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ABSTRACT:
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Phosphor Cathode Exhaust Tube
Bu_lb Coaling inside the bulb "Hot cathodes” at each Air is exhausted through
Usually straight gas tube. transforms ultraviolet end of lamp are coated  this tube during manufacture
May also be circular or radiation into visible light. with emissive materials and inert gas introduced
U- shaped Color of light produced which emit electrons. into the bulb,

Gas depends on compaosilion  Usually made of coiled-coil
Usually argon or a of phosphor. or single-gpil lungsten wire.

mixture of inert gases
al low pressure. Kryplon
is sornellrnesrssd.

') B ===
,—_______-_\_‘_‘_-_-_-—‘__—F.!/\.\‘

Lead-In Wires
Connecis lo the base pins
carrying the current to
and from the cathodes and

Arc Discharge
The arc exciles the
mercury vapor which

Base ) Mercury Atom generates radiant energy.
Connects to the electrical An atom of mercury Starn P the mercury arc.
cireuit and supports the from a minute amount R edrrl_ i .
lamp in the lampholder. of liquid mercury placed e e:a .'m W3 Ve,
within the bulb. an air tight seal and

assure the same coefficient
of expansion as the glass

F L kR © High Intensity Discharge Lamps
B 3.1-1 3 BR-K&F
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ARC TUBE SUPPORT
STARTING ELECTRODE

SUPPORTING READS

ARC TUBE
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ELECTRODE

ARC TUBE SUPPORT
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7L kR © High-Intensity Discharge Lamps Analysis of Potential Energy
Savings
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PYREX ENVELOPE
resists thermal shock _7

SPECIAL FILL GASES ==
Unigue blend of Sodium, Scandium, f
Thorium lodide, Mercury and Argon |

QUARTZ ARC TUBE 4] |
withstands high temperature operation, | ] [
ceramic ends to control temperature | ) , {

HELICAL ELECTRODES -—""""f

separate starling electrodes with

bi-metal starting switches \,_

NICKEL PLATED STEEL SUPPORTS
resist shock and vibration

NICKEL/BRASS BASE
for positive electrical contact,
while resisting corrosion

F L kR © National Lighting Product Information Program (NLPIP), Lighting
Answers: Mid-Wattage Metal Halide Lamps

B 3.1-4 4 &£%%T 3B

PoAf & BT i % XS 1I0Lm/W 12+ ~ 5w ¢ et
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F #* Rk © High-Intensity Discharge Lamps Analysis of Potential Energy Savings

3.2 LED # %Rz v % LED fj 4

SEEFALHE N o B R PR 4 SN BFER F R B
2 e FfelR P FE L KR R B o P o kI RBTRE R RIZA DA
BHgF e~ F MR Bk~ B3R K (electroluminescent) ~ X H- 48 &
T =~ #F o 4k - & 48 (Light Emitting Diode, LED)&_— & {1 * # %8 T B
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o4 fad™ » B konF 2 Mageed ¢ E 3 - K
B FWREAFH TP T J‘Z%IFL% X e LED P p 3 B
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- BERP R 2 2IERFEZP R

% % - 4548 LED §.- fidskens 4548 > 2 1 (v R fod i o
Z &% - 0 d P-type L H 482 N-type L Et 2= (4oF 3.2-1 #7
T REH - S R ETEREEME S A LED G4 &
A2 FEER frBAFESHMEL 337 R o LED &4 - &4
- oA "ﬁ R T I ;ﬁ o g f}a%(Forward)Zf‘LP e No i ch- =48

% %.F (Hole) 4v# + (Electron) & # (Recomblnatlon) gAd 7
Z % (depletion region) » e f % & = ﬁz‘a%ﬁ P RS AHE
=

(active region) » d }t 3 1L kS rﬂ%s_‘\ﬁ”‘i”',ﬁéﬁ A4 2 kE S
Mo GUETREERPIR BHE RN ARFTH NI 2 HE
A2 MEPM

Light V,,: break bias

I : Reverse leakage
current

V;, : Starting Voltage

[F & | |V| -

—

Infrared 1.6V
Red 1.8~2.1V
Current (mA | Lighting O 2V AlInGaP
|. Vv Yellow 2.4V
Vi, = Green 3.0~3.5V
Z Blue 3.0~ 35V =
" TReverse biad |. Voltage  Whie(vAG) 30-35v O
JForward bias : =
I- Vﬂ Ultra Violet 3__::V
r V;, : Working voltage
- Leakage current (uUA~nA) Lighting Zone

T kR - Solid-State Lighting: Preparing for the Opportunity

B 3.2-1 LED % 27 il

- HELRE 3.2-1 ¥ UEF IR LED fxd 7 B 1.6V v — Ay
* 2. A X 05~0.7V & » AllnGaP (Fii- 4434 £ - &) 2
LED % 1.6V &Kk =T » & 4 ka5 iz R(Infrared) » AllnGaP %
5 F 2. (doping) ez > ¥ Wi M B IR R 1.8V 2 pF > & 4 iz ket
oSS TRA2224Vo AT A2 ¢ #i%,é%a # % - InGaN
(F “4Fpp k-1&tl) 2 LEDR VA2 R ~FE25md 2Lk

d T 4 LED 3 ke £ ~ gpd £ % A4 2 B 3%
J& (Quantum  effect) k ;& =_ > %’ﬁd wE g % g;;_i £
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(Quantum Well) » &7 F o7 F4F & 2 P& (4oB) 3.2-2 #77% ) » 304
B RS AGNEN S el A AL KRRIEL A PR AL
F Ak £ & (Solid State Light, SSL) » LED F]lwfe el 2  » 2 p £
+ 2 & 4 ehit F# (Energy Step) %1+ 3 973 | > B & @ hak 3
Ak 3 R EHFZ AR R AR > Fla A4 3 gk & ak
4 )j}g{% Ppfd kT D Gl frd B Sl P T
(Indium tin oxide ITO) 5 /& ¥ 4 & > Mz 41T & ggd > B 3.1-2 T %
FhA4iEsod» LED 1 (5w BREL > LB 3 %k
(Quantum effect)#-# it 4. (bandgap) * -] » FFd s L+ ] 2 2¢% >
PET A RS s A2 kG2 B BRI 0 2 RA% LED
kR ATE o

Zﬂr

Forward bias

p-GaN InGaN/GaN MQW||n-GaN

Hole injection(+)

Electron injection(-)

| Fermi

fa

) I —————
o m—

Electron injection(-) Hole injection(+)

F L kR LED Street Light Feature Sirio Model

B 3.2-2 LED#% £ RiZ

LED* 1962 & % - B * ¥ Lk A BB+ > &d 8
M2 3R »F s okhg g - 85 1993 £p ~ NICHIA
B ERLED A+ 03% o & 1 427 Nakamura (P #1112 = 42 L) & 1996
#4849 X LED> ¢ LEDi& » BP AR » 1999 & > 3% B x i&— 4%
AIED @R *#» % g4 { @2Rz 9 K LEDBRP » £ 22 K B4
¥~ LED BP 5 E -

1996 & % tsd ¢ g - 8 1 B ks sk LED kR A & 0
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RAM_V3%F it L EWHE R T LED » £ 5w £ ¥ ke 7
B o HY LED ehFskigd FF kainsieimigk s R LiT
oA EEe ko iBEe & LED sndg 1 3lde 2 akerphp 0 H S FE
FHLGHE I RHES B SN F P R ERY 2R
% LED ek i - 2 B UPRS Bt cnupdi £ TR AL R G
PRERP 2 SFER g AR R b A B LD H- i
Mg S RH S LED Z A @b 5 NI E Tl HHENF
TR Fd &g Bw_wﬁm - R3E- 7 ¥ ® CREE 2 7 2 fi
© 32010 & 6 7 = # g £ 4 a3t & MC-E power LED(4r ] 3.2-3 #7
D R Rl £ T Ti‘fliilf’v%"

MCE WHITE / MCE COLOR

T kR ¢ http://www.cree.com

] 3.2-3 MC-E power LED

2010 # & CREE 27 ¢ 57 1 # & & 160lm/W ¢ XLamp
X-ML 1 LED #f3= it o #4588 & PAeH & 7 ¥73 "% > 2009
E20 > pHtFIESPHF LT T FE 249 Im/W (HLED > 5
FHEHY 02012 # 47 %2 10 % Cree 5% 7% % 254 Im/W %2 269
Im/W 7 LED B R & 58 B F|37% & o 4~ LED R i 3 §_2
Thibeno b sk LED #it 25T 5 £ 3 RAMFEE » &% i
HALRY G HFS R BN AFEPRE O FEEE Y 04T
BPR AL 39 k LED g k2 F 4 f9 %3 7 F gy
260Lm/W 12 b o AZiEIEH 0 Fpt £ W p A0t K LED B Y A
e Sk at g 2020 £ BV % F 200Lm/W 32 1 B AR (4o ] 3.2-4 1
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) c6 XLEDel > @ F RAE0 K LED B AA KB L 7 &
BOCK B Sk Ren® B0 iT#E kv k LED ke EAH LT > §
Be A St m’é'ﬁ‘ iéum; L fL o

200 i
I
/
r
L
Y White LED r'
Frd il Lamp ¢
& 150 ; : T
= - - F
. J i
a Linear ' "
I
e - Fluorescent | p—— '
a I —T ' !
E | A { i '
3 100 PRE— I ../f‘: .
> & / e T
S HID . _ S !
] f —
;E Low High v | - p { .-r
] Wattage Wattage — i -ompact | ’, j
n N, _‘__,-'f Fluorescent ]
E 50 N——"A1 ;/f’f White
E R Lae” _ | OLED
3 & | ¢ Panel
Halogen i .
Incandescent i ) [ ] ]
= e ! I ™
0
1940 1960 1980 2000 2020
Year

7 kR LED Street Light Research Project Remaking Cities Institute
Pittsburgh, Pennsylvania September 2011

Bl 3.2-4 R xFid o B

FTATE B R0 7 o kT R (8 R ) LA i
© 8 A S B BT - EF LED o 5 47 8 RS A R
IRMATREE b N H TG 2 Bk iRded BReEZ KA E
¥ o LED 50 R @skiRo 358 LED eRp B Fibs 5 e if

LR E KA F A fﬁﬁ*"f’ B Sk Rde 3 B A E R R # (Initial
Cost)i 7{?& ’j:'» 3 S tFAZAR B AL R A (7o F]pt o B LED %

J r T e g ;k#\”PakﬁLED:}iﬂtr’i‘ B PR o
33 v £ LED #3f

p o sk LED BRP chfdisp > & PR 2 sk higes 2 = (4o B 3.3-1)
R ﬁvééuf4ﬁ-
Lag* #oh kgt k- RM(UVLIED) g ¥ £ F - 22 o~ F 8=
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B RUBERESD Ko PN AESL 20 K YL
75~80> ¢ ; ;pv%] 7% 5,000~6,500K - st fav £ LED Z 3 Z%é 7 B
F‘E?ﬁ‘,;\;jx@gﬁ,gg‘;,fgw‘g;}f:«k%&/}ﬁvﬁﬁ—o

2 I i d FRPE R LESR LED o> g e koo gt
\r]@i"r?l‘*ﬁts@l“ﬂ’ﬂ‘“a'*ﬁﬂlﬂﬁﬁ;ﬁﬁ*f’

33 F 4 nFkpm Ui FRLED @ f ke ERRLAEFE N0 ko

P N ZRIRK TR T HeeE ¥ kP o RS ok
FEERBEIR

4R L% ~FE~%=3=RJ¢ LED ﬁﬂézﬁﬂcfﬁ'ﬂ'%orﬁéw*xﬂw
ko HCEDRRL L 316 AR L HAEF A
R U A EH Bw JLEDq)%.’%'\’?:Hg ko

Red+ Grzen +Blug LEDs UV LED + RGB Phosphor Binary Complimentary

Blue LED
RGBLEDS  yLED +RGB phosphor *
Yellow phosphor

L %R ¢ LED City. 2010. http://www.ledcity.org/

B 3.3-1 vk LED#¢ RhiZ

F L A@EBE W 3G ¥ Lk (Fluorescent ) i& {7 fiz 3 >
H @ g Sk E K oh sk (Ultraviolet ~ UV) e & ks ene 5k
LED #2558 (4-®) 3.3-2 #7157 ) > & 2000 # B 4oz p A2 2 B 33 R
PR RY AL Bl it ivang £ LED - e
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Bz d NS ks BE G {HaNES o F LB R
B XU FIS ERLED i nbfd R RS R G DI ATERM) D
KFEIR % > @m UV-LED 3 E»xF ih nf 48> P o B3 & &
(Epitaxial ) & & & f#;& o p & Nichia = @ chZ &R % LED j«
#4% Ce3+z YAG (Yttrium-Aluminum-Garnet 4248 257 ) ¥ &
(%£) 51 0 Feb- AR 5 Osram & H & 2 291+ 22 TAG
(Terbium—Aluminum—Garnet AREFIE)NH B By L » g

T YAG F i ;EJ o I * 2k LED g ¥ B irfliv2 o
LED» & 4 Spds T i H ~ i & A M08 gk 40 ghp) B8 b i3k
BR »F AL~ FRLED kbt R 2353 ~ X FEERPE R
e o %qﬁtzﬂff%}i 42 9 ke %_ p @ P A~ Nichia 2> @ &k & 365
nm 2_-| # & UV-LED Jo@] diae g e i ) 249Im/W o

White Light

O\
~ White Ligh

+
i)
*

YeIIow'GreeWt LA A
,Red
phosphors . .

Blueugmf. smmmm

Substrate

7L kR - Solid-State Lighting Research and Development: Manufacturing
Roadmap August 2012

B 3.3-2 LED v k& 4 = 3t

% 3872 Fppd 22 LED &k HiEH %:}ijﬂ?.léifgﬂai}:f_}é%)?n# 3
é_ié%o_ﬁ!”‘v-‘ WA LRI kEEFAR AN BRI R
FAf e 54 ks v £LED &4 BiFd y)t CEAR RS
%%’c%%%a‘é’#ﬁ% T RESHRE LS LED 4%:1»154&&:;&% BV R
2R F Rk kg o BT AR R ki
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h oo 2 PERHIG B LED BB F 5S04 RAA B PRS2
PR P e RS F LEDBEfRA S % X f3pgH 54
BOHSERP N X F L PFROREE R R E 2 K
Fa R P W Ak PR S i ke ek P Foan Do e
ko H TS B3 N E IR R R LED FFeni B (1 IEEA
SR L F A EE )L F RGP { M A OSRE TE A i SR LED
B G L3 P s K2 LED BRERP ~ % n LED
PR s f % 4 LED &ofle & 0 0t 38 iF ik £ B CREE
NP A RELP A NICHIA 27 & 5 34]#71 H5E » 20

CREE 27§ 2978 4~ # F®P (100W 1+ ) 2 %
¥ i T 209Im/W A28 B B4 (120~160 Im/W) -

g

p

=

5 %
diag ke

-

S

Blue LED

Phosphor
Converted

. Codoping in .

1-chip }——b{ Well Layers H Siand Zn
GaN+AGIP
B+YG QWs

Blue LED

Photo
Recycling

5-chi BG + Amber
e LEDs

IV

Phosphor
Converted

R+G+B QWs
3-chip }—D‘ R+G+BLEDs

InCdSe QW +
ZnSe sub.

-
White LED
—b-‘ II-VI }—b

F L kR ¢ Solid-State Lighting Research and Development:
Manufacturing Roadmap August 2012

Bl 3.3-3 v k LED §& %% %~ #f [

WA N EERENL P LED BRP o REAH S L
b 3.3-3 A5 o A ks > H A B A dge F IV L g8 S I1-VI

ELEM U2 5 0 & 4 (Organic) ¥ = <~ #g - III-V *% X H 48 v F_p
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w Ao B I-VE L E R ot de R > 3 B AP ARAR G
%ALH)fT—ﬁﬁﬁwad“ﬁ?&%#’ﬁﬁ%miﬁﬁoi
b H B F(1Chip)st % & & (2~3Chip) ® i ;A2 § kg

jﬁz}\/w\ P‘ _g*_g.‘\ °

34 ¢ % LED s & 45

& LED £& 2o Sohid * P > 7 LRI ALY e
& > Hd gk x“#ﬁ FrHASETERETFCEERET 150 Im/W »
%?#Blﬁ LER AR 20 3 RAEAR o F R RIVEHT ¥
Lgs A4 26 K LED it (7 A 45 (4o 3.4-1 77 ) » 588+ T B ~ LED =
EAE R F s FEEfrk B e'“v\ﬁ?ﬁ PP BRE TR~ Y
BOTF > A FE ok B = IR gk F 5% 80~85%2 FF > 12 LED
R LR S W 30% B4 0w F RN 17% 0 w1 F LR i‘ft
A LED A &3k 5 A RF B2 €838 # & 47 LED & £ 2xF §2 58
1% & 3£ 7 4 »F (Electrical efficiency )~ p 3% 3 2% (IQE : Internal
Quantum Efficiency) ~ B~k 3z 5 (Light Extraction Efficiency) ~ ¢+ $R & +
»z % (EQE : External Quantum Efficiency) ~ % % (Phosphor) & 3%
F 2 kA (Scattering efficiency ) ~ 3 & 2 % (Color Mixing
Efficiency) % 748 T 4 »cF fhdp L infel ing 2 34 > p3%E
+ 25 Uidg T F & T F AR3E & Ff(bandgap) #7i¢ & 2. 4f % > Pk s 5 R
ﬁiﬁ%%éi%i#?%LH)%Wﬁ%i%iiwﬁ’M%%F
bprc g Al * ¥ ki FAe k244 > F 1% RGB = k¢ RERIH
S krrF o He NP Foank Bk g il ﬂ% ° ip
H 2R %{LED 7t A ¥k T HE s 5 (LED active region 3 5 )
k3 ﬁﬁ:",/]% BRI 2 T )oip B LED ~ 2 A B g 4ol
ﬁ~ﬁ%\ﬁ%%ﬁiw%o%ﬁ&%ﬁﬁ\ﬁﬁ\&ﬁ%ﬁipﬁ
#ZLED ki red 1 & A E > wof B AL s LED
P kR T HERE o LT 150lm/W 2 P ERECE T d p

W 17% %2 % 41% = LED * £ 2_ kg figdksex 24 p o 30%3Hk 2
50% ° 2:EF| P LED RREF2eF & d 80%H% =2 T 90% »
Bokrr & d 80%3FE L I 90% 0 ¢hIRE F o d 64%FFk T 84%(4r
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o VEAKRAL AAATHLEES UFE
2 4 o7 hd LED BP 5B o o Rk
B

4 — N
175 B3 B ER
HEEAHESTAAEAA 25 LED A KBRS kR 1 n
M4t -
Line voltage input
LED Device
2008 | Target n
Electrical 2008 | Target
‘o 85% | 90% Efficiency
B0% | 95%

‘Q‘ 0% | 51%

20%

80% 80%

EQE @ ? 9

G4% B1%

‘Q agey | 9g%

| Efficiency|

Fixture

80% | 95% f b FY)  Ehosphor
‘0‘ | & Optics |

65% | 73%

Q| S

80% | 90%

T
] Scatiering
' Efficiency

Optical Power

1T | 41%

Ll.!ltgg'm

g 30% | 51%

Total LED

7o kiR Solid-State Lighting Research and Development:Multi- Year Program
Plan April 2009 Prepared for: Lighting Research and Development
Building Technologies Program

