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Background on White LED

YAG-GaN LED ZnSe Homoepitaxy | Three-component LED

11-VI LED structure ON
n-ZnSe sub. doped
with I, Cl, Br, Al, Ga, In

- red LED: AlGaAs, GaAsp
- green-yellowgreen : GaP
- blue LED: SiC, InGaN

Materials System InGaN LED + YAG fluorescent

Structure Transparent plastic mold ,\ 7\ /‘\ 7‘
\ 11-\{Iepitaxial /
erpisgiop stricthife
%ﬂSe substrate
Yellow fluorescent light from YAG
Blue light frominGaNchip
resin
LED chip  YAG fluorescent material
- low external quantum efficienc, . - low power emission of GaP, SiC
Problems q Y - expensive substrate P

- poor transparency of YAG

- low conversion efficiency of YAG
phosphorous: 10%

- a complicated production step

- enhance the cost of the hybrid LED
- consume electric power three times
- a sophisticated power balance

for suitable white color

- difficult to tune a white color
- difficult to control numbers of
SA-centers formed by doping

- YAG raises the material cost
- the complex shape of the stem
for the YAG pond

- a complicated driving electric circuit
- enlarge the device size
- no merit over prevalent incandescent

bulbs or fluorescent lamp
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a5tk 54, LERY =gt wiAo] ©2bd LED 2R AFS sEgd0 dHA7
2ol LEDY] M=ok Mz & & diolls A ol 29 S| 235 &4
A AAE Mok S A1E AEES LED A4 A9 s Oz F-E5h
LED ZEAEoA ghag = 916, LED 2HASE SHY whafdes 233
Qe 2EFE AAFOE s Yz 2E Jlsd A& AFEg o S
HAE WE 5 glen A2 AF oA "Hold 5 g 8 SE70

Boat cabin lighting, Hecreational wehicle cakin lighting Telephone lighting,

o

FTI:

Hernote locations, Traffic warning lights =0 CF,

133
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I | S %
(58.4)

HOMINAL | = -

(by LED BHA] e 2 ghab2h &4

O=l 2 HHE 2349 [EL 28 A4 [&A LEDTronics o]

h 4839 7%
53 #1c LEDE ¥53 2= HAT FHz 52 259 FH0A do &
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AED Es/An5 0= ABTT T8 45% 739 LED 2RAFO UHY
Bub® 494 42& ¥l so HUSF 5 dnlE 28 Utk LED
27 AAZE AT BATE Hold B4 We vEA 2a) UEel Ye B
Fl= BEY Bub® ABSCIoF WAZOl A Holt REAAE We ulold it
sol W& + Q0. BF, WHE A8EA 22 39 2AD0l BE BEY L34
o2 Q% AT HEE dod 4 ok Zot F8 SEEORS Beacon ligh
IMachine tool marker lights, Architectiral lighting, Industrial autormation, Security

warning 59|,

U.S. Patent No.
405,201

(@ 25%F +329 o

(k) LED BHA] SHef 2 whapzh w4y

I3 3 A58 2349 LED 29 AF [&H4: LELTronics ]
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2
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7 LED &3 =
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il
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@ oCc FEIHE
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Vee iF
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O3 6 944 28% #AE=

of FzolH F&HY 25 JEH2 VRt VOl A5 tEH oz H4EE 5
ST RS FEHO 2254 @l ts JFA e vket £o] Aoy
22 tolet§ A9t #HE & = STh

Vece nvF




hd @
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2

LRE o EF FEE OE JFHoM BE ulel go] duetEo g 27hA] W ol
on, olz{d A+ LELE 2357 ASd HECoje =g AT o B
FO0l2 E& LECFF 2= g9uRF ddeo 2 4o g2+ F4d LEDE 2%
ot 0% 99 Hartiole sy ZEAYN BIEHE dFAYE Aok S 9hE,
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S R

Vee O

OIS,

O% 10, LED W/ 3=

@ E> FE3=

F2F O[8% FE ot MzE F2F BUIR iR £ 329 oEe
4 HxH=2F J20 deto] AFF FF 2
g 5 307 mRel AA7t 23 e #3

