S'Nttcbing, itl(! controller 225 ,viH determine To"'i a:nd Tc,>;'?, a . .; previously 

described above fbr th;;:: .second system 250 and se(;ond ,~pparati.is 200, to provide 

rcgulah::d ,:::urrcnt contn:d, for c~1cb array 3 l 0, 

\Virile HK cx0n1r:dary third syskrn 350 ptnvidc.s 6cpm;;itc control to C(tch 

LED arrn:y 3H), such rontrol may be inl.kpem.k~nt, controlling each LED array 3H) 

cornpktdy inzk:p(:ndcntly of a.H the other LED mTay.s 310, or such control rm,.y i11clud1;~ 

any type of ,:::oordinatd, joint or dependent n::gnbtkm, fi>r any s(kctcd lighting or color 

~;uch a;;; sq::iarntt or inckpcndeni cnnt.roi of red, blue, and green LEDs l lO, or 

coorditrntcd control of such nxt b! lK, ,rnd green LEDs 110, such a.s to produce various 
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lighting efforts having,,,_ ;-;dcctcd hue, fbr r.xampk\ Abo for exa.n-tp!c, lighting dfotts 

;;uch as output in1:cn;;ity, color qutput, cdor tcrnpcrnhrrc, etc. nwy ix: H::gnfotcd 

.indtptTu:.knUy 1:.ir in u coordin,rt>.:.'d rnarnK'.r for each LED array J 10. hnporl~mHy, the 

exemplary third system 350 is capahk of pro,1iding cmnpktciy separnw and 

5 inckp(ndcnt current regulati()n of each LED ra-.ray 310, v,..-ith any such tn.di::pcndtncr. 

$Clectiv;;.'.ly implerm.mtcd o.r nt)t, for exmnpk:, by the end ustr nf the excrnpfory third 

system 350. Ab;o importantly, the exemplary !hird system 350 i_,:; capabk nf providing 

any type of et:)on.limitcd current n~gtifaticm of ehch LED array 310,. ,vfrh any si.H.:h 

coordination ;:;dcctivdy hnpkrntntcd or not, fin cx,,1rnpL::~ by th,: ,:nd user of the 

l G ex('.mpbry third systcrri 350. 

As an cxmnplc of one form of zxiordimrtcd c.ontml,. in tb~ ,~xcmplary 

third sy:w~ni 350, intcrkm,ing of :-<W'ikh 155 on (T0 , .. ;) dun.i.iions muy bt: impk:n:K:nted, 

prrrviding a multiphase e<.nHrol, :-.udi that on1y !':odcckd ,t.rrny_,:; 310 ,,,re i,vdtchoi on and 

are conducting rnrrent during ;;1 given tfrnc intcrvaL Figure l l i.'> a timing di.agrnrn 

i 5 illw,trnting cxernnb.ry nmltiphww :s;vviH.:hing of the exemplary thfrd sy:,-;tern 

c1:nbodirn~)nt, for "n'' a.rrnys 310 Qf LEDs l 10, in ii,::con:hrncc \Vith the 1\,a.chings of l'hc 

pre$erJt invention. /\,3 illw;rrnted, ;;.'.ach To"'· ''pubc'' 37H represenfa th: on durntim:.i: 

Cfn"') of n s';.v1tch 155 of an array 3 H\ vvhilc illustrntcd as a square ,vHvc, it may hav<:.'. 

any v,·av,;~f(wm, and men::ly rq1n.:~;;::nts a &ignal from th;.: control kr ! 25, 225 tn turn on 

·:,o (i,\nd kc-cp on for the, s.d(X'kd ()Jl lime duration} ihc crirrcsponding :,;,~:itch 155 (via. ~i 

corrcsp<)nding gate driv:;.:T 165}. Ah><.) a:-; iHu~trak'.d, tht tinting cif (ach such To:< pubc 

370 differs across th(~ ''n" arrays, ,;-vfrh T(\'< puls;;.\.<; 370,, 370a.,, m1d 37(\,.2 occurring 

during hn1e int.erv1d t.i fbr LED am1ys 3 lOi, 3 fOn-~, and 3 lOn-h respectively: Tq" pulfo>, 

370,, 370z, 370,1-:, and 370iH occurring during hrnc interval iH h.1rLED arrays. 3 lOh 

25 3 l Ot, 310,,.t and 3 l 0,, i, rcspcs:.:Uvdy: T0 ,.; pi.dscs 37{h, 370!, 37()~ , &nd 3 701, r,c.nn-Y-lng 

during tinl(' ink:rval L for LED array..; 3 f 02, .ll (h, 31 t\ .. 1 mid 3 l 011 , n:-,slk~ctivdy; and :,;o 

on, Th;;.: <.,·ariz.ws cm durntkms mi:l.y bt: :-;elected tu lx, .,;,;;paralc {,'.g;, T0,, putss:..:s 3701 and 

370.} ()rt() overlap (e.g .. , To" pubes 370i and 370:c), a,; mny he ncci:'.SiiM)' or dcsirnbk. 

B;;;cnw:K ofthL, inh':cdtuving, nri.tiHrhase contrn!, not all LED urniy,.; 3 JO 

30 arc rc1.,Giving current at the .sm:nc time. This enables a n:mch .-.;moot!wr AC inp1Jl 

currc'.nt1 ·\vhich minimize."- J.ny n)quirement 011 i,1pui clcctn)1~ohgnctk inttrforence (Ei\,-H_) 
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filter ;.=.izt, furthtr tnabling a rcdlittu:m m (ht input filter u1padtor ;.=.izc, ~wtd 1\~dutcd 

eorn_ponent co~,t;;, h b ahso eJ.:.p;;.'.CKd to ·w<.rrk \vdl .vith ,:i thyrb.tor--type db-nrning, 

ft should be rmted that trK controllers .l 25, 225 ,nay he impk-I.ncnttd the 

same, imd configured. or ndH.T,>;,'1sc programmed for operni-ion as part of any of the 

FiguN.: .! 2 i::;. a flow· diagnim of <ffi exmnpkry Incthod e:nhodirnent, in 

azx.:ordancc ;-vith ibc teachings nf the present invention, fr1r controlhng the energizing of 

l G euri'('.nt path (e,g,, through current sensor .l 60), and \vith the solid ::;tare lighUng having 

an eledrii.:aJ G"\.ffrcnt. Th;; method bq;ins, :;tart step 400, with hn1ring the iiwitch 15.5 

readKd <t s.:x:ond pnxktermined (c,g,, low) current threshoJcL The method then 

determine::;. a first on iirnc pcdOd. (Tn"'i) as a duration between Hit ,.ktcdion of die 

second prcdct.cn--r\incd (e.g:, lo\,') cnrr(~nt threshold (or tumi,,g the S\\-itch into the nn 

·:,o :;.lai\)J imd the ckkc!ioD of the:: prcdctcnnincd av,'.'.rag;:: i:urrctH. level, slcp -t2t\ ;,md 

ds::.t<;:nnlm:,s ~i scwnd on fa.nc period {To,;,,,::,) as a du mt ion hthvc,::n the dck-<.~ti<m of the 

threshold, step 425, An on time period er,,"} of th;;:: S\Vlt(:h i;,; tfom (.ktermind a,; 

sub◊tantinHy cqud or propnrti<.m1:t! to the sum l)f the fir;;.t cin timi:'. pcnnd ~md th,:: scco,nd 

25 on time period Uo" :':_-. To><J + T0,.;~}, :-;t<:::p 43ll When the <.H1 time pednd bis ebpscd, 

lb;; s.\.v·itc.h is turned on: step 435. Fnr a first ernhodiment, tl:K~ i.'.XQn1plary rndhod aJ1,o 

dei"i.:~rrnirnis H culT;;.~nt off time period of the switrh ;±s a function oftlw fir:,;t on rime 

step 44{L \Vhcn dK m.ethod G-l.Hitinu('.;<;, :,tcp 445, lh;;;.n fr1Hnwing expiration ()fthe off 

30 time period, ;;;tep 4 50,, the rnct.hod nc:tum:-; to step 405 to t.itrn th,~ ;,,\cvitch on,, and. the 



PCT/VS2!W8/H 76:55.2 

Not :-;CfJ.rntdy tllustr;:ited, th.::~ method .tYlJ\}' rdso include: a.<(\ustiog the 

currfnL off ttn1c period to pn:rvidc tlHtl: the first on time p:::riod is :~ubsJaniiaJ l y ,::q ual to 

propnrtimwJty h.i a driving gate ri1sing <i.d.gc time period, 1n adciltfrm, the d;;:,tenninatkm 

The :~xernplary rndhod rnay aJ~n provide for determining a blanking 

time interval fr:ilk)\Vtng n.irning the i.\V!Jch :into the <)n stak, ,md ignoring the dch~ction 

of the second prcdctftTnincd uit-rtnt tht\.\'jh,Jld, th'" d<:'tccHon <)f the pKdct(:rrnincd 

average cmn·nt kveL 

The :~xempl.my rm~thod rmiy also provid,;,~ for ar:jw'.iting a hcightness level 

ex~(mpk, ,uijusting ,t brightne::,;s kvd of the ::-;olid :,Utt lighting hy u::-;ing n hysteresis of 

at lc~ist l\vo dcctricaJ Ctffn:nt amplitude !cvcb and al kast h-vo ck:crrical nirrz:nt duty 

cyclt rnHns. 

time period. 

decN;asing lh,;; current off Hrne pcritxl -proportiorrnJly tt) ,, driving gate rising edg(, farK 



PCT/VS2!W8/H 76:55.2 

fn ;,mother ext·mph1r_y crnhoduncnt, tlK n1dhod nwy indurk grn-::Y,,iting 

an cn1)r sigwd as 1-1 diffcrntrc bch.v<:::cn the second on Urne period and tk~ fi,st (m tbnc 

wirdinc int.Grfoce,. rrrny provide demodi.dHtion and airnlog to digital conversion for a 

,virekss int,:;,-rf;1(X\ and nrny pn)Yidc a phy;;,ic,,!l i nt1-:rfoc:::- for the rn,:rnory .l 75 ;:tnd 

l G controller t25, 225 with other devie{\S, In gcntraJ, the interface l.70 is used to t'C(dve 

signab. fi.)r current n::gnlation (focr iXn1trnlhng im LED d.riv·er), and other p(:rtm,;;nl 

infbnrrnlion, For cxarnpk and \Vithout lirnitation,. the it1krfocc 170 rnay in1pk~rnent 

or more controllers i 25, 22.5, udapl<.::d to p<.::rform the fi.rnrlionahty discuss._xl hcn::in, A.s 

the r.enn contrnl1er or processor i"' used berdn, a controiler l 25,, 225 may include us:::: nf 

·:,o i:t _.,_ingk inh~grnted cin>ufr ("fC'), or rnay include u:-,(~ of A plnn,Hty of intcgrntd cirru.it& 

proccs.soi::-;, ci.i&torn l.Cs, 11pphcation :'ipccific intcgrntcd circuits ("ASlCs"), fdd 

progrnmnv\bk gMc m:11',ys ("FPGAs"}, adaptive eornpnting lC:'1, ~i&sodah::d memory 