Bl 3.4-1 % kispekz LED s A 47

% % Wi RN A 4502008 EH 2 4 ke k LED %8 sk i
4 17%% % > @ 3 %2 LED »c i 16% (4o 3.4-2 577 ) i&— %
R 331 2 B 332 T 0B R 4 H L4170 F b & ks
# ~LED ~ & X & & UKL KR FEE 'ft’%?\l%ﬁé}ﬁ}ﬁ'*ﬁ;fﬁ v o
WLED ~ i AP fEHTTF R L T H AT K2 LED o Ry
¥ fie sk LED M e ﬂ,sr‘ﬁ,iga k2 LED®EF Y /= R4 2 LED
Bk > B¢ Gk LED N 3RE 3 sk 8 b 3R 3 sk sk $arh
A &A4cp w4 F AllnGaP » £ 3 B > 4o f ¥ éFm/}%fi RIS
EFipdl o ¥ ebd k2 LED st ks K Bppn 2 Sk MATH T 2 4
Lo REFEHRELY > A NFL 4$%’w£ E?ﬁ%ﬁ$
(Color Mixing Efficiency) » 2 k sz B w0 X 80% > & k% ¥ it 5B 49

39
=
[t
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M HER-H 2 2 90% 11+ -

Luminaire

2008 | Target

Line voltage input
| LED Device @ a0 | gse
2008 | Target \&\%&“\\;&&&:&&: Electrica
‘o il Driver | Eency S0%E | CO%B
. — WHE | S0HG
\ﬁ\m_m_u_““mw‘g\ 7EuR | S0%R
LED 8 NE
28% | B9% : ]
‘6‘ - Device | i @ B0%E | C0%B
& I B0%G | 90%G
B S0%R | S0%R
Thermal |
o Ba% | 5% ici ' i B4%E | 51%B
Efficiency -]
| mm——_ 16%G | 81%G
?M_\ ST I EIH. A | B1%R
‘0‘ 80% | 95% Fixture
& Optics | @‘ B0% | 90+%
: Color Mixing
O S Efficiency
gﬂ
2 _E 28% | B9%
%E 18% | 56% Optical Power 28
=
|

7o kR - Solid-State Lighting Research and Development:Multi-Year
Program Plan April 2009 Prepared for: Lighting Research and
Development Building Technologies Program

B 3.4-2 2 k2 LED »c% A 45

3.5 A kX LED kR jFic 2

12y A LED BB R P B B 0 5 fRaF kS 2 4oip - SR
TR R ”L’f#t??, BRI ERAR S FESR T LB g H Y
FRARRIEL AEREFTFA DT E RF P W BER A S
%7)’333%5‘3/%{"‘3‘%1‘ " RER ?K’Lﬁ*%ﬁi i?%%‘f ’sﬁ‘iéﬂﬁ—*ﬁ

M E% LED Bitd k45 A 4 v L2 BilE B 5 6l 0 5 f# LED
AT TeAp B RS RE 0 P )Tv;f_;v‘o LED & % 2 & %12 Sapphire(EF 7 £ )
m R AU B S BOREE S S e GaN(F 1 45)% InGaN(F 1~ 4Fgg) &
%> e d % Sapphire z"’f W ALE R LY S8 WL i R U S e
AEFEA M R F MgEER A2 A £ Trap i
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q;g

P 3 LED % k»xf i 2 @ * & 4 > L b > Sapphire "f’ﬁ 2 ¥, A
fecaff 3Lt 3By BN 2 ET R L—’E—tf’vﬁ?*‘,ﬂ?
FREGYEZE TP R ER | AEARSREE S B
&3 GaN A ~SiC (Bit# ) A4 ~Si A% > B ¥ Bf»fi«s'rs—&
@ * 2 Sapphire 4% > TR TRBEF LT - 2
FA RS ok LED RS 5 A 4 6 kB fehof 3.4-1 907 o

o

‘\*.rt mh
Etﬁ

. P OrgamL \-[atc:rml
GaNLED | —|  Template { — }- Wafr.rBond.ug I
' b Metal Reflector — ‘
—=  Power Chip . .
L,_ _ —‘ Laser Lifloff ._
Light Extraction f ! . _
- o —={ Smart Cut (SiC) '_ Sub. Remove :—-—I_ TOLATO |
= Sub, Thinning '.
—-"l Color

(4 . N | Refleciive
—'-.__.‘l"auhmnunt Circuit _hl'n. FlipChip I—- Fhcimde

——  Lifetime |

—{ Surface Treatment :f Roughing
-+ ESD Resistance | e i,
- . —={ Die-Shaping | | Passivation |
S Package {  ThinChip | | Microlens

AL KR ¢ https:/www.tsme.com

B 3.5-1 LED &3 22 48 2 3 3% 2 Hojie

- ELERE 3.5-10 F 27 2R FE L LED & ¥ a0 koo
RER VIS HERVEHEER  FLEURN I HEE S B vk
Fo B HiEHPER G > TR B LHRT R AFEE
YLt Trap & 2 o

e EE G ﬁji&%’*ﬂ?ﬁ T ERAS F R JF""&BBB%:&,J’
B B~ 3 e ITO F Sk ] 1% ~ 5 40 20 #o 3 %&_$+£3¢ﬁm’
AR BHREAE - ET G PR e L BEDSIC A
HIEHR- R AVREEC TR F 2 GaN A o LR
FU ®od* 378 (ohmic contact )~ 8 * & F75V 7 4k~ 1@ * 5y B 4E & (Wafer

F
il
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Bonding) 2 % & (Flip-Chip) 3t ite ~ ®l {55 6+ &£ JH k& > 87 4 o fekk
(Surface Roughing) B s 11 5 = K F S2aF £ 5 > R Fdg
Wi LIRA T S ARG A 4 ITO F S 1T~ & V4 S A
RoE RERRITER T ©

AP MBI oS a5 B ERG PEFERT RS PR
» e B ARG (homogunction)ﬁ%fﬁﬁl‘ v LR G S i Rk
TF R FE o @ {7 2Eet 448 & (non emissivity combination ) f7F
*m/}?ﬁi‘éﬁ"f”i”%f» Flat g BRI A aprm-n FE T
# (double hetero-junction) %+ i Fpié H ¥ 2 F 2 3 Tk #28
EFMAR & SR FIR R B W kA F (e 3.5-2 #1om ) e

e
Electm:al Contact
p-InP ;
fi- Inﬁa\:}x

M-

Insulator—__ £ ¥ lnbul-.tt:-r
Sl : I_. EE - x Sk
A::mrer/ T Conlinemen
region layars
m-nP
Bubsiraie =— Elecirical Conbact

7R & IR https:/www.cree.com
F13.52 ERFi#oe + i H

LED HiE& E{EA T chis b § A f6 > - BIHBIES LEAR -

B > Tt active layer ? # = i pF o :té;-g mE % R #9T

e 3320 TR g R AR RS H S AN A TR R T AT

TR ’iﬁthéﬂ’é‘f“ oA T Tk ¥ - A &Y e & LED
T -F §

B Row s E R f TREFE Ok s AT LR AL F o
y—ﬁﬁ%%@ﬁﬂj3&MEDﬁﬂﬂpr,d»i%wﬁy
B4R AT F AP LIS 0 3F 5 KM T BITL LED p3% o F

Philips Lumileds = & #7% & 1 enif] & é;&(Truncated Inverted Pyramid,



= em R F B k> Bldr i X £ T > OSRAM 7 fL7hinE +
e P2 3 55%(4c Bl 3.4-3 T ) o

F# kR :https://www. philips. com
8 3.5-3 Philips lumileds luxeon LED §; %8
m OSRAM = # Golden DRAGON OVAL z. LED g%~ 12 SiC

A4 47 ATON 22 NOTA & 5 » 2 § iRl % e o
gt 3] 3 LS B (4Rl 3.5-4 917 ) o

Standard ATON NOTA

SiC

7ok % & :https://www/osram. com
@ 3.5-4 OSRAM Golden DRAGON OVAL LED ¢ *

fo 14 & $ ¥ (Wafer Bonding Technology) & 4] * & % 4 & & T
Fde TR T ISR APERT I KA LS LA &
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Fend o BT B2484 > v haWads  Lgd gl Eam,
R ﬁam@+5@’éi%&%€’ﬁﬁimaﬁﬁmﬁgﬁ
(Bonding Energy) £ |- T35 B » @ @153 H & fg A @ F FLIBLA
Pood RIAERS LMo SHEBEAREL G REFSHHE
WARTPYP2Z P EIRPFPRTAL U P ERAETFHE LT H
A2 2K Eaiid T B EEAITE R & B 454547 AlGalnP)
e LED H A el 2 m it 45 (GaAs) > # B P £ 6 0 (45
RF NPT S DR S 3 - AL EME RS R
Yoo A R B AL > 2 fErn B It g PR KRR o T
?%mﬁ%ﬁﬁmﬂﬁﬁ%’&$ﬁ$@T’%ﬁﬂﬁﬁﬁﬁﬁji
(4B 3.5-5 #7m)c TR PEMFTAFE T P e~ F g2 H H & S
A I AFEZHHEF 23 PR (e B ER B
?EJ‘“?MF(%%ﬂﬁ)~?4ﬁ@(%ﬁéﬁw)%’Uﬂ%
TR PRSI A i KL P 2 LED

MmoS o ph e R LR o

In 53Ga 7As
InGaAs > o4
InGaAs InGaAs
[ -

Ni fﬂr S/D Ni-InGaAs

T v [T ]\
_ .

_Ta

(b)

TR kR :https://www. tsmc. com

B 3.5-5 & [Fl4E & His(Wafer Bonding Technology)
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BATES G R R AR I“°L o enfef g A S TR A R
“lcE % ]L;;L\ FrE LED Kz > B30T R AR o {30 g # Fan
LED 3#%m 5 > BE£ & i3 B W%fi*'v‘w&’%{é‘c °

) % ﬂ”“ IR RS T 0 d L R AT e 3 F AR A%
oo m P w e SRR R AN ARG T § R
i 8T AU Rk LED & 502 SRSRs R ELH o 0 R e
< B rF Er]" 4 Joﬁ;cst—l o fe PR B EL K -gi R R RIE Y
AL F - FUie e 2R EORHREEL T BRI
AT B e g & HE: Gl M T F e G R g A
B Gl g 3% 44 0 ik LED p30 e

BB FLED A S o ek A B L P AL R E R e
PO, TR PP ICRR A LR ERZEFR NN EE

-

% end o SRR A A TR B 1 4R T A 4F
e E A ARG F s UA AR FELEADELE K P
LED B8 ¢ chfy & 5 104F % 4 8 $HEHH -

LED 8 A &2+ &0 F T n kB o 2 &8 4% fids PCB # fr
F btk 4442 > 12 Philips Lumileds Luxeon ,& 7| LED %3 > * & 7 %k
pher™ 34 o - AlGalnN #Hdends 5 % 4% g &0 B i\ﬁﬂ" F o
P ESEH T L LRI L DRY L RRY SR E ’
MR LA BRI B AT KRR 120 R X 2T 40 B 24 %n%%]
LED 7 ¢ ¥]5 #0EL 5544 A58 M 30222 7 65 1 0 R T M
G 7 ERE 0 F MRS, ANER ) REFEFPOLT R
A g L & LED BER ¥ o

2 Philips Lumileds Luxeon ##72 & 5 &) > H & %‘fééﬁu = & 7
484 % A & > Philips Lumileds # &2 FH A7 > %057 5% 3
700mA 12+ s ApE s 2 3] 13 °C/W o ks v Az 100lm/W o & 2E
FTRERRBAFRZBEER* (4B 3.5-6 #7771 ) °
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7ok % & :Philips lumileds

Bl 3.5-6  Philips Lumileds Luxeon # X%

d P2 E 8 WARPE S T RPEE 3 BN S F S o BT
txd LED BRP P v o $Hergfe Hpiehi 38 > e drfmd 2 3 s BB AL 3
S ER | J“T*UEHFH FEHS G > d B 357 4454 GaN ¥ ~
SiC 2. = & F ! Sapphire v H % > 22 p 5" M= A4EFF F 7
B > s p m Sapphire A4 2 A o ¥ b B AR L 2 G o U A Bk
>z % 51:2 2. Surface Roughing HEdL % b > B A R X

Fo # P & NICHIA = & 2 & J| 473 < 2010 & ¥ 3 B A7ecd
ik 4 Potonic Crystal e H TR {3 EYURPFNICT T AEIAY
(Beam Lithography) » % #iFfILG £ T % Svar* e § ¢ 2R >
S FEFMIBRYUSA - kT AR T BB RAERER
WA A b o A4t EEH S G O LED $7RES Y 5B A2 e A (A
B~ A SHTEE AR T E) X LR RN ERATF o HBRE
£ 7 F oo 2 230 A @ E % B (thermal conductivity ) B 4 5 (14
3 % &) > Sapphire # @ ® % i 35W/m-K # GaN ~ SiC 4 %] % 210
£ 490 Wim-K) & £ 1= & {5 4 /2 #% 4 Sapphire 42+ £ > 4 ¥ #
BacH i sz 2 » jad S ARl E-L gt B o
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'arr,,j»pa—ggfgstJ LED khjre v f & 2 &2
T LED B % BASRAE S S {c 2B R B R KRR
BRANFEARV 0 R F E 2GR AR o

1.50
u S];herlBaCk'End Reduced Epitaxy Costs
osper Binning Yield @ 50%
Other Front-End
.00 I e
Epitaxy
Substrate -
I R e e T P e

200 f-mmmmmmmm—mmmmm—mm—m——mmmmmmmm

Relative LED Device Cost

B
oo . _________________ Tl
N B
0.00 T T T

Sapphire (515) SiC ($150) GaN (51,500) GaN (5260)

F 4L %R © LED Technology for High Efficiency & High Brightness Applications
Dr David Lacey

Bl 3.5-7 7k A4 F LED & & & {7

3.6 ‘%

I5€% LED o 3 477 S s L HEIRPARFE > 5 #
£ R Bk & 25 3B LEDBRP > 3 M8 LED % %
PeF R VKA A2 AT 0 T L LED B B 25 K PR oo

2.4 %9 %k LED & #3 & A S5 JI* ¥k ppeiifek  UE#
* 53EA R E¢ 2 LED ff - SN XHS LR 4
%> A wuld pANICHIA 2 72 % B CREE 2 @ %73 S5 B > d ¢

AR E L BERP G o 1% AR S AR A4 6 k2
.ﬁﬁ‘ﬁ—‘ﬁ&;’g%o
3.% % LED &= w * AL 1 S TR~ LED ~ & &~ fgfox
R EE qfr,k?m IR e sxk > 00 LED A% k¥ g TRk
Box oLED §* & &5k T @H %S LRI I 150m/W =+ 7 4o p

2
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ﬁlﬁ&éﬁ’s% /—-Ll% * 2 rg@@‘}_ﬂ_%—l o
4LED B P Hit5 B > B o oo Tea k2 d A dodp i Eﬁﬁ%?;‘}ﬁ;ﬁ;

B BHETRERERFR S BLIR LERERE T AR
Mo P ¥ IR ERE SRR Hh S WAEE K “3
g7

“J

P B A B R e LA A H T S v U M AR R
FEREE  (EFRBOEHTE > 2 o 42X RT  FEY
AR~ A A R R AT AR -
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$r$ LEDB%2%¥E g%

41 LED %3P 4%

BT 2 s AT A RPN B AR B 4.1-1 S
RHANT FeE A s S BR A 5o S A4 %% (tungsten lamp)
£ %1% % (Halogen lamp ) > %41 #* T /B # £ 44 $ 1 v éfcfh,% i o
7 sk B - i Bonk R 20% 0 9 17~25Im/W e § = 2 &

kia ¥ EEE ALY Fhp Rt kM HFE TR LR
Py o 318 - @ B g Jé;‘/;i”z:}i,’{,‘hfg’ﬁfﬁ);f O NN R
FeRE B MRAE S FREZFEFHERZFE - T 1996 £ >
0ok ok C RO N7 A B £ & kR FE R P (Solid State
Light, SSL)nF| % o % 4+ 4+ LED BB 22 I BB & 30 45 a8 1700 o

AR T I

Flexible OLED

—
L8 lighting
- o?
. LEDs OLED Lighting
@
Compact
Fluorescent fluorescent
"
Incandescent

AL KR ¢ http://www.pida.org.tw/
Bl 4.1-1 PR P

1. % o (P8 P oe)
FRRM D BRGSO RAEL L F D B LR
IEDP%ﬁ@&i*ﬁww“’ﬁ—Fiﬁﬁ“@T”mDi%%
BROL2B I BABRIE AN L (4ok 41-1 757 ) & E
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Mok FUEHE S R RGBT L B RECE - 1t LED B (0 & ghid
};‘-‘;C‘ 74;{;‘1:‘]_3&_&#%%0

7 4.1-1 2010 £ & fARE L T 205 L R

R R4 E J\{a%%_ LED
Efficiency(Im/W) 110~125 160~200 50 75~100
FH &R AT R
d £ 4.1-17 o> LEDELE D 0 oy SR B3 R E N 5 R4 BP0 -

PHEABFRYG FRHES 7J<;%’=l% F13~4 B og FEIL G FEE o
H X PHP R ¥t Lumileds Lighting 2 # ¢ Roland Haitz >+ 2003 +# b
9 LED R en i 2 & (Moore LAW)— 3 ix T = (Haitz LAW) (4§
4.1-2 #757) 3P LED )& 18~24 B " v {2 - BenR R > 0 I
oz 10 &) LED 2 B ¥ ME# A 20 % > @ =0 A7 ' 14 90% » &
TR BN RP BNZ P AR o

1E+04
£ 1E+03 ]
— ] Cost/Lumen (3/1m)
B 1E+02 1 Py
O 3 \ Flux / Lamp {Im){}d/
2 1E+01 4 A &)
® é ,
£ 1E+00 4
S 1.E01 4
= 3
5 1.E-02 1
L ] +20x / Decade

1.E-03 - -

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

7L kiR : Solid-State Lighting Research and Development: Manufacturing Roadmap

B 4.1-2 3 % 7_i=(Haitz LAW)

% R s A% (Department of Energy, DOE)*t 2007 £ #* 7 % 7+ 2010
# LED B2 9% % A& &7 25 150 Im/W(dcB] 4.1-3 #7577 ) 4+ 3
FRANE S R EE A KRS (7 90~100lm/W > &/ 3] 2015
£ LEDRBME* 25173 150 Im/W>$RHR 45 v £ LED % B
FoFTERPELRTFF EDE (£ K Cree § 5% 345 (2010)# 1
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8% 4 219Im/W ¥ % LED-2011 # 5 * p & NICHIA % % 249 Im/W
29 RLED)> B * & &2 #F BHaAE L% (P & NICHIA @
2011 # 9% B 4npx & 95 Im/W 2 v £ LED> % B %0 e id 2 sk s )

White Light
200 SSL
/o/.r—~ Laboratory
175
White Light
150 / A s
Commercial

™~
N

—_
[Ne)
()]

Metal
Halide

T-42 .
Mono
T-12 fluorescent LED

/AL
. S B
1970 1980 1990 2000 2010 2020 2030

F# kR Next Generation Luminaires (NGL). 2010. Solid-state Lighting
(SSL)Design Competition 2010.

