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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

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

Applicant: INOUE

Docket: 20186.0012US01
Filed: Herewith
Title: SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND

SEMICONDUCTOR LIGHT SOURCE DRIVING METHOD

CERTIFICATE OF TRANSMISSION
1 hereby certify that the papers listed below are being transmitted by EFS Web to: Commissioner for Patents, P.O. Box 1450,

Alexandria, VA 22313-1450 on July 1, 2009.
By: \MN&’
Name: Peggy¥ovkhove

INFORMATION DISCLOSURE STATEMENT

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

Sir:

With regard to the above-identified application, the items of information listed on
the enclosed Form SB08 are brought to the attention of the Examiner. Copies of any
foreign patent documents or “Other Documents” are enclosed.

A concise explanation of the relevance of each non-English language document or
other information is a follows (37 C.F.R. §(a)(3)):

English abstracts have been included for the cited Japanese references.

In accordance with the provisions of 37 C.F.R. §1.97, this statement is being filed
(CHECK ONE):

X (1) within three (3) months of the Filing Date, before the mailing date of a First
Office Action on the merits, or before the mailing date of a First Office

Action on the merits after the filing of a request for continued examination
under 37 C.F.R. §1.114; or

] (2) after the period defined in (1) but before the mailing date of a Final
Rejection or Notice of Allowance, and

[] the requisite Statement is below, OR
[ ] the requisite fee of $180.00 under Rule 1.17(p) is included herein, or
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] (3) after the mailing date of a Final Rejection or Notice of Allowance but on or
before the payment of the Issue Fee, AND the requisite Statement is below
AND the requisite fee of $180.00 under Rule 1.17(p) is included herein.

STATEMENT
Applicants hereby state that:

] Each item of information contained in the Information Disclosure
Statement was first cited in a communication from a foreign patent office
in a counterpart application or by the USPTO in a related application not
more than three months prior to the filing date of the Information
Disclosure Statement

[] If this box is checked, Applicant provides the following:
Certification Under 37 C.F.R. §1.704(d)

In accordance with 37 C.F.R. §1.704(d), the undersigned hereby certifies that each
item listed on the enclosed Form SB08 was first cited in a communication from a
foreign patent office in a counterpart application, and that this communication was
not received by any individual designated in 37 C.F.R. §1.56(c) more than thirty
(30) days prior to the filing of this Information Disclosure Statement.

[[] The Examiner is hereby advised of the following co-pending U.S. applications. A
copy of each U.S. patent application publication (if published) or application (if not
published) is enclosed.

Application No. Filing Date Group

No representation is made that a reference is "prior art" within the meaning of 35
U.S.C. §§ 102 and 103 and Applicants reserve the right, pursuant to 37 C.F.R. § 1.131 or
otherwise, to establish that the reference(s) are not “prior art.” Moreover, Applicants do
not represent that a reference has been thoroughly reviewed or that any relevance of any
portion of a reference is intended.

Consideration of the items listed is respectfully requested. Pursuant to the
provisions of M.P.E.P. 609, it is requested that the Examiner return a copy of the attached
Form SBO08, marked as being considered and initialed by the Examiner, to the
undersigned with the next official communication.
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FEE AUTHORIZATION

Should any fee associated with the submission of this paper not be attached hereto
as a check, the Commissioner is authorized to charge the missing fee to our Deposit
Account, No. 50-3478. Any overpayments should be credited to said Deposit Account.

Respectfully submitted,

HAMRE, SCHUMANN, MUELLER &
LARSON, P.C.

P.O. Box 2902

Minneapolis, MN 55402

Dated: July 1, 2009 By:

Ddyglas P. Mueller
Reg. No. 30,300

DPM/pik

53148

PATENT TRADEMARK OFFICE
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UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: INOUE
Attorney Docket: 20186.0012US01
Title: SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND

SEMICONDUCTOR LIGHT SOURCE DRIVING METHOD

CERTIFICATE OF TRANSMISSION

I hereby certify that the papers listed below are being transmitted by EFS Web to: Commissioner for Patents, P.O. Box 1450,

Alex: ia, VA 22313-1450 on June 30, 2009.
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Name: Peggy Rerkhove

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

The following papers are transmitted herewith:

53148

CUSTOMER NUMBER

X Transmittal sheet containing Certificate of Transmission;
D Utility Patent Application including: Description - 20 pages; Claims - 2 pages; Abstract — 1 page;
Drawings - 11 sheets (formal);
X Signed Combined Declaration and Power of Attorney;
Application Data Sheet - 4 pages;
Information Disclosure Statement, Form 1449, 4 references
X Please charge Deposit Account No. 50-3478 for the amount of $1090 to cover the filing fee
calculated below
CLAIMS AS FILED
Number of Claims Filed No. In Excess of Extra Rate Fee
Total Claims 5 20 0 52.00 | = 0.00
Independent Claims 2 0 220.00 | = 0.00
Multiple Dependent Claims Fee = 0.00
Basic Filing Fee = 330.00
Search Fee = 540.00
Examination Fee = 220.00
Utility Application Size Fee 34 | 100 [ 1 0 | 127000 [ = 0.00
Total | | = 1090.00

Please charge any additional fees or credit overpayment to Deposit Account No. 50-3478.

Hamre, Schumann, Mueller & Larson, P.C.
P.O. Box 2902, Minneapolis, MN 55402-2902
612.455-3800

By: \
Name: Houglas P. Mueller

Reg. No.: 30,300
Initials: DPM/pjk

(PTO TRANSMITTAL - NEW FILING)
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Date Mailed: July 1,2009

Sheet 1 of 1

FORM SB08* Docket Number: Application Number:
INFORMATION DISCLOSURE STATEMENT 20186.0012US01 Unknown
IN AN APPLICATION Applicant: INOUE
(Use several sheets if necessary) Filing Date: Herewith Group Art Unit: Unknown
U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT NO. DATE NAME CLASS SUBCLASS FILING DATE
INITIAL IF APPROPRIATE
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO

2006-187187 July, 2006 Japan Abstract

2006-303093 November, 2006 | Japan Abstract

2007-042758 February, 2007 Japan Abstract

2007-299711 November, 2007 | Japan Abstract

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
Customer Number
EXAMINER DATE CONSIDERED

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation if not in conformance
and not considered. Include copy of this form for next communication to the Applicant.

*Substitute Disclosure Statement Form (SB08)

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Searching PAJ 1/1 R—

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2006-187187
(43)Date of publication of application : 13.07.2006

Hozw  3/00 (2006. 01)
GOSF  1/56 (2006. 01)
GOSF  3/24 (2006. 01)
HoIL  33/00 (2006. 01)
HOZN 3,07 (2006. 01)
HO58 37,02 (2006. 01)

(51)Int.Cl.

i

(21)Application number : 2005-143522 (71)Applicant : ROHM CO LTD

(22)Date of filing : 17.05.2005 (I2Inventor : YAMAMOTO ISAO
[TO TOMOMASA

(30)Priority
Priority number : 2004350871 Priority date : 03.12.2004 Priority country : JP

(54) POWER SUPPLY AND LIGHT-EMITTING DEVICE USING THE SAME, ELECTRONIC
APPARATUS

(57 Abstract:

PROBLEM TO BE SOL.VED: To provide a power supply
for properly setting the drive voltage of a load circuit,
and enabling more efficient operation.

SOLUTION: In the power supply 100 for implementing a
constant—current drive of a light emitting diode 300 as
the load circuit, a constant—current circuit 22 is provided
on a drive path of the load circuit. A charge pump circuit
10 as a voltage generating circuit outputs a drive voltage
to the light—emitting diode 300. A monitor circuit 30
monitors the voltage across the constant current circuit
22. The monitor circuit 30 includes a voltage source for
generating threshold voltage for tracking fluctuations of
the voltage for stably operating the constant—current
circuit 22, compares the voltage across the constant—
current circuit with the threshold voltage generated from
the voltage source, and outputs a comparison result Vs
to a control section 24. The control section 24 controls
the charge pump circuit 10, based on the output from a
monitor circuit 30.

http://www19.ipdl.inpit.go jp/PA1/result/detail/main/wAAAISa4CMDA418187187...  2009/05/01
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(54) LED DRIVE

(57)Abstract:

PROBLEM TO BE SOLVED: To reduce power
consumption of an LED drive by lowering the output
voltage thereof.

SOLUTION: The LED drive comprises a first transistor
15 connected between input and output terminals, a
reference potential generation circuit connected
between the output terminal and a reference potential, a
load circuit having an LED connected between the
output terminal and the reference potential, a detection
circuit for detecting a current flowing through the LED in
the load circuit, a voltage conversion circuit 30 for
converting an output signal from the detection circuit, a
comparator for comparing the output voltage from the
reference potential generating circuit with a signal
output from the conversion circuit to ouiput a control
signal, and a second transistor 16 for controlling the
amount of current by varying the input voltage of the
first transistor depending on a control signal from the
comparator wherein power consumption is reduced by "
lowering the voltage of the detection circuit using the conversion circuit thereby lowering the
output voltage from the LED drive.
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SEDEBREFASEVCOTAMmMPlLOGDHNHEFOEFRIRAL., CTOBPLEEESNP
NFSUYIPRE2104DR—AICHEBLENSB,

ZOHBE, NPNFS VY YREZ1 04D I v EXRBEBHRBHEASLFNIICE L Y XER
ERMALTEHMLEBEHFIRIOOZ2ICENSIEBEHRDBAL. BRAR 10 2OWMRICRETIERE
ZRNNELAB, §5, PNPFSUYIARTIO0O3DEIVE—R—ABOBEEZENH /D
EL KBNS, CTOPNPFSUYYRAZ103DIIvEEREALYZERIBED L.
FYNRTRC112RREBENTCTEHR”MLEDI! - 1 B~LED - - NBA@mn., HAwmTF
ToutDEFXTRIRAPL, HABER TFTLHBdL3HL,
fo005]
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LALLGAS, COLEDEHEBILOOKRBWVWT.,. BEMOEEBWLEDERESHERO®
HABEXLEDDENIKAELZLBIE+RABEELE (1. OVHULE) CEHKEBEOREMN
HRETHD, EERLEDRMIHELEB NDANEBERIPIEBABEAEANIEZL 2 5HENN DS,
[0008]

DEWE, kY OMOEFREEEHRBEHOLED (Light emitting D
iode) HAEKEZERKAICKRT,
|EFXHLL (BB 2003 —1522248508) KHERENZZDC/ DCaYyN—X
ZHWHELEDEHITHRBIE DWVWTHRNS, '

