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Application Title
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 m-plane group iii 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..

Growth of planar non-polar {1-1 00} m-plane gallium nitride with metalorganic
chemical vapro deposition(mocvd)

Dislocation reduction in non-polar iii-nitride thin films

Dislocation reduction in non-polar iii-nitride thin films

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 producin

Limiting strain relaxation in iii-nitride heterostructures

by substrate and epitaxial layer patterning

Textured phosphor conversion layer light emitting diode



8,866,126 Anisotropic strain control in semipolar nitride quantum
wells by partially or fully relaxed aluminum indium
gallium nitride

8,866,149 Method for the reuse of gallium nitride epitaxial
substrates

8,882,935 Fabrication of nonpolar indium gallium nitride thin films, heterostructures and devices
by metalorganic chemical vapor...

8,956,896 Metalorganic chemical vapor deposition (mocvd) growth of high performance non-
polar iii-nitride optical devices

9,039,834 Dislocation reduction in non-polar iii-nitride thin films

9,040,326 High light extraction efficiency nitride based light emitting diode by surface
roughening

9,040,327 Alxgal-x-n-cladding-free nonpolar iii-nitride based laser diodes and light emitting
diodes

9,054,498 (Al,ga,in)n diode laser fabricated at reduced (al,ga,in)n diode laser fabricated at
reduced temperature

9,076,927 (In,ga,al)n optoelectronic devices grown on relaxed
(in,ga,al)n-on-gan base layers

9,077,151 Semi-polar iii-nitride optoelectronic devices on m-plane substrates with miscuts less
than +/-15 degrees in the c-direction

9,130,119 Non-polar and semi-polar light emitting devices

9,136,673 Structure and method for the fabrication of a gallium nitride vertical cavity surface
emitting laser

9,147,733 Method for the reuse of gallium nitride epitaxial
substrates

9,159,553 Semipolar nitride-based devices on partially or fully relaxed alloys with misfit
dislocations at the heterointerface

9,219,205 Optical designs for high-efficacy white-light emitting diodes

9,231,376 Technique for the growth and fabrication of semipolar (ga,al,in,b) n thin films
heterostructures, and devices

9,240,529 Textured phosphor conversion layer light emitting diode

9,340,899 Planar nonpolar group-iii nitride films grown on miscut
substrates

9,356,431 High power blue-violet iii-nitride semipolar laser diodes

9,396,943 Method for the reuse of gallium nitride epitaxial
substrates

9,515,240 Optical designs for high-efficacy white-light emitting diodes

9,574,728 Laser-driven white lighting system for high-brightness
applications

9,611,987 White light source employing a iii-nitride based laser
diode pumping a phosphor

9,640,947 Structure and method for the fabrication of a gallium nitride vertical cavity surface
emitting laser

9,653,655 Light emitting diodes with zinc oxide current spreading and light extraction layers
deposited from low temperature aqueous so

9,773,704 Method for the reuse of gallium nitride epitaxial substrates

9,793,435 Technique for the growth and fabrication of semipolar (ga,al,in,b) n thin films
heterostructures, and devices

9,828,695 Planar nonpolar group-iii nitride films grown on miscut
substrates

9,859,464 Textured phosphor conversion layer light emitting diode



Non-polar (al,b,in,ga)n quantum well
Semi-polar iii-nitride optoelectronic devices on m-plane substrates with miscuts less

Laser-driven white lighting system for high-brightness applications
Multistep deposition of zinc oxide on gallium nitride
Tunable white light based on polarization sensitive light-emitting diodes

Application Title

2011800120489 Semi-polar iii-nitride optoelectronic devices on m-plane

substrates with miscuts less than +/-15 degrees in the c-
direction

White light source employing a iii-nitride based laser
diode pumping a phosphor

Textured phosphor conversion layer light emitting diode
Textured phosphor conversion layer light emitting diode

Textured phosphor conversion layer light emitting diode
Textured phosphor conversion layer light emitting diode
Textured phosphor conversion layer light emitting diode
Defect reduction of non-polar and semi-polar iii-nitrides with
sidewall lateral epitaxial overgrowth (sleo)

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 growth of planar semi-polar gallium nitride

Method of improving surface morphology of (Ga,AlIn,B)N thin
films and devices grown on nonpolar or semipolar
(Ga,AlIn,B)N..

Technique for the growth and fabrication of semipolar
(ga,al,in,b) n thin films heterostructures, and devices
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

Method for conductivity control of semipolar (al,in,ga,b)n

Growth of planar non-polar {1-1 00} m-plane gallium nitride
with metalorganic chemical vapro deposition(mocvd)

9,893,236
9,917,422
than +/-15 degrees in the c-direction

9,927,076
9,935,243
9,951,912

Issed Foreing

FF Country Name FF Patent No.
CHINA
CHINA 104798203B
GERMANY 20070386977
EUROPEAN PATENT 2087563
OFFICE
FRANCE 2087563
UNITED KINGDOM 2087563
ITALY 2087563
JAPAN 5570116
JAPAN 5645887
JAPAN 5684455
JAPAN 5706601
JAPAN 5739824
JAPAN 5743127
JAPAN 5774476
JAPAN 5838523
JAPAN 5896442
JAPAN 5,972,798
REPUBLIC OF 1416838
KOREA (SOUTH
KOREA)
REPUBLIC OF 1499203
KOREA (SOUTH
KOREA)
REPUBLIC OF 1510461