Bl 4.1-3 LED %%

-~
(8]

SSL N\

R&D| Activitie

Efficacy (lumens per watt)
=
[s=]

(8]
o

&
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BEP GeR RANVE 4 B0 b o e LED B4R A AR kn s g gk jiea T
o WIpE R RINA 470 Bl 2015 & > F 4 8 (Correlated Color
Temperature , CCT )LED(¢ 8 % = >+ 5,000 | H ks 4 4 g 5] %4 >
X 4% Cool White)»c % #-5 B T 188 Im/W > < ¢ § LED(¢ i % i1
3,000 > R kML AR DR >~ HE Warm White) »c e #-5 E 1
138 1m/W > & H i #ad #d P 3% kim 8 SO% <% 1 14 %=
3. @ 2

AR TR R o SR 1 e RS
Beng S A AR R FESNF )T MBS gt o KTy
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#(Color Rendering Index, CRI ) & o » w0 @ = F kv g ahimd 4y
BT EF 100 AR EAABE LRI RAPRERELRRATELE S B
AMRKRT 8 fhEEd hikdt(deviation) AR R > "R E 7%k R 4 4y
B T LE Ra20~100 > #4517 100 £ 1 HiFd HAxE 2 o

30412 kRS A 4

LED LED
7 BORAE | MURAE | ks
7P BRAE | MBAHE | REUE BE) | (mém)
RS 20~25 0~5 50 75 &5

‘f iR - j\ﬁgi%,,
d 24127 3R MBRAERZD WY R kT reddhidz

BBR s RHFS BB R AR AERA ﬂ%iﬁar%ib@
- ARiE R > @ LED R H S rE lﬁfv:ﬁa‘“ﬁf%’*i SERH
% oLED BP eiF ¢ B3 2 v % (CRI=100) > e H »ed g ft o

WS P E R Z §F KB (KS, Korea Standard)*ﬁ Hﬁ LED P&
Pd feimad - alpERakhht R 2id Gl 80
F s AagERKS & R d rBcE 702 o
4. #+ FZ

LED % ¥ - BLFAR a3 d SR % E & A2d g ¥ T3
(mean time before failure, MTBF )L 4 T & & > 2% E 3 £ 50,000
) pE L — S B RAE 6,000~10,000 ) FFEF N H S om Bowm iR R
e SLETdR  Jnp k% 8 (lumen depreciation ) R R K T o i ¥ iF
#HRRAFZ AP EERI R K509 70% 91 F cpE (A W12 L50
& L70 457 ) # i LED %had ébrv«‘ff:; 1% o 4% LED cnR P ficem
% o B w E Wi k2 & (Energy Star)%ﬁ,gfv?;f T LED X BRP R & &5
7 L70 £_% *% 25,000~ 35,000 -] pF 5 77k iRt B R4 E 2 6,000 /] BF
(L70) > 325232009 £ 12 7 4 p 87+ 7 B (8 gk A » T30
2010 & 8 * 31 p 24 »xo

P B R L RS S 0 LED B Eat® 42 B RAE K
45548 &uw;#’£~;aj@w@¥’Uwa1w¢1345wg
P)ERB O FROREEBEE SR 220V 2 2R T EamE L

"
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1.8~3.5V & in @ B » B LED s s 238 1% 7 3 BB ;
220V 2 2T AR 400V 4 FTF 0§ HAcH T

éiz%ﬁﬁ‘&umwm’wrzmﬁ%ﬁ% iF A
LT &@ﬁ&iﬁ’wﬂ#w%b%%w% EarE

m

=3
%%Wi% %&ﬁ@dﬁD LB kP S LED & ¥ A £

B

Rap an

Ressw

R a2

R - 24

i MR=Rap gu+Rasant Ruwun +Rupza

TR kR http://www.innolux.com
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5. RER®EI

% Wi R

£ %‘5-$ Llrl?? B

AP §E 100 ~ 150 %2 200 *®

LED g% 3

( foot-candle )
R BE RBAEIE LED R EE S
Y ded 4.1-3 > ]}F’Iﬁarﬁ Fi:{[}?‘J e & #% LED B

% 4.1-3 LED %2 3

f&ﬁ?\’*

Y a1

_\,J——

’ PJ:%

B 3 ﬁ 4 I'-l— |§1“11El BT /EJ F-é‘ ’ )’Z =% vi:EF
FRIEIES 2 RE - 1457 F
T Ml BAE TIOE G R Bk

ﬁvﬁﬁw’M§aE& RS ECl BR - XI5

RRANFEE B2 R APM R
B 0 30% 1 oo

RO ERREEIODI RVR

Grid Points Average Average-to- | Maximum-to-
Iluminated28 Iluminant Minimum Minimum
Uniformity Uniformity
Luminaries (All Modeled (All Modeled

(Spacing) Points) Points)
HPS (100" 100% 0.93 7:1 17:1
LED A(100" 100% 0.44 3:1 6:1
LED B (100" 80% 0.51 215:1 868 : 1
LED C (100" 100% 0.22 2:1 3:1
LED D (100" 100% 0.51 4:1 11:1
HPS (150" 100% 0.63 9:1 36:1
LED A (150" 99% 0.30 6:1 21:1
LED B (150" 72% 0.34 165 : 1 981:1
LED C (150" 100% 0.15 2:1 6:1
LED D (150" 79% 0.35 22:1 98:1
HPS (200" 79% 0.48 39:1 198 :1
LED A (200" 84% 0.23 11:1 47 : 1
LED B (200" 49% 0.26 168 : 1 1,318 : 1
LED C (200" 65% 0.11 5:1 19:1
LED D (200" 60% 0.26 1,228 : 1 7,176 : 1

L kR © U.S. Department of Energy and Pacific & Eletric by Energy Solutions
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6. T i
LED : #FM TR WA 3 RQFESREFHTE %A BT

A4 TR A o

BERZ

SR N Ak LEDBREGUAMIR S NAL LR 7 3
FRANE AR AVE I R b B ﬂ%@?&i#?éi%ﬁ’ﬁméi

2 BEEEROTE RS kAR -
8. P H A
BORAFEAREUEE D PHEMLRA S LED BB 5 00 A B
PRI A M- > HE RG] FIR T RS KR R R .
% FEc
LED B¢ 3 F &L Fl{rd RAHE L RETE- 2 RP 225k > 120 7
£ % 20~30%4 + #E o
10.7 3 % >
LED i d SRR IZI 17 & > & XHEF AT @ FFE
o2 H Wk o
11t 1+
LED B %% 28202 ySec 345 » B BAFE N R4UFED 20 F 4o
g@’aﬁaﬁﬁﬁﬁuﬁﬁ?§°
12.% % & R g
LED &% d *+ 1 i3 BR# K (1.8~3.5V) ¥ 5 2 i3 o B RAeNE

}\fl ;g’i&)&‘&‘-"" M5 ~ kb # E }g‘,a:;gb,@‘(;}’ft;,‘i?:! o

P LED 2 %X @l F 2858 0% 4% % 54 8 4000K 2+ >
FiE4 Lo XTI G RPE o mE X ’l’f%féﬁﬁb’ o B RAES
k4B B XS 2300K 0 FiE4 &0 LA FF BB LED g%

I e
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BRAERREEFES 15%F oo
15404 B0 58

&ﬁ%ﬂmﬁ%ﬁm?’iﬂﬁﬁﬁm%ﬁ%%ﬁ’%*ﬁ{ﬁ
A dm¥e (rod cell) » % = #8844,k w2 (cone cell) ° —‘F'T B ARITRE
%ﬁﬁﬁﬂ’lﬁﬁﬁgmﬁﬁﬁ’mwﬁxﬁiiﬁﬁﬂ’QW§
%%ﬁ%%%é‘ﬂ‘ﬁiﬁvi%%&Amﬁﬁﬂ’éiﬁﬁﬁ*
R¥RIAR L hie % - FZ e o =ypp &1 %1428 (Japanese
Industrial Standards, JIS)® ¥t P 2 2% > § L REBRA
B 10 lux (- R FERBEER DY) &Y Of i PARY
(Photopic vision) » #* P& F ¢ 305 Ry 0 2 & ko p PRI P 4K mie e
F Ol > T ek 24 é‘rw‘*?ﬁu,f TRECBRVEG LT on F R
BB RE MR 0.1 lux (4oF F & ki Btk ) » RI3 " AL f
(Scotopic vision) > J* FFeELIE B R R R 2 K bk mie 2 4 R E
FL T LB RIkY km f F 0 PR EEP R ORRT
Wodig s AL A RBERR N LR RIAS P AL
& (mesopic vision) > i FF4i Kk fmie frdk mre e pF € (% 5 HRP
BRAE LA E a0 5 G(deR 4.1-6 977 ) ©

1800

507 nm

1600 Photopic

1400 Scotopic

1200 V'(7\)
1000 \,
800 555nm
600

400

Luminous Efficacy

V(A)
200 /

0

400 450 500 550 600 650 700 750
Wavelengh(nm)

F# kiR o International Commission on Illumination

B 4.1-6 P a5 AL AT BE 55 R
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ZE2 P BAREERE G s hbi- 2 A RERP N MLt i
2010 # W% R P £ B ¢ (International Commission on Illumination, CIE)
#& OB B Bk e B AL K R i i

PR kPR Ao o AL R IR G H#HITL R KRR LED g
gﬂfr')f@_;’i’f A4 EARE

MR L2l egaar PARYZRUHRE/MPMRE Y E SP
(Scotopic/Photopic Ratio)s %8 & - » * K 78 L IFAR #3304k
eenf gt e B ik e HE S BB R RRGE 0 FltF
KRz F RS nE SRR ¥ dp ¢ BRFDRR) 0 KR E T
BB S /P AT Y (B B E R ALY B R4 E o LED BREE T R o
4ol 4.1-7 #77 o

Scq

/HPS

Photopic

Relative spectra

I I}

400 450 500 550 600 650 700 750

Wavelengh(nm)

F L kR © International Commission on Illumination
Bl 4.1-7 LED gE% 5 B4 EP 50T MR

PARE S Ay kRN B A T M L kil &
BIERP L | gits A PR X 8 550 nm & 450 nm sk #r R <
'%

ML R BHBEH BT 25 B BRI RET SR
450 nm ﬁﬂﬁ%ﬁ—%ﬁgieﬁ;gﬁ cd B4 1-TV > ZRAZEAS

¢oenk o @ % LED B % (S/P ratio 1.97~2.04) -3 & 4n 5 (S/P

49



ratio 0.4~0.62)4p+ > RSB L B €305 A Pt B & (Fenk
JEPFR RS - L TG B AR/ P AL Bk R A AR
e B RE L AJIRRE Y R ISR R AR g
% B S/PRRF AR S5 FRBPFERAET M- BE %o
ARGV TR 1 ARBRRAEL Y FARE R Rl R
2 AL AL 0 6 K LED BB EIRGE BESET I X st oo SR
iR ¢ (CIE—Talwan) TER LA PR EE S/P a4t 4.1-4 47

T o

% 4.1-4 & EELE2 S/P

£ REg A S/P
BRGFECEP )250W 0.63
B R4 ECE P )A00W 0.66
gz 1750 1.08
kgE 4000 1.33
BB 1.36
i & BEGEP) 175 1.51
i & BEGERP ) 400W 1.57
BO00K & & sk ki 1.97
I6500K & 4 sk ki 2.19
I6500K & ¢ s LED 2.04

7 kiR - International Commission on Illumination Taiwan
A4tk o LED B %P T o H 3 RA BT P2 %%*“ ’
d3 2 RAE BAEEIMLHGBEL IR Y RE 24 &xp R
B e VB Kﬂ'géhﬂ’%ﬂ{{f‘—l—ﬁ"m*“S‘} TR R BN ORAUVE S B DG
mEET R AP R S Aok 4.1-5 P o

\4\-\
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415 L RBRREFER

Fix LED R K AUE
PR B K p % % 100Lm/W 80~140Lm/W 35~60Lm/W
H - LED % 3
SIS RRAESKEES | K B it
2~4 i
e e 65~75 20~25 20
(G ¢ Thd)
=
‘ 40,000~50,000 -] ¥ | 12,000~24,000 -] B¥ | 12,000~24,000 -|- P&
(L E)
@ LED %% % % 30% | # LED % & 2 30%
mRIE |4 RLEDRRT S0 | FLEDRES 30%
Lk ’:.ﬂés]% e
b5 3 i ES B A
nEAA i ES B AL
TR 3
PSR ) P R PoT = 3
’kﬁ.l * Ki—
LED B %% & £ 3|
ok B4 E K
% EHE - 2 BP ot BV b
53078 S
20~30% + ##
S = SR
w2 BAFEARLE £ *
B ok
fde 2 ruSec 3 ¥ DA T ) YA E
FERRET | KA AR RH R R
X iR B o e
R R LRGP
BEERB A | BAESLEER |- & - i

15%r4 *

FALKR AR AT
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42 LED &%¥v i M4
421 LEDV { BRI 3¢

LED # & R 32z F 4] % L % 3% 5 (Junction) (7 it » 7 &
(forward-voltage)i¢ 7 st & 2 £ F f@%l V(Ao @) 4.2-1 #1797 ) ©

Semiconductor p-n junction

p-n Junction in LED

S S .m0 0

@ lactron
conducton band alacirons
BandGap IPmennal 3 0000

3.0V =nergy l ;’Light!
9
CICICICE™ D
s @ vakince I}:n:!
p-type n-type

F#L kR ¢ http://www.innolux.com

B 4.2-1 LED % %k hI2T { B

pw LED B3 & e h ¥ 4850 % 2% Mi k2 & (ENERGY
STAR):%% » ENERGY STAR #:i(4c @] 4.2-2 #77 )4 d % Wk F5F
(Environmental Protection Agency, EPA) fr% B sc 3R (Department of
Energy, DOE) % e £12& » o G377 F A S 20t £ 2 & KT
FOEEFCRAR M AT B o AP S A S R EPA YTRRT AL
# (EPA-recognized CB) % +% » £ 13 5 # L ik & = & 307 3%
(Qualification Testing) > 1 #c & * it k2 % ’}ﬂ—w T EPRAT R 2R
Bl T LED thERg > o > FREApFHE I N F RGP RER
T RRP BRSO B2 - o TR AR e M»/‘?‘iﬁ? HALLE G e 0 2
A L RREHER 27 o
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ENERGY
STAR

7/~ |PARTNER

F#L % & : ENERGY STAR
B 4.2-2 ENERGY STAR # 3 B

i@]fiﬁﬁ‘JiLED’F%—Zﬁﬁ“_%i;}g&gﬁfi,é;}_tl;;]m;ﬁ 1R ¢
( International Electrotechnical Commission ) ~ B % B P £ £ ¢
(INTERNATIONAL COMMISSION ON ILLUMINATION ) ~ # % P&
P % B ¢ (Illuminating Engineering Society of North America)~ # & &

R w4 A —%‘ % ¢ (National Electrical Manufacturers Association °
NEMA )~ £ K i 73% & ( American National Standards Institute> ANSI )~
F AR 788 Fs 7 e (National Institute of Standards and
Technology > NIST) FAEHRBEGTE - F €k B Rl
(Energy Star )#% 1 enF| fi B PP 5 5 245057 7 b e FREARE -
Bl es g saff bz E g BET14 f ¢ (IEC) R'ERM 4
B¢ (CIE) MuHhEed (ISO)- H°? WM%ET14H ¢ (IEC) *f
FE2ZHERHEIR e ZTF - TE LTI RF "Rl k2 Afor
feAp M pprz AR 8 S & G pIpE S Aedp iR g 0 T G L
PR E R iR 2BP 1ARE € 977 LM-80 1k % 5 4& /P
> 3 &5 LED B* A &5REERER > < SR FRESTR
#ooB e A R R &G eRHRE -
1ED%£%$&£’ﬁﬂ'mﬁwkﬂmD B g SRR
brrE f‘&%ﬂi%]:'i% o e B A 3 H s BE e s LED HE € b s

fo2EE R XA W g 3{_‘@_ BB g g R H
F{ci§ B RAR i+ LED %1 ¢ i&R¥ 4 A LED &1
A hhTE -

feh2 B % LED L2 as%kE N BR3P A EEBEH
LED % & &7303% » &7 % & + /f # 't Lumen Maintenance Life 4p B F
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Fo% L LEDchd bd # F 8T % 5 — 2T B e i kA 7o
mHAKH N GER,MERP LR € b'“r#' ¥_2. IESNA Testing
Procedures Committee. & % IESNA IES H15x2 LRk % plEEp”
LM-80-08 Measuring Lumen Maintenance of LED Light Sources” #7+#
- 2RI LED & fenfe A (RAERH I 5 0 PFzidin) 8 (73020 -
A5 #§- LM-80 -

LM-80 13K T2 % B R L3R T FHER LED > £ # 1§
- BEFF R esr LED 2 Jo@.] 41> d LED %ﬁ%ﬂ’“ﬁifﬁﬁ“%;ﬁ‘ﬁ}i )
#ELED 2 R IR p L - RLKLRARPAF O F o L
REEE A 2ATRAE T F R H R T B?*F'*m”oﬁsal i el
Lo i&? R fdF & & & (Lumen Maintenance Life) o

LM-80-08 "=+ # LA {87 i > - AR L LED &5 it p dkc
3 B & e 70% T 4 i@ LMY T — AR AIEE H N R A
50%;}%7 Ei&* o %- AIREL70)2 & & - L EP H LED FE i
¥ s § - fa _%(LSO)B F i cn LED B2 4% 53 /6 LED &
FHREEd M ERP LR ¢ PFAERD ;Ao B R ] 2 (ASSIST)
“id] o Fpb L70(4eB] 42-3 “77 )¢ % % ENERGY STAR® 5%
LED FE € & 4% > & S & F L WA EH* o LED RRLEY &
TE R i S iE > & LED @i % 2 B IESNA LM-80-08 #1
o epliE 2 % ) LED ~ 2 (Package/Array/Module) 3 > 6,000 -]
PFenskzE T4 LED Wi 5 £ % IESNATM-21-11 ¢n= Ve (7 B B

PlaatFadein o i —-lzg*gﬂzg{ﬁ_,‘ g oo

Lumen Depreciation Curve

10
0.9
0s
0.7
06
05
0.4
03
0.2
01

h 4

Relateive Output

L 4

00— — Ny

Time L70,B10

7L kR - IESNA Testing Procedures Committee. IESNA IES LM-80-08 Measuring
Lumen Maintenance of LED Light Sources

B 4.2-3 LED % E /ip a4 5 & & (Lumen Maintenance Life)d 4
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PR E R B LED # F x4 > LED T ine7 4 2 2 B 2
FordTd > ERF kT B E TR o Fpt LED F ko F R R ¥
PERF 2 o Y Mo @ BB iR G B R € 4oid LED A kon I F R o
LED "€ % & * HiiFehp ¥ 23 > p o ¥ - ¢ LED EB“%J%I ¥
PISWoH 3 { & o0 2 LED 1 (F8 B F ~ ﬂ\HJ«? 7E L
E R ominig P RBACI B hEoT kY & F T AR R ARP B
AR ERLE A BRSSP gk é‘;?é_ R

‘QKP

\‘-\

S ii:f?: o 7B E&_éfj_zi ﬁ? 4 é; BEE L %ﬁ‘lgf sk P%} j% 4 hﬁ_«ﬁ 5
(Redshift) 3% » @& ¢ J§ 55 *% o & LM-80-08 %14 % Pr"#:;rm 7R
#13# Lumen Maintenance Life(4- 8] 4.2-4 #7771 ) ©

Luxeon K2 white stressed at 1.5A

;: B10 - ﬁ_‘ﬂﬁ\\‘?‘;v\‘*\
T

0.7
0.6 \ . \ ; \

Higher Tj \ ’ Lower Tj
0.5 B50 ——% ¢t

V3

03 I |—=Tj=115C \ \ \
i —8-Tj=125C
—&Tj=135C \ \
0.1
0.0 \—v—*—w-&\-'ho—kl
1,000 10,000 100,000

Hours

T kR ¢ Cree® XLamp® XT-E LEDs Product family data sheet

B 4.2-4 7 F @ F & B3 Lumen Maintenance Life

LM-80-08 %< £ # ¢ ¥ LED % & %t
RN T Az Bl CER(TS)T&FRE 2
frss Croah-miEgrd Qe -J W
BZRE B LY RB m_)i%ﬂfl BIETEAPIEE BHERS
Redp#] -2 Crop > FRE % Flanl B R4 -5 CLp o PIERE
BREZERABRE c EGBPIBEFERAG I 65% RH- &
LM-80-08 47 T sk i & T 0 BIGFEL 0 & #§ 6,000 ) pFo 2 30 R
1,000 /] PFigis— xR - % Ri&{7 L 8- HehE HIpH 0 LM-80-08