=
g7 ZE5= #¥H2 TTL AlCEY CMOS,

4 A H,
Vcc vee
R LiF R
\VF

< Ie

Turned on when LOW Turned on when High

= 11, ICE o|&5t LED #=3 F =2

Aot 22 F=2old LEDY E2= AF = U3 2o

7. — Vee— Ve— Ve
F

= 7 - LOW
In =% - HIGH
35| ozt S22 WeE e AF5E FHE 5 g7 W2 FeE=ze A
25 7 AAFA 5 2R 2 AR

2= JH MY [CY 27 EHAAH



E A48 AT a7t Sl

Vcc

Turned on when High Turned on when Low ),

a2 12 cet BE, EE A E o] &5 LED FSEE=E

a9 129] H2E ¥E, ERA2H 121 ICE o & ARE 27T F=
olm, o] 249 L= e 2o

IF — VC‘C_VF; VCE':S.-‘iﬂ - HIGH
Ir = —VCCR_ Yz : LOW

(2) A4 £3E =

MIATE HAlSH7] AT LEDE=E FEE 25 A9 (120ACIZHACIE LEDE=E
ZheHEder FEE S Y YA FERF L EARE 2Ese EHE G
A, LEDS AdFe]o] 935 5o go] 22

@ 4% LEL ¥ 532

LELE Ad=z Wdstl, ATE oEsid dRE Agtss g0t g3z
2 FEE=2E YF AYAH FRAozcR FHEM, WRYHESE FRS
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o LELE A7 Mo 24 7lHs E59 full color 380 FFsSit) o7 5
2L 029 Color HinetiesAtY 58 WEcozy, o2 f2AZHo Fa2d4n
E &+ 3o

SENSING CIRCUIT

=
SWITCH G

s

Y
A/D -

O3 22 Multicolor LED +E5E 2

o3z =2 AHE O &S AojEE2s ZHEUNHET H2AFH0Eez B
HEEY Stk J=u 2B E LED ¥= AlHE =2+ LEDY |74 - 3= HE
F 1EE dAStof ek oM fagH el AloFE2ets oE ol 235

A Foh g2 0E AEl 2 LEDY 540 st f=29 4ARt+= LELE

Wgsls Bro] 238 51 AASE 99, LED H= AojE=a s LEDS S4of
T HEE THELE S

o) 48y - BARE=

ol B2 Rotoll 22+ ARYU dYs mim¥ Bobd vlwrlo dsid dF
dgolt dRet HUSES sl Bt Z25 R dds dFsA 3 20
ok Faid 8oz ojes AYoy dR9 242 29490 45 o[ FHS
ch

AY - AR regulators FIHE AP B WI0] ITFF WA 23 o
A% ARY AYe aATcRA FAYolY AARE WANY, TH LED A=
9 AY 248 P2AA LED ¥=9 £E55HE FHAAG ARFoz A

LED arraydl 39 regulator”t Y@ E T LED= A&RAY 22107 tfEo] A%t
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T2t ARE 700 H1 olHT &7 MRl Rad AR AYES LB
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o Hax JFAY ol =olAH vlurel EHAHA AFF sz AY
Fe BEARY B2EAYge 780 Hetd A =, YHAY ol "o
AW ditf2 271E oL dAne AR AYge WEE Ao
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4 Retd e 2P olZT 4 Fets A71E ouAlE ek WA
Hu 998 2= & 250 98 S5 I o dy3] 442 7
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array® EFEE 2¥FIY0 AY regulatord] FAFY ¢hoflH FEAHCOH, Z
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VOLTAGE REGULATORS

SHUNT SENSE PASS SWITCHING
+ + ~_ +——| CHOP
ViN \4_[>—c LOAD | Vi 4\_% LOAD | VN 1 | Loap
b3 T T
CURRENT REGULATORS
SHUNT SENSE PASS SWITCHING
+ + + CHOP
VIN ’4_[>—C LoaD | Vi LOAD VIN T | LoaD
T S RSENSE T SRSENSE ZRsENSE