25 (such as RA\11, DR .. Akl ,rnd RO\·l}, and o!hn- fC.::; and tZ'nrip-oncntt . .,-\.'> a c<.m;;;cqucncc:, 

as u;e,cd herein, d:K! H.,.nn controller (or pnn:.essor) should b"-~ 1-m(.k:rstood to cqui>.iabntly 

mean and inchH.k a singk K\ or Hrrangf~n-K~nt of nn;tom rC\, ASlCs, pnJt:cs,,;cir~\ 

30 r:ncrnory, such as mir:mproccs:~nr memory or addition1JJ H.1\Jvt, .DR/\Tvl, Sl.)RAJVL 

SR.A!\{, l\-1RAM, RO\l, FLASH, EFROTvt or i/PfHJM. A conb:rdkr (or processo/i 
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configut\Xl h-w pi-ngramrn1ng, FPGA, lntcr<.\)nncction, nr lrnn:l··'Niring) to perform the 

tn<:.'.!h<.Klokigy nfthc invention, ;,ii> dt.:-;CJJ~.:;;ed ab1}vc ,HHi b,::.knv, For cx,unpk, the 

functioning). Equivdentiy, whm th,:: cnntmlkr 125, 225 nwy iniplcnwnf(;d in -.,vhnlc or 

part H"'- FPGAs, cu~:tom ICs and/or ASK\., the FPGA.s,. rm,tom IC\ or /\SIC\; iiho n:rn.y 

be de:-;igncd1 ci:mfigltred ::!nd/or hard-,;,~-tn~'.d to irnpk:1n<:.nt th<.'. rncthudnlogy of the 

arrangement of ti.Hrtrollcrs, nlicropn.H.:cs.c;on,, DSPs and/nr A.SJCs, t{illectivdy refr:rred 

rw:nmry .l 7 5. 

l 5 The memory 175, ~vhich may indude a rht,J repository (or databw"e), 

r:nay be ernbod:kd in a.ny nurnber of fr}rms, inrhiding ,vithin any cm:nputc:r or oth;;:,r 

nwchinc-readahie data ::;tnrn.ge nK'.dhun, rn('.rnory device or other storngc or 

cornnn.micahon dcvic;:; kir storngc or cornnn.micution of infonnation. currently krnY-vn 

any oth('.r form of memory dc·vic('., suth as a magnctic luird drive, ;:in optiud drive, a 

25 nrngnetic di:-sk or tape drh.\\ a h,:rd di.,;;k drive, oth;:T rnachine--n:.'.adi'!bk stontgc nr 

m;;)mory nicdia :-;w.:h as a floppy disk, a CDROM, a CD~R\V, digital v,;;rndik disk 

(DVD) or other iJptiq.l r:nemory, or any oth<:r tyix~ ofrncmory, ;,;torng1~ medium, or dHta 
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infr:imrntion dclivuy ffttdi,01, xvhich tJli'\Y c:ncodC'. dMa or otlKr rnfnrmation in a 31gnal, 

,:vircd or ,,virekssly, induding i;;,fodr.:.nrmgnctk:, optical, acon.;,tk, RF OT infnn-cd :,ignaL>,, 

and so on. The rnc1nnry 175 nrny be adapted to ;;;tore \·'<ff.iow'.i look up tahkh, 

puram(,ters,. coc.fficfr.:nts, ollK\r infbrnwti(m and {bt~r, prngrnrn.i'.'; or instn.H.:tions (of the 

s $Of'h-wm~ of the present invcnthm), ~md i;;)thcr typc1 of tab ks :-;uch as da:t,tbasc t;:1htc.s, 

.As indicated above, the controller l 25, 225 it, progrnr:nrn,;;d, using 

code h,rtlwr rnuy be cmnpil.cd it:to sonie funn of instn.H.::.Honi:i or object cmk (i.m.::luding 

l 5 asi'i(:rnbly hmgm1g;c instrnction:" or ,::onfigurahon inforrnut.ion). The M.lfovarc, source 

code or n:,ctHdata of tht: pn,:s;;::nt invention may b1;.~ tmb;di(xl as any type of cod<:, su,;.:h 

prnprictary versions of SQL.). DH2. Ornck, or m1y other type of prognnnrning language 

v,·hich performs the fonciinn,1li1~v di,-.cusi:'ied herein, including various h,mhvi,n.: 

·:,o (k:finttinn or hardware i:nodding languages fr·.g., \/crilog, \/HJ.)L, RTL) and resulting 

. J !' 1· , 1· . l . · l . i... • l any progrm:nrrnng angi.w.gc, o · any WK, wrt, a:ny syntax or &1gi;::atu1.\~S, ,v :HCJ.1 provtt 1>, 

25 (v<'hcn insl;:mti&tcd or ki,:idcd intn a prqccsc.,nr or cmnpu!cr ttrid cxtcutcd, including the 

controtbr Lb, 225, for exa.mplc) 
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$)'Stem embodiment:'; rnay be irnpkrnented \Vilh citb.T fixed or variabk frequency 

S'Nttching, and may b<;., irnplenK~nted. V<-'tth c:ither AC or DC power sources. As a digitaI 

impknKntation, tht'. txcn1plm-y embodiment" nu:\y ,1bo bt inrpkn-itnk:d ,,it a rcductd 

l G co~t. Th,: ;;;xempfary embodiments Hili,n provide fi.)r pn::ciS('. ('.urrt'nt controL \-Vi thin uny 

sd,~ctcd tolcnincc levels. ln addirion, tb~ exemplary ernbodirnent.s also eliminate !he 

n:.:qui'red RC filtering of frt,: prior art 

For drnngt~, in brightnc~s levds, a combi1Uttion of fon;.v;:,rd hia:';ing 

techniq,iei, un::~ impknKnkd, \-vhidi iiflm.v for both regulating the inkm,ity of the 

i 5 crnitwd Light whik ti.mtroLfrng the wavelength en:1i~sfr_in shif\ from either or both the 

prnvid.c for varying intensity \vhilc ,~inmltmwnw,;,ly red ricing the EJ'vH produced by prior 

art lighting sy:,:;tem:,:;,, csrK~dally br:cm.1:,:;;;.: current steps in !he pulsr: modnbtinn an: 

·:,o drwn.alicnlly rc:duced. or cli.n:tinai.cd cotnpktdy. The cxcmphry LED contn)lkrs are 

of system rcguhlic,1:1. The cxernpbry current n:.,gulator cmhoditm,nts provide digitJ.1 

control, ,v.ithout requiring external i::01-npcnsafa)n. Tbc exemplary i:::urrcnt n::gnh,ttor 

25 crnhodfrricnts; al-"lo nti!iZc comparw:ivcly fc\vcr corr1poncnt.,;, providing t\:duccd cn_;:;t ;Jnd 

-~rnbodirnents thereof: Hie:jr embodiments i.u-c rncrdy illustrative mld not reiitrictive of 

30 the invention . .tn the de-.criµtion herein, numenH.is spc:cific details arc pmvidcd, si.ich iiS 

C'<i:\mpk$ of ckctn)nic cornponcnis, ckctronic and :s.tn.1chin:d conncctio,1!:i, rnatctia.b, 

mxl stnictural v,'triation:,;;, tu proYidc a th<.iroligh undcr$fanding <.if cntbod[n-u;:nt.s of the 
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invention. ln adtliUr.m, the various Figures ~tre not dr:.nvn to scak ~md should not be 

Refcn:::nce throu.ghout this spc,cification to ''onG Grnhodimem", ''1::n 

cn-1bodmKnf', (Yr a. $p<.'.cifk "embodiment" means that a pai:ticulm fo,1tut,:;, Mrncturc1 <n 

l G dtc,rnctcristk d6Kribe<l ln connection \vith th: ;;.'.rnl-xxliment is iw::Jw:kd in at lea:<'it one 

ptutitu lar fr:aturcsJ st1\ictu n:s,. or duiractcri::-;tic,\ of imy spcr1fk crnhrn:.lim(:n l of the 

prtscnt invention rnuy be cwnhiiwd in m1y su.itablc rnumttr and in ,my suitahk 

features V/ithout corresponding use of other fe,1turcs. fo addition, nrnny n:wdifications 

scope and spirit of the prcs,~nt invention. lt is to be mi,.k:r1,tood thl.ri oth,~r vadabnn: .. and 

H\Odificat.ions nf th;;.: ;::mbodimenis nf tl:H.: prestnt invention described m,d. illustrated 

·:,o l:J(TCtn arc pnssihk i:n light cif dh:: t~>1ching& hcn::in and are lo be c;:m&ldcrcd p::u·J. of the: 

~pirit and scope ofthe pcrcM.'.nt invcntt<:.m. 

lt ,.vii! also he appreciated thar nm: or more of !he ekrncnts depit".'.tcd in 

30 coupling, connGctinn or attadmwnt or adiq1tut.ion OT cap;;ihiby for such a direct or 
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integrally ti.xn1c:d ton-rpc,nenb and comroncnts ,vhich an::: <.c:t'>uplc:d via or thmugh 

arn)thcr c<.in-iponcnt, 

/\J; ustd hcn:in for purpose" of th.: pre:s.:nt invention,. tht kn:n "LED" 

and it~: piurnt fbrm "l.,ED:/' i':hould ix.~ understood tu indude any eb:::troh.trnin(~~etmt 

5 diode or other ty1,,::. of cirrrkr injcctkm-- ,;.wjuncfoJn--based sy&tc:m w-hi<:h i& c,,ipabk i:1f 

g(:neraHng nidiatkm in response to an ek'.dric,d signal, including withont limitation, 

various :,;tmieomh.ictor~ or carbon-ha,s.;ed structures 1-vhich emit Light in rc,,pon*;:: to a 

cun:crd" rir voltage, light emitting polynx::rs, O!I:Hnic LEDs, and so on, including ,vithin 

th<:.'. vb:ibk spcctnnn, (ff other ~ptctrn. :,:..ich ,,is ultn1viokt {Jr tnfrn.nxL uf any h:incbvidJh, 

lll or of m1y color or <.'.obr ternpernl'mt, 

Furthermore, any signal auo--vs: in the dnm·ings/Fignre:". should be 

con::;.id,-::rcd rmly ;:::xnnpfory, and not limiting, tmk.% otlwrvn.'i,; i_,p~eificaHy tli)hxt 

CornbirHilion$ of component$ of steps 'Nill abo he uH1si,;L;.<t\xl "-'Vi thin the rKopc of the 

prts~nt invention, particuludy ,\lH:rc the ability to separate or <:.:ornbin~ is wKkar or 

i 5 forcsceahk, The d.isj1mdivc tcnn ''or'\ aB n,"cd herein c1nd throughout the cb.irrrn that 

foUov,·, is gcncniHy inttndcd lo mean'\md/or", having both coojrmciivt and di:-;junctiv;::: 

tn<:::,mings (and is not confined to an "exrJusiV('. or" rne;;ming)s unless otherwise 

indicated. /\~; used in Hit dc-;,.:ription herein and th:rouglxr\.lt the cbinrn that folfrnv, '\1"·, 

"an",. and "th;;:;'' include plural rc;ft:renG~"' tmk,<ss tlw context d;:::ady dii::.U1tes nthcrv,,-i!:it. 