(G Rk F 2 RS e

Ho 5 ’E‘m_}i = 35 C
ﬁg% ur.}i?f'ﬁ,m
;

3
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PlaEzkat £ 310,000 /) pFerpliE o
LM-80-08 ¥ %+ ¥4 % § LED & beh 20 B 5 3 84
d At EFRP LR € DBEITH L 4 TM-21-11Projecting Long Term
Lumen Maintenance of LED Light Sources”# &% » TM-21-11 J&_
LM-80-08 # ipliE 427 17 F|endedp - & LED R ihenfadd 5 o )L ip i X
I % k3 LED X hads F4-5 & 6,000 -] pFend & o [ES
LUMENS-80 £ ¢ L2 =7 PR ER - @ TM-21-11 B
¥ ALz kP % % B3 LED £k < Lumen Maintenance Life ©
% LED %2 1 it B & 9T 2 47 2B R I - LM-80-08 17 T
IR R 7 B
I. % LED %2 2 35 T & = LM-80 jPl3# 5 /8 & (25°C) - LED %
L E i LM-S02R2 25°CH i (L70)iF 5 2 % % #id o
2. LM-80 ;8 (25°C) <LED %% 4 % & (TS)= LM-80 % £ (55°C
/85°C)  fit KkimT > LM-80-08 R #_ip|:# #icdp 4% = Arrhenius
Equation #-3]2 = » Z A 2 = 1845 o
3. LM-80 % (85C)=<LED % & «ﬁq TR R(TS) : LED B2 m 2 % *
LM-80 4R 2 ¢ % % #cid > 4 * %2 ENERGY STAR®Y %% 2 2.3
> FNiET o & LM-80-08 &7 { B F BIPIE o
#€_Arrhenius Equation 3] ¥ ™ *ﬁ 7| LED % & - §Fat A ip iR
FEAG F G F R kR R E 5 ¥ oo LM-80-08 ¥ % RIE A
SR €% F B4 k& > Arrhenius Equation #:3]¢ 7 & %l_%)fh,‘ 7

T

BFFET o F BRIV EKZHEETERAT R FHEFHE
R S I
a, = Aexp T 1)
a1,

Ea = Energy of Activation > ¥ = 3 & + R 4F
kse= A i & ¥ # (8.617 x 10-5eV/'K)
Ts=43 %G8 A (TS) » ¥ = K('K = C+273)
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HeY Ea pw 043 eV E B ZAFEY » cBHEEZEFH I p
MIL-HDBK-217C %3+ & L g8 ch 7 @ B e g

Activation & > #* % luminescence S F E B F 2 A F ORI PR GL
Quantum well & #cd% ¥ > Ea» %2 #% % o P o ¢ 3% Philips Lumileds
Luxeon ,% 7| % CREE e XM )k 7|55 * L #cig - Ts fﬂ T8 B 5 LED
Wesdegrn  a? 23R R RGERTLED e b %3 8
d BWid fFdp €2 o 2 & F]5 LED ~ # ¢hPN 46 2 8 & (junction
temperature » Tj) &2 2 R > @ ¥ * LED ~ 2 VF T R4
BROREFHE 2 o YR LED el BB ERE T

i¥% LED #%22 PN e BRGEE > T A7 ERERZ 28 - 1Y

er7 Energy of

RS

Y

I RRE2Z LEDEEm* Bd 5 Lpo

hl[’lOOxﬁl
\ P

a,

Ao Botk&Ande R B > p=70 ¥ {3 23Tk AT > LED %
R'EMI T0%2 pER o
7 Cree 22 @ XM k5] 5 b » & 55Cephin™ » L70 B & 5
196,000 - p% > F 8 & 5 85CHI 5 85,000 -] PF(dr & 4.2-1 #777) > 1
i 8RR 67°CHILT0 PRI 5 138,000 o pE( 4] 4.2-5 4T ) o
% 42-1 Cree 7 XM & 7z TM21 @t #* B A 47 £

|
|

XLamp XM-L White

_ Ts1 Tsi (Interpolated) Ts2

55°C 67°C 85°C

328.15 K 339.15K 358.15 K

« ] 1.729E-06 2.457E-06 3.980E-06
g ] 9.816E-01 9.818E-01 9.820E-01
L70(6k) = 196,000 hours ||L70(6k)=138,000hours | L70(5k) = 85,000 hours
L70(6k) > 36,300 hours |IL70(6K) >i36/300hoursl 1 70(6k) > 36,300 hours

Calculated Lifetime _ L90(6k) = 35,400 hours _
TR L90(6k) = 35,400 hours [

F L kiR © Cree XLamp XT-E LEDs Product family data sheet
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E -
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65 ngéfzg—gm— 77777
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60 8.—06—%.——— —————
8 @
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>3 g e s | ]
50 = &5
1,000 10,000 100,000 1,000,000

Time (hours)

T kR Cree® XLamp® XT-E LEDs Product family data sheet

B 4.2-5 Cree &2 XM 72 TMI1I1 @t * B o 5 [E
LM-80-08 crig & p ch% 2+ 5 LED ~ 4 enT ok : aiF X - 19

o PE £ i 6,000 ~ 10,000 -] pF 0 F R TRFF A RIVF] P ERRE

7 LED A &% 1 > &8 AR FF - LT jl,)iiﬁ' & 4 :HTOL(High

Temperature Operating Life)ip|:# > FE:0 A & & 7 F 4R 4818 -ﬂ N

LM-80 77 B > 4oyt if 7 *% 1 LM-80 F % 3, ﬁﬁﬁi#ﬁ i

TM21-11 # Lumen Maintenance Life Projection P &_ix g™

BEREEF

1. % LED %2 4422 & 7_5 1(7 100%) -

2. BASA4 10 B2 R AEFRIE 0 F 1,000 ] pFio
4B (T 1,000 ) FF)e F LvE (4oB 4.2-6 Fo ) o

3. ﬁr%i?‘JéﬁFﬁfFﬁ A3+ 6,000~10,000 -] pF2 R o Bl * H

/| PEF L€ 7 Life Projection(4 8] 4.2-7 #5757 ) ©

4o plEPE A < 3T 10,000 o) PF o RIERBE~B (S 50%F AL {7 Life

Projection o

7|

._:Zo,}’._

B {5 5,000

5. @w» it 2. Life Projection %% & 7 & e F Wk %% R 2.2 EPA 6X
Rule i 7> 72 F#REFHEET6 BB 4.2-8 #777) Bl 4.2-6
5 B 4.2-7 2. 5dh i & LED PIEBE 440 R B2 p 4Pkl &

(Luminous)+t & -
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7 &R © EPAENERGY STAR Lamp Round Table San Diego, CA
B 4.2-6 TM21-11 & & P&

Relative lumen maintenance
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—e—Test data |
——Fleninr *|
—oknne B
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0.96
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0.9 . :
0 5000 10000 15000
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A 4

F L kR : EPAENERGY STAR Lamp Round Table San Diego, CA
&l 4.2-7 LED Life Projection
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Relative lumen maintenance
1‘05 e e e M e B e bt o e S

—+—Test data

: =Bk h fit
1 *Z\ : ——1okhfit |
0.95 B S \

0.9

0.85 : " j
0 5000 10000 15000

Operated hours (h)

F L kR : EPAENERGY STAR Lamp Round Table San Diego, CA

Bl 4.2-8 EPA 6X Rule

2B BRIV FAPM LED BRET FHF E&%iﬁﬁ*’éi%ﬁ
PRz ERP L R ¢ LUMENS-79-08 §- LUMENS-80-08 #x
% LED B3 F B ol 5 th R - LED B33 % iz IES
TM-21 & A2 > 4% i= Lumen Maintenance Life #icdp o g 883 ¢ 5 =&
%% LED i % & R4 & IES LUMENS-79-08 = LUMENS-80-08
B ARG frRBIESTRRE TG R BRALR T RBE R
OBy o

37 S LM-80 iplixt §et o nhkBPFRFT R IR LE

7] & mf{m%é/? WEAZF AL 7 6,000 ) PF o izs £_LMS80-08 P

BREZF TR RT]

422 1 s sjaEbz. LED %+ 48 R

.::1‘

it e AP LED Pz fEE & ﬁlfﬁ"“f“%@’
g o HRRI R4 LED & F AP F@E & B LED BB

%o LED B8 25 BB e+ 8 o o fe b f(hol 429
er—]-) BEFRLED A ¥ B AE ARECRLCE TG S ETTFE -
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& F3H# 5 LED }P‘JA'_’fEtm"] "‘,Tﬁ E+ & LED
% A& &4p M (product factor) ¥] % 7R v
%1% (process factor)£2 § “F ¢ * 7, g 5
W B HEE AR S R A PR S S

FlEA4oR R~ RREF R c ASAPM FIE PR Y o4o LED 2 5#
LU CLED AL R F R TIREREZ SR
EBRpR R R~ B ERE TR TR -

&

1_&

System Rellablllty # LED Reliability

R

— * * *
system_Relectrical Rconnections RLED‘:. R

* *
optical Rthermal Rmecha nical

74 k& : Led-based Public Lighting System Reliability for a Reduced
Impact on Environment and Energy Consumption

B 4.2-9 LED s %¥ & » 17 B

P OLED B ie & A g il S AT R0 F 5 0 LED B A 1

A EAR L L E R A 2 g 4 (Capacity ) 22
17 ¥ (Requirement) @ % %o 7 e & > € 5 % Fehip 3 B
PR B N A AR o 4ot & e ] 4.2-10 B
2. LED g% k% ¢ 7 ¥R pe® (Transformer) ~ 7 ik & & B (Power
supply) ~ LED B .?fu(Luminaire)i B ks P AR2 A

21 v & k3 F 417 LED BREFTFFFE%R TREREERS ﬁ&

%2, 4 >

LED RP k 5tg 10~20% o fe 47 P w LED BYE#HTR * chR ks

BB frd 200 B e driea o R LED B k S {7~
47 o
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Resistors Housing

wie Capacitors LED light
Diodes engine
Vamish
Optocouplers
Ferrite \ P I
= = | Transformer f|= = = = = = = —| Powersupply - L — — — — — . - —»
core Transformer Component in... Component in... Luminaire
Bobbin /
Tape / Product A Conrol chip /
Inductors
Product B
Foil MOSFETs Heatsink Product C
BJTs

Lens

Heatsink

200 to 300 components
Many different technologies
Multiple suppliers

Multiple assembly processes

7 &R : LED LUMINAIRE LIFETIME: Recommendations for Testing
and Reporting

Bl4.2-10 12 = % grgkA 45 LED % & b
F Wi hIny - ey 47 LED B2V 2k 0 H v g
Az > 334 P o it k2 & LM-80-08 &2 TM-21-11 #73g |2
LED #* & &af @i 412 R7 4ol 4.2-11 #757 > LED &
HEBARE- BRI T ARk RHEBRARF S ks
i ~ i £ 4 41 % § = (Power Management) + % # # 2 (Optical
Management) -2 %2 & > $7# ¥ I (Thermal Management) ¥ #7 % = >
LM-80-08 £ TM-21-11 B & 448 ¢ $c 304 2 (7R &% %
B HEBE - AE 3% L3323 L RTF] Ft LRV R

R R o

3;

SSL Reliability Management
(luminaire design, components, final assembly and test)

pE

Power Light
Input Output
[ Power Management ] [ Optical Management ]

[ Luminaire Assembly Integrity ]

7 kR - Reliability and Lifetime of LEDs Application Note 2012 OSRAM

B 4.2-11 LED s 5u# &t 71 £ B
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423 - BBREFRRIER D2

- BREFASV AR IR 3E - A F
7f {3 /% (Prediction) 1345 MIL HDBK 217 2. % i 3 #c;# (Part count)(;a
%?f - AR @:B~w?kﬁ@*’f@’*$ chandfer KK ¢ ih

4_,

RET - TR BA BB E &) R 2k 4 2 (Part stress) ik B
SR S e W s s

FRRCA W ISTEFEFTIXRAVTEIAR? #1782 B

eV RREIE e (7 ¥ MILHDBK 217 £ ¢ - £ MR I0% &

» b E R d F e 1 R R TR 2 335 & (government-industry data
exchange program) > f§ # GIDEP 3+ 3% » &2 4pf§ = L chk o i@ * &
MEFTHERE GBS EchY 4 BT X 5 > R A F Ty
#i »d L (R (data base) % = IR % A B (model base) "’T‘
- R FEEDS AR PR SFET LA LHEPER
?‘ﬁEﬁ??ﬂ%ﬁ?ﬁé%ﬁ%ﬁﬁﬁ%é%ﬂ%@ﬂ%%ﬁé
VYRR R o MILHDBK 217 4p M = % d R ARG HFE -
I 1962 ErRAF AV RATEGEM >3 1965 £ % - itk o
MIL-HDBK-217A - 1970 # 2 {s ¥ W& > ¥ 1. & ¥£i3:cd £ WT &
RADC(Rome Air Development Center) § # > MIL HDBK 217 2 & &_i
i 8] 3 %m%@?%zp#’iivﬁﬁw%ﬁm¢°
MIL-HDBK-217 8 (4L pFi@ s & & 0% > i H 4k g5 2 % 3 Fl4p B 7]
FIRAY OMNIEFGREEIEFEASEZFLAZ AR ZRAB I
2001 # 2_ {5 @ &,k MIL-HDBK-217 % (v < p 2. { 37> P 5 A %
& «0E_2000 & = # 9 MIL-HDBK-217F -

TR RGE GRS R d N Bib2 X 5 B a- Aol
sk B ks B » MIL-HDBK-217 3% it < & 4p b iy o 5 12 LED
BERY Z GRG0 FREO ELFEMR V7 AR EF S

Y
lﬁ. .

Rs(t)= > Ri(r)

i=1
HP Rs(y= 4 SL PR 5 t 22 7 & 328 5 > Ri(t)=,4 %9 % i
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i =x ;f‘«ul.._Bé’:F'&ﬁbt7'3N7~% Im’}}ﬁ_&"fi—“{é ’?EP‘"_’E]{TIZ:
Pt SRERP TP LN A ¥ ohdp #iks & (Exponential
Distribution) 5 &1 » v i > 238 4o

AifLs S A AP F > m TS Y 0k RTA l L P
F (Mean Time Between Failure , MTBF) = : MTBF=0s=1/As °

dpd s - KT FASTRARFALY YRR 0 AT T
LED g% @ * » 12 % & MIL-HDBK-217 #33+ & 3. MIL-HDBK-338
P ERETF DL H (Welbull Distribution):& {7 iz 3+ > @ F 94 i

(4r3% 5)E_wd G TRAEFRY "%iﬁﬁﬂv\ Wk B BB D
Wxem e

e A B] x
f(t)_n(n) exp[ (n) ................................................... 7+ 5)

#c B # i A5k S Bi(Shape Parameter) st & 54 5 (Slope) » %-#c
nf s % K %#c(Scale Parameter) » %-#cy # 5 = ¥ % #c(Location
Parameter) > & % # M & & (Minimum Life) e 25 M EZ & 5 F T2 5 5
B %8y A H o doit 60

0 =2 (52" exp [~ () 6)

3% 3 MIL-HDBK-338 £ P %@ % 5 L H2 A ¥ B ©
T EoHFEEAv LGP § f=1> d R FER
ipdes T F f=20 ML G R IRF A4 & (Rayleigh Distribution ) ;
B O=344 Y RAGIIRFEATHFZHE J LHELY BL G
R T AR A TR G o g py e o 2E
MIL-HDBK-338 ¥ 353 &3 imiip —"’-b-’giwwj v £ Fac Rt dg 7 LED
BBT R RERE o

< \\\?{r

N
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F- A4 RPN LBEHTFAEASZ A2F A() 0 0Bl
4.2-12 F&R S A Pror > FINL R ]:EF'“% PR WOARSE IR Al AR
( Bath-tub Curve ) °

d Bl42-12F o FF A S % 2 48 > BlY FRd 03 to &=
B &yl ot o 2t B L5 & < 35 (Barly Failure Period) - 2 {¢ »
to I t1 & i‘if%"i@*:“ﬁ TR o S RS 838 4 22 ¥ (Chance
Failure Period) » 328 BF el 5 5 > R T F o B <o F
%19,%%W<*t1 AR S R R A Y =
#p (Wear out Period) » #73} e » H4g A & F] % 1t @ % & BT R B
PR > BRI R FEDF 2NNV REATERTER o

Early life failure End of life
(Infant mortality) wear out

Useful life
(Constant failure rate)

Failure
rate

|
|
|
|

\J

0 fo Time

F 4L kR © Philips Lumileds Luxeon V Data sheet

B 4.2-12 73 A &% & ¢ 5 Bath-tub Curve

MIL-HDBK-217 #% & ¥ - 3G > ;8 5 F g4 2@ * pril 1%
JORLB TR L TR M S VR RL 2 (5 < A e e e
A om PV RS REEERS ﬁﬂfiémﬁﬂui’» 78 (Bill of
Material, BOM) » B|# 11 & * g4 A 472301 s g cnv 1B o o
— IR PR RS VAR mINK IR FA R A

2 FEEFNE R AL S W—%-?1‘~'1
o d ’E?ttlsf‘é?ﬁ?’ﬁ MEERIFNFERY DS 2R 5w
ok endicdh - LB MR o Bt A5 G
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MIL-HDBK-217 F ¢ & 3F & = & » R 2 & »aF T 5230 1 (7
AR R o Aoft 3t LED B 0 B B - LED BB Y 974 g R 2
FHEH R RS VR FMRERTEL e 5 HTRT
FHTIE S &S AT IS o MIL-HDBK-217 F *iték e > 7 4% i * 3%
+ FEAFEE M TR R AR A
FOEREGH AR CILE CRFEF TR F
®2 H s 3e3 F 2o MIL-HDBK-217 F ¥ #7354 »cd 5 5 H &
% Ting ko 7w E At B R R (Power ON) sk
B 0E 2T E R R o

#F £ p MIL-HDBK-217F % 6.13 &2 #.p >k T - t&td o

hp = hp AT, s 11/10°In 7

AP S BT R AT
Ap= F &2z > fr/10%hr ;
To= A ~% % > fr/10%hr ;

T1= "o it FlF
TA=IEY ¥+
rp =¥ FiZL FF
Tr=E R FF
TE= BE ]+,
TQ= &FFl+ o

FRETRER/SZRFTRINEEDOETEREHE AL

F 4 P FenP 8 MIL-HDBK-217 44?1 — B ek g & > - 4%
fz 5 &FFF > g4 a2 o MIL-HDBK-217 # % T &
(MIL-SPEC) ; £ T i< % (Lower) | @ 8% % % 7 °

FRYFERAZPSFETRINFEDOETE RLHE 4%

%3 2 40> MIL-HDBK-217 &3] @ - B ek B 0 > - 4%
fz 55 FFF > 2 Q 472 > MIL-HDBK-217 # o T &4
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(MIL-SPEC) ; 22 T iﬁ.?é»(Lower) B FEE BT o