3 2EH2 Colof Y

J= 23 LED 45 E H=E 4

3) LED 24} H= A

7hH 433 gt

LED 2F 3=-43 st 32 74 2 o= HRED e L VA
Tatods A9 HUGAE A st e VAHA Fo] -SvIdlA AEED glen,
Passivation #F2H= TS A3 501 9ok ogby ve 223FH A

{Point/Line defect® SIS+

Dislocation elongation #FHE A5 Buffer laver,

Qw -A-FA 44 F4 ol dad dez Agdh

Nichia Vi (V) Topoda W (V) Cee W (V)
03 0 10
0% ZOH 10, - ! e wsls Ls - 0% L Lzou 10| -
: T . PLE] T T —_ *l* T T i**l — l I* PR T T "
Do« - L i - L =
i* [ : 1 1
: -5 L* : % ** 5
* * * *
* __50 * X __50 % __50
. Vr =42~49(V) =563 W =554
Sample No=5ea Sample No=2ea Sampe No=3ea
=16
Sampee No=Lea
+ IEFEA oW B[] 20t Al B2 HEF, WESEEA UHE G0[w] YAl 2DHE



&

b =4 37 qist 4E H2AE 95
# 2A2A 0 AQLLO EEEA AEFS 1 Breakdown Voltage Vi), ESD

Level

(1 Breakdown Voltage (Vi

« A7 FH ¢ Continuous Wave 00 7 30,0[V]

* Heverse Current Measure Scale @ 00 7 100 0[]

* Target Value @ Vi > 25[V] at S0[h]
@ ESD Level

* Condition © 200[pF], O[2], Forward Suree

* Pulse Period @ O4{sec], 3 Pulses supply at S0[V] Step

* Failure Criteria @ ESD Level = 300[V]

VIV] PdmWl, Llwh], ValV] < Initial Values = 20024

(I High Temperature Storage
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* Test Conditions @ +110[°C], 200[hr] (Storage@ 8 F 20(hr] A2RED

* Failure Criteria @ VIV], PdmW], Iletl, VedV] < Initial Values x 20024
@ Low Ternperature Storage

* Test Conditions © —40°C, 200[hr] (Storage®F F 20[hr] A28E]D

* Failure Criteria @ V{V], PJlmW], Ilh], VelV] < Initial Values = 20024)
(&) Temperature Cyele

* Test Conditions @ —40*C]1(30[minl) = +25[*C](30[min]y =

+110[C] (20 min) 2 20[cycle] (StorageZ® F 20[(hr] 23]

* Failure Criteria @ VIV], PJlmW], Iluh], VelV] < Initial Values x 20024)
(&) Damp Heat

* Test Conditions @ Storage Temperature +60[7C], 9C00HH, 100[hr]

StorageZ ® F 20[hr] A2HA)

* Failure Criteria @ VAV], PJlmW], Ilwh], VedW] < Initial Values x 200246
@ High Temperature Operation

* Test Conditions : +90[C], 1000[kr] (TestZ & F 20[hr] ¥-2H=[)

* Failure Criteria @ VAV], PelmW ], Llihs], VeV < Initial Values = 20034
e AF9 ARF

* Passivation : 3&

« 273834 0 Forward Bias @ CW 20[maAl, I @ Heverse Bias V. 5[V]

4) Packaging A
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FRoz Mo dAgho Mo gty LEHCD ZFEHGA FAF L9EE Q
ol2{$t LED M =50] 100000 A9t 2Fd 5 louk st AYd], 8 2
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=
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Gentex— =2 LELDY AL & 10U S E 5 = H7|4 HEE diEdHes
O, 45 o ZTojzs ARE o HAE ¥ o= White LEDE B2 ZFno 05
O Z-7t#el ¢tez o E&39 HEFSS U 5 oe dooy 5549 olF
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!
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B Z& A Z=0] 2 #HE PR Yo 58 AAER] 2REAE0] 3
M4 LEDE ol&5F 2871719 AFE & dA3HETE ZEsA AR §le
oleff W2 TR AFH I F2E7F A= 9
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2

th #2AZY A3
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LED %775 45 % 97422 280 setn BE M5d @il o
474 -2+ U 53T 58 A0 g4 E IUE AT,

()