COLEDHAOEKBI S50, HEi1 53, LEDEEFEHKSHERK 154, LEDI1 51
HAODEBEEHBEBRERL S 8. BEFMKREEIRLI S IORETHHREINT LS,
fooo 7]

LEDEEHSHHEKISA4EEFEEDODDC/ DCaAN—R160&XA4AF4—F 163,

VEIZRX162, FNRNTEIGATHERINTVLS, THUNDODERP &L Ttic &
Y=YV RVTAROBERGBEHELHA2H. RO IDC/ DCarvy i —XEHWVSH
ME W,

DC/DCarvyiN—%21600EBFEOHIBFAELLT. VCO (Voltage Co
ntrolled Oscillator) OAAEBEERZELIY, E7ZPWMARDIN
WABEWETZEDOBH 5.,

BEFRBEER1 SR, EMARHBEENL 55, EEFHR1IS56. k#8157 &TH
KEh, LED1S5S1icmhsBEmE (BF) MEEBER1I 55 TEECERL CE&EE1
S5 TORBAANBFILHEBBLTVSE, — A, BEEETHEHI S5 6 bHINEINEEREEMN
21 5 7TOEREANHRTFTCHBLEN, REEH 1 55 TRIEBEEhEEELEHEE L
EORBRPEAOMTLAIOHEAETN S,

WAOBEHIBER1 581, k&1 5 7hholheshrdEFECISCLTCDC/ DCaY
N—ZDODVCODHMEEZRET %,

[0008]

DEFWRKCOLEDALAEE 1 5 008EILDWVTHEHEAT 3,

BHRMBEENIS55IEEDLEDISIIEENDSEHRILEDPEFICEBR T NEL& S
15 7B Eh, HEEBERI S TRESNIEBEBSELIEBE NS, ERMHBIET
1 55 RMHBENEEENEREEEFIODEEENEVE., BB 1 5 7TOHAMEBEELNS
Xihxb, ZOBFZHAEERAER I 58BT3, 3¢, HAOBEFEHIEREEILS
SHALOFHMBEBEICEIDPDC,/ DCAYNAN—Z1B60DVCODAABEFERZTILEELE
DEFEEHEIK 1 5 40 AW LHEXE 3,

i, BFRBHER I 55BN EZEEIAEBEELIDEBEENG WL, LE&KEE
1 5 7DOHODEBENMKLS KD %@*F%&ﬁﬁrﬁﬂ@%ISSK{%?% 35 L.
HWAOEFHERBK 1S SOHBEREILLODVCODANEFRZZIILE Y LEDRERIH
1540 ETHRETYE S,

CDOEB. LED1 S5 1 KENAERILEDAZ{LLTLLEDF/EWNEHEE 1 5 4
ODHITBMFADBEFEEZ —FILBEREN 3,

F/H, ZOLEDLEDI1S5 1 ORBEBEFEIZLEDDODVEFOAFLERMBHBIESFN 155
TREITIRHEBEEME LM EXD, LED IS5 1OBERABZRTCHAMTFAOSE
FE—HRICELRETNL TV S,

o000 9]

FRLZEES>K., EFRBRHBE®B1590EEERFHFELI S5 62U FTICLTWVWBECTEE, T
DEEBFOBREEELIVDERMHER 1 5 50BN ELLTCERAVEAEIBEH. O
EREBHBRLEN 155 THRETSIEBEELZELITA3RXENDH S, LizhoT., 2L Ed
LED15 1 TCHREITZBEELEHMIBEERL1S5 5 CRETBZEEEZMACEENILET
YL, B BEWEE T BETER L,

[o0o10]

DOFIKSIKETF X2 (FBH 2004 —-39684ENH) KHERENEEHMDORTEF
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gw/N—HEBEZHWHZLEDATEK?2 00 %2RF,

LEDAOEEK 2001, EHvVvdc201, Fa—2a3A4VCH203., AAvFV
FYETODFET204., #iEK202. 44 —FD (205) , LED208, 21
8. HLVFEIS—%H2ERITAHTr1 (207), Tr2 (217), Tr3 (2089)

Tr4 (219) ., ¥ RS5 (221) BETHEBREREINTHD S,
foo1 1]

LED1C, LEDZ2CKHNZEREEMRS (22 1) TEERKEHBHL, TOEH
LEZBEEZHREAEK 2 0 2CHERTZ, HIARK202P5DHANBENFET 204D
F—hFPIBREEZNON/OFFDARAA Y F Uy ITEHENTDLNB,

HHFER22 1 TCHRIBEALEENETLEEE, HEREB 2020 bhENkHEE
EXTHAD, FET204PO0ON#HELONBEHMBMAEELL, Fa—2 a4 CH203I
EEENI2VF—LBEMHMVdc201 ZMBELEEESF Yy T EC225iCEADL
h, BEFAIPLERT A, TOHFRBLEDIC, LEDZ2Clk#EtBEB3EBEERELS AL, h
KFECERGHEMWT 5,

—HEHRS5 (22 1) THRBEIhZZEEPERNLEZELE, HEEBRRK2 0205 HIE
NzHBEEI ML, FET204P0NEHELONBBEZEIL, Bi#ttVvdc 201
POEBHRI N Fa— YA N CHZ2O03CIRANVFEF—RERMEINZISE, cObx, Fv
Ry BZC225kKBEZLNIEEWMALEDIC, LED2CIKHIN., ¥ 3 &%C225
DEBEERZTH S,
foo12]

ZDE3Ic, BHRZ2 2 I1IKRETSHIEFERILEDICELED Z2CRRKEBENSEHRZM
BHLEETH» DT, LEDICOBEMOBALEBELTHANAEREESGES H>TLE L,
BRI RHAELLLTCLESHEAIH S,

Tk, HIABRZHEITIHNEEEN NG VE, EHFIRS5 (221) ODBFEL2EL T 34
BEHRAHBDT, HEENPKELL Z5MEND B,

(& Xk 1) 2003 —1522248n08H
[BFrxmk 2] 2004 —3968 4540 #H
(HHOBER]

(HRE IR L LS L3 28E]

o0 13]

LEDZEMATHDDONRAT7TIAEFOEFEELZ TY., COEBROBBICHET 2 FBLE
EHEMBEMLTL. LEDEBEXEODHEBREEBERZHEL., BEHOHBRMEEL T 5.
(R EWRRT 27D DFE]

[oO01 4]

AFEHEHOLEDHR#HEBR, AHABTHRCERINLEEIDODNS YA XE, diEH
T EESMNHMICERENZEEEMNRELERRBE., B T B F MO HEBEEBMEIC
BEREENZLEDZEIZAMEBKBL., MAdAREBKROLEDIKRNSIEBEREZBRET 2R
HERE, IZREBBRILSCODHAEBED L RNV E2LEHMT I EHEIRE., OB ESMNR
EEIERIAOHNENEEELHECERBBAIAOH AT EEES2EEL. HEES2H A
TAHB®RL, MTLEBEIASORBEEBRRELTHRZE 1D VI AXDAAEER
MEL, EREEAFEITZE 2O VIR REREEFET 3,

AHEHEHOLEDEFHEEREEZ, AHAOBFBICEREI WAV EZIZ2ET L F—F &, §
HAVEIROBAMFEEEBENBMELS Y/ F 75 B3R vF I FRE, LHAEF
EHIBEBMBMICEREINZLEDAETSEMBKBE., McANBEBOLEDIKHEN
ZEHEZRHBL. BELOHBAESEZ2HATIREBEBEK L, MEE 1 OHBERESEL XL
TFrLTCE2OHBEEEHNT2ERNERLEE 200 BESETEEBERLE® LT, &
BERICKSUEZEHEIOHBEES 2PH AT 2HEBRE., fiRBLEEBRIASOEIOHBAMETIC
JCCTHIRARA Y F VI FREL Y /A T75252FB404BESEZTHIITIHIEERREZH
T 5,

[HH DO HE]
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foo0o15]

EBEBEREEBRSAAYyF IV Falb—2RIBEEACEZLED SERBIKCBEBNT., L
EDZREALIB-HDONATRABRAOEHIEEZ T, COEROBHMICKRETAELEEZMN
EFEMUTFTL., LEDER#THBIROBEEERZHB L. EMOHEEREEZEL T 5.
(REEEBEIT 32 HDOBRBDOEE]

OO0 1 6]

M1ZHAOCTEERTLEDHREEE ] O DEBREEBHKKDODVTHEAT 5.

M1ERIEMPBEHATHS LEDRBEEI ORZ., LFal—FEEEL 1. F+/8
Z2C12, C13, BFZ#EK (LXJV>¥T7F) 30, LED+-1~LED-N®®EmR
BMEHAOCEHRI4THERINAL TV S,

LF¥F¥al— %A1 1O—HIEIK3 (A) EXRLUELEDEHEHB100EERUTHB
N, LEDKEHENZIBHZRHEL., LFa2L—%pB1 I1CBHBEER2HB T EEEL R
EB3IODHMMBMMAERER > T3,

AHNBMFTinE GCGNDRBIEFYRYEC L 2AEHEEIN, COANMFTInREH
WPNPFSUYYREALISDEZIVEREERRLIA4A4, 190 -AIKBTFRLFNFNLERZ
NTW3, PNPFSYIPRAEZ 15D 7 Z2EEMARI OOMADOHMFLHAMFT o
uticEREINTWV S,

EHRIA4ADODMADWHEFREPNPIFSVIAZ1ISEORNR—ZAENPNLISYYZAEX16
DAL T RICEREINT WS,

HAOMFTout ECNDRBMIZEMIZEAR20ENYERFFYy vy I E A4 —FKD1 (2
1) AEREIA, CORBERASLAMD (7Y7) 1 SOEKEBEANMTICERINT
W3, ¥EHAWMTTout EGCGNDEIRFY»RTEZC I I3IBEHEATVLS,

EHic, HAOMFTout EGNDBIKiE, LED -1 ~LED-N¢EHRIIHPE
FlEHREN, COEMRR3IA4ELED - NOHBEEHESAIEZAMDPD 31 DI EREATRFTIC
BEINhTWVWS, Amp3 1 DOHHBTFREREFNRIZO—ImME, Amp 1l 8DKRE AW
TEERZINATVS, BHRRIZ2OMBEEIAmMp3I 1 DOREANBFEERRIIO—F
D FILEFEEIN., COEFRIIOMBIEICNDICEREINTWVS,

