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Abstract

In this work, dynamical behavior of directly modulated semiconductor laser utilizing optical
feedback has been simulated using MATLAB software package. The results show that the car-
rier density and photon numbers have been increased with external optical feedback (external
cavity). The effect of external mirror reflectivity on the output power has been studied and it’s
found that as the reflectivity increased the output power was increased. Also, the effect of dis-
tance between semiconductor laser cavity and the optical external cavity has been studied and

the maximum output power has been obtained at an external length of (0.7- 0.75) cm.

Keywords

semiconductor lasers, direct modulation, optical feedback.

- 110 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies

1. Introduction

Directly-modulated semiconductor lasers have
become one of the most efficient candidates for
high-speed communication in microwave frequen-
cies because of their compactness and relatively
low fabrication cost [1]. Direct modulation in-
volves changing the current input around the bias
level above threshold [1].High speed direct modu-
lated semiconductor laser has potential applica-
tion in digital and analog transmission links. The
nonlinearity occurred at a frequency less than (1)
GHz for a high-frequency modulation application,
the nonlinear interaction between electrons and
photons in the laser cavity is the main cause for
nonlinear distortion [2]. To overcome these distor-
tions, optical feedback technique (External Mirror)
can be used. External cavity diode laser system
consists primarily of a semiconductor diode laser
with two anti-reflections coated and a collimator
for coupling the output of the diode laser, and an
external mirror [3]. The mechanism of the external

mirror (optical feedback) is shown in Fig. (1).
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Fig.(1) Schematic of the laser diode with external mir-
ror optical feedback [4].

The process of optical feedback can be done
when the reflection part of the rays that falls on
the mirror is reflected back to the laser cavity.
In this work a numerical model for semiconduc-
tor laser diode that predicts laser performance in

high-speed optical interconnects applications has
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been used. The model is based on the temporal nu-
merical simulation of the rate equation for semi-
conductor laser diodes. The popular MATLAB
package has been used to simulate the dynamic
behavior of carrier and photon density with and

without the effect of external optical feedback.

In this work, the dynamical behavior of direct-
ly semiconductor laser has been studied and the
rate equations have been solved numerically us-
ing MATLAB software package. The parameters
that performed the behavior of semiconductor
laser namely: the amount of feedback, the facet
reflectance, the pumping rate, and the distance
between laser cavity and the external cavity have
been examined to enhance the characteristics of
the semiconductor laser.

2. Theoretical Model

The numerical model introduced in this paper
is based on the semiconductor laser diode rate
equations [5]. This set of two differential equa-
tions can describe the temporal interaction of the
carrier density N(t) and the photon density S(t)
within the laser cavity. It reveals that an injection
current can cause stimulated photon emission.
The operation of a single mode laser can be de-

scribed by:
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Where, the variable parameters, N is the den-
sity of carrier, S the density of photon, I(t) the in-
jection current. The constant parameters, I is the
confinement factor, tc is the carrier lifetime, tP

is the photon lifetime, Nlis the transparent car-
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rier density, g0Ois the differential gain, € is the gain
suppression factor, and B is the probability of
spontaneous emission of a photon.

By adding the external cavity factors such as
G, ToL %, ToxtText, R ext R ext ,Lext Lext s
Kext Kext, RSF RSF" ,Ktﬂt andRSP RSF‘in
the rate equations (RE) model, the RE model can

be expressed as [6]:
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where G is normalized gain, TL ?* is laser cav-
ity round trip time in (ps), Fs @) Fs)is Langevin
noise, “'SP 'SP is spontaneous emission rate,
Kiot Ktot isthe spontaneous emission enhance-
ment factor accounting for the finite mirror reflec-
tivities and the lateral wave guiding and Text Text
is external round-trip delay which is expressed as:

— 2Lext
“C (5

Where Lext Lext is the distance between la-

T

ser cavity and external cavity. Kext Kext is cou-
pling coefficient between external cavity and laser

cavity which is expressed as [7]:

K =@—&)n%&.um)

ext
2

Where RextRext is reflectivity of external

mirror and R Ry is facet reflectivity of mirror one.