·:,o Abo a.~ iJs(x! in !hi:: ;:kscripiinn hen::in nnd i.h.n:.wglKnH the cbii:ns that f()lb\v, the 

mc;:irfrng i:.if "in" .iw::.h.id(.'.s ''in" and '\m'' 1mksi> th{:. ,~onk:xt ds::mdy dictl:,k$ ofa<:.'.rWii>\:'., 

The forcgning r,_fo,c;cription of iHustrnwd ,~mhrKhnH.mts of the pWi,Cnl 

invention, including vvhat b dcscrib~xi in the sun:,nu~ry or in the abstract, is tK1t intended 

to be exhaustive: or to Hnut the invention to thC'. precise: forrns dbclo,-;cd herein. Frorn 

25 th<::: frJregofr,g, it \'<'ill bc<.ib,::;crvcd tha1: nun1cr(n1,::; variationr;., rnodifioil:ion,::; a:nd 

suhstitub(}rrn an.~ inkncfrxl and nmy be effected '-Vithout i.kparting frorn the spirit and 

senµ;;; of th('. nos.\:! concept of the inv~mtion. lt is to be understood that no hrnitation 

,\Itb n::;;pe:ct to the &ptcifk nKthods and a:pparntu.:-;. illi,g;trnt.cd her(:in ii; int()Hikd or 

should hr lnfi.:-,rrd, h L,, of cournr, intended to cov,;::r by tlw rippended cbim:~ afl such 

30 r:nodifirntinns dS foll \Vtthin the :,;cnp-;; nf the claims. 
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L 

coupled to a x',vitch providing an cicctrical unn.:nJ path, and the S()lid state lighting 

5 hti:vm:g an cltctrical cun-('.nt, the method comprising: 

turning the s,.,vikh into an on ::;tatc; 

d,;;tcchng ,vhcn the ckcrriu.d current hai-i rcadK'd a pr1.,ddcrmined 

i 5 of the prcdeicrrnined ~rvcnig;;; current level and the detection of the first prcdderrnincd 

cuncn.t th:n:.;sh(1ht; and 

dctcrrn.rning an on fonc period of the switch m:; sufo,tuntially proportional 

lo a sum of the first on time period ;,md the :'>ccond (>n tin1c period. 

Tfo:: rn()thod (if daim l, ikthcr comprising: 

9-·hcn th: on tfrnc period has c!ap~<.'.d, turning the 5'Nttch into ;,m Qff state, 

The n:H,:thod of daim 2, for1:hcnxwnpri;.,ing: 

$ubscqucnt to turning tlK S'Nitch into the off stak, ·when a. fixed lime 



6. 

7 

9. 

Ht 
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TlK 1ntihod of daim :5, furdicr comprising; 

The method of claim 2, further comprising: 

v-'110n a curn::'.nt off time p;;::dod ha1 chpsd, turning the S\vit,:_:h into the 

ThG method of clairn 6, fw:::hcr compri;;;ing: 

dck'.rrnining rlK curn:'.nt off ttrnc pc:dod of tl-K: \\Vlt\:.'.h as a funn[on of the 

Thr: rncfood of dairn i\ further corn prising: 

Th(: mdhod of clairn 6, forthcr compd;,ing: 

dettrrn.rning dK, current off Hrne period of th(: ~\v.itch as: 

The method of claim 6, further .. xirnprising: 

dctcn11ining the current off time period d' the s\vfrch as: 
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l l. TlK 1ntihod of daim 6, furdicr comprising; 

dckrnrining dK' ctiiTcnt offttrne _po kid of the :-;\vitch as 1.1 fonctkm ofa 

!2. The rnefood of claim 6, fmtrK:r <.:ompri~;;ing: 

ddennining the current off tinrc pcrind of the switch a:-, ii fonction of a 

c.un:crd" first on time 1wriod,. a. pn'.,vfo1.1:-. first on tii:ne period, a prevtoHs ~econd on ti1:m~ 

period, and a previous off time period. 

B, TlH.: method of daim 6, further cnrnprbing: 

!4. The method of dairn 6, fnnJK,r ,;.:omrffi,,;ing: 

,kcrea.sing the current off time period proportionally m a driving gate 

Thr: method. of dairn l, further cnrnprising: 

!6. The n:H,:thod of daim ! , for1:her (;ompri;.,ing: 

dcts::rn:rining a hlMking tirnc interval .6::ilkrwtng turning tbc -;witch into 

17, Thr: rncthod of dairn l 6, further cornpri&ing: 

igntiring the dctc<.:ti0n of the :-;ccond prtdct.;::nnincd c:..irn:'.nt thrr.&hold, the 

30 pnx1etcrrnined. current. th.re.'ihold during Ow blanking t.it)1~; interval. 
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TlK tntihod of daim l 6, hinhcr comprising: 

dckrnrining dK' bhnklng tirnc inkP.iilt as prnpor!innal to a gate rising 

edge lime period and de:kchm of the predetcnnintd averuge current leveL 

20, The mdhod of cbLm l 1 frn{hcr c:<.m!prisLng: 

adjtrnting a brightness kvd of the solid sb,ite lighting by using at .kast 

2L 

The method of dairn 1, further comprising: 

·:,o fidling edge Lime period. 

The method of ;:.:lain1 1, fnnlwr cnmpri . .,ing: 

dccrtasing the sc,:,:ond on tin,e period proportiomiUy to a driving gate 

fol!rng edge time pcriud and }l C{H11pi1n:,.tor fol!rng cdg;:: time pcrkid. 

24, Th.'. method of claim 1, further comprising: 

25. 
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26. 

coupled(() a po-,vcr cotrV(:Tl:Cr, ,'<end w·h('.rein the d(:ctric,:d current ckK-ctionio ocnir at a 

(.:Ornp,n:aU.vtiy k,v,,.. :,.kle of the power conv:;:rkL 

Tht method uf daim 1, whtrcln the sul.id 1:;tatt lighting comprises 11 

plurality Zlf an\ty:{ of a plurality of t,(:rie:H:onnected light en-iitting diod,;;,G;, and each 

array of !he plurn.lity of arrays further coupled ki a con\;,'ipnnding ;,,\vitdi r,ro\,iding an 

d,~ctrirn1 cun<:.:rd path. 

The rncthod of dafrn 27 ~ fi.n-ther co1nprising; 

~;cparatdy ddi;;rmining a (.'.otrespnnding firs! on tin:w period, a 

corresponding :<~co,,d {m tir:n(:: period, ilnd iJ: corresponding on time JX~riod iJ.!:i 

subsl;:intidly proportiorn,d to the ,<;um of the eon·,~~prmding first on tirne pr:riod and the 

corn:sponding second on tii.ne period fix ca<.::.h m-r;_ry of the plurality of arrays, 

29. Th(: mdhod of clairn 28, further compri;-;ing: 

,vhcn the cmrtspn-nding on tin1e period ha:i elapsed, sepa.ruh:.'.ly turning 

the corn.:sponding ;;,~,itch inw lh<.::. off sttitc, 

Tfo:: rn(:thod <:.if daim 29,. further comprising: 

scpitrntdy dvtcrminlng a cont~,poncHng off tune pc:rh)d for C>-Kh drrny of 

the ph.wa.Hty of Hrrnys, 

3L Tk mdhod of cfoim 29, fort her comprising: 

interkaving the co1Tcsp,:n1ding on tirnc fKTiods nfthc co:Tcsponding 

swikhcs of dK' piurnlily of arrny1>. 

32, Tht method of claim 27, forthtr <:.\)mp-rbing: 

;;;uccessivdy :c;\vitd1ing electrical cw-r,,nt lo eiich anay of Hw plurnfay of 
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corn_prtsmg. 

a contmlkr crn.ipkd to the first tomp,mitor mv.t to the second 

cornpm:ator1 fhc co11trt1lkr ;,tdapted to tn.rn the ~\-Vitch into ,1n on st::itc ,md ,m off ◊tak, t(, 

pret"lcwrmincd current threshold or HK'. turning the ::;,vikh into the on ~:talc, un<l tb~ 

d('.i"C{.ctio,\ of the pn::dct!i.Tmincd trverngc current kivcl; to {ktermin-;'. a second on tim;;.~ 

and the dekction of the first prnckf(;rmincd current threshold; and to ch:.lerminc an on 

34, 

36, 

on ti m('. period, 

37. 
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pc6od and the second on tirrn: period. 

Tht apparntlb of c!nim 34, vvhcrcin the contmtkr is further adapted to 

40, 

pcriNi, T0~, 2{K) is H pt\:,viou~ ~(X\)11d nn timC'. pC'.ri<:.xt ToH-·(K) is a previous off Lime 

period, ,md Trn.,, (Kt I) ii, a cmn::.nt first on tfrr.ic pt'.riod. 

4L 

The appm-aru" of claim 34, \vhcre;;in the ccmtmHcr is forthcr adapted to 

off time period. 

43, Tht apparn.lm, of dairn 34, ·wherein the c,;,mtrolkr is further adHpted lo 

44, 

,l gate driver circuit conplcd bctv<"cen the contrnHer and the Hvvitch, and 



PCT/VS2!W8/H 76:55.2 

45. 

driver circuit 

46. The appuralu:-- nf claim 44, o,vhcrein the controller is fort her adapted lo 

decrease the on tirne period prnpnrHonaJ(y to a faLhng edge frrne period of the gate 

47 The apptrntw._:, of d.ahn 44, wherein tht i;;o,nlrnller i~ furlhi;;r adapwd to 

driver circuit. 

Th0 app;.mitu:-- nf claim 44, wherein the controller ii; fmthcr azbpted lo 

i 5 decrt~tise the second on time period proponinnalty to a falling edge time period of the 

gate driver circuit a.nd a. falling edge time p;;::riod oft.he first cornparator, 

49, 

The app,i1"<ttti;-, ()f' chirn 50, further cornprL::;ing. 

a turn.mt ik:.n.sor c(mpktJ to lhe firni, secoivl m1d third comparntors ~uvl l() 
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time period, T0 ,\, (K\\ i& a previous fir.st on time pcri()d dci\:~nnirn:::d i.i.stng the: ,kk:ction 

5 of the second prc::xkterrnind current kvd, T(r,dK) is 1:1. pn::vto1J~ i>ccond on time period, 

Ton{K) b a prtvi1)us oiltinic fl\:Tii;;,,;l, and To'\, CK+ l) b a i:-:urrcnt first on tinK'. p,~riod. 

54, 

threshold during the blanking hrne intcrvaL 

2() 

The apptratw; of dahn .n, v,herein tht tontrnller fa furlht.:r adapkd to 

25 

adjust a brightness level of the solid state lighting by g:;;.rwrnting cuntrol sigrn.1h, to H 
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60 . 

. i.:-; coupl.t'.d to a poiver rnnvcrkr,. and w}wg'.in Hw fin,t m1d :-.erond comparator::. u:n.'. 

coupled to a c1nTeni is('.nsor at a comparatively kw:c' sid;:; nf ih0 fKl\Ver C(Jnvcrt(,L 

61. 

piun.dity nf ,irray.,, of a piutality of :,;cri\.'..'i-connetied light emitting dio,:_k:s, each array of 

the plurn.lity of icirrnys 11,, frather coupled i'o a corrc!--ponding s,vitch, and '>Vherein the 

controlkr is fw:thcr adapted to mi:n c,1ch c<:.nt<:::,ptJncllng :,v,titch Lnto ;,m on stHc and an 

l G off ::.tate. 

scrarattly dctcnnin<:: a crn-rcspond fin'l.t on time period, a i.x:n'rt;,prmding ~,(:cond on 

tiine period, and a corresponding on trm('. p<:.Tiod as substantially rnoportioiw.l to thG 

i 5 ~urn of th0 ;:.:orrcsponding fir,,;t nn time period and the cf..in-csponding c;co:md on i"Ime 

63, The app,mitns of clairn 62:, v,htrdn the contn,Ucr fa further adapted. 