MIL-HDBK-217 ##73 % & ¥ R 2EEH R F|+ 18 2
Er o R ES %*%%”*m% R Rl SR TRAT P K
BN B R TR A2 A 3 MIL-HDBK-217 4~ #-H % & 5 274 »
3 MIL-HDBK-217F Rl i* %A 5 14 4 » 4c3 & 5 4=(GB) ~ ¥ & %
F(GF)~ ¥ 5 BH(GM)~ 55 % » & - I F 2 4 e XN 5@ ¥ b

BFF e PR LEAIEKE -

M F) 3 % #cow 2 MIL-HDBK-217F %84 @ & £ 517 #7
P o Fdodplics A HEE N Ab T FE LA GRRT
LED B %2 % 5T 302 > B IR fF o

AT R R R it s
DR s ) RERES G s Ay R R Eﬂ]ﬁ}@i T

Fenfe o a0 ks ‘i’z T A AR REF R
iﬁﬁ“ﬁ%i?%ﬁ#%%@fi,%:&?m;\@wm;\ﬁ
BERE CHFHLAT CEATF CTRES RS E -

$ 2854

& pl;# (Demonstration)» 2 2 3¢ & LED B2 3 & #i2
SRS O R f‘f'f‘lq’f ¢ i $27] (Acceleration model) & 11 4¢3 F]+
(Acceleration factor) » I 3% =7 Bk % * BB FHR BB E TR &
FRFEFASE o ek é%” A v kv 2 B4 o RE
ERFRFRMFLA WA ASESTERAGASZT LA o

Z2HFREFREDD NANEKIE LN A SE T LI TR R

)

VR R AR FHNT I AR TERFIELAH RN 2ZY 0 A
b A O MITERTFASY RO FRE Y EFE R l—’—’ *
TA&ENA ¥ HdEe SR E T BASZ 2 AR T2
F YA SO TUEIEEAR R AR fo A T EFER P TR
T R R E A EA RGN TR B HF RIS RE - P e

— WAL AIRITRYBRETETRES R A S LER

A GETA SN R Y TaTHE AE s HoE & RIE
EApmaml o o d ey ViR RAESEE T Rk R
B2 ZHELS Gy E S MAEARASAL TR Y REDF AL
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s oo 4ok HEA| B BB A 500 Arrhenius H0A] (B R e i)
Coffin-Manson %s"_’ ](m_}i Y%k 4vid )% Hallberg-Peck #-AI(JR R 4vif)
% BB E o 14 Arrhenius HoA 5 6 0 H A B £4HF B e L
—+}§W.§_% PRty B FlinF AR RLLERL G
#REAEFRAEDT B AT > fia Arrhenius equation <R % > @
i 2. LM-80 T Jf, o+ 45 -

é._ LED ﬁ)’é-’%’% W &'L'_%J‘, }g \."L’"FL r’} s 4y X I% }fg. /"_,{f,_ ﬁé%tli_
LED % ik & 0 j€0 i)é‘:")-;%-vﬂ?‘;ﬁ,%ﬁ’lfﬁﬁ& Flpt B LED B2 %% 4
i%—ﬁ%g}%‘ﬁ’%?’é’\é%'l ﬁ_‘/)l ’?L"J};%rgi% /m}iﬁﬁ;é_%fli‘%/z‘ a;!:".\iJ

PIET RS AR A LED i P A dF oSk T in kb sl i (de
B 4.2-13 #77 ) o

Luxeon K2 white stressed at Tjunction = 125°C

0;9 B10 vﬁ*ﬁ‘\-\'*‘\‘\v\_:‘\
% os i
g 0.7 Higher I; —«\_ Y .‘\‘/%Lower [
Eb o6 i :

\ L

05 B50 \ \
i \ \
0.3 +——  ==0.354 \

—~-07A \
a2l | T .
0.1
0.0 \\o-o—o

1,000 10,000 100,000

NS
F L kR © Philips Lumileds Luxeon K2 operation data

B 4.2-13 LED ¥ 3 & &2 5% % /" M 7% B

2% * 2. Black Model % &>t %23 ¥ k% & LED B2 %% 3| 3
REE RS Bieid FlS enB o i 0 f# LED BB mnﬂ%‘r, EAE
%ﬁ%ﬁww? EHNEF R g F AR R BT B
LED &% e s A (i > # 1‘\?]41\-";7“(8)“'%7'11 o
N
Jacc Ea 1 1 1 .................................... (5% 8)
AF = kJnormJ exp[ K {Tncrm Tacc J]
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AF = 4vi# % #c Acceleration Factor
Jace = #v = B4 2. F i % & (Accelerated current density)
Joorm =1t ¥ 1 1¥i% £ 2_ ¢ /it % & (Nominal operation current density )
E. = Activation energy of 0.43 eV
K = % & ¥ #(Boltzmann’s constant) 8.62 x 10° eV/K
Trom=1 ¥ 1 {Fi% 2. LED 4p TR & (application ambient operating
temperature)
Tace=4c * R # 2. LED 45 T /& (Accelerated operating temperature)
Rypm it iF > 237 LED BEAPM & &0 G PPV < Ig5E-aR]
FEPEER 4o CREE 2 & XM 4 71 % Y T0W % B 5585 § 0t [IF=5SmA »
1 ER R 60°C o Hode <~ B4 3 S T on [=20mA > 1 (8 & 125°C »
T ow A @R i e 1870 R THE 100 ] PEA R PIET B
18,700 /] PFI ¥ 8 * B % o
FI* Se@ $03) > LED BREL ¥ N B XA KA EANRP FE
TELAE FER ST AL (kR e s 4 LED R T £ b2 B

(4o 4.2-14 %57 ) o

70,000 -

60,006 i il L s g OQ\

\ \ \ \
\ A L]
__ 50,000 : A . O -
? B \ \ \-1— 350mA
3 '-i— FoomA
S 40,000
= A-.- B\
] L | N\
E 30,000 ek 151 \.‘\ .
% ...‘ N .
20,000 - N A .
N e, 1Y
-' A \

10,000 - S ‘\I
.-
Y B — — 1 [ 1l

9q M9 110 120 1130 140 150 160 170 180 190 200
Junction Temperature (C)

F#L kR © Philips Lumileds Luxeon K2 operation data

B 42-14 LEDV 2R EHE T~ B A GRE

GFRPIZRSRIPGZEIF ERBIAF > BARFEDY
REEHS IR bR ERLES o LED REAALS

T

"
o
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MR R AREE FPREEFF v B fFR» FlA R 22
PV AR A BT B (T A sl o 4riE B @«?Jyéaf*{d\ﬁ%
EEFNRFHRASR G DX T 3%_5‘135%7 £ F A il
R pRE R s N AR By b H B pRiE R B 5T R
BB G TR N AR DRI R E AT o

% 3 f85 % w42 (Field return) > 3w & &8 # JF‘]‘ T
P gk R REEL B EENEF R AR IERES AL £
O RIREE BT S Y RSP p ARG 0 ¥ LED BB
PRTAE P NEARS T F o F P £ W kI A LED
LUMINAIRE LIFETIME: Recommendations for Testing and Reporting
¥ oiE R ¥ 5 0 %K W % (Similar Equipment Method) 2 5§ 2 45 f2 {4 /2
(Similar Complex1ty Method)4p & & -

4 ¢ LED Bt '2% B i fiﬁé% A SR SR R
/T} LA SV RR DS HRE TR R -ﬁiaal SRS NAR SE
BB HA SLT LA -

Jim

ar)

#7en LED BB it (TR ER VARG £ R RINE R
2. AR Ao T
Lrz = LED & & enfisg 22 3] 5% ~ Fe (TN 2 ip 2~ @ % kit > 1

243 PR By LEDRES H e 7 A5
g * e R{ew LR IEE o

JHEE AR enip e TR 2 AT LED BREA
oo R R H BT xwm% L £+ %@:

éﬁﬁ'lﬁ"‘;‘@-’rifi Al & ;T"%Tfli\ffl SR B - e R - R ““5@/2‘
Al e LED B4 5o 2 8 2 et M o ARIFSEnA & o 4
3 F BRI AT ARG R B LA LR RS A4
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?fﬁﬁég)*%%%ﬁ’ﬂ%ﬁﬁﬁfé LRYRE R ST

FIM R EPHNATAS? FFRR Y DI BT A E R BRI F
Fasd Ty 4% E MIL-HDBK-338A ¢ % > fI* M} &
BOEE AL LT LR TG P HAST T AR
4(_?_?‘.0
4.3 LED %5 A 45

LED % £ p an*?}tﬁﬁf P‘g FIRP > AT RERIARES EY
JWLED%E 5 FAERP  H o F g 3 M rB B e ¥ 2 2240k o
J‘Ffiﬁiaﬁl\ﬁx*’\%“\@fﬂ“@"

~d R

v’L’rgp kR e d ;EL (Color Temperature) {ii i# i"’r e ehd 5 ‘f‘"ﬂ%

*a“rfm.)ii,r e g 7R B ch})'ﬂm@? P E,r"’ g #&ff‘l{ P52 v‘?“'i&,ﬁﬁ if*}fﬂlﬁ ’%L‘
BlE PG * - AIRERWMECR ) Bv e d o P IREd IR
SEFe v R hRERY A REREAL T RS o
gk 3“%‘2&'.5‘.%5” W¥EES HR T K(EHER)E T 2 (4rB 4.3-1
R ) e ¥ - AT RSN G R 2 S # o p IS 2,700K 0 ¢ =
% 5,500K ~ 82 F % 6,500K o

5500 K
o0
roo K
8oo K

600K

Cooler

|

!
VWarme:

L] | | | | i

b | —J
(7]
- § ) »E 153 ©
8 % # 3‘: w o ]
| 4 8 s £ 8 a
[=] v (] 4]

£ 3 v =3

[ 2 f:g n

& > g

(] H o«

F 4

T kR ¢ IESNA. (2009). ANSI/IES RP-16-10 Nomenclature and
Definitions for Illuminating Engineering

] 4.3-1 ¢ ;8 (Color Temperature)
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# W R 735 % £ ¢ (American National Standards Institute » ANSI )
HIBITRGPTERLLRAHE? FRERIFIFFLSEZZ AR
2,580K~3,500K % =5 ¢ & (Warm White) ~ 3,500K~5,000K % it ¢ =&
(Neutral White)%2 5,000K~8,200K % /4 v % (Cool White) °
BEFRR G M TEESE S L 3500K T e ko d R

g?

PR F BT % o fm ¥t LED ki o 4 R ¥ kok %ﬁ/%*fs;jf;wpa
k> v ew F £ LED (phosphor converted LED, pc- LED) & &1 » A&
446 Gk FERE 0 BASEREY YAGAERBY LKL A4 b
Kd BB RLANFRLREGFAOI M LR EERRE TR
RERIHLG FLAL €7 ESmE L F 4080 RFT|Flep -
BT i Fokpd e kB g kA AN kb e @5 F w4 fhehng

chalE)J'}B au’riii?—Fmr‘g ”%ﬁ (—&r@432'ﬂr—r) v K LED
sl e ke LED £ o

250 //
200

= 150
£
g == (olor-Mixed Cool
8]
= 100 === pc-LED Cool —
i
Color-mixed Warm
=== pc-LED Warm
50 m QualData Warm —
® QualData Cool

U T T T
2005 2010 2015 2020 2025

7 kR © Energy Savings Potential of Solid-State Lighting in General
[Mlumination Applications 2011 to 2035

WA FHE - i kA F TSR 4 RiE TR £
AsE B AR Y s gy %k eh LED Bk p o4 v ke LED BB
s £ o 2011 & ko A ﬁ;};&& iT 40% > B v ke LED B %
%@é}i”‘ FERAZE 45% T @ T e & 22 ¥ 5 o 2 F Wi RN
A kBB EAR e > oo L LED BB 15 € s A 1|2l
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v sk e LED §& %K B 4piT o
+ LED 5g# »c

LED PP B B8k - THRPRHIABAER %
LED #t# < i & £ goedkdf4 ¢t » LED % # (Fixture)¥? & & & %
%k s F LED PR F EhEg Hi ok (TR AR (R
¥ I2)~ TR & & LED Driver e»cF4f 2 % » &% LED BP &
i KR £ A ﬁ%%@43ywrwﬁgj§§%ﬂﬂ%’
do i VR S8 A NS R voond R A i ko eh LED
& & LE %m%k?4z$ﬂﬂﬁé%°

L
Line _
vaoltage Optical
Input P ower

Biter LED Th_ermal Fixtur_e & |:>
Package fficiency Optics

7L kiR © Final Report prepared in support of the U.S. DOE Solid State
Lighting Technology Demonstration GATEWAY Program

Bl 43-3 LED P k7 T R B

A
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0 TR Ay Vb
F L kR - High-efficiency Optical Technology for LED Lighting
Bl 4.3-4 LED 5 #1457 & B
it A S BT N 2R B (Linear Regulator)#-7 & 7 1 &8
PelE LML (3 7 RTILY )2 fpd v B FIHI T RS L0
=@ LED P &5 @L AL I Ko PREFRFEDE S F
LR ke B SRR AR R RP 0 R R L F kR
Y- f87 5V e L33V 428 B (Switching Regulator) #-7 5 &
SRR TR R AR FH(GEMY ) FRD RS v
IR R T o J1 PWM(Pulse Width Modulation)#y 41 » # i@ Suam 4
FEREEF GETTR T INER kST (HoR 435 977) ¢
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PWM Valtags Mads Cantral

T kR ¢ Cree® XLamp® XT-E LEDs Product family data sheet
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TR E TR M R Y Cree © 7 4 2 LED
g XM k7] 5 B|(4-B) 4.3-6 #71) 0 LED BB AR %J HE P
220V 2w ik 0 518 AC/DC ## 3 = 24/48V the 7 B B EE
AT MH R e F S 85~90% R E 5 & {8 e b o
90~95% =4 /K B L #-3 i TR A ¥ 350mA LT B~ LED & #
B 150lm/W ehk s > L o~ Eﬁa‘ﬁ TRERS > B

KT HHEITF LR AT T2~86%2 F » <~ X 5 100~120lm/W -
, Current Sour NECECECRY
220/230 v AC/DC Fasvl " " Thso me
Power Supply I) [EDs + PCBs

85-90 X 90-95 = 72-86
D/D \ TD/D / 0/0
EFFICIENCY

L kR © OSRAM Golden DRAGON OVAL LED operation manual

B 4.3-6 LED »t ¥ & 4% 1 % B

LED 5pfs B (3 2 B3t 5 B S F2EH > |2 F(10W 12 7)
5 018 ¥ en*% B 3] (Buck Converter) ~ B R4 ](Boost Converter) ~ &
' /& 7| (Buck-Boost Converter) & 75 ;8 2% 3+ 5 & 7 B > ¢ # F(100W 12
TR % r2 sk B 5N (Flyback Converter) ~ "8 v 3% (Forward Converter)
a5 100W 12 F P % g 3% (Forward Converter) ~ 3&4# 3% (Push-Pull
Converter) ~ X G ;¢ (Half-Bridge Converter) ~ 2 i 7% (Full-Bridge
Converter) ©

E R SR W E I N i S o A S "]ﬁi: R ﬁ,ﬁi\m
Bhosm(Road ) # 5 Fdkc > & RAERP M8 F gL @ 55
333—,:’& PRFASTV M FIRET FTEFLE ﬁh‘ﬁiﬂ > 7k
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BrEpE D ke £od 3 H @32 027 13 § £ 5 (Discrete Quanta) £
FAA O wAFAFTEE

g2 X LED »r ks>t b kih w £ § L o LED ¥- 3 &
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2. LED- i —«uté%:é i b R R MRS B 100W oy B 5
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BIG 4~ A AEE A RIS > AR E TR AR A o B
@ LED fr8 fo#ieh it 5 Jcf 33 m#FE LED»cF 1 (T a B AR
5-10~85C =+ d st ¥4 8  LED % i® & IR AE A 50 C T e
TR RBTERLY AE LED%)‘xﬁ#BF&g o g E (oWl 4.3-7
“ror )0 FAZUER R L ' LED ¢ 453k (Failure) o @ ¥ fif & ¢ rL%:
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Junction Temperature (°C)

7 % R : Energy Consumption in the Production of High-Brightness
Light-Emitting Diodes. Sustainable Systems and Technology
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e 53 LED f1* e kihfEe ki@ * »m # ¢ & 35 LED #13
B gt T ORE - TR Y fp R (9 5 20~30mA) ;¥ - &7 E P
AP BBERART R MU LF TR F 2 WERF AT
oo S WA R R BARRR A SRR

TR kBB R kA B (RS RN
%A LED 2 ¥ % 4 5 iEEA(Z20mA) ~ & T o8 (50~150mA) & 3
P»F (Z150mA) = %) @k AR fﬁ %o A8 JF f i)
LED %7 rJd2® uf & > B~ 2 272 83 £43 "‘f" L fE 3t
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7o kiR - Solid-State Lighting Research and Development:Multi
Year Program PlanMarch 2011
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7 kiR © Final Report prepared in support of the U.S. DOE Solid State
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T kR - http://www. ledinside. com. tw/
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74 R TR A S B4 ¥ (Loop Heat Pipe, LHP) » & p 2 it &
&Wmﬁﬁg Va4 B "E’ﬂi XA ?«’H@)ﬁ g€ &M %Hﬁ«' % LHP ¥
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CERM BBl igea AT BIE AR
%w@ﬁ@ﬂﬁﬁ@’%ﬂ§&@%$§$°%$ﬁ$ﬁwfww
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F A #EG g o
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Heat Cut / “Wapor Line

'— Condenszer

Evaporator

Liquid Liquid 'l.l'-.l'|ck /
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T kR : Opto Semiconductors OSRAM
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T kiR : Cree® XLamp® XT-E LEDs Product family data sheet

] 4.3-12 Cree XLamp XP-G £ 3z [§]

#2tE — i LED § ¥ %k & & 414 % Lambertian ) % H05¢ - #
PR H LA SN HF R RIRP 0 OSRAM 2 2 2 Golden
DRAGON Plus & OSLON 80° LEDs)]-* I3V pesk o d B 4.3-13
¥ # %'617371 0B Bds > = RIER4 S wpesk o

% & »x % (Luminaire Efﬁmency EL Joﬁgq] AR R - T
SRR i eh- HERARRE H B £ kROER T :’11’;3 LFe
RLE G AR N ‘LﬁW@ém%°E@?*€%%
P> 2HESREYFF e ER S PHE RB LED Aty bt
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2 100lm/W 8 & 4h % fr 80lm/W &v & LED & (7% EseF 1t > F
MERR BT EL G A 5] 5 SOIm/W r S6Im/W o pb 3 4 1 BGE & B R B
B8 AT EE S HFLARTRANG ALPEL o
4.3-14 #1570 o

10y &

i &k @A Nd ¥ M 4F &% AT wm i

L kR © OSRAM Golden DRAGON OVAL LED operation manual

B] 4.3-13 Golden DRAGON Plus

HID H White LED
100 MWy ||| o 80 Im/W -
+
Xl
50% utilization efficiency 70% utilization efficiency

v Wi

7 &R - Demonstration Assessment of Light-Emitting Diode (LED)
Roadway Lighting

B 4.3-14 HID ¥ v & LED % £ »% % (Luminaire Efficiency)* # ]

