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InGaN films grown on GaN films”

S. Nakamura, M. Senoh, T. Mukai *“p-
GaN/N-InGaN/N-GaN double-
heterostructure blue-light-emitting
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high-power InGaN/AlGaN double
heterostructure violet-light-emitting-
diodes”

S. Nakamura “Zn-doped InGaN growth
and InGaN/AlGaN double-
heterostructure blue-light-emitting
diodes”

Journal of the Institute of
Electronics, Information
and Communication
Engineers, Vol. 76 No. 9,
pp. 3911-3915

J. Appl. Phys., Vol. 74
No. 6, pp. 3911-3915

No. 602, pp. 93-102

Appl. Phys. Lett., Vol. 64
No. 13, pp. 1687-1689

Nikkei Electronics Asia,
June 1994

Extended Abstracts of the
1994 International
Conference on Solid State

Devices and Materials,
JSAP, pp. 81-83

Scientific American,
October 1994

Microelectronics Journal,
Vol. 25, pp. 651-659

J. Cryst. Growth, Vol.
145, pp. 911-917

Journal

Journal

Journal

Magazine

Conference
Proceeding

Magazine

Journal

Journal



27.

28.

29.

30.

31.

32.

33.

34.

1994

1994

1995

1995

1995

1995

1995

1995

S. Nakamura “InGaN/AlGaN double-
heterostructure blue LEDs”

S. Nakamura, T. Mukai, M. Senoh “High-
brightness InGaN/AlGaN double
heterostructure blue-green-light-emitting
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W. E. Carlos, E. R. Glaser, T. A. Kennedy,

S. Nakamura “Magnetic resonance studies
of recombination processes in GaN light-
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S. Nakamura “InGaN light-emitting diodes
with quantum-well structures”

S. Nakamura “High-brightness blue-green
LEDs and first II1-V nitride-based laser
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T. Taguchi, T. Maeda, Y. Yamada, S.
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emission of InGaN active epilayers in the
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nitride based laser diodes”
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International Symposium
on Blue Laser and Light
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International Symposium
on Blue Laser and Light
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Appl. Phys. Lett., Vol. 69
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W. E. Carlos, E. R. Glaser, T. A. Kennedy,
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single-quantum-well light-emitting
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S. Nakamura, M. Senoh, S. Nagahama, N.
Iwasa, T. Yamada, T. Matsushita, Y.
Sugimoto, H. Kiyoku “Ridge-geometry
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S. Chichibu, T. Azuhata, T. Sota, S.
Nakamura “Excitonic emissions from
hexagonal GaN epitaxial layers”
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Chichibu, A Kuramata, K. Horino, S.
Nakamura “Biaxial strain dependence of

exciton resonance energies in wurzite
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Y. Narukawa, Y. Kawakami, S. Fujita, S.
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dynamics of localized excitons in In(sub
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wells”
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Nitride Semiconductor
Research,Vol. 1

J. Appl. Phys., Vol. 81
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S. Nakamura, M. Senoh, S. Nagahama, N.
Iwasa, T. Yamada, T. Matsushita, Y.
Sugimoto, H. Kiyoku “Room-temperature
continuous-wave operation of InGaN
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diodes with a long lifetime”

S. Nakamura ‘“‘Blue-green light-emitting
diodes and violet laser diodes”

S. Nakamura, M. Senoh, S. Nagahama, N.
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S. Chichibu, H. Okumura, S. Nakamura, G.
Feuillet, T. Azuhata, T. Sota, S. Yoshida
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semipolar (20(21)over-bar) and (20(2)over-
bar1) multiple-quantum-well light-emitting
diodes”

Y. Kawaguchi, C. Huang, Y. Wu, Q. Yan,
C.Pan, Y. Zhao, S. Tanaka, K. Fujito, D.
Feezell, C. Van de Walle, S. DenBaars, S.
Nakamura

Japanese Journal of
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Applied Physics Express,
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“High-brightness polarized light-emitting
diodes”
E. Matioli, S. Brinkley, K. Kelchner, YL

Hu, S. Nakamura, S. DenBaars, J. Speck, C.

Weisbuch

“Demonstration of Nonpolar GaN-Based
Vertical-Cavity Surface-Emitting Lasers”
C. Holder, J. Speck, S. DenBaars, S.
Nakamura, D. Feezell

“Performance and polarization effects in
(11(2)over-bar2) long wavelength light
emitting diodes grown on stress relaxed
InGaN buffer layers”

I. Koslow, M. Hardy, P. Hsu, P. Dang, F.
Wu, A. Romanov, Y. Wu, E. Young, S.
Nakamura, J. Speck, S. DenBaars

“Suppression of m-plane and c-plane slip
through Si and Mg doping in partially
relaxed (20(2)over-barl) InGaN/GaN
heterostructures”

M. Hardy, E. Young, P. Hsu, D. Haeger, 1.
Koslow, S. Nakamura, S. DenBaars, J.
Speck

“The reduction of efficiency droop by
Al0.82In0.18N/GaN superlattice electron
blocking layer in (0001) oriented GaN-
based light emitting diodes”

R. Chung, C. Han, C. Pan, N. Pfaff, J.
Speck, S. DenBaars, S. Nakamura

“Compositionally graded relaxed AlGaN
buffers on semipolar GaN for mid-
ultraviolet emission”

E. Young, F. Wu, A. Romanov, D. Haeger,
S. Nakamura, S. DenBaars, D. Cohen, J.
Speck

Light: Science &
Applications 1, E22

Applied Physics Express,
5, Issue 9 092104

Applied Physics Letters,
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“Reduction in Thermal Droop Using Thick
Single-Quantum-Well Structure in
Semipolar (20(2)over-bar(1)over) Blue
Light-Emitting Diodes”

C.Pan, T. Gilbert, N. Pfaff, S. Tanaka, Y.

Zhao, D. Feezell, J. Speck, S. Nakamura, S.

DenBaars

“Thermoelectric properties of lattice
matched InAIN on semi-insulating GaN
templates”

A. Sztein, J. Bowers, S. DenBaars, S.
Nakamura

“Suppression of relaxation in (20(2)over-
bar]l InGaN/GaN laser diodes using limited
area epitaxy”

M. Hardy, S. Nakamura, J. Speck, S.
DenBaars

“Demonstration of nonpolar GaN-based
vertical-cavity surface-emitting lasers”
C. Holder, D. Feezell, J. Speck, S.
DenBaars, S. Nakamura

“Development of High-Performance
Nonpolar III-Nitride Light-Emitting
Devices”

RM Farell, EC Young, F Wu, S Nakamura,
SP DenBaars, J Speck

“Gallium Nitride Based Light Emitting
Diodes (LEDS) for Energy Efficient
Lighting and Displays”

SP DenBaars, S. Nakamura, J. Speck

“GaN-based VCSEL fabricated on
Nonpolar GaN substrates”
S. Nakamura

Applied Physics Express,
5, Issue 10 102103

Journal of Applied
Physics, 112, Issue 8
083716

Applied Physics Letters,
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“Optical polarization characteristics of
semipolar (30(3)over-barl) and (30(3)over-
bar(1)over-bar)”

Y. Zhao, Q. Yan, D. Feezell, K. Fujito, C.
Van de Walle, J. Speck, S. DenBaars, S.
Nakamura

“Development of gallium-nitride-based
light-emitting diodes (LEDS) and laser
diodes for energy-efficient lighting and
displays”

S. DenBaars, D. Feezell, K. Kelchner, S.
Pimputkar, C. Pan, S. Tanaka, Y. Zhao, N.
Pfaff, R. Farrell, M. Iza, S. Keller, U.
Mishra, J. Speck, S. Nakamura

“Morphological evolution of InGaN/GaN
light-emitting diodes grown on free-
standing m-plane GaN substrates”

R. Farrell, D. Haeger, K. Fujito, S.
DenBaars, S. Nakamura, J. Speck

“Suppressing void defects in long
wavelength semipolar (20(21)over-bar)
InGaN quantum wells by growth rate
optimization”

Y. Zhao, F. Wu, C. Huang, Y. Kawaguchi,

S. Tanaka, K. Fujito, J. Speck, S. DenBaars,

S. Nakamura

“Optical properties of extended and
localized states in m-plane InGaN quantum
wells”

