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e [llumination (lighting) consumption

- ~20% of electricity
(electricity = 40-60% of total energy)
- ~8-10% of total energy

Background

 Efficiencies of energy technological In

building
Heating: 70-80%
Elecrical Motors: 85-95%
Lamp: ~5% (10-20 Im/W)

Fluorescent Lamp:  ~25% (60-80 Im/W)

« Conventional lighting
- Low efficiency

Lighting consumes and wastes a lot of energy
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Traditional and Solid State Lighting
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White light source luminous efficacy:
- conventional vs. LEDs
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"Major Process Steps for LED Manufacturing

Sapphire
Crystal
Growth

Chip
Process
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Blue LEDs + yellow phosphor

2/
et

2002 2005 2007 2010 2012 2020
# % 2 & (Lm/w) 30 60 75 120 150 200

RGB & # 10% 20% 25% 40% 50% 67%
Ex+HeSAEY | 12% 24% 30% 48% 60% 80%
UV+=Zk kB A8 | 15% 30% 38% 60% 75% | 100%

W AR - www. Lumileds.com
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LEDz # R (Ex+5 ¢ ¥ £8)

Input Power
_ Optical
Resistive Losses Nonradiative- Absorption
InGaN
— Blue
Photon Down
- Conversion
Nonradiative
- Phosphor
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Optical
Absorption
- Phosphor

Visible Radiation - White
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Commercially available high power LEDs (350 mW) at 70 Im/W: 80% of power is lost to
heat, so only 20% goes to useful light output.

Potential future performance -assuming internal quantum efficiency for the blue LED reaches
90% and modest reductions to electrical and optical losses—treaches 160 Im/W. In this case,

the power split between heat and light is approximately 50/50.

Resistive | Nonradiative | Optical Visible Photon Nonradiative | Optical Visible
Losses | -InGaN Absorption | Radiation | Down - - Phosphor | Absorption | Radiation
- Blue - Blue Conversion - White - White
70 Im/W 19% 41% 6% 34% 7% 1% 5% 21%
160 10% 9% 12% 69% 14% 3% 5% 47%
Im/W

Krames et al. 2007
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(a) Low current (b) High current
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E. F. Schubert Light emitting diodes (2008)
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X. Guo and E. F. Schubert, J. of App. Phys. (2001)
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J. S. Yun et al. Proc. SPIE (2007)
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p-clectrode
B

AJ(A/cm?)

sample A J max J min

Sample A | Sample B

293.1 256.4

P. Wang et al. Opt. & Laser Tech.(2010)
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Side-View LED® 33 ;x4 % A 7
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Current vectors in the top-view of the ITO, p-  Relation between differences in
GaN, and n-GaN layers for: (a) the short case, ~ current density and stripe length.
and (b) the long case.
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Micrographs of optical emissions operated at 30 mA for: (a) the short
case, and (b) the long case.

Isoline diagrams of simulated current densities for: (a) the short case,
and (b) the long case.
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—Electrical Coupled Modeling of Current and Thermal Effects

l (b) ' | (©) |

I L I |

—Input current at100 mA: (a) distribution ot voltage and current density at 300K , (b)
distribution of voltage and current density with including the thermal dffect, (c)
temperature distribution of case (b).

Driving Volatge(V)

B VST % :8%
Electrical model Coupled model 2007, Kim,

(NCU Simulation) (NCU Simulation) Fig.(b) & | Korea
Fig.(a) (©) (Experiment )
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% % RLED (High Voltage LED)
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e The arearatio 100 %

e 20mAT > #-7 3] 162 Im/W

White 1m/W

5 ?
0 002 0.04 0.06 0.08 0.1
IA)

http://www.digitimes.com.tw/tw/B2B/Seminar/Service/download/0519910050/991005DTF-04.pdf
Epistar (2010)
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HV-LED# 72 -7

p
2 o |
0.5 g
02 4 P-GaN
0.8 Active Laver
4.5 n-GaN
100 Sapphire

(Unit:pym ) (Not to scale)

(a)

Electroluminescent driven by a
43 V forward voltage
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—Max : 350.31K

EE

Active Layer Global Chip

—Min : 347.75K
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ystem for measuring the junction temperature of an
HV LED

Full-wave rectifier

E ~ ACPower Supply
I

Full-wave
rectifier

Sample test room

Temperature-controlled oven

Oscilloscope

Measurement of
Temperature sensitive parameter

—)

Measurement of
Junction temperature &
Thermal resistance
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—&— HV LED driven by Full-Wave
—&— HV LED driven by DC

rms= 395.36V

DC 43.8V

o=

20 40 60 80 100 120 140 160 180 200
Time (5)

%ﬁ?l i
Input power: 280 mW

Output power at 3 min

Full-Wave: 54.48 m\W
DC: 45.63 mW
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p-length mean
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brd 5 : }* - R}
s f o L”=40 pm  344.2
Z 340}
S -
g 330 " conventional L”=-40 pm 347.1
% 320 | —— L'"=40 pm
b= i L'"=-40 jn
iy ) —— L'=50 pum LL’=50 um 354.8
300 b —— L'=100 pm
= B L i L " i i ] " ] " 1 ; L’=100 um 374.5

0.0 0.3 0.6 0.9 12 1.
Time (s)

i



Mechanical Engineering

L—EJ National Central University

Emission

n&&&ep

ol § |

TP &

T
LEEEE-

J—' Case A

93.6%

;"’Fﬁ o2t @ 80um

T
1T
AERRE

Case B
P 7iEplw i 180um




Mechanical Engineering
y 2T & : Rl
L,:J National Central University p3L ‘% N 'gi *ﬁzl 7;'& (éﬁ‘)

Case A :

(Vrms=35.36V) {

T RE E 2 it
TiAmA

L.

Max:344.2 Max:341.6
344.0
341.0
K
343.4 340.4
Min:343.0 Min:339.9

R#%3+1.236 €6



Mechanical Engineering

National Central University

BT #NT A5 (%)

. PR FRESER 2 B(Vms=35.36V)

Temperature (K)
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[ : . . l |
0.0 03 0.6 0.9 1.2 1.5

Time (5)
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Condition
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345.1
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340.5
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