4-43



T~ kB arE

LED # k4|8 sc% 2 T3 @ kih » Lh- 2% 4P 5
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kiR fhs D S RER
%ﬁ%%ﬁiﬁﬁﬁnﬁb’ng)ﬁ mmv&L’@%u
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R ERZ R HE S (%%‘f?}{'gio
## LEDIC 3+% < LED £ 3§ 2 2 2 pF> & LB {7 - XRE XK
MUFREALED endi k& B~ GBag R E L] s kg im o~ 4 \,‘R_m#a
R o g en) e LRGeS AL FRP LA S
LED PP k3 @ — 4+ 5 F LED ¥ F -G FEER G 120K
=+ fh Lambertian 53¢ 0 fs ¥ WB Rt E L KR EHLF G L € 9
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- BREEE TR E N o GH MR - ok F R hp
BT A 5P LED & ¥ ¢ 8 dehk o - X R F R ehp hp] BB
Eﬁﬂﬁifﬂm'%ﬁiﬁ&*$»“m§%%“ s iy e R AT

LED i - & éﬁ-%ﬁ AL AT Z F 7 F BB 4T 55 (Refractive
Index) » 4§ v 4Fp;(InGaN)2 378+ % 5 5 2.4 ~ B 1 4845 47 AlGalnP)
FrHF L BENIS FLLED & P Ak F M2 kF &£ d LED &
PRE- R o kB MRBP RO CIXINMTE M
et Bom B et 2 4 > F &f(Total Internal Reflection, TIR)§r Fresnel
& +(Fresnel Reflection)z 4F 4% (4- ] 4.3-15 #7751 ) > @ LED ##4L & £
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ST T € F 3Rk Z B3 d (Light Extraction Efficiency, LEE)

'TK%O

Optical efficiency of TIR optics:
85%-90 %

Additional cover glass
+ ~ 8 % losses due to Fresnel reflection

F L % & : Final Report prepared in support of the U.S. DOE Solid State
Lighting Technology Demonstration GATEWAY Program

B 4.3-15 LED %544 7 £ B

A4 LED BP A4 K54 chR F]i & = B8R Fldo T ¢
% & > F 644 % (Critical Loss) @ d LED » 545|3 § P& > » &
% 22 47 5 Sk 97 7 A_EL AL 6 2 Snell’s law o 40T 41

n smé, =n_ sno,

B ong 3 TEMATAITHEF onae 5L F A FdTHEF > 01
LBt h o Oy 5378 E o d YR E A BITEEF AR~ BT MITEF
AH (> Mair) > 3784 G2 § X302 544 00 2 478+ 4 §5EF » BT 4
RH A A BTFEH G o F TR E B0 00 ppEen S ARG TRR &
(Critical Angle, Oc) » ¥ F & » 5t & B | >0 fpf & ek 4 ik F 225 B o
He iz %Ej—i}i%%?;ggfﬂzﬁﬁj%mg AR N T )
% > & skAk B Trapped)>t & & ) 75 2 4ok Waveguide 5758 > B8 4
LED Hileycm & i 5 #a o

R = n cosd —n, coso, : R, :J,,ﬁ_-éyj_ j;
n_cose +n, coso,

2

R —| Mar ©OS & —n, cosb, ) s

P ) Rp F '&/:J--'—t‘
1, Cos6 +n_cosd,
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Fresnel 4f 4#=(Fresnel Loss) : Fresnel 4f 422 f o FF 7 ¥ % . cse
454 > d Fresnel » A28 7 @5 § LA 2 B35t F o pF o
¢ P13 & F & (Fresnel Reflection)fr % i% (Fresnel Transmittance) =3k
Feom RNF WG EFXTHELN T THFAERD RS B
BB AL ot vh o d WK ESF A R ORIRGE B G B hE 5
FrE LI GER F RS LR

LED # -k FB2tifpdrk » § kT BLEMIrz 52N o El?*"'“‘.l‘z
#- s %%’E”c‘fr’ p e K 2_ K 3/?]’"3’*-‘1&.—31@ ’ 'F"'% a
3|~ Btk & )%.frf Fh o FaretFag 847 ”@(ﬁrﬁ%] 4.3-16) > é T
IOk AR P R __m#?%i-k ARELE od 2V L R R TS
BRI kaE Beon 3 }a FE o m%;égﬁ °

Fresnel Loss Through Flat Acrylic Plate

100.0%
75.0% \ \
50.0%
= Transmitted
Reflected
25.0% \

0 23 45 68 90
Incident Angle (deg)

0%

F L kR © Are LEDs an efficient light source for high mast lighting? by
Johann Schleritzko 2012

Bl 43-16 LED » 8¢k & B e/ T R 6 B 4755 B 27 £ B

LED ## i fose g %ﬂ‘?ﬁﬁfi"f Ak angEE e > 2
AL Rk £ ehsk > g sjrendd s RS & P R = jg(Material
Absorption Loss) ° )jff»— [ iag 8 »]J: f %‘rm T o VRS TREARL E - F
B KA HERSTmgd o B EARS A fraxp 7] o

% 3 LED = 3 B 'é%ﬁﬂ%iiﬁﬁﬁﬁ’ﬁﬂ*ﬁ%&
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LED ek 8232% » B 3 5 80~90%z2 FF » H @ %ﬁﬁaéﬁifrﬁ«’:ﬁ
i 8% o

¥oobE @R e > 3F 5 WY LED B % T 23 F# R 0 LED B
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F L kiR - LED Street Light Research Project Remaking Cities Institute
Pittsburgh
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F R RIRAT 2012 & - LED g% 4 sl 5 7 R~ 5P ~LED ~
>
3

1K E N ,Wg TR R SIS LR 3:]:'1 p# LED &5 ¥ #
o2 N kix(Ek LED 22§ ¢ ¥ k)t it 2 S B e o )
44-1 #7 o

0% 20% 40% 60% 80% 100%

Electrical Efficiency

Internal Quantum Efficiency (IQE, blue)
Extraction Efficiency

IQE stability ("Droop" 35A/cm2 vs peak)
Phosphor Conversion Efficiency
Scattering /absorption

Package Spectral Efficiency

OVERALL SOURCE EFFICIENCY

LED thermal stability (100C vs 25C)
Phosphor thermal stability (100C vs 25C)
LED driver (Power supply, controls)

Fixture and optical efficiency

OVERALL LUMINAIRE EFFICIENCY

COMBINED PACKAGE AND LUMIMNAIRE

EWMYPP '12: 2011 Status @35A/cm2, 25C Potential Improvement (Goal)

7 %R DOE. (2012a). Solid-State Lighting Research and Development:Multi
Year Program Plan. Washington DC.

B4 e LED - 444 & cop 388 3 ok & 8k F ok fri

3 10~20% ° TR FEF S RFIABLA LED p o @ & d ki
EoRp i g kB HERKF > @23 LED k¥ Boxd 7
® i & R FlRF LY LED * £ 4458 s dz - Fresnel Loss 11 % > F

&+ & 3f 4= (Critical Angle Loss) o d B] 4.4-1 ~ 7 » H »x 5 & 4 '_é'_!g‘bér‘%
AR IQEHR A 2t e T R-FRE -BRFE A KE L 4B o
W ’;ﬁﬂ A5V (Active) & Fliciz T o e pEgR * AT
& it it 7 Ripd (Topology) SH#:2 = % » &+ & 2020 #
if*?c cd B 90%#% B 3 95% o

s 3G A RATERF AF K frIig F ko fRAe ko 3

Hojr
%,%
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RS T X
1.5 % yc & (Strong absorption efficiency )

FoRF R A 2 BojTa AR ARG PP g £ 2 kA
B AT AR H T ER ¥ b 2 ok ok B AR
“1'13:?:5:4‘%@% » W A 2020 Fd P 85%#F B T 95% o
2.4 & 32 % (Conversion efﬁ01ency)
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“ﬂﬁ% LR AR BB S R (- A N4 )
P k2 g B33 > F 2LR] 7R AR o FIpL R ks T F k2 @
P AT A ERM S AREE M e Bk T g F
7d P 66%FS I 74% -

% % LED # %oc% £ 2 £ 8tk
ﬁi’%ﬁﬁﬁ%%ﬂﬁﬁraﬁﬁé%m
£ & % R ARE- < {1 OSRAM 2 7
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l:rt 5‘4

3 &gféf‘ g2 /x}i{rﬁ
BNAKSR AL /BT I4B

1.LLED d& % (Chip level) : & ** p m LED kB~ discF 25 + 5 20
~309 > H s %K/}’K%élzﬁ o e VEE P Eidod ok if PFangtd) TIJL
EHFA KRNI MU e M AR E L it E 5 T
Ay~ g F P ARk s e A A 18 LA A 0 @ LED
SRR WO B S

2.LED ﬁ 7% (Package level): i & "% 3¢5 e e dur 424 LED i & >

% peF s R GBcH F o 4 LED 74 2 et 2 4 21
LRI Fo AR E R RN u%%ﬁi% HEY R GES DEHH
HEE Ak kTS Fe0 LED ¢ F]5 w98 0 i 2

ﬁﬁ%#ﬁ%ﬁﬂtEQ#Lﬂ)“miﬁﬂ%mfﬁiﬁﬁ@ﬁﬁ
Pangrd 2 e kgt Ady o PHIAEEF LS £74] 0 L 4%E
AXGF o S A% K A%4F R f;& B ETIE o B e AR AR R
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AR R AR AR BT R0 LED & ¥ - S AgHp
2 B agpe o

3.LED # §. 4 (Heat spreading level) : LED P& p? H e oo 30 8-Fr
ol B BB B iﬁfﬁ%%ﬁ’ B B 4niE R INeAE R 4 B A B
Hﬁ”?il*m$/§—,i4 $o# 0 113l LED B2 AT -

4. LED 4¢#t#- % (Thermal module level) LED "#E echig# it &8
CPU %i%w iz pRAd AT CEEE A W “rima o 7
fF 2 > 2> LED ﬁv%’z,%w ib &%ﬁ:..% pAREIERBERE -
g podrmrERBERENESERARERZ P L H Zﬂ‘f
Rato - 3 5 LED ¥ Hipadtsifice? g P @ % > R
HER RO 42X 546 LED S S0 HER ¥ % -

TAREFRZ G R ¥ T2 L0 R AR § % LED foie
FEPEBATR Y o g d SR Y R M e R R e 3P
Bt bR A4 ALEDH R S B W B L SeRs e

B3t A w T k2 LED A £ 2 4 kb v g 3~5% o
BB AGFLLA L SRS RNFE MG ERFFIFTERNE
Fndf A GRS T MR R Bk S kR R F RILE - p Y R I
ME G LR S F+T S = 100% > P oA - 41T L LED £ 4%
AL ke e F R R R A o ¥ ek i‘%{ﬂ Escape angle
#1» 125 Fresnel 4f4¢ > #73} Escape angle = # 7 fj}u{% d LED »
51‘,1_ LED/z % & m‘ﬁ%ﬁ‘i )I}'ﬂ'\"-, % LED 13 378+ (2 8c > i 8-12
2 LED #7t & # ¢k % 3| & " (Trapped Light) -
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High-index semiconductor
F L kR Are LEDs an efficient light source for high mast lighting?
by Johann Schleritzko 2012

Bl 4.4-2 LED Escape angle
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o] 4.4-2 om0 KA B R THE SRR ATIZ X ENE R BT
F 2 %5 BF o 4% ke 5t & X 3 Escape Angle PF E'Jgé’r_i B
&t (Total Internal Reflection) > @ % &3 > F & 5 {8 » kF 7 jpae L
R Hplejea i 4 o 3 2 LED/Z 4 B & a2 50 % & /| 3t Escape
angle sk & > A it %%’«Tfrﬁfﬁifma\ k5 g LED o

g ow AT Ao ST A R A B R TR Bk AL B e
*T (Trapped) >> LED p 3% 5 & 4 ~¢§ AR L& T R (Recombine
Non-Radiatively) » i& @ *% ® LED »c & o 112 p av LED 34 %44 5 %
* %k ¥ A7 (Epoxy)3t KB ﬁ»T”D & LR EREIRA (IrR 4.4-3
rn) 0 B F Y 8%k B oS

8% FRESMEL LOS3
IN AIR GAP

LIGHT GUIDE

N
W

2% FLUX CAPTURE

LED EMITTER EPOXIED INTO
LIGHT GUIDE TO ELIMINATE AIR
GAF = MO FRESMEL LOSS

LIGHT GUIDE
TM _
LED LAMP W

100% FLUX CAPTURE

FALkh  Philips Lumileds Luxeon K2 operation data
Bl 443 THHEHTRSLEHL 7 LH
4.5 ] &

Fa ATiE T ar o APk R AR T 1 LED BB B (K AR R T & 5
It 50/,"1 P f i g sk l“fgjm .E’;fg_éw Har A & 3 311 LED
FLEP N g LB (200W 2 ) 3 BORANE U H p o gk
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2 BT R AR FARAT o RETERT R L
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¥I% LED BREZ GFPEFEERHEF:
51 2 eEPs it

N IR BEREECERRAZ IR M O BRIEESEARTE RS
PR RSB IBAFEE o T 0 B FAEFRA 4 0 AT
W FEA S P WAed B A SR %I B A 5
BRI TR HEMEE T E S F AL B AR L 2F it
tae o RRAEE w@l:@w“ui#*ﬂ B L
B THER LR AE I AR TR KR
w24k iﬂ%iﬁiﬁ%/ﬂ% ) bL’réﬁ A eFHHTE G AR
B@ s 4 A SRR LR el 5.0-1 At ) HEB A SiEAEY Tk
B hitrd o TR EPRBEFFLF LT RET ~ A8
VEE 32w ooom 4 ek L 7 (Life Cycle Assessment
LCA)L & thn ﬁér‘%ﬁa‘lﬁfﬁéi firdf > AR IR EF A ST
AR IHENRZF KRBT RA - BEAYREFe AL LY R FF o

|

Manufacturing NN

/ Assembly

Raw Material

Processing

¥ Recycled

~ )
\Matenal

~

Primary
Resource End of Life
Acquisition

7L kR 1 1SO. (2006). Environmental management -- Life cycle assessment
-- Principles and framework.

Bl 5.1-1 2 &3 L4714 B
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BAARa AL B s RO i FE L
R AR I el I
FRAHRASALBIFETAL RGP SR AR RITT
ROFREZFMME -2 BFRLAGR s gl ms
B R AR T R R ik R B - B R Y BT
2 OREASA AP ERIFEYTAL TBEIFE -

i@ﬁﬁ?%@%}ﬁ@ﬁ%gz—’f;rﬁﬁmﬂmg@#
AL TP BB el 2 G W frA N2 BFLERB 2 R
B o ) (ISO14040,2000) iz s3] A & &bt > 2 e 2748
Adg o e RIRIF LS d T E2ZRBEHEFULF T REF A
k22 LT 2 AR hMA R WHRE PR > 7T
M3 1990 £ > kB A LI F 12 € (Society of Environmental Toxicology
and Chemistry, SETAC)#7#& 41 ¢ I 3% (¥4& % | (Code of Practice) » # 4
B R A B el el f; o M K E R & e %« (International
organization for standardization, ISO)P|** 1996 & 4= » == # ISO 14040
AR A G EPTR R IR \»bi%‘i“—’ ek i
Fr o B & WIRBRF) L F (UNEP)E SETAC & £ 17 - 4o 7 5 ) - &
4 & 3x #p 3 F (Life Cycle Initiative) » @ LCA 22 4 ik #p L 3 (Life
Cycle Thinking)ic F % /* T A ¥4 & % Jefrd- K2 ¢ o

B AP anER L p AR ST 5 ISO 14040:2006
4 x5 0 ISO 14040 % 7 ¢ 7 ISO 14040 & 14044 & £ % > 1SO
14040 2 25 THRBEFE - 2 6 P=R - RAEFEH > 7 ISO
14044 > 25 "HRBEFE - 2 £BPFR - J&.-T\tiial;fi?#ﬂ I R
7 1SO 14040 4= 4 ¢ F I =k 2 R Al > @ 1SO 14044 Pl & {7 2
PEHTE 2 & REIF U E AL E ~ KFEL R anfopsz o ¢
13 Ra Rt 2 A REAEE % 305kt 1SO 14044 (45 4 & 3%
G B A (4B 5.1-2 977 ) °

e
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Goal and Scope
Definition

Inventory
Interpretation

Analysis

Impact
Assessment

7Rt Rk :ISO. (2006). Environmental management -- Life cycle assessment
-- Principles and framework.

B 5.1-2  1SO 14040:2006 # & ¥ = 28 H- B

ISO 14044 > 4 &P emER (FEL ST A BHE - 5 1HE
» B gt b b 2 pE £L(Goal & Scope Definition) » & 42 & st/ #lg23¥
AR AT EIZEH I Y ba T 24 GFIHaORTR FEaGUF
BRERE RFIT2LeFPIPR TR phv 3 FHLE -

¥25%% \’}‘rf”bﬁi(lnventory Analysis) @ %R 3t 17 £ a0 %k SR
FEANFHRLELGFE ¢ F LR EMRTPITED R TR
ZWE o

% 3 PR A P FE B (Impact Assessment) > BF ¥ 3215 2. B e
B BT 0 R EAIER A B R SeniE % o @ T - HE R

ABmBEEEN
% 4 rF B L B P B (Interpretation) # S B E L 224 ik

?Lfé ﬁ'imﬁx“l’ -F/\’ ';‘%J%’»B dﬂ—@#%?\{ ETF P‘T' P%FW'FFF ppmi
TE N ERERE AR E

52 LED # &ix ¥
SRR AALRPEL A o PR Rl B AR
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B
Fhmb et Bt A4 kR e 45 LED B E - F MR EL 2 6 %
BE O U ARBEEE S Wi e K FE R E R IR
P(4oB) 5.2-1 Arm)E AL 20 0 R A S 7 RIPEHRE e
5% T EMiETE iy o
Raw

Manufacturing

End of Life

Backend
Frontend
Installed .
Materials to POS Use Recycling
Base & Housing
Heat Sink & Other

4 kR : Life Cycle Assessment of Illuminants A Comparison of Light Bulbs,
Compact Fluorescent Lamps and LED Lamps

B 5.2-1 LED # &% # 7 & B

FRG RN AR L AEH TR LA LED kiR o P A 2 o
EFTAF Y BhHs C4E% LED > BY ¥+ 3 gk £k g il 5
AT P HR o BTG (RIS W AR A wney £ 0 T IR AT
A5k f O RATOR G o B2 Add ey T2kpnqig
SRR I S g 0 A FFmm @Iehe 22 HFH R F R
Boensg im0 %A S 2+ g i) (20 millionlumen-hours )
PR P L vt B A T LED BB P 3% & 1,000 5w P - H 3E 5 & 4 20,000
pEFESHE LED 27 &4 2 F @ P praskam o m 1,000 iEp 20
FRXTEE > FFFE,S000 ) pF AN 2FFIp o BERE 4

e Flt E R RN IR A0 LED s B2 4 A i 2 4%
IR RGrR 5.22 477 ) 0 BART I kB HF R
P EEH TR LA FEY I3 E I EAR g
I 0 FEH T 2015 £ 0 99% 17 F eh LED #4% * 4 & ed

o

w
g
|
S

5 =3 o
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100% -
90%

80% -
70% -

60% m . GII

m4
. 3"
= 2||

50% -
40% -

30% -

% of total surface processed

20% -

10% -

0% -

2008 2009 2010 2011 2012 2013 2014 2015

F 4L k& © Life-Cycle Assessment of Energy and Environmental Impacts of LED
Lighting Products Part 2: LED Manufacturing and Performance

B 5.2-2 pM* LED wafer = ~f 4§#%t

MEE AL UTE B owafer @ 7 A UTHI < > A4 hf FARKAR S
RH ki R A AR (drd 5.2-1 #77) > F 8 LED % ie e iY