S. Marcinkevicius, K. Kelchner, S.
Nakamura, S. DenBaars, J. Speck

“Surface morphology study of basic
ammonothermal GaN grown on non-polar
GaN seed crystals of varying surface
orientations from m-plane to a-plane”

S. Pimputkar, S. Kawabata, J. Speck, S.
Nakamura

Optics Express, 21, Issue
1 A53-A59

Acta Materialia, 61, Issue
3945-95]1

Journal of Applied
Physics, 113, Issue 6
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Applied Physics Letters,
102, Issue 9 091905
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“Semipolar (20(2)over-bar(1)over-bar)
InGaN/GaN Light- Emitting Diodes for
High-Efficiency Solid-State Lighting”
D. Feezell, J. Speck, S. DenBaars, S.
Nakamura

“Quasi-equilibrium crystal shapes and
kinetic Wulff plots for gallium nitride
grown by hydride vapor phase epitaxy”

B. Bryant, A. Hirai, E. Young, S. Nakamura
and J. Speck

“Dependence of Electron Overflow on
Emission Wavelength and Crystallographic
Orientation in Single-Quantum-Well III-
Nitride Light-Emitting Diodes”

Y. Kawaguchi, S. Huang, R. Farrell, Y
Zhao, J. Speck, S. DenBaars, S. Nakamura

“Calculated thermoelectric properties of
InxGal-1xN, InxAl1-xN, and AlxGal-xN”
A. Sztein, J. Haberstroh, J. Bowers, S.
DenBaars and S. Nakamura

“Green Semipolar (20(2)over-bar(1)over-
bar) InGaN Light-Emitting Diodes with
Small Wavelength Shift and Narrow
Spectral Linewidth”

Y. Zhao, S. Oh, F. Wu, Y. Kawaguchi, S.
Tanaka, K. Fujito, J. Speck, S. DenBaars
and S. Nakamura

“Comparative Analysis of 20(2)over-barl
and 20(2)over-bar(1)over-bar semipolar
GaN light emitting diodes using atom probe
tomography”

R. Shivaraman, Y. Kawaguchi, S. Tanaka,
S. DenBaars, S. Nakamura and J. Speck

“Efficient and stable laser-driven white
lighting”

K. Denault, M. Cantore, S. Nakamura, S.
DenBaars and R. Seshadri

Journal of Display
Tehcnology, 9, 190-198

Journal of Crystal
Growth, 369, 14-20

Applied Physics Express,
6, Issue 5 052103
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“Non-polar m-plane intersubband based
InGaN/(Al)GaN quantum well infrared
photodetectors”

A. Pesach, E. Gross, C. Huang, Y. Lin, A.
Vardi, S. Schacham, S. Nakamura and G.
Bahir

“Influence of the Structure Parameters on
the Relaxation of Semipolar InGaN/GaN
Multi Quantum Wells”

S. Keller, R. Farrell, M. Iza, Y. Terao, N.
Young, U. Mishra, S. Nakamura, S.
DenBaars and J. Speck

“Semipolar (20(2)over-barl) Single-
Quantum-Well Red Light-Emitting Diodes
with a Low Forward Voltage”

Y. Kawaguchi, CY Huang, YR Wu, YJ
Zhao, S. DenBaars and S. Nakamura

“Indium-tin-oxide clad blue and true green
semipolar InGaN/GaN laser diodes”

MT Hardy, CO Holder, DF Feezell, S.
Nakamura, JS Speck, DA Cohen and SP
DenBaars

“Thermal Performance of Violet and Blue
Single-Quantum-Well Nonpolar m-Plane
InGaN Light-Emitting Diodes”

N. Pfaff, KM Kelchner, DF Feezell, S
Nakamura, SP DenBaars and JS Speck

“Photoexcited carrier recombination in wide
m-plane InGaN/GaN quantum wells”

S. Marcinkevicius, KM Kelchner, LY
Kuritzky, S. Nakamura, SP DenBaars and
JS Speck

“Near-field investigation of spatial
variations of (20(2)over-bar(1)over-bar)
InGaN quantum well emission spectra”

S. Marcinkevicius, Y. Zhao, KM Kelchner,
S. Nakamura, SP DenBaars and JS Speck

Applied Physics Letters,
103, Issue 2 022110

Japanese Journal of
Applied Physics, 52,
Issue 8 UNSP 08JC10
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“History of Gallium-Nitride-Based Light-
Emitting Diodes for Illumination”
S. Nakamura and MR Krames

“Pulsed high-power AlGaN-cladding-free
blue laser diodes on semipolar (20(2)over-
bar(1) GaN substrates”

A. Pourhashemi, RM Farrell, MT Hardy, PS
Hsu, KM Kelchner, JS Speck, SP DenBaars
and S. Nakamura

“Blue and aquamarine stress-relaxed
semipolar (11(2)over-bar2) laser diodes”
PS Hsu, F Wu, EC Young, AE Romanov,
K. Fujito, SP DenBaars, JS Speck and S.
Nakamura

“High performance thin quantum barrier
InGaN/GaN solar cells on sapphire and bulk
(0001) GaN substrates”

N. G. Young,R. M. Farrell, Y.L. Hu, T.
Terao, M. Iza, S. Keller, S. P. DenBaars, S.
Nakamura and J. S. Speck

“Emission characteristics of single InGaN
quantum wells on misoriented nonpolar m-
plane bulk GaN substrates”

KM Kelchner, LY Kuritzky, K. Fujito, S.
Nakamura, SP DenBaars and JS Speck

“Comparison of Polished and Dry Etched
Semipolar (11(2)over-bar2) III-Nitride
Laser Facets”

PS Hsu, RM Farrell, JJ Weaver, K Fujito,
SP DenBaars, JS Speck and S. Nakamura

“Basal Plane Stacking Fault Suppression by
Nitrogen Carrier Gas in m-plane GaN
Regrowth by Hydride Vapor Phase
Epitaxy”

BN Bryant, EC Young, F. Wu, K. Fujito, S.
Nakamura, and JS Speck

Proceedings of the IEEE,
101, 2211-2220

Applied Physics Letters,
103 151112

Applied Physics Letters,
103 161117

Applied Physics Letters
103, 173903

Journal of Crystal
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IEEE Photonics
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“True green semipolar InGaN-based laser
diodes beyond critical thickness limits using
limited area epitaxy”

MT Hardy, F. Wu, PS Hsu, DA Haeeger, S.
Nakamura, JS Speck, and SP DenBaars

“Optimization of Annealing Process for
Improved InGaN Solar Cell Performance”
NC Das, ML Reed, AV Sampath, H. Shen,
M. Wraback, Rm Farrell, M. Iza, SC Cruz,
JR Lang, NG Young, Y. Terao, CJ Neufeld,
S. Keller, S. Nakamura, SP DenBaars, UK
Mishra, and JS Speck

“Influence of growth temperature and
temperature ramps on deep level defect
incorporation in m-plane GaN”

AM Armstrong, K. Kelchner, S. Nakamura,
SP DenBaars, and JS Speck

“Effect of intentional p-GaN surface
roughening on the performance of
InGaN/GaN solar cells”

RM Farrel, AA Al-Heji, CJ Neufeld, X.
Chen, M Iza, SC Cruz, S. Keller, S.
Nakamura, SP DenBaars, UK Mishra, and
JS Speck

“Polarization field engineering of
GaN/AIN/AlGaN superlattices for enhanced
thermoelectric properties”

A. Sztein, JE Bowers, SP DenBaars, and S.
Nakamura

“Atomic-scale nanofacet structure in
semipolar (20(2)over-barl) and (20(2)over-
barl) InGaN single quantum wells”

YJ Zhao, F. Wu, TJ Yang, YR Wu, S.
Nakamura, and JS Speck

Journal of Applied
Physics, 114 183101

Journal of Electronic
Materials, 42, 3467-3470

Applied Physics Letters,
103 232108

Applied Physics Letters,
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Applied Physics Letters,
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Applied Physics Express,
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“Onset of plastic relaxation in semipolar
(11(2)over-bar2) InxGal-xN/GaN
heterostructures”