® Tk
=& 450 ohE LEDY d4 &3 Af | Jzin jtE A 2 48R o+

FEE
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% LED 2%717)9 54 2% ¥29 o

B5 [cd], LED type, LED M=, S 3YV] 2v]AH (W], %8 [] & LED £
BAA W2 37, 45 3 End 2 FIAFEES viE ez 233
W LED 374 - 338 £
@ LED &7} 54
b 2 M{Color) | Ea=zlet=23E &5 |13 22ntE [nm] '5EE
GaAsP/GaAS Sl 035
Gahlhs/GaAlAs B 53
Hed
GapenDf GaP o 3.0
GaalAs/GaAS B 20
GahsP/GaP 55 43
green
FaPM /GaP o555 13
SIC/5IC A50 00z
Blue
SiC/ Aol o 490 014
@ LED2 Ot ~8Ed Ex0
[V — L
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(I Alsolute Maximum Bating { Ta=25 °C )

oz
= = 1= o
Red Green Blue Wwhite
Forvrard Current Iy S0 30 20 30 m#
Fowwer Dissipation Fj 125 120 125 120 'y
Pulsed Powwer Current | Ig - - 100 100 m#
Heverse Woltage - 4 5 5 5 u
Operating .
Toer | —35~85 | —30~80 | -25~80 | =30~70 L
T ernperature
Storage Ternperature Tege | ~40~120 | —40~100 [ =30~ 100 | —30~E0 i
@ Electrical/Cptical Characteristics, (Tom=25 "C, Angle=30" )
AH zF
zd = — =8
Red Green Blue White
Tvp 2400 120 550 g0
Luminous [ntensity Min 1800 £50 G0 A0 e
HmAl 20 10 2 20
Ty 197 33 35 35
Forward Voltage Iz 23 37 40 40 W
KA 20 10 =0 20
B S0 10 50 S0
Heverse Current FLYCY
V) 4 o 5 5
Adhix | B19~E27 | 500~510 455
Wavelength Adpin |62~ G3T | 495~505 A7E
Characteristics A A 20 a5 a5 i
A 20 10 2 20
B =3E
D £33
25 (Ta = 25 °0), 45 5 F9830l U 7128 VT, LED 27 A9
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< ok Strategies Unlimited FAM T2W LED AlFY 7728 49 LED7L #
Asta Fed, o032 F meddll $4H medd FETIE FHAH FHARE, FH]
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LED
66%

a= 28 FRA LED AlF #32
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Million Dollar
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2000 2001 2002 2003 2004

0% 29 9x¥ P4 LED Al oS

Hd, AR T LEDY 34 19560 T2 4400 B0 B epid 3718 2
Ao 45 LEDQ HFHES gyt LEDY FHjol Zele 1950 27l Al
std ooddols 19 EE o e AFEEES AUSHA FHE AlGaAs,
AllnGaP, InGaNE& 7|27 3=z 20T Aon HE4d, 74 F &2 oE0 3l
™ Full Color Sign, B33 #32, ¥1& U2Ed0], 15 HF5, ZE3E A
A#5 LEDE AE0] F7ka 3

235 LEDY EE0 on] WAL FE HEoyH ¢lofH, uEdE
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FHEE B0 opyz=k 5 ol 1 o] EEAE T

ZHEAH8 LED M= A @40l M4 30 Siemens s Cres Aol HESH
F4 LEDE ol&5d 549 zleat FHaol e z¥E21 Z390 3t &
02 2 A Asak 435 #oRIM, SnapLEDS 37 A 24 Lyt LEDY] w9
T EAT FEE AgilentHF HE)ZE Ol AZE A9 SF50 Sl

Al=olld = fAREC] A =+ LEDHIETS A 2 #Hde 71 §len
19560l & Rl Lol B mAoM Ed 200" 9 HlEE §9 LED 4%
o= wAWY, T 2HJAY LERE ol &% HHAE dEF njFoHd AEEDL
Stk dedlMe LED dEE9 AHE2 =70 #aE, £d7 fxEgdoEsz
2 U7E 22 el WSAEE JAEE] A U =2AE=2 4 HelE LED
b AHEED gl

