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

EFS Web 2.2.2 

IPR2025-01331 Page 00005



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: INOUE 
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Filed: Herewith 

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 ria, VA22313-1450onJuly 1,2009. 
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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): 

~ ( 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 

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

D the requisite Statement is below, OR 

D the requisite fee of $180.00 under Rule 1.17(p) is included herein, or 
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D (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 l .17(p) is included herein. 

STATEMENT 

Applicants hereby state that: 

D 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 

D If this box is checked, Applicant provides the following: 

Certification Under 37 C.F.R. §1.704(d) 

In accordance with 3 7 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 3 7 C.F .R. § 1.56( c) more than thirty 
(30) days prior to the filing of this Information Disclosure Statement. 

D 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 SB08, 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. 

Dated: July 1, 2009 
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PA TENT TRADEMARK OFFICE 
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LARSON, P.C. 
P.O. Box 2902 
Minneapolis, MN 55402 
(612) 45J -3 00 

By: -""iirH----------
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INFORMATION DISCLOSURE STATEMENT 20186.0012US0I Unknown 
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for properly setting the drive voltage of a load circuit, i} •··· 1 ;<AJ 
and enabling more efficient operation. r· ·--
SOLUTION: In the power supply 100 for implementing a ... -~· -t--; _ ... -~-~: __ .. _, 3:".t ~ ___ -····· . 
constant-current drive of a light emitting diode 300 as ! -. ·· ·- ....... ·-· ' ·-· · ·- ; 

: ~ ~ J • 

the load circuit, a constant-current circuit 22 is provided . i-~ ~ i -:p ,._ 
on a drive path of the load circuit. A charge pump circuit • ,16..., ~ .2 ____ • .,;, 

~~J~~~S~f ~!f ff if 1f ~!f ~~~f ~;~: •g;~~ ti~Ji~~i,;~'.1;;. 
generating threshold voltage for tracking fluctuations of {1.;.,. I~:'., 
the voltage for stably operating the constant-current i;. ~ •'-'• 

circuit 22, compares the voltage across the constant- , ••• ,.,, ••• , •• , 
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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. 
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'90~e~m~~tl0Cc~WRc:'90ffl::l'<JJiZ~EGOJ ■ EH ■ o 

Uw*JJ"i5] 
AA g2 ~ 1J1. fill ffl ti , 
AA BC ~ ■ ffl @ ffl OJ jjfij • OJ ■ ff c: , AA BC L ~ v" fa[ ■ ff • ic J:: IJ ~ ~ ~ n 0 AA !2 L ~ 1," fa[ ■ 

ffc:~lt~'90 ■ EEltffHc, W 

AA~ ■ ffltffHOJ*7~o/l-- ■ EE~--90*7~o/l-- ■ ff-·@lfflc, ~f±;-UZ:.c~ 
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mrEMff~~@lfflti•&O)ffff$~~1JHxPJ~~'::f-~-:/~Y:t'@lffl7:S?T, mr~ 
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ft ~ ~ -::> -C v, 0 ( W !'f ::Z ~ 1 ~ !t~ ) o 

[0004] 
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L ~ 1.,, fwr • EE ~ ± d 9 0 • EE • t ~ • ffl @ ffl t -r: . Ii. 1.,, i.::: tt Jib 9 0 * r ll=U ± ~ « -Y 1J Y 
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1 PJ ~ S ffi , ffi 2 PJ ~ S ffi t L --C S EE .t:t '5i: ff tz:. l±l tJ L, --C :t J: t,, o 

c 0) :I:~ -it . ~ *I J?> \:::: .::i. - X 0) 1-- 1) ~ Y /;}' iz:. J: IJ , iJ v Y 1-- ~ 5 - @l ffl 0) ~ 5 - .t:t « filaJ f{rJ 
9 0 C t tz:. J: 9 , 'r - ;t, S ffi tz:. it 9 0 ffi 1 , ffi 2 J:iJ" ;J£ S ffi 0) .t:t $«~ft ~ -1:t 0 C c: h'• t ~ 
' • EE !t ifi.Q ff 0) * 7 t 'Y ,-.. • EE « if[ • tc. • f{r'j 9 0 L t h' C" ~ 0 0 ~ G tc. ' 3 -::) 0) • ffi ti ' 
D- c: 'J 0) IE S ffi tc: :t t -5 ~ ~ d ~ n 0 k ld:> • fl3 it l'J9 7'J: tf G -::) ~ « tj, ~ < :J!n ;t 0 C c: h"- t ~ 

10 

0o W 
[0021] 

:;;f--7-to/r-SEEIDaJf{rJ§lfflti, ■ EEltftffO)mifJ~~-nx90l--5Y1/A~C:tt~~~0 
GnkWnO)IDaJf{r'jffl}-5Y1/A~t. ■ ffiffl}-5Y9A~~n~:tlO)SfflHfflJ:~~0G 

n r.: ,-.. 1J ~ Y 7' PJ ~ tJ: \:::: ::i. - 7.: t , « a A., --c- :t J: 1.-, 0 * tc. • * 7 t ,y ,-.. • EE • f{rJ @l m ti , 
SEE1tftnO)ml/J~~--~:tl01JvYl--~5-ftffi«.M90l--5Y9A~C:tt~~~ 
0GnkW80)IDaJf{r'jffll--5Y1/A~C:. IDa_lf{r'jffll--5Y1/A~~n~nO)SffiHfflJ:~R0 
G n tc. 1-- 1J ~ Y /;}' PJ ~ tJ: \:::: .::i. - ;( t . « a A., --c- :t J: 1.,, 0 

IDa.l f{rJ ffl r 5 Y 9 A ~ « ffl t,, --C, m llJ it J?> iJ v Y r ~ 5 - ft ffi 0) 1-- 5 Y 1/ A ~ -lj- ,--( 7-' « ~ 
■ ffi'90Cc:~J:l'J, ■ EEltftDO)::t7to/r-fflEE~filalf{rJ90Ct~t~00 

[0022] 

SEE~d@lffltiW80)~EE$~-f.JJIJ9xPJ~7'J:7-v-1/~Y/@lfflc-~?--C, ~00$ti 
, ~ tll §I ffl 0) S EE .t:t ft ~lL~ tc. :t t -5 it, --C T -v - 9 ~ Y / §I ffl 0) n EE $ ~ -1.JJ 1-J ff ;t --C :t J: v, 
0 *k, SEE~d§lffltiA~o/7 ✓ 3/v¥.::i.v-~@lfflt~?L, ~-$ti, §ffi@]ffl~ 

.:JD v, --C IE ■ iAt §I ffl 0) fifij Ml.! 0) ■ EE t , L, ~ v, 1m: S EE iJ"- ~ L < 7'J: 0 J: -5 tc. A ,--f' •y T Y 7' v ¥ .::i. 
v - ~ @l ffl 0) A ~ 'Y + Y 7' liJ 11= Ii:- ffitJ 00 l, --C :t J: v, o 

[0023] 

ft~@ffltiff*~,--f'::t-rt~?--c, ,i::Sffl@fflti. ff*~,--f'::t-rO)iJ1/-r!'i!M~~ 
m • ~ n , ~ m. @] ffl ta: , ff * -';f ~ * - F 0) 7J 1/ - F Ji/M T 0) • EE « ~ tll L t :t J: t, '\ O L 0) ~ 

ft, ~$J:<ff*~,--f':;t-F~1ESW ■ IIJ'90Cc:~--C-~00 

30 

[ 0 0 2 4 ] 40 

2fs: ff ajj 0) g1J 0) ft& ,f:§JHa: , ff n H ■ c- ~ 0 o c 0) ff * H ■ ta: , ff n ~- ,--f ::t - F c: , ff * ~- ,--f' 
* - F « Ji:'. • rm m ilJ 9 0 t.: ~ 0) J: ~ 0) • • • rnt t , « fim x 0 0 c 0) ft& • tc. J: n tf' , R * ~­
~ ::t - F Ii:-~~•~JE'. ■ wmllJ90 ct~ --c- ~. -~0)~$fi:-m~9Ct~--C-~00 

[0025] 

7'J:.:JD, ~J:O)·d~~O)ff~O)fflft-l:tJ?>:2fs:ff~O)-d~~~~~li:-1i~, HM, YAT 

btJ:~O)~c-ffili~@fflLk:tO):t*k, 2fs:R~0) ■ 8c:L,--C~~c-~00 

[ R ~'3 0) t1J :!l!U 

[0026] 

2fs:R~~ffi0 ■-- ■ ~J:n~. ftffi§!fflO) ■ IIJ ■ EE«a-f.JJ~RIE'90Cc:~c-~00 
[R~~~-'90kl!J:>0)8&0)~ ■] ~ 
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(0027] 

~ 1 tt , * J£ BJl 0) ~ tn!i 0) W l~ ,c f* 0 J£ :Yt & @ 1 O o o Ii: ~ 9 o LY. ~ OJ ~ ic :J3 t,' --C , [P] -

0)-~--~~[pj-O)m~~ML, -~•-Ltc.m~~~~90tO)t900 JBTCH@l 
o o o t:t , tc. t. x. tf m * • J3i5 li#it * .i..;, P n A iJ: ~ 0) • r ~ gg tc m • ~ n , rl!i mi OJ 1 "- ,y -;1 5 -1' 
r t L L ~ ~ 9 0 0 ~ 1 ic t;t ' J£ :Yt & @ 1 0 0 0 t t. t ic ... il!i mi I'\ ;t ... Jj,, 5 1 0 'ffi ~ ~ ~ n 
0 o J£ :Yt 9' -1' ;t - r, 3 o o t::J:, 11!i mi 1~ *' ,1,, s 1 o 0) ~ 1m ic ~@ ~ n, 1"- 'Y -;1 5 -1' 1-- t. L --c 
~~90o 
(0028] 

C 0) J£ :Yt & ta 1 0 0 0 t::l: ... 9€ :Yt * r T! as 0 J£ :Yt 9' -1' ;:d- - F 3 0 0 t , -r 0) 9£ :Yt -!f -1' T -
F 3 o o ~ ,If! 111 9 0 tc. /rl.:> 0) • 1JJil & ta 1 o o ~ t'f ts o 9£ :Yt & ta 1 o o o t::l: , • Hg s o o ic J: 1 o 
1J ■ •~n0M•li#it*~m•~n ... ••&ta100~, ■ ngsoo~Gl:l:itJ~n0 ■ ng ■ 
E£Vbat~fff£L--CJ£:YtY-1';:d--F~ ■ -'90k/rl.:>~~-iJ: ■ IIJ ■ E£Vout~~PX9 

0o 
(0029] 

■• & ta 1 O O t;t ... A 1:1:i tJ lilffi r t. L --C ... ■ Hg ■ EE V b a t tl• A tJ ~ n 0 A tJ l!/Af r 1 O 2 
, ft:YtY-1';:d--F3000)7/-F·r~mM~n, ■ ng ■ EEVbat~ffEELtc.1:1:itJ ■ 

ff V o u t ~ 1:1:i tJ 9 0 1:1:i tJ li#it =f- 1 0 4 , 9€ :Yt 9' -1' ;:d- - F 3 O O 0) tJ '/ - F film =f- ic m M ~ n 
0 LE D•r 1 0 6 ~t'ftso 
(0030] 

■ • & ta 1 o o t::l: ... 'r -'V - :J 7-G Y 7° @J ffl 1 o :J3 J: 1.J -r OJ iii 111 @I ffl 2 o ~ t'f ts o 'r -'V - :J 20 
7-GYJ@lffllO~, AtJlilffi=f-102~GAtJ~ntc. ■~■E£Vbat~M~O)fff£$T!ff 

EEL, 1:1:itJ.rl O 4-J:i,GllitJ ■ EEVo u t~~PX900 CO)'r-'t'-:/7-GYJ@Jffll Ott 
' ti ~ 0) ff ff • tJ, 1;I] I) ff ;t PJ ti~ t.: fl PX ~ n L (,,' G O * ~ nt!i 0) ff; ® ic :J3 (,' L ' ff ff • tt 1 fff 
, 1. 51tf, 21tf0)3mllJT!l;IJIJff;tGtl0tO)t900 
(0031] 

~ 2 ti , =f- -'V - :J 7-G Y 7° @J ffl 1 o 0) a PX .WU ~ ~ 9 @I ffl ~ T! as 0 o 'f- -v - ::,J 7-G Y 7° @I ffl I 

0 t::l: , ffi 1 ::I Y T Y +r C 1 , ffi 2 ::I Y -r' Y +r C 2 ... :J3 J: 1.J C n G 0) ::I Y T Y +r 0) m M lie l~ 
~~-90k~OJffilA-1'o/'rSWl~Gffi9A-1'o/'rSW9~t'ftso ~~ ... c.tlGO)A 
-1' -y =f- ~ ¾' i.: iR ,rn 9 0 ~ .. n 0) iJ: ", t. ~ tt A -1' ,y =r s w t ~ f)]\ 9 0 o m 1 ::i ✓ 'r ✓ +r c 1 .:m 
J: 1.J ffi 2 ::I Y -r' Y +r C 2 t::l: ~ It 1@ h" ~ L < ~ ~ ~ n ... ffi ffl @J ffl 0) 91- ji~ tc 91- ft ~:t ~ n --C v-. 0 30 

(0032] 

ffilA-1'o/'rSWl~Gffi9A-1'o/'rSW9~, N~*k~P~O)•w~•r7 ✓ 1/A 

-!J F E T tc J: -:> --C a ~ 9 0 C t. tJ"> T! ~ , 1/ - r tc ~[] JJ□ 9 0 ■ EE ,c J: -:> --C F v -1' Y '/ - A Fa, 
0) ¥1 Jffl ;/R ® ~ ffi!J • L ' A -1' 'Y T ✓ If * T t L L 111 fF ~ -lt 0 L. t '/J> T! ~ G O L. 0) T -\' - 1/ 7-G 
✓ 7° @] ffl 1 0 tc :J3 "' L t::l: ' m 1 A -1' 'Y T s w 1 -J:i, G m 9 A -1' 'Y T s w 9 0) ;:d- ✓ T 7 0) :/R l~ 
il• ... Jg lltJ @I ffl 2 0 t;, G 1:1:i tJ ~ n 0 ffilj 1ilJ f~ ~ V c n t t.: J: -:> --C W IJ ff ;t G n G o 7J: :J3 , m1J 1ilJ 
1~ ~ V c n t ti , ~ 2 ic ti ~ ~ L --C It' 7J: It' h"' , ffi 1 A -1' 'Y 'r S W 1 '/J" G ffi 9 A -1' 'Y =f- S W 
9 -r n .:f'tl.A..AtJ ~ n L ""Gt 0) t 9 0 0 

( 0 0 3 3 ] 40 

=r -'V - :: 7-G Y / @I ffl 1 o t::l: , J:: ~ 0) J: -5 ic 11 t1 0) n E£ • ff, m IJ ff x G n 0 J: -5 ic m nx ~ 
n --C It' 0 o C C T! , 'r -'V - :J 7-G Y / @J ffl 1 0 0) ff ff $ tc JiG I.;, tc. 111 fF tc "J It' --C ~ BJl 9 0 o 
(0034] 

fff£$~1m~~~~n0t.~~tl. ■ -@ffl2o~Gl:l:itJ~tl0 ■ l11~~Vcnt~ 

J:-:>--C, ffilA-i''Y'rSWl, ffi3A-1''Y'rSW3, ffi7A-1''Y'rSW7, ffi8A-1''YT 
s w s tJ, ~ m- B1;J ic ;t Y ~ n , -r 0) ft!! 0) A -1' ,y =f- ti 9 --z --c ;t 7 ~ n 0 o -r 0) *~ * ... ;._ tJ !ilM r 
1 o 2 t. tB tJ • r 1 o 4 h" * ✓ G re. 7. -1' 'Y =r i.: J: -=> --c ¥f. m1 :lR ® t iJ: 0 re. /rl.:> , ;._ tJ tIMI r 1 o 
2 tc f:11 h□ ~ n tc. ■ Hg ■ ff V b a t t:/• tB tJ JifM r 1 0 4 '/J' G lli tJ ~ n , ff ff $ h"' 1 fff h: ~ ~ ~ 
n 0 c t ic t;r_ 0 0 

L~~-:>L, ffE£$~1m~~~~n0t.~~--@lfflZO~Gl:l:itJ~n0~-M~V ~ 
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C n t ti: ' ~ rl3, S'g tz: * / * 7 ~ • I) ~ 9 A ,{ 'Y =f- / /j' fi ~ -r: t;l 'f;r. < ' - IE • ff C 'f;r. 0 0 

[0035] 
;JR, tz: , ff ff $ h"- 1 . 5 fB' tz: ~ IE ~ .n 0 c ~ 0) tJ1 f'F tz: -::::> v, --C mt 13Jl 9 0 o ff ff $ h"'- 1 ~ IJ * 

~ v' C ~ , 9 'i;r. :b ~ ff ff jjJ f"p ~ fr '? ±$} ~ tz:: t;l , =f- -t7 - 1/ ;j; Y 7 @J ffl 1 0 t;l , A ,{ 'Y =f- 0) m 

-~-O)fi'J;r.0ffilMM, ffi2MM~HIJ~90 
ffi 1 ffl rJJ tz:: $ v' --C t;l , ffi 1 A ,{ 'Y =f- S W 1 , ffi 5 A -1 'Y =f- S W 5 , ffi 6 A -1 'Y =f- S W 6 

~ :;t Y L , -t" 0) ftl! (}) A ,{ 'Y =f- ~ 9 .I"'( --C :;t 7 9 0 C. t tc ~ I) , ffi 1 ::I Y r' Y -it C 1 .:lD ~ r.f ffi 

2::IYrY-ltC2~-W~mML, -~■ ffVbat-r!ftM900 ffil::tYrY-ltCl.:lD 
~ rJ m 2 ::i :::,; r :::,; -it c 2 (}) -g it fl ,1 ~ L v, tc. th , 2 -::::> (}) ::i :::,; r' :::,; -it ti , -t" n 7c· n • ti!! • ff 
0) 1 / 2 c iJ:. 0 V b a t / 2 c: ft M ~ .tl 0 o 10 

[0036] 
m z m rl3, -r: ti , m z ;z. -1 ",I =r s w z t m 1 ;z. -1 •y =r s w 1 , m 4 ;z. -1 'Y =r s w 4 t m 8 

;z. ,{ 'Y =f- S W 8 ~ :;t Y L , -z- (}) flli 0) ;z. -1 'Y =f- ~ 9 "" --C :;t 7 9 0 o C. 0) t ~ , A 11 liffii r 1 0 
2 c 1±1 11 film r 1 0 4 re, tc ti , ffi 1 ::I Y ::;: Y -tJ- C 1 , ffi 2 ::I Y ::;-· Y -tj- C 2 h"- Ml ~IJ tc m ft ~ .tl 
0 o -t" 0) f.a 5¥! , 1±1 tJ film r 1 0 4 fJ, G ti , A tJ liffii r 1 0 2 K. f:O fJO ~ .n tc. M ti!! M ff V b a t c 
, ::i :::,; r' :::,; -it (}) ft • • ff (}) to n' 1±1 11 ~ n 0 c. t tz: iJ:. 0 o m 1 m rJJ tc .:1D 1,,, --c , m 1 ::i :::,; r· :::,; 

-it C 1 , ffi 2 ::I Y r' Y -it C 2 ti M ff V b a t / 2 c: ft M ~ :h --C v' 0 tc. th , ia ,Im , 1±1 tJ tl/m r 
1 0 4 fJ, G ti , V b a t + V b a t / 2 = 1 . 5 x V b a t 0) M ff 'h"'- 1±111 ~ .tl 0 o 

C. 0) ~ '? tz: , =f- -t7 - 1/ ;j; Y 7° @J ffl 1 0 ti , ffi 1 M rei t ffi 2 ffl re, ~ • IJ ~ 9 C. t tz: ~ I) M 

tlli M ff V b a t ~ 1 . 5 fB' L --C 1±111 9 0 o 20 

[0037] 
;JR, tz: , ff ff $ f/i 2 ff§ tz: ~ IE ~ :h 0 t ~ (}) tJJ f'F tc -::::> 1,,, --c iUl 13Jl 9 0 o 

ffi I M rJJ tc $ v' --C ti , ffi 1 A -1 'Y =f- S W I t ffi 9 A -1 'Y =f- S W 9 , ffi 3 ;z. -1 'Y =f- S W 3 
t m 6 A -1' 'YT s w 6 ~ * / L' -t" (}){if!(}) A -1 'Y =f- ~ 9 .r{.--C * 7 9 GO m I ::I ✓ TY-it C 
1 $ ~ rJ ffi 2 ::I Y r' Y -it C 2 ti , A tJ liffii r 1 0 2 c ti ii!! liffil r G N D rJJ tc ML JIJ tc m ft ~ .tl 0 

C. t tc iJ:. IJ , -t" .tl .:f' .tl t;t , M tili M ff V b a t c: ft M ~ :h 0 o 

[0038] 

ffi 2 M rJJ tz: :to t.,' --C ti , ffi 2 A -1 'Y =f- S W 2 t ffi 7 A -1 'Y =f- S W 7 , ffi 4 A -1 'Y =f- S W 4 

t m 8 A ,{ •y =f- s w 8 t;, * / L ' flli 0) A -1 'Y T ti 9 « L * 7 ~ n Q O -t" 0) ia * ' A 11 )ilfjj r 
1 O 2 c 1±1 tJ film r 1 o 4 FJJ tc t;t , ffi 1 ::i :::,; ::;-· Y -t;- C 1 , ffi 2 ::i :::,; -r :::,; -it C 2 'h"- ~ ~IJ tz: m ft 30 
~ :h 0 o 1±111 liffil r 1 0 4 iJ, G tJ: , A 11 )l/m r 1 0 2 tz. f:[J fJO ~ .n tc. M tili M ff V b a t c , ::I Y 

r' :::,; -it 0) ft • • ff (}) to 'h"- 1:1:! tJ ~ n 0 c. t tc 'f;r. 0 o m 1 m rJJ tz. to 1,,, --c , m 1 ::i :::,; r' :::,; -tJ- c 1 
, ffi 2 ::I Y r' Y -it C 2 ti -z- :h 72· n M ti!! M EE V b a t c: ft M ~ .tl --C 11, 0 tc. th , t±:1 11 film r 1 0 
4 iJ, G tt , V b a t + V b a t = 2 x V b a t (}) M ff 'h"- 1:1:! 11 ~ :h 0 o 