\'Vhcn th;;; corresponding 1.m time period has dapsed, to sr:parntc!y turn the 

·:,o corresponding ~,..v(!di iDiO a.n off stak 

64. The appHrntu" of claim 62, vd1ernin the ccmtmHcr is forther adapted to 

65, 

interleave the corr;;~spon:ding on time periods of the COlTi..:;,;por:::d,ng S\\·itd:H'.'.S of the 

pl:.irnlity of army ii, 

66. 

~;ucc(:ssivc:ly il.B"n into a.n ,:m stat(~ Ci'\Ch cocrcsponding :r1,vitch for each m:ra_y of the 

plrn:,1U!_y tif arrays for th,;; t.Ort\:sponding on fan:;; period, 
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67. 

,l rcL-rt:nct voHag~ g0nernlor coupled to the fin,t m1d ::,eeond 

comparators and adupted to provide r(J'i.~n.mce voltagi~-; rei'ipi.:ctivdy c(>rn~sponding to 

5 the first pn.xktcrmlned cmTcnt thre.slwld nnd ti) th,:; pr<::dctcrmincd av(:rag<; current 

kvd, 

68. The ,ippi:irntus of claim 33, frirther comprising: 

an input-·tnJtput intcrfalcc <.XJupkd to th:. <.:ontrolk:r mtd ~idapkd to 1tcdvc 

prn-v<:.'.r C()1wcrtcT rcc(:iying ;:1 DC input voltagi:. or coupled l<l ,\CDC p<.rwcr cor,v,::rti::T 

reci::.'iving a reclifh:d ,AC input voltagZ:. 
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70. 

th<:.'. syskrn ,;.ornprising: 

,l pluwl.ity of <Hrays of S('.rl(:r-H;onneckd Vigbl e1nht.ing d.iodf;,;; 

a plurnlhy nf switches, a cmn.!sponding s,vhc.h of the plurality nf 

5 :c;whelK:c; coupkd to ;;::nch the array <)f ,h(: plurality· of 1i.rrny:c;. c.if light crnittlng diod(:~;; 

tit lem,t <:JH(; ,;;orresponding fin;t <::o.mparator ~tdapkd to d,;;terrnin('. \Vhen ~1 

corrcspnnding switch ckdrirn! cum.mt hai< n:aci1td a corresponding firnt predetermined 

ut knst one controller o:.wplcd to the cm-responding first cornparntor and 

the s:one.sponding predcterrnined in'c,rngr, currrnt. lcvd irnd thG rbt.ect.ion of the 

71, 

adapted, subsequ(;nt to turning the corresponding switeb into th('. off state und when a 

30 fixed tin-Jr: period has elapsed from having tlln\cd the cnm:,-,ponding s\vitch into the. on 

~;tatc, to 1urn the f(}rri::~sp(mdi,1g sv,.-itch in101hf i:,n s1atc, 
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73_ 

adapted to a4iw~t the t.orn.:,~ponding on fo-iw JK:riod proportionuJ!y to the corresponding 

on time perlnd, und a corre:,ponding rm::vinw, off time perind, 

Thr: systern of claim 7fL wherein tk~ at. bas! one cimtrolier i,;;; fi.irther 

off fo:ne period, To?,:-i(K) is a oJnesponding previous second cm tin:H~ pr:riod, Ton(K} i;,; 

,, e;,n,-~,r\<)fl'hnn ~,r-·-v(q,;-;; ··iiT ·tj ,~\(' ,·1-·,,•(qd -:p,d T .. ,,,, {!{ ,,, ) .} i, ,, f"<}:T<·~,n')'P··ll1F-' ,,, q-,-,.,,jf 
~-~ ,-,- ..... ,',,,,, .. r'. '·- . ~ ~·· ~... ..., }..,,. \,. ~ . ;,,, ..... ::-~ ........... , ..... ':(" <-. .._;,,....,., .... ;,, ~.1:-.} "·. "<~ •• ,. ,-~ .... , ..... .._....,.,.t·'-. ~..._ .. -~ -:-.-;r..~ .............. :,, ... ~ 

78. 

s\vitch a:, a fimction of a rnrresponding currei.it fi.rM on hrnc period, u conT.\~,ponding 

-:,n previous &ccond on rime fKTimL_ and a corresponding pn,,vim.1& off tin1,;:; period. 
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switch w, a fimc,tiun of ii corresponding cuiTent first un hnw period, a cun>i.'.spunding 

previous first cm limi.? period, a corresponding previous :-.er.tmd on tinK; fKiriod, and a 

aduptcd !n ,i.:Uwn' a corresponding nirrent off time period to provide that the 

con<c:~pondLng fit:,:t on thnc period .be ~lJh({tantiall_y equal to the con'"~punding :»::(X)nd on 

krrnt urH'i c.::rntiulkr i.md tht corresponding svvitc:k m1d 1,vhen::in the at least GJK 

i 5 contn.iller is adapted to turn the corresponding s\.vitch on and to turn the corresponding 

The systcrn of claim gi, ,vhcrcin the at kast nnc C{lfltroLkr is fort.her 

adapH:d to ,kcrease a cmrespnnding current nff time period proportionally io a rising 

azfoptcd to dc.:Tc:J.Si:: the corresponding on tim;;:: pi:.:riod proportiomllly to a falling edge 

time period of th;:: Bl lcBst one corresponding gatC'. driver ciri::mt and H foiling edge time 
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tin:K? p;:.:riod of tho al least one first comparntor. 

86. 

e:orresponding &witch into the cm st;ciJe. 

The system of clairn 86, further cnrnprililng: 

at k~ast one con,~~:ponding third compllmtor adaptc;.;d to deknnine 'Nhen 

the (:orrcsponding tk'.(:iricul {;urrcnt ha;,; rcachtd thG corresponding second 

corn~.l'>ponding hfanking Hrnc mtcrv~d. 
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90. 

rising edge hm.c pcrind of Uw at lem,t OIK corrcspomling g;Jtc dfivtr circuit u:nd a 

corresponding tran.sient current tinKi fK!riod, 

91. 

adapted in dctennine tht cnrresponding blanking time interval as proporhoru! to a 

rising Gdge ti:nE~ period of the at kast one u:'.!n\~:,;ponding gate driver circnil and 

ddcctkm of the zxm:(:.~p.:.mdLng prcdttcrmbx:d ,IVCTagc turrcnt kv(:L 

9.3. 

94. 

plurnl ity nf amiy,-; of hght emitting diodes has a t'on:,parntivdy high voltage node and a 
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96. 

97, 

tit lem,t <:inf rderence ·,---oltugr genermor coupl.s.:.'.d k, the at L;;a::;t one 

corrc::;pnnding first and -~ec.ond comparatoc-. and achpted to provide corresponding 

Th;;_, system of cfain1 70, furHK,r comprh;ing: 

un input---ontput intcrfn1.x t'Nlpk:d to the at k:asi on(~ controlk'.r and 

99. The ':.y1>tcm of claim 70, further mm.prising: 

a.t ka,;t one rectifkr Nrnphi.bk: t(> th:~ pOV/s::r source, 

l. ·t" l - (·, . 1 · vo rnge cir a rectr l(X A. __ mput vo tage. 

lOL 

prcdctcrrninc:d tbrc:-,hold. 

102, 
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103. 

corn_prtsmg. 

a curr;:.mt 1>tn,c;nr coupled lo the :'-.\.vitch; 

a first C{m1pan:dor a<:faptcd ki d(:tcnnin<:.'. \'-·hen a switch electrical currc:nt 

a second compa.rntor adapted to ddcrrnine \.\.-"h(;n the ::;\vitch cledrica1 

a. controller coupkxl to th(: :first, second and. third con-iparntor~: imd. to the 

input-output inkrfaC);.\ th.;; rontml!er atlapkd to turn the :,witch into m1 ~m state and an 

off -"tutc, to dcknninc a fi.rsl on tfrnc period a." u dnrntion bctwtcn either the d<::tu;.'.t!On 

kvi;::l and the dctectinn of the first predetermined current threshold; to dckrminc an on 

time period of t!:is~ switch as .substanti:J.lly propmtiomi! to a .sum of the first on til:nc 

period. 1:md. the s;:'.cond 011 ttrnc period; to turn the S\-vitch into an off sti:itc 1.-vhcn the on 

25 dnw period ha;; c!aps(XL ,rnd to (btcrrninc a current nff fanc fKriod of the :-;,vitch as a 

functirni of the first on time ))(~rind, th.! second on time p(:riod, 1nd a pr~vkrn1,. off ti.me 

period, 
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Prior Application Status Pending I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

Continuation of 13466509 2012-05-08 

Prior Application Status Patented I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

13466509 Continuation in part of 13059336 2011-02-16 8525446 2013-09-03 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

13059336 a 371 of international PCT/CA2009/001295 2009-09-17 

Prior Application Status Expired I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

PCT/CA2009/001295 Claims benefit of provisional 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 priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 

Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 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. 

Attorney Docket Number K8001064WOUSCIP1 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

Authorization to Permit Access: 

D Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 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. 

Attorney Docket Number K8001064WOUSCIP1 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Applicant 1 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I I Clear 

® Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 

Name of the Deceased or Legally Incapacitated Inventor : I 

If the Applicant is an Organization check here. ~ 
Organization Name I LUMASTREAM CANADA ULC 

Mailing Address Information: 

Address 1 400-3rd Avenue S.W. 

Address 2 

City Calgary State/Province AB 

Country ii CA Postal Code T2P 4H2 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Tille 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 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. 

Attorney Docket Number K8001064WOUSCIP1 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

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

Signature /Jeffrey W. Wong/ Date (YYYY-MM-DD) 2015-01-06 

First Name Jeffrey W. I Last Name I Wong Registration Number 46414 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

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. 
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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 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. 
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PTO/AfA/01 (Q6°12) 
Approved for us!) through 01/31/2014. 01\18 0651,0032 

U •. S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperworl< Reduction Act of 1995, rio persons aie required to respond to a collection of Information unless it displays a valid 0MB control number. 

DE:CLARA TION (37 CFR 1.63) FOR UTILITY QR DE:SIGN.APPLICATION USING AN 
APPLICATION DATA SHEEt (37 CFR 1. 76) 

Title of 
Invention 

CONFIGURABLE LED DRIVER/DIMMER FORSOLID STATE LIGHTING 
APPLICATIONS 

As the below named inventor, I hereby declare that ,,,..-, 
This declaratiori h/ 
is directed to: 1=:::J-.. The attached application, or 

D United States application or PCT international application number _________ _ 

filed on _____________ _ 

The above~identified application was made or authorized to be m!'lde by me. 

I believe that I am the original inventor or an original joint inventor of a claimed inventioh in the application. 

I hereby acknowledge that any willful false statement made In this declaration Is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant Is cautioned to avoid submitting personal information in documents filed in a patent application that rnay 
contribute to identity theft. Personal information such as social security numbers, bankaccount numbers, or credit card numbers 
(other than. a check or credit card authorization form PTO-2038 submitted for payment purposes) is neverrequirE:ld 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. Petiiioner/app!icant is advised that the record of a patent appliel:ltion is available to the public after publication of tfie 
application (unless a non°publication requestin compliance with 37 CPR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore.the record from an abandoned appHcation may also be avail.able to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14 ). Checks. and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Christopher q_~glas BOOTH 

Signatu~~-- ·:'.: .. -,~~:;;:::~"~--~-c·. 

