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Abstract: In this paper, we study the dynamics of Vertical cavity surface-emitting lasers(VCSEL)such as
photon density (S) and carriers number (N) for different values of injection current and photon lifetime. It is
found that the increasing of the injection current leads rising and increasing the photon density and the carrier
number as a result of increasing the carriers in the active region, and the rising time of the laser output with
increasing the current. The increasing in the photon lifetime, which is affected on the output of the laser and
reducing the transient region (reducing) of the laser output and it is observedthat the decreasing of carriers
number where the increasing of the photon lifetime leads to decreasing the losses of the system.
Keywords:VCSEL,injection current, photon density, carriers number.

I.  Introduction

Vertical cavity surface-emitting lasers (VCSEL’s) have attracted considerable interest in recent years
due to their single-longitudinal-mode operation [1]. Because of large, mode-hop free tuning range, low power
consumption, high integration density and the compatibility with current optoelectronic fabrication processes,
wavelength tunable vertical-cavity surface-emitting lasers have been of great interest in various applications
including optical networks, bio- or chemical molecular sensing technology, such as absorption spectroscopy,
fiber Bragg grating measurement and trace gas monitoring [2-4]. Short-wavelength tunable VCSELSs can serve
as efficient and low cost transmitters for wavelength-division multiplexing in the short distance reconfigurable
optical interconnect to provide larger bandwidth. GaAs-based vertical-cavity, surface-emitting lasers with
InGaAs quantum-well (QW) active layer have recently emerged as promising candidates as low-cost 1.3-mm
sources for fibre-optic communication links [4-6].

In comparison to VCSELSs based on the InP system, they benefit from high refractive index contrast
and high thermal conductivity of lattice-matched AlGaAs/GaAs-distributed Bragg reflectors (DBRs) as well as
higher QW conduction band offset, leading to improved high-temperature performance [1,2]. The performance
of conventional vertical-cavity surface-emitting lasers is generally limited by the extremely low roundtrip gain
in the cavity. Thus, VCSEL devices require high mirror reactivity but also are characterized by an increase in
the threshold current density compared to edge emitting lasers. To overcome this distinct disadvantage, diode
cascade VCSELs are proposed as excellent candidates to improve the performance of VCSEL structures with
bulk [1] and quantum well [2] active layers. Such a VCSEL can also exhibit high differential quantum
efficiency well exceeding unity that may be interesting for low noise applications. The increase in roundtrip gain
is also of interest for high-power VCSEL applications [4,5].

Il.  Theoretical Model
The rate equations are a set of differential equations that describe the time evolution of the laser cavity
field, population and polarization of the active medium. One can imagine the rate equations as a simple
conservation mechanism. Figure 1 shows the various mechanisms that occurs in the laser cavity[1,7].
In the state of the carrier's dynamics on the SC such as vcsels, the rate of change of the population difference N
can be written as[8,9]:

dN
T injection — sponteneous emission — stimulated emission — losses D
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Figure 1: The laser dynamics mechanisms, where [ is the injection current, q is the electron charge, N is the
number of carriers and S is the number of photons[10].

The rate equations that describe the dynamics of the system of VCSELSs is given by[7]:
dN nl N Go(N—NyS

— =t = 2
dt q T, 1+ &S @
ds S BN  Gy(N —Ny)S
=y (3
dt '[P+ T, * 1+&S ®

where N is the carrier density, S is the photon number, n; is the injection efficiency,z,, is the carrier
recombination lifetime,G, is the gain coefficient,N, is the carrier transparency number,z, is the photon lifetime,
Bis the spontaneous emission coupling coefficient, and ¢ is the gain-compression factor.

I1l.  Results and discussion
The rate equation of the VCSEL system is solved by using the numerical methods of the Matlab
program with initial values of the dynamics of the laser system. Simulation processes of the laser dynamics such
as photon density S and carriers number N with number of parameters (Tablel)that are used in these processes.

Tablel:Simulation parameters of VCSELSs [7].

Symbol Value
UF 1
B 10°
T, 5ns
Gy 1.6 x 10* 57!
N, 1.94 x 107
Tp 2.28ps

The injection current (I) that evaluated at steady state with photon density (I = 1mA) as shown in
figure2.

Figure3 represents the temporal behavior of photons density at different values of injection currents (I=
2mA,5mA,10mA,15mA,20mA). And figure 4 acts temporal behavior of carriers number at different values of
injection currents (I= 2mA,5mA,10mA,15mA,20mA).

Figure 5 acts the temporal behavior of photons density at different values of the photon lifetime(zp=
2.88ps, 5ps, 10ps, 15ps, 20ps) and for the carriers number with changing the lifetime of photons the
figure6 gives the temporal behavior of carriers number at different values of photon lifetime(zp= 2.88ps, 5ps,
10ps, 15ps, 20ps).

It is found that the photon density (S) and carriers number (N) for different values of injection current
and photon lifetime. It is noted that, the increasing of the injection current leads rising and increasing the
photon density and the carrier number as shown figures (3 and 4, respectively).

The increasing on the photon lifetime which is affected on the output of the laser and reducing the
transient region (reducing) of the laser output and observe the decreasing of carriers number as shown in figures
(5 and 6,respectively).
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Figure 2: Steady-state input-output characteristic: simulated photon densityvs. injection current. The threshold
injection current I = 1 mAwith using the parameters in Table.1.
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Figured: Temporal behavior of carriers numberat different values of injection currents.
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Figure6: Temporal behavior of carrier number at different values of photon lifetime.

IV.  Conclusions
We conclude from the previous results that the increasing of injection current as an important factor
leads to increasing the output of the laser and carriers number as a result of enhancing the carriers on the active
region and thus, the leasing processes are producedatthe shortest time with increasing current. We observed that
the effect of changing the photon lifetime for high values leads to decreasing the losses on the laser cavity and
this effect enhances the photon density in the laser medium.
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