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Abstract— The numerical simulation of a double
heterostructures (DH) laser diode based on n*-
InAso.61Sbo.13Po.26/ N*-1nAso.97Sbo.0s/p*-1NAS0.61S00.13Po.26

material system has been carried out in this paper. The
proposed structure is suitable for use as a source for free
space optical communication system at 3.7 pm at room
temperature. The laser has been characterized in terms of
several laser parameters like energy band diagram and
doping profile. The current-voltage characteristics of
structure have been estimated taking into account the
degeneracy effect. The output power of the laser has been
estimated by solving the applicable Helmholtz equation for
the trial structure. The outcomes of the numerical
simulation have been validated by the reported
experimental results.

Keywords— ATLAS, Double Hetrostructure Laser, Mid-
infrared, Numerical simulation

. INTRODUCTION

There are number of low absorption atmospheric windows
(2-2.5 um and 3.5-4 pm) in the mid-infrared (MIR) spectral
region enabling one to setup free space optical communication
link [1,2]. The advantages of the free space optical
communication includes high bandwidth, eye safe operation,
license free service, high transmission security, protocol
transparency, jam-proof and error free link [1]. The sources
for free space optical communication system require narrow
bandgap semiconductor materials for their fabrication [3]. The
INAS1xShy/INAS1«.yShyPy  semiconductor alloys are very
promising material system for the design and fabrication of
high power mid-infrared lasers with the emission wavelength
in mid-infrared region. This material system provides a very
favorable condition for the carrier and optical confinement due
to its type-l1 band alignment [3, 4]. It is expected that free
space optical communication links in MIR can offer higher
bandwidth and better selectivity of receivers as compared to
their conventional microwave communication counterparts.

Il. THEDEVICE STRUCTURE

The device under consideration
INAS61Sh0.13Po.2s/  N°-INASg.97Sh0 03/

is based on N*-
P+-|nASo,518bo,13P0.26
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semiconductor material system similar to one reported by Yin
et al. [5, 6]. The schematic of the structure is shown in the Fig
1. The structure consists of two confining layers of larger
bandgap degenerate quaternary materials InAsSge1Sbo.13Po 26 Of
different conductivities and an active layer of InAso.g7Sho o3
sandwitched between them to form the double heterostructure.
The whole structure is supposed to be grown on the lattice
matched p-InAs substrate. The proposed ideal DH laser
structure forms a Type-l band alignment [4]. The DH laser
structure is designed in a way so as to emit near 3.7um at
300K coinciding with the one of the low loss atmospheric
windows suitable for free space optical communication.

i

Nn*-1nAso.61Sbo.13Po26

iNa=5x1018 cm‘3i

n°-InAso.97Sho.os

| (undoped) |

p*-1NAs0.91Sbo.og
(Na=1x10*® cm®)

P*-GaSb substrate

Fig. 1. Schematic of the proposed laser structure
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The compositional and temperature dependent energy bandgap
(Eg) of InAs1.xSby has been calculated using [7]

34x10 712 )
210+T

where x is the mole-fraction (= 0.03 in our model) and T is the

temperature in Kelvin.

Ega(X.T)=0411- —0.876X+0.70x% +3.4x107*XT (1-X)

On the other hand, to the first approximation, the
composition dependence of the energy bandgap (Egq) of
InAsxShyP1..y at room temperature can be expressed as [8]
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Eg. = XE, (InAs)+ yE_(InSb)+(L—x—y)*

)
E,(InP)-y(1—x-y)C, —x(1-x-y)C, —xyC,

where C;, C, and C; are the appropriate bowing parameters
for InAs, InSb and InP and E4(InAs), E4(Insb) and E4(InP)

are the energy bandgap values of InAs, InSb and InP binary
semiconductors respectively at room temperature and taken
from [9, 10]. The other parameters of quaternary materials
(InAsSbP) used in the simulation model have been computed
from the parameters of the constituent binary and ternary
materials using the linear interpolation technique and same
have been incorporated into the simulation codes of ATLAS
[11].

I1l.  NUMERICAL SIMULATION MODEL

The structure has been simulated in the Deckbuild platform of
ATLAS [10] by defining mesh, region, electrode and doping
parameters as listed in Table-1 alongwith other parameters. In
the material statement, several material parameters like
bandgap, permittivity, density of state of conduction and
valance band, mobility and carrier lifetimes value have been
provided as per our structure and estimation.

The current-voltage characteristics of the structure have been
determined with the help of ATLAS simulation tool by
solving the governing charge equation using initial solution
statement in the Deckbuild coding by considering the
FERMIDIRAC statistics applicable for highly doped
degenerate semiconductors. The doping profile, electric field
profile, electron-hole concentration under equilibrium and
current-voltage characteristics have been plotted using the
TONYPLOT tool of ATLAS.

IV. RESULTS AND DISCUSSIONS

The numerical computation using ATLAS device simulation
software has been carried out for mid-infrared P*-
INAS0.61Sbo.13Po.26/N°- INAS.97Sbo 03/ N-InASp.61Sbo.13Po.26
double heterostructures laser at 300K. The various material
parameters used in the simulation model are taken from [5, 9].
Fig. 2 depicts the doping profiles in various layers of the
structure under consideration. The P* region is considered to
be heavily doped to 10%8/cm?, n* region doped to 5x10¢/cm?.
The doping concentration in the unintentionally doped
intrinsic region is considered to be 10%6/cm?.
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Fig. 2. Doping profile along the structure
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Fig. 3. The current-voltage characteristics of the structure

The current-voltage characteristics obtained on the basis of
ATLAS simulation are compared and contrasted with the
experimentally values reported by others on the same structure
at 100K [5, 6] and is shown in Fig 3 [5, 12]. It can be easily
seen that there is a very good agreement between the
simulated results and those reported by others. It is further
seen that the deviation between the two results increase at
higher bias voltage. This is attributed to the fact that at higher
bias voltage a larger injection of carriers causes changes of
various parameters due to the change of junction temperature.
The temperature dependence of these parameters is not
modeled in the present simulation. The current-voltage data of
the same structure is tabulated in Table 1. The Table 1 also
depicts the variation of normalized optical output power with
bias current density of the laser structure. There is a good
agreement between the results obtained on the basis of
ATLAS simulation and experimental results reported for the
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same structure by Yin et al [5]. A larger departure of the
simulated results from the experimentally measured values is
attributed to the factors mentioned before. It may be further
pointed out that in the simulation the effect of interface
charges have been completely neglected.

Table -1 Comparison of ATLAS simulation results and
reported experimental results for MIR Laser structure

Voltage Current (A) Bias Normalised
V) Current Output Power
ATLAS Reported densityJ | ATLAS | Reporte
Model Experime | (Alcm?) Model | d
ntal Experi
mental
0.10 3.4x10° | 4.8x10° 1200 0.048 0.049
0.25 4.7x10° | 5.8x10° 1500 0.34 0.34
1800 0.79 0.80

V. CONCLUSION

The DH-laser structure have been simulated using ATLAS
device simulation package in terms of the energy band
diagram, net doping profile, current-voltage characteristics
and output power. The degeneracy effect has been considered
for calculating the current-voltage characteristics. The results
of the ATLAS simulation studies are found to be in good
agreement with the experimental results reported by others,
which ensures the validity of our model. It is expected that
model developed for the structure, can be used for improving
and optimizing the existing structures and development of
efficient device prototypes.
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