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LED history - over 50 years STHRAA
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(polycrystallinejmonocrystalline) Watt-class Soraa awarded
P. Maruska |. Akasaki White LEDs Founded Nobel Prize
in Physics
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First LED First Blue LEDs / LDs Bulk-GaN First GaN-on-
(red) S. Nakamura based GaN™ Lighting
N. Holonyak, Jr. LEDs / LDs Product




Spectral Irradiance, W m2 nm!

LEDs fundamentally more energy
efficient
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*N. Holonyak, Jr., et al., Am. J. Phys. 68, 864 (2000)
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Good LED reading STHRAA
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physics/laureates/2014/
BOB JOHNSTONE

® Nobelprize.org

- ™ e Phpans X4
Nobel Prizes and '_3] -\-“' . " o b £

Laercases 2014 A/ |

' - s Sevivr ADD =0 E:bd -
The Nobel Prize in Physics i
. . . : o Wikl Prie P 2014

UPDATED EDITION

SHUJI

NAKAMURA
wo e REVOLUTION
x LIGHTING
TECHNOLOGY




Process of making LEDs STHRAA
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Roller coaster at the heart of the SSRAA
LED
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LED Epitaxy - the heart of the LED S RAA

« Equipment: MOCVD
« LED materials
— Gallium
— Nitride
e In, Al

e LED wafer sub-
mount material

— Sapphire

— Silicon Carbide
— Silicon Ga& SNS
— GaN o

Ga) (N )(Ga) | N

Submount wafer



MOCVD

« Very tight process
tolerances!

Vapor flow

Heat T



Gallium Nitride - unique material SHRAA
system

e Jransparant

« Thermally conductive
e Electrically conductive
« Robust - strong

« Can produce light

10



Die examples

Hair
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Dislocations SHRAA

« Occur when substrate material and deposition
material are not perfectly matched

LED GaN

GaN Substrate Saphire Substrate



No dislocations with GaN substrate SHRAA

Simply Perfect Light”

GaN on Sapphire GaN on GaN
Hetero-epitaxy Homo-epitaxy

GaN Epitaxy

GaN
Sub mount

1,000x fewer dislocations

GaN Epitaxy

Buffer layer

Sapphire
Sub mount
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Triangular shape
extraction

Light needs sharp angle of

Rectangular Die

100%
90%
v 80%
‘l ~ . E
K .. & 0%
~
¢ *, g 60%
4 - -
. L4
s, Lf " 2 50%
. e
. . g 0%
[¥)
~  30%
$
20%
10%
o%

best for light

incidence to escape die

A SORAA
° salN-on GaN
® 5 1To-Ps
T
improved T} -
Shaped 1S B & 1C (siver)
& NS
L™
* i« (ahirmenum)
B Improved 1S
® NA
h s
Thick AS
B Than AS
1990 1995 2000 2005 2010 2015 2020
r NGl [rod/orange/amber LEDS)  1( e < hip
© GaN [vicket/Shue/preen LLDy) " then- fkem
AS absorbwng substrate no ndum tn oxde
s atent sulntrate s pattesmed sallnts ate

Dt
NAu  » micked gold

SHRAA

Triangular Die

~
<”

“hoton escape

14



Droop SFHERAA

« Lower efficiency

when driving more 100%
current densities % GaN on GaN™
« GaN on GaN 8%
highly efficient at 0%
higher currents 60%
« Higher light e
density - good for 4% -
narrow beams and P -
directional lighting % |
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Creating white light S%RAA

Blue

Green

Red
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Spectral Distribution -
Full Spectrum Sources vs.
Non-Full Spectrum Sources
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: Two phosphor
Blue primary

VP3 - Full Spectrum

Violet Three phosphor
primary
No

uv




Color Conversion STHRAA

« Light on its way out
— Converted to different color when hits a phosphor particle
— Light can be absorbed by a phosphor particle
— Can also bounce off a phosphor particle
— Light is shooting through the phosphor layer in basically all directions
— We want it to be reflected out - never be absorbed
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STHERAA

Thank you!
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