C. (}) ~ -5 tc =f- -t7 - 1/ ;J{ Y 7 @1 ffl 1 0 ti , ffi 1 M re, t ffi 2 ffl FJJ ~ ■ I) ~ 9 c. t tz. ~ I) , M 
~MffVbat~ZfflL--Cl±:!11900 
[0039] 

~1~~00 ■ tJJ@Jffl20tl, =f--t7-1/;j;Y7@Jffl10(})ffff$~~1EL, fffft}Jf'F, 
9 iJ:. :b ~ =f- -t7 - 1/ ;j; Y 7° @1 ffl 1 0 0) A -1 'Y =f- S W (}) m ft ~ f& ~ ffilJ mi 9 0 o C. (}) jg jjJ @J ffl 2 
o ti , IE • rm @ m 2 2 , tM mi rm 2 4 , m 1 ~ ffi 1n 2 6 , m 2 ~ ffi 1n 2 s , § m @ m 3 o ~ 4o 
f3 ts 0 

[0040] 

IE M mt I§ ffl 2 2 t;I: , L E D film r 1 0 6 ~ ft L --C ~ 76 7' ,{ :;t - r 3 0 0 0) -JJ 1/ - r Jim! r t 
m a ~ n --c 1,,, 0 o ~ 7t 1t· -1 * - r 3 o o 0) ~ 7t mJ m: ti , ~ 7t 7· -1 * - r 3 o o tz. rm n 0 • 
mt I I e d tz. ~ -::> --C 71C ::l:: 0 tc. th , IE M mt @J ffl 2 2 tt , ~ 76 7· -1 ;;d- - r 3 0 0 (}) ~ 3/t mJ m'. iJ, 
p.fi ~ 0) fl t iJ:. 0 ~ -3 tz. , M mt I 1 e d ~ ffi!J mi 9 0 o 

[ 0 0 4 1 ] 

§ m @J ffl 3 o ti , =f- -t7 - 1/ ;j{ :::,; 7° @J ffl 1 o (}) ff ff $ ~ f.JJ iJ M x 0 tc. th tc , IE M mt @.I ffl 2 
20)~fil@(])Mff~§tJl90o§m@ffl30tl, 1EMmt@Jffl220)~fil@O)Mffc, ~IEO)L 

~ v' fill M ff~ J:t; ~ L,, J:t; tHa 5¥! ~ ffi!J mi$ 2 4 tc t±:111 9 0 o ::zfs: ~trill(}) m ft~ tc .:1D t,, --C ti, IE M 50 
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ffi@lffl22(J)~-(J) ■ EE~, -~•-=:t-tLED.rl0600(J)MEE~ffl~900 ffffi~­
~ 9 0 ff, , ffilJ fiflJ ~~ 2 4 ti , rtf tJl @I ffl 3 o fp G (J) lH tJ V s tc 't:i t --5 ~ =f- -v - :Y ;:J; /' 7° @I ffl 1 
o (J)nEE$/i'.W IJ f@~ 00 
[0042) 
~3~. ~Mffl@m22:}3J::rJ~m@m3o(J)m~fi'.~9@ffl~'?:®00 
~ M ffi @I ffl 2 2 ti . ffl 1 1-- 5 /' :Y 7-. 5l M 1 • ffl 1 t1:f -In R 1 , M ~ iffi !!Ji H 4 0 Ji'. '21 tJ o ffl 

1 }-- 5 /' :) 7-. 5l M 1 ti , N ~ (J) M O S F E T ( M e t a 1 0 x i d e S e m i c o n 
ductor Field Effect Transistor)'?:®00 

M • iffi ti H 4 o (J) ~I': lsi. !Iii A 1J • r t.: ti , PJT ~ (J) M ~ M EE V e tJ, ~[] ho ~ n --C v, 0 o ;:: (J) M 
~ M EE V e t;t , ~ :Ye 51' ,{ :.t" - F 3 0 0 (J) ~ :Ye 1nJ !lit Ji'. ffilJ 1ffP 9 0 tc lsb (J) M EE '?: ® 0 o ffl 1 J-- 5 10 
/' :Y 7-. 5l M 1 ti , ffilJ 1ffP • -=f- '?: ® 0 ':f - 1-- t.: M • t~ !!Ji H 4 o (J) tU 1J M EE tJ''• ~[] :fJo ~ n , F J...., -1 
✓ h'- L E D • r 1 0 6 ti: m M ~ n 0 0 ffl 1 tlt -In R 1 ti ' - • tJ, ffl 1 J-- 7 ✓ :) A 5l M 1 (J) 1/ 
-7-.~MM~n, ~ftffii~ffi~(J)M~MEE~m~~:h0offllr5/':Y7-.5lMltffllfil-m 
Rl(J)MM~(J)MffiVrl~. M•iffiMH40(J)J;i.fiJ-..tJftffiir~ftffl~:h00 
[0043) 
--~MH40(J)&fiA.1Ji'ilffir~~, ffllfi-mRI~m~~:h0MEEVrl~ftffl~n 

--C 4'5 IJ . & !Iii A 1J Jiffii r t ~I': & !Iii A 1J Jiffii r (J) M EE tJ, ~ L < tJ: 0 J:: -5 r.: ft M tJ, tJ, iJ, 0 tc lsb , ffl 
Ifil-!nRI~m~~:h0MEE~M~MEEVe~ill--:J<c.t~tJ:00 ffllfil-mRl~m~~ 

:h 0 M EE V r 1 iJ''- M ~ M EE V e t ~ L It' t ~ , ffl 1 t-5: -In R 1 li: Ci , M 7Tlt I d r v = V e / 
R 1 tf• ffi :h 0 ;:: t li: fJ: 0 o C. (J) M ffi I d r v ti . ffl 1 l-- 5 /' Y 7-. 5l M 1 4'5 J:: rJ L E D ft/M r 20 
1 0 6 Ji'. ft L --C ~ :Ye 51' ,{ ~ - r 3 0 0 t.: ffi n 0 M ffi I 1 e d t.: {& fJ: G fJ: i,, o 

;:: (J) J:: -5 Ci: L --C , ~ M ffl @I ffl 2 2 ti , M ~ M EE V e tc 'b t -:5 < ~ M ffl I 1 e d = V e / 
R 1 Ji'. ±. ~ L , ~ :Ye 51' ,{ ~ - F 3 0 0 li: ffl :h 0 M ffi I 1 e d Ji'. ftiU 1ffP 9 0 o 

[0044) 

C. C. '?: , C. (J) ~ M ffl @I ffl 2 2 iJ'"• 't( ~ tz: M ffl t.f: ±. ~ 9 0 tc. lsb tz: ti , ffl 1 l-- 5 /' :) 7-. 5l M 1 
Ji'. ~ M ffi ffi ~ '?: IIJ fF ~ -lt 0 10 ~ iJ' ® 0 o ~ M ffl ffi ~ t ti , l-- 5 /' :) 7-. 9 if• M W- ~fJ ~ I-- 5 /' 
Y 7-. 5l F E T (J) t ~ tz: t:t ifil ;fa ffi • t.f: 'Ji! 19K L , , , ,{ ;:J; - 5 l-- 5 /' :) 7-. 5l (J) t ~ tz: ti $ •~ µj ~ 

t.f: 'Ji! 19K 9 0 0 

[0045) 

LEDftffiir106(J)MEEVled~fiT"90t,ffllr5/':J7-.5lMl(J)~JiffiiM(J)Mffi ~ 

~ , "9 tJ: t> t;, F J...., ,{ /' 1/ - 7-. Fs~ M EE iJ, ,J, ~ < tJ: IJ . 11': ii!~ t□ ffi • '?: 1/J f'F 9 0 J:: -5 tz: tJ: 0 o 11': 
M ffl ffi ~ t.: 4'5 v, --C ti . F J...., ,{ /' 1/ - 7-. Fs~ t.: ffl n 0 M ffi n' r J...., ,{ /' 1/ - 7-. FEil M EE tz= fR t¥ L --C 

L £ -5 tc. lsb , ~ M ffi @I ffl 2 2 D' ~ M rm @I ffl t L --C 1/J {'F L fJ: < fJ: "J --C L £ lt' . ~ :Ye -9' ,{ ~ -
r3 □ o(J)~*•!litt.f:'t(~~-tt0c.t~'?:~tJ:<tJ:00 

[0046) 
-t" C. '?: , ~ 3 tz: ~ 9 J:: -5 tz: , ~ tJ! @I ffl 3 0 Ci , L E D ftffii r 1 0 6 (J) M EE V 1 e d tJ, ffi ~ 

(J) L ~ It' {Ji[ M EE V t h t.f: T @I G tJ: t,, J:: -5 tc ~ 7Jl 9 0 o ;:: (J) L ~ i,, {Ji[ M EE V t h ti , ffl 1 J-.. 

5 /' :J 7-. 5l Ml~~ - ffi M • cawm•) '?:I/JfF90~m~. 9tJ:t>~, ~Mffi@m22 
n' rfr ~ (J) ~ • rm t.f: 1:. ~ '?: ~ 0 ~ m tc IDl: ~ ~ n --c ", 0 o 

mun @I ffl 3 0 Ci , M EE J::I: ~ H 5 0 , L ~ lt' fl! M EE V t h t.f: tU 1J 9 0 L ~ It, {Ji[ M EE rJj 5 2 40 
t.f: '21 U o M EE J::t t1 H 5 0 tc Ci , L E D Jiffii -=f- 1 0 6 (J) M EE V I e d t , L ~ t,, fj M EE V t h 
n' A 1J ~ h --C 4'5 IJ , V 1 e d > V t h (J) t ~ 1-... ,{ J...., ..--Ziv Ji'. , V 1 e d < V t h (J) t ~ o -
]...., ..--z Jv Ji'. m jJ 9 Q O ;:_ (J). EE .1::1: ~ H 5 0 (J) m jJ V s ti' ffilHfll g~ 2 4 ~ t }.._ jJ ~ n L It• Q 0 

[0047) 

ff¥1J :/ffll gr, 2 4 ti , ~ tJ! @I ffl 3 0 iJ, G ili 1J ~ h 0 M EE V s n' o - J...., ..--Z Jv tz: tJ: ":) tc. :tic ~ , 9 tJ: 
t>~V 1 e d<V t httJ:0:tlc~if•pJT~(J)~~~fflM"90t, =f--v-:,,J;j;/'Y@lffll □ (J)n 

EE * t.f: 1 m I® J:: n ~ -ti- 0 0 9 tJ: t> ~ ' n EE * iJ'i 1 ftr '?: IIJ f'F L, L "\ tc. t ~ li: ' ~ tJ! @I ffl 3 0 
iJ, G ili jJ ~ n Q • EE V s if• 0 - ]...., ..--z l 1,, t tJ: Q t ' n EE * t.f: 1 . 5 fff ,.: IDl: ~ 9 0 0 IP] ~ l,Z: ' 

1 . 5 {tr'?: 1/J {'F L --C 1,,, tc t ~ ~c: ~ m @I ffl 3 O tJ) G ili 1J ~ n 0 MEE V s ff o - J...., ..--Z Jv t tJ: 0 

t , n EE * Ii' z ffnc IDl: '.tE '9" 0 o 50 
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[0048) 

-=t- 0) *'5 51! , ffl r-t!l 5 0 0 0) n)( ffl ic J: IJ ffl W! ffl EE V b a t iJ'i{!£ r L , -=t- n ic t ~ ts '? --C , ~ 
:Yt 9~ -1' ;;,J-- - F 3 0 0 0) n 1/ - r' !!Im r 0) ffl EE V 1 e d iJ'i{t\"; r L tc :t~ '1s' tc ~ , ¥1- EE$ ta:~ tn ic 
tn IJ ~ ;l G C t 1J' --r: ~ G O ¥1- EE $ h"> I'm < m IE ~ .:h G t ' lli tJ M\I r 1 0 4 h• i; tl:l tJ ~ .:h G tl:l 
1J ffl EE V o u t iJ, J: ¥1- T 0 ;:_ t ic ts 0 tc lsb ... L E D M\I r 1 O 6. 0) ffl EE V 1 e d ta: L ~ t, • {il 

ffl EE V t h J: IJ ~ rm < T 0 c t 1J' -C ~ , IE 11 rm @J ffl 2 2 ta: ~ '.iE ic ~ ft ~ -tl" 0 ;:_ t 1J' -C ~ 0 

[0049) 
L ~ t, • {ii[ 11 EE WA 5 2 h• G tl:l 1J ~ n 0 L ~ v • {ii ffl EE V t h ti , IE 11 rm @] Jj!g 2 2 0) ~ IE ~ ft 

ffl EE , 9 ts b i:> , ffi 1 r "7 Y :,.? 7,. 9 M 1 h' '.iE ffl mt ffi ~ (jfil f[] ffi ~ ) -C ~ ft 9 0 ffi lffl ic m '.iE 10 
~ n 0 0 tc. t ;l ti' ' L. 0) L ~ \,,. fii ffl EE V t h ti O . 3 V ,c m '.iE ~ n 0 0 

(0050) 
cc-r:, 1E1lrfit@Jj!g2 21a:mnx90ffi1 J--7:,,,:,.?;z,,9M1, m1:t!ftn:R 1 ... tlii~t~"'iH 

400)~-rffitt, @JfflMtt~ ... *•~~m7P~7,.0)~i;J~~~~~J:-:JL~~90o 
~ 4 ti , ffi 1 r 7 Y :,.? 7,. 9 M 1 -C iv 0 F E T 0) ffl rm ffl EE M tt ( I V M 't~E) fa: ffe T ~ -C iv IJ 
, ~ fm ti F v -1' Y '.l - 7,. ffl mi I d s , ~ fm JJ' F v -1' Y 1/ - 7,. ffl EE V d s 1.£- ffe T o 

l,gJ i::p , f ~ SkJ ts 11 mi 11 EE % '11: I V m 1 -C ti ... F v -1' Y 1/ - 7,. ffl EE h" ffl EE V x I J: fJ rm v, 
t ~ i@ fa m ~ --r: iv 1J ... ffl EE v x 1 J: 1J fl\": t-, t ~ '1~ tt@ f□ m ~ t ts 0 o t-, * , * • f,$: ~ m 7° a 
t 7,. 0) ti' i; J ~ ~ ii'lll. /lt ~ {t f,: J: -:J --C , 11 rm 11 EE % '11: JJ' , 11 rm 11 EE % tt I V m 2 li: ~ ft L tc. 
t 9 0 t ... c. n ic t ~ ts '? --c ... ~ :ta ffi ~ t 11c ~ ;fa ffi ~ 0) tJO'\! 11 EE ~ v x 2 ~.: 1/ 7 1-- 9 0 c. 20 
t ic ts 0 o 

[0051) 
IE 11 rm @J Jj!g 2 2 0) iifii M\I 0) 11 EE ti , ffi 1 tlt m R 1 ic :Jo it 0 &[ EE ~ r V r I t , ffi I 1--- "7 Y 

:,.? 7,. 9 M 1 0) r' v -1' Y 1/ - 7,. rs, ffl EE 0) ;fa t ts 0 o L tc '!J, -:J --C , ffi 1 r 7 Y :,.? ,7, 9 M 1 0) ffl 

rm ffl EE % 1'± 0) ~ ~ tc t ~ iJ: '? --C , IE 11 rm @J ffl 2 2 0) ~ IE ~ ft &[ EE ~ ~ ft T 0 c t tc: ts 0 o 

IP]~ ic ... ffi I t!f m R I 0) t!f m {ii[ OJ tf G J ~ tc: J: '? --C ~ c OJ~ '.iE ~ ft ffl EE ti~ ft T 0 ;:_ t tc: 
7J: 0 0 

[0052] 
ffi I 1--- 7 Y :,.? 7,. 9 M 1 0) '&[ rm &[ EE % '11: h' , ¥c ¥f. f,$: ~ m 7 P t 7,. 0) tf G J ~ ~ ii'lll. 1!t ~ {t ic 

J: -:J --C , ~ 4 0) I V m 1 t I V m 2 0) Fs, -C ~ j)J 9 0 t T 0 t ~ , IE 11 mi @] ffl 2 2 fa: 'ti:. '.iE tc 30 
j}J ft ~ -{± 0 tc lsb 0) ffl EE ti , V t h 1 = I c x R 1 + V x 1 h• i; V t h 2 = I c x R 1 + V 
X 2 0) ffi lffl -r: ~ j)J 9 0 L. t tc: ts G 0 

.1.:i~d~ @] ffl 3 0 OJ L ~ v, {ii ffl EE iml 5 2 tc: J: fJ ~ nx ~ n 0 L ~ v, fii ffl EE V t h fa: ~ '.iE fii t 9 
0 !~ '1s' , ffi 1 r 7 Y :,.? ;z,, 9 M 1 0) ffl 7Tlt ffl EE M tt h"' ~ ~ T 0 9 « --C 0) ffi lffl tc :Jo i,, --C '.iE ffl rm @J 

ffl 2 2 fa: ~ '.iE tc j)J ft ~ -ti- 0 tc. lsb ic ti , -z - :,.? Y fa: ~ Hi L --C L ~ v, fii &[ EE V t h fa: , V t h 
l=lcXRl+VxI~m'.iEL--C:Jo<~~~iv00 
[0053) 

c. c -r: , =f- -t7 - :,.? # Y 7° @] Jj!g 1 0 0) 1}] $ ic J it, --C ~ !1 9 0 o ~ 5 ti ... 'f-- -t' - :,.? # Y 7° @J 

ffllOOJA1J11EEtts01l~1IEEVbatt, ~$~0JOO~ia:ffeT~-Civ00 
C C. -C , L ~ v • fii 11 EE WA 5 2 ic J: IJ ~ nx ~ n 0 L ~ v, fii[ ffl EE V t h fa: , iv 0 ffl EE V t h 40 

1 tc [!fil IE L tc tJ;J -8- fa: ~ ;l 0 o ¥1- ff. $ JJ' 1 f~ 0) t ~ , 11 ~ &[ ff. V b a t t L E D M\I r 1 0 6 
OJ ffl EE V 1 e d OJ rffl 1* ti , ~ :Yt ~- -1' ~ - F 3 0 O OJ /Ill 15 riiJ ffl EE V f fa: ffl it• --C V b a t = V 
1 e d + V f t 1k. ~ n 0 o t,, * , ~ t-1:!! ffl ff. V b a t 0) flt r re t ~ ts it•, V b a t < V b a 
t 1 ( = V t h 1 + V f ) t tJ: 0 t , L E D M\I r 1 0 6 0) ffl EE V 1 e d ti < V t h 1 t tJ: 
0 tc lsb , ¥1- EE $ h' I ffi h• G 1 . 5 f~ A. t -EJJ IJ ~ 5t. G tL 0 c t ic: ts 0 o 

[0054] 
C. 0) J: -5 ic, L ~ t,, {ii[ 11 EE V t h 1.£- iv 0 &[ EE V t h 1 ic [!fil '.iE 9 0 t , ~ L ffi 1 }- "7 Y :,.? 