% 52-1 B * LED wafer = < 4%

Wafer Size Surface Area Multiplier e Nﬁgge?J#gIgEMps)
2 inch (51 mm) S N
4 inch (100 mm) 4-S 45Nto 5N
6 inch (150 mm) 9-S 10-N to 12-N
8 inch (200 mm) 16-S 20-N to 22N
12 inch (300mm) 36'S 45N to 50-N

L kiR - Life-Cycle Assessment of Energy and Environmental Impacts of LED
Lighting Products Part 2: LED Manufacturing and Performance

W

4B F AT EE LED Bie g kR E LRI k(3
R F MR EE LpEeng Ek o LED Pl 3 SR E A E K)o
et 2 R RINEFT 22 A R E AR RR R B F
T xA EEH (FREBE LA EE R R AIE
F) OMFORABEVRETF 2 F Rk pRTIRE 4 D

BB PEFEGHT > s & 45 23k v (Global Warming Potential ) ~

RS

-

NN



f4 v (Acidification Potential ) ~ & i* & % {* ( Photochemical Ozone
Creation Potential ) ~ ¥ /it & 5 % 454~ ( Ozone Depleting Potential ) ~ 4
# % {+ (Human Toxicity Potential ) ~ ;% -k # # & & 1 ( Freshwater
Ecotoxicity Potential) ~ # % * (Eutrophication Potential ) ~ 4 = 41 *

(Land Use) ~ 2 & % Yep3k (Ecosystem Damage Potential ) ~ f4 4
#.24 f& & & (Terrestrial Ecotoxicity Potential ) ~ 2 4 F iR 45 42 (Abiotic
Resource Depletion ) ~ 25 & ' 14 B 3 = +5 82 (Non-Hazardous Waste
Landfilled ) ~ *c &4+ 5 3 4~ 5 22 ( Radioactive Waste Landfilled ) ~ /% *
1B 3 4 45 32 (Hazardous Waste Landfilled ) % 15 3 78 » 4% 5 88
R EE S ¥kEE SLED BE (4 5 2012 Eiﬁfﬁ k& Z 2017 #
FEYRE) BERBRPERTE A4 A BREL EEFTHEE ) uF ER

Fh o ARET B

Aquatic Ecotoxicity Potential ) ~ /& -k 4 4 jix # £ ( Marine Aquatic

5T 0 Bt Bl

IE AN D FRARTEE 2 A KRB OREREE 2R
ReRIRT A BIFEL L L ] B R H RGN 5T AN 2
FE AP PERP o R JE R 2 EE ek o LED L b RS
Fa Fl i F1H & koo fc B 52-3 15— B LED &2 4~5 B 5 R T B L
AE CESRS

Resource Impacts Air Impacts

Global Warming

Hazardous WWaste Landfill

Radicactive Waste Landfill Photochemical Oxidation

Hon-Hazardous Waste
Landmll

Stratospheric Ozone
Depletion

Apiolic Resource | |

Depletion ~—# Human Taxicity

Freshwater Aquatic

Temestrial Ecotoxicity ) Ecotoxicity

Ecosystern Damaps Marine Aquatic Ecalaxicity

Land Use utrcphication

Soil tmpacts ——Inc —M=CFL =i=lED-2012 ===LED-20-17 Water "'l'lPElCtS

T kR U.S. EPA. (2011, November 1). Calcuations and References.
Retrieved January 31, 2012, from Greenhouse Gas
Equivalencies Calculator

B 5.2-3 LED ¥ H o % E 4 £iFHp i 22550 1 E

3]
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FRTTRE 2 LED B2 (2012 &) Uk 5 842 R 41T -
H b 14 BIAED Y SIFR L BB TARAFETRE grj
3 LED % E #7% th wafer ¥ 48 f 22 sEic R A4 kB o L o 3
B hinzn s LED A fl4z - »kag % Spde T F HHFiE s L ehip )
P> 2017 £ LED B E #3 L £ v o

SRR R /»\’f’?'ﬁ’ FER PR E PR 0 LED Big s A &
Mo TEH 2017 & 214 ﬂwwm R RN SN R R E S g
SRR IS s DI R G el Lt L R
A4 o FRERCAESRAE Y > 2 2020 £ LED %2 & A (ﬁrﬁfﬂ
5.2-4 #t5r ) T E M 80% 0 I TR 7090 Tk B
2012 # 7 LED % j¢ > - X g i i o

1.0
09 mPackaging
? . =/Phosphor
= 0.8
.5 mWafer Processing
o0 0.7 _
= Epitaxy
06 ‘
£ m Substrate
g 0.5
E‘-‘q 0.4 -
—
£ I
—
= 0.2
3 — L
0.1 . — R
0.0 - , || ,
2011 2013 2015 2020
7 kiR - Solid-State Lighting Research and Development: Manufacturing
Roadmap

Bl 5.2-4 LED = &% E 454 §)

¥ ¢h— B LED %2 &3P i A4 1% 'F “! Pittsburgh # LED
B R T $RIEE ;5?% ki > 40,000 ¥ 230W X E g RAEgE
2 93W 2 LED % 5 P &> R8P £ 4 600kWh FRE S 140
FEAOTF e F* o pwv o Pittsburgh # st 327 WS §
Mascaro Center i& {7 4 ¢k 8 =5 » 2 LED B84 £ B %~ 3 B 5
frR AT HBRTIERL BENI v A8 587 LED BlE2 >4
wiEp Ty R H W RE

= ’

it B A & T & T 2R &% (Electro-magnetic induction lamp) %
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b

FERFETELIATER C AR EEE B 3R BES

G i B g s FIge b o ® FE ponf A 3] Avalanche

e

2

&
Conduction @ 7 #3) ‘E‘iﬁ]‘i(plasma) 2 ﬁﬁs’:&ré}\ R RFEW
AEFF D HiEHE N E 2 254 nm ot K en¥ b AR s Be N Rk
Fo R W bR A F T Ak RIM A R BRT N LT Ak
#BPF' AR PL B AN AT RTIER BRI RRELY BAFH
TREEFSTRHAE AT HNEF T A4 BEH EH R T R
TREE CAFEFL > 2 PR EHEIrR B SR T2
odldeafidibs @ Biikhaid * ZHEEEF > Fla X AL

Hig*d 6o

£ T T @\%%mﬁmﬁgﬁf@ RIrF B E2? R
2o 3 RARTEIEE BE L) g TR 3 e Firiie 2
e o o TR A 2 - B 250 kHz-2.65 MHz 47 5 ¢ Flih % 3
R 5T L ERBEMERR A2 - BRBEILRET L4
FABEE e - HECAEEEFP IR BT AS AT RAAL
REEF O ORFELYTIER BIE R aEFTEL - Bt
BHS T o @mmﬁm4Wmm+¢*%ﬁﬁ’$@ié
Fl- BT I EEEN ORBRAITCERFNOR L EFATFS

S

Fidg > @R & % ¥ 37]iE Avalanche Conduction 2 = & ;]( C “ﬁ%s: R
FET AP pEs IRk v e R Y kR LT
Bk (4cB 5.2-5 77 ) e

I

Wire from Amalgam
Electronic Pellet
Ballast

Ferrite
Inductors

Wire Coil

Electron
Fluorescence
Visible Light

Mercury Atom

UV Light Discharge

L kR - Life Cycle Assessment of Streetlight Technologies
Mascaro Center for Sustainable Innovation

B 5.2-5 BHATETER 7T & B
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B AR EBRTER BEZL BE L A 5 FlikiE 0.996-0.99.97% -
oAkl PR E L &L 60,000~100,000 ) pFE(E R B F X 10 & o
- HEF S E ) B AT BRTEL ff%%_u'l”‘ G “’ff’ﬂ,ﬁ;‘; &I’ﬁ’dhﬁ 3

ik B AL SR BT L ARAE - HEBEEF A F WD
ABWWBUT’W”%@££°”%Eﬁ?ﬁa@@@wlﬁﬁﬁ
ﬁ~265MHZ’HbF IL’J’JII"U mgé@*ﬁ':}.?& 4{?)33}3%\ Zg

Eﬂ%ﬁ?°;§5ﬁ<%‘%’7:/@%Héf‘%i‘lMﬁ%~—\xi
ﬁ%ﬁaﬁ%%%%oﬁ@ﬁ@@%05ﬂ’w* 2R F MR T EL
P B2 Fap g2 48 37 L E A fds o 8 IR §E B & 2,700K~6,400K
Z O TRBRE G RS LRI  BHATERIEE BEL F]
B AR T R 85V~2T5V s BUn TR 8V-4SV B RIp AV L 1 0T
PRERRTRELTROTAL D N FHAETRTER REDR
P EARE S EATE SR LTS LB T R nFiRT o

— A R B AT E LA T AT R Fam AT F Sk

i
)
!

k=5

>

Foab AT e L AR TETEL R wvzﬁg«mﬁw
B 7 185W b o @ B ko p $ 9 h 60 1
80 Im/W 2. - 3 R LTk BEP v 5. 10 g&uj;g%
%ﬁ’ﬁ%ﬁ%u6§wﬂ%MmﬁL’%»meAvo
INBRATETARE BETRERG LM P b F kT E
v Har X EE i fe R /ﬁﬁp{ﬁ;}g W P BV R
5 185WH %25 210W = + g = g * %Eﬁ‘]%"%ﬁﬂ]o

e
AR BB EE S w R B R DB R
=R

R

73?‘3\!’";"57757‘5* JEFR % AR E TIRTER BIE D kS le 7
AL g 0 i3 M TR 0 2 387 &1 (Philips) ~ # B
227 (GE) 4R @ % (Osram) > p » > T (National ) ©
ERFIML N FIHATRIEBERL BELEL - T FHAETIE

TREREEEHET 3MBE RADTRTREEHANEE - 2
CHENEE TS EERCRE T P LA T RE P8 ATY -
EMC (Electro—Magnetic Compatibility),?ﬁ: N s Oy (e i s E R AN
Mo- 262 REF ATAIRE N L SR R TR R4 EMS
(Electro-Magnetlc Susceptibility) ; ¥ - > & & REF FHST R - TE
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J
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e p o B EE 7T AL RERTTUTR DT xalévg EMI
(Electro-Magnetic Interference) » @ £ % & R ¥+ T 240 % ¢ 4172
fake o NREE APy AR AE T ’f&ﬁm@}%fﬁ-JA°

~HEA S a LED BETER A #ERL RN o 4
ufﬁ%ﬁ%@ﬁicpﬁwbﬁ:
Step | : ¥y it A &2 GFPPTAL BRA LR *

=2 Ap M %32%“2'?]:* °

Step 2 : %% A& TA 2 A @ F b R R E
- BALE R E -

A4 B F) 3 iE 2 PP EL > Mascaro Center %% 2 Ik %% #ri& = o
AeEHEFTE IR CEFTEH LR R REL TR
£ TRACI (Tool for the Reduction and Assessment of Chemical and other
environmental Impacts)i& 7 LED B %% 2. $F i F] 5 12 = o

BB &3 > Mascaro Center %3k * SimaPro & {7 2 R
=5 0 # TRACI #1187 3| 2. FHcF] & ﬁig] » SimaPro i& {7 & 7 - SimaPro
kg H d jmiF Leiden ~ B> 1990 £ B2 4 k>34 ¢ % E 3 SimaPro
TavE s ot GEEHFTRAAER Y o B RE Y T ik
4 - ¥] 5 Mascaro Center 3% = SimaPro ",/TT TEF A AP E L OTH

ol PEs BT R EEFRER S T wmm FAER 2 R4t e &

IR B AT A A fiFd < 0] o SimaPro i@i‘%ﬁ“ﬁ? o S F: 0 i SalP
- BHRB iﬁfal}’@ LT R B é/!\?”%ﬁd %'I}ﬁﬁ”mﬂii—fﬁ?%
ALen 3 & A & 38 A S kY R 3 SN kR 0 ol R
tendoE N P jrf%]@”r;z«ﬁ'fpi i E ¥R B 2 - Mascaro

Center T_& &A=t LED B4 &x 8 £ 472 ‘é.’k"éd)?l‘fﬁ"}';l/ﬁi |
BEART BRI FLEFEF IO RFLEASHRB WL TR o

AR w2 AP G
BAR 2 g7 o
Mascaro Center #* =X :&i% & 5 » 2+ 58 7 § P % £ 7 [PCC
2007 GWP = ;2 » & # —“zﬁiﬂ BE A M F LR T R B TS
ﬁﬁfl‘ SRy A LED BRE 2 H @ AR IEZ R R 0 RE A S

4 G FEic 2 £ & 24 T o Mascaro Center 7ot =t 3z 4 & 4+

CEF S ) Eéiﬁfﬁ%ﬂﬁi‘i’%%
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B RS 8 o R i T

z
2R 3T LED B8 Ar B e 4 £ 952 E (408 5.2-6 #7571 ) o

E Ca.pitﬂl ; E **Boxed phases have been covered by database ;

Energy P qmpmﬁ = processes and generally exclude capital equipment ;
.8 foa & such as roads and include general ransportation. &
U —

B0 Raw materials H oo Raw materials > Components
= extracted : processed assembled

= Housing * Housing
= Alurminum : i
Al h
manufactured into . anl:,Téx?n;f;Eg
ingots
b = Bulb
 Sand for glass or =Bu  Electric arcs or
petroleum for plastic * Glass formed semicenductors
lens ’- encased in glass or
plastic

= Housing
= Bauxite Ore mined
for Aluminum
= Bulb

Manufacturin

@ Electrically powered, H — Most components re-
V) luminaries are on for  F enter life cycle

> approx 8 hours each « Company led recycle

night : programs reclaim burnt-

out luminaires

= Toxic materials in bulbs
should be considered
hazardous waste

= Lights in Pittsburgh are not
controlled remotely; rather
a photocell turns the lamp
on at dusk and turns it off
dawn

AL kR : Life Cycle Assessment of Streethght Technologles Mascaro
Center for Sustainable Innovation

B 5.2-6 LED i 4 &332 3 =% B

BT PF F R T B L AP TR %31 % Franklin USA 98,
ETH ESU 96, Zurich, Ecoinvent, Industry Data 2.0, IDEMAT 2001,
USLCI & F# & » @ LED e TR A2 d & Sfcgpa > 12 @i
BT 2 Ap M o
T SFHERRITNE R PIE 10§ AH i
E AW A L TO%Z P AR AR AH LR B A
B % %% Material Safety Data Sheet #73% &2 #c¥p 5 8 > F] 10 § /|

‘ BE BT AR 5.2-7 #7o7 o

W
o

i
g
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AL kR ¢ http:/www.osram-os.com/

B 52-7 LED#H & FE 107 ] % &3P B

Mascaro Center 4 %34 & & F8% & RALFFE gl » > 4 & ®/ag #7
BAEDRIRERTR R F o KEBRAFF LRSS LK Dp
A ST 10 Ry ERE > BT M ETRRA A

ELFHRERE s L - A2 WA 2 Wiz
Foo LR GEA P REE > PlERM A SRR AT 2 T4 TRACI i
7 HcF]F A 470 4% SimaPro € 1k siendp B3~ &2 & 4 (Input/
Output) » & {(FHBR TR HH o d RAFHIT WUig = ¥ T %F 3§
BT ABE A5 g R > LED BB 4tz B 7 MRd u g

25 BB 52-847m ) frB MepEAp > B G5 48B30 o
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HPS MH Induction LED (Avg)
Lighting Technology

7 kiR - Life Cycle Assessment of Streetlight Technologies Mascaro
Center for Sustainable Innovation

Bl 5.2-8 2apEl W EiEE s M RmE

Mascaro Center 3+ & = ;% & R B HEE FThiE * HEE 4 S
HEEY L ERE Eiﬁﬁiﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁ@

o B fs Bp B RBRIEL S 2 FEL TR F’F’E;:’-fﬁiﬁ'%"
ﬁw’¢g§%‘@%%‘iﬁﬂ6¢?£E@%%%@,E@yi
S

C oV EFRREDS S RBEF LT 2177 B RB FF R
?ﬁﬁﬁhgﬁ HEFHEE R RIGER
AR KA e TALFAEE 1 S AP e TR B B2 %*ﬁzl“ (LR
H

4 HEHITE ﬁv){%? o T {8 dh ik 1h TR LS (Ecotox101ty)a‘ﬁ
o im0 L AR R EE R L AT AP s L s
G R RS R AALER M e FI Pt A 0 4 i F B2 e
o MEEEEF %w #iv s LED % B ik §

¥ - BEELE S LED W @Aaasrf#icz B3 4 Wik T
PiE s s AR L LED g oot A Bt 0 0
> LED @Asdpdet s BAVFEAFRF S > (AmY B AT E
Tt @i LED B2 R E F %ﬁ#“uaﬂ T 3o 5%, H o E R
> %51 % Franklin USA 98 ~ ETH ESU 96 ~ IDEMAT 2001 % 3L & #1
Fe iz Ap M FOR

e
¥
b

~

5-13



Foh— B AT Re-$EE E Afgllg @ﬁi’""r,ﬁ oA E R

F A IE 7045 0 PR EHE B F MR 5 3 s dedE ~ R
REFHET MBS RRE CRE BB ELL > CRHRRA
SR F A AP B Aok 522 97 ) o

20500 HEHEEF RS

HIGH aluminum, printed circuit boards,

MEDIUM glass, steel, galvanized steel,
ceramics.