IL Koslow, MT Hardy, PS Hsu, F. Wu, AE
Romanov, EC Young, S. Nakamura, SP
DenBaars, and JS Speck

“Improved performance of (2021) long-
wavelength light-emitting diodes grown
with wide quantum wells on stress-relaxed
InxGal-xN buffer layers”

I Koslow, C McTaggart, F Wu, S
Nakamura, J. Speck, S DenBaars

“Highly polarized photoluminescence and
its dynamics in semipolar (20(2)over-
bar(1)over-bar) InGaN/GaN quantum well”
S. Marcinkevicius, R Ivanov, Y. Zhao, S.
Nakamura, Sp DenBaars, and JS Speck

“Comparative study of field-dependent
carrier dynamics and emission kinetics of
InGaN.GaN light-emitting diodes grown on
(11272) semipolar versus (0001) polar
planes”

Y.Ji, W Liu, T. Erdem, R. Chen, ST Tan,
Z.Zhang,7Z.Ju, X Zhang, H. Sun, X Sun,
Y. Zhao, S. DenBaars, S. Nakamura and H.
Demir

“Stacking faults and interface roughening in
semipolar (2021) single InGaN quantum
wells for long wavelength emission”

F. Wu, Y. Zhao, A. Romanov, S. DenBaars,
S. Nakamura and J. Speck

“High-performance broadband optical
coatings on InGaN/GaN solar cells for
multijunction device integration”

N. G. Young, E. E. Perl, R. M. Farrell, M.
Iza,J. E. Bowers, S. Nakamura, S.
DenBaars and J. Speck

Journal of Crystal
Growth, 388, 48-53

Applied Physics Express
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"High-power low-droop violet

semipolar (3031)(3031) InGaN/GaN light-
emitting diodes with thick active layer
design" Daniel L. Becerra,Yuji Zhao,Sang
Ho Oh, Christopher D. Pynn, Kenji Fujito,
Steven P. DenBaars, and Shuji Nakamura

"Impact of p-GaN Thermal Damage and
Barrier Composition on Semipolar Green
Laser Diodes" Matthew T. Hardy, Feng

Wu, Chia-Yen Huang, Yuji Zhao, Daniel F.

Feezell, Shuji Nakamura, James S. Speck,
and Steven P. DenBaars

"2 Gbit/s data transmission from an
unfiltered laser-based phosphor-converted
white lighting communication system"
Changmin Lee, Chao Shen, Hassan M.
Oubei, Michael Cantore, Bilal Janjua,Tien
Khee Ng, Robert M. Farrell, Munir M. El-
Desouki, James S. Speck, Shuji Nakamura,
Boon S. Ooi, and Steven P. DenBaars

"4 Gbps direct modulation of 450 nm GaN
laser for high-speed visible light
communication" Changmin Lee, Chong
Zhang, Michael Cantore, Robert M. Farrell,

Sang Ho Oh, Tal Margalith, James S. Speck,

Shuji Nakamura, John E. Bowers, and
Steven P. DenBaars

"Background Story of the Invention of
Efficient Blue InGaN Light Emitting
Diodes" Shuji Nakamura

"Background Story of the Invention of
Efficient InGaN Blue-Light-Emitting
Diodes(Nobel Lecture) " Shuji Nakamura

"Biography of Nobel laureate Shuji
Nakamura" Shuji Nakamura

Appl. Phys. Lett. 105,
171106

EEE PHOTONICS
TECHNOLOGY
LETTERS, 26, 43

OPTICS EXPRESS 23,
29779

OPTICS EXPRESS 23,
16232

International Journal of
Modern Physics 29,
1530016

Angew.Chem.Int .Ed, 54,
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Ann. Phys. (Berlin)527,
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2015
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2015
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2015

"Continuous-wave operation of a InGaN
laser diode with a photoelectrochemically
etched current aperture" Ludovico Megalini,
Daniel L. Becerra, Robert M. Farrell, A.
Pourhashemi, James S. Speck, Shuji
Nakamura, Steven P. DenBaars, and Daniel
A. Cohen

"Demonstration of a III-nitride vertical-
cavity surface-emitting laser with a III-
nitride tunnel junction intracavity contact" J.
T. Leonard, E. C. Young, B. P. Yonkee, D.
A. Cohen, T. Margalith, S. P. DenBaars, J. S.
Speck, and S.Nakamura

"Demonstration of low resistance ohmic
contacts to p-type (202717) GaN" Benjamin P
Yonkeel, Robert M Farrell, John T
Leonard,Steven P DenBaars, Jim S Speck
and Shuji Nakamura

"Demonstration of phosphor-free polarized
white light emission from monolithically
integrated semipolar InGaN quantum wells"
S.J. Kowsz, C. D. Pynn, S. H. Oh,R. M.
Farrell,J. S. Speck, S. P. DenBaars, and S.
Nakamura

"Energy savings by LED Lighting " S.
Nakamura (Link not available)

"Free electron concentration dependent sub-
bandgap optical absorption characterization
of bulk GaN crystals" S. Pimputkar, S.
Suihkonen, M. Imade, Y. Mori, J. S. Speck,
S. Nakamura

"Future Technologies and Applications of
ITI-Nitride Materials and Devices" Shuji
Nakamura

Appl. Phys. Express 8
04270

Appl. Phys. Lett.107,
091105

Semicond. Sci. Technol. 30
075007

Appl. Phys. Lett. 107,
101104
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2015

"High optical power and low-efficiency
droop blue light-emitting diodes using
compositionally step-graded InGaN barrier"
Chih-Chien Pan, Qimin Yan, Houqiang Fu,
Yuji Zhao, Yuh-Renn Wu, Chris Van de
Walle, Shuji Nakamura and Steven P.
DenBaars

"High spatial uniformity of
photoluminescence spectra in semipolar
plane (2021) InGaN/GaN quantum wells" K.
Gelzinyté, R. Ivanov, S. MarcinkevicCius, Y.
Zhao, D. L. Becerra, S. Nakamura, S. P.
DenBaars, and J. S. Speck

"High-power blue laser diodes with indium
tin oxide cladding on semipolar (2021) GaN
substrates" A. Pourhashemi, R. M Farrell,
A.Cohen, S. Speck, P. DenBaars and S.
Nakamura

"Impact of carrier localization on radiative
recombination times in semipolar (2021)
plane InGaN/GaN quantum wells" R.
Ivanov, S. Marcinkevicius, Y. Zhao, D. L.
Becerra, S. Nakamura, S. P. DenBaars, and
J. S. Speck

"InGaN lattice constant engineering via
growth on(In,Ga)N/GaN nanostripe arrays"
Stacia Keller, Cory Lund, Tyler Whyland,
Yanling Hu, Carl Neufeld, Silvia Chan,
Steven Wienecke, Feng Wu, Shuji
Nakamura, James S Speck, Steven P
DenBaars and Umesh K Mishra

"Low damage dry etch for III-nitride light
emitters" Joseph G Nedy, Nathan G Young,
Kathryn M Kelchner, Yanling Hu, Robert M
Farrell, Shuji Nakamura, Steven P DenBaars,
Claude Weisbuch and James S Speck

ELECTRONICS LETTERS
51 1187-1189

Journal of Applied Physics
117,023111

Appl. Phys. Lett. 106,
111105

Appl. Phys. Lett. 107,
211109

Semicond. Sci. Technol. 30
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2015 Semicond. Sci.
Technol. 30 085019

Journal

Journal

Journal

Journal

Journal

Journal



569

570

571

572

573

574

2015

2015

2015

2015

2015

2015

“Low Modulation Bias InGaN-based Book Series: IEEE
Integrated EA-Modulator-Laser on Photonics Conference
Semipolar GaN Substrate" Chao Shen, John

Leonard, Arash Pourhashemi, Hassan Oubei,

Mohd Sharizal Alias, Tien Khee Ng, Shuji

Nakamura, Steven P. DenBaars, James S.

Speck, Ahmed Y. Alyamani, Munir M.

