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Abstract: In the present work, a new structure of the strained quantum-well (QW) laser diode is
designed and simulated. In this structure, the active region consists of tow 6H-SiC barrier and 3C-SiC
quantum well (QW)which is sandwiched between two layers of 6H-SiC that can be interpreted in
terms of a type-II heterostructure character and a built-in electric field due to the pyroelectricity of
6H using an industrial-based numerical simulator. The basic design goal was to decrease the threshold
current by using only silicon carbide polymers. We could  obtain a working model at stable optical
wavelength of 0.83μm. This paper provides key results of the device characteristics, including the light
power versus electrical current and the optical wavelength versus electrical current. 
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INTRODUCTION

During the past decades, silicon carbide (SiC) has been praised as a promising semiconductor material for
high power, high-frequency, and high-temperature electronics and optoelectronic devices,  where the existing
Si or GaAs technology cannot provide any satisfactory performance. This intensive research effort resulted in
the commercialization of the first SiC-based devices in year 2001 namely, high power Schottky diodes
(Neudeck et al., 2001). Properties such as the large breakdown electric field strength, large saturated electron
drift velocity, small dielectric constant, reasonably high electron mobility, and high thermal conductivity make
Sic an attractive candidate for fabricating power devices with reduced power losses and die size (Mohit
Bhatnagar and B. Jayant Baliga, 1993).

Silicon carbide has many stable polytypes, including cubic zinc-blende, hexagonal and rhombohedral
polytypes. In the cubic zinc-blende structure, labeled as 3C-SiC or β-SiC, Si and C occupy ordered sites in
a diamond framework. In hexagonal polytypes nH-SiC and rhombohedral polytypes n R-SiC, generally referred
to as αη-SiC, n Si-C bilayers consisting of C and Si layers stack in the primitive unit cell. The lattice
structures of the 3C-SiC and 6H-SiC phases, which are most important for this paper, are presented in fig. 1
(Takahiro Muranaka et al., 2008).

Fig. 1: (a) Unit cell of cubic 3C-SiC. (b) Four unit cells of hexagonal 6H–SiC.

Diode laser emitting at 980 nm are promising for pump- ing optical fibers and for local area networks.
High temperature, high efficiency, and high modulation frequency operation are important for these
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applications. Thus, the understanding of temperature-dependent behavior of semiconductor quantum-well (QW)
lasers is important (Deny et al., 1992). 

The QW lasers typically exhibit an increase in the threshold current and a decrease in differential
efficiency with temperature. The increase of threshold current in QW lasers with temperature has been
attributed to the higher threshold density and the decrease of differential gain at higher temperatures (Zou et
al., 1993; Vail et al., 1994).

A strong decrease of differential quantum efficiency is usually explained by an increase of leakage current
to p-cladding region in InGaAsP-InP 1.3-pm lasers (Kazarinov and Pinto, 1994) and visible AlGaInP lasers
(Bour et al., 1993). This argument, however, is not applicable to all lasers since most lasers have a large
bandgap difference between the active and cladding regions. Therefore, it is hard to attribute the carrier leakage
as a dominant effect.

For this analysis, we have considered two polytypes of Sic, 6H-SiC and 3C-SiC, which are likely to be
the materials of choice for Sic power device fabrication. Advantages of 6H-SiC, also known as a-Sic, are its
large bandgap (2.86 eV) which results in high breakdown field strength E, and commercial availability of 6H-
Sic substrates and epilayers. Compared to 6H-SiC, 3C-SiC, or  n-Sic, has a smaller bandgap (2.2 eV) and
lower E, but has higher electron mobility. Additionally, it is possible to grow good-quality 3C-Sic epilayers
on Si, which makes it a cheaper alternative to costly 6H-Sic commercial epilayers and also makes it compatible
with present Si technology.

Theory:
The basis of the simulation is to solve two-dimensional Poisson’s equation and the continuity equations

for electrons and holes. Poisson’s equation which is given by (SILVACO, 2007):
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relates variations in electrostatic potential ψ to local charge densities ρ and the local permittivity ε. The
continuity equations are given by (SILVACO, 2007):
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where n and p are the electron and hole concentrations, Jn and Jp are the electron and hole current densities,
Gn and Gp are the generation rates for electrons and holes, Rn and Rp are the recombination rates and q is the
magnitude of the charge on an electron.

To simulate semiconductor lasers, The basic semiconductor equations (1)-(3) are solved self-consistently
together with the Helmholtz, lattice heat flow and the photon rate equations. Two-dimensional Helmholtz
equation is solved to determine the transverse optical field profile using the effective frequency method (EFM)
and it is given by (SILVACO, 2007):
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Where ω is the frequency, ε(r, z, φ, ω) is the complex dielectric permittivity, E(r, z, φ) is the optical electric
field, and c is the speed of light in vacuum. The photon rate equation is solved in order to obtain the modal
photon density, Sm and is given by (SILVACO, 2007):
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Where Gm is the modal gain, Rspm is the modal spontaneous emission rate, L represents the losses in the laser,
Neff is the group effective refractive index, τphm is the modal photon lifetime and c is the speed of light in
vacuum. Equations (1)-(5)  provides an approach that can account for the mutual dependence of electrical and
optical phenomena in the development of a comprehensive laser model.
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Vcsel model:
Fig. 2 shows the schematic design of 0.83 μm strained quantum-well (QW) laser diode device. In this

structure, the active region consists of tow 95 -nm thick 6H-SiC barrier and 10 -nm thick 3C-SiC quantum
well (QW). The active region is embedded in 6H-SiC cladding layers with 1500 -nm thick.

Fig. 2: Schematic structure of the laser device.

Simulation results:
In this paper, we have used the 3C-SiC / 6H-SiC edge emitting laser and have evaluated the effect of

these materials on the device characteristics such as light-current (L-I) and optical wavelength versus voltage.
Fig. 3 shows the light-current (L-I) curve where the current was increased from 0 to 3.4. Recent device

modeling shows that spatial hole buming and leakage over the carrier confinement barriers are limiting the
output power as the device heats up. As the temperature rises due to resistive heating, leakage over the 6H-SiC
barriers starts to dominate over other recombination mechanisms. Still, the 5 um device shown in Fig. 3 is
capable of more than 1.6 mW output in 3.4V while the threshold current is very near to zero. On the other
hand, There is a measurable increase in the threshold current density in diameter smaller than 5 um. We
believe this to be an edge recombination effect which causes an increase in the threshold current density with
decreasing device size. As we will see later, this trend is continued in the smaller devices as well.

Fig. 3: light-current (L-I) curve.

Fig. 4 shows the optical wavelength for different quantities of voltage. The figure clearly shows that the
optical wavelength is very stable for different quantities of voltage. The laser optical wavelength is about
830nm. For minimum beam divergence, we would like the laser to be operating in its fundamental mode.
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Fig. 4: Optical wavelength as a function of the electrical voltage.

Conclusion:
In this work, a new structure of the strained quantum-well laser diode for application at the 830nm

wavelength region is introduced. The influence of the silicon carbide polymers looking for the power, threshold
current and wavelength are investigated. The proposed structure edge-emitting laser achieved threshold currents
of very near to zero and total power of about 1.6mW.
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