7,. 9 M I OJ % tt iJ, tf G J ~ ... '.iE &[ mi @] Jj!g 2 2 0) 'ti:. '.iE j)J ft ~ ff. iJ, iv 0 &[ EE V t h I J: b fl\"; < 
iJ: -:J tc. ~ Ei' rz:. ~ , V b a t < V b a t 1 t ts -:J tc. ~ ft~ -C ¥1- EE $ h" I . 5 ffi tc -!JJ b ~ ;t G n 
0 c. t ic iJ: IJ , m $ 0) 1m 7: ~ ~ OJ ~ tlh h' iv 0 o 50 
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[0055) 

-'t-Cc'~~-9~Y7@M100)~$~&*90klh~. *~•O)mn~~0iiiffl@M 
3 0 0) L, % It• {ii[ ffl EE ~ 5 2 ti , ffi 1 r 7 Y Y 7.. 9 M 1 :f'5 J:: f.J ffi 1 t!!: m R 1 0) ffi 'Ii. ~ !VJ ~c il::i 

T,ij: L, tc L, % It, {iii ffl EE V t h ~ ~ Jvl 9 0 J:: -5 li: ffl ffll ~ :n --C v • 0 o 

rm 3 tc m 0 0 L, % l,, l {iii • EE ~ 5 2 ti ' ffi 2 l-- 5 y y 7.. 9 M 2 ' ffi 2 m m R 2 ' • mt ~ 5 
4~-a'v'o 

m 2 1-- 5 Y y 7.. 1il M 2 , m 2 m m R 2 , ffl im m 5 4 ti rnf JIJ ,c m ~ ~ :n --c .t5 1:J , m 2 1-- 7 
Y Y 7.. 9 M 2 :r5 J:: rJ ffi 2 fl!; m R 2 tc ti , ffl mt m 5 4 tc J: I) ~ Jvl ~ :h 0 IE • )± I c iJ, mt ~ :tl 
--C It, 0 o ffi 2 l-- 5 Y 9 7.. 1il M 2 0) 1/ - l-- tc ti ffl m ffl J± V d d -JJ, f:[J ho ~ n G o 

[0056) 

c 0) G % 1t, ,iii • EE r~ 5 2 ti , m 2 1-- 7 Y y 7.. 1il M 2 c: • mt ~ 5 4 0) m ~ ,~ 0) • a ~ c % 
v' fiii ffl EE V t h c: L, --C t±:1 ::fJ 9 0 o ffi 2 }- 7 Y Y 7.. 1il M 2 0) F v -1' Y V - 7.. FJJ ffl EE V d s 2 
ti , IE ffl mt I c tc J:: --.=> --C tk: IE ~ ,h , ffi 2 fl!; m R 2 tc IJl ,h 0 ffl EE V r 2 ti , V r 2 = I c X 

R 2 c' ~ ~ G :h G O -'t- 0) *\5 * ' L, % t, l f[i[ • J± V t h ti ' V t h = I C X R 2 + V d s 2 C: 
~ 9 C c: h"- c' % 0 o 

[0057) 

c 0) J: -5 tc , L, % It, {iii ffl EE ~ 5 2 ti , L, % It, fiii ffl EE V t h ~ ~ nx. 9 0 tc 6b 0) .±. ~ g~ 0) m 
nx. iJ"- ' JE • mt @I M 2 2 C: ti ,£ IP.I - C: '!J_ J L t, '\ G O ~ ¥f, -!* ~ ~ @I M J:: ,c 40 It l L ' ljf * L, < ti 

' ffi 1 t!!: m R 1 C: ffi 2 t!!: m R 2 ti Ii lt l tc ili m L, L ' ""' 7 1) y tf ~ C: J L ~ /Jx. 9 G C C: 7J' ~ 
* L, lt l O IP] ~ tc ' ffi 1 l-- 7 y 1/ 7.. 9 M 1 C: ffi 2 }- 5 y 1/ 7.. 9 M 2 'b Ii lt l tc ili m L, L ~ /Jx. L, 20 
' ~ 7 1) y If ~ C: 0 C C: -JJ, ~ * L, l, '\ D 

C 0) J: -5 tc IE ffl mt @I M 2 2 c: L, % lt" f[i[ ffl EE ~ 5 2 0) .±. ~ '!J. m nx. ~ IP.I - c: L, , @I M ~ m nx. 
9 0 t!!: m , l-- 7 Y '1/ 7.. 1il ~ -"' 7 1) Y tf L, --C }B /Jx. "9 0 C c: tc J:: --.=> -C , tt J;G "9 0 • -=f- ffi 'Ii. 0) ~ 

l!J;~~~~L,<90Cc:~c'%00 
[0058) 

-'t-O)M*, Ml l--5Y':/7..9MlO)fflmtfflEEffitt~~jjJL,, awa~c:#8Wffi~O)~ 
W ffl EE V x fJ\ ~ iJJ L, tc. ±~ ii , ffi 2 r 5 Y '1/ 7.. 1il M 2 0) ii'! W ffi ~ c: ~~ 8 W ffi ~ 0) ~ W. ffl J± V 
x <t ~ jjj 9 0 re lh , c % v, fiii • EE v t h :1,r , m 1 1-- 5 Y 9 7.. 1il M 1 0) ffi tt ~ jjJ ic il1:i T,ij: c -c 
~ ft: ~ -{I- 0 C c: h' c' % 0 o 

[ 0 0 5 9 ) 30 

IP.I ~ tc , m 1 JJ:£ vt R 1 O"J fl£ m fiii tl- ~ ?!f, f2fi: ~ ~ 7 o t 7.. 0) ti G -::) % ~ rllll ~ ~ ft: tc J: --.=, --c ~ 
jjJ L, tc ~ ft , ffi 2 t!!: m R 2 0) fl; m f[i[ 1b IP.I ~ ic ~ jjJ "9 0 tc. 6b , L, % lt, {ii[ ffl f£. V t h ti , ffi 2 
ffl:mR20"Jffitt~jjJ~,tilJ:if,ij:90Cc:~'IJ.00 
[0060) 

J;1. J:: 0) J:: -5 tc iii tJ! @I M 3 0 ~ ffl /Jx. 9 G C C: tc J: lJ ' 7 0 t 7.. t.f G -::) % ~ ?'.fill ~ ~ ft ,c J:: G 
•-=f-ffittO"J~l!J~J:--.=,-CJ:E:fflffit@M220"J~IEjjJ~fflJ±~~iJJL,tc~ft~<t, -'f-O)~jjJ~ 

J;G c: --c L, % i, , {iii • J± v t h :1,r ~ nx. 9 0 re lh , ffi1J fiQJ g~ 2 4 tc .t5 i, , -c , m jjj '!J. ~ !± • 0) fil¾'. '.iE :1,r 

C O"J t.a * , ~ 5 tc ffe 9 J:: -5 tc , ¥f. EE • ~ -1;7] I) M x 0 ffl EE J,r V b a t 1 IJ, G V b a t 2 0) 

ffim--cam~fil¾:1Ec'%0c.C:~-~90tclh, ~~-9~Y7@M100)~$~&*9G ffl 
c c: tJ, c' % 0 o IP.I ~ t.:: , 1 . 5 ffi tJ, G 2 f/1 -"' 0) ¥f. EE $ O"J -l;7J lJ M x 1t , :IN a iJ: ffl E£. c' fi b :n 
0tclh, ~$~&*"90Cc:~c'%00 
(0061) 

~ tc , iii ffl. [Bl ffl 3 0 :l,r ffl v' , ~ G tz: :IN ml! '!J. ~ EE $ 0) ~ IE ~ fi -5 tc. 6b 0) ~ ffi iz:: "'.J lt • --C ll~ ~)=I 

9 G O rm 6 ti ' iii tJ! @I M 3 0 :rs J: rJ '.,E • im @I M 2 2 0) .f~ /Jx. J,r ffe 9 @I M ~ c' ~ G O rm 6 0) iii 
m @ M 3 o ta: , ::t 7 t ",I 1-- • EE !llil rm @ M 5 6 :1,r -0m x --c v, 0 0 

ffl EE .l:t ~ $ 5 0 ti , J:E: ffl mt @I M 2 2 O"J jitij fi#il O"J ffl EE c' ~ 0 L E D *ml -=f 1 0 6 0) ffl EE V I e 
d c: , G % v, ,iii • EE m s 2 ,z: J: 1J ~ nx. ~ :n 0 G % i,, ,iii • EE v t h c: :1,r 1t ~ 9 0 D ::t 7 t ",I 

l-- • J± ~ rm @I M 5 6 ti ' • EE l:t ,~ ff 5 0 0) ::t 7 t ",I f' • EE /",. V J,r ll.ml rm 9 G 0 

[0062) 50 
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~ 6 OJ IE ffl 7m ?ml 5 8 , }-- 5 Y :J 7.. 7 M 3 , }-- 5 Y :J 7.. 7 M 5 ti , ~ 3 OJ ffl 7m VJll 5 4 tc. ti=! 
~ 9 0 o ,5:: ffl 7m ?ml 5 8 ti , ~ ~ ffl ?lit I r e f ~ 1: /JJl 9 0 o r 5 Y :J 7.. 7 M 3 , M 5 ti tJ v 
Y I-- ~ 5 - @I ji!g ~ #Ii ffX L, --C ::13 IJ , ¥ ~ ffl 7m I r e f tc. .tt f?IJ L, tc IE ffl 7m I c if• L, ~ t, • {j ffl EE 
VJll 5 2 "'- c: tl:i 11 ~ :h 0 o * tc , I-- 5 Y :J 7.. 7 M 3 , M 4 , M 5 ti fl v Y }-- ~ 5 - @I m ~ ~ 
/JJl L, --C t,, 0 tc ti:, , ,5:: ffl 7lit @I ji!g 2 2 tc. A fJ ~ :h 0 ¥ ~ ffl 7lit I r e f ' ti , L, ~ t,, fj ffl EE VJll 5 
2 tc. tB jJ ~ :h 0 ,E ffl 7Jit I C tc. r,t c; tc ffl 7m C: fJ: '::> L t, '\ 0 0 ,E ffl 7m @I m 2 2 tc. ::13 t, '\ L ' jji ~ ~ 

r!Ji S 4 O OJ .cJF 1sl ~ A fJ !i#.t r tc. 1:11 b□ ~ :h 0 ¥ ~ ffl EE V e ti , ¥ ~ ffl 7lit I r e f ' ~ ¥ ife tit m 
R r e f ~c. mt 9 c.. c: ic. .J: I) :1: PX ~ :h 0 o 9 7J: :b ~ , ¥ ife ffl EE V e ti , V e = I r e f ' x 
R r e f c: .q. ;t G :h , ,'I{ ~ ffl tm I d r v ti , I d r v = I r e f ' X R r e f / R 1 C: 7J: 
IJ , ¥ ife ffl mt I r e f ' tc. .tt {JIJ 9 0 o ¥ ife tlUn R r e f b , ffi 1 tlt m R I ::13 .J: tf ffi 2 tlt m 10 

R 2 c: ~ 7 1J Y !l L, --C 1B !VG 9 0 OJ il• ~ * L, It• o 

[0063] 

¥ ife ffl 7lit I r e f ' OJ {j iJ, 7° o -t 7.. ti G -:> ~ ~ tllll. N ~ ft tc. c: b iJ: '=> --C ~ ~ L, , I~ ~ ffl 7lit 
I d r v 0) fj iJ' ~ ~ 9 0 c: , ffi 1 }-- 7 Y :J 7.. 7 M 1 0) F v -1' Y 1/ - A Fdl OJ ti@ t□ ~ EE , 9 7J: 

:b ~ ,5:: ~ 7lit @I ji!g 2 2 OJ y_ ,5:: tJJ ft ffl EE t;, ~ tJJ 9 0 o ~ 6 OJ fjj_if 1Jl @I m 3 0 tc. i5 It, -C , L, ~ It, fj 

ffl EE VJll 5 2 tc. .J:: I) ~ !VG ~ n 0 L, ~ t," {j ffl EE V t h c:: , ,5:: ffl 7m @l ji!g 2 2 tc. .J:: I) :1: !VG ~ n 0 ~ 
tJJ ffl 7lit I d r v t;:l: , v, 9" n b , ,5:: ffl mt 7JJJ"! 5 8 tc. .J:: IJ ~ nx ~ :h 0 ¥ ife ffl 7lit I r e f tc. b c: --::5 
v" -C ~ ,5:: ~ :h 0 o L, tc iJ'i -:> -C , ¥ ife ffl 7lit I r e f iJ" ~ t}] L, , ,5:: ffl 7lit @I ji!g 2 2 OJ y_ ,5:: ~ ft ffl 
EE tJ'i ~ tJJ L, tc ±~ 15" tc. ti , L, ~ v, fl ffl EE V t h b c.. :h tc. c:: b iJ: -:> --C ~ t}] 9 0 o c.. OJ c: ~ , ffl 
EE lt ~ S 5 o " OJ A 11 ~ EE ti , !AJ 1i fPJ tc. V 7 I-- 9 0 tc. ti:, , 7° o -t 7- tf G -:> ~ ~ .:t- -v Y -t ;I., 20 
90c.. c::iJ''•T:~00 
[0064] 

~ 7 ti , ~ EE lt ~ $ 5 o , ;;d- 7 -t "/ I-- ffl EE ~ fw @I m 5 6 OJ #Ii !VG ~ ~ '9 @J ji!g ~ -r: 2l0 0 o ffl 
ff. lt ~ S 5 0 ti , I-- 5 Y :J 7.. 7 M 3 0 ~ M 3 6 , ,5:: ffl 7lit VJll 8 0 , 9 0 , 9 2 , f~ r!Ji f9: 8 6 

~ -a tf o l-- 5 Y :-J 7-. 7 M 3 0 , M 3 I ti A fJ ~ ~ :it ~ #Ii !VG L, -C i5 IJ , cg. 3/ - l-- 8 2 , 8 4 

ti , ffl EE !t ~ S 5 O OJ 2 -:> OJ A 1J !i#.t r tc. :it fit L, --C It, 0 o I-- 5 Y :-J 7- 7 M 3 0 , M 3 1 OJ F 
v -1' Y ti , ,5:: ~ 7lit ~ Wj c: L, --C &Ht G :h tc l-- 5 Y :-J 7- 7 M 3 3 , M 3 4 ~ -a tf tJ v Y I-- ~ 5 
- ~ Wj c:: m ~ ~ :h --C v • 0 o I-- 5 Y :-J 7-... 7 M 3 3 , M 3 4 ti , I-- 5 Y :-J 7-. 7 M 3 2 c: 3/ - I-­
$ .J: tf 1/ - 7- iJ' ~ im tc. m ~ ~ :h tc fl v Y I-- ~ 5 - @J ji!g T! 2l0 '=> -C , cg. l-- 5 Y :J 7- 7 tc. ti IE ffl 
™ ~ s o ~c. .:1: 1J ~ PX ~ :n 0 ,5:: ~ rm tJ, rm n -c "• 0 o 

[0065] 

l--5Y:Y7-7M3 3, M3 40JFv-1'Ytt, -t":hf:':hJ--5Y:.J7-./:JM3 5, M3 60)1/ 

- 7-. C: m ~ ~ :h L "\ 0 0 }-- 7 / 1/ A 7 M 3 5 ' M 3 6 ti 3/ - I-- iJ'i ~ im tc. m ~ ~ :h L ::13 I) ' 

I-- 7 / 1/ A 7 M 3 5 0) 3/ - I-- ' r- ]._,, -1 ✓ ti m m ~ :h L I.,,'\ 0 0 I-- 7 / 1/ A 7 M 3 5 ' M 3 6 
OJ F v -1' Y tc. ti , -t" :h f:' :h ,5:: ffl 7lit rJJJ"! 9 0 , 9 2 t;, ~ ~ ~ :h 0 o J-- 5 Y :.J 7-. 7 M 3 6 OJ F v 
-1' Y ti , f~ r!Ji f!l 8 6 tc. m ~ ~ :h 0 o I-- 5 Y :J 7- 7 M 3 6 OJ F v -1' Y ~ im ti , I-- 5 Y :.J 7-... 7 
M 3 0 ' M 3 1 0) -3/ - l-- ffl ff. i:J'. ~ t}] ~ r!Ji ~ :h tc. ~ ~ ffl rm c:: 7J: 0 0 ~ r!Ji f9: 8 6 ti ' IE ffl rm VJll 
9 2 tc. .J:: IJ :1: nx ~ :h 0 ~ 7lit c: I-- 5 Y :-J 7- 7 M 3 6 OJ F v -1' Y ffl 7lit OJ ~ ~ ~ r!Ji L, , ffl EE tt ~ 
S 5 o OJ tB 11 !i#.t r 4 4 iJ, G tB fJ '9 0 o iJ: ::13 , ~ 7 tc. ~ L, tc ffl EE .tt ~ S 5 o OJ #Ii nx ti - WU 73 

® '::> L ' -t" 0) {ill 0) ~ * ~-- * iJ: @] m 1B A 0) ffl EE tt ~ $ ~ m t,' 0 L. C: iJ'i 73 ~ 0 0 

[0066] 

:t- 7 -t •',I J-- ~ EE wa1 w @] m s 6 ti , ffl EE tt ~ s 5 o OJ ~ tJJ ffl rm ~ wa1 w 9 0 c.. c: ic. .=1:: 1J , * 
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(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 output 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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(54) LED DRMNG DEVICE 
(57)Abstract: 

(72)Inventor : SHIBA TOSHIAKI 

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 CL 1 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 CL 1 for controlling supply voltage is set to 
1 /20 or less of that of the second negative feedback 
closed loop CL2 for controlling constant current, so that 
the first negative feedback closed loop CL 1 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 i 1 flowing through a 
reference resistor R1 agrees with a predetermined 
reference voltage Vref, and which generates a medium 
current i2 showing the same behavior as the drive 

t' current i; a current mirror circuit CM1 which generates a • 
mirror current i1 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 

- .':'.: -=- ;;·'":·.~-.:-1'::-~-.:-•~-.. ,:".."'-:·~~- =~ 
• ... ·::, .• _.:-:;•._::-:,:. '···:~_-:_.:j~::: ___ :::~/-: :-= -= .• -._ :·· :.-----=:::··· : ;, 

unit CC2 which keeps the ratio of the drive current i and 
the medium current i2 at a predetermined value. 
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1;r Ii. v, ic: ~ ~ c: c -c v, 0 m m c m 6 0) -tM m ) c: ~ n -c v, 0 o 

[ 0 0 1 9 ) 

*tc.. 2fs.:ft~~ffi0ffl~&@ti, ft3/tf,1'::d""-Fc:, M~ft3/tf-1'::d"°-FO) ■ i/J~m1;r 

fi 5 L E D ■ ilJ & @ c: , M jjG L E D ■ ilJ & @ tc: W tJ ~ m M 9 0 ~ ~ W ~ c: , l;r fim x tc. ¥,ij Sf! 

40 

& ml c' ii!> -:> --C , M i2 L E D Jg i1J & @ c: L, --C , J:: ia ffi 5 * tc. ti ffi 6 0) ffl /Jx 7J' G /JJt 0 L E D ■ 50 
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(5) 

l!JH@l.tfl L, t AA 0 fflAA (ffi 7 O)fflAA) c: ~:ht v' 0 o 

[0020] 

JP 2007-299711 A 2007.11.15 

'JJ:. :Jo , J: !c m 1 0) m AA iJ, G AA 0 oo aJ1 H wi rz. :Jo v, --r , AA !c • a ffl • ti , , \ ,y .:;- 1J c' Jo 0 • 
AA ( ffi 8 0) m AA ) iz. T 0 c: J: v, o 

[ 0 0 2 1 ] 

* tc. , *}ell}] {Z. f* 0 * ffi H@ ti , * ffi I'\:?(, Jl,t C: , ~ * ffi l'\ ;r-. Jl,t i,r P,ij llJI "9 0 P.~ BJ] H@ C: , 
J.tfi~k*ffiH@c'&5?t,1ffJ~ffl~H ■ c:L,t, k~ffi7*k~ffiBO)aJvt~GAA0ffl 
13}] H@ J.t fl L, t AA 0 m .Bx ( ffi 9 0) a AA) c: ~ :ht v' 0 o 

( }E llJI 0) WJ JIU 
(0022] 10 * }E aJJ iz. J: n ti' , ~11 • 0) ft£ r i,r ;Ji,jj n m iJ, 'JJ:. v, m c' , JeJ. :rey iz. rJr 'ifl. 0) m th ffl ™ i,r 1~ ~ 9 0 c. 