3. Results and Discussions
The rate equations (1) and (2) has been solved

numerically using MATLAB software to track the

net fluctuations in both carrier density N (t) and

S(¢)

photon density
1(z)

which are supplied by the

injected current and stimulated emission.
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Fig. (2a) represents the relation between current
and time with modulation frequency (2.9)GHz,
in this Fig. there is a compression and relaxation
which are increased with increasing modulation
frequencies due to the interaction occurs within
modulation frequencies. Fig. (2b) represents the
relation between carrier density and time. When
the current injected in the cavity, the carriers be-
come to operate and increase with time, so there is
a compression and relaxation due to the presence
of the noise in semiconductor laser. Fig. (2c) rep-
resents the relation between photon density and
time with modulation frequency of (2.9)GHz and
phase of (0)rad/sec. When the current injected in
the cavity, the carriers become to operate and in-
crease with time. It can be seen that the injected
current reaches its threshold value and the pho-
tons becomes to operate with some of compres-
sion and relaxation due to the presence of noise in
semiconductor laser, and the interaction occurring
within modulation frequencies and Fig. (2d) rep-
resents the relation between power and time for
one modulation frequency of (2.9)GHz and phase
of (O)rad/sec. The output of semiconductor laser
is increased with time above threshold.

It can be seen that as the injected current in-
creased, the carriers became to operate and in-
creased with time. Until the current reach its
threshold value the photons became to operate
and increased with time above threshold so the
output power increased with time. In all these
Figures there is some compression and relaxation
due to the presence of some noise in SCL and the
interaction occurring within modulation frequen-
cies. To enhance the performance of SCL, an ex-
ternal mirror (optical feedback) has been used to

reduce these noise. Fig. (3a) represents the rela-
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tion between current and time with modulation
frequency (2.9)GHz. Fig. (3b) represents the re-
lation between carrier density and time with one
modulation frequency of (2.9) GHz and phase of
Orad/sec. When the current is injected in the cav-
ity, the carrier numbers become to operate and the
carrier numbers are increased, while the compres-
sion and relaxation are reduced due to the effect of
optical feedback. Fig. (3¢) represents the relation
between photon density and time with one modu-
lation frequency of (2.9) GHz and phase of (0)rad/
sec. It can be seen that the injected current reaches
its threshold value, the photon numbers become
to operate. The photon numbers are increased and
the compression and relaxation are reduced due to
the effect of optical feedback.

Fig. (3d) represents the relation between output
power and time with one modulation frequency of
(2.9) GHz and phase of (0) rad/sec. The output
power of SCL is increased and the noise is de-
creased with using optical external feedback (Ex-
ternal Mirror). In all these figures the compression
and relaxation has been reduced due to the effect
of optical feedback and the noise decreased using
optical external feedback (External Mirror).

Fig. (4) represents the relation between output
power and time for different values of external
mirror reflectivities. It can be seen that as the mir-
ror reflectivity increased the optical power was
increased and the maximum output power can be
obtained with R=100%.

Fig. (5) represents the relation between pho-
ton density and time at a modulation frequency
of (2.9)GHz and phase of (0)rad/sec for different
external cavity lengths. It can be seen that as the
external length decreased the photon density in-

creased and the maximum output power was ob-
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tained at an external length of (0.7-0.75)cm.

4. Conclusion

In conclusion, the dynamical behavior of di-
rectly modulated semiconductor laser utilizing
optical feedback has been simulated numerically
using MATLAB software . The results show that
the effects of diode lasers can be performed de-
pending on a number of parameters: the amount
of feedback, the facet reflectance, the pumping
rate, and the distance between laser cavity and the
optical external cavity. The effect of external mir-
ror reflectivity on the output power has been stud-
ied and it’s found that as the reflectivity increased
the output power was increased. Also the effect of
distance between semiconductor laser cavity and
optical external cavity has been studied and the
maximum output power has been obtained at an
external length of (0.7- 0.75) cm.
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Fig.(4): Semiconductor laser output for different values of Fig.(5): Photon density as function of time for different
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