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electrical energy is used for lighting of which 40% is for incandescent lighting, this represents 2000 TWh/year

'II

200 Residential
Conventional Light Sources 7, (lm/W) 0

— 500W High-pressure Na 150 Best low- 28%
= 140W Metal Halide 122 power
= “TL HE® Tube Fluorescent 105 (eﬂ‘a "4 LED
E_ 150 - | Halogen-IR Incandescent 30 '9.;355"\ G
\"'_"_"_] Standard Incandescent 16 gt
= /

: @ /g Industrial 16%
“ e @ ndustrial 0
9 " < £ Restaurants,
2 100 A ";Q'; 3 ' Retail and
S Best high- v [ W I .

* O Services 48%
Li fluorescent powerLED «/Q = Streetlighting
S L)@ 8%
- 2
R= g
s s o 5 K1 70% 80 T foE 5352 SR
j ngavo na\':’%\ >70% of the Energy Usage is
halogen ' Outside of the Residential Market!
T |ncandescent
0~ T T T T T T T T T T T T T T T
1920 1940 1960 1980 2000 2020

Year Source: OSRAM

WILLLLY



L ED# 7K T i Az =2 A

LED Technology Forecast and Impact
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LED Optical Characteristics

* %jlé B4 Chromaticity

BEANTEX B Z ESHHiIR & XEPaY

“1:E” Some defined “box” in the white area on or near the Black Body Locus

°LEDEI4JBIHRT_|'(X\ y@@ﬂ)@é}ﬁﬁﬁﬁﬁ- Bin sizes (X, !

y coordinates) varies by supplier

480 nm

Group Code Min. Luminous Flux Max. Luminous Flux
: @ 350 mA (Im) i@ 350 mA (Im)
M2 39.8 45.7 - -
00 1 B A% b4 0 44 B A%
M3 45.7 3l.7 - elsrguricily Ceordnaty
N2 al.7 56.8
P — 7 [N E_ . .
o = m '%E(ﬁtﬁg) Brightness (luminous flux)
Na 62.0 67.2 —FrE“It" i ZE—FEKME Al the “ight output
P2 67.2 73.9 into a sphere
P3 73.9 80.6 =12 / =%
—Z B E AR X A [B]RE 1< e By Bl Rk
P4 80.6 87.4 A
E |':T.| iEE'EI_ Factors in human sensitivity to light of different
Q2 87.4 93.9 wavelengths
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LEDEEEJJ E(Jyklljﬁ Challenges of Driving LEDs
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ume ﬁﬁ:%'l- Forward voltage varies by color, current & temperature

B Forward Current vs,
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E‘JB‘% ﬁ'ﬁi‘i@ ’ :,E\: ':I:' ﬂﬁ&ffr&bfa '@, LED E@i‘%fm% HH i “Color point” shifts with current and

temperature, more pronounced with Red and Amber
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Thermal Path is Critical to LED Lifetime

5mm LED BRBRZNLED

Lighting-class LED

TERUREE

No Thermal path

Thermal path

o S5MMATILFEBHFREZEsom « BRIALRLEDRITESSIEIE Lignting-class LEDS
lamps have almost no thermal path are designed for high temp operation

o HFVFAPH>I50°C/W rin>ssoccwiypica ©  EREYFRBH<10°C/W rih <10 ccw typical

- BhGRE(T)SHEEAIRITE * A RIFEHPOITENE, KTREWBIRIFHREF
% Chip (T,) and phosphor can essentially cook ﬁﬁ% ':P ?U Hj E‘]%ﬁ Lamp can stay within data sheet

themselves parameters with good thermal design
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LEDBYFFAF LED Lifetime
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Courtesy LRC, Rensselaer Polytechnic Institute
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conventional light sources dim over time, even LEDs

d 1:7‘]—?;&% ;}E 95 %I(*Tﬁ J:FE%%‘-) Standard light sources fail (open filament etc)
° 'Iﬁ é, iﬁi‘l_ E,‘] iﬁ ’ LED'IE LH\EiE‘S'f'KE}E ?FS_E 55'1*!1 Properly designed LEDs dim gracefully
o FHFALEOLETMIBEFRFRE(LT0), ERILIEEEBI— R E end of life is based

on Lumen Maintenance (L70) which is a function of operating temperature
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Application Drives LED Selection

¢ EB\ HE E(] Ziﬁk/ g 7|§< ? What is the area/pattern to be lit?
- gﬂ‘i*g%ﬁiﬂ%?é Linear strip or path
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° ﬁllf_, i %ﬁg X ? (?E:' Ei E':"i:ﬁllf', ﬁi) Optics considerations (narrow or wide beam) 23k Lens
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¢ R T,I-&k]-ﬁ-ﬁl\im Size and lit appearance

WILLLLY




LED%#%%% LED Packaging Trends

RFEE N smaller size

ZNKINEFRH Multi-high power chips
LB F vutti-small chips

S 75 3E Phosphor coatings methods

B S EL4FEIBYETZE Higher wattage packages
ARRERIBE £ EE KRG veposited silicone primary lens

systems
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