Eldesouki and Boon S. Ooi

"Low-energy electro- and photo-emission Journal of Applied Physics
spectroscopy of GaN materials and devices" 117, 112814

Marco Piccardo, Justin Iveland, Lucio

Martinelli, Shuji Nakamura, Joo Won Choi,

James S. Speck, ClaudeWeisbuch, and

Jacques Peretti

"Nobel Lecture: Background story of the Rev. Mod. Phys., 87, 1139
invention of efficient blue InGaN light
emitting diodes" Shuji Nakamura

"Nonpolar III-nitride vertical-cavity surface- Appl. Phys. Lett. 107,
emitting lasers incorporating an ion 011102

implanted aperture" J. T. Leonard, D. A.

Cohen, B. P. Yonkee, R. M. Farrell, T.

Margalith, S. Lee, S. P. DenBaars, J. S.

Speck, and S.Nakamura

"Phosphorous Diffuser Diverged Blue Laser  ScientificRepoRts 5 18690
Diode for Indoor Lighting and

Communication" Yu-Chieh Chi, Dan-Hua

Hsieh, Chung-Yu Lin, Hsiang-Yu Chen,

Chia-Yen Huang, Jr-Hau He, Boon Ooi,

Steven P. DenBaars, Shuji Nakamura, Hao-

Chung Kuo & Gong-Ru Lin,

"Properties of sub-band edge states in AlInN  Semicond. Sci. Technol 30
studied by time-resolved photoluminescence 71/5017

of a AlInN/GaN heterostructure" Saulius

Marcinkevic ius, Alexander Sztein, Shuji

Nakamura and James S Speck
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"Selective and controllable lateral
photoelectrochemical etching of nonpolar
and semipolar InGaN/GaN multiple quantum
well active regions" Ludovico Megalini,
Leah Y. Kuritzky, John T. Leonard, Renuka
Shenoy, Kenneth Rose, Shuji Nakamura,
James S. Speck, Daniel A. Cohen, and
Steven P. DenBaars

"Smooth e-beam-deposited tin-doped indium
oxide for III-nitride vertical-cavity surface-
emitting laser intracavity contacts" J. T.
Leonard, D. A. Cohen, B. P. Yonkee, R. M.
Farrell, S. P. DenBaars, J. S. Speck, and S.
Nakamura

"Spatial variations of optical properties of
semipolar InGaN quantum wells" Saulius
Marcinkevicius, Kristina GelZinyté, Ruslan
Ivanov, Yuji Zhao, Shuji Nakamura, Steven
P. DenBaars, James S. Speck

"Stable vicinal step orientations in m-plane
GaN" K.M. Kelchner, L.Y . Kuritzky, S.
Nakamura, S.P. DenBaars, J.S. Speck

"Thermally enhanced blue light-emitting
diode" Jin Xue, Yuji Zhao, Sang-Ho Oh,
William F. Herrington, James S. Speck,
Steven P. DenBaars, Shuji Nakamura,and
Rajeev J. Ram

"Ultraviolet light emitting diodes by
ammonia molecular beam epitaxy on
metamorphic (2021) AlGaN/GaN buffer
layers" E. C. Young, B.P. Yonkee, F. Wu,
B K. Saifaddin, D.A. Cohen, S. P.
DenBaars, S. Nakamura, J.S. Speck

"A new system for sodiumflux growth of
bulk GaN. Part I: System development" Paul
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Technique for the growth and fabrication of semipolar (Ga,ALIn,B)N thin films,
heterostructures, and devices

Nonpolar III-Nitride light emitting diodes with long wavelength emission
Growth of reduced dislocation density non-polar gallium nitride by hybrid vapor
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phase epitaxy

High efficiency light emitting diode (LED)
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Standing transparent mirrorless light emitting diode

Thin P-type gallium nitride and aluminum gallium nitride electron-blocking layer free
gallium nitride-based light emitting diode



8,044,417

8,053,264

8,080,469

8,084,763

8,097,481

8,110,482
8,114,698

8,124,991
8,128,756
8,148,244
8,148,713

8,158,947

8,178,373
8,183,557
8,188,458

8,193,079
8,203,159
8,211,723

8,227,818

8,227,819

8,227,820
8,253,221
8,254,423

Enhancement of optical polarization of nitride light-emitting diodes by increased
indium incorporation

Photoelectrochemical etching of P-type semiconductor heterostructures
Method for increasing the area of non-polar and semi-polar nitride substrates
Optoelectronic device based on non-polar and semi-polar aluminum indium nitride and

aluminum indium gallium nitride alloys

Growth of non-polar M-plane III-nitride film using metalorganic chemical vapor
deposition (MOCVD)

Miscute semipolar optoelectronic device

High light extraction efficiency nitride based light emitting diode by surface
roughening

Light emitting diodes with high extraction efficiency
Technique for the growth of planar semi-polar gallium nitride
Lateral growth method for defect reduction of semipolar nitride films

Method for fabrication of semipolar-(A1l,In,Ga,B)N-based light emitting diodes

Planar nonpolar m-plane group III nitride films grown on miscute substrates

MOCVD growth of high performance m-plane GaN optical devices
(Al, In, Ga, B)N device structures on a patterned substrate

Non-polar (Al,B,In,Ga)N quantum well and heterostructure materials and devices

Method for conductivity control of semipolar (Al,In,Ga,B) N
Method for growth of semipolar (Al,In,Ga,B) N optoelectronic devices
AlxGal-x-N-cladding-free nonpolar GaN-Based laser diodes and LED’s

Horizontal emitting, vertical emitting, beam shaped, DFB lasers fabricated by growth
over patterned substrate with multiple overgrowth

Thin P-type GaN and AlGaN electron-blocking layer free GaN-based light emitting
diodes
Semiconductor light-emitting device

Gallium nitride bulk crystals and their growth method

(Al, Ga, In) N Diode laser fabricated at reduced temperature



8,263,424

8,278,128

8,294,166

8,299,452

8,357,925

8,368,109

8,368,179

8,405,128

8,481,991

8,502,246

8,524,012

8,536,618

8,541,869

8,574,525

8,588,260

8592802
8,624,281
8,637,334

8,641,823

Opto-electronic and electronic devices using N-face GaN substrate prepared with
ammonothermal growth

Enhancement of optical polarization of nitride light-emitting diodes by wafer miscute

Transparent LEDs

Method for fabrication of semipolar-(A1l,In,Ga,B)N-based light emitting diodes

Optoelectronic Device Based on Non-Polar and Semi-Polr Aluminum Indium Nitride
and aluminum Indium Gallium Nitride

Light emitting diodes with a p-type surface bonded to a transparent submount to
increase light extraction efficiency

Method for improved growth of semipolar (al,in,ga,b)n

Method for enhancing growth of semipolar (al,in,ga,b)n via metalorganic chemical
vapor deposition

Anisotropic strain control in semipolar nitride quantum wells by partially or fully
relaxed aluminum indium gallium nitride

Fabrication of nonpolar indium gallium nitride thin films, heterostructures and devices
by metalorganic chemical vapor

Technique for the growth of planar semi-polar gallium nitride

Light emitting diode structure utilizing zinc oxide nanorod arrays on one or more
surfaces, and a low cost method of producing

Cleaved facet (Ga,AlLIn)n edge-emitting laser diodes grown on semipolar {11-2n} bulk

gan substrates

Using boron-containing compounds, gasses and fluids during ammonothermal growth
of group-III nitride crystals

Optimization of laser bar orientation for nonpolar (Ga,Al,In,B)n diode lasers

(Al,In,Ga,B)n device structures on a patterned substrate
Optical designs for high-efficacy white-light emitting diodes
High brightness light emitting diode covered by zinc oxide layers on multiple surfaces

grown in low temperature aqueous solute

Reactor Designs for use in Ammonthermal Growth of Group-III Nitride Crystals



8,642,993

8,647,967

8,653,503

8,686,397

8,686,466

8,691,671

8,692,105
8,709,371

8,709,925
8,729,671

8,761,218

8,766,296

8,709,925

8,729,671

8,761,218

8,766,296

8,772,758

8,790,943
8,791,000
8,795,430

8,795,440

8,809,867

Nonpolar III-Nitride Light Emitting Diodes With Long Wavelength Emission

Hexagonal wurtzite type epitaxial layer possessing a low alkali-metal concentration and
method of creating the same

Optoelectronic Device Based on Non-Polar and Semi-Polr Aluminum Indium Nitride
and aluminum Indium Gallium Nitride