TF SAET(19-200399 2B Q2FH ol B2 LED AFE dM9 199
2 #4204 31Y 67T 452 HFF Aot Statsgies Unlimited?d] T A
O 2 M, ZLAE LED A3 ME 10eqd 23g Aoz AWS vl glom, 1§
T LEDY old HzE AFY FEF A3 2 712 AFL HEd 42
oE 244 o] FEE AW
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2 e A LA "oy 2R A 29 FSHE 20 2 Aot MAES

=] A} General Electric, FPhilips 32] 1 Osram AF=0] 22 LEDE 0| &5 3

=
[=]

P

3

1+

"

M

_54_



Mk BhEE Pheta Sl e RR de= HEEH 282717 LED 2B AFE

= AT =t 3910 ofd Zojth

Aot xR EcR M WM [ED9 o] 2 Q7E 1 Yo ¥4 LEDY EE
< MYt o g, 2 1 Aok JEy FAES Ytz EEc R AMEETAlE
U S vlAT dzA, 7|29 577 FAzEEcR HA ST HE0 30~60
227 2O, @A d¥rx®rlF 2ok 2 o] v AT do 2 s 2EES

2 50 “k# dolth

20

15

10

Million Dollar

50

0
1997 1998 1999 2000 2001 2002 2003
a9 30 4yt 2B & LED AE % o=

24 F35 2 HIdFE taEs 28F HE AT AAEcz 1z2d
Dot T 2REAFH 200099 FEE FrAbE o ESF B F4, 20104
of dAzREA 12eE HAIStL, F/aH ®eE IS, U FF F4 2010
Holl oA dd sszxd, 994 J4e exds AT 5 Sle AR JEn
J2{ 4 LEDE ©l&ste of g2 Aldod 288 = 71497 fsi4= LED 22k
FEE P FA IR Jle dS e 71289 2AE S5E0r

ur, &4 7= 2 JHE A

ol
gH

D =9 A&

_55_



@ GELcore: GE lighting® EMcore A12}2] Z21E A F|gcoz AEaE &
OxZdolEcr 13T LEDe F4 LELE ZYTH HY LED=Z AHAAF A
&% Aoty 4 &, G4, 28 4 ¥ 25 5449 AHHE A5 A7
b AMEo @ ol O d32t Uebg dolu, okdabal du, d2]E LED

=9 380 BE3

(& Osram Opto Serniconductors: Csram® Infineon A2l ZQ1E WA F|H 2
2 LED, LD, IR LED& 220 g2&do& Agd 985 51 3ok 05-LM
olzts #MzlolEE oz FUE Hidd ofEsks AFES et
1520069 A& Aol olgo] F Joth I AA 22
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(@ Lumileds Lighting: Philps2t Agilent Abehe] FS1E WHE Z|gdez AM,
AM, =4 WA TELE AH|Zetn operet g 2 328 2AsE Y AHEED
nl

o, AR 2 LEDY due]d &8, 1F HEEY s ®E5ka 2o

kJ
¥

3% 31, OsramAt?F A EEF LED Hoorn lighting

2 A A2 £ 58 Rof
LED 2B A2Y 7 HEAEY Lumileds?t LEDtronics, Advancde Lighting,
Helly Solar, Mule Lighting £=22 2 FAke] Y Al E 4AF 2}

ZH LumiLeds Lighting
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Lumil.eds Lighting= Agilent Technologies & Philips Lighting] $HAFE AR 4
Yotz E AWM EYH AFaF 0|5 5 OeFEtH, EE0AE Bi o=

|_

Wes Blu3d 4G 4% dE] Yo Lumileds9 ZRAIF9 #=3 HAF
Am 5, ofgl] JFAMet Eo] SMT(Swface Mount Technology ) -T yped] LEDC!
H e Fx=E 1T LED Yo 5 MY =25 ¥ PCE ETo] B

g 1

=2 F8z 1872 LEDE AFEA] T3 200(0m], 2HAZHE 12[w]1E UE
o A5 55 AlEA ASE/F050E LEDE BEE 217 wAEy AES
3lon, LED {559 oo AEFE AF5/F050 4FFY AEE 513 ¢
ot olgt E0| Lumileds?] ZREZER0FE ohA Az 29 34 o2 €9 5
Nel Fofz s st ¢l

e s

k!