Ampl 8DHAHMFENPNINSVYYXAEZ1I 6DXR—XICHEHEEN, CONPNEFS
VIUVRR1B86DTIvEREIEFRIT7TEZNLITCGCGNDIEREENTWVLS,
foo1 7]

DEWILEDHRHEEHR1!L ODHFICDVWTHBHT 5,

VWEHABFTout DBEENTHD, ZOMBLED -1 ~LED - -NKFENDZER
(1LY PBPLEET R, §B3LWHPRIACEETSEETE LB TFAD, Amp 31
DANBTFEOEZEBELEDN. Amp3 lOHAWTHIALEEBEEINATCHEAOTH., ZLT
Ampl 8OEEANMTICHBEINS,

HBHER20LLNRNVRFyy A A A —FD1OHBESGFEIMDRELIEEE#RETEE s AV
AmplADEREANBMTIEEBLEINT,. KEANBTIKEBLEINSETLTE s i & HEg
ENd, BEEs i RCOBEEHEE s KOVEVWDTAmp !l 8ODHAWTFOERLEEZ LR
L. COERBULEBEEMNPNIRSVIAR]I 6DR—-AICHBENSD,

ZOHEBE, NPNFS Uy YAX160TIvABREWMLZNAKENILZEZ2ERG
%M?%b%ﬁ#Rl4kﬁh%ﬁﬁ%EML\ﬁ#Rl4@ﬁﬁk%$?é EEZ XK
2 %k%, §%5&, PNPFSUVIRAELIEODITIvE—N— x%mﬁﬁﬁﬁk%<&é
Mo, TOPNPPRFSIUYIYRELISOLIVvEREBERE VLI XAERBZEML, #HMLEE
WAHAFY» R 2C13RKEBHEN, HAHFTou tDERERERT %,

o001 8]

—~FH. HAHFToutDEERELS kD, TOHBLED - 1 ~LED - Nicmh 3
BWw (I L) AHEmMLEELT S, §95LEHHRIACEETHREEE1IELEAD, Amp
S1DOANHMFREOZEEEDN. Amp3 1OHAMFAOEBHEBIATHASIH, &
LTAmpl SOKRBANBTFICHEBEEINS.

B RZOENVIFF Yy T7EAF—FD1OHBEKAI»PORELEAEEEE s B
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Ampl SOIEREGEANBFICHBLEINT, KBEANDMTECHBEINEIELEE s | & R
Ehd, EFEs i REBEEFESsEIDPEVCDOTCAmp 1l SOHANHFOEERERHAD L,
COWMPUEZBEBEMANPNIFS VIR E 1 6DR—IAcHBEINn B,
FOMHRB.NPNFSUVIYXEX1IB6DLIVEEBRBIBAILFRAIKEVWILZZERDS
HBLI2H-0EIRIAICHENZERLBEL L. BAR I 4AOHBMICEETIEREEZ T /D
EL B, §5L. PNPFrIUVVAEZELISEDEIVE-—RXN—ABMOBEEZHLNEL &3
5. TOPNPRFRIVIVREAISOILIVvEEBERLIVIAERIBALIL, TOBRF
YRV RZRC1I3IEBMEINLEBEHRMAMLED - 1 ~LED - Nicfitfrh,. HAWMF Tou t ©
BEFEREALL, EEN Tz L3 kBEH

o001 9]
FHRUZLEDHEEE1I ODLED - 1 ~LED - - N:HEINEHFEINZEIR I 4D
KM TROKXTEEINS,

[# 1]

R34=Esi*x (R33(R32+R33)) 1L - - (1)

CCT*xHMEREXLELET, F/ILELED+1~LED- -N.HEHRSI34
KMN3ERTHD %,
— 7. W3 (C) eaxL#%., LED-1B~LED - -NBicFEhBERAZILBELK
EEOEFR I I OEFMER.
[# 2]
R111=Esi 1LB < e (2D

LRINB,

KX (1) X (2) 5, EIFIRIADEPMEEEMRR 1 1 1 EDMAEILBVETESDC
LR B,

chid, EEZHER3IOEZEAVTERRIATCHETSIEERZEZBHL TCAMP 1 81
Es iBEEELTHBLIEZZEIK K S,

K R3IATRHETIZIEEAEZ NS EETZCENTCES D, LED -1 ~LED -
NEBARIAKEETHAEEZMELLENDEERBIRETED LI, HEBH
EHIRTE B,

[o020]

DER, BERMAA v FUITLFaL—% (@K BHVWE (EE/HE) LEDKHE
BESODHMBEEMZR 2ICRT,

LEDEREIEES OO, AAvF Uy YL Fab—4%2EATovyys51, A7 %L1
(63) . 44 —FD1 (64) BEZEHEE (LXIWVYZ7Fr) 70, LED -« 1~
LED - N:EBERBHAEHR7TA4ATHERENATVL S,

ZAAwF T LFaL—FERXT oy 2511, A7 ARK5S 4. SW (XA v F)
55, HIR (56) . "wITr 7757, BEHEARKES 8, BBTFHEEEKS 9.
Amp (7>7) 60, BE®¥EERE (H4ERE) 61 TERINhTHWS,

NATAEBES ARANEFTIinhSEBERFT2 1 EZNLTEERIEBLIN., A A
wFVITLFaL—RERT Oy S5 1 OFEBCBEREHRBE I AZDOBEER2REET S

SWS55@3Ry 777 Y75 7TOHIBRESICEDVDONOFFHBPEN, A% %L
1O B EGCNDBEA—TYFRhiEya— 3582, AABFT I nAhLHBE
NZ2DCEERRET S, £/, TOSWSES5LLT., —BICHHEEKEFHAFEHIN, M
OSPFITUVIRARERNRNAR—-FG S UVIVRARETHEEEINS,

AEH#HMBEEL 8 EAmp (Fr7) sohbroHAOEnzhBEEERCREVHZZ/NILR
BkEZz#HBL., SW5 520N OFF95b0HBEEERLAHEAT S, TN
WKHAAMF Tou tlcEEFEENTVWBELEZELEDAEDARMAYE—X VAN TS
feed, BEEREREKS OLSHRIEEEICXD, SWSE55F0OF FEIEL. BR#ET B X
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AL T3,

BEFHEBEEES OBHAMFTou t CEHEEINTWVWASBLEDBREDARAL VE—X
VAR FTAkEEHEAEESEERHAOL. ERLEAEHBEES SEMNMLSWS 5%0F
FICLTHEEL TV B,

Ampb6 OREBEBEZTEHRERKS | ASHBKLINEHEEEFEELLED - 1~LED N
KENBEHEZREB L CBEFEZEBR LEHEZILER I IEERBEHDAMYDp (F 7)) T
HB, COBETLHADLDLEHEEFEFIEHNLTCHEM, BALEEELZXRROAERNEEE 5 8
CHBRL, HABFTout TRETHAEERY TETRERKITZI X3 LTV S,

AAyFUHFLFLL—RXERTO 27510 (AA) MFT24ICERENATVWSEE

EEBEEBK7OEAmp7 1 PR 72, RT3 THEETH, KARTATHELEE
Wm(BEE) #EFEZLEH (LXIVYT7ER) LTAmpS8 O HBALTWVWS, TOXS5EBE
EMTHLicLy. BRHBRHBAHOERARTATRERETSIEERENESLKT BTN TE,
LED -1A~LED -NAEHPRTAKHMEND F—2LVEBEEAZEBIRETES,
FTOMB, BHB T Tout TRETIHABEEATT S P TE., HWBEREZHI BT
5T EWNTES,

[o0021]

A2 %L1 (63) BRFHELTHVWSN, SWSE55MNRONOFF9335Z&IC
XODAANWMFTinhoHHHBEETNSDCERE (EW) 2 xVF—LLTEBEEL. SW5
SMOFFOLEAIMEBERERREEBLTHAT S,

TDAVEZRL I DBEMNEFRERET. BARE—Z7EBRIN LT TIToRBERLLE S S
BEADLO, THEHERDBEL2SDHHOEHREBIHOBEE NN VVEOEZEERHLTWS,

XAA—FD2 (64) BEMEBEREH AAMENEERAKBEEHLTT+oRBERLE
BREND B, T, BHAEBRYREPFOH-HIEFBEEBE (V) BDELI, DALY
FUTAECE—FRFENCEONEFEF LV, AWK, Yav brF—KAF—-FEEFPHVS
ns, '

BEREBFELEZIEFELT,. LED 1A~LED - NAEHBHEHBOERR (7 4
) A FTout EGNDEBIIEFHFENTWSE, TZTWRBLED -1 A~LED N
AR THZIEREINTVSDN, BHEERENTLREL., ol abEB
MTE RV,

EHK, LEDHADAREFTHE>»TH L, ANEFLRNNSERITLFEIEEEH
HT32FRZRT, COBEBFEIMIGOMMEBERE (FLEREAEE) ZREOBEE#R[E
B70CHBIBZIIIICT %,

[f[oo0o22]

DEFIWILEDHHEES ODBHEICDWVWTHAT 5,

AAYF U VFal—2BEAT oy 5 1 ZEEFXRR 20O BHRERIEB T, S
W5 5AA0NOHIE. AAWMFTiIinhbAE 72 AL1EESWSE55, HHF RS 6%
NMLTGCNDIREBRBMPFNDS, A VE 7 KXL 1 Ll%anbﬁlﬂ%@?ﬁiﬁﬁﬁfﬂﬁﬂé& ﬂ}—
HEEES shroky MEBEHAL, "y 77775 7% M LTSWS55%0FFT
%,

FYy RNV RCE5IWCHEDODEENEEINZEZ. Ty 3y2C53H»5ToutilbL
ED-1A~LED - NADAWMICERIIBNTEENTH S,

TH5LAmp60 (LAWY ITFERT7TOZEL) OBEERIBEBR CHEDETFR I
TEHETCHHBFELECEHELZEIERT, TCOEEAVEIZEXLICHRIEROBASTEZ 1
FHOHMBATEL LT, F¥ RV ZC53ICEEIZEEREL T %,

TOSWSESRFy R RC53 TTHETNAZERMRSEEFERRIGCUT. —AYWEATON 0O
FFHIEENTVS,

BHEEIKE, F¥y 3 X CH53EBBENEEFCEMIBZEE. §45HBHEMRT 4
TRELEBEEELIDPAnp 7 1 DERBEANHFICEHEIN, KEANHETOBIEL L
BEh, TOBREBEEZAmMpPp 6 0ODKRBANMFHENT S, 2T, AmpT71DK
MANHTOBEERIEFMR T ZEEWMRTIITHELT., MlIBE2ROTVWSE, EREHEE
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S i DBEXZRT72LR7I3ITHELTVEZOT, MHARTA4DEB/NELTBIERNT
3,