Date (Optional) : __ /_-_S_~_J_S_.··_: __ 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/AIA/ff1 form for each additional inventor. 

This collection of mformat1on Is require<! by 35 U.S.C. 115 and 37 CFR 1.(l3. The mformaTTon is requked to, obtain or reui1n a benefit by the public which is to me (and 
by the USPTO to process) an appllcation. Confidentiality is govemeo by 35. u.s.c. 122 and 37 CFR 1.11 and 1.14. Thi$ coHectlon Is estimated to take 1 minute to 
complete, including gathering: preparing, and submlttlng the completed application form to the lJSPTO. Time will vary depending upon the Individual case. Any 
comments on the amount of time you require to complete this form and/or suggest{ons for reducing this burden, should b!l sent.to th.a Chief Jnfonnation Officer, u.s. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 24313-1450. DQ NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14$0, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-B00-PTO-9199 and select option.2. 



PTOIAIAf01 (06-12) 
Approved for usa through 0113112014. 0MB 0651--0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pape1work Reduction Acl or 1995, no persons are required to respond to a col!ectlon of Information unless It displays a valid 0MB contlOI number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DA TA SHEET (37 CFR 1. 76) 

Title of 
Invention 

CONFIGURABLE LED DRIVER/DIMMER FOR SOLID STATE LIGHTING 
APPLICATIONS 

As the below named inventor, I hereby declare that: 

This declaration 
Is directed to: IC2r The attached application, or 

D United States application or PCT international application number _________ _ 

filed on ____________ _ 

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

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

I hereby acknowledge that any willful false statement made In this declaratlon Is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed ln 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 
US PTO. 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. 

LEGAL NAME OF INVENTOR 

Inventor: David TIKKANEN 
dJ ' - ,; 

Signature: ~ d ~ 
Date (Optional): Jqt,, '5 /2. 0 / 5 . 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire Inventive entity, must accompany !his form or must have 
been previously fifed. Use an additional PTO/AIN01 form for each additional inventor. 

Thi$ collection of fnformatlon 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. Nexandrla, VA 22313-1450, 00 NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandrfa, VA 22313-1450. 

If you need assistance In completing Iha form, ca/I1-800-PT0-9199 and select option 2. 
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CONFIGURABLE LED DRIVER/DIMMER FOR 

SOLID STATE LIGHTING APPLICATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of US Patent Application No. 13/466,509, filed 

May 8, 2012, which is itself a continuation-in-part of US Patent Application No. 13/059,336, 

now Patent No. 8,525,446, filed February 16, 2011, which is a national stage filing under 35 

U.S.C. 371 of International Patent Application PCT/CA2009/001295, filed on September 17, 

2009, which claims the benefit of priority of U.S. Provisional Application No. 61/097,963, filed 

September 18, 2008, all of which are incorporated herein by reference. 

BACKGROUND OF THE DISCLOSURE 

[0002] With the rapid increase in light emitting diode (LED) efficacies for high powered 

LEDs, the latest technologies have exceeded incandescent and halogen sources and are 

now starting to compete with fluorescent, mercury vapour, metal halide and sodium lighting. 

In addition to better energy usage, LEDs also have considerable advantages over traditional 

light sources such as long life, better durability and improved color generating abilities. The 

advancement of LED technology by various manufacturers has produced high power LEDs 

with various recommended drive currents such as 350 mA, 500mA, 700mA, 1 000mA, and 

1400mA or higher. 

[0003] 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 provide a 

wider flexibility of solutions for Solid State Lighting applications. The ability to dim the light 

output of LEDs is also important to reduce energy consumption. 

[0004] However, lighting companies are faced with considerable challenges in adopting 

SSL technology due to their unfamiliarity and lack of expertise in the driving and dimming 

requirements for LEDs. 

[0005] Therefore, there is provided a novel LED Driver/dimmer for solid state lighting 

applications. 
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SUMMARY OF THE DISCLOSURE 

[0006] With the wide variety of communication interface options and LED drive currents 

available for numerous architectural and entertainment Solid State Lighting applications, the 

configurable LED Driver/dimmer of the current disclosure includes at least one of the 

following advantages: configurable output current options that maximize the available power 

in the "front end" PFC and isolated power conversion converter stage; multiple drive current 

options for the multiple LED drive current options for various LEDs; elimination of a cooling 

fan which can present issues with audible noise and flexibility in where the power source is 

located, relatively low standby power consumption during "black out" lighting conditions, 

where "black out" refers to no load operation on the output of the dimmer/driver; multiple 

communication interface options; the ability to map output current sources/channels to 

different DMX512A addresses and the ability to configure multiple groups of output current 

sources/channels such that each group is controlled by one O - 10 Vdc analog signal. 

[0007] Some embodiments of the present disclosure are directed to a highly efficient 

enclosed, configurable power source, controllable by various external communication 

interfaces and a method for driving and dimming LEDs or OLEDs in lighting fixtures such as 

used for architectural or entertainment lighting applications. Such applications can include, 

but are not limited to, theater, convention centers, cruise ships, architectural building 

features, amusement parks, museums, and hospitality lighting in restaurants and bars. 

[0008] In one aspect of the present disclosure, there is provided a configurable light 

emitting diode (LED) driver/dimmer for controlling a set of light fixture loads comprising: a 

power circuit; a primary digital controller for controlling the power circuit; a set of output 

current drivers, each of the set of output current drivers connected to one of the set of light 

fixture loads for controlling the associated light fixture load; a secondary digital controller for 

controlling the set of output current drivers; wherein the secondary controller transmits LED 

control information to control outputs of the set of output current drivers; and wherein the 

secondary digital controller provides digital feedback control information to the primary digital 

controller. 

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

source that provides a plurality of output channels, such as 6, 8, 9, or 12, to color change or 

dim 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 
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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. 

[001 0] In another embodiment, the dimming of multiple monochromatic color or white LED 

loads (output channels) utilizing a single O - 10 Vdc analog control signal, or the control of 

groups of LED loads (output channels) with an associated O - 10 Vdc analog control signal 

for each group is contemplated. 

[0011] In another aspect of the present disclosure, the output channels are digitally 

controlled current sources configurable for various peak currents to power and control a 

variety of LEDs. The LED average current is encoded within the three variables of on-time, 

off-time, and period whereby no three variables are held constant. Depending on the output 

drive currents of the LED loads, the number of available output channels is maximized based 

on the maximum output power available from the power factor and isolated DC/DC converter 

stages. 

[0012] In another aspect of the present disclosure, the configurable power source is 

housed in a rectangular enclosure with a monolithic aluminum extrusion and a U shaped 

aluminum chassis and metal end plates. Various electrical components are thermally 

coupled to the heatsink to increase or maximize heat transfer to the outside surface of the 

enclosure. 

[0013] In another aspect of the present disclosure, the power source includes a digital 

controller to decrease power consumption of a relay coil as part of an inrush current limit 

circuit to reduce power consumption and improve efficiency. 

[0014] In another aspect of the present disclosure, the power source utilizes an 

independent efficient auxiliary power source and one or more digital controllers to provide 

power to the communication interface. A digital controller disables various electrical circuits 

during black out lighting conditions to reduce no load power consumption and improve 

efficiency. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0015] Embodiments of the present disclosure will now be described, by way of example 

only, with reference to the attached Figures, wherein: 

[0016] Figure 1 is a perspective view of a configurable LED Driver/dimmer; 

[0017] Figures 2a and 2b are cross-sectional views of the configurable LED Driver/dimmer; 

[0018] Figure 2c is a schematic view of an internal layout of the LED Driver/dimmer; 

[0019] Figure 3 is a schematic block diagram of the configurable LED Driver/dimmer; 

[0020] Figure 4 is a schematic diagram of a prior art inrush current limit circuit; 

[0021] Figure 5 is a schematic diagram of an embodiment of a novel inrush current limit 

circuit for use with the configurable LED Driver/dimmer; 

[0022] Figure 6 is a schematic diagram of an embodiment of an output current driver; 

[0023] Figure 7 is a schematic diagram of another embodiment of the output current driver; 

[0024] Figure 8 is a schematic block diagram of another embodiment of the configurable 

LED Driver/dimmer; 

[0025] Figure 9 is a schematic diagram of a prior art multistage power source; 

[0026] Figure 10 is a schematic diagram of an embodiment of a novel multistage power 

source; and 

[0027] Figure 11 is a schematic diagram of a communication interface for use with the 

configurable LED Driver/dimmer. 

[0028] Figure 12 is a block diagram of an embodiment of a configurable LED 

Driver/Dimmer implemented in a low voltage DC distribution LED lighting system; 

[0029] Figure 13a is a diagram of one implementation of a break out module; 

[0030] Figure 13b is a schematic diagram of one implementation of a break out module; 

[0031] Figure 14a is a diagram of an embodiment of a series connect module; 

[0032] Figure 14b is a schematic diagram of a series connect module; 

[0033] Figure 15 is a block diagram of an embodiment of a configurable LED 

Driver/dimmer implemented in a low voltage DC distribution LED lighting system; 

[0034] Figure 16 is a block diagram of an embodiment of a configurable LED 

Driver/dimmer implemented in a low voltage DC distribution LED lighting system; 

[0035] Figure 17 is a block diagram of an embodiment of a configurable LED 

Driver/dimmer implemented in a low voltage DC distribution LED lighting system; 
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[0036] Figures 18a, 18b, and 18c are diagrams of embodiments of a break out module; 

and 

[0037] Figure 19 is a flowchart of a method of providing low voltage power to a set of LED 

loads. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0038] In general, the present disclosure is directed at a method and apparatus for 

providing a configurable LED Driver/dimmer. In the current description, the Driver/dimmer 

will be referred to as a dimmer, however, it will be understood that the configurable 

apparatus can function as either a driver, a dimmer or both. In the preferred embodiment, 

the dimmer is used for Solid State Lighting (SSL) applications. 

[0039] Turning to Figure 1, a perspective view of an LED dimmer is shown. The LED 

dimmer 10 includes a body portion 12, or housing, which includes a monolithic aluminum 

heatsink 14 and a Li-shaped chassis 16. Cross-sectional views of the dimmer 10 are 

provided in Figures 2a and 2b. 

[0040] The dimmer 10 further includes a front plate 18 which includes a plurality of ports 20 

along with a set of conductor cables 22. The front plate 18 is fastened to the body portion 12 

via a set of fasteners 24, such as screws. In this embodiment, as conductor cables are used 

to provide output power to LED/OLEO loads, the space requirement for the front plate 18 is 

reduced with respect to other known connection means such as terminal blocks. 

[0041] Turning to Figures 2a and 2b, a pair of cross-sectional views of the LED dimmer 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. 

[0042] As shown, the heatsink 14 includes a receptacle portion 26 for receiving the ends of 

the chassis 16. In order to increase, or optimize, the heat dissipation capability of the 

configurable dimmer 10 at full output power, the extruded aluminum heatsink 14 includes fins 

28 to increase the surface area for heat dissipation. The heatsink 14 also has a mounting 

platform 30 for receiving power components, or semiconductors 32, such as a bridge 

rectifier, 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 to 

Figure 3. A power factor inductor and main isolation transformer pair 34 are thermally 
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coupled to the chassis 16 by a thermally conductive, electrically isolated material 36 to 

further improve heat dissipation of these components. A circuit board 38 is also mounted to 

the heatsink 14. 