C: iJ) PI ti~ -JJ:_ m th ffl m 1:: AA H @ ' })ft rnz. ' C. n J,t m V' k L E D m th •• ' P.~ BJ] •• ' & tf * 
ffi• ■ J.tmmT0c.c:~mnc:'IJ:.00 

(}E~l.t~~90k~O)~H0)~8] 
(0023] 

~1~, *}E~~~0*ffiH ■ O)-~&mRJ.tffi97° □ o/7~c'&500 *~O)J:1~, 
;;$: ~ & m ft~ 0) * ffi H @ ti , ■ H ffl S 1 c: , L E D r- 7 -1' 1 \ I C 2 c: , }€ :Ye g~ 3 c: , 'lfl, 3/t Im 
4 c:, i£i~-r--r,:Z.7°v-1'1'\-t,Jv3 (J..J-r, LCD [Liquid Crystal Display] J'\-7,Jv3 c: 
fl¥~) c:, i,r{fL,tAA0~J@.~0)7£iA-r--r,:Z.7°v-1'c'&500 
( 0 0 2 4 ] 20 
■ H ffl • 1 ~i , L E D F '7 -1' 1, I C 2 J.t fJf1 if.> c: 9 0 * ffi H ■ cg. g~ iz. J;j L, t , ffl Tl 0) {,~ ~ 

J,rfi1*@c'&500 'JJ:.:Jo, ■ Hffl ■ lc:l,t~, •m~mfflEEJ.t~ffifflEE~~-90~1Trt 
/ ~ m ::I Y 1, - 5l i,r ffl v' t '6 J: v' L,, = ~ ffl tifl '/J:. 2' 0) 1, 'Y T 1) i,r ffl v' t '6 J: v• o 

[0025] 
L E D F 7 -1' 1 \ I C 2 ti , ■ H ffl S 1 iJ, G A Tl ffl EE V i n 0) f~ 1f,e; i,r ~ it , }E Ye ff~ 3 J.t 1:ffi 

AA 9 0 L E D 3 1 0) .Im th ffflJ ff[:j] i,r fi 3 * $~ c' Jo 9 , A Tl ffl EE V i n t;, G L E D 3 1 0) 7 / -
F tz. lj. ~ 0 « ~ pfr ff1. 0) 1±1 Tl ffl EE V o u t i,r 1:: AA 9 0 D C / D C ::i Y 1, - ~ 2 1 c: , L E D 
3 1 ~z. J:iJr 'ifl. 0) m jtJ ffl m i i,r 1~ 1f,e; 9 0 m jtJ ffl m 1:: AA $ 2 2 c: , i,r fl L, --r AA 0 o 'JJ:. :Jo , m jtJ ffl 
m 1:: AA ff~ 2 2 0) ;J:M AA & tf th f"F tz. --:> v, t ti , f~ !;:t t!. ~ WI tz. IDG BJ] 9 0 o 

[ 0 0 2 6 J 30 

}e 3/6 fm 3 ti , }€ Ye -!f -1' ?f" - r- 3 1 ( LY- r , L E D 3 1 c: 11¥ ~ ) i,r fl L, t nx 9 , }E Ye $ 3 
c' 1:: AA~ :h tc. P,ij llJI Ye t:L 'l!i1, Ye Im 4 J.t fr L, t L C D l\ -:'f- Jv 5 J.t ff oo 00 M 9 0 J\ 'Y 7 '7 -1' r c: 
L, l m V' G :h 0 0 C 0) J: ? iz. ' L E D J,t l \ 'Y 7 7 -1' r C: L, L m V' 0 fM AA c' &5 :h ti ' i:lt * g 
W l.t ffl v' 0 1:ffi AA tz. Jt « t , 1fi' ffl Tl , ~ ~ ~ , ft\: }€ ~L m ;z. ~ - ;z. c: v, ? tc. m * i,r 1~ 0 c. c: 
1J' pJ ti~ C: -JJ:_ Q 0 

[0027] 
'JJ:.:Jo, }E}1cff~3l.ttffiAA9G LED 3 1 tt, 'i/fa, ~- W0)}€}1cisl.tfl90 3--:::>0)L ED* 

~i,r-Mc:L,TAA0'60)c'&59, cg.LED-~O)l±!!M:YtJ.tmftT0C.c:c', ffi'ifl.O)~:Ytis 
( ;;$: ~ & m 8 c' t;t El is ) J.t fl 9 0 P.~ 13JI Ye J.t 1:: AA 9 0 <t 0) c' Jo 0 o c 0) J: ? '/J:. El is L E D J.t 

1 "- 'Y 7 '7 -1' r c: L, t ffl v' 0 1:ffi .Bx c' db :h tf , i:lt Ye W W i,r Jfl v, 0 m AA tz. .tt « t , L C D , \ -t, JV 40 

50)isMmm~i,r~~0c.c:~mnc:'IJ:.00 
(0028] 

'l!i1, Ye Im 4 ti , }E :Ye B'~ 3 0) P,ij ~t 3/6 i,r ~ - tz. oo }E :Yt ~ -li t , L C D , \ -t, Jv 5 ii:':1:2/;: tz. 'l!i1, < * @: 
c'db~, &Mfi~'lfl,:Ytfi(*oo~~~'/J:.~I~&~:hk~~fi) ~GAA00 
[0029) 

L C D '" * Jv 5 t;t, 2 & 0) jj' '7 ;z. fi 0) rs~ tz. iW ~ J.t MA. L,, ffl EE J.t t;, tr 0 c. c: tz. J: ? t , 
OO~~AO)~~~~l.tR~, }E3/6$3~G'lfl,3/cffl4J.tfrL,tffooOOM~:h0:YcO)~J@.$i,r 
±~ ~ ~ -li" 0 C. c: c' ff l.t * ffi 9 0 *@: c' &5 0 o '/J:. :Jo, L C D J'\ -t, JJ.,, 5 0) mil@ ffi!J ill ,t , 7f ~ ~ 
O)LCD::IYr □ -'7~J:?tfib:h00 

[0030] 50 
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:ti{ i.: , Iii l/J • ffi ~ PX a~ 2 2 0) f11J PX & tJ l/J ft i.: ".J v, t , ~ 2 ~ * ~ L iJ: -Jf, G ~ ~ 9 0 o 

[0031] 

~2~. ml/J•vn~PX$220)-~1n§%M~ffi9@ffl~-r:~00 
[0032] 

IZI 2 tz: ffi 9 iffi IJ , ;;$: ~ tit§ ff; ft~ 0) ~Ii l/J • vn ~ PX g~ 2 2 tt , C. n ~ ~ -r v "" iv T: Ji!. 0 t , N 
cf- -v * Jv ~ • W- 501 * l-- 7 Y :J 7. '.9 N O ~ N 2 t , P :f-- -v ,t, Jv ~ • W- 501 * l-- 5 Y :J 7. '.9 P 1 
~P2t, 7Y7°A 1~A2t, 1)77vY7.tt\;mR 1 OS;mf!fir) t, ~flL--CPX00 
[0033] 

1-- 5 Y :J 7. '.9 N o 0) r v ,{ Y ti . L E o 3 1 0) tJ 1/ - r tc n€ m ~ n --c it, 0 0 1-- 5 Y :J 7. 
'.9 N O 0) 1/ - 7. ti , n€ tt!! Ji#a tz: n€ ~ ~ n --C it, 0 o 1-- 7 Y :J 7. '.9 N O 0) 1/ - 1-- ti , I-- 7 Y :J 7. 10 

5( N l 0) 3/ - J-- tc ff¾ ~ ~ h t V' Q O }- 7 ✓ 1/ 7. 5( N 1 (J) r V ,{ ✓ ia: ' }- 7 ✓ 1/ 7. 5( N 2 0) 

1/ - A tc:: ~ ~ ~ n l it' Q O 1-- 7 ✓ 1/ 7. 5( N l 0) 1/ - A ti ' ~ ±t!! Jiffij tc:: ti m ~ n l V' Q O 1-- 7 
✓ 1/ 7. -5( N 2 0) r V ,{ ✓ tt ' 1-- 7 ✓ 1/ 7. 5( p 2 0) r V ,{ ✓ tc:: ~ ~ ~ n --c V' Q O 1-- 7 ✓ 1/ 7. 
-5( P 1 ~ P 2 0) Y - 7. ti . 1., .... i" n <& • ~ -5 ,{ ✓ tc:: m ~ ~ n --c 1.,, 0 0 1-- 5 Y :J 7. '.9 P 1 ~ P 
2 0) 3/ - t- tt , ", i" n <& 1-- 5 Y :J 7. '.9 P 2 0) r v ,{ Y tc:: ff¾ ~ ~ n --c 1.,, 0 o 1-- 5 Y :J 7. '.9 P 
1 0) r' v ,{ Y ti , 1J 7 :r v ✓ 7. m m: R 1 ~ * L --c , m ±t!! Ji#a tc:: m m ~ n --c ", 0 0 

[0034] 

7 Y 7° A 1 0) 1F & ti A 1J Ji#a ( + ) ti , ~ ~ • EE V r e f 0) f:11 710 i'iffil tc ~ m ~ h t v' 0 o 7 
Y 7° A 1 0) & fi A 1J Ji#a ( - ) tt , 1) 7 7 v Y 7. tS; m R 1 0) - ftffil tc ff¾ m ~ n --C it, 0 o 7 Y 7° 
A 1 (J) W 1J Ji#a ti , 1-- 7 Y :J 7. -'.9 N O ~ N 1 0) 1/ - }- tc ff¾ m ~ n -C It' 0 o 20 

[0035] 
r Y 7° A 2 0) 1F & ti ;__ tJ liffii c + ) ti , 1-- 5 Y :J 7. '.9 N o 0) p· v .,{ Y tc m m ~ n --c 1.,, 0 o 

7 ✓ 7° A 2 0) & ti A jJ )iffij ( - ) ti ' 1-- 7 ✓ 1/ A -5( N 1 0) r V ,{ ✓ tz: ~ m ~ n l it 'I 0 0 7 ✓ 
7° A 2 0) 1±1 n Ji#a ta: . 1-- 5 ✓ :J 7. 5( N 2 0) 3/ - 1-- tc:: ~ m ~ n --c 1.,, 0 o 

[0036] 

7J: :13 , J:: ~c ffl PX 7J'I G PX 0 Iii jjJ • ffi ~ PX $ 2 2 tz: :13 it' --C , I-- 7 Y :J 7. '.9 N O ti , L E D 3 
1 0) iJ 1/ - r t ~ it!! Ji#a t 0) rsi tc @ }IJ m m ~ n , L E D 3 1 tc p)T 'il1. 0) m jjJ • ffi i ~ f~ ~ 9 0 

ml/J 1--5 Y:J7.'.9 t L,t8rtl§'900 
[0037] 

* tc. , l: ic ffl PX -JJ, G PX 0 Jg l/J • ffi ~ PX $ 2 2 ti , C. n ~ 8 ti!§ 7' o ';/ 7 v ~ JV T: Ji 0 t , 30 
ffi 1•1mtrJOOli~C C 1 c:, iJvYl--2.5-li~CM 1 c:, ffi2.ffiffirJOOli~C C 2 t, ~fim?t. 
tc. ff; t 7J: -:::> --C v" 0 o 

[0038] 

ffi 1 • ffi ftilj 00 ff[) C C 1 ti , 1) 7 7 v Y 7. tS; m R 1 t , 7 Y :I' A 1 t , }- 7 Y :J 7. '.9 N 1 

c: , ~ fl L, t PX IJ , 1) 7 7 v Y 7. tt\; m R 1 tc ffi n 0 -2. 5' - • ffi i l tc }it 0 tt:. ~ Jtij • EE V I 
h"- ?Jr IE 0) ~ ~ • EE V r e f t - fl( 9 0 J:: 7 tc , Iii l/J }- 7 Y :J 7. 37 N O 0) ~ M ffiIJ 00 ~ fi 7 t 
c:<&~. ■ llJ-ffiit~80)¥l/J~~9$00.ffii2~~PX90~mtLt ■ ~'900 
[0039] 

iJ v Y }- -2. 5 - $ C M 1 ti , }- 5 Y :J 7. -'.9 P 1 ~ P 2 ~ fl L, t PX IJ , JiJT IE 0) .bt • ~ 'b -:::> 

t $ rsi • ffi i 2 tz: !Z 0 tc. -2. 5 - • ffi i 1 ~ ~ PX L, , c. n fi:- 1J 7 7 v Y 7. t!1 m R 1 tz: 1/w Jfil A 40 
tJ~-li-0.=fIB!c: L,t ■ ~9Go JJ::13, l--5Y:J7.-'.9 P 1 0) r v,1' Yti, -2.5-•tm i 1 0) 

5 I 1±1 i'iffil tc tl3 ~ L, , J-- 5 Y :J 7. '.9 P 2 0) r v ,-f Y ti , $ Fsi • rm i 2 0) 5 I ~ filM tc:: :f:EI ~ 9 0 o 

[0040] 

ffi 2 • rm fti!J 00 $ C C 2 ti ' 7 ✓ 7° A 2 t ' l-- 7 ✓ 1/ A '.9 N 2 t ' ~ fl L, l PX f) ' m l/J • 
ffiic:$~•rnt1Zc:O)lt.~P!r1EfflK.M90=¥mtL--C8ttl§90offiZ•rnt~8$C 
C 2 O)l/Jfttz:-::::>v'--C, J:: tJ ~f;$:~K~""0 t, ffi 2 •rntfti!JOOli[) CC 2 T:ti, 1-- 7 Y:J 7. '.9 
N 10)r'v,{Y.EEV2t/•ml/Jr7Y1/7.'.9NOO)rv,1'Y.EEV3 (LED3 10)iJ1/ 
- r fi#il T • EE ) C: - fl( 9 0 J:: 7 tc:: ' }- 7 ✓ 1/ 7. 5( N 2 0) ~ M ffilj • 7J' fr b n 0 0 C. 0) J:: 7 1J: 
l/J ft tz: J:: IJ , m it!! i'iffil tc xt 9 0 1-- 7 Y :J 7. '.9 N O ~ N 1 0 r v ,-f Y • EE -Jf, Ji 1.,, tc ~ L, < iJ: 0 

0) -r: ' 113: JJJ • ffi i C: $ rsi • ffi i 2 C: 0) ~, -r: ' ic ~ tz: -2. 7 - ~ If,'( 0 C. t t;, "aJ ti~ t 7J: 0 0 50 
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[0041] 

J:: !2 ffl PX fp G PX 0 II! JJJ ffl rm 1: PX g~ 2 2 t;: :to t,' --C , tJ v /' l- ~ 5 - g~ C M 1 '1: ti , ~ 5 -
m mt i 1 c: r:p Fs~ m mt i 2 c: rJJ !:t $ t/• 1 : m ( > 1 ) c: ti: G ~ -5 f;: , l- 5 /' :) 7- 1Z P 1 ~ P 

2 rJJ ~ -=f -it -1' ;;( iJ' ~ it <! tt --C t,' G o 

[0042] * tc , )t: mi L, tc ~ -5 i;: , ffi 1 ffl mt mil 1fflJ g~ C C 1 '1: tt , ~ .R~ m EE V 1 iJ"> ~ ~ m EE V r e f 

c: - ¥:z 9 G ~ -5 ~;: , ~ 5 - m v'it i 1 rJJ IJm m! ffi!J 1ffll t;, fi b n 0 o 

[0043] 

1/t -::, t , ~ 5 - m v'it i 1 & rf r:p Fs~ m v'it i 2 ti , T i2 rJJ C 3 ) rt , C 4 ) rt -r: 1k. ~ n 0 ID 
c:ti:00 10 

[0044] 

[~ 3] 

i1 =V1 /r 
= Vref/r • • • (3) 

i2=m·i1 
= m· Vref/r • •• (4) 

[0045] 

- 1J , l: i2 ffl PX iJ' G PX 0 IIK ilJ m rm ~ PX g~ 2 2 i;: :to t, • --C , ffi 2 m v'it llill 1fflJ im C C 2 '1: ti , r:p 20 

F~ m rm i 2 c: Im i!J m v'it i c: rJJ .l:t $ fJ"- 1 : n ( > 1 ) c: ti: G ~ -5 ~;: , l- 5 /' :) 7- 1Z N 0 ~ N 

1 rJJ ~ -=f -it -1' 7'..' iJ' ll9: it <! n --C t, • G o 

[0046] 

1/t -::, L ' L E D 3 1 ~;: {~ m <! n '@ l!K ilJ • v'it i ti ' T 12 rJ) ( 5 ) A '1: 1k. <! n '@ ID C: ti: G 0 

[0047] 

[~ 4] 

i=n·i2 
= m·n·Vref/r ••• (5) 

[0048] 

c. rJJ ~ -5 i;: , J:: 12 ffl PX iJ• G PX G Jg ilJ m mt ~ PX g~ 2 2 t! ® tl ti , ~ 6 ~;: ffi L, k 1/t * ffl PX c: 
~ti:IJ, LED 3 1 rJJtJ:J-r'c::tf€tt!!!l/!i!c:rJJFsH;:-t/'7-.=lllm~~A90C. c:ti:<, ~~­
EEV ref ~~~tc_~mrJJ ■ Dmvn 1 ~LED 3 l ~~M9GC. C:~t!~00 
[0049] 

c. rJJ c: ~ , L E D 3 1 ~ 7'c G -ti- 0 tc th rz: ~ ~ ti: 1±1 tJ m EE V o u t ti , T ic rJJ ( 6 ) rt '1: 

*<!tlGIDC:ti:00 
[0050] 

[~ 5] 

Vout=Vf+Vsat • •• (6) 

[0051] 

ti: :f3 , J:: ic ( 6 ) rt f;: to t, • t , V f tl L E D 3 1 rJJ /l!Et 1J IP] ~ T m EE , V s a t ti tJg D l-
5 ✓ 1/ A 1Z N O rJ) t!fil w. EE~ 't" n .::e· n 1f;; L, L l.,• '@ 0 

[0052] 

J::~(6) :i:\C:)t:1±\rJJ(l) ~ (2)rtc:~ftffgtl~B~0~5~, *~•IDDrJJL 
E D r' 5 -1' 1, I C 2 '1: it) tt tf , ~ 6 tz: ffi L, tc. 1Jl: * ffl PX ~c lt " t , L E D 3 1 rJJ tJ :l - r ~ml 
r m EE ~ ,rm_ D l- 5 /' :J 7- 1Z N O rJJ tie!. W m EE V s a t rJJ JJ ( WU 5t. ti 5 0 ~ 1 0 0 [ m V J ) 
* '1: T Vf 0 c. c: iJ, t! ~ G rJJ t! , l±l tJ m EE V o u t ~ 5 I ~ T t:f t , V 7- T b. ~ i;$: rJJ WJ $ ~ 1P1 

30 

40 

J:: 9 0 C. C: t;, pJ jil§ c: ti: IJ , ~ It• t ti , L E D r 5 -1' 1, I C 2 ~ fJffi 5t. tc. !{~ ll)=j ~ ii'. & rf 'cN. 1f;; ~ 50 
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(8) 

■ OJfflRM1JMM~~-90Ct~l'iJ-tiJ:00 
(0053) 

JP 2007-299711 A 2007.11.15 

* tc. , :,fs: ~ Ml! ID !t.~ OJ il3: jJJ M rm ± d $ 2 2 -c- t:t , :$le iili L tc. J:: '3 tz: , ~ 5 - M rm i 1 t q:i Fa~ 
M rm i 2 t OJ !:t $ n' 1 : m ( > 1 ) tz: ~ IE ~ h --c :t5 IJ , -JJ, -::J , q:i Fdl M rm i 2 t ffl ifJ • tm i 

t OJ lt $ ff, 1 : n ( > 1 ) tz: ~ IE ~ h --C 1,,, 0 o C OJ J:: -5 iJ: *Pl d t 9 0 C t tc::. J:: IJ , L E D 

31~mM~h0 ■ j}J•tn1~1t«--c, ■ j}J•tn±d$22-C-fflR~h0~5-•tn11 

&U1t:!MMtn12~~~<Wx0ct~-C-~00J-C-, ■ ifJ-rfit±d$221i'.~0kct~ 

J::0fflR.110J~*ti'.M11@m90Ct~t'iJ-tiJ:00 
[0054) 

~ tz: , P D A [ Pe rs on a I D i g i t a 1 / D at a Ass i s t ant] -'I.' m 1'!'f M it i'iM! * iJ: ~ 0) M -=f- ffi ~ tz: 10 

m ~ ~ n ' ~ ~ • ~ 1 t L --c I\ ''/ -r 1) ti'. ffl 1,, '\ 0 ~ij llJl •• tz: * ~ llJl Ii'. • ffl 9 h tf' ' • -=r- ~ ~ 
0) 1, •y -r 1J 113: jJJ ffif FJJ ~ ~ ti 9 c t n"- m im t iJ: 0 o 

[0055] 

iJ::to, LEOJ~M!!ID ■ l:"U, :;zfs.:~~fi'.~~~~A*ffi• ■ ~-ffiLk·ft~OOffiL--C~ 
l:lj] ti'. fi -:> tc. tJ~ , :;zfs.: ~ l'lJl OJ • ffl ~,t a t:t c h tz: /5H IE ~ h 0 t OJ l:" t:t iJ: < , .::f OJ ft!! OJ ■ if] • mt ± 
d ~ ■ , ¥.~ aJ:1 • ■ , ~ 1,,, ti , * ffi ~ • tc::. t Jt;. < • m 9 0 c t n" m n -c- J5 0 o 

[0056] 

* tc. , :;zfs.: ~ a)=I OJ ffiJ d ti , L !2 ~ :tJili ID a~ OJ ti tJ, , ~ aj] OJ ± \§' ~ ~ HJG L iJ: lt • iffi IHI l:" fl 1;z OJ ~ 
9! ~ n□ ;t 0 C t h'- 1'iJ Ff!§ l:" J5 0 o 

[0057) 

~;t~, LEOJ~tiiliID ■ -c-u, ~~*' -~*,W~*~mftL--CS~*~±d"90L 
EDti'.~~-~--c~~ti'.fi-:>k~, *~~O)-fflMaucn~m1E~h0tOJl:"UiJ:<, 
.::fO)~O)~@*fi'.mftL--cffim0)~@*1i:ffiM90LED~, •@*1i:ffiM90LEDfi'. 
ffl 1,,, tc. ffiJ d tz: -::J t,, --C t , 3 ~ tz: :,$:~HJ] ti'.. ffl 9 0 C t iJ" 1'iJ Ff!§ l:" J5 0 o 

[0058) 

* tc. , L !2 OJ ~ Ml! ID ■ -C- tJ , L E D 3 1 OJ ■ jjJ • mt i Ii'. ITfil fE ~ tz: ~ IE "9 0 ffiJ d ti'. ftU tz: ¥ 
~--C~Mti'.fi-:>k~, *~~O)ffiJdUC:n~mJE~h0tOJ-C-tiiJ:<:, OOx~, ~3~ffi 
9 J:: '? tz: , :Ml JIJ tz: ~ U· G h tc. n ffi ( n ~ 2 ) 0) 1) 7 7 v :1/ ;z ffl; m R 1 ~ R n ti'. .7-. -1' 'Y '=f- S 
W 1 ~ s w n l:" • E'. t:JJ IJ ®' ;t 0 ffiJ d -'I.' , ~ 4 tz: ffi "9 J:: '3 tz: , Ml JIJ tc::. f:fJ h□ ~ h 0 n fl ( n ~ 

20 

2) OJ~~-EEV ref 1 -V ref n~.7-.-1•;1':f-SW 1 ~SWnl:".E'.-l;1JIJ~x.0fMd 30 

ii' f;.!E ffl "9 0 c t tc::. J:: IJ , L E D 3 I OJ 113: jJJ • rm i ~ 1'iJ ~ ~ tz: ~ '.iE 9 0 ffiJ d t L --C t ffiJ b iJ: 
1,, • o iJ: :t5 , 3 ~ ~ ID WIJ ti'. i* ffl L tc. tJy} ft l:" t , L E D 3 1 Ii'. * G -lt 0 tc. th tc::. 1-0 ~ iJ: ffi 11 • EE 
V o u t t:t , :$le ffi OJ ( 6 ) :i:\ -C- * ~ h 0 ID t iJ: 0 OJ l:" , :i:1J $ OJ fJf ~ ti'. ,fii:i 11 m fJ, iJ: 1,,, ID -C- , 
LED31~ffi~OJ ■ j}J-ffitfi'.mM"90Ct~l'iJillil:"&S00 
[0059) 

