NEWS AND VIEWS

Journal of Semiconductors
(2019) 40, 120402
doi: 10.1088/1674-4926/40/12/120402

JOS

llI-nitride based ultraviolet laser diodes

Degang Zhao' %'t

'State Key Laboratory of Integrated Optoelectronics, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China

2Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China

Citation: D G Zhao, lll-nitride based ultraviolet laser diodes[J]. J. Semicond., 2019, 40(12), 120402. http://doi.org/10.1088/1674-

4926/40/12/120402

In recent years, because of their small size, high effi-
ciency and environment-friendly advantages, lll-nitride based
ultraviolet (UV) light-emitting diodes (LEDs) have been widely
used in many areas to substitute for mercury lamps, such as
in 3D printing, curing and sterilization. lll-nitride alloys cover
the whole UV spectrum which is comprised of UV-A (320-
400 nm), UV-B (280-320 nm) and UV-C (200-280 nm) by con-
trolling Al/Ga/In content. In addition, lll-nitride based UV laser
diodes (LDs) also have some potential applications in the
case of high-power-density, narrow-spectrum, good-direction-
al lighting. However, lll-nitride based UV laser diodes still
have many challenges such as poor crystal quality and low
hole concentration in p-type AlGaN.

The typical epitaxial layer structure of AlGaN-based UV
LDs is shown in Fig. 1, including cladding layer (CL), wave-
guide layer (WG), multiple quantum wells (MQWs), electron
blocking layer (EBL) and contact layer. Thick cladding layer is
necessary to confine the light in the active layer. Therefore,
strain controlling layer is also important because there is
large strain between AlGaN and GaN or AIN. Usually, Al con-
tent of cladding layer is about 10% larger than that of WG
which is equal to Al content of barrier layer in MQWs. Be-
cause UV LDs are always pumped and excited under high cur-
rent density, a higher crystal quality and higher hole concentra-
tion in p-type layers are necessary for them than for LEDs.
The design of MQWs of LDs should also conform the injec-
tion with high current density, which is much different from
LEDs.

In 1997, Nakamura et al. in Nichia Corporation achieved
the first long-lifetime InGaN UV LD in the world. The laser emis-
sion wavelength is 395 nm under room temperature (RT) con-
tinuous-wave (cw) operation, with currents of 60 mA and the
lifetime is longer than 1150 h{, In this work, they used an epi-
taxially laterally overgrown (ELOG) GaN template to reduce
the number of threading dislocations of GaN epilayer.
GaN/Aly14GagggN modulation-doped strained-layer superlat-
tices (MD-SLSs) was used as cladding layer instead of thick Al-
GaN layers in order to prevent the formation of cracks and dis-
locations due to the lattice mismatch and improve the hole
concentration of p-type cladding layer. High-reflection facet
coatings (50%) consisting of two pairs of quarter-wave TiO,/
SiO, dielectric multilayers were used to reduce the threshold
current.

Based on these technologies, Nagahama et al. in Nichia
Corporation first achieved the single GaN quantum well UV

laser diodel? and Al,In,Ga_,_)N quantum well UV laser
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diodel3 in 2001. The emission wavelength of GaN UV laser
was shorten to 366.9 nm and the threshold current density
and voltage of this LD were 3.5 kA/cm? and 4.6 V under
25 °C cw operation. The estimated lifetime was approxim-
ately 2000 h at an output power of 2 mW. In this work, In-
GaN layer was used for relaxing tensile strain in the AlGaN
MD-SLS cladding layer possibly by bringing new threading
dislocations from InGaN layers. Al,In,Ga;_,_,)N quantum well
was used to reduce quantum confined Stark effect (QCSE)
and increase the local state effect instead of GaN well layer.
However, the lifetime became 500 h, much shorter than GaN
well UV LD possibly due to the poor quality of Al, In,Ga(_,_)N
well. In 2003, Masui et al. in the same corporation improved
the lifetime of 365 nm Al,In,Ga(;_,_,)N quantum well UV LD to
approximately 2000 h at an output power of 3 mW under cw
operation at 30 °C by using GaN substratel4. At the same
time, they shorten the emission wavelength of UV LD to
354.7 nm under pulse current injection at 25 °C.

In 2004, Amano and Akasaki group in Meijo University
reported the 350.9 nm UV LD grown on thick, crack-free,
low-dislocation density AlGaN grown by the combination
of heteroepitaxial lateral overgrowth (HELO) and LT interlay-
erPl, The HELO can reduce the strain and dislocation density
of AlGaN cladding layer. Then, in 2008, Yoshida et al. re-
duced the wavelength of UV LD to 342 nm and 336 nm by
hetero-FACELO method® 7. In addition, Zhao et al. realized
the UV LDs in Chinal8l,

Some groups did many researches for UV-B and UV-C
LDs. However, it is very difficult to achieve the electric-injec-
tion emission partly due to low hole concentration in p-type
high-Al AlGaN cladding layer!. Recently, Amano group and As-
ashi-kasei corporation cooperated to achieve the 271.8 nm
UV LD, the first UV-C electrically injected LD in the world'9,
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Fig. 1. Typical epitaxial layer structure of AlGaN-based UV laser diodes.
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In this work, they used distributed polarization doping (DPD)
approach to achieve high hole concentration in p-type clad-
ding layer which serves simultaneously as the electron block-
ing layer. In addition, they used low dislocation density AIN
substrate to improve the crystal quality of each layer. This
work should be a milestone in the development of UV LDs.

The low-dislocation-density GaN or AIN substrate is neces-
sary to use for UV LDs due to high crystal quality. DPD or
short period superlattice (SPSL) will be used to solve the prob-
lem of preparing p-type cladding layer. The design of strain-
controlling layer is also important at the same time. In the fu-
ture, many challenges of llI-nitride based UV LDs need to be
solved. The llI-nitride based UV LDs are expected to replace
the mercury lamp and be widely used in human society.
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