KOREA (SOUTH

KOREA)

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



REPUBLIC OF 1515058
KOREA (SOUTH
KOREA)
REPUBLIC OF 10-1537300
KOREA (SOUTH
KOREA)
REPUBLIC OF 10-1623422
KOREA (SOUTH
KOREA)
REPUBLIC OF 1668385
KOREA (SOUTH
KOREA)
REPUBLIC OF 1810613
KOREA (SOUTH
KOREA)
NETHERLANDS 2087563
(HOLLAND)
TAIWAN 1445054
TAIWAN 1446569
TAIWAN 1452726
TAIWAN 1455181
TAIWAN 1460881
TAIWAN 1469186
TAIWAN 1492411
TAIWAN 1490918
TAIWAN 1518941
TAIWAN 1560963
TAIWAN 1604512
Pending Patents
Pending US
Full Case Application Title
2002-301-6

Planar nonpolar m-plane group iii nitride films grown on
miscut substrates

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

Method of creating a hexagonal wurtzite single crystal
and hexagonal wurtzite single crystal substrate

Textured phosphor conversion layer light emitting diode

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

Standing transparent mirrorless light emitting diode
High light extraction efficiency nitride based light emitting
diode by surface roughening

Technique for the growth and fabrication of semipolar
(ga,al,in,b) n thin films heterostructures, and devices
Transparent light emitting diodes

Planar nonpolar m-plane group iii nitride films grown on
miscut substrates

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 nonpolar m-plane group iii nitride films grown on
miscut substrates

Non-polar (al, b, in,ga)n quantum well and heterostructure materials and devices

2005-668-6  Technique for the growth and fabrication of semipolar (ga,al,in,b) n thin films,
heterostructures, and devices
2007-282-4  Transparent light emitting diodes

2007-503-6

Optical designs for high-efficacy white-light emitting diodes

2008-004-4  Planar nonpolar group iii-nitride films grown on miscut substrates

2008-411-2

Method of creating a hexagonal wurtzite single crystal

and hexagonal wurtzite single crystal substrate



2010-275-2

2010-543-4

2015-204-2

2015-205-2

2015-904-2
2016-114-4
2016-245-2
2016-324-2

2018-252-1

2018-256-1

2018-257-1
2018-260-1
2018-261-1

2018-416-1
2018-765-1

Semipolar {20-21} iii-nitride laser diodes with etched

mirrors

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

High intensity solid state white emitter which is laser

driven and uses single crystal, ceramic or

polycrystalline phosphor

Flexible arrays of micro light emitting diodes using a photoelectrochemical (pec)

liftoff technique

Hybrid growth method for iii-nitride tunnel junction devices
Multistep deposition of zinc oxide on gallium nitride
[ii-nitride tunnel junction with modified p-n interface

lii-nitride light emitting diodes with tunnel junctions wafer bonded to a conductive
oxide and having optically pumped layers
Method for thermal treatment of semiconductor layers with reduced evaporation

Reduction in leakage current and increase in efficiency of iii nitride leds by sidewall
passivation using atomic layer deposi

Laser system for horticultural lighting

Delta doping for mocvd tunnel junction growth in iii-nitride devices

Realization of mocvd tunnel junction contacts in large area iii-nitride devices

Laser lighting system incorporating additional scattered laser
Undirectional photoluminescence with gan/ingan quantum well metasurface

Pending Foreing

UC Case No. Country Name
2010-543-2 CHINA
2016-114-3 CHINA
2002-301-2 EUROPEAN

PATENT OFFICE
2002-301-3 EUROPEAN
PATENT OFFICE
2005-668-2 EUROPEAN
PATENT OFFICE
2010-543-2 EUROPEAN
PATENT OFFICE
2015-904-2 EUROPEAN
PATENT OFFICE
2016-114-3 EUROPEAN
PATENT OFFICE
2002-301-3 JAPAN

Application Title
Semi-polar iii-nitride optoelectronic devices on m-plane

substrates with miscuts less than +/-15 degrees in the c-direction
Multistep deposition of zinc oxide on gallium nitride

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

Technique for the growth and fabrication of semipolar (ga,al,in,b)
n thin films heterostructures, and devices

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

Hybrid growth method for iii-nitride tunnel junction devices
Multistep deposition of zinc oxide on gallium nitride