*k, LEOJ~M!!ID ■ -c-u, ¥-OJLED31~ffimOJ ■ j}J-ffl1~mM90ffild~~ 

iz: ¥ if --C ~ l:IJJ ~ fi -:> tc. n"- , :;zfs.: ~ Eljj OJ #4 d ti c h tz: ~N IE ~ h 0 t OJ l:" tJ iJ: <: , ffLl ;t t;f , ~ 5 
~ffi9J::'3~, ·-:illl~--~hkLED31-32~~mO) ■ j}J•tnfi'.mm90~mt 

L --C , ~ L E D 3 1 a - 3 1 b fij tz: , :$le t l1'tJ ~ OJ ffl d -JJ, G d 0 ffl jJJ • ffl ± d if~ 2 2 a - 2 

2 b ti'. ~ L --C d IJ , fJ, "J , • a OJ • j}] • m1. ± ~ $ 2 2 a ~ 2 2 b tt , ¥ ~ • EE V r e f OJ 40 

f:f1 :/JO i'iM! ~ Ii t,, • iz: ~ iiii t L tc. ffl d t L --C t J:: t, • o C 0) J:: '? iJ: ffl ~ t 9 0 C t ~c::. J:: IJ , ~ ;l:T L 
E D OJ 113: jJJ ~ mt m ti'. ~ $JJ ~c::. --z •_;1 =f- :1/ If ~ -lt 0 c t ti'- PI Ff~ t iJ: 0 o iJ: .to , 3 ~ ~ ID ffU ti'. m ffl 
L tc. ~ ft , L E D 3 I a ~ 3 1 b ti'. :1/t G -lt 0 tc. th tc::. ~' ~ iJ: ill 11 • E£ V o u t ~a: , ( V f 1 
+ V s a t 1 ) t ( V f 2 + V s a t 2 ) OJ 1,,, T' h t;, * ~ 1,,, 1i t iJ: 0 o 

[ Ji: ~ L OJ f1J ffl 1'iJ Ff!§ '11: J 
[0060] 

*~MU, ■ j}J•rm±d- ■ fi'.fflt,,,kV;z-rb~~0)~$1i'.~th0~l:"~ffliJ:ttffi-C-~ 

G O iJ: :t5 ' * ~ M iz: ~ G L E D • jJJ •• & rn.~ aJl ~ • ~i ' fflj ;t tC t~ A T ,( A 7° L,, ,,( 0) I" 

'Y 7 5 -1' ~ V .7-. -r b ti'. tM ~ 9 0 ~ lz: flJ ffl 1'iJ Ff~ l:" d5 tJ , * tc. , C n ~ 1im x. tc. * ffi ~ ■ t L --C 
ti ' t~ A T V l::: 1/ 3 ✓ ~ 1~ •• -'I.' ' p D A 0) ~ A T ,{ A 7° V ,,( ' E!X: lt '\ t:t ' m * • i!S m 0) 1~ 50 

