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Abstract 

The host material system for long wavelength novel dilute nitride devices is InGaAs/GaAs quantum well 

systems. This system is the starting point to study the effect of nitrogen incorporation for 1.3-1.5 µm 

wavelength emission devices. The material gain and light-current-voltage (L-I-V) characteristics of 

InGaAs/GaAs Fabry–Parot type quantum well laser structures were theoretically investigated. The effect of 

temperatures and carrier concentrations on optical gain and L-I-V characteristics of nitrogen-free systems are 

simulated. 

 

Keywords: Fabry-Parot structure, Opto-electronics devices, Optical gain, Quantum well lasers, 

Semiconductor laser 

 

1. Introduction 

Recently, use of semiconductor lasers  has dramatically increased. The optical characteristics, small size, and 

performance of these devices have allowed many new uses to be commercialized. Semiconductor quantum 

well lasers have become one of the most popular types of laser devices. Their widespread applicability, 
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portability and potential commercial perspectives have drawn a focused attention of many research groups 

and companies worldwide. High-performance GaAs based strained QW lasers will still be the subject of 

intense research and development for the realization of low cost optical communication systems.  The InGaAs 

(Dieter & Nikolai 2003; Dybiec et al. 2004; Torchynska 2009; Hulicius et al. 2008) InAlAs (Liu et al. 2003; 

Chen et al. 2009), AlGaAs (Zhang et al. 2002) and dilute nitrides GaInNAs (Shan et al. 1999) materials were 

used with the aim to shift the emission peak towards the telecommunication wavelength of 1.30 µm. InGaAs 

has attracted interest also as the active channel, attributed to its inherent electrical properties including 

narrower bandgap and high electron mobility and velocity (Smith et al. 2003). 

The main factors driving the surge in the role played by semiconductor lasers are the invention of novel 

semiconductor devices. The better theoretical understandings of these novel devices, the electronic and 

optical characteristics of these laser devices are studied. The characteristic of light-current-voltage (LIV) is 

fundamental parameters to determine the operating properties of these laser systems. In this study, the carrier 

concentrations dependence of gain and light-current-voltage (LIV) characteristics of InGaAs/GaAs quantum 

well laser systems at different temperatures are investigated.  

 

2. The Model 

In our calculations, the band structure and parameters are calculated by using 8x8 band KP methods. In these 

calculations, LaserMOD™ (Rsoft Design 2005) that is self-consistent laser diode simulation program is used. 

This program solves optical, electronic, and thermal properties of semiconductor lasers and similar active 

devices.  In the band structure calculations, 8x8 band Kronig-Penney (KP) model with axial approximation 

is used for determining the semiconductor quantum well laser systems. In KP method, one conduction- and 

three valence-bands are considered with including the spin degeneracy. In our calculations, the temperature 

dependence of the band gap is calculated by using Varshni Equation (1967) as 

22
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where Eg is the bandgap energy, T is temperature, Tref is the reference temperature (0 or 300K), α and β are 

constants. The relevant parameters P for the InxGa1-xAs and AlxGa1-xAs ternary material systems are linearly 

interpolated between the parameters of the relevant binary semiconductors. The parameters used in the 

calculations are given in Ref. (Vurgaftman et al. 2001). The bandgap, conduction band-, and valence band-

offsets of quantum well is play an important role for determining the electric and optical properties of these 

systems. In the implementation of the KP calculation, the Hermitian form of the effective mass equation is 

solved after Fourier expansion in the y-direction. The growth direction is supposed to be along the y-axis. 