Low Droop Light Emitting Diode Structure On Gallium Nitride Semipolar Substrates

Technique For The Growth And Fabrication Of Semipolar (Ga,AlIn,B) N Thin Films
Heterostructures, And Devices

Planar Nonpolar M-Plane Group III Nitride Films Grown On Miscut Substrates

II1-V Nitride-Based Thermoelectric Device

Method For Growing Group lii-Nitride Crystals In Supercritical Ammonia Using An
Autoclave

Method For Conductivity Control Of Semipolar (Al,In,Ga,B)N

Method for increasing the area of non-polar and semi-polar gan substrates

Aluminum gallium nitride barriers and separate confinement heterostructure (SCH)
layers for semipolar plane [II-nitride

Highly Efficient Gallim Nitride Based Light Emitting Diodes Via Surface Roughening

Suppression of inclined defect formation and increase in critical thickness by silicon
doping on non-c-plane (Al,Ga,In)N

(Al,Ga,In)N Diode Laser Fabricated At Reduced Temperature

Aluminum gallium nitride barriers and separate confinement heterostructure (SCH)
layers for semipolar plane [II-nitride semiconductor-based light emitting diodes and
laser diodes

Highly efficient gallium nitride based light emitting diodes via surface roughening

Suppression of inclined defect formation and increase in critical thickness by silicon
doping on non-c-plane (Al,Ga,In)N

(Al,Ga,In)N diode laser fabricated at reduced temperature
Planar nonpolar group-I1I nitride films grown on miscut substrates

Method of improving surface morphology of (Ga,ALIn,B)N thin films and devices
grown on nonpolar or semipolar (Ga,Al,In,B)N substrates

Growth of non-polar M-plane [II-nitride film using metalorganic chemical vapor
deposition (MOCVD)

Dislocation reduction in non-polar III-nitride thin films



8,835,200

8,835,959
8,841,691

8,853,669

8,860,051
8,866,126

8,866,149
8,882,935

8,956,896

9,039,834

9,040,326

9,040,327

9,054,498

9,077,151

9,130,119
9,133,564

9,136,673

9,147,733
9,159,553

9,219,205
9,231,376

9,240,529
9,243,344

High light extraction efficiency nitride based light emitting diode by surface
roughening

Transparent light emitting diodes

Light emitting diode structure utilizing zinc oxide nanorod arrays on one or more
surfaces, and a low cost method of producing

Limiting strain relaxation in [1I-nitride heterostructures by substrate and epitaxial layer
patterning

Textured phosphor conversion layer light emitting diode

Anisotropic Strain Control In Semipolar Nitride Quantum Wells By Partially Or Fully
Relaxed Aluminum Indium Gallium Nitride

Method For The Reuse Of Gallium Nitride Epitaxial Substrates

Fabrication of nonpolar indium gallium nitride thin films, heterostructures and devices
by metalorganic chemical vapor

Metalorganic Chemical Vapor Deposition (Mocvd) Growth Of High Performance Non-
Polar I1I-Nitride Optical Devices

Non-polar gallium nitride thin films grown by metalorganic chemical vapor deposition

High Light Extraction Efficiency Nitride Based Light Emitting Diode By Surface
Roughening

Alxgal-X-N-Cladding-Free Nonpolar III-Nitride Based Laser Diodes And Light
Emitting Diodes

(Al,Ga,In)N Diode Laser Fabricated At Reduced (Al,Ga,In)N Diode Laser Fabricated
At Reduced Temperature

Semi-Polar III-Nitride Optoelectronic Devices On M-Plane Substrates With Miscuts
Less Than +/-15 Degrees In The C-Direction

Non-Polar And Semi-Polar Light Emitting Devices

Ammonothermal Growth Of Group-lii Nitride Crystals On Seeds With At Least Two
Surfaces Making An Acute, Right Or Obtuse

Structure and method for the fabrication of a gallium nitride vertical cavity surface
emitting laser

Method For The Reuse Of Gallium Nitride Epitaxial Substrates

Semipolar nitride-based devices on partially or fully relaxed alloys with misfit
dislocations at the heterointerface

Optical Designs For High-Efficacy White-Light Emitting Diodes

Technique For The Growth And Fabrication Of Semipolar (Ga,AlIn,B) N Thin Films
Heterostructures, And Devices

Textured Phosphor Conversion Layer Light Emitting Diode
Gallium Nitride Bulk Crystals And Their Growth Method



9,340,899
9,356,431
9,396,943
9,515,240
9,551,088

9,640,947

9,773,704
9,793,435

9,828,695
9,859,464
9,917,422

9,951,912

Planar Nonpolar Group-III Nitride Films Grown On Miscut Substrates
High Power Blue-Violet III-Nitride Semipolar Laser Diodes

Method For The Reuse Of Gallium Nitride Epitaxial Substrates
Optical Designs For High-Efficacy White-Light Emitting Diodes

Method For Growing Group lii-Nitride Crystals In Supercritical Ammonia Using An
Autoclave

Structure and method for the fabrication of a gallium nitride vertical cavity surface
emitting laser

Method for the Reuse of Gallium Nitride Epitaxial Substrates

Technique for the Growth and Fabrication of Semipolar (Ga, Al, In, B) N Thin Films
Heterostructures, and Devices

Planar Nonpolar Group-III Nitride Films Grown On Miscut Substrates
Textured Phosphor Conversaion Layer Light Emitting Diode

Semi-Polar III-Nitride Optoelectronic Devices on M-Plane Substrates with Miscuts
Less than +/-15 Degrees in the C-Direction

Tunable White Light Based on Polarization Sensitive Light-Emitting Diodes
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WORLD PATENTS
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WO03098667A1

WO004079043A2

WOO05117152A1

WO06080958A1

Crystal growth method for gallium nitride-based compound
semiconductor

Crystal growth method for gallium nitride-based compound
semiconductor

Light-emitting gallium nitride-based compound semiconductor device

Method of manufacturing p-type compound semiconductor
Method of manufacturing p-type compound semiconductor

Gallium nitride-based III-V group compound semiconductor device and
method of producing the same
Technique for the growth of planar semi-polar gallium nitride

Highly Efficient Gallium
Nitride Based Light
Emitting Diodes Via
Surface Roughening

Textured phosphor

conversion layer light

emitting diode

2320482

Hightly Efficient Gallium Nitride Based Light Emitting
Diodes via Surface Roughening

Ammonothermal Growth Of Group-III Nitride Crystals
On Seeds With At Least Two Surfaces Making An
Acute, Right Or Obtuse Angle With Each Other

Nitride semiconductor device and its
manufacturing method

Nitride semiconductor
laser element

Apparatus for inverted
CVD

Susceptor for MOCVD
reactor

Susceptor apparatus for
inverted type MOCVD
reactor

Method for fabricating group iii nitride devices and devices fabricated using method

Led with current confinement structure and
surface roughening
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Blue led with roughened high refractive index surface layer for high

light extraction

Nitride semiconductor
device

Method of growing nitride semiconductors, nitride semiconductor

substrate and nitride semiconductor device

Nitride semiconductor
device

BILAH U ARAWLBERKET
ZILAH U ARCAWLEBRORERRES %
BIAUTARCAWLBEREET
ZILAH U ARCAWLEBRORERRES %
p BZ{LH U™ AR A WL BEORIES .
LHERESBORELEEE TORES®
BIAUTARCAWLBEREET
BIAUTARAWLBEREET
BIAUTARCAWELEBERLET
BIAUI LRI WL BGEET
LEAESEORES S
YHERESEORES S L CEE

B REORERERES %
BIAUTARCAWLBEREET
WHAREETH & 0T ORES
WHAREETH & 0T ORES
ML —FET



155 2735057
155 2748354
155 2748355
15T 2748818
15T 2751963
15T 2751987
151 2770717
1551 2770720
155 2778349
15T 2778405
155 2780618
H55T 2780691
155 2783349
15T 2785253
15T 2785254
5T 2790235
5T 2790237
15T 2790242
155 2791448
15T 2795294
155 2800666
155 2803741
155 2803742
155 2809045

