the light tovards light intensity. Athough there are different mcroscopic explanations, this
type of node 1 has the sane result as that of active -attenuation nodel.

There were evaluated different design configurations by building detailed hardware
nodels of varied wdths and capabilities. W then calculate encryption rate by synthesizing the
nodels to obtain timng estinates. Qur systenatic approach alloved us to study the tradeoffs
between chip area and perfornance. W showed that the highest -performng and nost cost -
efficient design is the 4-wide conbining configuration. Rijndael, the new AES standard, runs
2.25 tines faster on a 360Miz GyptoMniac. Qur analysis of the original and optimzed
algorithns suggests that there is nore opportunity to speed up cryptographic processing. W&
are considering inproved functional unit designs as well as nore aggressive c ircuit
inplenentations.
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QUALITATIVE AND NUMERICAL ANALYSIS OF LASERMODEL WITH
OPTICAL INJECTION

Abstract: The nonlinear processes plays inportant role in the developnent of new
communication systens and conputing elenents. Uhderstanding of laser instabilities is
necessary for developing control techniques. From a dynamcal systens point of view
semconductor laser systens are very attractive due to the fact that they showan intriguing
variety of conplicated dynamcs. lasers including semconductor, solid -state with the
additional external perturbation produce tenporal and spatial instability. An optical inj e ction is
an exanple of such perturbation. External perturbations nay destabilize or induce the sustain
intensity oscillation.
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In this paper, ve study the dynamcs of a semconductor laser with optical inj ection.
The tine behavior of solutions of a system of three coupled nonlinear rate equations,
describing the electric field anplitude and the carrier concentration and the phase difference
within the resonator, is discussed both qualitatively and nunerically. W then concentrate on
the periodic orbits that enanate frombbpf bifurcations. Depending on the injection strength
and the phase difference, two types of oscillations can be found, such as relaxation and
periodic oscillations.

Key words: Semconductor, optical injection, laser systemy non-linear dynamics
nethods;

1. Introduction

The first unstable fluctuations instead of continuous vave emssion vere observed in a
continuously punped naser by Mkhov, etc. (1958). The connection between laser and
instabilities was published by Hiken (1975). It was shown that a set of nonlinear differential
equations fromMxwell - Hoch equations for a laser nodel resenbles the Lorentz equations
that are the basic nodel for determnistic chaos. Instabilities in lasers have becone broad
subject in quantumoptics by Boyd, Rayner, and Nrducci (1986) and Wiss, (bdone, and
Qafsson ( 1983) .

In the followng research paper we consider the laser rate equations with an optical
inj ection.

(he of the first studies on the effects of the laser with optical inj ection was carried out
by Sacher et al. (1992). Since then, several papers have discussed the instabilities associated
wth optical injection, nainly Lee et al. (1993), Annovazzi -Lodi, etc. (1994), Sinpson et al.
(1995), Kovanis et al. (1995) and Gavrielide, etc. (1997). The went books chapters by
Farnex&Qorieux (2010), (thida (2012), and Chtsubo (2008) give an excellent overviewof
the dynamcal instabilities in lasers.

The objective of this work is to investigate the effects of nain paraneters, such as
detuning and the injection level on dynamcal behavior of laser systemusing nunerical and
nonlinear dynamcs nethods.

2. Model of semiconductor laser

The emssion in semconductor lasers results fromelectron  — hole reconbination
between energy bands. The dynamcs of the se mconductor laser nodel wth optical inj ection
can be studied by three-dinensional set of ordinary differential equations. These equations
describe the electric field and the nunber of electron -hole pairs in the laser active nedium The
semconductor laser is inj ected with light froman external laser source (naster laser). The laser
that is influenced by the naster laser is called the ‘slave’ laser. The rate equations that describe
the dynamcs of the slave semconductor laser in response to the injected s ignal froma naster
laser can be written as [ 11]:

dR

—=Z7R

— +ncosy (1)

dy .

E:Q—aZ—nslnt///R (2)
T%:P—Z—(H 27)R? (3)

, vhere R- the electric field anplitude, Z - carrier concentration over threshold, , o - the

linewidth enhancenent factor, €2 - detuning frequency ( the frequency difference between the
naster and the slave lasers ), 7- is the ratio of the photon lifetine to the carrier lifetine, P -
punping current, 77- the injection strength, ¥ -the phase difference. Thus, equations (1), (2)

and (3) sinulate the evolution of the anplitude of the electric field, phase difference, carrier
concentration respectively.
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3. Discussion and Results

Let us now examne how changes in the nain control paranete r, such as injection
strength and detuning frequency affect the systemdynamcs behavior.

Uing the approxinate nunerical nethods, in particular the Runge - Kutta fourth order
nethod, ve present the results of nunerical solutions of the rate equations (1), (2), (3) and the
corresponding phase portraits.

(onsider the values of the systemparaneters Q= -0.1, 1=0.01. In this case, the cubic
equation (5) has one real root or one equilibriumpoint of the original differential equations.
The solution is uns table, since the real parts of the eigenvalues of a conplex - conjugate pair of
the characteristic polynomal (13) are positive. The phase space traj ectory and tine responses
confirmthese analytical results (see Fig. 1) as vell.

Raise the value of the injection 1 =0. 03. In this case the cubic equation has three real
roots. According to the eigenvalues of a polynomal, two equilibriumpoints are stable vhereas
the third point is unstable. The saddle-node bifurcation is occurred. The systemperforns the
relaxation oscillations.

(bnsider the value of the inj ection force =0, 04. For a given value of the paraneter
the pair of conplex eigenvalues crosses the inaginary axis. There is a qualitative change in the
phase portrait. The systemgoes to the peri odical node. The curve is a limt cycle in the phase
space of R-y-Z. The Fbpf bifurcation is occurred.

Let us raise the value of the inj ection to the value 1 =0.9. The detuning paraneter is
left unchanged. The saddle node bifurcation is occurred for given values of the paraneters. The
stability of the equilibriumpoint turns back.

(onsider the positive values of the detuning € in particular Q=0. 1 and n=0.01. In
this case, the systemhas one unstable solution. The real parts of the eigenvalues of a conplex -
conj ugate pair of the characteristic polynomal are positive. The tine series and phase portraits
for positive detuning value are plotted in Fig. 2.

Let us see vhat happens if we raise the value of n = 0.04. According to their
eigenvalues all three solutions are unstable again. The reason is that in this case, the leading
coefficient of characteristic equation for positive values of detuning is alvays negative. ( C, =-

1.9984 <0). According to the criterion of Routh — Hurwitz, this condition is not satisfied wth
the condition of stability of equilibriumpoint. Thus, the transitions between relaxation and
periodic oscillations described in Fig. 2. can occur only for negative detuning values.
4. Conclusion

W have studied t he nedel of laser systemwth optical injection using nunerical
analysis. The results fromnunerical calculations show different types of laser dynamcal
behaviors. The transitions fromrelaxation oscillations to a state of periodic oscillations are
observed. The behavior of systemis sensitive to variations in the nain paraneters. Aslight
raise in the paraneter m leads to a qualitative change in the behavior system dynamcs.
A fourth order Runge-Kutta nethod is used to plot the tine integration and phase portraits of
the system It vas observed that for certain paraneters, raising the value of n can bring stability
back. A a result of the sinulation vas also point out that the saddle node and Fbpf
bifurcations are occurred only for negative detuning values.
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