AmpS O TEEELEHRER 7T OLPSOANENEHKETRLEEEERERE G 1 5 H
AENL2BEEBEERHEINS, WEF Yy VEXCS5I3IDEENATH>EHER., LBEFE
WEEBEFIODELLS GEoELTE2E, Amp66 0DHHEFEIEL X%, Amp6 0M»5H
HAOShEEEENAEHBARE s Sicfttadhn., TRV RABEBORENTbH (ONH
MEELLT) . HWABE (ToutFl3F ¥y X2C530FF) FEBED EILA
Z2FTCOHMB. AB ISV AREBEEZHE I LET S,

Ny 7777573 FO0HMBMONOFFYOLBAMEEBOERL. REAWESWS5
SHAONOHBSA YE 72 LI KEBERIPFENTIZAINVFE—HFEHEEIN S, £T/2SW5 58
OF FOHMBAVYE VAL I1KBERBEENEZIRXANVEF—PALDEFLKEEINTE A4 —F
D2ZNALTHF Yy NV RCH53LERBENG, CTOEBEIPBROEREINZCLICED, HA
EETout (CSIKEBEBINSERE) BRAKARET %,

oo 23]

AmpB6 O THMFT2ZARCHBENSIELEE s i P REEEERERNKEG 1A ETH
ZHECREEELF L ASZFXTTLERLABELROLDOHMEELEBRIVIET., BET 3
BE, SWES5DONBHBEELLTAVYEZRL1ICHEITERAZ#EML, Fy/3>%C
S3KEBEBEEINDBEE (F7E3Tout) PAEDODHHHEE (Tout) KAEZE3ICL
T3,

FHNRVRACS5ICEBEINZBEIMEEN L ASE, AmpbB O blHAhEITNDS
HEEBEBTZICIDATEHEBRERS SOHENREBEIA. ONHBEONRIVABERARE ()
L. Xw 77727572 LTSWS55%20N"0O0FFd5, §5&Fv/3%C53
rgﬁéh%%EH@Tﬁéou%ﬂﬁ&%ﬁﬁﬁbﬁénéo

TOE&S5k., LEDE#HEBES50EFELED - 1A~LED - NAKKENBEHRILZEHL
EROREMICESL X353 ERLIZMEERDODEREIT IR 3,

{oo02 4]

DEWE, WANWFTout ECNDBIRBREBLZEBETFIDVWTHARNRS, K2Rk LAELE
DEHEBEBS50NDLED - 1A~LED - NAKFNEZEWILZRIEBISEHRT 4D
fHiExRAXTRDEN B,

[# 3]

IL E1/R74 c s - (3D

CCTCTE1OBREBERAAYF U LF 2L REARAT oy sy (AK) 51 0D8FT?2 4
ZBEEE s i ZHWT.

(% 4]
E1=Esi* (R73, (R72+R73)) < s (4)
FEINDS,
chhs, BRX (3) TELAERMEHEERR 7 413,
[#¢ 5]
R74=Esi*x (R73,/(R724+R73)) 1L < - = (5)

Ehxb, EEZHREIER7I ODPEAVWHEOEFMR 7 4 A
[# 6]
R74A=Es i 1L <« = (86)

EHBLTHLSARNELSBETE S,

[o025]

L7ch>T, LEDZREATA2H0BAMEEZTY, A WECOEPLRT 4DEIFE
EZ1I VU TFIETIFBCENTEEDT, LEDEHEESODEFEERPRLIBETE
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5. TORRE.

TEEMTH B,

(B i o 8 B 7 @B ]

[0o026]
(K1] AH¥HDOLEDRHNKBEONBEREZRIEBKTH 5.
(K2)] A##BHOMOLEDHHREORBKMBKEZRIEBERTD S,

(3] kPO LEDRFHEBOREKMERERITEBRKTD %,
[KM4]) B OMDOLED AAEROEREZRIBEBXK TS 2,
[K5)] HERPMOMOLED HABEBOMRERIBBRTH %,
[FTrE o3 ]
[o027]
10, 50, 100 -LEDEHK#%&E., 11 --LFal—2EK, 12,13,52, 53
101, 112, 164, 225 -Fx¥,8¥y%, 14, 17, 19, 20, 33, 314
. 56, 72,73,74, 102, 105, 107, 108,110, 111 1 5,
206, 210, 216, 220, 221 -#&¥H. 15 103 207, 217 PN
PS>y x&, 16, 104, 209, 219 -NPNFS>YXEX, 18, 31, 7
1, 106 Amp (r>)., 21, 64, 109, 163, 205 XA F—F., 5
1 ARAwFHLFa2L—REARATOyy, 30, 70 -BEZHEK. 541147
ZEKE. 58 -FEHEEE., 59 -BEEHFEEER. 6 1 -HEFBEHRERE., 6 3,
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(54) LED DRIVING DEVICE

(57)Abstract:

PROBLEM TO BE SOLVED: To provide an LED driving
device which can drive an LED by constant current,
reduce heat generation of a circuit element group
including LEDs by optimizing voltage to be supplied to
the LED, and stably light a backlight unit during light
controlling.

SOLUTION: In the LED driving device, a first negative
feedback closed loop CL1 for controlling supply voltage
is comprised of a DC/DC convertor 8, an output driving
element 10, a voltage comparison circuit 12, and an
output voltage control circuit 13, and a second negative
feedback closed loop CL2 for controlling constant—
current is comprised of an output driving element 10 and
a constant—current control circuit 11. The frequency
response characteristic of the first negative feedback
closed loop CL1 for controlling supply voltage is set to
1/20 or less of that of the second negative feedback —r—%

closed loop CL.2 for controlling constant current, so that

the first negative feedback closed loop CL1 for

controlling supply voltage can be stably operated without spoiling the response of controlling
the constant current
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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a drive current
generation device which can supply a desired drive
current to a load so as not to cause a decrease in
efficiency to the utmost.

SOLUTION: A drive current generator 22 for supplying a
desired drive current (i) to an LED 31 comprises: a drive
transistor NO which is connected between a terminal of
the LED 31 and a grounding terminal in series; a first
current controller CC1 which performs ON—-OFF control
of the drive transistor NO, so that a reference voltage
V1 corresponding to a current i1 flowing through a
reference resistor R1 agrees with a predetermined
reference voltage Vref, and which generates a medium
current 12 showing the same behavior as the drive
current i; a current mirror circuit CM1 which generates a
mirror current il corresponding to the medium current i2
with a predetermined ratio, and feeds back/inputs it to
the reference resistor R1; and a second current control
unit CC2 which keeps the ratio of the drive current i and
the medium current i2 at a predetermined value.
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DESCRIPTION

Title of Invention
SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND
SEMICONDUCTOR LIGHT SOURCE DRIVING METHOD

Cross Reference to Related Applications

[0001] The disclosure of Japanese Patent Application
No.2008-175070, filed on July 3, 2008, including the specification,
drawings and abstract, is incorporated herein by reference in its

entirety.

Technical Field
[0002] The technical field relates to a semiconductor light source
driving apparatus and semiconductor light source driving method

that are suitable for display devices.

Background Art

[0003] Recently, semiconductor light sources are utilized for
backlight devices for display devices and other lighting
applications. Semiconductor light sources include semiconductor
laser diodes (LD’s) and light-emitting diodes (LED’s). The
brightness of light emitted by a semiconductor light source
depends on the magnitude of the drive current. Consequently, to
allow semiconductor light sources to light on stably,
semiconductor light sources are generally driven by a constant
current (i.e. constant-current control). This constant-current
control makes it possible to control the current applied to
semiconductor light sources to be constant against various changes
during the control (such as fluctuations in the power supply
voltage and fluctuations in load).

[0004] FIG.1 is a block diagram showing a configuration of a
conventional semiconductor light source driving apparatus that is
generally used to perform a constant-current control of a
semiconductor light source.

[0005] Semiconductor light source driving apparatus 10 shown in

FIG.1 is a constant current driving circuit using a current control
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loop. Output current detecting circuit 14 that detects the current

applied to this semiconductor light source 12, is provided at one
end of single semiconductor light source 12 or at one end of a
plurality of semiconductor light sources 12 connected in series.
In order to let a constant current be applied to semiconductor light
source 12, the output of output current detecting circuit 14 is sent
to current comparing circuit 16 and is compared with a current
command value from current command section 18. Output voltage
controlling circuit 20 performs a pulse width control in voltage
source 26 according to the comparison result in current comparing
circuit 16. To be more specific, voltage source 26 is constituted
by: power supply source 28 such as a battery; DC-DC converter 30
of a drop-switching or boost-switching scheme for performing a
DC-DC conversion of direct current power from power supply
source 28; and smoothing circuit 32 such as an LC (i.e. an inductor
and capacitor}. Output voltage controlling circuit 20 controls
DC-DC converter 30 according to the comparison result in current
comparing circuit 16. The output voltage of DC-DC converter 30
is convcrted into a desired DC voltage value in smoothing circuit
32 and is supplied to semiconductor light source 12. In this way,
negative feedback closed loop current control CL1 is performed.
Further, output voltage controlling circuit 20 is constituted by
proportional gain circuit 22 and compensating circuit 24,

[0006] With negative feedback closed loop CL1 constituted in
this way, when the value of the current that is applied to
semiconductor light source 12 is greater than the desired current
value, a pulse-shaped square wave voltage of a short on-period is
supplied to the gate of the switching element in DC-DC converter
30, so that the smoothed voltage that is supplied to semiconductor
light source 12 decreases and the current of semiconductor light
source 12 decreases. By contrast with this, when the value of the
current that is applied to semiconductor light source 12 is lower
than the desired current value, a pulse-shaped square wave voltage
of a long on-period is supplied to the gate of the switching element
so that the smoothed voltage that is supplied to semiconductor
light source 12 increases and the current of semiconductor light

source 12 increases. By means of such a negative feedback closed
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2F09066-US 3
loop current control, a desirable constant current that makes the

output value of output current detecting circuit 14 the same as the
current command value, is applied to semiconductor light source 12,
thereby creating a stable state in semiconductor light source 12.
[0007] However, in conventional semiconductor light source
driving apparatus 10 shown in FIG.1, when a fluctuation occurs in
control loop CL1 due to voltage fluctuations between power supply
source 28 and DC-DC converter 30, noise from outside and
disturbance noise entering output current detecting circuit 14, the
constant-current control becomes unstable. Therefore, there is a
technical limit that the response speed (i.e. frequency
characteristics) and gain of closed loop CL1 cannot be increased
very much. Accordingly, conventional semiconductor light source
driving apparatus 10 may be best employed for goods such as
mobile telephones that can function well enough as a backlight
device by applying a fixed constant current to semiconductor light
source 12 on a regular basis. However, conventional
semiconductor light source driving apparatus 10 may not be best
employed for goods that change the desired constant current value
frequently, for example, goods of fields requiring t he function of
adjusting light to change the brightness of the light source.
[0008] Therefore, Patent Literature 1 proposes semiconductor
light source driving apparatus 40 shown in FIG.2. This
semiconductor light source driving apparatus 40 with an addition
of control loop CL2, is designed to drive semiconductor light
source 12 by a constant current and to reduce heat generated in the
circuit element group including semiconductor light source 12 by
optimizing the voltage that is supplied to semiconductor light
source 12, thereby making a backlight device light stably while
light is adjusted.