[0043] Turning to Figure 3, a block diagram of another embodiment of the LED dimmer is 

shown. The LED dimmer 10 includes an inrush current limit 40, or inrush current limit circuit, 

which receives power from an AC power source or supply 42, located external to the dimmer 

10. The inrush circuit 40 is connected to a Power Factor Correction (PFC) Boost 44 which, 

in turn, is connected to a DC/DC Converter 46, or power conversion stage. The converter 46 

is connected to an Output Voltage bus 48 which is connected to a power limiter 50. The 

inrush circuit 40, the PFC boost 44, the DC/DC converter 46, the Output Voltage bus 48 and 

the power limit 50 can be seen as a power circuit 47. Although only one power limit 50 is 

shown, it will be understood that there could be multiple power limits. The power limiter 50 is 

connected to a set of output current drivers 52, whereby each of the output current drivers 52 

has an associated in-circuit serial programming (ICSP) port 54. The output of the output 

current drivers 52 is connected to individual Organic Light-Emitting Diodes (OLED)/Light­

Emitting Diodes (LED) loads 56, further referred to as LED loads. 

[0044] Along with the above-identified components and circuitry, the dimmer 10 further 

includes a primary digital controller 58 which is connected to an auxiliary power source 60 

and an ICSP Port 62. The primary digital controller 58 is further connected, via an isolated 

communication bus 61 to a secondary digital controller 64, which receives power from the 

auxiliary power source 60. An ICSP port 68 is also connected to the secondary digital 

controller 64. 

[0045] The auxiliary power source 60 is also used to power an interface component 70 

which includes an optional address selector 72 and a communication interface 74. The 

communication interface 74 receives inputs from an external transmitter 76 and 

communicates via an isolated serial communication bus 78 with the secondary digital 

controller 64. A set of isolation barriers 80 and 81 are located within the dimmer 10, each 

barrier separating various components of the dimmer 10 from each other. 

[0046] As will be understood, not all of the components or connections of the LED dimmer 

10 required for operation are shown as they will be understood by one skilled in the art. For 

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

connections, it will be understood that the primary digital controller 58 can also be connected 
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to the PFC boost 44, the inrush current limit 40 and the DC/DC converter 46 while the 

secondary digital controller 64 can be connected to the output voltage bus 48, the power limit 

50 and the output current drivers 52. 

[0047] In operation, the PFC Boost 44 and DC/DC Converter 46 are controlled by the 

primary side digital controller 58 while the secondary digital controller 64 monitors the output 

voltage bus 48 and provides digital feedback control information via isolated communication 

bus 61 to regulate the output voltage bus 48. Secondary digital controller 64 also translates 

dimming and/or color mixing information from the external transmitter 76 into LED control 

information for the output current drivers 52. The primary 58 and secondary 64 digital 

controllers and output current drivers 52 have an associated programming port for further 

configuring the LED dimmer 10. 

[0048] Turning to Figure 4, a prior art inrush current limit is shown. In order to limit inrush 

current limit during initial start up of the power source, one approach is to utilize a negative 

temperature coefficient thermistor (NTC) in parallel with a relay contact. During initial turn on 

of the power source, the NTC thermistor limits the inrush current. When the PFC boost stage 

bulk capacitor is charged, and before the PFC stage is enabled by the primary controller, the 

primary controller closes the relay contact to bypass the NTC thermistor. This is 

accomplished by applying a DC voltage via a switch across the coil in the relay. 

[0049] A limitation of this approach is the power consumption of the relay coil when a 

continuous DC voltage is applied. This power consumption becomes significant in terms of 

Energy Star requirements during no load or standby operation such as when a "black out" or 

minimum light intensity state is received by the communication interface. 

[0050] Turning to Figure 5, an embodiment of an improved inrush current limit 40 is shown. 

An EMI filter 82 is connected between the power supply and the current limit 40 and is 

connected directly to the PFC boost 44 and via the current limit 40. The current limit 40 

includes a thermistor 84, a relay or relay contact 86 and a switch 59. The relay contact 86 is 

connected in parallel with the thermistor 84. A typical relay coil requires greater energy to 

close the contacts than is required with the currently described limiter 40 to maintain the 

contacts in a closed position since less holding force is required. After the relay contacts 

have been closed by applying a voltage of 12 Vdc, modulation of the relay coil voltage can 

be initiated by the primary controller 58 to effectively reduce the average voltage across the 

coil to approximately 5 volts versus a DC voltage of 12V, reducing power consumption. It 
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should be noted that the pulse duty cycle and frequency can also be changed to improve or 

optimize performance. 

[0051] In one embodiment, the primary controller 58 pulses the DC voltage across the 

relay coil via the switch 59 to reduce power consumption. 

[0052] In one embodiment, for the PFC boost 44, as shown in Figure 3, the PFC Boost 44 

utilizes a boost topology with an input AC voltage mains range of 103 Vac to 300 Vac from 

the AC supply 42. Energy stored in an inductor within the PFC boost 44 is transferred and 

stored in the bulk capacitor on a cycle by cycle switching basis at a loosely regulated 430V 

DC over the input range. The energy is controlled in a manner that forces AC input current 

to be sinusoidal and in phase with the AC line voltage. By drawing current in phase with the 

input mains voltage 42, the amount of harmonic currents of the fundamental AC mains 

frequency being introduced into the power line is reduced. 

[0053] 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. 

[0054] The full bridge converter parasitic circuit elements in conjunction with primary 

magnetization current and reflected inductor ripple current cause resonant edge switching 

transitions on the MOSFET switch thus forcing zero voltage across the MOSFET switching 

device before turn on. The result is higher efficiency due to the elimination of Coss (drain to 

source MOSFET Capacitance) switching losses, reduction of gate charge across the Miller 

capacitance and minimized power loss during switching transitions when voltage and current 

are changing simultaneously. 

[0055] Since the output of the DC/DC converter is a tightly regulated DC bus 48, the set of 

power limit circuits 50 are coupled to either one or more current drivers 52 to limit the power 

output of each of the output current drivers. 52 The power limit circuits 50 each include a 

current sensor that is monitored by the secondary controller 64. In the event of a single 

component failure within the output current driver module, the power limit circuits 50 limit the 

energy to the loads in accordance with the UL standard 1310 Class 2. Supplementary 

protection to the power limit circuits can also include one or more fuses. 

[0056] For the primary digital controller 44, the controller 44 provides digital feedback 

control for the PFC Boost 44 and DC/DC Converter 46. The digital feedback method for the 
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PFC Boost 44 utilizes average current mode control with duty cycle feed forward for the inner 

current loop and voltage mode control for the outer control loop. The DC/DC Converter 46 

utilizes voltage mode control for the digital control loop. 

[0057] The primary digital controller 44 also controls the inrush current limit circuit 40, 

provides primary current limit protection, and over voltage protection for the output of the 

PFC Boost 44. The primary digital controller 44 also disables the PFC Boost 44 and the 

DC/DC Converter 46 during black out or no load conditions to reduce power dissipation. 

[0058] With respect to the output current drivers 52, configuring the required number of 

outputs and required output current is accomplished by populating the appropriate sections 

of a single printed circuit board with the appropriate electrical components and programming 

the output current driver via the in-circuit serial programming (ICSP) ports 54. 

[0059] Turning to Figure 6, which is an embodiment of an output current driver, the output 

current driver 52 comprises a load controller 90, a current source 92, and current sense 94. 

Although only one current driver 52 is shown, it will be understood that multiple are present 

as reflected in Figure 3. 

[0060] The output current driver may utilize either the dimming/color mixing techniques for 

LEDs described in detail in US Patent Publication No. 2007/0103086, or the techniques 

described in detail in International Publication WO2011/140660 which is hereby incorporated 

by reference. 

[0061] The secondary controller 64 receives dimming or color mixing information in the 

form of a serial data stream from the external transmitter 76 via the communication interface 

74 and then translates the data stream into LED control information. The LED control 

information is transmitted to the load controller 90 in the form of instructions to generate a 

digital signal 98 and an analog signal 100. 

[0062] The load controller 90 further comprises a signal generator 102 which transmits the 

digital signal 98 and the analog signal 100 to the current source 92. The digital control signal 

98 and the analog signal 100 are preferably generated via a digital control algorithm and 1 

Bit algorithm, respectively. 

[0063] The current source 92 preferably includes ancillary circuitry for operation and 

comprises a buck topology power stage with hysteretic control. The current sense 94 

provides a digital feedback loop for each current source 92. In the preferred embodiment, the 
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current source 92 is a buck circuit topology however other embodiments can include 

topologies such as boost, buck-boost, or single ended primary inductor converter (SEPIC). 

[0064] Output 104 of the current driver 52 provides a current pulse via current source 92 to 

the LED Load 56 whereby on times, off times, and period are not held constant. 

[0065] Each output current driver 52, has an associated in-circuit serial programming 

(ICSP) port 54. The ICSP port 54 provides access to the load controller 90 such that 

firmware updates are possible to permit the configuration of the output current drivers 52. 

The ICSP port(s) 54 for the output current driver(s) 52 can be located on the printed circuit 

board assembly of the apparatus or they can be located on the outside of the enclosure. 

[0066] The configuration options include, but are not limited to, such parameters as the 

adjustment of the frequency range of the dimming current pulse for the range of light intensity 

output or the set point adjustment of the peak on time output current. 

[0067] For example, it might be necessary to increase the frequency range of the dimming 

current pulse in video recording applications where the dimming current pulse frequency can 

be programmed for a 2000Hz to 2500Hz range. This would negate a visible beat frequency 

effect that would other wise be noticeable on recorded video. There can be other applications 

where the adjustment of the dimming current frequency range is required to reduce EMI 

effects. 

[0068] The default peak output current set point is programmed via the ICSP port 54 which 

provides flexibility in the number of possible LEDs types that can be driven and is typically 

dependent on the recommended operating current specified by the manufacturer such as 

350mA, 700mA, etc. The set point current is preferably programmed to within 4% of the 

manufacturer's specification. The peak output current set point can then be precisely 

calibrated to within typically 1 % via the secondary controller 64 during factory calibration. 

[0069] An alternate embodiment of an output current driver 52 is shown in Figure 7. In this 

embodiment, the output current driver 52 comprises a load controller 110 including a signal 

generator 112. A current source 114 and a current sense 116 are located within an 

apparatus 118, such as a light fixture. The light fixture 118 also includes the LED load 56. 

After receiving the LED control information from the secondary controller 64, the signal 

generator 112 provides a data signal to the light fixture 118 to operate the LED load 56 via 

the current source 114 and the current sense 116. This is also schematically shown in 

Figure 8. 

10 



[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 transmits the data signal containing the output current information encoded 

within the three variables of on time, off time, and period whereby no three variables are held 

constant. 

[0071] Turning to Figure 9, a known application of internal auxiliary power requirements in 

a multistage power source is shown and illustrates how auxiliary power is provided to the 

various blocks of a multistage power source. P1, P2 ... P10 represents the various power and 

voltage transfer requirements for each functional block. For simplicity, the various voltage 

regulator and filter circuits required for each of the power outputs have been omitted. 