145F 2812375

EMFBHREIET
BEAVILARLEYFEBHTF Y TORESZE
BEAVILRLEYHEBHTF Y TORESE
EAVILARLEYFBHRREAET
BUADVLAIVIDLA¥ELOERS E
BUADVLAIVIDLA¥EEOERS E
EAVILRLEYFBHRREAET
EAVILRLEYMFBHRREAET
EHXHVIVLARLENHEHOER
EAVILRLEYMFBHRREAET
BEAVILARLEYFBHTF Y TORESE
EMFBHREIET
NnBZAHVIVARCEMFEUBOEBRR S T OFEKSE
EAVILRLEWFEHEO p BLEE
BEAVILRLEYMFBHRRERAET
EAVILRLEWFEHEO p BLEE
ZEREET

EWFEBHERELIL AT —R

RIS A F—R

BUHVILATILIZD A¥ERORERBRES E.
EAVILRLEYMFEHL —YERTF
EAVILRLEYMFBHOEREKTT E
EAVILARLEYMFBHREART RO T OEMEKS E
EMFBHRERET
EAVILRLEYMFBHEOKREE



155 2827794
15T 2828187
155 2836685
155 2836686
155 2836687

4%3F 2859478

155 2861991
155 2868081
155 2890390
155 2890392
155 2890396
15T 2891348
$55F 2900928
55T 2900990
5T 2910023
5T 2910811
15T 2914014
155 2914065
15T 2917742
15T 2918139
15T 2921746
155 3346735
155 2932467

445F 2932468

pEEB{AIVVLADRKRSE
EAVILARLEYFBHRREAET
pBENHIARILEMHEERORIES E
EAVILARLEYFBHRREAET
EAVILRLEYMFBHRRERAET
RBATNAAROENT ) VARMLENFBHEVIN-OYIMEE

BEAVILARLEYFBHTF Y TORESZE
EAVILRLEYMFBHRREAET
BEAVILRLEYFEHRERAET

I 11 - VIRE{tYWEEEREKET
B EEERELET

ELWFEBHRL —YET

RIS A F—R

EMFBHREIET
EAVILRLEYMFBHRRERAET
EAVILRLEYEEETI/N— OIS E
BEAVILRLEYH BT Y TORESE
BERARTFRUOTORESZE
EAVILRLEMFBUHRARTETORESE
EAVILARLEYMFBHRERAET
EWFEBHRL —YET
EMFBUREZTIRTTORESZE
BEAVILRLEYFBHERERAET
EAVILARLEYMFBHRREAET



15T 2947047
155 2953326
15T 2956489
5T 2964822
15T 2976951
15T 2982553
$55T 2985908
155 2998696
55T 3009091
55T 3009095
1551 3019132
155 3036465
155 3047960
1551 3077781
155 3087829
$55T 3087831
H55F 3091593
1551 3101997
155 3129384
H55T 3135041
15T 3141824
155 3152238
155 3154364
155 3180710

1457 3180871

LEDFYZ7DU—RIL—LANDEARY RFE
BEAVILRLEYFEHL —FRETFORELZE
EAVILRLEYFBHOBRRERTE
RIS AT — ROREFE
EUYHFEERIEI A F— REFBRARREE
RETINA ADEETT X
EAVILRLEYMFBHOBRRRTE
RIS A F—R

BRI A F—R

EMFBHREIET
BEAVILRLEYFEHRIAET
REAAF—REZRVIET A ATLA

n BZ{YFEhDER
BUAVDIOLAIITLOREREE
EWFBURRTORESZE

ELWFBHhET

EWFBEREXT/NA AREESF
EWFEBHRL —YET

EWFEBHRL —YET

EMFBHRRIET

EMFBHRERET

RIS A F—R
NnBZNHVIVARCLEYMFEUEOEBRR VT T OEKSE
EAVILARLEYFBHRREARTORESE
BEAVILARLEYMFBUHREAZTB LT T OEBEREE



155 3187284
155 3203282
155 3209233
155 3212008
1551 3216118
155 3218595
155 3216596
155 3218963

$%5F 3220977

4435 3223810
4457 3223832
4435 3224020

445F 3227287

155 3233258
155 3235440
155 3241250
155 3248564
155 3255224
155 3257344
155 3257498
$55T 3259811
155 3267250
155 3269070

$43F 3271645

n BZYFEHEDOER
RETNAARBBILA DT LF )T L¥EHK
BERAEITA T —RBELTTORES E
EAVILRLEWFEHL —YERTF
EUYH¥ERRTROCTORELE

BEUYHERL —YEFRCTORELE
EAVILRLEYFBHRREAET

EYHERL —YEFRCTORELE

EMYHESRL —YEFROCZDF¥EEL —FEFORESE

EAVILRLEYMFBHRERAET
B HERRTROCFEERL —YH A/ F—R
BEMYNHEBERAEZFHS LT OREL X

BEAVILREYNFEHF Y TOREFEZLZNAVVARLEYHE
= F

EWFBHROER

EMFBURL —YRFELTORELZE
EWFEBHRL —YET
EYHEERL —FH A F—R
EAVILRLEYFBHRETRTTORESE
EAVILRLEYFBHOBRERRTE
EAVILRLEYFBHOBRERRTE
EWYHERRTFOREFERCEYFESRRET
EMFBHRREIET

EMFBHRREIET
EWFEBHERELI AT —R



155 3271657
155 3272588
155 3274907
155 3275810
155 3278108
155 3282174
155 3282175
155 3292083
$55F 3298390
155 3298454
155 3301345
$55F 3301601
155 3303645
155 3307218
55T 3309953
15T 3314620
155 3314641
155 3314666
155 3314671
155 3319585
155 3327170
155 3327179
155 3329753
155 3334624

455 3336599

NnBZNHVVARCENFEUOERKR T T OEKREE
ELWFEBHRL —YET
BUADVLAVIALMENHBHOERT E
EMFBHREIET

EY¥ERL —FEORELE
EMFBHREIET

ELWFBHhET

EMFECERORET ERCENFERRTORES
EYHERZERARTFORESE
EAVILARLEYFBHEREARTORESE
pEZNAVVAREYFERBDOTRSE
EMFBHREIET
EMFBURAETORES X
EWFEBURL —FRFORELZE
EYHEEL —FH A F—R
EMFBHREIET

ELWFEBHRL —YET

ELWFBHhET

ELWFBHhERT

EWFEBURL —FRFORELZE

RIS AT — RORETE

EWFEBRL —FERFORESZE
EWFEBHRL —YET

EWFEBHRL —YET

EWFEBHRL —YET



155 3339049
$55T 3460581
155 3272588
155 3274907
155 3275810
155 3278108
155 3282174
155 3282175
155 3292083
H55F 3298390
155 3298454
155 3301345
$55F 3301601
155 3303645
155 3307218
55T 3309953
15T 3314620
155 3314641
155 3314666
155 3314671
155 3319585
155 3327170
155 3327179
155 3329753

$45F 3334624

ELWFEBHRL —YET
EMFBURORRFERVELNFERET
EWFEBHRL —YET
BUADVLAVIALMENHBHOERT E
EMFBHREIET

EY¥ERL —TEORELE
EMFBHRERET

ELWFBHhET

EWYHEHEROREF ERCENMYFERRTFORESE
EYHERZERARTFORESE
EAVILARLEYFBHRREARTORESE
pBEZNAVVAREYFERBDORR S E
EMFBHREIET
EYFBURAETORES X
EWFEBRL —FERFORESZE
EYWHFEERL —FH A F—R
EMFBHRREIET

EWFEBHRL —YET

ELWFBHhET

ELWFBHhET

EWFEBRL —FERFORESZE

RIS AT — RORETE

EWFEBRL —FERFORESZE
EWFEBHRL —YET

EWFEBHRL —YET



5T 3336599
155 3339049
155 3344056
155 3344414
H55F 3298390
155 3298454
155 3301345
$55F 3301601
155 3303645
155 3307218
55T 3309953
15T 3314620
155 3314641
155 3314666
155 3314671
155 3319585
155 3327170
155 3327179
155 3329753
155 3334624
15T 3336599
155 3339049
155 3344056
155 3344414

