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ABSTRACT

In the present work, we study the dynamics of QBisenductor laser under optical feedback such adithe
behavior of the carriers in wetting layer, the aitphotons intensity and Occupation probabilitytieeg QD active region.
When studying the effects of these variables theadcs are more complex when increasing the opféesiback strength
and linewidth enhancement factor at different valoétime delay. These dynamics are appeared thkénearities and

chaos behavior output of laser and these resulezagith other results of other researches
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INTRODUCTION

Nowadays, semiconductor lasers and amplifiers plalgey role for many technological applications as f

example high bit rate optical communication, ogtinterconnects, and electro-optic sampling [1].

Semiconductor lasers (SCL) have become the mosiriant class of lasers, they are used in applicatj@, 2].
Quantum dot (QD) semiconductor lasers have alrediyonstrated many interesting properties such mpemature
insensitive low threshold current densities [3]jgthimodulation bandwidths [2, 3], and a strong tasise to optical
feedback [5], therefore showing great prospects atde realizing uncooled, isolator-free, directly dulated
semiconductor lasers. Further, they are of impedafor biomedical applications as, for instanceticap coherence
tomography. Optical feedback can increase emigsiise broaden or narrow the laser linewidth ungeciic conditions.

The coherence length of the laser emission caedigced to as little as a few centimeters as higtitfack level [5].

One particularity of QD semiconductor lasers isirtHhew tolerance to optical feedback, which can dife
disadvantage for technological applications [4, B5dr example, to use semiconductor lasers as tigassnin optical
networks, expensive optical isolators are neededvtod back reflections that can lead to tempanatabilities of the
lasers (coherence collapse) [5]. However, thereatse several applications that take advantageéhefrich dynamics
induced by optical feedback [6QD semiconductor lasers subject to optical feedkaekof high interest, because the
optical feedback introduces a delay into the syq#&8]. The delay in turn induces a high dimenslityawhich results in
a rich phenomenology, ranging from multistabilityursting, intermittency, irregular intensity dropguand fully

developed chaos [7].
THEORY

Semiconductor quantum dot active region takes faflvantage of the quantum confinement effect.
The three-dimensional quantum confinement of theiera results in discrete carrier energy leval@ire in a quantum

dot (QD) active region [1-3]. In general, the SGelahave important in the applications of optoetatt and optical
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feedback in the optical communications and in tHe @ayers of computers and especially for QD thavehlarge

important with the effect of the optical feedbageration [8-10].

The model used in this work to study the dynamicguantum dot laser under the effect of feedbadsased on

the work of E.A. Viktorov et al [11].QD laser undeptical feedback is considered to consist of a gaiction of length

L that contains the layers of self organized QDshasactive medium, and a feedback section givea byirror at a

distance | with respect to the end facet of thelg¥er, reflecting back the light into the gain my{see figure 1 [12]).

QD laser device with optical feedback from extermslity is shown in figure 1.
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Figure 1: QD Laser Device with Optical Feedback frsm External Cavity [12]

The rate equations method, includes a set of tboepled equations; one for the electric field (&)¢cupation

probability for QD active region/e) and the carrier density in wetting layer (N). Jlae given in equations (1-3) shown

below [11].
CE(1) _ ) E(0) + ykeS0o0Ce D E G _ 1 )
ot (1)
ap (I) _ _ _ esc _ 2gla(2p()-1)y _ 2
e s BN(1—-p)—R*p—(e DIE (0 )
ONG) _ N TN _2BNA-— o)+ 2R o
or 3)

2
E is the complex amplitude of the electric fieldlie cavity, normalized to the photon den5|ty_| |

Where G(t) is the normalized gain :
7 G0)=2g L. [2p(0)-1] o
Y . is the dimensionless bandwidth of the cavity.

I"7’: is the length of gain medium.

g: is the differential gain.
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Tec: Time delay (roundtrip time with external mirror)

@ - line width enhancement factor

K: optical feedback strength

[" . is the carrier relaxation rate in the wettingday

Vi . is the carrier relaxation rate in the dots.

0: is the dimensionless parameter which descricegtimping processes in the gain section.

The factor 2 in equation (4) refers to the twofsfin degeneracy in the QD energy levels.

