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1. Introduction 

Semiconductor-based light-emitting devices are critical 
components that can be used in a range of applications such 
as optical communication and sensing of bio-environment 
materials, as well as in displays [1]. Recently, controlling 
of light wave conditions such as the emitting wavelength, 
bandwidth, optical-mode, and phase has been studied in-
tensively toward the development of high-efficiency and 
high-performance light sources [2, 3]. An artificial periodic 
refractive-index structure like a distributed-feedback (DFB) 
is considered suitable for controlling light wave properties 
in the light source [4]. It is also generally known that artifi-
cial periodic structures need to exist near the optical-gain 
region in the light source for achieving efficient control of 
light wave properties. However, complicated de-
vice-process sequences with a high aspect ratio are required 
for fabricating artificial structures since thick-cladding lay-
ers are generally used for effectively confining light waves 
in the gain-region of photonic devices. 

To solve these issues, we have proposed a half-cladding 
semiconductor photonic device as a novel device structure. 
In its structure, it is possible for there to be no upper clad-
ding layer for confining the light wave. That is, the light 
wave can be confined and transmitted near the device sur-
face with the help of two low-refractive-index regions: a 
lower cladding layer and air. Effective control of the light 
wave properties can therefore seemingly be achieved with-
out the complicated device-process sequence, since the 
half-cladding photonic device structure can simply include 
artificial surface microstructures with a low-aspect-ratio. 

More recently, a light emission from the half-cladding 
semiconductor photonic device was successfully realized 
under low-current injection at room temperature (RT). In 
this paper, we report the fabrication sequence and characte-
ristics of the fabricated half-cladding semiconductor laser 
(HaCL) structures. 
 
2. Fabrication of half-cladding semiconductor laser 
structure 

A III-V compound semiconductor crystal (aluminum 
gallium arsenide [AlGaAs]) was used for fabricating the 
light source, bearing a half-cladding photonic device struc-

ture as shown in Fig. 1. Triple-stacked multi-quantum wells 
(MQWs) of InGaAs/GaAs were used as the optical gain 
medium in the active layer for the Thousand-band (T-band; 
1-μm waveband) [1]. A low-refractive-index cladding layer 
and the adjusting layer were made of Al0.3Ga0.7As. It is ex-
pected that the optical mode position can be controlled be-
tween the device-surface and active layer by controlling the 
thickness of the adjusting layer. Moreover, a 
high-refractive-index GaAs core layer was formed atop the 
device structure. 

Details of the fabrication sequences are shown in Figure 
2, in which: (a) An AlGaAs/GaAs-based laser crystal for 
the HaCL was grown on an n-type GaAs (100) wafer by 
using molecular beam epitaxy (MBE). (b) A ridged wave-
guide structure was formed by anisotropic chemical wet 
etching of GaAs on a thin AlAs layer. The thin AlAs layer 
acts as an etching-stop layer for the chemical wet etching of 
the GaAs layer. (c) Selective oxidation of the thin AlAs 
layer was conducted to form a carrier-blocking structure [5]. 
(d) An SiO2 passivation layer was deposited onto the device 
surface by a plasma-enhanced chemical vapor deposition 
(P-CVD). (e) Etching of the passivation layer was con-
ducted for fabricating an electrical contact region on the 
GaAs core layer. (f) For constructing ohmic-contacts, metal 
electrodes were deposited on the top and bottom of the wa-
fer. It is expected that this simple process sequence for fa-
brication of the HaCL structure can be applied to other ma-
terial systems such as an InGaAsP/InP for the 1.55-μm 
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Fig. 1. Schematic cross-sectional image of half-cladding sem-
iconductor laser (HaCL) structure 
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waveband photonic devices, and an AlGaN/GaN for the 
visible light-emitting devices. 
 
3. Characterization of half-cladding semiconductor 
photonic device 

Figure 3 shows the cross-sectional scanning electron 
microscopy (SEM) image of the typical fabricated HaCL 
structure. The dimensions of the fabricated device are as 
follows; waveguide width: 22 μm; GaAs core layer thick-
ness: 350 nm; adjusting-layer thickness: 300 nm; AlAs 
thickness: 50 nm; thickness of lower cladding layer (Al-
GaAs): 1.5 μm; and cavity length L: 2 mm. Thus the total 
thickness between the device surface and top of the active 
layer is as low as 700 nm in a sub-micron scale. This 
thickness is considered to be thinner than that of the con-
vention upper-cladding layer. The cross-sectional SEM 
image is found to be similar to the schematic image shown 
in Fig. 1. 

A light emission is confirmed as occurring from the 
HaCL structure under the current injection conditions at RT. 
Figure 4 shows dependence of emission intensity on the 
current. The threshold current is found to be as low as 
Ith=110.5 mA. The inset in Figure 4 shows an emission 
spectrum of the HaCL structure under the current injection. 
Multiple emission-peaks are found to be wavelength around 
a 1012.2 nm. This wavelength is considered suitable for 
ground-state emission from the MQWs in the active layer. 

We also confirmed that a near field pattern (NFP) of the 
light emission can be observed near the device surface of 
the fabricated HaCL structure using a microscopic infra-
red-imager. From these experimental results, therefore, we 
expected that a laser operation and transmission of the light 
wave near the device surface could be achieved in a pro-
posed novel half-cladding photonic device structure. 
 
4. Conclusion 

A novel half-cladding semiconductor photonic device 
structure was proposed and fabricated. We successfully 
demonstrated the light emission of the half-cladding semi-
conductor light source under current injection at RT. As the 
half-cladding structure, the total thickness between the de-
vice surface and top of the active layer is as low as the 
sub-micron scale. Therefore, it is expected to extend into 
control of the light wave properties with artificial surface 
microstructures that have a low aspect ratio in the fabri-
cated half-cladding semiconductor structure. We believe 
that the proposed half-cladding semiconductor laser 
(HaCL) structure will become a breakthrough in useful 
device structures for optical communications, and sensing. 
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Fig. 2. Process-sequence for fabrication of HaCL structure. 
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Fig. 4. Dependence of emission power on current of HaCL 
structure; inset shows emission spectrum from HaCL structure 
under the current injection. 
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Fig. 3. Typical SEM image of cross-sectional view of a fabri-
cated HaCL structure. 

-64-

 