A PH= 10, 270, 1270, 189HE Fle ez Sk St
(D) Signaling: LEDE 0| &% 3WZ72 4, E&845 35 w2 LEDE o]&5H
oz BE A3 o] o Rod glon, o FFtoM ofuF] et e

HE

Hal FE AlEEez H3E S3 o LED HEEE AlETHo= 21t EeRE
A ot B 5 g ZHo|A Ao ZA Al FlEEEE s EEEE
Z3RA ST

(@ Autormnotive Lighting: 7| 2¢= A% W2 LEDE da59 A TS 2
J] g 2 ez AEDHo Y, AF2 AR AlEE 05 & S 5E5
of AREERD SiTh

@ Signage & Contour: TSE 28 FWoL 371 #A9E FHoz YEES
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ol &otn et AHzHFE +Bo g2dS M HHH 255 LEDE ©

FHEL HEF Hd50]D e, gdezm BHEZHE

2] o
T238, AFEIOE 5 4R E80E AlAStL Sl

L) LEDtronics
LEDtronics— 166 0|49 HEZ|&S ~HAlQ S0 LECE o &% 287719
F8E 54 TSt Jlen, Sk oY ARdE EAle 2oE THEOAE &
4 LED 27718 HASH 423 Specs AlESH TmEtn gioh dolld 49
3t LEDY 2= WA #IolH 483 WEE9 LEDtronicsdl A THOAE &
#H ZHEE ARERA #FH0 wE RE BES AAED Yoh E3 O
&5 0F2 Based LED Lamps(d¥F2E 5 A&t FH),  Panel-Mount LED
Lamps(A|I71 A A 2B o] AEshs F®), PCEB LED Lamps(E 2 2249 24
= TH). RAGE LEDs(M7PHO| F153MM  dot-matrix® FH), Discrete LEDs,
Safety/Emergency Products(23 5, ¢HE 5o A5k F8i) 50 LED 2B+
HEgsn 9o 1 hEAEY 38 FERoks oSa gt

(0 Task Lighting & Spetlight Light

(Z) Beacon Light(Safetv/Warning Lights)

@ Traffic Light(Signal/Warning Lights)

@ Miniature Light

(8 Solid-State Light

(& Exit-Sign Light & Flashlight

e

) Advanced Lighting

Advanced Lighting{Lumeneering)= TR WEALF LED 28717 #0F of
Uzt RGE LED 22 HEE st nEz 34 7o 73 24T FH9
TR 7|2t MEALS LED 277 & OefRt 3422 5o glen, LED ¥=
9 AE & SR gol A9 g7 WEY Bulb EF O A& HIAAIZAH =g
¢roh ol O™ollHMel Zo] oheFgh Bulb FEjQ Rz 4 O3le dubEgl
LED Bulb F8je Rulold, 2 8% O AHF 9 LED Boards FE89 ZHE
Mastl on, W2 Red, Amber, Green, Blued 2771 Y oW, SEFOH
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cherate
(1) Decorative Lighting
(2 Animated Signs
(@ Scorsboards
& Chase Lighting
(& Amusement Industry
(&) Tirne/T ermperature Signs
(i) Message Centers
Lisplay Lighting
(& Stage Lighting

LED Enubbs in traditional housings. LED Strip-Lighting, Rotating Bulbs & LED Boards

% 33 Advanced Lighting AlS

2 Holly Solar

Holly Solard] EAAS1 A2 LEDY FUF AL zo4 ofst 24 1
ERHD Stk Aotk o2 7R WA mE SE714<s IR 30, 3
9 White LEDsH AAS JdJA 3HE WY wOiE &+ 3= BRE §loH, 649
34 LED WMz o F Fl 282 st o HE 988 WA & 5 955
=0 ik ESh LEDE WA S Woll s 425 FeE & 5 S=d oc
EA & & FHe dAE EHF= B0tk olgt &0 ofefet €2 HE=
Hedl CFE TR WA sETE et 4RF ofd, FEE dAlY oE
LED 28774 Fg& 245 84 A= stofop & 2otk
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3= 34 Helly Solar A5 9