4437 3360812

ELWFEBHRL —YET

ELWFEBHRL —YET
BEAVILARLEYFBHRRART RO TORES X
REAAF—REZRVIET A ATLA
EWYHERZERARTFORESE
EAVILARLEYFBHRREARTORESE
pEZNAVVAREYFERBDOTRSE
EMFBHREIET
EMFBURAETORES X
EWH¥ESRL —HEFTORELE
EYWHEEL —FH A F—R
EMFBHREIET

EWFEBHRL —YET

ELWFBHhET

ELWFBHhET

EYWHERL —HEFTORELZE

RIS AT — RORETE

EWH¥ERL —HEFTORELZE
EWFEBHRL —YET

ELWFEBHRL —YET

EWFEBHRL —YET

EWFEBHRL —YET
BEAVILARLEYMFBHRRAZT RO TORES X
REAAF—REZRVIET A ATLA
ELWFBHhET



155 3366188
15T 3366586
55T 3369089
155 3371830
155 3372226
155 3374737
155 3379619
155 3395631
155 3405334
155 3424465
155 3431389
155 3433730
155 3434162
155 3438675
155 3441883
155 3448196
155 3454355
155 3456413
155 3468082
155 3470712
155 3473595
155 3476636
155 3478090

145F 3478287

LML BEET

A A F— K

ZILA YT ARLANEEBRAET
ML BHRALET
LML BHEL —ET

ML BHET
LML BHEL —ET

EWYHEBRRTFRECZNMNFEEETORESTE

ELWFBHhET
EYHEBRRTFROCZNMNFBHEORRT E
EWFEBHRL —YET
EMFBHREIET

EWFBHhET

EWFBHROKRRTEE

EWFEBHRL —YET
EMFBHREIET
BEAVILARLEYMFBHRERAET
EMFBURORRFERVEBLIFERET
ELWFBHhERT

ELWFEBHRL —YET

RETINA A

EWFEBHRL —YET

ELWFBHhERT

BEAVILAREYFBHROBRRRITEEENLA ) VARCLEWFEHK



155 3482955
15T 3484842
155 3484997
155 3496480
155 3496512
155 3502527
155 3505167
1551 3511970
155 3523700
155 3529286
15T 3537977
155 3537984
155 3538275
155 3548442
$§5F 3551751
155 3557894
155 3562455
155 3565202
155 3593952
155 3604205
155 3604278
155 3617565
155 3620292
15T 3622045

$43F 3645207

EAVILRLEYMFBHRREAET
ELWFEBHRL —YET
BEAVILRLEYMFBHRRERAET
ELWFBHhET

ELWFBHhET

EWFEBHRL —YET
EAVILARLEYFBHRREARTORESE
EMFBHREIET

EWFEBHRL —YET

EWFEBRL —HRFORESZE
EWFEBURL —FERFORESZE
EWFEBHRL —YET
EMFBHREIET
EAVILARLEYMFBHRERAET
EWFBHROKRKREE
EYHERERS KRB HEHRTF
EWFEBRL —HERFOEREE
EWFEBHRL —YET

EWFEBHRL —YET
EWFBHROKRRTEE

EYWHFERL —Y—FTF
EWFEBHRL —YET
ELWFBHhERT

EWFEBRL —HREFRETORESE
RIS A F—R



155 3646649
155 3647236
155 3651260
155 3656454
15T 3657795
155 3658112
155 3658892
5T 3659050
155 3660446
155 3669848
155 3679626
155 3685682
155 3705047
H55F 3724490
155 3724498
15T 3744211
155 3758562
15T 3767491
1551 3767534
1551 3770014
155 3772651
155 3772807
155 3775259
55T 3786000

445F 3794530

EAVILRLEYMFBHRREAET
ELWFEBHRL —YET
ELWFBHhET

EWFEBHRL —YET

RART
EYWHFEERL —FH A F—R

p BMENYHFEUORRAERFEYFEHET
EMFBURORRFERVE(LYFEH4hET

EMFBURTIRETORESZE
ELWFEBHRL —YET
BUXHVIVLRLEM¥ESRT YT
EWFEBHRL —YET
EMFBHREIET
RIS A F—R

RIS A F—R

ELWFBHhET
EMFBURSBRAET
EAVILRLEYFBHERERAET
RETINA A

ELWFBHhET

EWFEBHRL —YET
BEAVILARLEYMFBHRERAET
EWFEBHRL —YET

EUYHEEL —FH A F— RETORETE

EWFEBHRL —YET



155 3800146
155 3801353
155 3808892
155 3809749
155 3835225
155 3835384
155 3835446

4%5F 3847000

155 3857417
HFET 3859356
155 3867625
155 3876518
155 3884717
155 3885092
55T 3888036
155 3888170
155 3891108

1437 3893614

155 3920296
155 3924973
155 3928621
$55F 3938101

$43F 3941464

EPFBURRTORESZE
EMFBHRERET
RBAA A A —R
EMFBHRIET
EMFBHREIET
EWFBHhET
EMFBHRERET

BMFBHERLICEEBERA BN FBHREEZE IS E(YHEHK
ETRUOTORKRAEE

ELWFBHhET

EPFBURRTORESZE

EMFBHREIET
ENYHEHEROBEST EL L B ¥ EhER
EAVILRLENFBHEORESE
EMFERL —PEFH LT T OHRIREDOERSE
nBZYFEhORKTTE

ELWFEBHRL —YET

EMFBHRERET

EWFBEL —HRFOANTATERBOAEKR T EYFEEEOF
HICEEEDREBRZLKRT D FHE

RIS A F—R

EMFBURAZTORETES LB FERRNLERT
RARTHOIN-

RAERTORERE

EMFBURAETORES X



1§51 3951973
155 3952079
15T 3953077
15T 3956753
1551 3972943
55T 3992027
$55F 3995011
155 4028635
155 4032836
155 4043087
15T 4046114
155 4053747
15T 4072202
15T 4109297
15T 4120698
5T 4131101
15T 4197891
15T 4239444
15T 4254373
15T 4277283

443F 4285337
JP 4486506

JP 4637503 B2
JP 4815734 B2
JP 4816434 B2

ELWFBHhET
EMFBURRAETORES X
BEAVILRLEYMFBHRRERAET
EAVILARLEYFBHRREAET
EAVILRLEYMFBHRRERAET
EWFEBHRL —YET

RIS A F—R

EMFBHREIET

EWFEBHRL —YET
EMFBURTFOREFEZRCEYFEHET
ECMFBUROBRRFERVELYFERET
EWFEBHRL —YET

EWFEBHRL —YET

RIS A F—R

EWFEBHRL —YET
EWFBURRTORESZE

ELWFEBHRL —YET
EYHEERL —FH A F—R
ELWFBHhERT

EMFBHRRIET
EAVILARLEYHEEEIIN-ORESE

Growth of reduced dislocation density non-polar gallium nitride by hydrid vapor
phase epitaxy

Nitride Semiconductor Laser Element
Nitride Semiconductor Laser Element
Nitride Semiconductor Device



JP 4825218

JP 5010597

JP 5043835

JP 5270348

JP 5363996
JP 5379973

JP 5645887

JP 5684455
JP 5702165
JP 5706601
JP 5719493
JP 5743127

JP 5252465

JP 5301988
JP 5372766
JP 5461773

JP 5739824
JP 5751513
JP 5774476

JP 5838523
JP 5896442
JP 5972798

CHINA PATENTS

CH10052110C
CH20060076945
CH0980128483
CHZL200910142642.4
CHZL08801177887
CN20118012048

Control of Photoelectrochemical (PEC) Etching by Modification of the Local
Electrochemical Potential of the Semiconductor Structure Relative to the Electrolyte
Method for growing group Ill-nitride crystals in supercritical ammonia and its source
material

(Al,Ga,In)N and ZnO direct wafer bonding structure for optoelectronic applications
and its fabrication method

Method for enhancing growth of semipolar (Al,In,Ga,B)N via metalorganic chemical
vapor deposition

AlxGal-x-N-Cladding-Free nonpolar GaN-based laser diodes and LED’s

Technique for the fabrication of nonpolar InGaN thin films, heterostructures, and
devices by metalorganic chemical vapor deposition

Method for enhancing growth of semipolar (Al,In,Ga,B)N via metalorganic chemical
vapor deposition