[0009] As a specific configuration, in this semiconductor light
source driving apparatus 40, as shown in FIG.2, DC-DC converter
30, output driving element 42, voltage comparing circuit 44 and
output voltage controlling circuit 20 form first negative feedback
closed loop CL1 for controlling the supply voltage, and output
driving element 42 and constant current controlling circuit 46 form

second negative feedback closed loop CL2 for controlling the
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constant current. Output driving element 42 is a transistor or FET,

for example. Further, with this configuration, the voltage
generated across resistor (R) 48 <connected in series with
semiconductor light source 12, is detected and used for the control
loops of both negative feedback closed loops CL1 and CL2. The
value of this voltage is proportional to the drive current of
semiconductor light source 12, and, consequently, negative
feedback closed loops CL1 and CL2 form a two-fold current control
loop. Generally, when a feedback loop is two-fold, interference
is produced between the loops and the operation of the loops
becomes unstable. Therefore, this <configuration sets the
frequency response characteristics of one loop (i.e. closed loop
CL1) to a one-twentieth of the frequency response characteristics
of the other loop (i.e. closed loop CL2), to prevent interference

between the loops.

Citation List

Patent Literature

[0010]

PTL 1: Japanese Patent Application Laid-Open No0.2007-042758

Summary

Technical Problem

[0011] However, with the technique disclosed 1in Patent
Literature 1, the response upon stable operation depends on the
response of the slower control loop, and, therefore, the response
upon light adjustment depends on the response of the slower
control loop.

[0012] Further, first of all, there is a problem that it is difficult
for both semiconductor light source driving apparatus 10 shown in
FIG.1 and semiconductor light source driving apparatus 40 shown
in FIG.2 to stabilize driving while light is adjusted, due to the
electrical characteristics of the semiconductor light sources.
[0013] First, the electrical characteristics of the semiconductor
light sources (such as LD’s and LED’s) will be explained.

[0014] Seen from the driving side, a semiconductor light source

has electrical characteristics that equal the characteristics of a
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diode. An example of the well-known voltage-current

characteristics of a diode is shown in FIG.3A. That is, when a
voltage is applied, little current flows until the voltage generally
referred to as a “threshold” and a current starts flowing slowly
after the voltage exceeds the threshold. Afterwards, the ratio of
the increase in the current with respect to the increase in the
voltage becomes higher, so that the current increases abruptly even
when the voltage changes a little. To view this from another point
of view, as shown in FIG.3B, the impedance of a diode decreases
following the increase in the applied voltage. Further, assuming
that a diode is a functional element that receives a voltage as input
and outputs a current, as shown in FIG.3C, its gain is not constant
with respect to the input voltage and increases following the
increase in the input voltage. A semiconductor li'ght source
inherently has such characteristics.

[0015] Accordingly, in constant-current control according to a
conventional control loop, it is difficult to maintain constant
control characteristics because the control loop round trip gain
(“control loop gain” or simply “loop gain”) changes depending on
the value of the voltage that is applied to an element. That is, it
is difficult with conventional constant-current control to adjust
light of a semiconductor light source stably.

[0016] Next, control characteristics of a semiconductor light
source (such as LD and LED) will be explained.

[0017] Here, by modeling the current control system shown in
FIG.1, the control characteristics of a semiconductor light source
in conventional constant-current control will be explained using
this model.

[0018] FIG.4 is a block diagram obtained by modeling
semiconductor light source driving apparatus 10 shown in FIG.1.
[0019] When a voltage is supplied to semiconductor light source
12 from voltage source 26, a drive current that match the
characteristics of semiconductor light source 12 1is applied to
semiconductor light source 12 and so this drive current is used as
an output of semiconductor light source 12. This drive current is
detected by output current detecting circuit 14. This detection

result is outputted to <current comparing circuit 16 and is
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subtracted from the current command value to find the difference.

Output voltage controlling circuit 20 multiplies this difference by
a certain gain to control voltage source 26. According to such a
control loop, the output current from semiconductor light source 12
is controlled to match with the current command value.

[6020] The gain that makes a round trip in this control loop is a
control loop round trip gain (hereinafter “control loop gain™).
Here, the gain of voltage source 26 and the gain of output current
detecting circuit 14 are both constants. In case where output
voltage control circuit 20 performs a proportional control, the gain
of output voltage controlling circuit 20 becomes a constant. As
described above, semiconductor light source 12 has the gain
characteristics as shown in FIG.3C. Consequently, the control
loop gain becomes proportional to the gain characteristic in FIG.3C
and changes according to the drive current value in semiconductor
light source 12.

{0021} Accordingly, if the control loop gain is optimized where
the drive current value is small, the gain of semiconductor light
source 12 becomes high where the drive current value is great, and
the control loop gain becomes higher than an optimal value,
thereby causing overshoot, ringing and oscillation in the rising
edges. By contrast with this, if the control loop gain is optimized
where the drive current value is great, the gain of semiconductor
light source 12 becomes low where the drive current value is small
and the control loop gain becomes lower than the optimal value,
thereby making its response poor.

[0022] That is to say, seen from the power supply side, the
impedance of a semiconductor light source generally changes
according to the drive current value. When the drive current
value 1is small, the terminal voltage increases following the
increase in the drive current value, so that the semiconductor light
source has a practically constant impedance. By contrast with
this, when the drive current value becomes great to some extent,
even though the drive current value increases, the change in the
terminal voltage becomes smaller, so that the impedance becomes
smaller. Accordingly, in an area where the drive current value is

great to some extent, even a little change in the drive voltage leads
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to a significant change in the drive current value. When a current

controlling apparatus having a current control loop performs a
constant-current control of a semiconductor light source with such
electrical characteristics, the control loop gain changes depending
on whether the drive current value is great or small, thereby
changing current control performance.

[0023] In this way, with conventional semiconductor light source
driving apparatuses, there is a problem that, due to the electrical
characteristics of the semiconductor light source, the control loop
gain changes depending on whether the drive current value is
great or small, thereby changing current control performance.
Consequently, there is a demand for a semiconductor light source
driving apparatus that can achieve constant control performance
regardless of whether the drive current value is great or small, that
is, for a semiconductor light source driving apparatus that can
automatically adjust the characteristics of the current control loop
to an optimal value, when the drive current value is increased or
decreased while light is adjusted to change the brightness of the
semiconductor light source.

[0024] The object is to provide a semiconductor light source
driving apparatus and semiconductor light source driving method
that can achieve constant control performance regardless of
whether the drive current value is great or small when a drive

current value is increased and decreased while light is adjusted.

Solution to problem

[0025] To achieve the above object, the semiconductor light
source driving apparatus employs a configuration which includes: a
semiconductor light source that is driven by a current; a voltage
source that drives the semiconductor light source; an output
voltage controlling section that controls a drive current value for
driving the semiconductor light source by controlling an output
voltage of the voltage source; an output current detecting section
that detects an output current of the semiconductor light source; a
current command section that specifies a reference value of a drive
current which is applied to the semiconductor light source; a

current comparing section that compares the output current
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detected by the output current detecting section and the reference

value specified by the current command section; and an impedance
detecting section that detects an impedance of the semiconductor
light source, and in which the output voltage controlling section
controls the output voltage of the voltage source based on an
output of the current comparing section and an output of the
impedance detecting section.

[0026] Further, the semiconductor light source driving method in
a semiconductor light source driving apparatus that includes: a
semiconductor light source that is driven by a current; a voltage
source that drives the semiconductor light source; and an output
voltage controlling section that controls a drive current value for
driving the semiconductor light source by controlling an output
voltage of the voltage source, includes: detecting an ocutput current
of the semiconductor light source; comparing the detected output
current of the semiconductor light source and a specified reference
value; detecting an impedance of the semiconductor light source;
and controlling the output voltage of the voltage source based on a
result of the comparison and the impedance of the semiconductor

light source.

Advantageous Effects

[0027] The semiconductor light source driving apparatus and
semiconductor light source driving method according to the present
invention can achieve constant control performance regardless of
whether a drive current value is great or small when the drive

current value is increased and decreased while light is adjusted.

Brief Description of Drawings
[0028]
FIG.1 is a block diagram showing a configuration example of
a conventional semiconductor light source driving apparatus;
FIG.2 is a block diagram showing another configuration
example of a conventional semiconductor light source driving
apparatus;
FIG.3A shows an example of voltage-current characteristics

of a semiconductor light source;
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FIG.3B shows an example of impedance characteristics of the

semiconductor light source;

FIG.3C shows an example of gain characteristics of the
semiconductor light source;

FIG.4 is a block diagram obtained by modeling the
semiconductor light source driving apparatus in FIG.1;

FIG.5 is a block diagram showing a configuration of a
semiconductor light source driving apparatus according to an
embodiment of the present invention;

FIG.6 is a block diagram showing a configuration of the
control system in the semiconductor light source driving apparatus
in FIG.5;

FIG.7 is a block diagram in which part of the configuration of
the semiconductor light source driving apparatus in FIG.5 is
redrawn;

F1G.8 is a block diagram in which the configuration of the
control system in FIG.7 is redrawn;

FIG.9A shows an approximated equation of the semiconductor
light source in FIG.8;

FIG.9B shows an example of approximated characteristics of
the semiconductor light source in FIG.8 by graphing an
approximated equation of the semiconductor light source shown in
FIG.9A;

FIG.10 shows a result of <calculating the frequency
characteristics of the three gains gm shown in FIG.9B based on the
frequency transfer function; and

FIG.11 is a block diagram showing a configuration of the
control system in the semiconductor light source driving apparatus
in FIG.S.