[0072] In operation, the bridge rectifier converts the AC mains voltage P1 to a rectified 

voltage P2. A portion of power P6 from the output of the bridge rectifier P2 is supplied to the 

start up circuit. The start up circuit is comprised of a power transistor or MOSFET and is 

intended to provide power P8 to the PFC analog controller for only a short duration of a few 

seconds. Power P8 to the PFC analog controller will allow the PFC Boost stage to begin 

switching, providing power P10 to the DC/DC controller, and power P3 to the DC/DC 

converter power stage. Since the start up circuit dissipates an excessive amount of power, it 

is turned off by the voltage component of P7 supplied by the PFC boost stage. The P7 power 

is permitted to 'flow through' the start up circuit to continue to supply power P8 to the PFC 

analog controller. 

[0073] The output of the DC/DC Analog Converter provides power P4 to the multi output 

voltage bus, power P9 to the Communication Interface, and the Output Current Drivers by 

means of P5. 

[0074] In this implementation, the PFC and DC/DC Controllers are typically analog 

controllers. It should be noted that in this implementation, in order for the communication 

interface to continually receive dimming information from an external transmitter, the DC/DC 

Converter stage must remain turned on. Similarly, in order for the DC/DC converter stage to 

provide power P4, the PFC Boost stage must remain on. 
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[0075] In a 'black out' state, the communication interface may receive a "O" 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 

0 to 1V via a controller compliant to ESTA E1 .3-2001 or IEC60929 as one of many 

communication interface options. In this 'black out' state, the DC/DC Converter and PFC 

Boost Stage continue to dissipate an excessive amount of power. 

[0076] Figure 10 is directed at an embodiment of an improved internal auxiliary power 

distribution in a multistage power source for providing auxiliary power to the various blocks of 

a multistage power source. For simplicity, the various voltage regulator and filter circuits 

required for each of the power outputs have been omitted. The transfer of power from AC 

mains to the Output Current Drivers (52) is unchanged. This embodiment shows an improved 

implementation of an independent auxiliary power source providing power to the primary 

digital controller 58, the secondary digital controller 64, and the communication interface 74. 

The auxiliary power source 60 comprises an efficient isolated flyback topology with a wide 

input voltage range and pulse skipping capability to minimize its power dissipation at light 

loads or no load conditions. In other words power can be provided to the primary digital 

controller 58, the secondary digital controller 64, and the communication interface 74 via an 

auxiliary flyback converter. 

[0077] A 'black out' state received from the external transmitter 76 to the communication 

interface 74 is communicated to the secondary digital controller 64 and then the primary 

digital controller 58 via the isolated communication bus 66. The primary digital controller 58 

then disables the PFC Boost Stage 44 and DC/DC Converter Stage 46 reducing overall 

power dissipation of the configurable power source. 

[0078] It should be noted that even when the PFC Boost 44 is disabled, power can 

continue to be supplied to the auxiliary power source 60 since rectified voltage from a bridge 

rectifier 120 can continue to peak charge the PFC boost 44 through an internal capacitor via 

the boost diode. 

[0079] The auxiliary power source 60 continues to provide power to the primary digital 

controller 58, secondary digital controller 64, and communication interface 74 in order to be 

able to 'listen' for or sense a change in light intensity state that may be communicated by the 

external transmitter 76. 
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[0080] Alternate embodiments can include additional ancillary circuits that can be powered 

by the independent auxiliary power source that can be disabled by a controller to reduce over 

all power dissipation in black out or no load conditions. 

[0081] With respect to the communication interface 74, the communication interface 74 

comprises a removable and interchangeable module with each module adapted for different 

control options such as DMX512A, ROM, 0 - 10 Vdc and Zigbee. Operation of the 

communication interface with such control options will be understood by one skilled in the art. 

[0082] The communication interface module receives lighting control information via the 

external transmitter 76 and converts the various protocols into a serial data stream. It then 

transmits this data by means of a Universal Asynchronous Receiver Transmitter (UART) to 

the secondary digital controller 64 via the isolated serial communication bus 78. The isolated 

serial communication bus 78 is comprised of a isolation barrier 82 to "float" the 

communication interface and prevent ground loops. 

[0083] Turning to Figure 11, an embodiment of the communication interface is shown. In 

this embodiment, an analog interface module adapted for O - 10 Vdc IEC60929 or ESTA 

E1 .3-2001 dimming methods as the communication interface 74 is shown. The analog 

interface module can be adapted to receive one or more analog control voltages from one or 

more associated external transmitters 76. The external transmitter 76 is preferably an 

electronic resistor or potentiometer that sinks current from the current source located on the 

analog interface module and outputs a variable O - 10 Vdc control voltage proportional to the 

required light intensity. 

[0084] Individual external transmitters 76 supply signals to various controls 122 within the 

communication interface 74. Each control 122 is representative of an area or group of LED 

loads 56. Within each control 122 is a current source 124, a voltage sensor 126 and a 

differential amplifier 128. The differential amplifier 128 senses a voltage across the voltage 

sensor 126 and converts this into a correlated voltage (Vm,V1 ,V2 ... Vn) supplied to a 

controller 130. The controller 130 converts this analog voltage into a serial data stream for 

transmission to the secondary digital controller 64 via the isolated serial communication bus 

78. 

[0085] The communication interface 74 can be configured to have one O - 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 
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lighting applications since only one control signal and associated wiring is required to control 

multiple light loads. 

[0086] Furthermore, the communication interface 74 can be adapted to have one or more 

0 - 10 Vdc signal voltages control an associated group of one or more output current drivers 

in zonal dimming applications. An optional master 0 - 10 Vdc signal voltage could be able to 

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

[0087] In applications not requiring the complexity of DMX512A, these analog control 

options are beneficial in red/green/blue or red/green/blue/amber color changing or 

monochromatic color or white light applications whereby the addressability and 

corresponding control of individual LED light loads is not required. 

[0088] With respect to the secondary digital controller 64, the controller 64 monitors and 

transmits digital output voltage bus information (feedback loop) via the two way isolated 

serial communication bus 78, decodes the serial data from the communication interface 74, 

and transmits control information to the output current drivers 52. As a protection feature, the 

secondary controller 64 also monitors output currents from the power limit stages 50 

supplied to the output current drivers 52 

[0089] The secondary digital controller 64 includes the ICSP port 68 to program and 

calibrate the output voltage bus 48 to the required voltage. In DMX512A applications, the 

ICSP port 68 also allows for the mapping of each of the output channels to a wide variety of 

addresses. Similarly, in 0 - 10 Vdc analog control applications, the secondary digital 

controller ICSP port allows for the mapping of output channels into groups for each 

associated 0 - 1 0Vdc control signal. 

[0090] This mapping capability is particularly useful in addressable-networked lighting 

systems using a DMX512A control protocol where different lighting zones are required to 

respond to different illumination information. For example, in a 12 channel output 

configuration, the first 6 channels could be mapped to the OMX base address of the power 

source (i.e. DMX01) and the last 6 channels could be mapped to OMX address +1 (i.e. 

DMX02). 

[0091] This mapping capability is also useful in zone dimming applications using 0 - 10 Vdc 

analog controls as the communication interface. For example, a 12 channel output LED 

dimmer configuration can have 7 output channels grouped for a first associated 0 - 10 Vdc 
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signal, the next 3 channels can be grouped to a second associated O - 10 Vdc control signal, 

and the last 2 channels can be grouped to a third associated control signal. 

[0092] Turning to Figure 12, a block diagram of an embodiment of a configurable LED 

dimmer implemented in a low voltage DC distribution LED lighting system is shown. For 

reference, a low voltage DC distribution system is defined as a system where all power from 

the Configurable LED dimmer provided to the LED loads meets Class 2 requirements as 

defined in UL 1310 Class 2 Power Units and NEC (National Electrical Code) Article 725 for 

Class 2 Power Limited Circuits. 

[0093] The low voltage DC distribution LED lighting system 200 includes a LED dimmer 

10, which receives power from an AC supply 42, and is connected to at least one breakout 

module 51 which in turn is connected to a set of series connect modules 53 by means of 

communications cabling 204. Similarly, the series connect modules are connected to 

individual Organic Light Emitting Diodes (OLED)/Light Emitting Diodes (LED) loads 56, or 

LED loads, via communications cabling 206. 

[0094] Referring to the LED dimmer 10, an example of which was previously described 

with respect to Figure 3, the power circuit 47 comprises a DC to DC converter 46 and a 

power limit or power limit function 50. The DC to DC power converter may be an isolated full 

bridge converter or an isolated half bridge LLC resonant converter. Although only one power 

limit is shown, there may be multiple power limits whereby each power limit is connected to a 

set of output current drivers 52 to limit the power output supplied to the set of output current 

drivers. 

[0095] The power limit 50 may be a fuse, a resettable fuse or an electronic circuit that 

includes a current sense. The power limit may also include any ancillary circuits or 

components that limit power to the output current drivers or shut off the LED dimmer 10 or 

both. 

[0096] The power limit circuit 50 limits the amount of power supplied to a set of output 

current drivers under normal operation of each. Similarly, in the event of a single component 

failure within any output current driver 52 within the set, the power limit 50 may also limit the 

power to the set of current drivers 52. In one embodiment, the power is limited to less than 

100 watts in accordance with UL standard 1310, Class 2 Power Units. The set of output 

current drivers 52 includes a quantity of output drivers such that the total output power of the 

set of output drivers does not exceed 100 watts under normal operating conditions. 
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[0097] Each set of output current drivers 52 is connected to the breakout module 51 by 

means of communications cabling 202. 

[0098] With respect to the communication interface 74, the communication interface 74 

comprises a removable and interchangeable module with each module adapted for different 

control options such as DMX512A, ROM (Remote Device Management), 0-10 Vdc analog 

control, Zigbee, and DALI (Digital Addressable Lighting Interface). DALI requirements are 

defined in standards IEC 62386-101; System General Requirements, IEC 62386-102; 

General Requirements-Control Gear, and IEC 62386-207; Particular Requirements for 

Control Gear-LED Modules. The communication interface module receives lighting control 

information via the external transmitter 76 and converts the information regardless of the 

various protocols into a serial data stream for use by the dimmer 10. 

[0099] As shown in Fig 12, the output current drivers or the set of output current drivers 52 

are connected via the cabling 202, 204, 206, directly or indirectly, to breakout modules 51, 

and series connect modules 53 to the LED loads 56, and such connectivity may be referred 

to as individual channels or a set of channels respectively. In one embodiment, the cabling, 

communications cabling has an overall insulation sheath and may be shielded or unshielded. 

It is available in either insulated multi-conductor or insulated twisted pair stranded wiring and 

the wire gauge is typically 18 AWG. Alternate cabling options may also include 20AWG or 

22AWG and type PL TC (power limited tray cable), CL2 (Class 2) or CL3 (Class 3) as 

permitted in Article 725 of the NEC. 

[00100] The LED dimmer 10, via the output current drivers 52, connects into at least one 

breakout module 51 via the cabling 202 as a set of output channels. The breakout module 51 

then splits the set of channels into individual channels or into a predetermined number of 

channels depending on the required configuration of the lighting system. 

[00101] For example, a connection from the LED dimmer 10 may have four (4) individual 

cables 202 connected to the breakout module 51, each cable further comprising six (6) 

conductors or three (3) twisted pairs for connection (positive and negative) of 3 channels per 

cable. This represents a feed in of 12 channels in 4 groups of 3 into the breakout module 51. 