Method for conductivity control of semipolar (Al,In,Ga,B)N

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the growth of planar semi-polar gallium nitride

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the growth and fabrication of semipolar (Ga,ALIn,B) N thin films,
heterostructures, and devices

Growth Of Planar, Non-Polar A-Plane Gallium Nitride By Hydride Vapor Phase
Epitaxy

Packaging Technique For The Fabrication Of Polarized Light Emitting Diodes

High Light Extraction Efficiency Sphere Led

Growth Of Planar Reduced Dislocation Density M-Plane Gallium Nitride By Dydride
Vapor Phase Epitaxy

Devices Grown On Nonpolar Or Semipolar (Ga,ALIn,B)N Substrates

Gallium Nitride Bulk Crystals And Their Growth Method

Method Of Creating A Hexagonal Wurtzite Single Crystal And Hexagonal Wurtzite
Single Crystal Substrate

Method For Improved Growth Of Semipolar (Al,In,Ga,B)N

Method For Improved Growth Of Semipolar (Al,In,Ga,B)N

Semi-Polar III-Nitride Optoelectronic Devices On M-Plane Substrates With Miscuts
Less Than +/-15 Degrees In The C-Direction

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the growth of planar semi-polar gallium nitride

(Al,Ga,In)N diode laser fabricated at reduced temperature

Technique for the highly efficient gallium nitride based LED via surface roughening
High Light Extraction Efficiency Nitride Based Light Emitting Diode By Surface
Roughening

Semi-polar iii-nitride optoelectronic devices on m-plane substrates with miscuts less
than +/-15 degrees in the c-direction



FRANCE PATENTS

FR1697983
FR1869707
FR2087563
FR2633103

GERMANY
PATENTS
GR60341314.5
GR60200603012
GR2087563
GR20070386977
GR2633103

HONG KONG
PATENTS
HK1112109

ITALY PATENTS
IT1697983
IT2087563
IT2633103

NETHERLANDS
PATENTS
N1697983
N2087563
N2633103

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the growth of planar semi-polar gallium nitride

Textured phosphor conversion layer light emitting diode

Ammonothermal Growth Of Group-III Nitride Crystals On Seeds With At Least Two
Surfaces Making An Acute, Right Or Obtuse Angle With Each Other

Technique for the highly efficient gallium nitride based LEF via surface roughening
Technique for the growth of planar semi-polar gallium nitride

Textured phosphor conversion layer light emitting diode

Textured phosphor conversion layer light emitting diode

Ammonothermal growth of group-IlI nitride crystals on seeds with at least two surfaces
making an acute, right or obtuse angle with each other

Technique for the growth of planar semi-
polar gallium nitride

Technique for the highly efficient gallium nitride based LED via surface roughening
Textured phosphor conversion layer light emitting diode

Ammonothermal Growth Of Group-III Nitride Crystals On Seeds With At Least Two
Surfaces Making An Acute, Right Or Obtuse Angle With Each Other

Technique for the highly efficient gallium nitride based LEF via surface roughening
Textured phosphor conversion layer light emitting diode

Ammonothermal Growth Of Group-III Nitride Crystals Onseeds With At Least Two
Surfaces Making An Acute, Right Or Obtuse Angle With Each Other



REPUBLIC OF
KOREA PATIENTS
ROK10-1086155

ROK1145755
ROK1145753
ROK1154494
ROK1156146
ROK10-1167590
ROK10-1288489
ROK10-1317469
ROK10-1372698

ROK1347848
ROK1351396
ROK1365604
ROK1416838
ROK1510461
ROK1515058
ROK101251443
ROK1499203
ROK10-1537300
ROK10-1623422
ROK1668385

ROK1810613

Technique for the growth of planar, non-polar A-plane gallium nitride by hydride vapor
phase epitaxy

Technique for the growth of planar semi-polar gallium nitride

Technique for the growth of planar semi-polar gallium nitride

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the highly efficient gallium nitride based LED via surface roughening
Non-polar A-plane gallium nitride thin films grown by metalorganic chemical vapor
Non-polar (Al,B,In,Ga)N quantum well and heterostructure materials and devices
Non-polar (Al,B,In,Ga)N quantum well and heterostructure materials and devices
Growth of Planar, Non-polar A-Plane Gallium Nitride by Hydride Vapor Phase Epitaxy

Method for enhancing growth of semipolar (Al,In,Ga,B)N via metalorganic chemical
vapor deposition

Technique for the growth and fabrication of semipolar (Ga,ALIn,B)N thin films,
heterostructures, and devices

Technique for the fabrication of nonpolar InGaN thin films, heterostructures, and
devices by metalorganic chemical vapor deposition

Method for conductivity control of semipolar (Al,In,Ga,B)N

Method for improved growth of semipolar (Al,In,Ga,B)N

Planar nonpolar M-plane group III-Nitride films grown on miscut substrates

Growth Of Planar Reduced Dislocation Density M-Plane Gallium Nitride By Dydride
Vapor Phase Epitaxy

Growth Of Planar, Non-Polar A-Plane Gallium Nitride By Hydride Vapor Phase
Epitaxy

Growth Of Planar Non-Polar {1-1 00} M-Plane Gallium Nitride With Metalorganic
Chemical Vapro Deposition(Mocvd)

Method of Creating a Hexagonal Wurtzite Single Crystal and Hexagonal Wurtzite
Single Crystal Substrate

Method of Creating a Hexagonal Wurtzite Single Crystal and Hexagonal Wurtzite
Single Crystal Substrate



TAIWAN PATIENTS
TI453813
T1366865
TI369784

TI377602
TI402217

TI404122
T1446569
TI452726
TI455181

TI460881
TI469186

TI480435

TI390633
TI1397199
TI433313
T1445054

TI492411

TI490918
TI518941
TI560963

TI604512

UNITED KINGDOM
PATIENTS
UK1697983
UK1869707
UK2087563
UK2633103

Planar Nonpolar M-Plane Group III-Nitride Films Grown On Miscut Substrates
Optical Designs For High-Efficacy White-Light Emitting Diodes

Method Of Creating A Hexagonal Wurtzite Single Crystal And Hexagonal Wurtzite
Single Crystal Substrate

Technique for the growth of planar semi-polar gallium nitride

Growth of reduced dislocation density non-polar gallium nitride by hydride vapor phase
epitaxy

Technique for the growth of planar, non-polar A-place gallium nitride by hydride vapor
phase epitaxy

Growth of planar non-polar {1-100} M-plane GaN with metalorganic chemical vapor
deposition (MOCVD)

Method for growing group Ill-nitride crystals in supercritical ammonia and its source
material

Method for enhancing growth of semipolar (Al,In,Ga,B)N via metalorganic chemical
vapor deposition

Standing transparent mirror-less (STML) light emitting diode

High light extraction efficiency nitride based light emitting diode

Technique for the growth and fabrication of semipolar (Ga,ALIn,B)N thin films,
heterostructures, and devices

Transparent LEDS

Planar non-polar M-plane group IlI-nitride films grown on miscut substrates

Gallium nitride bulk crystals and their growth method

Lateral Growth Method For Defect Reduction Of Semipolar Nitride Films

Packaging Technique For The Fabrication Of Polarized Light Emitting Diodes
Growth Of Planar, Non-Polar A-Plane Gallium Nitride By Hydride Vapor Phase
Epitaxy

Growth Of Reduced Dislocation Density Non-Polar Gallium Nitride By Hybrid Vapor
Phase Epitaxy

Non-Polar And Semi-Polar Light Emitting Devices

Method For Improved Growth Of Semipolar (Al,In,Ga,B)N

Standing Transparent Mirrorless Light Emitting Diode

Semi-polar iii-nitride optoelectronic devices on m-plane substrates with miscuts less
than +/-15 degrees in the c-direction
Planar non-polar M-plane group llI-nitride films grown on miscut substrates

Technique for the highly efficient gallium nitride based LED via surface roughening
Technique for the growth of planar semi-polar gallium nitride

Textured phosphor conversion layer light emitting diode

Ammonothermal Growth Of Group-III Nitride Crystals On Seeds With At Least Two
Surfaces Making An Acute, Right Or Obtuse Angle With Each Other