Description of Embodiments

[0029] An embodiment of the present invention will be explained
in detail below with reference to the accompanying drawings.
[0030] FIG.5 is a block diagram showing a configuration of a
semiconductor light source driving apparatus according to an
embodiment of the present invention.

[0031] Semiconductor light source driving apparatus 100 shown
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in FIG.5 generally has semiconductor light source 110, output

current detecting circuit 120, current command section 130,
current comparing circuit 140, impedance detecting circuit 150,
output voltage controlling circuit 160 and voltage source 170.
Impedance detecting circuit 150 is constituted by divider 152.
Output voltage controlling circuit 160 1is constituted by gain
circuit 162 and compensating circuit 164 and, further, gain circuit
162 is constituted by multiplier 163. Voltage source 170 is
constituted by power supply source 172, DC-DC converter 174 and
smoothing circuit 176. In comparison with conventional
semiconductor light source driving apparatus 10 shown in FIG.1,
the characteristic components of semiconductor light source
driving apparatus 100 according to the present embodiment are
impedance detecting circuit 150 and gain circuit 162 of output
voltage controlling circuit 160.

[0032] Semiconductor light source 110 is constituted by a single
semiconductor light source (such as LD and LED) or a plurality of
semiconductor light sources connected in series. To be more
specific, semiconductor light source 110 is constituted by, for
example, a single LD or LED, or by a plurality of LD’s or LED’s
connected in series. Semiconductor light source 110 is driven by
a current.

[0033] When a drive voltage is supplied to semiconductor light
source 110 from voltage source 170, a certain drive current is
applied to semiconductor light source 110. An example of
characteristics of the drive current with respect to the drive
voltage at this time is as shown in above FIG.3A. As described
above, semiconductor light source 110 has characteristics where,
although little current is applied to semiconductor light source 110
when the voltage is equal to or less than the voltage value
generally referred to as the “threshold,” the <current value
increases abruptly when the voltage value becomes equal to or
greater than the threshold. Viewing these characteristics from a
different point of view, above FIG.3B shows a change in the
impedance with respect to the voltage value. As shown in FIG.3B,
impedance decreases abruptly following the increase of the drive

voltage. Further, in case where the ratio of the drive current (i.e.
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output) with respect to the drive voltage (i.e. input) is gain, above

FIG.3C shows changes in gain with respect to the drive voltage.
As shown in FIG.3C, gain increases abruptly following the increase
in the drive voltage.

[0034] Output current detecting circuit 120 detects the drive
current (i.e. output current) that is applied to semiconductor light
source 110. The output current detecting circuit may employ a
method of detecting the voltage generated across a resister (see
FIG.2) or a non-contact scheme using a Hall element.

[0035] Current command section 130 sets (i.e. specifies) a
reference value (i.e. current command value) of the drive current
that is applied to semiconductor light source 110. The current
command value is set by the operation by the user or set
automatically by a computer. Light of semiconductor light source
110 is adjusted according to this current command value. The
current control loop operates such that the output current value
detected by output current detecting circuit 120 matches with this
current command value.

[0036] Current comparing circuit 140 compares the output
current value detected by output current detecting circuit 120 and
the reference value (i.e. current command value) set by current
command section 130, to find the difference between the output
current value and the reference value. This comparison result (i.e.
difference) is outputted to multiplier 163 in gain circuit 162 of
output voltage controlling circuit 160. The current control loop
operates such that the output of this current comparing circuit 140
becomes zero.

[0037] Impedance detecting circuit 150 is one of characteristic
components of the present invention and detects the impedance of
semiconductor light source 110. With the present embodiment,
impedance detecting circuit 150 is constituted by divider 152.
Divider 152 finds the impedance of semiconductor light source 110
(strictly speaking. a value corresponding to the impedance of
semiconductor light source 110, hereinafter “impedance equivalent
value”) by diving the output voltage of voltage source 170 supplied
to semiconductor light source 110 by the output current of

semiconductor light source 110 detected by output current
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detecting circuit 120. By this means, it is possible to find an

impedance equivalent value which corresponds to the
characteristics in FIG.3B showing the impedance characteristics of
semiconductor light source 110, in a state in which semiconductor
light source 110 is actually driven.

[0038] Output voltage controlling circuit 160 controls the drive
current value for driving semiconductor light source 110, by
controlling the output voltage of voltage source 170. With the
present embodiment, output voltage controlling circuit 160 is
constituted by gain circuit 162 and compensating circuit 164.
Further, gain circuit 162 is constituted by multiplier 163.

[0039] Gain circuit 162 multiplies, at multiplier 163, the output
of current comparing circuit 140 (i.e. the difference between the
current command value and the drive current detecting value of
semiconductor light source 110), by the impedance equivalent
value of semiconductor light source 110 detected by impedance
detecting circuit 150. By this means, gain circuit 162 of output
voltage controlling circuit 160 has gain characteristics
proportional to the impedance characteristics of semiconductor
light source 110. That is, gain circuit 162 multiplies the output
of current comparing circuit 140 and the impedance equivalent
value of semiconductor light source 110 detected by impedance
detecting circuit 150, to prevent the gain of the control loop from
changing even when the impedance of semiconductor light source
110 changes, that is, automatically adjusts the characteristics of
the current control loop, to the optimal value according to the
detected impedance equivalent value. Gain circuit 162 is one of
the characteristic components of the present invention.

[0040] Further, in comparison with a conventional technique
shown in FIG.1, gain circuit 162 according to the present invention
corresponds to proportional gain circuit 22. However, a fixed
gain is multiplied in proportional gain circuit 22 and output
voltage controlling circuit 20 maintains constant gain
characteristics regardless of <changes in the impedance of
semiconductor light source 12.

[0041] Compensating circuit 164 is a circuit that compensates for

control characteristics, to be more specific, a circuit that performs
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phase compensation for the output of gain circuit 162. Phase

compensation is processing to stabilize the phase of a waveform,
that is, to keep a phase shift within a certain range. This phase
compensation is generally performed to stabilize the feedback
control. The output of this compensating circuit 164 is applied to
voltage source 170 as the output of output voltage controlling
circuit 160, and, by this means, the output voltage of voltage
source 170 is controlled.

[60042] Voltage source 170 drives semiconductor light source 110.
Voltage source 170 is constituted by power supply source 172 such
as a battery, DC-DC converter 174 of a drop-switching or
boost-switching scheme for performing a DC-DC conversion of
direct current power from power supply source 172 and smoothing
circuit 176 such as an LC (i.e. inductor and capacitor).

[0043] To be more specific, voltage source 170 receives the
output of output voltage controlling circuit 160 and outputs a
voltage matching this output, to semiconductor light source 110.
Voltage source 170 may employ a series regulator scheme of
discharging voltage drop as Juele heat or a DC-DC converter
scheme using a switching element. 1In case of the series regulator
scheme, a voltage controlling element controls the output voltage
and generates an output voltage proportional to the output of
output voltage controlling circuit 160. In case of the DC-DC
converter scheme, voltage source 170 generates a pulse of a duty
cycle proportional to the output of output voltage controlling
circuit 160 and smoothes this pulse through smoothing circuit 176,
thereby generating an output voltage proportional to the output of
output voltage controlling circuit 160 as in the series regulator
scheme. Of these schemes, the DC-DC converter scheme can
reduce power loss and therefore is more efficient. Accordingly,
with the present embodiment, voltage source 170 is configured
based on the DC-DC converter scheme.

[0044] Further, with the present embodiment, the control loop is
constituted by semiconductor light source 110, output current
detecting circuit 120, current comparing circuit 140, output
voltage controlling circuit 160 and voltage source 170.

[0045] Next, the principle of the operation of semiconductor
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light source driving apparatus 100 having the above configuration

will be explained.

[0046] FIG.6 is a block diagram showing the configuration of the
control system of semiconductor light source driving apparatus 100
in FIG.5. As described above, the components in FIG.6, including
semiconductor light source 110, output current detecting circuit
120, current comparing circuit 140, output voltage controlling
circuit 160 and voltage source 170, constitute a control loop.
[0047] As described above, the gain characteristics of
semiconductor light source 110 show the characteristics shown in
FIG.3C. Further, gain circuit 162 of output voltage controlling
circuit 160, which multiplies the output of current comparing
circuit 140 by the impedance equivalent value of semiconductor
light source 110 detected by impedance detecting circuit 150 in
FIG.S5, has characteristics including gain characteristics
proportional to the impedance characteristics of semiconductor
light source 110 shown in FIG.3B. Consequently, referring to the
block diagram of FIG.6, output voltage controlling circuit 160 has
the impedance characteristics (FIG.3B) of semiconductor light
source 110, and, in output voltage controlling circuit 160, these
impedance characteristics and the gain characteristics (FIG.3C) of
semiconductor light source 110 are multiplied. The gain
characteristics of semiconductor light source 110 and the
impedance characteristics are reciprocals with respect to each
other, and, when they are multiplied, the multiplication result
becomes a constant value. That 1is, the non-linear gain
characteristics of semiconductor light source 110 are cancelled by
the characteristics of output voltage controlling circuit 160. As a
result, this control loop serves as a normal, linear control loop in
which characteristics are not changed by the value of the drive
current that is applied to semiconductor light source 110, and can
maintain constant control characteristics regardless of the drive
current value. That is, the control loop round trip gain of the
control system in FIG.6 becomes constant regardless of the drive
current of semiconductor light source 110. Then, when the
control loop round trip gain can be made constant, it is possible to

adjust light stably regardless of the drive current value.
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[0048] This will be explained in detail as follows.

[0049] FIG.7 is a block diagram in which part of the
configuration of semiconductor light source driving apparatus 100
in FIG.5 is redrawn. Here, in this drawing, the components of
semiconductor light source driving apparatus 100 in FIG.5 (except
impedance detecting circuit 150) are arranged to communicate
signals from the left to the right, according to the way the block
diagram of the feedback control system is drawn.

