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GaN-based VCSELs potential applications
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Retinal Scanning Displays

https://www.qdlaser.com/

MEMS
Mirror

Project images
directly on Retina

https://www.pronews.jp/special/20190822164054.html

QD LASER’s RETISSA display

SONY’s demo in 2019

How retinal display works
VISIRUM® https://www.qdlaser.com/

Low power VCSELs is in a good match with HMD.
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Typical structures for VCSELs 

Oxides Dielectric DBR

SiO2
(anti-guide)

ITO

p-GaN
active layer

n-GaN

GaN substrate

AlN/GaN
Semiconductor

DBR

GaAs substrate

AlGaAs
Semiconductor

DBR

active layer
n-GaAs

p-GaAs

AlGaAs
(Laterally Oxidized)

Reflectors
Cavity Length

Contact
Optical confinement
Current confinement

Semiconductors
<a few λ

via conductive DBR
Selective Oxidation of AlGaAs
Selective Oxidation of AlGaAs

Hybrid
5λ

via ITO intra-cavity layer
Anti-guiding

Partial insertion of Insulator

Typical GaAs-VCSEL The 1st CW GaN-VCSEL
T.C.Lu@NTCU, et. al., APL, 92, 141102(2008)From a textbook written by Prof. Iga 

due to
Low hall

conductivity
in AlN

*Metal pads abbreviated *Metal pads abbreviated
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Materials used for DBR* mirrors
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Distributed Bragg Reflectors

Meijo, Staanley Nichia, Xiamen, UCSB
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Dilemma of cavity length

Typical gain at
active layers

①Diffraction loss
1.5

1.0

0.5

0
0                                 5                                10

Di
ffr

ac
tio

n 
lo

ss
Pe

r r
ou

nd
 tr

ip
* 

[%
]

L : Cavity length [μm]

Cavity
length

CMP determines Cavity lengh

②Mode spacing

0                                 5                              10

20

10

0

L : Cavity length [μm]

M
od

e 
sp

ac
in

g 
[n

m
]Gain

spectrum

Longitude modes

*Φ4um

Long cavity

Optical confinement



EPIC Meeting on VCSELs Technology and Applications at Sony, 2019/10/17-18, Stuttgart, GermanyDepartment      Copyrightyy.mm.dd8

Curved mirror

Loss
Aperture

B++ B++

Lateral Optical
Confinement

Merits with curved mirror
・Nullifies diffraction loss →higher Q
・Allows longer cavity with dense longitude modes →higher Q, yield of devices
・Immunizes the tilting of mirror →higher Q, yield of devices

T. Hamaguchi et al. Scientific Reports (2018)



EPIC Meeting on VCSELs Technology and Applications at Sony, 2019/10/17-18, Stuttgart, GermanyDepartment      Copyrightyy.mm.dd9

Curved mirror fabrication

Fabrication process of curved mirror

GaN substrate

Resin (Φ～50um)

Patterning Reflowing Lens relieving

RIE

DBR deposition

Dimensions and morphologies

Top View

Bird View Cross Section

Ideal parabolic curve

RMS=0.3 nm
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Atomic steps

Confocal microscope AFM TEM

T. Hamaguchi et al. Scientific Reports (2018)
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The device structure

SiO2/Ta2O5 DBR 11.5 pairs

SiO2/Ta2O5 DBR 14 pairs

B+ B+

ITO

p-electrode

n-electrode

Light

n-GaN Substrate

p+-GaN
p-GaN

InGaN/GaN 4QWs
n-GaN

Φap : 3~8 μm

ROC : 52～82 μm

20~30μm

T. Hamaguchi, et. al., Scientific Reports, 8, 10350 (2018)
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Low threshold blue VCSELs
T. Hamaguchi et. al., AppliedPhysicsExpress12,044004 (2019)
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NFP

B+

T. Hamaguchi et. al. ,AppliedPhysicsExpress12,044004 (2019)
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Emission divergence 

ROC:FWHM
52μm : 8.8°
62μm : 8.3°
70μm : 7.5°
82μm : 7.3°

- FFP FWHM is inversely proportional to NFP σ, verifying lateral optical confinement is 
implemented by the incorporated curved mirror.

NFP σ* [µm]
*Calculated from observed R & L

Smaller R

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 = 𝟏𝟏.𝟏𝟏𝟏𝟏 ×
𝝀𝝀

𝝅𝝅𝝅𝝅𝑵𝑵𝑵𝑵𝑵𝑵

FFP profile and ROC FFP and NFP

H. Nakajima et. al., Conf.on Laser & Electro-optics(2018).
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High output Blue VCSELs
H. Nakajima et. al., Conf. on Laser & Electro-optics(2018).
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Transverse mode control with curved mirror structure
H. Nakajima, et. al., APEX, 12(8), 2019
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Arrayed Blue VCSELs

CONTENTS NOT SHOWN
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CW operation of Green VCSELs on {20-21}-GaN

CONTENTS NOT SHOWN
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