IPR2025-01331 Page 00073



~~~A'/v-1'~E~¥~G~~~T~Go 
[ l2SI an OJ f'ffi 1l! ~ fill aJJ ] 
[0061] 

(9) JP 2007-299711 A 2007.11.15 

[~I]~, *R~~ffiG~ffi& ■ OJ-~~%-~ffi97 □ o/?~T®~o 

[~2] ~, M~-ffl±~$220)-~~%-~ffi9@ffl~T®Go 
[~3] ~, M~-ffl±~$220J~%~~ffi9@ffl~T®Go 
[ lz?l 4 ] ti , I~ ~ • ffl ± ~ $ 2 2 OJ 7:llJ OJ ~ % fJIJ ~ ffi 9 @ ffl ~ T ® G o 

[lz?JS] ~, R*$3~~ffMWTSGW~~fill~9Gk~OJ@ffl~T®Go 
( lz?l 6 ] ti ' L E D r 7 -1' J \ 0) - 1Jt * iflj ~ ffi 9 -;r a 'Y 7 lz?l T s G 0 

( :Ff ~ OJ fill aJJ J 
[0062] 

1 m:H•?ffi c,,,y-riJ) 
2 L E D r 7 -1' 1, I C 

3 R*$ 
4 ~*ffl 
5 iW ~ --=j-' ~ A 7' v -1' I'\ .t- JJ., ( L C D I'\ .t, JJ.,) 

2 I D C / D C ::I :1/ 1, - 17 
22, 22a, 22b 

31, 31a, 31b 
C C 1 

C C 2 ffi 2 • ffl ltilJ ~ ti~ 

m t11 • ffl ± ~ g~ 
R*3i'-1':;;t-r (LED) 

CMl :iJv:1/r-~5-$ 
N 0 , N 0 a , N 0 b N =f- -v .t- Jv ~ • W- JjJ * r 7 :1/ 1/ A :$Z 

N I , N 1 a , N 1 b N =f- -v .t- JJ., ~. W- JjJ * r 7 :1/ 1/ A :$Z 

N 2 , N 2 a , N 2 b N =f- -v .t, Jv ~ • ff. 1l}J * r 7 :1/ 1/ A :$Z 

Pl, Pla, Plb 

P2, P2a, P2b 

Al, Ala, Alb 

P =f- -v .t- Jv ~ • W 1}] * }- 7 :1/ 1/ A :$Z 

P =r -v * 1v ~ • w. m * r 5 / 1/ A :$Z 
7 / / 

AZ, A2a, A2b 7:1/7° 

R l~Rn, R 1 a, R 1 b 1)7?v:1/Atltm 

S W 1 ~ S W n A -1' 'Y =f- ( N =f- -v .t- Jv ~ • ff. 1}] * }- 7 :1/ 1/ A 17 ) 

10 

20 

30 

IPR2025-01331 Page 00074



ii 
ff 
1lt 
;lj 

i' 

2 

-------------------------' 

t ________________________ , 

( 10) JP 2007-299711 A 2007.11.15 

21 

22 ~------------J ________ _ 
I 

CM1 ! ------- __ L_ ------- l 

CC1 
:-- -L-

V1 

j Vref 

~P2: 

··-· ---- ··- ! i2: CC2 
-, 

--------------------' ! 
~~-----~----'-,~ 

NJ 
<NI 

0 z 

1 I 

j 
I -,-<.i I 

~-------------------~ 

IPR2025-01331 Page 00075



( 11) JP 2007-299711 A 2007.11.15 

21 (a) Vbat 

DC/DC::i:,,,-, 1---o--V'-o;.;:uc:.t __ ~ El-

~Vf2 

22a r----------~----- ---~ 

(bl Vbat 

El-
Vref 

•---------------------' 
22b 

-----------~-----' 

, ____________________ _ 

IPR2025-01331 Page 00076



( 12) JP 2007-299711 A 2007.11.15 

F ~-b.(1$~) 3K073 AA43 BA09 CG02 CG13 CG47 CJ17 CLOI 
5F041 AA24 BB05 BBIO BB22 BB26 BB27 FFOl FFll 

IPR2025-01331 Page 00077



Decl11rat1on f'onn :S.1 (Jen. 2009) 

Panasonic Ref": __,P..,0"'52""'!il,.,,0,.,.7;;,;:-0.,.1 ____ _ Appllcatlon Serial No .. __________ _ 
('-tNJllltttf 

Japan Finn Name: WASHIDA & ASSOCIATg§ Japan Firm Ref: 2F09066-US 

US Firm Narne: _....:H.:.:S:::.::M:.:...._ ____ __._ US Firm Ref:-----~--------

DECLARATION AND POWER o'F ArtORNEY FOR U,S, PATENT APPLICATION 

(a) ■ Original (b) 0 Supplemental (c) 0 Substitute (d) □ PCT (e) □ Design 

M a below named lnvontor, I hereby declare tnat. my residence, po!it ornce address and cltizen:shiP are as stated below 
next to my name; and I believe that I am 1he original, first and sole inventor (if oniy one name ls listed below) or an original, fin.t 
and joint inventor (If plural inventors are named below) of the subject matter which Is el:almed and for which a p11tent is sought on 
the invention entiU&d: 

Titl~ of invention: 

SEMICONDUCTOR UGHT ~OIJRCE DmVING APPARATUS AND SEMICONDUCTOR LIGHT SOURCE DRIVING 

METHOD 

which is da:scribad and claimed In (ltr/Je following box Is not aheckad, the :spiWfflcsllon of which Is sttsched heroto): 
1. "··-~-1/im, /bu DffiAl'Vllon •rlor kl u.JI. 'l••IJMdo11tllli1~ ddtf 

(1) 0 the attached specification, or 

:I. Par 111• •1111,0,,.,,.,•n th/• Dtdll'41fOII IIIIU' a£ /lOOIIHIIOn D/lllt' d/t(t 

(9) D the specification in the U.S. Application No. I fdad on: 
Application: fr/~ '-'-JI/It~ 

and with amendmerits (if applic:i.1.ble): flied on ,or 
ii. Ht,, r<.1•U/I "atio1111• •-•u•l!f !IS~•-"- S71 ,,_.,,,,~ ...... A f!J• • -A-UOlf __, 111111 dn.,,.u., lJ./1. natl•liOI ""' . .,,,,., 

(h) □ the speci~cetlon in the 
=~Jlcation ~o: T " f~ed on: 

International Application: (H:1' /lltHM "1,J ' 

(t:1,,4':'-Mly/Pll.f,,_~_,, ,_, ~JIIJ and with amendments (If appllCllble): tiled on: I 

I hereby state that I have reviewed and under.stand the contents of the :above-identined specification, including the c:falms, 
as amended by any amendment(:s) referred to above. 

I acknowledge my duty to disclose to the U.S. P11tent end Tradomark Office all information known ~o me to be material to 
patentablllty as denned in Title 37, Co<te of Federal Regulations, §1.58. 

I hereby claim foreign prionty benefits Ullder Title 35, United Shites Code, §119 (a-d), §172, or §3515(b) of any foreign 
application(s) for patent or inventor's certificate, or §385(a) of any PCT international applloation which designated at least one 
c:oun1ry other than the United states of America, fisted below, and have also identified below any foreign ~pplieation for patent or 
inventor'$ certificate, or of any PCT International application having a filing date before that of the application on which priority Is 
claimed: 

- - ..,,. ..... 
COUNTRY A.l'l'LICATXON NO, »An. o.-rn.l~c. PJUORin' 

CI.AJMEJ) 

JAPAN 2008-175070 July 31 2008 Ye$ 

··.•:·:-

c Add1tk:inal foreign or 1nternat1onal appl1catlon numbel'S are listed on e supplemental priority sheet attached hereto. 

IPR2025-01331 Page 00078



Oec!araUon Form 3.1 (Jan. Zl09) 

1 hereby claim the benefit under Title 35, United ste-ti:1:1 Code §119(•} of any United States Provisional application(s) P:sted 
below ' -= 

Al'l'UCATJON NO. U.S. JtROVISIONALAPPJ,JCA'l'JON PJLlNC DATI 

a Additirmal U,S, provisional appli~atioll ni,mber.. are lmed on • supplemental priority sheet atfar.:hod hereto. 

• I hereby claim the benefit under Title 35, Unitod Sta.tea Code §120 of any United states app!ication(a), or §385(C) of 
any PCT international application designating the United S~tes of America, listed below and, insofar as the subject matter of 
each of the clalms of this applloatlon Is not disclosed in the prior United stetes or PCT international application In the manner 
provided by the first paragraph of n1e 35, United S1ates Code §112, I acknowledge the duty to disclose informaaon material to 
patentabllity a.s defined in ntle 37, Code of Federal Regulations, §1.56 which occurred between the filing d111te of the prior 
appllcatlon and the national or PCT international filing date of this application. --~-- _, 

APPUCI\TJON NO. U.S. FILING DA'l'£ STA'tUa'11A"l'XN'r.lm, PENDING. AJIANDONFJ> 

o Additiomd U.S. or interniiltlonal application numbe/$ are listed on a supplemental priority sheet etlached hereto. 
POWER OF ATTORNEY: As a named Inventor, I hereby appoint the attorneys and agents assor;iat«I With the U.S. Petent and 
Trademark Office Custorner Number identified below to prosecute thi$ applicatlon Including divisions, continuations and reissues 
thereof in the United States and to trensact all business In the U.S. Patent and Trademark Office oonnected therewith, and direct 
thet all correspondence be addressed to that customer number. • 

I hereby alJ\horize the U.8. attorneys and agents 955oclated with the wstomet number to accept and foUow instructions 
from Panasonic Corporation and any affiliated or subsldil!lty complllny thereof, received via their corporate representatives and/or 
1heir foreign patent attorneys or agents, if any, as to any action to be taken In the U.S. Patent and Trademark OJ'lii;:e regiarding 
this appli~ation without direct communication betweon the U.S. attorneys or agents and myself. 

Power of Attorney given to practitioners associated wth, and direct Correspondence to: 

CUSTOMER NUMBER 53148 
I further dec:lare that all mtements made herein of my own knowledge are true. 81\d that, all steteme11ts made on 

information and bellet :are believed to be true; and further 1hat these statements were made with the knOINledge that ~llful false 
statemeiits and tile llke so made lilre punishable by fine or imprl~nment, or both, under Section 1001 of Title 18 of the United 
states Code, and that such willful false stzltemorrts may jeopard~ the validity of the application or any patent Issuing thereon. 

INVENTOl'l (s\ 
Full N11me vr Sole or FIRST NAME L.AS"J'NAME SIGNATURE DATE OF SIGNATUM 
First Inventor ShuJI INOUE .Shey'( .l;,o"e J;b(J .tt>~1 
~esldai,ee .S. Clllunshlp CITY, STATE or COUNTRY 

I 
CITIZENSHIP 

Okayama, JAPAN JAPAN 
Post office adarass ADDRESS • CITY STATE OR COUNTRY ZIP CODE 

c/c P.:lnHonlc Corporlltion 

1008, Oaza Kadoma, Kadoma-shi, Osaka, JAPAN 571-8501 

Full Name of FIRSYNAME LAST NAM£ Sl8NATURE DATI! OF SIGNATURE 
Sei:ond Inventor 

Ruldance & Citizenship CITY, $TAYl!l or COUNTRY 

I OITIZl!N&HIP 

Post office addross ADD~l$S CITY STATE Olt COUNl'RY ZIPCOOI! 

Total of......Lpages me su'bmilted. 

-2-

IPR2025-01331 Page 00079



2F09066-US 

Title of Invention 

1 

DESCRIPTION 

SEMICONDUCTOR LIGHT SOURCE DRIVING APPARATUS AND 

5 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, 

10 drawings and abstract, is incorporated herein by reference in its 

entirety. 

Technical Field 

[0002] The technical field relates to a semiconductor light source 

15 driving apparatus and semiconductor light source driving method 

that are suitable for display devices. 

Background Art 

[0003] Recently, semiconductor light sources are utilized for 

20 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 

25 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 

30 during the control (such as fluctuations in the power supply 

voltage and fluctuations in load). 

[0004] FIG.I is a block diagram showing a configuration of a 

conventional semiconductor light source driving apparatus that 1s 

generally used to perform a constant-current control of a 

35 semiconductor light source. 

[0005] Semiconductor light source driving apparatus 10 shown in 

FIG.I 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. 

5 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 

10 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 

15 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 converted into a desired DC voltage value in smoothing circuit 

20 32 and is supplied to semiconductor light source 12. In this way, 

negative feedback closed loop current control CLl 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 CLl constituted In 

25 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 

30 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, 

35 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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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. 

5 [0007] However, in conventional semiconductor light source 

driving apparatus 10 shown in FIG. I, when a fluctuation occurs in 

control loop CLl 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 

10 constant-current control becomes unstable. Therefore, there is a 

technical limit that the response speed (i.e. frequency 

characteristics) and gain of closed loop CLl cannot be increased 

very much. Accordingly, conventional semiconductor light source 

driving apparatus 10 may be best employed for goods such as 

15 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 

2 O frequent 1 y, for exam p 1 e, goods of fie 1 d s 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 

25 of control loop CL2, 1s 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 1s supplied to semiconductor light 

source 12, thereby making a backlight device light stably while 

30 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 

35 closed loop CLI 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 

5 loops of both negative feedback closed loops CLI and CL2. The 

value of this voltage IS proportional to the drive current of 

semiconductor light source 12, and, consequently, negative 

feedback closed loops CLI and CL2 form a two-fold current control 

loop. Generally, when a feedback loop is two-fold, interference 

IO 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 

CL 1) to a one-twentieth of the frequency response characteristics 

of the other loop (i.e. closed loop CL2), to prevent interference 

I 5 between the loops. 

Citation List 

Patent Literature 

[0010] 

20 PTL 1: Japanese Patent Application Laid-Open No.2007-042758 

Summary 

Technical Problem 

[0011] However, with the technique disclosed in Patent 

25 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 

30 for both semiconductor light source driving apparatus 10 shown in 

FIG.I 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 

35 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 

5 a ft er the v o It age exceeds the thresh o 1 d. A ft er wards, 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 

10 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 1n the input voltage. A semiconductor light source 

15 inherently has such characteristics. 

(0015] Accordingly, in constant-current control according to a 

conventional control loop, it 1s difficult to maintain constant 

control characteristics because the control loop round trip gain 

("control loop gain" or simply "loop gain") changes depending on 

20 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. 

25 

[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. I, 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 

30 semiconductor light source driving apparatus 10 shown in FIG. I. 

[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 IS applied to 

semiconductor light source 12 and so this drive current is used as 

35 an output of semiconductor light source 12. This drive current is 

detected by output current detecting circuit 14. This detection 

result 1s 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 

5 is controlled to match with the current command value. 

[0020] 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 

JO 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 

15 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 

20 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 

25 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 

30 value IS 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 

35 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. 

controlling apparatus having a current control 

When a current 

loop performs a 

constant-current control of a semiconductor light source with such 

electrical characteristics, the control loop gain changes depending 

5 on whether the drive current value 1s 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 

10 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 

15 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. 

20 [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. 

25 

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 

30 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 

35 current command section that specifies a reference value of a drive 

current which 1s 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 1n which the output voltage controlling section 

5 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 

10 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 output current 

15 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 

20 light source. 

Advantageous Effects 

[0027] The semiconductor light source driving apparatus and 

semiconductor light source driving method according to the present 

25 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 

30 [0028] 

FIG.1 1s 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 

35 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; 

5 FIG.4 1s a block diagram obtained by modeling the 

semiconductor light source driving apparatus in FIG.I; 

FIG.5 Is a block diagram showing a configuration of a 

semiconductor light source driving apparatus according to an 

embodiment of the present invention; 

10 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 1s a block diagram in which part of the configuration of 

the semiconductor light source driving apparatus in FIG.5 is 

1 5 redrawn; 

20 

FIG.8 1s 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 1n 

FIG.9A; 

FIG.IO shows a result of calculating the frequency 

25 characteristics of the three gains gm shown in FIG.9B based on the 

frequency transfer function; and 

30 

FIG.11 is a block diagram showing a configuration of the 

control system in the semiconductor light source driving apparatus 

in FIG.5. 

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 

35 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. 

5 Impedance detecting circuit 150 is constituted by divider 152. 

Output voltage controlling circuit 160 is constituted by gain 

circuit 162 and compensating circuit 164 and, further, gain circuit 

162 1s constituted by multiplier 163. Voltage source 170 1s 

constituted by power supply source 1 72, DC-DC converter 1 74 and 

1 O smoothing circuit 176. In comparison with conventional 

semiconductor light source driving apparatus 10 shown in FIG. I, 

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 

15 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 1n series. To be more 

specific, semiconductor light source 110 is constituted by, for 

20 example, a single LD or LED, or by a plurality of LD's or LED's 

connected in series. 

a current. 

Semiconductor light source 110 is driven by 

[0033] When a drive voltage is supplied to semiconductor light 

source 110 from voltage source 170, a certain drive current IS 

25 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 

30 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 1n the 

35 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. 

5 [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. 

IO [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 

15 110 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 

20 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 

25 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 

30 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 

35 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. 

impedance equivalent 

By this 

value 

12 

means, it is possible to find an 

which corresponds to the 

characteristics in FIG.3B showing the impedance characteristics of 

semiconductor light source 110, in a state in which semiconductor 

5 light source 110 is actually driven. 

1 0 

[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 

constituted by gain circuit 

voltage 

162 and 

controlling circuit 160 is 

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 

15 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 

20 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 

25 110 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 1s one of 

the characteristic components of the present invention. 

[0040] Further, In comparison with a conventional technique 

30 shown in FIG. I, 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 

35 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 

5 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. 

[0042] Voltage source 170 drives semiconductor light source 110. 

1 O 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 1 72 and smoothing 

circuit 176 such as an LC (i.e. inductor and capacitor). 

15 [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 

20 scheme using a switching element. In 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 

25 cycle proportional to the output of output voltage controlling 

circuit 160 and srnoothes 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 

30 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 

35 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 a pp a rat us 1 0 0 having the above con figuration 

will be explained. 

[0046] FIG.6 is a block diagram showing the configuration of the 

control system of semiconductor light source driving apparatus 100 

5 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 1 70, constitute a control loop. 

[0047] As described above, the gain characteristics of 

IO semiconductor light source 110 show the characteristics shown 1n 

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 

15 FIG.5, 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 