F(o,N) . is the function that describes the carrier exgearte between the wetting layer and the dots:

— pcap M _ _ pesc cap —
F(o,N)=R™(1-p)-R™p Where R™=BN which describes the carrier capture from the watti

layer to the dots with the rate B

R* . represents the carriers escape from the datsetavetting layer which this coefficient is depentden the
temperature.

RESULTS AND DISCUSSIONS

The set of equations (1-3) describes the overalhthics of an QDL under the effect of feedback. Gipstem is
studied under the effects of these parameters ubm@gxplicit Runge-Kutta method of integrationder 23) known as

(dde23) using MATLAB language with certain initiabnditions. The control parameters in this study tame delay

(roundtrip time with external mirror)TeC, linewidth enhancement factof and optical feedback strength (K).

In the results of this paper we note on the timeab®r of the variables of the system viz time egmf the (E',o, N)
where time (T) is normalized.

Table (1) Represents the Parameters of the Sysignate Used in the Simulation

Table 1: Parameters Used in Simulation [11]

Symbol | Value
gL, 3
4 0.1
N, 4
I 0.01
V. 0.01
Re 0.05
B 2
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The gain in the presence of optical feedback dependhe round trip timerec and it changes periodically for
the variation of the external cavity length[13,1%he effect of the round trip time in the resultkem we choose two
values ofr & at different groups of cases.

The Effect of Feedback Strength, K

When varying K in the range (0.15-0.6) and keepi{;@C =50and & =3, the followings were noticed:
the system flow to the complex nonlinearities withaos behavior which can be interested in the alptecure

communications and other applications. These =anét shown in figures (2-4)
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Figure 4: Time Series of (A) the Output Photon Dernity ( | | ), (B) Occupation Probability for the QD Active
Region ('0) and (C) Carrier Density in Wetting Layer (N) When (a =3, Tec =50 and For K=0.6)

Varying K in the range (0.15-0.6) and keepinrgec =100and @ =3, the system flow to the complex

nonlinearities with chaos behavior but these dycarappear at different value of time delay. Fig{feg) represent this

effects of increasing o{ e

To 100 with the same previous parameters in Table (
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Figure 5: Time Series of (A) The Output Photon Dernity ( | | ), (B) Occupation Probability for the QD Active
Region ('0) and (C) Carrier Density in Wetting Layer (N) When (a =3, Tec =100 and for K=0.15)
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Figure 6: Time Series of (A) The Output Photon Dernity ( S_|E| ), (B) Occupation Probability for the QD Active
Region ('0) and (C) Carrier Density in Wetting Layer (N) When (& =3, lec =100 and for K=0.4)
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Figure 7: Time Series of (A) The Output Photon Derity ( ), (B) Occupation Probability for the QD Active

Region ('0) and (C) Carrier Density in Wetting Layer (N) When (a =3, Tec =50 and for K=0.6)

The Line Width Enhancement Factor, a

When changinga in the range (2-5) and keepinzé;ec =50 and K =0.15, the system appeared chaotic behavi

with increasing value off and in the high value leads to complex chaoticabi. The figures (8-10) show to the effect

of increasing the linewidth enhancement factorhendynamics of the variables of system.
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Figure 8: Time Series of (A) The Output Photon Dernity ( ), (B) Occupation Probability for the QD Active

Region (p) and (C) Carrier Density in Wetting Layer (N) When (a =2, Tec =50 and for K=0.15)
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Figure 9: Time Series of (A) The Output Photon Dernity ( -
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2L
800 1000 0 50 200 400

[C)

600

800 1000 OO

200 400

660
© T

800 1000

2
| | ), (B) Occupation Probability for the QD Active

14

200 400 600 800
T

1000

200 400

o L L
1000 0 200 400

Figure 10: Time Series of (A) The Output Photon Desity ( -

CONCLUSIONS
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We note in the results of this work that the systgpears different dynamics of variables. The duptoton
density (S) appears complex behaviors such asichlaehavior. The output mainly the usual QD lasetpat which
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increased in level of complexity in nonlinearities increasing K. We see that the increasing aéiidth enhancement
factor leads to appearance the chaos. All behatmotise results of this paper introduce differeases of output photon
density with different degree of chaos complexitsitthas benefit in the applications of optical fibemmunications and

decryption.
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