[0050] In F1G.7, using, for example, proportional gain circuit
162a and compensating circuit 164a, output voltage controlling
circuit 160a performs a proportional integral (PI) control
comprised of general proportional gain multiplication and integral
compensation. At this time, the proportional gain is represented
as “Kp” and the integral time constant for the integral
compensation is represented as “T; ” Further, although voltage
source 170a uses DC-DC converter 174 here, assuming that a
voltage is specified and voltage source 170a outputs the voltage,
the first order lag approximation is applied to voltage source 170a.
At this time, as to the voltage outputted in response to the
specified voltage, the gain with a first order lag is represented as
“Ky” and the time constant is represented as “T,.” Further,
assuming that output current detecting circuit 120a is fast enough
in response to the response of voltage source 170a and does not
have the frequency characteristics for ease of explanation, the gain
is represented as “K;.” Further, assume that semiconductor light
source 110a is represented as a component that receives a voltage
as input and outputs a current and, therefore, the gain produced by

3

converting the voltage into the current is represented as “gm”™ and,
even here, semiconductor light source 110a does not have the
frequency characteristics for ease of explanation.

[0051] FIG.8 is a block diagram in which the configuration of the
control system in FIG.7 is redrawn using these symbols. 1In FIG.8,
“s” is a Laplace operator.

[0052] Here, the following equation 1 is derived by finding the
transfer function G(s) from the current command value to the
output current in this control system using the block diagram of

FIG.8.
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[1]
|
"»‘[’*E’ﬁ"}[ﬁ‘%ﬂ]‘m

Ty =

Gls)=

... {(Equation 1)

Then, the following equation 2 can be derived by rearranging

this equation 1.

[2]

a-s+ B

Gs) =

s24 [—%— +G-Ks]'s“f*ﬁ Ks

o= &.%.E_“
B =tk em
TV'T‘:

. (Equation 2)

[0053] Further, assuming that the drive voltage supplied to
semiconductor light source 110a is represented as “Vg” and the
drive current that is applied to semiconductor light source 110a is
represented as “Iy,” when the drive voltage Vg is a variable, an
approximated equation of the drive current I¢ is derived as shown
in FIG.9A. Here, A is a fixed constant, B is a coefficient related
to temperature and Is is the reverse saturation current.

[0054] FIG.9B shows an example of graphing an approximated
equation of semiconductor light source 110a shown in FIG.9A and
calculating gains gm in three points. Here, Is=10[pA], A=2.72
and B=15.23[1/V]. Further, the gains gm are derived from
gm=Ig/Vy based on the drive voltage V¢ and the drive current Ig.
[0055] As shown in FIG.9B, as to the gains gm in three points,
when (VF, I)=(0.55V, 0.05A), gm=0.091A/V, when (Vg, [)=(0.65V,
0.20A), gm=0.308A/V, and, when (Vg, 1p)=(0.70V, 0.43A),
gm=0.614A/V. This shows that values of gains gm change
depending on the drive voltage Vg (i.e. drive current Ig).

[0056] Further, the frequency transfer function G(jo) in the

following equation 3 can be acquired by rewriting “s” of the
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(13 ”

transfer function G(s) in equation 2 by “jo.
[3]
+ a-jw
Giwkx= Bt ai
! .
B -Ks —wZz+ [W +€¥'KS}‘J&J’
o= KK -gm
T'
— K, K emn
5 Tv‘Ti .
... (Equation 3)
[0057] FIG.10 shows results of calculating frequency

characteristics of three gains gm shown in FIG.9B according to the
frequency transfer function G(jw) in equation 3. Here, for ease of
explanation, assume that K,=1, T,=1[ms], Ti=0.5[ms] and Ky =1.
FIG.10 shows that the frequency characteristics of the gains gm
change in the vicinity of the cutoff frequency. Here, supposing
that the frequency characteristics are good and stable in case of the
smallest gain gm of 0.091, gains become greater near the cutoff
frequency as the gains gm become greater. From this, in case
where, for example, the current command value shows a square
wave pulse, overshoot/undershoot and ringing are produced in the
rising edges/trailing edges, and the frequency characteristics enter
an unstable area.

[0058] Therefore, semiconductor light source driving apparatus
100 according to the present embodiment employs, as described
above, a configuration for detecting the drive voltage and drive
current of semiconductor light source 110 to find the impedance
and multiplying the value of this impedance by a proportional gain.
[0059] FIG.11 is a block diagram showing a configuration of the
control system in semiconductor light source driving apparatus 100
in FIG.5 and corresponds to FIG.8. Here, the configuration of
FIG.11 differs from the configuration of FIG.8 in that the element
of Znx=1/gm is 1inserted between the proportional gain (i.e.
proportional gain circuit 162a) and the integral compensation (i.e.
compensating circuit 164a). That is, with the configuration of
FIG.11, the output of impedance detecting circuit 150 in FIG.5 is
fed back to gain circuit 162b.

[0060] As described above, the difference between FIG.11 and
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is that the element of Zu

gain and

integral compensation.

=1/gm

is inserted between the

Gain gm 1is the

conductance of semiconductor light source 110a, and, consequently,

1/gm

is the

impedance of semiconductor light source 110a.

Modeling the configuration of detecting the drive voltage and drive

current of semiconductor light source 110a to find the impedance

and multiplying

impedance,

[0061]

transfer

the proportional

gain

by the wvalue of this

show this configuration of FIG.11 where Z, is inserted.

The following equation 4 can be derived by finding the

function G(s) from

the current

command value to the

output current in this control system using the block diagram in
FIG.11.

[4]

Gls)=

ot st Yo

M

At this time,
Accordingly,

rearranging this equation 4 using Zn

[5]

Gis) =

[0062]

has no

14,2/ [,* __,_}[

a-s+ 8

Sian

Zm=1/gm, and,

equation 4 can be

3
s+ [:?';- "i“ﬂ"l(s] s+ B Ks

o =

K,-K,

ﬂ::wligm_

Tv'Ti

. (Equation 4)

consequently, Zyxgm=1 holds.

represented as equation 5 by

xgm=1.

. (Equation 5)

Accordingly, as is clear from this equation 5, equation 5

relationship with gm,

so that

it is possible to make the

characteristics of the transfer function G(s) constant regardless of

the drive voltage and drive current of semiconductor light source

110a.
[0063]

In

this

way,

according

to

the

present embodiment,
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impedance detecting circuit 150 is provided to feed back the output

of impedance detecting circuit 150 to gain circuit 162 to prevent
the gain of a control loop from changing even when the impedance
of semiconductor light source 110 changes, so that it is possible to
make a control loop round trip gain constant regardless of whether
the drive current value is great or small, that is, it is possible to
automatically adjust the characteristics of the current control loop,
to an optimal wvalue. Consequently, it is possible to solve a
problem in stabilization of driving while light is adjusted, due to
the electrical characteristics of a semiconductor light source, and
achieve constant control performance regardless of whether a drive
current value is great or small when the drive current value is
increased or decreased while light is adjusted. That is, in an
apparatus that drives a semiconductor light source by a current,
when a drive current value is increased or decreased while light is
adjusted to change the brightness of the semiconductor light source,
it is possible to achieve constant control performance regardless of
whether the drive current value is great or small and perform the

operation of adjusting light stably.

Industrial Applicability

[0064] The semiconductor light source driving apparatus and
semiconductor light source driving method according to the present
invention can make driving stable even while light is adjusted and,
consequently, are useful as a semiconductor light source driving
apparatus and semiconductor light source driving method that,
when a drive current value is increased or decreased while light is
adjusted, can achieve constant control performance regardless of

whether the drive current value is great or small.

Reference Signs List

[0065]

100 semiconductor light source driving apparatus
110 and 110a semiconductor light source

120 and 120a output current detecting circuit
130 current command section

140 current comparing circuit
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150 impedance detecting circuit

152 divider

160 and 160a output voltage controlling circuit
162 and 162b gain circuit

162a proportional gain circuit

163 multiplier

164 and 164a compensating circuit

170 and 170a voltage source

172 power supply source

174 DC-DC converter

176 smoothing circuit
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CLAIMS

Claim 1

A semiconductor light source driving apparatus comprising:

a semiconductor light source that is driven by a current;

a voltage source that drives the semiconductor light source;

an output voltage controlling section that controls a drive
current value for driving the semiconductor light source by
controlling an output voltage of the voltage source;

an output current detecting section that detects an output
current of the semiconductor light source;

acurrent command section that specifies a reference value of
a drive current which is applied to the semiconductor light source;

a current comparing section that compares the output current
detected by the output current detecting section and the reference
value specified by the current command section; and

an impedance detecting section that detects an impedance of
the semiconductor light source,

wherein the output voltage controlling section controls the
output voltage of the voltage source based on an output of the
current comparing section and an output of the impedance detecting

section.

Claim 2

The semiconductor light source driving apparatus according
to claim 1, wherein the impedance detecting section comprises a
divider that divides the output voltage of the voltage source by the
output current detected by the output current detecting section, and
acquires a value corresponding to the impedance of the

semiconductor light source from an output of the divider.

Claim 3

The semiconductor light source driving apparatus according
to claim 1, wherein:

the output voltage controlling section comprises a gain
circuit that sets a gain; and

the gain circuit multiplies the impedance of the
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semiconductor light source detected by the impedance detecting

section and the output of the current comparing section to prevent a
gain of a control loop from changing even when the impedance of

the semiconductor light source changes.

Claim 4

The semiconductor light source driving apparatus according
to claim 1, wherein the output voltage controlling section
comprises:

a multiplier that multiplies the impedance of the
semiconductor light source detected by the impedance detecting
section and the output of the current comparing section; and

a compensator that performs predetermined processing with
respect to an output of the multiplier to compensate for control

characteristics.

Claim 5

A semiconductor light source driving method in a
semiconductor light source driving apparatus that comprises:

a semiconductor light source that is driven by a current;

a voltage source that drives the semiconductor light source;
and

an output voltage controlling section that controls a drive
current value for driving the semiconductor light source by
controlling an output voltage of the voltage source, the
semiconductor light source driving method comprising:

detecting an output current of the semiconductor light
source;

comparing the detected output current of the semiconductor
light source and a specified reference value;

detecting an impedance of the semiconductor light source;
and

controlling the output voltage of the voltage source based on
a result of the comparison and the impedance of the semiconductor

light source.
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ABSTRACT

The semiconductor light source driving apparatus has: a
semiconductor light source that is driven by a current; a voltage
source that drives the semiconductor light source; an output
voltage controlling circuit that controls a drive current value for
driving the semiconductor light source by controlling an output
voltage of the voltage source; an output current detecting circuit
that detects an output current of the semiconductor light source; a
current command circuit that specifies a reference value of a drive
current which is applied to the semiconductor light source; a
current comparing circuit that compares the output current detected
by the output current detecting circuit and the reference value
specified by the current command section; and an impedance
detecting circuit that detects an impedance of the semiconductor
light source. The output voltage controlling circuit controls the
output voltage of the voltage source based on an output of the
current comparing circuit and an output of the impedance detecting

circuit.
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submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
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any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Shuji INOUE, Okayama, JAPAN;
Assignment For Published Patent Application
PANASONIC CORPORATION, Osaka, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 53148

Domestic Priority data as claimed by applicant

Foreign Applications
JAPAN 2008-175070 07/03/2008

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt

to electronically retrieve these priority documents.
If Required, Foreign Filing License Granted: 07/13/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 12/496,472
Projected Publication Date: 01/07/2010
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Title

SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND SEMICONDUCTOR LIGHT
SOURCE DRIVING METHOD

Preliminary Class
257

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0r5.14.