Non-polar (al, b, in,ga)n quantum well and heterostructure
materials and devices



2002-301-5

2002-301-6

2002-301-6

2005-668-2

2005-668-2

2010-543-2

2010-543-2

2010-275-2

2010-275-2

2010-183-2

2010-543-2

2013-319-2

2017-130-2

2017-131-2

2017-132-2

2017-139-2

2007-272-4

2007-316-2

2013-044-3

JAPAN
JAPAN
JAPAN

JAPAN

JAPAN

JAPAN

JAPAN

REPUBLIC OF
KOREA (SOUTH
KOREA)
REPUBLIC OF
KOREA (SOUTH
KOREA)
REPUBLIC OF
KOREA (SOUTH
KOREA)
REPUBLIC OF
KOREA (SOUTH
KOREA)
REPUBLIC OF
KOREA (SOUTH
KOREA)
PATENT
COOPERATION
TREATY
PATENT
COOPERATION
TREATY
PATENT
COOPERATION
TREATY
PATENT
COOPERATION
TREATY
TAIWAN

TAIWAN

TAIWAN

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

Non-polar (al, b, in,ga)n quantum well and heterostructure
materials and devices

Technique for the growth and fabrication of semipolar (ga,al,in,b)
n thin films heterostructures, and devices

Technique for the growth and fabrication of semipolar (ga,al,in,b)
n thin films heterostructures, and devices

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

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

Semipolar {20-21} iii-nitride laser diodes with etched
mirrors

Semipolar {20-21} iii-nitride laser diodes with etched
mirrors

High brightness light emitting diode covered by zinc oxide layers
on multiple surfaces grown in low temperature aqueous solut

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

White light source employing a iii-nitride based laser
diode pumping a phosphor

Methods for fabricating iii-nitride tunnel junction devices
lii-nitride tunnel junction light emitting diode with wall plug
efficiency of over seventy percent

Contact architectures for tunnel junction devices

Monolithic translucent bamgal10017:eu2+ phosphors for laser-
driven solid state lighting

Standing transparent mirrorless light emitting diode

Metalorganic chemical vapor deposition (mocvd) growth of high
performance non-polar iii-nitride optical devices

Structure and method for the fabrication of a gallium nitride
vertical cavity surface emitting laser
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Heterostructures by Atomic Layer Epitaxy" Vol. 102, Conference
Epitaxy of Semiconductor Layered Structures, .
S.P. DenBaars, A. Hariz, CA. Beyler, B.Y. P27, Boston, MA Proceedings
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7 1988 "Atomic Layer Epitaxy for the Growth of Crystal Growth, 93, 195 Journal
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10 1989 "Minority Carrier Lifetimes in Undoped Appl. Phys. Lett., 54, 635 Journal

AlGaAs/GaAs Multiple Quantum Wells", A.
Hariz, P.D. Dapkus, H.C. Lee, E.P. Menu, and
S.P. DenBaars
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"The Role of Surface and Gas Phase Reactions
in Atomic Layer Epitaxy", P.D. Dapkus, S.P.
DenBaars, Q. Chen, W.G. Jeong, and B.Y. Maa

"Atomic Layer Epitaxy of Compound
Semiconductors with Metalorganic Precursors",
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Reflectors for Green (550nm) Lightwaves",
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Reaves, P. J. Corvini, S.P. DenBaars, M. S.
Leonard, M. Mondry and J. L. Merz
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DenBaars, J.E. Bowers

"Wide tunability and large mode-suppression in
a multisection semiconductor laser using
sampled gratings"”, V.J. Jayaraman, L.A.
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"High Performance Heterojunction InGaAs/InP
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Shealy, S.P. DenBaars, U.K. Mishra

S.P. DenBaars, "Visible Light Emitting Diodes:
Materials Growth and Properties”,
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Mishra

Prog. Crystal Growth and
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J. Crystal Growth, 98, 195
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Electronic Lett. 28, No.20,
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Technical Program of the
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Conference, J. Electronic
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Journal

Journal

Journal

Conference
Proceedings

Conference
Proceedings

Conference
Proceedings

Journal

Book Chapter

Journal



22

23

24

25

26

27

28

29

30

33

1993

1993

1993

1993

1993

1993

1993

1993

1993

1993

"High Speed Heterojunction JFETs grown by
Non-Hydride MOCVD", M.M. Hashemi, J.B.
Shealy, S.P. DenBaars, and U.K. Mishra
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J.E. Bowers

"Photoluminescence Studies of a Quantum
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Surfaces", S. Tomiya, C.M. Reaves, M.
Krishnatmurthy, M. Wassermeier, D. Bimberg,

P.M. Petroff, S.P. DenBaars
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y/InP Quantum Well Lasers Grown with TBA
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E. Heimbuch, and C. M. Reaves

"Strained InGaAsP Single Quantum Well
Lasers Grown with Tertiarybutylarsine and
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Heimbuch, and S.P. DenBaars

"Direct Formation of Quantum-sized Dots from
Uniform Coherent Islands of InGaAs on GaAs
Surfaces"”, D.Leonard, M. Krishnamurty, C.M.
Reaves, P.M. Petroff, and S.P. DenBaars

"Low Threshold 1.5 Mu-M Quantum Well
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"35 GHz F (Max) InP JFet Grown by Non-
Hydride MOCVD", M. M. Hashemi, J. B.
Shealy, S. P. DenBaars, U. K. Mishra

"High-Speed P+ GalnAs-N InP Heterojunction
JFets (HIFETS) Grown by MOCVD", M. M.
Hashemi, J. B. Shealy, S. P. DenBaars, U. K.
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