TP Mule Lighting

Mule Lighting(Lightworld)0] 2HEEH AHF2 wMIdAFHecz  AEAUS
110-1300v10l 2, 360° #hARSd o 2319 FHejs ot E-26 HIo2E 7l2e=
0 AHAYE 19w AES HHEln ok o AlRle ME yellE), of
A2 LEDMAH WEsts 43 Bub 219 & EA sl E3ds FIEgEoh
OE =339 ARe LED 3%7179 Bulbd Fel7l oid 23 Wl @ Fol4 AL
s #2 HEQ Bulktt ofd E2l2E AHA 9 BubE AMESEIOE Eolth A
22T 5 0] A2 FFAG0 AW, E22H Adolzbd A3 FEETE
40 gtk o AF=2 TH, AF4, 9E® 5o Hmsta itk €2 = LED
ZH779 Bulb dA9 oiekEl 9A] FaF SAol™, LEDW A BERE d A}
Haa M ol AHoF & Aol

a2 35 Mule Lighting AlZ4] o]
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HH R&M Deese, Inc

LED %779 LEDE HAlst= =4 dAET o=t 237149 Bulbl
Connector ] 52 @37 glojof Sk 7R 22 WY 712 23549 AREA
F4 EHEE @+ A0 #F S+ o oF 2" BMSH ARERAEE:
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0] 5§ 7| WA HWo|AF o &5l WIEE Ao 28 S
o ol O™ 45% +39 LED 2%71718 UE D i 92 MgH1 4
A 2gE YeliD ¢on, 9 EZE AABES g8 Sdt Jflolr) ALEdA
2 1z0vieln E=2 2R LEDE HAERF dE5F 73 Wi dAEY gl
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FEHH=ZY HAAL 7Y BollHs HEFY =5 ATl sUEHL Yo
dol A gF 5 Sl FBRAEAAHE F4E O o4he 2RH4EE A8 &

g8 == dFo o

Sl = A Enowledge-Ons RIS AUE 50 HHEASY LED 444
Ao, O8] FREHAES =24 J U H=EF AF sYHA FHEs 4
ojh EEH WzlolE H YA $EE Fhlhpselr gzte 2 LEDEE ZBIAE A
HEoly, W 4% LEDE 8 Fis TEE CHE 5 o

o2kd Zlgid FAEo| $Toln B4, Bl 3 dEdds 2= o
Aol vl FAHo] HAs FHOAT, o FIEE HESA @god W THGA
= APt 29 FHS5s Brtssl Ee T LED A J 3Hd =
2o 3A 2o BrPREER AFEA0EE 129E A F¥o 2 A0
=3

$HH, LED i 2 54 AHH 5o S¥do FafAEd &2 IEES
LHA o|FojA A F& A HEAN W2 BAFEC g 55, zEEC=
F5lz= LED 54 tE HAE Hart 9len, AEe 343 2 w235 A&
TE 7 Aotk olF FEE7 A# oFE FAF ez FH BA Sl LED
IEHEL SHFEAEE AR Zart Yok 3213 9fZa YA -str A
9] Joint venture < =i it tHR|HE A& a7l 3o

=29 Flgd AE FAR 3 AAle 2R AEE 135 LEDY HE=

FE77 &0 2o fHFon, gdozo FIRAFE CEt 18T LED £
BAF @hed Aold 23 AFIZE LEDE olE5 2HAFAH & BEA 2Rt
55 922 i HEFAE S5 o M2 2lE AAHCE &= 2
¢ ) &), FEE 4 292 4 2 AR 95 e 2o
w2 5o "Hastck 2 FW 3% JAMAL 13T LEDE o &3 FH A
= A, st SR ofE FW Fle nulE e obdEr A Ron, o
Feb @A dA5 ol RojAa ¢A @ AF AdEiR £FRAT 422 LED
A7 AEE e dA miekR Al 27 f#lAe 135 LEDE &3 1H
17 M GA A 2 asol

olel &ol, 1% % LED &2 4 YA7 = o4 LED 2B 7|7 44E 5
£ Ao FAFEoH, 2320 B2 EFFFAA0 A% ofols 185 LED
E WY HAEkE LG ol BF)7 glon, 2EAFE HiEe 2E2REA ¢
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3. 7lEAE 34 2A
7. 2lpey