The breakout module 51 regroups the channels into groups of 2 for connection to the series 

connect module 53 using communications cabling 204 with 4 conductors or 2 twisted pairs of 

conductors. This may be seen as the output of the breakout module 51 and represents a 

feed out of 12 channels with 6 groups of 2 channels. In other embodiments, there are a 
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number of other feed in cable and feed out cable combinations possible for the break out 

module 51. 

[00102] The series connect modules 53 connect multiple LED loads 56, in series for every 

channel. In one embodiment, the series connect module 53 receives a four (4) conductor 

cable 204 feed in (representing 2 channels) and then electrically connects, via cabling 206, 

at least 2 LED loads 56 in series for each channel. The cabling 204 is typically a 4 conductor 

or 2 twisted pair configuration. 

[00103] A number of different LED load 56 configurations are possible. Typically, the LED 

loads 56 are part of a light fixture and comprise one or more LED arrays or a group of 

individual LEDs. The LEDs are typically mounted on a suitable heat sink and installed in 

various types of housings. Such housings or configurations may include recessed cans with 

an associated electrical junction box, pendants, rail systems or track systems. A rail fixture 

includes fixed location LED sources mounted on a linear rail and a track system includes 

moveable LED light sources mounted on a track system. In one embodiment, the LED loads 

56 may have a lumen output of up to 1200 lumens. It is of course possible to have loads with 

a higher or lower lumen output. 

[00104] The LED dimmer 10 may be remotely mounted from the LED loads and in some 

cases may be up to 200 feet from the LED loads. Alternate distances between the LED 

dimmer and the LED load are also possible and dependent on the forward voltage drops in 

the LED loads and the voltage drops dependent on the wire gauge of the communications 

cabling. 

[00105] Figure 13a is a diagram of one implementation of the break out module 51. The 

break out module 51 comprises two printed circuit board (PCB) assemblies 420 with modular 

power connectors 422 arranged as terminal blocks to provide an electrical connection 

between the feed in channels and the feed out channels which are seen as cabling 204. 

[00106] The break out module 51 regroups or separates the feed in channels with a 

different grouping of feed out channels. It may also provide visual means for an installer to 

easily organize and keep track of the grouping and arrangement of channels during 

installation. 

[00107] In this embodiment, the feed in includes 6 channels of 3 cables 202 with each cable 

providing 2 channels. The feed out comprises 6 channels of 6 cables 204 with each cable 
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providing one channel. The cabling includes an optional shield wire 424 for connection to the 

system ground. Other implementations are contemplated. 

[00108] The power connectors 422 preferably include apparatuses to enable a method of 

quickly inserting or releasing the cabling by means of a tool or push button on the 

connector(s). The connectors 422 may be either cage clamp or push wire type connectors. 

[00109] Figure 13b shows a schematic representation of the break out module 51 of Figure 

13a. 

[00110] With reference to Figure 14a, a diagram of an embodiment of a series connect 

module 53 is shown. The series connect module 53 contains at least one PCB assembly 502 

with feed in modular power connectors 512 for electrical connection of the feed in cable seen 

as cabling 204. The feed in cable 204 comprises 4 conductors or 2 pairs representing 2 

channels (CH1 and CH2) with an optional shield connection 504. The feed out modular 

connectors 508 are connected in series on the PCB assembly 502 in order to connect the 

LED loads 56 in series via feed out cables 206 as shown schematically in Figure 14b. The 

feed out cables 206 may be comprised of one pair of two conductors and an optional shield 

connection 510 to the system ground. 

[00111] The power connectors 508, 512, preferably include apparatuses to enable a method 

of quickly inserting or releasing the cabling by means of a tool or push button on the 

connector. The connectors may be either cage clamp or push wire type connectors. 

[00112] It is understood that many other embodiments are possible for the series connect 

module 53 whereby there may be multiple feed in cables where each feed in cable may 

comprise any number of channels. The series connection of LED loads 56 may also include 

any number greater than two. 

[00113] Turning to Figure 15, a block diagram of another embodiment of a configurable 

dimmer implemented in a low voltage DC distribution LED lighting system is shown. In this 

embodiment, the series connect module is excluded from the low voltage DC distribution 

LED lighting system 600. The series connect means is completed within an electrical junction 

box 602 associated with each LED load 56. As before, the system 600 includes a dimmer 10 

connected to a break out module 51 via cabling 202 and 204. The typical number of LED 

loads connected in series is two, and twist-on wire connectors are used to make the 

electrical series connections between the LED loads 56 and the cable 206. 
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[00114] With reference to Figure 16, a block diagram of an alternate embodiment of a 

configurable dimmer implemented in a low voltage DC distribution LED lighting system is 

shown. This embodiment shows the break out module 51 as an integral part of the LED 

dimmer 10 within the system 650. 

[00115] Turning to Figure 17, a block diagram of a further embodiment of a configurable 

dimmer implemented in a low voltage DC distribution LED lighting system is shown. In this 

embodiment of the system 680, the break out module 51 and the series connect modules 53 

are integrated into a single enclosure or module 682. The electrical connection 684 between 

the break out module 51 and the series connect modules 53 may be accomplished by means 

such as cabling, hook up wire, or PCB (printed circuit board) copper tracks. 

[00116] Turning to Figures 18a, 18b, and 18c, alternate embodiments of the break out 

module are shown. All configurations include modular power connectors 422 arranged as 

terminal blocks and mounted on a PCB 420 to provide an electrical connection between the 

feed in channels and the feed out channels. The connectors include apparatus to allow for a 

quick means to insert or release the wiring by means of a tool or push button on the 

connector. 

[00117] In Figure 18a one feed in cable 202, comprises conductors for 2 channels and an 

optional shield wire connection 424. The feed out includes 2 cables 204 each with 2 

conductors for one channel and an optional shield wire connection 424. 

[00118] In Figure 18b, one feed in cable 202, comprises conductors for 4 channels and an 

optional shield wire connection. The feed out includes 4 cables 204, each with 2 conductors 

representing one channel and an optional shield wire connection 424. 

[00119] In Figure 18c, one feed in cable 202, comprises conductors for 4 channels and an 

optional shield wire connection. The feed out includes 2 cables 204, each with 4 conductors 

representing two channels and an optional shield wire connection 424. 

[00120] Turning to Figure 19, a method of providing low voltage power to a set of LED loads 

is shown. In operation, an AC voltage 700 is applied to the power circuit of the LED dimmer 

and converted to low voltage DC 702. The low voltage DC bus is then power limited 704 by 

at least one power limit circuit or like components to less than 100 watts in accordance with 

UL 1310 Class 2 characteristics. 
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[00121] The low voltage DC power is the converted to multiple constant current outputs 706 

via the power limit such as by means of the output current drivers which generate a constant 

peak current for each output channel. 

[00122] The power is then transmitted in the form of low voltage and pulsed current on each 

channel 708 to the breakout module via the cabling connecting the dimmer and the breakout 

module. The breakout module splits or regroups, or both, the power channels 710 and 

transmits the power to the series connect modules. The series connect module provides 

power for each channel to multiple LED loads connected in series 712 by means of cabling. 

[00123] Figure 19 also shows a method for control of the LED dimmer. Lighting control 

information such as dimming intensity levels in the form of various protocols is transmitted by 

an external transmitter into the communication interface 714 of the LED dimmer. The various 

protocols are converted to a data stream, preferably serial, and transmitted to the secondary 

digital controller which in turn translates the data stream into LED control information 716. 

[00124] The LED control information, which in one embodiment is in the form of a digital and 

analog signal, is transmitted to the controllers of the associated output current drivers 718. 

[00125] The output current drivers generate power as pulsed current at low voltages based 

on the dimming intensity levels received as lighting control information for each channel of 

the low voltage lighting system. 

[00126] Embodiments of the disclosure can be represented as a software product stored in 

a machine-readable medium (also referred to as a computer-readable medium, a processor­

readable medium, or a computer usable medium having a computer-readable program code 

embodied therein). The machine-readable medium can be any suitable tangible medium, 

including magnetic, optical, or electrical storage medium including a diskette, compact disk 

read only memory (CD-ROM), memory device (volatile or non-volatile), or similar storage 

mechanism. The machine-readable medium can contain various sets of instructions, code 

sequences, configuration information, or other data, which, when executed, cause a 

processor to perform steps in a method according to an embodiment of the disclosure. Those 

of ordinary skill in the art will appreciate that other instructions and operations necessary to 

implement the described disclosure can also be stored on the machine-readable medium. 

Software running from the machine-readable medium can interface with circuitry to perform 

the described tasks. 
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[00127] The above-described embodiments of the disclosure are intended to be examples 

only. Alterations, modifications and variations can be effected to the particular embodiments 

by those of skill in the art without departing from the scope of the disclosure, which is defined 

solely by the claims appended hereto. 
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What is claimed is: 

1. A method of configuring and powering a set of light fixture loads in a light 

emitting diode (LED) low voltage distribution system comprising: 

converting power for powering the set of light fixture loads; 

limiting converted power to multiple current outputs supplied to the set of light 

fixture loads; and 

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

multiple current outputs to the set of light fixture loads. 

2. The method of Claim 1 wherein limiting converted power comprises: 

limiting converted power to the multiple current outputs being supplied to a set 

of Organic LED (OLEO) light fixture loads. 

3. The method of Claim 1 wherein limiting converted power comprises: 

limiting converted power to the multiple current outputs being supplied to a set 

of LED light fixture loads. 

4. 

5. 

6. 

7. 

8. 

The method of Claim 1 further comprising: 

receiving communication from an external transmitter. 

The method of Claim 1 wherein limiting converted power comprises: 

limiting power to a calibrated value when an event failure occurs. 

The method of Claim 5 wherein limiting power to a calibrated value comprises: 

limiting power to less than 100 watts. 

The method of Claim 1 wherein converting power for powering comprises: 

receiving power via a set of input channels. 

The method of Claim 7 further comprising delivering power to the set of light 

fixture loads via a set of output channels. 
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9. The method of Claim 8 wherein splitting or regrouping comprises: 

splitting the set of input channels into the set of output channels. 

10. The method of Claim 7 wherein splitting or regrouping comprises: 

regrouping the set of output channels from the set of input channels. 

11. The method of Claim 1 wherein converting power comprises: 

receiving an alternating current (AC) power; 

converting the AC power to a low voltage direct current (DC) power; and 

converting the low voltage DC power to the multiple current outputs. 

12. The method of Claim 4 further comprising, after receiving communication: 

adjusting one of the multiple current outputs in accordance with the 

communication; and 

delivering the adjusted multiple constant current output to the associated light 

fixture. 

13. The method of Claim 4 wherein receiving communication comprises receiving a 

protocol. 

14. The method of Claim 13 further comprising, after receiving the protocol, 

converting the protocol into a data stream; and 

translating the data stream to LED control information; 

wherein the LED control information is used for controlling the limited power. 
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ABSTRACT 

The disclosure is directed at a method and apparatus for configuring and powering 

light fixture loads for a LED low voltage distribution system. The method and apparatus 

include converting power being supplied for powering the set of light fixture loads and then 

limiting this converted power to a set of multiple current outputs supplied to the light fixture 

loads. The multiple current outputs are then split or regrouped prior to being delivered to the 

light fixture loads. 
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