20 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 

25 other, and, when they are multiplied, the multiplication result 

becomes a constant value. That is, 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 

30 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 

35 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] 

[0049] 

15 

This will be explained in detail as follows. 

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 

5 semiconductor light source driving apparatus 100 1n 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 FIG. 7, using, for example, proportional gain circuit 

10 162a and compensating circuit 164a, output voltage controlling 

circuit 160a performs a proportional integral (Pl) 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 

I 5 comp ens at ion is represented as "Ti• " Further, a 1th o ugh v o 1 tag e 

source 1 70a uses DC-DC converter 1 74 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 

20 specified voltage, the gain with a first order lag is represented as 

"Kv" and the time constant IS represented as "Tv." Further, 

assuming that output current detecting circuit 120a is fast enough 

in response to the response of voltage source 1 70a and does not 

have the frequency characteristics for ease of explanation, the gain 

25 is represented as "K 5 ." Further, assume that semiconductor light 

source 11 0a 1s represented as a component that receives a voltage 

as input and outputs a current and, therefore, the gain produced by 

converting the voltage into the current is represented as "gm" and, 

even here, semiconductor light source 11 0a does not have the 

30 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. In FIG.8, 

"s" is a Laplace operator. 

[0052] Here, the following equation 1 is derived by finding the 

35 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 ] 

G(s)= 

K ·[1+ _I JJ K., ]•gm 
P sT, [1 +sT,.. 

16 

... (Equation 1) 

Then, the following equation 2 can be derived by rearranging 

this equation 1. 

5 [ 2] 

a·s+B 

... (Equation 2) 

[0053] Further, assuming that the drive voltage supplied to 

semiconductor light source 11 0a is represented as "VF" and the 

drive current that is applied to semiconductor light source 11 0a is 

IO represented as "IF," when the drive voltage VF 1s a variable, an 

approximated equation of the drive current h is derived as shown 

In FIG.9A. Here, A is a fixed constant, B is a coefficient re I ate d 

to temperature and Is is the reverse saturation current. 

[0054] FIG.9B shows an example of graphing an approximated 

15 equation of semiconductor light source 110a shown in FIG.9A and 

calculating gains gm in three points. Here, ls=l0[µA], A=2.72 

and B=15.23[1/V]. Further, the gains gm are derived from 

gm=IF/VF based on the drive voltage VF and the drive current IF. 

[0055] As shown 1n FIG.9B, as to the gains gm in three points, 

20 when (VF, IF)=(0.55V, 0.05A), gm=0.091A/V, when (VF, h)=(0.65V, 

0.20A), gm=0.308A/V, and, when (VF, h)=(0.70V, 0.43A), 

gm=0.614A/V. This shows that values of gains gm change 

depending on the drive voltage VF (i.e. drive current IF). 

[0056] Further, the frequency transfer function G(jm) In the 

25 following equation 3 can be acquired by rewriting "s" of the 
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transfer function G(s) 1n equation 2 by "jco." 

[ 3 ] 

G(jC1J}= f:J + a ·jw 

/J •Ks -a.,2+ [;v + a ·Ks] ·jw 

K ·K ·gm a= p ., 

T,,, 

(Equation 3) 

[0057] FIG. IO shows results of calculating frequency 

5 characteristics of three gains gm shown in FIG.9B according to the 

frequency transfer function G(jro) in equation 3. Here, for ease of 

e x p 1 a n a t i o n , a s s u m e t h a t K v = 1 , T v = I [ m s ] , T i= 0 . 5 [ m s ] a n d K P = I . 

FIG. IO shows that the frequency characteristics of the gains gm 

change in the vicinity of the cutoff frequency. Here, supposing 

1 O that the frequency characteristics are good and stable in case of the 

s ma 11 est gain gm of O. 0 9 I , 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 

15 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 

20 current of semiconductor light source 110 to find the impedance 

and multiplying the value of this impedance by a proportional gain. 

[0059] FIG. I I 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 

25 FIG. I I differs from the configuration of FIG.8 in that the element 

of Zm=l/gm is inserted 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. I 1, the output of impedance detecting circuit 150 in FIG.5 1s 

30 fed back to gain circuit I62b. 

[0060] As described above, the difference between FIG. I I and 
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FIG.8 is that the element of Zm=l/gm 1s inserted between the 

proportional gain and integral compensation. Gain gm is the 

conductance of semiconductor light source 11 Oa, and, consequently, 

I /gm is the impedance of semiconductor light source 11 Oa. 

5 Modeling the configuration of detecting the drive voltage and drive 

current of semiconductor light source 11 Oa to find the impedance 

and multiplying the proportional gain by the value of this 

impedance, show this configuration of FIG.11 where Zm 1s inserted. 

[0061] The following equation 4 can be derived by finding the 

10 transfer function G(s) from the current command value to the 

output current 1n this control system using the block diagram in 

FIG.II. 

1 5 

[4] 

G(s) 

... (Equation 4) 

At this time, Zm=l/gm, and, consequently, Zmxgm=l holds. 

Accordingly, equation 4 can be represented as equation 5 by 

rearranging this equation 4 using Zmxgm=l. 

[ 5] 

a·s+B 
G(s) - -------------

s 2 + LT~ + a ·Ks J ·s + 8 ·Ks 

a= 
K,;K.., 

T.., 

K ·K. 
8 = p 

T..,·T1 (Equation 5) 

20 [0062] Accordingly, as 1s clear from this equation 5, equation 5 

has no relationship with gm, so that it is possible to make the 

ch a r act eris tics of the transfer function G ( s) constant regard 1 es s of 

the drive voltage and drive current of semiconductor light source 

1 IO a. 

25 [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 

5 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 value. Consequently, it 1s possible to solve a 

problem in stabilization of driving while light is adjusted, due to 

10 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 1s 

increased or decreased while light is adjusted. That is, in an 

apparatus that drives a semiconductor light source by a current, 

15 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. 

20 

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, 

25 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. 

30 

Reference Signs List 

[0065] 

100 semiconductor light source driving apparatus 

110 and 11 0a semiconductor light source 

35 120 and 120a output current detecting circuit 

130 current command section 

140 current comparing circuit 
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150 impedance detecting circuit 

152 divider 

20 

160 and 160a output voltage controlling circuit 

162 and 162b gain circuit 

5 162a proportional gain circuit 

163 multiplier 

164 and 164a compensating circuit 

170 and 170a voltage source 

1 72 power supply source 

1 O 1 74 DC-DC converter 

1 76 smoothing circuit 
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Claim 1 

21 

CLAIMS 

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; 

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 

15 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 

20 output voltage of the voltage source based on an output of the 

current comparing section and an output of the impedance detecting 

section. 

25 

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 

30 semiconductor light source from an output of the divider. 

Claim 3 

The semiconductor light source driving apparatus according 

to claim 1, wherein: 

35 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: 

10 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 

15 characteristics. 

20 

Claim 5 

A semiconductor light source driving method 1n 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 

25 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 

30 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 

35 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 

5 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 

10 current command circuit that specifies a reference value of a drive 

current which 1s 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 

15 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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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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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ffll~~fit~ti·l1:~ft!!.h (MJv-7'C L 2) OJffl!~~fit~i'l1:0J 1/2oJ,,JTte~XE-t02: 
~ '"""f, Jv-7'FJlOJ-=f~~~l1:::.-t 0 J: 7 te l,-CP00 

(tiffX~ 1 J tim.l 2 o o 7 - 4 2 7 5 8 ~~ffl 
(¥£BJ:) OJ lffl7FJ 
(¥£BJ=) iJtJWiR: L, J: 7 ~ -t 0 itBJ 

(0009) 
L, 7J" L, t;J:_iJt i;, tiffX~ 1 ~~OJf)(Wrte,i3t-- \-c r±, 3Z:!Em1J1tOJfit~fim!v \hO)mUffl1Jv-

70JfiG~teii:t1~ ;h,0 fcl'l), ~7eO)fil)~rim!P,JJOJmUfflJJv-70Jµj)~'"""fiR:~ -:J -CL,~ 7 2: 
~ ret;J:.00 

(0 0 1 OJ 
~ t::., -z- t> -z- t>, CKJ s re7F-t4~w7'til]{i£0Ct11~rnr 1 o .i3 J: dCKJ 9 re7F-t4~w7'til]{i£0Ct1J 

~ml 4 o O)P9;f1,te,i3v \-c ti, 4~W7til]{OJmmEFJti'l~Ue>EQEJ;;:I L, -C~7tB~OJ!£0Cm1J3Z:5E1tiJt 
rnJt'"""f ~ 0 ~ P 7 ~JBiJt~ 0 o 

( 0 0 1 1 J 
~9, 4~W7ti)]{ (L D, LED) OJ~8'Jti'f1:te"'.:>P-C~BJ:}900 
(0 0 1 2J 

4~,tts:7tim{fi, !£0Cm1JfflUiJ,. 6 ~tc~EFJti'l1: ~ L, -c, ~--1 ;;t- P' OJti'l1: ~f~"'.:>o ~--17t-
F OJmEE-mmcti'f1:0J~f§Uri, J: < m i;;h,-C v\Q J: 7 te, CK! 1 0 (A) re7F9Jffl ~ '""(:~Q 
0 9-/;J:.;;b t,, 1Jo;t tcmEErex-1 L, -c' ~JN:te L, ~ Pfl ~ OSf-f:fti0mEE~ '"""f fir~~ A, ~-'mifrEiJt 
men 9, L, ~ t-- \fl~ ffi;t 0 ~ ~-? n" re mmcntmctifrEil'i>, -z- OJ~, mEE OJ:ijj:!Jo te xt-t 0 mmc 
OJ:tt:fJ□ OJIIJEi'iJt:tt;t -Cv\~, ;;b97J"OJmEE~1t'"""f~$:temifrEiJtttj1J□90 J: ') te-/;J:.00 2:;h, 
fi, ~h~~;t0 ~- [Kl 1 0 (B) te7F9 J: 7 re, 1J□ ;tt::.mfEOJ:ijj1Jme"'.:>;f1,-C ~',,f ;;t- F 
0),1 ✓ ~- ~-✓ AiJt;J, ~ < 7J:-:J -C v \Q ~ ~;t 0 2: ~ iJt'"""f ~ 0o ~ t::., Y-1 ;;t- P' ~, mEE 
~A:1JL,-cmmc~tt:1J-t0~ti~*r~~x0~, -z-0)-1/'-1 ✓ ,±, CK11 o cc) ,e7F9J:7 
te, A:1JmEEtextL,-C~5E'"""f-/;J:.<, A:1JmfEiJt:::k~ < -/;J:.0re"'.:>;h-C:::k~ < 7J:0o 4~1,;$:76 
im{r±:is:jfEFJ re 2: OJ J: ? t;J:.ti•f1: ~t~-:J -c P 6 o 

(0 0 1 3) 
L, t::.iJt-:J -C, tiE*OJmUffl:IJv-:tre J: 0 5EmmtmUfflJ'"""ffi, *rte1Jo;;b0mEEflte J: -:J -CmU 

ffl]Jv-:t~Jiliif-1 ✓ ( rtUfflJJv-7'if-1 ✓J ~tdii:Jire r Jv-:fif-1 ✓J ~ t,asy.r:fti0) 
iJt~1t-t 0 2: ~ ret;J:. 0 t::.l'i>, tUWti'f1:~~XEte-t 0 2: ~ r±rnJt-c:~ 00 -tt;J:.;;bt,, tiE*OJ 
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5i: mmEtUW 1: f J:, ¥-iJft * iJJ ~ 3( JI: , c ~* 9 0 -:: ~ f j: m ~ 1: db 0 0 
[0014] 

~tc, ¥-iJftyti)]{ ( L D, LED) 0)\"1Uilll~'14.tc-=> P-ClmBJ:]9 00 
[0 0 1 5] 

2: 2: '""f fJ:, [RJ 8 ,c:7F9mmEtUW*~ .::r:--r 9 :,,, !f L-, .:Z-0).::C-r Jv ~ ffl P-Cvi:*O)JEmmEtU 
w ,c ~ ~t 0 ¥-iJftyti)]{ 0)\"1UW1i'l4. ~ lmBJ=J 9 0 0 

[0 0 1 6] 
CRJ 1 1 fJ:, CRJ s ,c:JF9¥-iJft7tiJJIOCl:IJ~tm'.. 1 o ~ .::r:--r 9 :,,, !f L- -c1~ i:> ttt::. -fo ''/ !7 CRJ'""f 

db00 
[0 0 1 7] 

mffi)]{2 6 iJ\i:>¥-iJftyti)]{ 1 2 ,cmffn11:tt~~tl,0 ~- ¥-iJftyti)]{ 1 2 O)fi'f4.,cfil)t:tc 
!OCl1JmmEiJ1mEtL 0 t::. lffJ' 2: 0) !OCl:IJmmE ~ ¥-iJftyti)]{ 1 2 7J\ b 0) tti tJ ~ 9 0 0 2: 0) IOCl:IJmmE 
,J:, ttitJmmE~tti§M 1 4 ,c J: -:J -c~tti ~ tt0 0 -:: O)~/:tiAAj*'J:, mmEttJ5t§M 1 6 ""~ 
':> ti,, 2: 2: 1:mmEffi~fliJ\ b~ L, 517J\tl, -c ~?}iJ13J<lff> ':> tL00 /:titJmfftUW§M 2 0 fJ:, 
2:0)~?},c:@~/J:--3/,{ ✓ ~1J\~t-CmffiJJ2 6 ~tUW90o 2:0)J: 'J /J:tUWJv-7fCJ: t;, 
¥-iJftytij]{ 1 2 0) tti tJmmEfJ:, mmEffi~fl ~ ~1&9 0 J: 'J ,c tUW ~ tl,0 0 

[0018] 
-:: 0)\"1UWJv-:t~~JillL- tel/ -1' :,,,n1, tUWJv-:t~Jillif -1':,,, C-::-:: '""f fJ:i-JT rtUWJv-

7' ij' ,{ ✓ J ~ p 'J ) 1: db 0 0 2: 2: 1:' mEE iJ]{ 2 6 0) if,{ ✓ ~ tti tJmmE~ tti § M 1 4 0) ij' ,{ 
:,,,fJ:.:Z-tt~tt5Et&:~900 /:titJmfftUW§M2 o ,J:ttJJtJtUW~ir'J ~90 ~- /:titJmfftU 
W§M 2 o O)J/ -1 ✓ 't 5i:t&: ~ 1J: 0 0 ¥-iJft7tiJJ 1 2 ,J:, J:.~cO) J: 'J ,c, CRJ 1 o cc) ,c:JF 
9 J: 'J /J: '7'' -1' :,,,fi'l4. ~ti-=> 0 L- t::. n1-:J -c, tUWJv- :t '7'' -1' :,,, fJ:, CRJ 1 o Cc) 0) if -1' :,,,ti 
,14.,cJtfU L- tc 't O),clJ: t:J, ¥-iJft7tiJJ 1 2 O)!OCl:IJmmEfl,c J: -:J -ctUWJv-7' if -1' :,,,n,;at1t 
9 0 2: ~ ,c 7J: 0 0 

[0019] 
L, fc;IJ1-::, -c' !OCl1JmmEfliJ11J'\ ~ t, \ ~ 2: 01:tUWJv-7 ij',{ ✓ ~~=@1L9 ,Q ~' !OCl:IJmmE 

fln1*~ P ~-:: ;s '""ffJ:¥-iJft7tiJJ 1 2 0),3/"'-1' :,,,n1*~ < /J:0 t::.lff>, tUWJv-7' '7''-1' :,,,n,;~ 
:@flJ: t:) 't *~ < /J: t:), v t> J:.iJ1 t:) H~0)7t- f'\1/ .::z. - 1', 9 :,,, ~:,,, !T' (ringing) , ¥EJJ~ 
7J: ~--n,;~9 0 2: ~ ,c 7J: Go J~JC, IOCl1JmmEfliJ1*~ p ~ 2: 0 -c:tUWJv- 7 ij',{ ✓ ~~:@ 
1t9 0 ~, !OCl1JmmEfliJ11J" ~ i., \ ~-:: ;s 1:¥-iJft7tiJJ 1 2 O)J/ -1' :,,,n11J\ ~ < IJ: 0 t::. lff>, tUW 
Jv-7' '7''-1' :,,,n,;~:@flJ: t:J 't ~~ L- -C fil)~iJ,;~ < /J:-::, -c L- ¼ 1 o 

[0020] 
~9 0 ,c, ~1N:tc, ¥-iJft7tiJJfJ:, !OCl:IJmmEfltcfil)t:-CmiJJiJlUn\ i:>~tc ~ ~ O),{:,,, e::­

y:,,, 7-.iJ1at1t9 00 !OCl1JmmEfliJ11J-,_ ~ 1t \ ~ ~ fJ:, IOCl1JmmEflO)i:i1mtcfil) t: -Cfi#of"mff 't~ 
11□ L- -CP < tclff>, ,~,-r~JE0)-1 ✓ 1::-!t- ✓ A ~t~-=>n\ 1oc11JmmEfln1db0f¥&*~ < 1J:0 
~, 1oc11JmmEfln1tt1J□ L- -c 't firmf"mff O)at1t,J:+ ~ < /J: -:J -c i., \ < t::. lff>, -1' :,,, e:: - !I':,,, A n1 

1J'\ ~ < ;,'J:-::, -ct,\< 0 L, fc;IJ,;-::, -c' !OCl1JmifitfliJ1db 0f¥&*~ t, \fflti1:,J:, IOCl1JmJ±O);b9 
7J\/J:at1t'""f!OCl1JmmEfliJ1*~ < at1t9 0 0 2: 0) J: 'J /J:~EFl1i'f1 ~t~-=>¥-iJftyti)]{~' m 
mEtUWJv-7~f~-=>mmEtUW~rnr.,c J: -:J -C5EmmEtUW L- J: 'J ~ 9 0 ~, !OCl:IJmmEflO)*;j-,_ 
1:tUWJv- 7 if,{ ✓ n,;at1t L, -c L, ¼ t, \, mmEtUW114.FitiJ1at.b -:J -c L, ¼ -j 0 

[0021] 
-:: 0) J: -5 tc, vi:*0)¥-iJft7tiJJIOCl1J~tm'..'""f fJ:, ¥-iJft7tiJJO)~lrJti·14.tc J: t:J, IOCl:IJm 

mEfl O)*;j'\ 1:tUWJv- 7 if,{ ✓ n1at1t L, -c L, ¼ t, \, mmEtUW·l4.FitiJ1at.b -:J -c L, ¼ 'J ~ t, \ -j 
Ftmmn,;db 0 0 -:: 0) tc lff>, ¥-iJft7tiJJO)Wf&~atx. 0 ~*~'c!OCt:IJmmEfl ~1Jorat L- tc ~ ~ ,c 
, 1oc11JmmEfl0)*1J.,_,cn\n\.b i?>--r~5i:O)tuw,t1Fit~1~0-:: ~ n,;1:~ 0, -=>¼ t:J, mmEtUW 
Jv- :t O)fi'l4. ~ ~:@fl tc § 111~~9 0 -:: ~ n,;1: ~ 0 ¥iJft7tiJJ!OCl:IJ~tm'..n,;3J< lffJ i:> ti, -c 1t \ 0 

[0022] 
2's:¥6Bij fJ:, 7J\7J\0 ,~tcm;J,i.-c IJ: ~ ti,t::. 'b 0) 1: db t;, ~ytH~tc!OCl:IJmmEfl ~1Jorat L, t::. ~ ~ 

,c, !OCl1JmmEfl0)*1J"-,ciJ\iJ\.b i; 9~5i:0)\"1UW·f1Fit~1~0-:: ~ iJ1'""f ~ 0¥iJft7tiJJ!OCl1J~ 
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til:i3 J:. cf~iJ1*:½:iJJIOCl1JJJ$ ~t~*9 0 2: ~ ~ § lfJ ~ 9 0 o 
(il~~fW~90fcl'i>0>*~] 

(0023] 
*~Bf] 0>¥-iJ1*:½:iJJIOCl1J~til tt, mmEIOCl1J ~ t10 ¥-i¥1*:½:$ ~, mrnc¥-i¥1*:½:$ ~ IOCl1J 

9 0mEEiJJ ~, miicmEEiJJOJ/±t1JmEE~tUW9 0 2: ~ re J:. !J, miic~1*:½:iJJ~IOCl1J9 0 
IOCl1Jmmtfi ~tUW9 0 :±1:1JmEEtUW1i~~, miic¥-i¥1*:½:$0>tfj:1Jmmt~~tfj9 0 te:1Jmmt 
~te1i~~, miir.¥-i¥1*:½:iJJtemt9ioc111mmt0>£*fi~ffi'919 0mmtffi~~~- miicte:1Jm 
mt~t81i~te J:. '? -C~tfj ~ tttc te:1Jmmt~ miicmvrEffi'911i~,e J:. '? -Cffi'91~ tttc£*ii ~ ~ tt 
n9 0mmttt,11i~~, miic¥-i¥1*:½:iJJ0>1 ✓ l::°- /fy A ~~te9 0 -1 ✓ e°-!fY 7-~te1i~ 
~, ~ L-, miicte :1JmEEtUW1i~tt, miicmmctt,11i~OJ te :1J ~ miic-1 ✓ l::°- tf ✓ 7-~te1i~OJ 
tfj :1J ~ re £-:5 It\ -c' mi icmEE ${ 0) tfj :1JmEE ~ tUW 9 0 ' :t'Mnx ~ ~ 0 0 

(0024] 
*~Bf] 0>¥-iJ1*:½:iJJIOCl1JJJ$tt, mmEIOCl1J ~ t10 ¥-i¥1*:½:$ ~, miic¥-i¥1*:½:$ ~ IOCl1J 

9 0mEEiJJ ~, miicmEEiJJOJtfj:1JmEE~tUW9 0 2: ~ re J:. !J, miic~1*:½:iJJ~IOCl1J9 0 
IOCl1Jmmtfi ~tUW9 0 te:1JmEEtUW§M ~, ~~9 0¥-i¥1*:½:iJJIOCl1J~[ilfe:i3~t 0¥-i¥1* 
:½:iJJIOCl1JJJ$ ~ ;vy '? -c, mJic¥-i¥1*:½:iJJ OJ te :1Jmmt ~ ~ te 9 0 If¥ ~ , ~ te L- tc mJic¥-iJ 
w:½:iJJ 0) te nmmc ~, ffi'91 ~ tt tc £*ii~ ttn9 0 If¥~ , miic¥-i¥1*:½:iJJ 0) -1 ✓ l::° - //' 
Y 7- ~~tfj 9 0If¥ ~, mJicttnOJtff* ~ ~tfj L- k mJic¥-iJ1*7ti)]{OJ-{ Y l::°- //' Y 7- ~ te 
£-:5P-C, mJicm£EiJJ0>te:1JmEE~tUW9 0If¥ ~, ~~9 0 J:. 'J {e L- ko 

(~Bf] OJ~:/J*] 
(0025] 

::zjs:~Bme J:.ttt!, ~:½:!F-fteiOCl1Jmmtfi ~:fJo~L-k ~ ~ {e, IOCl1JmmtfiOJ*1j\{eiJ'-tJ~t:> b 
--r~'.fE0>tUW·l1:FI~~~0 2: ~ iJt~~ 00 

(~BJ=]~~nt!i9 0 tcl'i>OJ~~OJID~] 
(0026] 

t:i T, ::zls:~BJ=]OJ~ni[OJID~,e-=> i., "-c, CRlOO ~$Y.ij L- --ci:¥:~teIDlBJ:19 0 o 
(0027) 

CRl 1 ri, *~Bf] O)~~ni[OJID~{e 1lk6 ¥-i¥1*:½:$!£0Ci1J~til OJf'/ilnx ~7F9 :lo o/ !7 CR]~ ;vy 
00 

(0028) 
CR1 1 re7F9¥-iJw:½:iJJ1£0Ct1J~til 1 o o tt, *JJU L- --c, ¥-iJw:½:iJJ 1 1 o, te:1Jmmt~te 

§M1 2 o, mmtffi'911i~1 3 o, mmctt,1§M1 4 o, 1Yl::°-//'y7-~te§M1 so, 
te:1JmEEtUW§M 1 6 o, :i3 J:. ~mEEiJJ 1 7 o ~~9 00 -1 Y l::°-//'y 7-~te§M 1 5 o 
tt, ~ll~ 1 5 2 ~tffnx ~ t1--ct,\00 tfj :1JmEEtUW§M 1 6 0 ,i, Jf ,{ ✓ §M 1 6 2 ~ 11ft 
f!'§M 1 6 4 ~t•nx ~ tt, ~ b ,e If -1 ✓ §M 1 6 2 ri*ll~ 1 6 3 ~t•nx ~ tt --c i., "0 0 m 
fEi)]{l 7 o,i, *~mi)]{l 7 2 ~- DC-DC::::ryr,-?7174 ~- +~§Ml 7 6 ~~ 
fl§PX~ ;t1--C P00 CR] 8 re7F91}t*~~OJ¥-i,Jf*7ei)]{/£0Cf1J~(il l O ~ OJ}-;fJt{e;i3P-C, ::zls:~ 
:OOi0>ID~{eflk0¥-i¥1*:½:iJJIOCl1J~til 1 o o OJ{~~lfl~tffnx~*'i, -1 Y l::°- //'Y 7-~te§ 
M 1 5 0 ~- te:1JmEEtUW§M 1 6 0 O)lf,{ Y§M l 6 2 ~;i,y0o 

(0029] 
¥-iJf*:½:$1 1 0 ri, $.1*¼ tdirni?iU fefflif;'Jc~ t1tc~~OJ¥-iJ1*:½:$ ( L D~ LED~ 

~•) ~;t'/ilnx;~;t1--CP00 J:!f*lf){eri, f§IJ;tt!, ¥-i¥1*7t${11 Ori, $.f*OJLD'tL-<,i 
LED, ¼ tc ri, rni?iU refflif;'Jc~ ttk~~OJ L D 't L- < ,i LED ~t'/ilnx;~ tt--C v "00 ¥-i¥1* 
:½:iJJ 1 1 o ri, m~oc111 ~ tt 0 o 

(0030) 
¥-i¥1*:½:iJJ 1 1 o remEEiJJ 1 7 on" biOCl1Jm£EiJt*~~ t10 ~, ~1*:½:iJJ 1 1 ore~ 

~~IOCl1Jmmtntmtt100 2: 0) ~ ~ 0>IOCl1JmEEiert9 0IOCl1JmmE0>4~•[1:0J~f§IHi, f§U;tr!, 
J:.icOJCRl 1 O (A) ,e7F91fil !J ~ ;vy 0 o J:.icOJ J:. 'J re, ¥-i¥1*:½:$ 1 1 O ~i, ~~te L- ~ 
i., "fi ~ !lff!t10mEEfit:iT~ria ~ 1v ~·mmtntmttt~i., "nt, mEEfintL- ~ i., "fit:iJ:.ie~ 0 
~~JnemmtfiiJt*~ < ~04~'11:~t~-=>o 2:0>4~'11:0JJiJJ~~;t --c, mEEfiiert901 Y 
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1:::-:;t':,,,_AO)~,{t~ 1.,,---c~L,f.:O)tJt, J:Jt.O)LR] 1 0 (B) -C:db00 LR] 1 0 (B) te~9 J:: 
7 te, !OCl:Jr~J±O)tir,:iJme"'Jti---C-1 :.,,1:::-?t:.,,;q-;t~Jne1J"~ < iJ:-::J---CP00 ¼t.::, !OCl1r~ 

EE CA.11) te rt9 0 l!OCl:/JmifrE ( /:±:I 1J) 0) tt ~ if -1 :.,, ~ t.,, t.:: :ij;j'Ei", !OCt:JJmEE ,e t;J-9 0 if -1 :.,, 
0)~1t~*L,t.::O)tJt, J:.it.O)LR]l 0 (C) -C:db00 LRll 0 (C) ,e~9J::7,e, !OCl:/JmEE 
O)~:iJme "':)ti ---c if -1 :.,, r'i~Mi(te*~ < iJ: '? ---c P 0 0 

(0031] 
t±:11Jmmt~/:H§~ 1 2 o r'i, ¥i¥w7t& 1 1 o ieifrEti0!0Ct1Jmmt (t±:11JmifrE) ~~ti:19 

0o tH1JmifrE~/:H§~f'i, 1,IJ;ttf, tfrtJt~0)1ffiJ\lffiJte~9 0mEE~~/:H9 015$. (LR] 9 $ 
~,ij_) -c: 't> J:: P t.,, , 7t- - Jv*-1'- iJ: ~· ~ ffl P t.:: ;j Mi~~~jj:a;---c: 't> J:: Po 

(0032] 
mifrEffi~fiB 1 3 o r'i, ¥i¥w7t& 1 1 o teifrE9!0Ct1JmifrE0)£$1l (mifrEffi~fl) ~~'.iE 

(ffi~) 9 00 mifrEffi~flf'i, .::i-"!fO)t~fne J:: '? ---C~'.iE~ ti, ¼ td'i, ::r:.,, 1::: ~ - ~ te 
J:: '? ---c §j:/JEf}te~'.iE~ ti00 .:: O)miTJEffi~1l,e J:: '? ---C¥iJft7t& 1 1 0 ;1Jt~7e~ ti00 m 
ifrEtUW;v-:tr'i, tH1JmifrE~/:H§~ 1 2 o te J:: '? ---c~/:±:1 ~ tit.:: tH1JmifrE1ltJt, .:: O)miTJEffi 
~fl~ ~~9 0 J:: 7 tet1Jff9 00 

(0033] 
mmEtt,~§~ 1 4 o r'i, tH1JmifrE~tH§~ 1 2 o te J:: '? ---c~t±:1 ~ tit-= t±:11JmifrEfl ~ mifrE 

ffi~fiBl 3 0teJ::'?---C~5E~tit.::£$1l (mifrEffi~1l) ~~tt!~L,---C~n~:sl<~00 2:0) 
ttnfra* (~j}) f'i, /:±:I 1JmEEtUW§~ 1 6 0 0) if -1 :.,, §~ 1 6 2 pg O)*j'i~ 1 6 3 ~ /:±:I 
1J~ti00 mifrEtUW;v-:tr'i, 2:0)miTJEtt!~§~ 1 4 o O)/:H1JtJt•ttnteiJ:0 J:: 7 tel1Jff9 
0o 

(0034] 
-1:.,, l:::-5':.,, _7-~/:H§~ 1 5 0 f'i, ::¥-}'eBJ:]O)titi&EfliJ::t'/ilrot~*O)~"'::)---c:;!b ~, ¥iJft7t 

&ll00)-{:.,,1:::-Y:.,,;;i_~~ti:1900::¥~-0)m•-c:~, ,1:.,,1:::-Y:.,,;;i_~/:i:1§~15 
o rt, ~Ji~ 1 s 2 -c:tlrot ~ ti ---c i., \ 0 o ~Ji~ 1 s 2 r'i, ¥i¥1t7t& 1 1 o ,e 1tt~ ~ ti 0 
mEE& 1 1 o O)/:H1JmEE~- t±:11JmifrE~t±:1§~ 1 2 o ,e J:: '? ---c~t±:1 ~tit-=¥i¥w7t& 1 1 
0 0) /:H 1JmifrE---c:~J'i9 0 2: ~ te J:: ~, ¥iJfts:7t5 1 1 0 0)-{ :.,, 1:::- 5':.,, _7- (-~te f'i, ¥ 
iJft7t& 1 1 o 0)-{ :.,, 1:::- 5':.,, ;;i_ tetH ~ 9 01l, J,.,J T r -1 :.,, 1:::- 5':.,, ;;i_,tH ~1lJ ~ P 7) 
~<K~ 00 2: tite J:: ~, ¥iJft7t& 1 1 0 0)-{:.,, 1:::- 5':.,, ;;i_ti'f1:~~9LR) 1 0 (B) O)ti 
