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Numerical analysis of Quality Factor for microdisk laser based on GaAs at
wavelength 1550 nm
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Abstract- In this paper, we investigate the quality factors in multi quantum wells (QWs) microdisk lasers, that’s it
designed and simulated by the three-dimensional finite-difference time-domain (3D FDTD) method. We examine the
effects of microdisk laser diameter and laser output waveguide width on the quality factor in the active region of laser.
The results show that when the microdisk laser with a diameter of 14um and a waveguide width of 1um, at wavelength
1550nm, our quality factor is maximized. We found the mode quality factor about 2134 .4.
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1. Introduction

Semiconductor lasers have been widely used in
various fields rapidly, such as large-scale
integrated device and long-distance optical fiber
communication systems. In the field of
semiconductor lasers, enhancing the quality and
efficiency of laser output light is one of the facing
serious challenges for researchers in this field
[1,2]. Although, there have been some limitations,
but semiconductor lasers are more commonly used
in optical chips and integrated circuits [3,4]. The
advantage of using Gallium Arsenide (GaAs) as
substrate in these lasers is the robustness of its
structure and its low cost, which multiplies the
motivation of researchers to use this structure in
semiconductor lasers [4]. Accordingly, the use of
this substrate accelerates studies and advances in
optical telecommunication systems and integrated
circuits [5,6].

Usually, GaAs/InP wafer bonding technology is
used to fabrication of GaAs based laser at
wavelength 1.55 pm which is also of high cost and
high complexity [7]. At other work, researchers
fabricated GaAs/AlGaAs microdisk lasers with
diameter about 2 pm at temperatures 80°K [8].
Also, InAs/InGaAs quantumdots based lasers with
GaAs substrate is fabricated [9,10]. Recently, the
microcavity lasers have attracted attention because
of high quality factor (Q-factor), easy integration
and low cost [11,12].

In this paper, we investigate the structure of
1.55pum InGaAs/InGaAsP-based multi quantum
well (MQW) laser on InP layers, which are located
on a GaAs substrate. To improve the Ilaser
efficiency at telecommunication wavelength
(1.55um), select the laser cavity shape in circles
and use the three-dimensional (3D) (finite-
difference time-domain (FDTD) method to
investigate and simulate the structure and laser
quality factor. We study the dependence of the

quality factor on the diameter of laser cavity (d)
and the output waveguide width (w) of the laser.

2. Device Structure

The schematic structure of microdick laser
epilayers is illustrated in Fig. 1. GaAs, low-
temperature InP and high-temperature InP buffer
layers with thickness of 300nm, 15nm and
1100nm, respectively, were sequentially placed on
the substrate and hardened by heat. 500nm coating
layer of n-InP is grown on it. The laser active
region consisting of 5 series of 5nm InGaAs and
10nm InGaAsP are encapsulated between two
100nm and 90nm InGaAsP layers. Finally, InP
cladding layer and InGaAs contact layer is grown

with  thickness of 1500nm and 200nm,
respectively.
200 nm p~-InGaAs contact layer
1500 nm p-InP cladding layer |
90 nm InGaAsP waveguide layer
10 nm InGaAsP barrier |
5 nm InGaAs quantum well } 2

" 100 nm InGaAsP wav :guidé layer |
500 nm n-InP cladding layer
1100 5 HT InP buffer layer

~ 15um LT InP buffer layer

300 nm n-GaAs buffer layer

n-GaAs substrate

Fig. 1: Schematic structure of the microdisk laser
epilayers

Figure 2. show the schematic structure of
microdisk Laser based on multi QWs with an
output waveguide at 1.55um. The laser cavity is
surrounded by a layer of benzocyclobutene (BCB)
and 200nm nitride (SiNx). The diameter of the
cavity, the output waveguide width, and the height
of the cavity are denoted by the letters d, w, and h,
respectively.

The refraction index of air, BCB, SiNx, and active
region are 1, 1.54 [13], 2.0 and 3.4, respectively.
The refractive indexes of GaAs and InP material
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are selected 3.34 and 3.17. The simulation
wavelength is set to be 1550nm and propagated by
a megnatic dipole source. The number of mesh
points per wavelength and the simulation time are
set to 0.1 and 1500fs, respectively. The mode Q-
factors are investigated from the Q analysis in
center of waveguide.

P-slectrode

BCB SiNx

Fig. 2. schematic diagram of the microdisk laser cavity
(upper picture) and the device model of the microdisk
laser cavity (lower picture).

2.1. Results and Discussion

Firstly, we study the quality factor with respect to
the diameter of microdisk cavity. Figure 3 show
the Q-factor as a function of the microdisk cavity
which is a microdisk laser on GaAs substrate when
the etching depth (h), width of waveguide (w),
wavelength () and simulation time are 3.87um,
Ium, 1550nm and 15000fs, respectively. As the
diameter increases from 8pum to 14pm in this laser
Q-Factor shows an increasing trend from about
1231 to 2134.4, When the Diameter increases from
14um to 18um, the Q-Factor decreases in the

output quality factor to 1203.2. Finally, the Q-
factor reaches the maximum value 2134.4 at the
diameter of microcavity at 14um.

After examining the results obtained for the Q-
factor versus the diameter of microdisk laser cavity
and selecting the microdisk laser with diameter of
14um is the highest laser output quality factor. We
resize the output waveguide width in this laser, to
evaluate the quality factor as a function of the
waveguide width. The waveguide widths are set to
be 0.5, 1, 1.5, 2, 2.5, 3um, and the results are
shown in Fig. 4. In this case, by increasing the
waveguide width from 0.5pm to 1pm, the quality
factor increases from about 1320.8 to 2134.4, and
by resizing the waveguide width to 3pm, the
relative decrease in the simulated microdisk laser
output quality factor reaches to about 1002.8.
Figure 4 show the maximum Q-factor is obtained
for the waveguide width 1pm.
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Fig. 3. Q-factor with respect to the diameter of
microdisk cavity
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Fig. 4. The tendency of mode Q-factor with the
waveguide width

2.2. Conclusion
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In cunclusion, we design and improve the 1550 nm
multi QWs microdisk laser on the GaAs substrate
with the InGaAs / InGaAsP-based active region by
the  three-dimensional  time-domain finite-
difference method (3D FDTD) of laser output
quality factors. We investigated and simulated
different output waveguide widths with the highest
microdisk laser output quality factor of 14um with
a diameter of the laser cavity 14um and an output
waveguide width 1um. This slider can perform
better than others in the field of electric chips and
integrated circuits.
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