D AAAQ FFHF o5

2 49 & st A uet #HES 28 fgol aEA Flon, g
A4, AFEE R385 FAH=Z S AF Y] oFoA1 i 535, 7|F9HEE
J 5 A7 #E 2F 2 odA - A Fefolzle JAAEY FA ok, 1=
£ FHE A5 24 g 2 FAER SEF 20 24 YR o
= AlE =z Ao 29 njEct & S do el ool s394 340
4522, 29 A4 W Ot 5849 W 5 75, MRF IH
e W AAY S A3 42 SE 2 FE A2 I - Y 2o 3o

LEDE 7129 T3t g2EH o 22249 S804 "gEoshe, W73, &

S, A=F A9, YA d2F 549 oFBE =AM Solid-state lighting 22
il o] F=25) ) 9ok 55, 135 Blue LED JHE] o2 WM [ELY &5
U NEHEEE Bol P& HEATF 5 HAE $ J= ZEAIEE HEEe

24 oA B 54 BF IH PBE & Y=

=

T BQea2q W2

k!
A

53], LEDE T894 oo s 3 AR $55F x4 2 Hod oy
A FYEHE S5 o, PIFY % to=sd JE80 oF AESL SE F
Lotk O2l1 fEEe SR 5 P& WE AEFE ZE AR HEdALE
HAER A5 AT do dE, AE AL 2 B2EE 2 54 37 Ala
LEF FAE A ol FA 2 SlE Folth 21 oAs UERirREE H=E o
Ast?l A3 e B p¥o] AF#AD Yle A0l o2 5~108d F
T Fole dEol 55 LED 2BAF0 MR dg5e A& zHEEYE o
A S Y& AL R 1 Sclid state lightingd] A7 Teid Aoz ARFES
ok 531 ¢

2 IR YA 5F 24
Sholl 4 Q1F3 wle} ol Yozal AFE TAISEY B 14 Bay TR
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T8 A3 WO Ot 589 W0l 45 a+® Adojnz o - F3AH
Solid state lighting?] A7t eskelals A2 AT Aoz goledaa ¢
35 AA zELEAL A5 FA9] GE. Philips, Osrarn 591 4 EmCore,
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Sermniconductors 2= Joint ventureE +HTHd HY 2|23 F 20+ 5 FAG
I8 AEE AdE AGd Fle Y FHE o Yt 3 Qs
wide—bandgap 42 A3 AFE AR Crees HFET SWHE F40= 19990 38
B AHEE, 82 Nites® F35F B} 9ITH

Y24 Nichiztle 350 59 Ao Blue LEDE H45F o2z e 37 9
mh=2 A HAEtn glen, EA 409 M/S BRED Sith 9EE dE 2 £33
EHE HEHO R Nichiatbs 273 GaNoll 7128 & LEDTHE 445D OF A
F9 =22 A1Edn 83511 Blue ¥ Green LEDO] TS NichiaAbe] 212z o] 2
# AdEY 4E3E A5 9
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= olgt g2 MEE #Hid FEE A5 FEce 5 2R &SF 9 HE FH5
A o™ obd Aoz HHHALD J2)0
AYA-ZEHARA H4E B FHo| Fhegh Ao

o
W
o
[
5
3
5
E
[u 1}
B
m
s
okl
|_

3 TH7E 9 2 AHaQ
@ 715 29
2% IPEE 229 28 dAE tHusts Zldez, 48 ZABletoHIR
oF FHIA Slen, FBE, A 2 B2 59 2oplAd & 1000%HE
& $AEE § $&7190 BEE F 5 4oh T8 O 9 2R A E A Fot
2 Enow-How® #E5ld LEDE olE% 3% 77 44 4 AE7l& Ozla
LED #AEE 835 &5 5 dezlzt ATt FEIEHE)Y F3E AR o
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FEAH PR 284 cs HAor & A2 SgolA R daes #9
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