The growth direction of the heterostructure omitting interactions of carriers with other quasi particles in the 

semiconductor material. In addition, the masses for electrons and holes are determined from the band 

structure as obtained from the KP calculations. Many-body interactions of the optically created electrons and 

holes lead to the band-gap renormalization which in turn determines the absorption spectra of such 

systems. The carrier density dependent band gap renormalizations are derived from a local density 

approximation for the Coulomb self-energies. These calculated renormalizations are contained in the band 

edges. Subband energies Ej, for subband j, and the respective wave functions are obtained by solving 

Schrodinger’s equation. The total carrier concentration is given by the sum of carriers in bound states and 

propagating continuum states,   ne/h= ne/h
2D + ne/h

3D in quantum wells. The bound carriers are the sum over 

individual subband contributions. The carrier densities are related to the Fermi levels by in bulk regions: 
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where F1/2 is the Fermi integral of order one-half, Fe/h are the Fermi energies of electrons and holes, EC/V are 

the conduction and valence band edges. 

The material gain is the most important requirement for the realization of a semiconductor laser because it 

describes the optical amplification in the semiconductor material. The optical gain is due to stimulated 

emission associated with light emission created by recombination of electrons and holes. This is a 

complex many-body problem of interacting photons, electrons, and holes. Omitting interactions of carriers 

with other quasi particles, the spontaneous emission u and gain g can be written as 

2 2
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where fe,c(E) are the quasi-Fermi levels for electrons and holes, which can be determined by normalizing the 

total number of electrons or holes, Li,j is the Lorentzian broadening that is used to model the collision 

broadening: 
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The gain calculation is done by using these formulas.  Accordingly, understanding the processes and the 

results are major objectives as being a basic requirement for device optimization. 

3. Result and Discussion 

The laser device used in this paper is designed as Fabry – Parot type. The InGaAs/GaAs laser structure has a 

cavity length of 500 µm and the reference temperature is 300 K. The reflectivities of the two end facets are 

37%.  The 104-nm thick Al0.1Ga0.9As substrate is used as cladding. The active region consists of 16-nm 

In0,18Ga0,82As quantum wells with 1.27% strain. 

 

Figure 1. The material gain spectra of In0,18Ga0,82As/GaAs/AlGaAs material system with sheet carrier 

concentrations of (left one) N=2.5x1012 cm-2 and (right one) N=3.5x1012 cm-2 as a function of temperature. 
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The material gain versus wavelength with two different carrier concentrations over the temperature range 

from -30°C to 90°C are obtained from the simulation   and plotted in Figure 1.  For InGaAs/GaAs/AlGaAs 

structure with 2.5 - 3.5 10 12 cm-2 carrier concentrations, the effects of temperature on material gains are 

investigated. As the temperature increases the peak of the gain decreases and blue shifted. In comparison, the 

material gain increases with increasing carrier concentration in the order of 1.6. The results of peak gain 

versus temperature are shown in Figure 2. 

 

Figure 2. The temperature dependence of peak gain spectra with sheet carrier concentrations of 

N=2.5x1012cm-2 

The peak gain is determined from the maximum of the gain spectrum and plotted as a function of the 

temperature. As expected, when the temperature increases. The decrease in radiative recombination with 

temperature is effective in these systems.  As a decrease of gain with increasing temperature has to be 

compensated by an increase of carrier density within the active layers, the threshold injection current 

increases with temperature. 

 

Figure 3. Light-current-voltage (L-I-V) characteristics of the device at 300 K. 

Light output and voltage versus current (L-I-V) performance of designed semiconductor laser system at 300 

K is shown in Figure 3.  As the injection current is increased above its threshold value, lasing results. The 
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semiconductor laser is unique in that the population inversion required reaching lasing threshold results from 

electrical charge injection into the active region. From Figure 3., the threshold current is about 27 mA for the 

laser and gets active and lasing is evidenced by a sharp increase in output power is about 32 mW at 65 mA 

starting value. 

4. Conclusion 

In summary, the temperature and carrier concentration dependence of gain and light-current-voltage (L-I-V) 

spectra of InGaAs/GaAs quantum well laser are presented. It is shown that the material gain decreases with 

increasing temperature. The effects of the carrier concentration of designed quantum well laser structure are 

discussed. The gain and LIV curve of  the host materials for long wavelength dilute nitride systems are 

investigated. 
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