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Jie A ve—Fo2EEK1 5 0iIck s TMRIBSNZFEBMLET 1 0o v E—F
ZMYE L AFEEL T, HFEMELEL1 1 0014 o E—F AL TLEIHL— For
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/496,472 07/01/2009 Shuji INOUE 20186.12US01
CONFIRMATION NO. 4607
53148 PUBLICATION NOTICE

HAMRE, SCHUMANN, MUELLER & LARSON P.C.

P.0. BOX 2902-0902 O i
00 39528410

MINNEAPOLIS, MN 55402 00000

Title:SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND SEMICONDUCTOR LIGHT SOURCE
DRIVING METHOD

Publication No.US-2010-0001659-A1
Publication Date:01/07/2010

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

53148 7590 10/31/2011 | EXAMINER |
HAMRE, SCHUMANN, MUELLER & LARSON P.C. CHANG, DANIEL D
P.0. BOX 2902
MINNEAPOLIS, MN 55402-0902 | ART UNIT PAPER NUMBER |
2819
DATE MAILED: 10/31/2011
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/496,472 07/01/2009 Shuji INOUE 20186.12US01 4607

TITLE OF INVENTION: SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND SEMICONDUCTOR LIGHT SOURCE DRIVING
METHOD

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

nonprovisional NO $1740 $300 30 $2040 01/31/2012

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

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

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apgropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

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

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

53148 7590 10/31/2011
HAMRE, SCHUMANN, MUELLER & LARSON P.C. Certificate of Mailing or Transmission
P.O. BOX 2902 I hereby certify that this Fee(s) Transmittal is being deposited with the United
e States Postal Service with sufficient postage for first class mail in an envelope
MINNEAPOLIS, MN 55402-0902 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/496,472 07/01/2009 Shuji INOUE 20186.12US01 4607
TITLE OF INVENTION: SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND SEMICONDUCTOR LIGHT SOURCE DRIVING
METHOD
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 30 $2040 01/31/2012
I EXAMINER | ART UNIT I CLASS-SUBCLASS I
CHANG, DANIEL D 2819 315-291000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . )
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will Va{hy deﬁendin 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, Alexandgrla, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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S\ UNITED STATES PATENT AND TRADEMARK OFFICE

é

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. I
12/496.472 07/01/2009 Shuji INOUE 20186.12US01 4607
53148 7590 10/31/2011 | EXAMINER |
HAMRE, SCHUMANN, MUELLER & LARSON P.C. CHANG, DANIEL D
P.0. BOX 2902
MINNEAPOLIS, MN 55402-0902 | ART UNIT PAPER NUMBER |

2819

DATE MAILED: 10/31/2011

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

The Patent Term Adjustment to date is 425 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 425 day(s).

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

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

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

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

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)
. . 12/496,472 INOUE, SHUJI
Notice of Allowability Examiner Art Unit
DANIEL D. CHANG 2819

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

1. X This communication is responsive to 7/1/2009.

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

3. [ The allowed claim(s) is/are 1-5.
4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a ¥ Al b)[]Some* c¢)[]None ofthe:
1. [X] Certified copies of the priority documents have been received.
2. [[] Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
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Reasons for Allowance

Claims 1-5 are allowable over the prior art of record.

The following is an examiner's statement of reasons for allowance: the best prior art of
record, Suzuki, taken alone or in combination of other references, does not teach or fairly suggest
a method or a semiconductor light source driving apparatus comprising, among other things, an
impedance detecting section that detects an impedance of the semiconductor light source,
wherein the output voltage controlling section controls the output voltage of the voltage source
based on an output of the current comparing section and an output of the impedance detecting
section (claim 1); and detecting an impedance of the semiconductor light source; and controlling
the output voltage of the voltage source based on a result of the comparison and the impedance
of the semiconductor light source (claim 5), as set forth in the claims.

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

Allowance."

Contact Information
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Daniel D. Chang whose telephone number is (571) 272-1801.

The examiner can normally be reached on Monday through Friday.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Shawki Ismail can be reached on (571) 272-3985. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

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

Daniel D. Chang
Primary Examiner
Art Unit 2819
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Primary Examiner, Art Unit 2819
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Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suﬁ;l';(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1740 1740
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount Suz-;l's(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
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Electronic Acknowledgement Receipt

EFS ID: 11435917
Application Number: 12496472
International Application Number:
Confirmation Number: 4607

Title of Invention:

SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND
SEMICONDUCTOR LIGHT SOURCE DRIVING METHOD

First Named Inventor/Applicant Name:

Shuji INOUE

Customer Number:

53148

Filer:

Douglas P. Mueller/Chieko Rogers

Filer Authorized By:

Douglas P. Mueller

Attorney Docket Number:

20186.12US01

Receipt Date: 17-NOV-2011
Filing Date: 01-JUL-2009
Time Stamp: 20:43:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2040

RAM confirmation Number 6861

Deposit Account 503478

Authorized User

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

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
36941
1 Issue Fee Payment (PTO-85B) ISSUE_FEE.pdf no 1
8c160392bch38ec2a20f6a3ccd0cde622b1
bfac
Warnings:
Information:
32089
2 Fee Worksheet (SB06) fee-info.pdf no 2
ed5d3b9d880502¢1f7494cf74ef13a9ae047|
80da
Warnings:
Information:
Total Files Size (in bytes){ 69030

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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32N "‘* UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

\)\/WW.USplO gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/496,472 01/10/2012 8093830 20186.12US01 4607
53148 7590 12/21/2011
HAMRE, SCHUMANN, MUELLER & LARSON P.C.
P.O. BOX 2902

MINNEAPOLIS, MN 55402-0902

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 425 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Shuji INOUE, Okayama, JAPAN;

IR103 (Rev. 10/09)
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Case 2:21-cv-00138-IRG  Document 2 Filed 04/20/21 Page 1 of 1 PagelD # 55

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following

[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:21-CV-00139 4/20/2021 Eastern District of Texas
PLAINTIFF DEFENDANT
Bishop Display Tech LLC Samsung Electronics Co., Ltd.; Samsung Electronics
America, Inc.; and Samsung Display Co., Ltd., Korean
Corp.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
16,819,377 11/16/2004 Bishop Display Tech LLC
2 6,822,706 11/23/2004 Bishop Display Tech LLC
3 7,583,347 9/1/2009 Bishop Display Tech LLC
4 7,995,047 8/9/2011 Bishop Display Tech LLC
5 8,093,830 1/10/2012 Bishop Display Tech LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
0 Amendment ] Answer O Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 8,016,449 9/13/2011 Bishop Display Tech LLC

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Caze 2:

AO 120 (Rev. 08/10)

21-0v-00138-IRG Document 88

Filed O5/12/22 Page 1 of 1 PagelD # 758

o~

o Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following
[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:21-CV-00139 4/20/2021 Eastern District of Texas
PLAINTIFF DEFENDANT

Bishop Display Tech LLC

Samsung Electronics Co., Ltd.; Samsung Electronics
America, Inc.; and Samsung Display Co., Ltd., Korean

Corp.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

16,819,377 11/16/2004 Bishop Display Tech LLC

2 6,822,706 11/23/2004 Bishop Display Tech LLC

3 7,583,347 9/1/2009 Bishop Display Tech LLC

47,995,047 8/9/2011 Bishop Display Tech LLC

5 8,093,830 1/10/2012 Bishop Display Tech LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment ] Answer O Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 8,016,449 9/13/2011 Bishop Display Tech LLC

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

Accordingly, all claims, counterclaims, and causes of action asserted
in the above-captioned case are DISMISSED WITH PREJUDICE

CLERK

T A 0 feele

(BY) DEPUTY CLERK

DATE

5/12/22

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy

IPR2025-01331 Page 00173



Case 2:22-0v-00385-JRG-RSF Document 2 Filed 10/03/22 Page 1 of L Pagelly# 68

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following
] Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-385 10/3/2022 Eastern District of Texas
PLAINTIFF DEFENDANT
BISHOP DISPLAY TECH LLC INNOLUX CORPORATION
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

16,819,377 01/27/2021 BISHOP DISPLAY TECH LLC

2 6,822,706 11/23/2004 BISHOP DISPLAY TECH LLC

37,583,347 09/01/2009 BISHOP DISPLAY TECH LLC

4 7.995,047 08/09/2011 BISHOP DISPLAY TECH LLC

5 8,093,830 01/10/2012 BISHOP DISPLAY TECH LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment ] Answer O Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7414,682 08/19/2008 BISHOP DISPLAY TECH LLC

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 2:24-cv-00085-JRG Document 2 Filed 02/08/24 Page 1 of 2 PagelD #: 115

AO 120 (Rev_ 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following
[/l Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCEKET NO. DATE FILED U.8. DISTRICT COURT
2:24-cv-85 21812024 Eastern District of Texas
PLAINTIFF DEFENDANT

BISHOP DISPLAY TECH, LLC

LG ELECTRONICS INC., LG ELECTRCNICS U.S.A,,
INC,, LG DISPLAY CO,, LTD., AND NEW OPTICS, LTD.,

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

‘b, 579,317

SEE ATTACHED SHEET

2 4, K92, 706

s 9, 693,397

2,955,047

s ¢ 095 930

In the above—entitled case. the following patent(sy trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[0 Amendment ] Answer ] Cross Bill [ oOther Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
—_—

1 7/ H / "'/ , 0L

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK

(BY) DEPUTY CLERK

DATE

Copy 1—VUpen initiation of action, mail this copy to Director
Copy 2—Upeon filing document adding patent(s), mail this copy to Director

T T

Copy 4—Case file copy

Copy 3—VUpon termination of action, mail this copy fo Director

T
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