'f4.tetH ~9 0, ~~O)l!OCl:JJ~•---c:0)-1:.,, 1:::- 5':.,, ;;i_,tH ~1l ~:sl<~ 0.:: ~ tJt-c: ~ 00 

(0035] 
/:H1JmEEtUW§~ 1 6 0 f'i, mEE& 1 7 0 O)/:H1JmEE~tUW9 0 2: ~ ,e J:: ~, ¥iJft7t 

& 1 1 o ~!OCl1J9 0!0Ct1JmifrE1l ~tUW9 00 *~•O)m•-c:r'i, /:H1JmEEtUW§~ 1 6 o 
f'i, Jf-{ :.,,§~ 1 6 2 ~=rmfl§~ 1 6 4 ~-C:l'/ilrot~ti---CP00 ~ l:)te, Jf-{ :.,,§~ 1 6 2 
r'i, *Ji~ 1 6 3 -c:tlrot ~ ti ---c i., \ 0 o 

(0036] 
1f-1 :.,,§~ 1 6 2 r'i, *li~ 1 6 3 -c:, mifrEtt,~§~ 1 4 o 0)/:±:111 cmifrEffi~1l~¥i¥ 

ft7t& 1 1 0 O)!OCl:/JmifrE~/:Hfl ~ O)~jj-) re, -1 :.,, 1:::- 5':.,, A~/:H §~ 1 5 0 te J:: '? ---c~ 
tH ~ tit.:¥iJft7t& 1 1 o 0),1:.,, 1:::- 5':.,, ;;i_,tH ~fl ~*J'i9 00 .:: tite J:: ~, /:H1JmEEtU 
W§~ 1 6 o O)if-1 :.,,§~ 1 6 2 f'i, ¥iJft7t& 1 1 o 0)1 :.,,1:::-5':.,,;;i_ti'f1:rett1,tJ1.,,t.:: 
Jf-{ ✓ti'f4.~f~"'J2: ~ teiJ:00 9;/J:;bt,, if-{:.,,§~ 1 6 2 f'i, mmEttn§~ 1400)/:H 
1J ~ -1:.,, 1:::- ~-- ✓ ;;i_~/:±:1§~ 1 5 ore J:: '? ---c~/:±:1 ~ tit.::¥iJft7t& 1 1 o 0)-{:.,, 1:::-5':.,, 
;;i_,tH ~1l ~ ~*Ji t.,, ---c, ¥iJft7t& 1 1 o 0)-{ :.,, 1:::- 5':.,, ;;i_ tJt~1t t.,, ---c 't> tUWJv- :1 O)if 
-1 :.,,;1Jt~1'tL,iJ:PJ:: 7 tet1Jff90, "'J¼ ~- ~/:H~tit.:-1 :.,,1:::-5':.,,,7-,tH~flteritt---cm 
mttUWJv-:fO)ti•f4.~~:@1lte 13111~~9 00 -3/'-1 :.,,§~ 1 6 2 't>, ::¥-}'eBJ:JO)titi&EfliJ:11 
Jvt~*O)~"':)-c:;!b 00 

(0037] 
7J::8, LR] 8 re~91ft*fxiT~ O)x-;fttrei>P---C, *~•O)m•O)ij'-{ :.,,§~ 1 6 2 f'i, tt 

1,fJij'-{ :.,,§~2 2 ,ertTiG90o L,;IJ\L,, tt1Y'Jif-1 :.,,§~2 2-C:f'i, u!tlJEO)ij'-{ :.,,;IJt*j'i~ 
ti, tH1JmEEtUW§~ 2 0 f'i, ¥iJft7t& 1 2 0)-{:.,, 1:::- 5':.,, ;;z_ 0)~1ttetJ\tJ\;b I:) 9, ~ 
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;EOJJ/ ,{ Y1f•f1:~ff'"? ---C 1t \60 
[0038] 

tflHJl§lilt 1 6 4 ri, tUW1f•f1: ~ tfu{IT 6 l§lilt-C: ~ ~ , J! win te ri, // ,{ Y [§Jilt 1 6 2 OJ 
:±: 1J re 1:tl.:tHtfu{t~ 1r 7 l§lilt -c: ~ 6 o 1JL:tHtfu{tri, ~IDOJ1JL:tH ~ 3Z:JE ~ -it 6, -=> ¼ ~ , 1:tl.:tH 
OJ9ti~~5i:~pgre:tf!]Jt6~II-c:~60 ~OJ1JL:tHtfu{Jri, 7 -1 - f-t/"'>' 7tU1ffiJOJ~5E1t 
OJf-=&6 te~~inre1r.bti---C P6~II-c:~ 60 ~ OJtfli{ll§lilt 1 6 4 OJtl::1JiJtt±::1JmEEtU1ffill§I 
ilt 1 6 o OJ:±:11 ~ L,---CmfEiJJ 1 7 o re:!Jox. 6ti, ~ tire J: '"? ---cmEEiJJ 1 7 o OJ:±:1JmfEiJt 
tu w ~ ti G 0 

[0039] 
mEEiJJ 1 7 0 ri, ¥-JJiW:YCiJJ 1 1 0 ~ IOCl1JT GO mEEiJJ 1 7 0 fi, /'\ '>' -r 9 -/J:_ ~· OJ-#t~ 

miJJI 7 2 ~, -#t~mi)]{l 7 2iJ\60Jrntmtm1J~DC-DC~~TGfc&60J~fE5.:\¼tdi 
¥\!.££5.:\0J :7- ,{ '>' + Y !f155.:\'IJ:. ~~ OJ DC - DC ::r Y /'\- !I l 7 4 ~, LC ( ,{ Y ,!!' 7 !I ~ :\=-­
"17 /\ 1/ !I) -/J:_ ~· OJ¥~1§1ilt 1 7 6 ~ -c:t'IP>t~ ti ---c p G 0 

[0040] 
J!win re ti, mEEiJJ 1 7 o ri, t±:: 1JmEEtU1ffill§lilt 1 6 o iJ\ 6 OJ:±: 1J~~~t---c, -r OJ:±: 1J 

reTiGttcmEE~¥JJiW:YCiJJ1 1 ore:±:1JTGo mEEiJJl 7 or±, mEE~T~1/.:i-Jv~~~ 
L,---C"Jfl.tl::T G 1/ 9 -;;t:.' v~.:i v-!1155.:\-C:B, :7-,1 '>' + Y !f*~~ ffl1t\fc DC-DC ::r Y 
/'\- !I 155.:\-C: 't J: 1t \0 1/ 9 - ;;t:.' v ~ .:i v- !I 155.:\0J~i:Hi, mEEtUW*~re J: ~ t±::1JmEE 
~tUW L, ---C t±::1JmfEtU1ffill§lilt 1 6 o iJ\ 6 OJ:±:1Jre1t-f§IJ L, tc :±:1JmEE~~T Go D c - D 
c ::r Y /'\ - !1155.:\ OJ ~'Et r i, t±:: 1JmEE tU 1ffill§lilt 1 6 o iJ\ 6 OJ :±: 1J re 1t 1§1J L, tc -r .:i - -r -1 1t 
OJ/\}V :7-~~ L,, ~ OJ/\}V :7- ~¥~[§Jilt 1 7 6 ~im L, ---C-¥~T G ~~re J: '"? ---C, 1/ 9 -
;::z: v ~ .:i v - !1155.:\ ~ [o] t J: 7 'IJ:., ti:: 1JmEE tUW [§Jilt 1 6 0 7J\ 6 OJ ti:: 1J re 1t 'WU L, fc ti:: 1Jm 
EE~~T Go 1mJ155:\0J 7 t,, DC - DC ::r Y /'\- !1155.:\0Jfi. 7 iJ\ m1JOJtJi~~j,"-/J:. < 
T G ~ ~ iJt-c: ~ G tc&6, im~1J$~i~G ~ ~ iJt-c: ~ Go L, tciJt'"? ---c, **1ii!iOJID~-c:ri, m 
fEi)]{ 1 7 0 fi, DC - DC ::r ✓/'\-!I 155.:\-C:l'IP>t L, ---c 1t \ G 0 

[0041] 
'IJ:.:B, ***OJID~-c:ri, tUWJv-:tr±, ¥-JJiw:YCiJJ 1 1 o, :±:1Jmm1~:±:l§lilt 1 2 o 

, mmtlt~l§lilt 1 4 o, :±: 1JmEEtUWl§lilt 1 a o, :BJ: t1mEEiJJ 1 7 o re J: '"? ---cttP>t ~ ti 
---CP6o 

[0042] 
~P-C:, J:.ict'IP>t~ifT 6¥JJi1':YCiJJIOCl1J~iil 1 0 0 OJl1Jff)]{Ilte-::>P---C~Bf.lT 60 
[0043] 

CK12 ri, CK11 OJ¥JJiW:YCiJJlOCl1J~iil 1 o o OJtUW*OJllP>t~~T:ln '>' 7*lCKI-C:~Go 
CR120Jm,ox;~*-c:~6, ¥J.Jw7eiJJ11O, :±:1Jmm1~:±:l§lilt12O, mmt1t~l§lilt14 
o, t±::1JmEEtU1ffill§llflt 1 6 o, :BJ: t1mEEiJJ 1 7 o ri, J:.icOJ J: 7 re, tUWJv-:t~t'IP>t 
l,---CP6o 

[0044] 
¥-JJiW:YCiJJ 1 1 0 OJlf,{ Y1f•f1:ri, J:.icOJJ: ') re, CR] I O (C) re~--t1f'l1:~tf-=>o ¼ 

tc, CR] I OJ,{ Y l::" - ,!!' Y :7-~ ti:: [§Jilt 1 5 0 re J: '"? -C ~ ti:: ~ ti tc ¥-JJiW:YCiJJ 1 1 0 OJ,{ Y l::" 
-,!/'Y:7-.ifH~{l~, mmttt:t~l§liltl 4 OOJ:±:1Jre*liTG, t±::1JmEEtU1ffill§llfltl 6 0OJJ/ 
,{ Yl§llflt 1 6 2 OJ1f'l1:fi, J:.icOJ J: 7 re, CR] 1 0 ( B) re~--t¥JJiW:YCiJJ 1 1 0 OJ,{ Y l::" 
- ,!!' ✓ A 1f·l1: re 1t fU L, tc I/,{ ✓ 1f•f1: ~ ff-::> 0 L, tc iJt '"? ---c' [Kl 2 OJ --;f t:1 '>' 7 ~,l[R] '"<: Ji 6 ~ ' 
:±: 1JmEEtUWl§lilt 1 a o r±, ¥JJi1'7CiJJ 1 1 o OJ ,1 ✓ l::"- -!/' ✓A 1f•f1: CCKI 1 o c B) ) ~ 
fft,, t±::1JmEEtU1ffill§llflt 1 6 0 -c:ri, ~ OJ,{ Y l::"-,!j'y :7-1f'l1:. ~, ~W:YCiJJ 1 1 0 iJtff 
-=> I/ ,1 Y1f·l1: CCKI 1 o Cc) ) ~ iJt*Ji ~ ti 6 ~ ~ re tJ:. 6 0 ¥-JJiW:YCiJJ 1 1 o OJ if ,1 Y1f 
'11:.~ ,1 Y l::"--!/'Y :7-.1f'l1:fi, 1:LPre~~OJ001*re~6 t-=&6, rmf1't~*liT 6 ~ ~5E{f ~ tJ:. 
60 T'IJ:.;bt,, ¥-JJiW:YCiJJ 1 1 0 OJ;JF*lID'IJ:.-3/',{ Y1f1!1:ri, t±::1JmEEtU1ffill§llflt 1 6 0 OJ1f 
·!1:reJ:'"?---C:tH~j~tiG~~re'IJ:.60 ~OJff.a*, ~OJtUWJv-:tri, ~W:YCiJJl 1 o~mt 
tiGIOCl1Jmmt{tre J: '"? ---C1f'f1:iJt~1tT 6 ~ ~ OJ-/J:. P~imOJ*lID'IJ:.tUWJv-:1 ~ 'IJ:. G tc &0, 
lOCl1Jmmt1treiJ\iJ\.b 6 -r ~5EOJtUW1f'l1: ~tftc-it 6 ~ ~ iJt-c: ~ 6 o ""t'IJ:..b t,, CR12 OJtUW 
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*O) tUW Jv - 7 ~Jill ij -1 ✓ tt, ~~ft7tiffiO 1 0 0) !OCl1Jmmn;: J: I:> 9 ~ IE i;: /J: Q O .:z- L, ---c 
, tUWJv- 7~Jillij'4 ✓ ~~5Et;:9 Q ~ ~ ;ot-c: ~ tiiJ:, IOCl1Jmmt11U;: J: t:> 9~5E~7t;otiiJ 
Fi!§t;: /J: Q 0 

(0045) 
~ti~ J: !J if*ffi';:~BJ=j9 Q ~, [RO):® !J 1: &!) Qo 
(0046) 

CRl 3 ,'i, CRl 1 O)~~ft7ti)]{!OCl1J~til 1 o o 0)~1'½~0)1'1Jvt ~~ ~ rnt L, tc :lo o/ :7 CKl'"f &!) Q 
0 ~ ~ 1:i'i, CR] 1 O)~~ft7ti)]{!OCl1J~til 1 0 0 O):e-1'1Jvt~* (kt:!. L,, -1 ✓ l:::°- 5' ✓ A~ 
tl:i@J~ 1 5 0 ~AA<) ~' CKIOOJ:., 7-1 - Ff\o/ :7$Uflff!*O)'fO o/ :7fJ[R]O)f1'i3~:1J,;:vt-:J 
---c, 1r:n~6£""'-1i~ntmttiQ J: 7 t;:ij['.tift,,---CPQO 

(0047) 
[R]3 t;::}]P---C, tt:nmfEtUflffl@J~l 6 0 ai'i, 1JU.itiJ:, tt1JIJ-3/-1' ✓@]~l 6 2 a ~1fifl 

@.I~ 1 6 4 a t;: J: -:J ---c, ~JN:lfJ/J:tt1J!J-3/ -1' ✓ O)*~ ~ fl:5t1fif:tn~ t:> /J: Q tt1J!Jf:l:5t C P I ) 
tUW~fr-5 B0)~9Qo ~O)~ ~' tt1J!J-3/-1' ✓~K p, fl:5t1fifJO)ff:5tB~5E~~T i 1:* 
9 o ¼ tc, mfEi)]{ 1 7 0 a i'i, ~ ~ 1:i'iD C - DC ::r / /"\- '.5-7 1 7 4 ~ ffl P ---C PQ ;ot, m 
EE~ffi~ t,, ---c -z-O)mJ±~ tl:i1J9 Q ~ :w ;t ---c, M$i;:~tRJ1Iti 1:Jli1!?l9 Q ~ ~ ~ 9 Q o ~ 0) 
~ ~, ffi~mJ±i;: x-f9 Q tt :nmEE i;: '"J" ~ ---c, ~ tRJliti 0) -3/ _,, ✓ ~ K v ~ 1,,, e~5E~ ~ T v 
l:*9 o ¼ k, tl:i 1Jmmt~tl:i@J~ 1 2 o a i'i, mfEi)]{ 1 7 o a 0) J;t~t;:J-f L, ---C +:5t,;: ra:ri! 
'(:&!)Q ~:W;t, M$1(::0)fcllb, JEil1&'.~t~,~~t~tc/J:P~ ~ ~ L,""(, -3/-1' ✓~Ks ~9Qo 
¼ tc, ~~ft7ti)]{ 1 1 o a i-;t, mEE ~ 1¥-;t ---c mmt ~ tt 1J9 Q ~* ~ t,, ---c * ~ ti Q tc l5b, m 
)±n~ 6 mmt,;:?£.Q ,3/ -1' ✓~gm ~ L,, ~ ~ 1: t> M$1t0) tc llb?tfl1&'.~t~'~'j:f~tc /J:P ~ ~ ~ 
9Qo 

(0048) 
[R]4 rt, ~tit:>O)ic~~fflP---C[R]3 O)il3ij1ffiJ*O)f'MJvt~~~rn[L,tc:1'0 ''/ :7*lCKl1:~Qo 

CR] 4 t;::}]P---C, f s J f'i, 7 77 7- ~~-=f-1: ~ Q 0 

(0049) 
~ ~ 1:, CR] 4 0) :lo''/ :7 tlCKI ~ ffl P---C, ~ O)il3ijflffl*';::}]~t Qmmtffi~fgn~ I:> tt:nmmt¼ 

1:0)~~~~G(s) ~~llOQ~, [RO)(~l)'"f-4-.itt:>tiQo 
(~ 1 J 

Kp-(I+ s~, }(l+";T.)·em 
G(s)= _____ ____;~-~---

1+K ·Cl+-
1 }f I\ ]·cm ·K 

P sT. 1 +sT • t .., 

---------- (itl) 

,t- L, ---C, ~ 0) (~ 1) ~~Il9 Q ~, £RO) (~ 2) ;ot~ t:> tiQo 
(~2J 

a·s+B 
G(s) = ----=-------::-----

s
2 + ~T~ + a ·Ks }s + P ·Ks 

---------- (:it2) 

K -IC --a = -P-~..,.__-_•• 

T.., 

K .It' ·-/J = -P-~-----~-•• 
T·T. 

V I 

(0050) 
¼ tc, ~~ft7ei)]{ 1 1 0 a';:*~~ tiQ!OCl1JmfE~ VF, ~~ft7ti)]{ 1 1 0 a ,;:mttiQ 

!OCl1Jmmt~ I F ~ 9 Q ~, !OCl1JmfEV F ~~~ ~ t,, tc ~ ~ 0)!0Cm1Jmmc I F O)Jlr1Pl~i'i, CRl 
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5 (A) ~ -1t-;t G :ho o 2: 2: ~, A tt u!tl 'iE'iE~, B f i W!& h: 00--t o 1~, I s f i~JJftiJ ~ 
fammE~~oo 

(0051] 
CR] 5 (A) tc~--t¥-J.Jff7e'VJ 1 1 0 a O):l[i{tl~~ ::1/'7 71tL,--C 3 J~O)ij',1:.,, g m~gfjl 

L,f-:~fU~, CR] 5 (B) tc~'"to 2: 2: ~ri, Is= 1 0 [µA] , A= 2. 7 2, B = 1 
5. 2 3 [1/V] ~L,f-:o ~ts:, ij'--f:.,,gmfi, IOCl1JmJ±Vp~!£0Cl1JmmEI pn\G, g 
m= I p/Vp~-1t-;tG:hoo 

(0052] 
CR] 5 (B) tc~--t J: 7 tc, 3,~0)ij,1:.,, g mri, 

(Vp, Ip) = (0. 5 5V, 0. 0 5A) O)~~- gm=0. 0 9 1 A/V 
(VF, I F) = ( 0. 6 5 V, 0. 2 0 A) 0) ~ ~, gm= 0. 3 0 8 A/V 
(VF, I F) = ( 0. 7 0 V, 0. 4 3 A) 0) ~ ~, gm= 0. 6 1 4 A/V 
~ '/;J:_ 0 0 2: :ht.: J: tJ' IOCl1JmJ±V F C!£0Cl1JmmE I F) tc J: '"? -c ij -1 ✓ gm O){@.nt3t1t--t 0 
s:: ~ nt.:bn\oo 

(0053] 
~f-=, (~2) O)~~OO~G (s) O)s~j w~~~~;to~, '(XO) (~3) O)fflj~~ 

~~OO~G ( j W) nt{!J} b :ho o 
(~3] 

r--1:1 .• '\.._ /J + a ·jw 
-v--J- [ ---------- tit3) 

B ·Ks -w2+ L ;v + a ·Ks }jw 

(0054] 
[R]6ri, [R]5 (B) fC~93-:>0)ij'--(:.,,gmtC-:>P--C, (~3) O)fflj~~~~OO~G ( 

j w) n\G, ffll~~t~,r1:~itJ'iL,f-:¥5*~~9[R]~~Oo s:: s:: ~fi, fffl1Ji1tO)f-:&9, K v 

= 1, Tv= 1 [ms], Ti =0. 5 [ms], Kp= 1 ~l,--Clt\oo [R]6~~o~, 
ij ,1 ✓ g mtC J: '"? --C jJ ''/ r- ;;t7 ffll~~:llifilO)fflj~~t~'f1:nt3t1tL, --C Po 2: ~ nt;bn\0 0 2: 
s:: ~fi, '7''-1:.,, g mnt~WH\ ~ 1t\ o. o 9 1 0) ~ ~ tcffll~~t~•f1:ri3t'iE~Pt~~o ~--to 
~' ij -1 ✓ g mnt::k ~ < '/;J:_ 0 tc-:> :h --c jJ ''/ I--% 7 ffll~~~ O)ij -1 :.,,nt::k ~ < '/;J:_ '"? --c It\ 0 0 

s:: :tit.: J: tJ, 1Y!Jx rt, mmE~%i@.ntJJ~~/'\Jv ::7- O)~'Ei'- v t> J:.nt tJ /v t> Tnt tJ ~;;t­
/'\1/ .::z. - 1-- /Y ✓ ::,r1/ .::z. - 1--, BJ:~ u ✓ ~ ✓ Y'nt~ t,, -c~3t'iEffl:tii.:mr t,, --c Po s:: 
~ nt;bn\oo 

(0055] 
-t- s:: ~, *~fft[O)~J!!Uc 1Jo¥-J.Jff7e'VJIOCl1Jtrn11 o o ~fi, J:.~cO) J: 7 tc, ¥-J.Jff7e 

'VJ 1 1 o 0) IOCl1JmEE ~ !OCl1JmmE ~ ~ :±: t,, --c -1 :.,, ~ - 5':.,, ::7- ~ 3-t< &9, s:: O)f@. ~ tt 1YIJ 1/ -1 :.,, tc 
*li--r o ~ p 'J mwt~u'"? --c po 0 

(0056] 
CRl 7 ri, CRl 1 0)¥-JJif*7e'VJ!£0Cl1J~l!I 1 o o O)tUfflJ*O)t'liJJvt~~--t:to o/ 7~1CKI~~'"? --c 

, CRl 4 tc}tfil) t,, --c Po o ts: t:!. t,,, CRl 7 O)l'liJwtri, CRl 4 O)l'/ilwt ~, tt1'U1/ -1 :.,, Cttf9U '7''-1 :.,, 
@.I~ 1 6 2 a) ~ fl:5tfflift Cfflifl@l~ 1 6 4 a) ~ O)ftmc z m = 1 /gm~ 1t \ 7 ~*~fl¥ 
At,, t-:,~~:if'H~--t oo 9-/;J:_;bt,, CRl 7 O)l'/ilwt~ti, CRl 1 0),1:.,, ~-5':.,, 7-~:±:@l~ 1 5 o 
0):±::1]~ ij -1 :.,,@]~ 1 6 2 b tc 7 -1 - F/'\ ''/ 7 L, --c Po 0 

(0057] 
2: 0) J: 7 tc, CR] 7 ~ CR] 4 ~ O)~ It \ f i, 1:t 1,IJ Jr -1 :.,, ~ ft:5tfflift ~ 0) fffl tc Z m = 1 / g m ~ 
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2: OJ~ ~, Z m = 1 / g m --C &!) 6 t.= &9, Z m • g m = 1 ~ 7J: 6 o L, f.:: -JiL-:> -C, Z m • g m 
= 1 ~ ffl 1t \-c 2: OJ (5.:\ 4) ~~IIT 6 ~, (5.:\ 4) t'i~OJ (5.:\ 5) OJ J: 'J tC~T 2: ~ '/J'f-'"C 
~60 

[~5] 
a·s+B 

G(s) ------:---------

s 2 + tT: +a ·Ks] ·s + /J ·Ks 
---------- (it5} 

er= 
KP·~ 

T,.. 
K -~ 

JJ= p 
T·T y • 

[0059] 
L, t.:: '/J'f- -:J -C, 2: OJ (5.:\ 5) -JJ~ t?:> BJ.I t?:> -JJ~iJ: J: 7 ,c, (5.:\ 5) t'i g m tc t'im~ 1lMc iJ: -:J -C 1t \ 

6 t.:: <'b, ~1¥~~ o C s ) OJf~-~ ~, ¥J.JW7'tiJI 1 1 o a OJ !0Cm1JmEE ~ !OCl1Jmmuc 1N#it 
--rte ~'.fEtc--t 6.:: ~ '/J'f-'"C ~ 6 o 

[0060] 
2:0JJ: 'J tc, *5lffn!iOJ~~tcJ:n,f-J, ,{ Y~-5,Y.:7-:fttl:l@J~ 1 5 0 ~~~t-C, ¥J.JW 

7ei)]{ 1 1 O OJ-{ Y ~ -Y Y .:7-'/J'f-~1tL, -C 't>mUWJv-:10),3/ ,{ Y'/J'f-~1tL, iJ: P J: 7 ,.:, -1 Y 
~ - 5'Y .:7-:fttl:l@J~ 1 5 0 OJ ilijJ~ ,if,{ Y@.I~ 1 6 2 ,c 7 ---r - 1'',rCy 7 T 6 k &9, mUWJv 
- :t~Jill-if -1 Y ~ !OCl1JmmflOJ=k1J,,c-JJ~-JJ~h t?:> --r ~'.fE,c--t 6.:: ~ '/J'f-'"C ~ 6, -=> ¼ ':J, mm 
mUWJv- :t OJf~-~ ~~~fn,c § 11JfJ!l~T 6.:: ~ '/J'f-'"C ~ 6 o L, t.::'/J'f--:J -c, ¥J.JW7t$lOJ~ 
Eflt~·~,c~~T 6, fM!7'c!F-rOJ!0Ci1J~5E1tOJ~l~~iW~T 6.:: ~ '/J'f-'"C ~, fM!7'c!F-f,ctOCl1Jmm 
fl ~iJ□~ L, t.:: ~ ~ ,c, !OCl1JmmflOJ=k1J,,c-JJ~-JJ~h t?:>--r~'.fEOJmUW·~tit~f~.:5.:: ~ '/J'f-'"C ~ 6 
o T iJ: h 'tJ, ¥J.JW7'c$l ~mmtOCl1JT 6 ~l!f.,c :f.> 1t \ -c, ¥J.JW7'c$l OJf'f& ~ ~;t 6 l1Ml7'c ~ 
fr 7 t.::<'b,c!OCl1Jmmfl ~iJo~L, t.:: ~ ~ ,.:, !OCm1JmmilOJ=k1J,,c-JJ~-JJ~h t?:> --r~YEOJmUW·~tit 
~ f~ 6 .:: ~ '/J'f-'"C ~, ~'.fE iJ: l1Ml7'cl1Jff ~ fr 7 .:: ~ '/J'f-tiJ ti!§,.: iJ: 6 o 

[~* J:. 0) fl J ffltiJ Fit'~] 
[0061] 

*¥£BJ.I ,c 1lk6¥iJW7'c$llOCl1J~l!f.:f.> J: vt¥J.JW7'c$l!OCl1J7'J$i'i, fM!7'cB~tc 'b ~1E,ctOCl1J 
T 6.:: ~ '/J'f-'"C ~ 6 t.:: <'b, fJ!l7'c!F-f,ctOCl1Jmifitfl ~11□~ L, t.:: ~ ~ ,c, !OCl1JmmflOJ=k1J,tc-JJ~-JJ~ 
ht?:> --r~YEOJmUW·~tit~f~.:5.:: ~ '/J'f-'"C ~ 6¥iJW7'c$llOCl1J~l!f.:f.> J: vt¥J.JW7'c$l!OCl1J7'J$ 
~ L, -c =if ffl --c &!) Q 0 

[ rKI 00 OJ 00 $. iJ: IDl BJ.I] 
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(0062] 
(cm 1] *~BJJO)~*:OOIO)~jtmc1JG-¥tli#:76i}]{l£0Cm1J~tifO)l'/iJ}JX~~T:lo ''/ !7 cm 
(cm 2] cm 1 O)-¥tJ#:76i}]{l£0Cm1J~til O)fl,UfilJ*O)f'/iJ}JX ~~T :to ''/ !7 ~Jcm 
(cm 3] cm 1 O)-¥tJ#:76i}]{l£0Cm1J~til O)~-i'i~O)f'/iJ}JX~~ ~ ~ L, tc :lo '1/ !7 cm 
(cm 4 J cm 3 O)fl,UfilJ*O)f'/iJ}JX~~ ~ ~ L, k :to''/ !7 *lcm 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/496,472 07/01/2009 

53148 
HAMRE, SCHUMANN, MUELLER & LARSON P.C. 
P.O. BOX 2902-0902 
MINNEAPOLIS, MN 55402 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shuji INOUE 20186.12USO 1 
CONFIRMATION NO. 4607 

PUBLICATION NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~lllHH~ ~II 111111111111111 IIII IIII 

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

Publication No.US-2010-0001659-A 1 
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 
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UNITED STA IBS p A IBNT 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 

HAMRE, SCHUMANN, MUELLER & LARSON P.C. 
P.O. BOX 2902 
MINNEAPOLIS, MN 55402-0902 

EXAMINER 

CHANG, DANIEL D 

ART UNIT PAPER NUMBER 

2819 

DATEMAILED: 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 $0 $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 
SMALL ENTITY status: 

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

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL 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. 
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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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. 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 I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

53148 7590 10/31/2011 

HAMRE, SCHUMANN, MUELLER & LARSON P.C. 
P.O. BOX 2902 

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

MINNEAPOLIS, MN 55402-0902 

(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 20186.12US0I 4607 

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

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

CHANG, DANIEL D 2819 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

315-291000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2040 01/31/2012 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/496,472 07/01/2009 

53148 7590 10/31/2011 

HAMRE, SCHUMANN, MUELLER & LARSON P.C. 
P.O. BOX 2902 
MINNEAPOLIS, MN 55402-0902 

Shuji INOUE 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

20186.12US01 4607 

EXAMINER 

CHANG, DANIEL D 

ART UNIT PAPER NUMBER 

2819 

DATEMAILED: 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. 
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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 CPR 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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Notice of Allowability 

Application No. 

12/496,472 
Examiner 

DANIEL D. CHANG 

Applicant(s) 

INOUE, SHUJI 
Art Unit 

2819 

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

1. 1:8] This communication is responsive to 7/1/2009. 

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

3. 1:8] The allowed claim(s) is/are 1-5. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 1:8] All b) D Some* c) D None of the: 

1. 1:8] Certified copies of the priority documents have been received. 

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

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 1:8] Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 7/1/2009 

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

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

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

7. D Examiner's Amendment/Comment 

8. 1:8] Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20111010 
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Application/Control Number: 12/496,472 

Art Unit: 2819 

Reasons for Allowance 

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

Page 2 

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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Application/Control Number: 12/496,472 

Art Unit: 2819 

Page 3 

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 

Daniel D. Chang 
Primary Examiner 
Art Unit 2819 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

12/496,472 INOUE, SHUJI 
Notice of References Cited 

Examiner Art Unit 

DANIEL D. CHANG 2819 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* Document Number Date 
Name Classification Country Code-Number-Kind Code MM-YYYY 

* A US-2003/0173910 A 1 09-2003 Suzuki, Toshio 315/291 

* B US-7,906,917 B2 03-2011 Tripathi et al. 315/291 

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20111010 
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Case 2:21-cv-00139-JRG Document 2 Filed 04/20/21 Page 1 of 1 PagelD #: 55 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

D Trademarks or ~Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 6,819,377 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 
D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. 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 

I (BY) DEPUTY CLERK 

Copy I-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 2:21-cv-00139-JRG Document 86 Filed 05/12/22 Page 1 ot 1 PagelD #: 756 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

D Trademarks or ~Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 6,819,377 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 
D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. 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 

~~ A. D1'1~ 
(BY) DEPUTY CLERK DATE 

5/12/22 

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 2:22-cv-00385-JRG-RSP Document 2 Filed 10/03/22 Page 1 of 1 Page!D #: 66 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

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. ( D 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 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 6,819,377 01/27/2021 BISHOP DISPLAY TECH LLC 

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

3 7,583,347 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 
D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 7,414,682 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 

I rmn DEPUTY CLERK 

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) 

Mail Stop 8 REPORT ON THE 
TO: 

Diredo1· of thl' U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandiia, VA 22313-1450 

In Compliance ,vi.th 35 U.S.C. § 290 aml/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 

[;,I Trademarks or D Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKETNO. DATE FILED U.S. DIS1RICT COURT 
2:24-cv-85 2/8/2024 Eastern District of Texas 

PLAINTIFF DEFENDANT 
BISHOP DISPLAY TECH, LLC LG ELECTRONICS INC., LG ELECTRONICS U.S.A., 

INC., LG DISPLAY CO., LTD., AND NEW OPTICS, LTD., 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l /2 , ~ /'f1 ? 7 7 SEE ATTACHED SHEET 

l h I idJ-1 JOG 
3 7, f93,3c/7 
4 7t C/9~~ O'-/l 
5 </ Of/,?_ 

I ' 
;]30 

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

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK. NO. OR TRADEMARK. 

1 ]/I IL-/ 1 cp·:r--

2 

3 

4 

5 

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

DECISION/mDGEMENT 

I (BY) DEl'UfY CT.TIRK 

Copy 1-Upon initiation of action, mail thJs copy to Director Copy 3---Upon termination of action, mail this eopy to Director 
Copy 2-Upon filing docnment adding patent(s), mail this copy to Director Copy 4-Case file copy 
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