LOW plastics and wire

TR kR ¢ http:/www.epa.gov/cleanenergy/energy-resources/refs.html

PRAEE 2 FEAEEAE S 2R W4 B 1] 977 o LED
Bg i ”iy‘:’@—%’ Fo-HEL S ERRERRE - HFELE OSW
2 LED BB H B8 2 £ B 4rd 688 2 T~15.04 27 % % » 145 ¥ 2
# #» # I > Mascaro Center {24k * 4rig =352 3% » 2k 2 LED % & %

HEE Z R‘zé AN

Million kg CO, eq
[— [— 2 2 (%]
o h o h ]

h
1

<
|

HPS Generic Housing LED
Lighting Technology

L kR - Life Cycle Assessment of Streetlight Technologies
Mascaro Center for Sustainable Innovation

B 5.2-9 “FEPL 47 R

Mascaro Center /2 SimaPro 4 47 & f@% & >4 GFH L &

Mo GfF LED BE g+ Mg B s i ag
%% o L LED B R * R BT A2 enic L § i g% - LED B %
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SAEERER RGN R ESFLESB UL XN A
AL kiR 3MAETRTAER BEALY - MATERIIF U LTS
SEZ RSOk xa T 3HETERTER BESTE %@%%
LED B4t » g * igf2? § 3 § W g3 LED B%E » Ft
Mascaro Center 3% % LED B8 & 5 B 3 1E & (4-B) 5.2-10 berp) °

0.6

05 -

S
=
I

Billion kg CO, eq
=)
(5]

mUse (U.S. Avg)

H Bulb

B Manufacturing
(HPS housing)

0.2
0.1 -
0
Induction
Lighting Technology

4 k& : Life Cycle Assessment of Streetlight Technologies Mascaro
Center for Sustainable Innovation

B 5.2-10 2 FE >4 Pt

300
T 250
i 200 - W Use (U.S. Avg)
=l
=0 150 -
= ® Bulb
£ 100 -
= 50 - B Manufacturing
(HPS housing)
0
Induction
Lighting Technology

7 kiR - Life Cycle Assessment of Streetlight Technologies Mascaro
Center for Sustainable Innovation

Bl 52-11 2Bl arirhl
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FOsLEs ga M a o BARALED REBEAUEME AL 254
Wb oo et B R PR BH S AR A M (4oB 5.2-11 #r7) 0
Mascaro Center &4z~ 7% %205 o BER ¥ [FE W "k 0 7

\:'
AR R F MR A A PP 95 10~100 B2 oo

53 LEDBR%ZED &3z & 47

d % LED B& ¥ #éﬁ{@ MEER O WIS R
f 4 > Tl 4I* LED 2 &y ¢ ‘*jgfiﬁrhammzm:p%ﬂ s
BB R o

¥ 1 AR * =R 5B Ay F 2 (Payback Period
Method) : 4p 5 d FFH M > 2Bl ER TR AP T i m > T
AP ERAYPFZIRIE - RAPFHEO FRARLY B FIR
Fwiehgs  2mTFES 47 0 bar fj}aw%%i&% °

d £ R IR = fﬁﬁ]ﬁﬁﬂg GATEWAY fr%?‘% » PR R
F 35 BN R G RE i O R 7}%(1 -35W Bridge, Minneapolis,
Minnesota)b“r*% (72 77 2RI B] 5.3-1 o ) g * AP R pRE Y

%aghT;ﬁ# i B pgpq%#&y\,v,,gé—;é AR AP 2 g
4% * 200 1S0WLED B E 2 4553 250W 20 3 B4pFo 5 @ SR

PP L4 o B R BRI VB @?];‘K:bié?* 200W £ 220W 2. LED jt4 it {7
g o 1 * B AR R LED B S A F A o

RS S TR B RPN 2 f A
PUAR AR RPT R 0 PR ERE VR IR Y lighting simulation
software (AGi 32)i& {73k 3 3 * Type V 6 & 1 (K B >V B2 F 32 18
B0 ERFFA RS GER GEEFR 275 Bt > ¥ R &
% B 2. i B)e 10-LED array(+ 200 3 LED - % ki & 16,500
lumens)LED §.% > 12 2 Type Il &4 (K E >R B R d% 0 &
WAFFI2 kA gl s BE B RZ 1753 2758 » @ ™ -
%R 2 i ) 12-LED array(% 240 3f LED > % %3 € 19,000
lumens) LED #& % o H @ 0t fded 53-1 #7770 o
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# 53-1 1-35W Bridge 7 3" % B2 #14 &

Product Unit Cost Quantity Used Total Cost
Mongoose 250W HPS 5440 20 38,800
Cobra Head'

LED 10-bar Type V $2,250 16 $36,000
LED 12-bar Type III 52,500 4 510,000

7k % /R © Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

ARl R o LED BBz # 5 FR 5 094 3 BReEE 0.90
Fd % 2R @A @,é%“’ﬁ % & %020 § 2500 %

RANEFF 16 ¥ Type V £ 4 f LED %52 4 ¥ TWMH%AHL@
s o B RANER LB WY @;_g?@)\ AR S RN EE Type 111

% & % LED B % » ;_7}%\1; Pl 5 TypeV & i LED §&'% -

7L kR © Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

B 5.3-1 PR g - 35W;}ﬁ LED g %E 7 #& & Bl
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PR FRiE ~’-l~'3§$§;j§'&%’;‘}é& B ozl B2 BB R Ao
532977 A H B EZ N2 R RP RE 0 1L LED B ERP %
BRI AN RHFRMN R o

«g._
=5
3]
3
|k

=
=1
e

% 5.3-2 1-35WBridge 7 3 & § SR A B E

Bridge Span Transition Zone Approach
LED Luminaires Only HPS & LED Luminaires HPS Luminaires Only
Average 0.91 fc 1.28 fc 1.69 fc
Maximum 1.97 fc 3.62 fc 3.46 fc
Minimum 0.26 fc 0.27 fc 0.92 fc
Avg:Min 3.51 4.74 1.84
Max:Min 7.58 13.41 3.76

7k % /R © Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

£V e ?}i&’fr?%i - &% 4380 /]‘F'?‘i)i'giaﬂ’

0.0674 £ 3+ % > I‘fﬂﬁ—”&’ 7220 § 0 AP ER }—‘«? R IREE oW

# & KT 5 LED B 250W HPS B en& i 13% 0 T % &£ 4 £ %0

$222.55 > Fl# F I o S A tg R T A PR (ﬂkrz\' 5.3-3 #557 ) o

%533 I35WadirdgFsag 4 S arr i

Operating Annual Energy
Hours Power (kW) (kWh) Energy Saved
HPS Baseline 4380 581 25,465 —
LED 4 380 506 22163 13%

F#L kR © Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

AN

FOhAREZ F A R ol WP R REVERNE b S
SRS R Q‘U’T#\P\)\‘/ﬁ_i}lgp o FIp AFLE R B A A G B
FEALR b3 R R BEP R FREVE %]“Wﬁa‘a:iw (I
;‘b’%ﬁff—ﬁ‘ o2t 534er5qu 250W B RANERBPET 5 F 4

P & YRR/ s T A T B A AE > 05
ELBRHpFLEETY > FRE FRBERERS AL 13725 £ 2
T ink i

C %, T inE & 539 £ A o
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# 53-4 250W 3 BRGERBEG P P F AT P E Ly

Number of Lamps changed per hour 400

Total Hours to complete job (20 luminaires at 4 per hour) 5.00

Hourly cost of bucket truck 3 50.00
Hourly cost of traihing signage vehicle h 25.00
Total number of staff for relamping interstate brdge 4.00

Hourly Labor rate per staff member h 50.00
Transit tme to and from (hours) 200

Relamp Matenals per lamp 3 41.00
Equipment (Truck) Cost per lamp h 18.75
Relamp Labor per lamp i 50.00
Total cost in transit* 3 550.00
Total Cost per fixture relamped g 137.25
Total site cost for relamp  2.745.00
Relamp cycle (# of years) 5.0
Annualized relamp cost % 549.00

7k kR © Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

3% LED g% > d 04k 2 18 ¥ Mw:@@ FOH R RS2 B
g0 FIHP R FREVE ﬁ%*ﬂ%‘rinr% LED 5 * 2 &3 ¢ %
4ag gt (TS e 250W B B4 E 2 ﬁ{i\‘} » 4r bR "’F%‘j & 4 B
LED BEIZHE ik o 1 %MPF'&,ZM% LED # %2 =& &rcx >
PR REVERIERD FE R RGER AL EFE KR EAY
-t 55,1 & o e u:‘s@@%ﬁﬁm | &8 > BAPF L
13.7# (4] 5.3-2 %777 ) > Fl- P R gRid V@ #3038 5 % LED % 2
BT NHFRHPEFTGHES > Po g R gt &
LED 2% ¥ 2 & = A3t g o
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Simple Payback of LED as HPS Relamping Cycle Decreases

60.0

50.0 \

400 \

300 \

20.0 \

10.0

Payback of LED System (Years)

0.0 T T T T
b 4 3 2 1

Time Between HPS Relampings (Years)

4L kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

B 5.3-2 LED &R A8 FFF & 47 Bl

7

SRPEFLTEFE OV EYE 60 RZ B NRAMEAR 2B <
( Franklin D. Roosevelt East River Drive, FDR Drive ) > % & #5 % § &
Rl2o 2B x g B0 BB g @ O (AoB 5.3-3 997 )0 LR o
FlriEgsPlamp AR %> REMELRP OB X5 40 &
(H6S 22y RED 16 WH 252 F - p 2010 #42 > X
O 150W 2. % B4 E ¥ 9OW(LED Roadway Lighting) ~ 75~90W(LSI
Industries) ~ 100W(Elumen) ~ 125W(BetaLED)z. LED §& %% :& {7 & 47 >
SFER ORI BEELRPRE R REZE N OREF2EHRIFE
LB RABFEEE 4B EEBP BT SRE

P B 0% ERARINEL G LT AL L5 3
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F 4 kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

B] 5.3-3 Franklin D. Roosevelt East River Drive

AT 45 T 3 2 4 & 4 4 (Pavement Classification)*r ¥t /&2 Be p? &
Fo RFpEYIRAHLBP RFEARELEBP & L XRR
(Illuminaition ) 0.9 *< Y%k (footcandle)  Olux > LB A3 B & K
P ITEORRASEMBRNE TOREASE SRRV EAL NS 3
0.3 ZméRppEyE s fl* AGIS2 = =ikt > d 3t RATimL P
o [l = 3&5%9‘#‘»7”5‘\ 2P @A AGI323E BAE L P 2 F &
LEI% BEZ P F kas o ik \}-’—z?"“‘);—— %E‘E_'fr'fif
FOE R R T kB SRS N B 0 R SRR 0 2
SATEVRZAPM AR S HREESF - EEL BT E S
LREE RIS N AeR] 5.3-4 1T o
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South Bound

BetalED HFS Elumen HPS LED Roadway HPS L51
B A Y SRS TR T B [ S B W S LI B R T
R _ v A e Ry L & &
T‘ e
Morth Bound

F 4L kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

B 5.3-4 Franklin D. Roosevelt East River Drive 7 # 3 % & %
i i)

N
2=
—\\

ETHEFRERAR LB 2N @ hpNEE L] B B
'rbﬁﬁﬂi”ﬁﬁ%@@%&%%auaﬁaﬁ B AP R
#2 & PLED B E A MBE (dod 5.3-5 7 ) -

# 5.3-5  Franklin D. Roosevelt East River Drive 7+ # 3+ % P& & 7 ?| %

Average Max Min

Product R Avg/Min Max/Min
Lx Fe Ix fc Ix fc

HPS 9.0 0.9 25.0 2.5 3.0 0.3 3.0:1 8.3:1
LED Roadway 1.2 24.0 24 4.0 0.4 3.0:1 6.0:1
Lighting

LSI Industries 10.0 1.0 22.0 2.2 3.0 0.3 3.3:1 7.3:1
Elumen 6.0 0.6 19.0 1.9 2.0 0.2 3.0:1 9.5:1
BetaLED 13.0 1.3 40.0 4.0 4.0 04 3.3:1 10.0:1

7 kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

AT LRI ST P LI R AIE R R
FERELR 41000 FRTH 0169 E A EFLERITE
pd PR 7o et il b f%T’ﬁ%gT%%éﬁﬂaﬁ%
0.120~0.169 ¥ ~ > A= T4 F Gt s f -8 > ¥ LED B
Fo AT AT @R 35 A AP R FRE AV E R0 ;«ur;;'giggg:
ke B LEDEE2 245 08 P tels FIELH 2 41D
PR gRE N R Ft AR Y R RE 0 R A B F 2 LED

Bag 2 B AW Aok 53-6 477 0V UFRE B FRP S F 0 LED
BRERHZRHPFL B AFHFE IS EL R LT AR R
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e UgEE o R RERP S 0 st F 2 LED BE - AR
PRTFEyTREHTRHES N NEE

% 5.3-6  Franklin D. Roosevelt East River Drive 7+ §# 3+ &
BAH R AT 4

Powe Costof Power Equipment  Annual Energy  Maintenance  Payback
r(W) Hours ($/kWh) Price ($)* Cost ($) Savings (%) (Years)
LED Roadway 85.0 4100 0.169 695.00 60.41 35 7.7
Lighting
LSlIndustries oy 4 4100 0.169 795.00 57.85 35 8.6
(Delivered)
LSI Industries
(sp 'fed)y' 1349 4100 0.169 795.00 9347 35 144
Elumen 107.0 4100 0.169 719.10 76.04 35 97
BetaLED 1393 4100 0.169 1,022.63 98.99 35 19.6

7L kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

EFRTREHAHT 29D A HAHE R 0120 £ =~

0.150 % % ~0.153 3 A= 462 5% > 9 0120 % ~ aps T H -
QBOiﬁéLﬁgﬁiiﬁiﬂ%ELH)%%L'@?%&%

v

(simple payback periods, SPB) » =¥ i Hii R B ##& % 0.01 %
F%EELEDE”EL%nhﬁﬁﬁﬁﬁﬁiﬁﬁ%ﬁ536b%m)°
% 5.3-7  Franklin D. Roosevelt East River Drive 7 43+ % 7 I¢ T

#HL

Electricity SPB Electricity SPB Electricity SPB  Electricit SPB
Rate Period Rate Period Rate Period  yRate Period
($/kWh) (years) ($kKWh) (years) ($/kKWh) (years) ($&kWh) (years)
LED Roadway
Liphting 0.120 9.4 0.130 9.0 0.150 83 0.153 8.2
LSI Industries 0120 105 0.130 101 0.150 93 0.153 92
(Delivered)
LSI Industries
(Specified) 0.120 16.1 0.130 15.7 0.150 150 0.153 149
Elumen 0.120 114 0.130 11.0 0.150 10.3 0.153 10.2
BetaLED 0.120 217 0.130 212 0.150 204 0.153 203

7L kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

P

LI REL T Y V- A4 &3P 2 & (Life Cycle Cost,
LCC) =7 = 5\; gf—?*.’ll;p Poan at FLRETHY KiFL A ARIER
ZEERE B A LA - AR TR O {i#+’?ﬁ%%%’
FRRELEEDP FREF EFEDIF T HBRALEERYR

3
SRR AUk Pl AR 0 RGERATRE LT E

miw
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A EFH X ARFTERE L - AT ARE 5 AR iT o4 GiF

Hp = A 2 E ARG pF T 02 IR (B (Present-Value) & # & (Annual-Value) =

z BRREFIPBATF LB A A P R AR
FRDEFE AARTEHEF AR P G0 Fla ik
PR R A S ALCOBME - 2 AW

WA H KA FFIRAER VL AD AL ARF R AR KD

SATRE M S RRFE RS ATRER P

REDTFEFORA e FRER ARBRT AR GRS 7 45 4

A ¢ ¢ ZRI R AT R

oo R NETLED

BRI S R AR PRAE B R e iDiR

(4-B) 5.3-5 #151 ) o

H | Manufacturer Base —
=] Price

- Manufacturer Price

=
] ST T Equipment Prices
1]
Total Installed Cost
r (Std | —Base)
L laciEsales - ¥ Installation Costs

Distributor Markup

le| Mational Account |
Markup
L A 4
| Contractor Markups | .
B |l F'a].r_b ack Lifecycle
| sales Tax I Period Cost
1
P Lifetime
\_L glecmu::l‘ty . Annual Energy Costs Annual Operating Operating
onsumpticn , Cost (5td i - Base) Cost (Std
. N » 1 - i— Base)
| LEEIE RS LL Annual Maintenance | Discount Rate

Costs
m | L
Repair Costs Lu Lifetimes

L kiR © LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS DOE 2010

Bl 53-5 4 b f & Ami s

ENFAALLFET L AFHF A A FRER A R ERRF
kM AuE BT 0120 2 0169 &0 Ao E2V E TGS ¥
v 35 2R A BRAEZEEBERL 6,000 ]G 50%1 ¢
R @5.7&?}2}% ’%i‘_#”ﬁé*?“éfﬁi* *AFET RGO
¥ LED BB R BRAEA LG T R Aoy B gl
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A AT (Ao 5. 3T #7m ) o

# 5.3-8  Franklin D. Roosevelt East River Drive 77 #3+% 7 & |
2.4 i A

DR DR DR DR DR DR
(0%0) (3%0) (7%0) (0%0) (3%0) (7%)
$0.120 / KWh $0.169 / kWh
HPS $4 566 $3,163 $2.102 $5.392 $3.730 $2.476
LED Roadway Lighting $3.468 $2.628 $1,977 $3.896 $2.923 $2.171
LST Industries — Delivered $3.,425 §$2,618 $2.008 53,836 $2,900 $2,194
LSI Industries - Specified $4.141 $3,111 $2.332 $4.844 $3.594 $2.650
Elumen $3.744 $£2.824 $2.115 $4.284 $3.194 $2.359
BetaLED $4519 $3,460 $2.635 $5,211 $3.942 $2,952
T HPS= High-pressure sodum. N/A = Not applicable.
LCC= Life-cycle cost. DR =  Discount rate.

F 4L kR : Demonstration Assessment of Light-Emitting Diode (LED) Roadway
Lighting Host Site: I-35W Bridge, Minneapolis, Minnesota

54 %
MG LED R 0D 0 iR BP & 2 & 0 LED B
”**waw@' CERPEZAHYT T FET) 0 E (Y
qsopm)e ﬁﬁa'*?ﬁ—gﬁay_?}p-LED”‘, ¥ iE 5~10 ﬁ'l‘ﬂf %
o L 4vt LED BYE&RF 5 BIAEE 5~10 & > JFEE LED §&

A E N .?;a:g RRPNBE2ZICF AR EIVH B BREE 4ok

g IURAES 0 SR PR HHRD B -

(4w &
% 2_ & iig%ggo,r‘zig‘@i% @ % > LED B % 3k 5 7
B4 L2ZBEGrE B ER - BRHPEE), Rpeztit * 1f

oo A P LED BREHES 2 R R MOt H s FE o

S gt LED BE2 AW A4 0 BEEE R4 208
FORLL T o 2R SRR - P10 BN RS T LED
2 EAWRI BHRT &- HIEHA T B FEP LED B
CERERE Y LR SR P CEEE S EES N
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FARE BHmAER

T2 f GRBR LTV EPE FE R ERED FEY
Bld A NERERFEEEHRIE L4 o AR FFRE 3 97
E£6 7 5P % 3095 rg Y E AR RICKEA  REAR
F v ppac g 2020 £ & w2000 E kB 98 & 12 0 22 T
AR g o FEEY TRRE N RERAER S R 0 &R FR G
LN BT o S S = ot WS

FRFE R LAROERE Y R EAFTE 1%L - N E R
@%@éw’ﬁﬁﬁméﬁﬁﬁwwplmﬁlw’# CRRE L
JED T0%e m ARP REREFELRENL 16073 F 0 P T 8L kR
Bo 1P B 2o BoReUEFH S LED BE o PO Y &4
T%c Bl 4= o

Y B IED B 5 B B A L RBE s S e Fd B
ZERRF CFEZRE CEFEE CBE N ZE A AENS B - T
feR2Z 23R fﬁ&% ESaE.0 Bl il i JRIE SUSERE Y S i O 3
w1 LED Be 7 $Ljis» 1 3 il_&]\ AP FA LS LED BB R
A5 R 4E LED BB A RF EARS > & fs 4 Y RELiE:
LED 1> T B2 78 2 & A2z v » 4 R 2/ B E RIS

FAEGE > S EATHMEHE - FLF AL LED
TWATF AN I REARE S B4R 7
IAMRF OHRAREESFTALE S FERBEE2L
ZLH)ﬁﬁ%ﬁﬁé’é%%ﬁl%*Q’%% TR F AT
A5 B4 H RS E R LED g
@@%ﬂﬁﬁﬁmﬁ%ﬁéiiéi’r S SR L
PR S NEY T SRS PP
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3. LED B8 2 ek 2w Al fs ~ e miFES ~ kA~ i~ F -k
FRERELE CERRR TR RAIFEOBAREGT A S
é‘;a“-’:’_‘—”Jéi/%z#ﬁré"kiéé’%’)@*’v?ﬁé(‘l}\—)*zﬁ*"é" FR AR
Z g Ak ET L FERPBIR G ERERFR
BRI RHIDIRE R

4. LED #4 5 g * *0dp 7 SR * AR 0 T E P ATRE T Rp
AR o MEF L S TR 2 RA T 0 LED ko e i
3 B P FLED S B TR A 52 TR AR LED A
?ié@féﬂz;%gm%g ko ARETIRY - ~§f§%i}_iﬁ%’:; ,
Rt E B A AR LED skl { 7 e

2‘«‘?
=

5. ¥ LEDREZ ¢ L 47> L& GRFLFRBZPET
TR TF KR APBETAL Z RS o 2 AP anTE
B iE% > E”é‘f’ﬁu% 3% 5 ISO 14040:2006 # &3x #1327 » 1SO
14040 5 7] ¢ % ISO 14040 £7 14044 & {23 o % Wi KI0E N F
AR e B o4E r 1SO 14044 s 2 R R EARE o
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