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Abstract: 

We present the results of a numerical study of the dynamical behavior of two 

mutually coupled semiconductor lasers.To do so a four- equations model is adopted 

together with injection current pulse shaping of each laser alone together with 

sinusoidal modulation of the injection current of each laser. 

The obtained results revealed varieties of dynamics in all the studied cases, which 

suggest the possibility of safe communication through beating of both lasers signals. 
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 حركيـــات ليـزري شبــه موصــل متبادلـي الأقتـران

مشتاق عبيذ عليوي
(1)

حسه عبذالله سلطان,
(2)

دعاء حسيه هاشم, 
(2)

علي مهذي جخيم, 
(3)

 , 

جاسب عبذالحسيه مشاري
(2)

 

 جايعت ري لاس/ كهٍت انعهٕو/ لسى انفٍزٌاء (1)

 جايعت انبصشة/ كهٍت انخشبٍت نهعهٕو انصشفت/ لسى انفٍزٌاء (2)

 انعشاق. يحافظت ري لاس/ يذٌشٌت انخشبٍت (1)

 

 

 

 :الخلاصــة

َمذو فً ْزا انبحث دساست عذدٌت نهخصشف انحشكً نهٍزسي شبّ يٕصم يخبادنً الألخشاٌ باسخعًال إًَرج  

سباعً انًسخٌٕاث ٔانخحكى بشكم َبضت حٍاس انحمٍ نكم نٍزس عهى حذة ٔعٍ طشٌك حضًٍٍ حٍاس حمٍ  جٍبً 

 .انشكم نكم نٍزس

أضفج انُخائج انًحصهت  انى حشكٍاث يخُٕعت فً كافت انحالاث انًذسٔست ٔإيكاٍَت اسخخذايٓا جًٍعا فً 

 .الأحصالاث اَيُت خصٕصا بعذ يضاسبت خشج انهٍزسٌٍ يعا ٔفً جًٍع انحالاث

 

 

 

 .  نٍزس أشباِ انًٕصلاث، الألخشاٌ انًخبادل، انسٍطشة عهى َبضت انحمٍ، حشكٍاث فٕضٌٕت:الكلمات المفتاحية
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Introduction: 

 Dynamical behavior of delay- coupled semiconductor lasers (SCLs) studies are of 

continuing interest for fundamental and technical curiosities. For the former SCLs are 

an excellent model systems for studying the properties of delay- coupled oscillators 

that occur in many systems, like complex networks [1], excitable layers [2], neural 

networks [3], etc. 

 The delay time arises naturally as a result of the finite propagation time of light from 

one laser to the other. The influence of time delay in the coupling becomes important 

when the delay introduced for example by the spatial distance of the individual 

oscillators is of the same order or larger than the characteristic frequencies of the 

oscillators [4]. 

In coupled SCLs system, an amplitude fluctuation in one laser leads to a carrier 

density fluctuation through amplitude- phase coupling or linewidth enhancement 

factor, 𝛼, in the same laser. The 𝛼 - factor influences several fundamental aspects of 

all SCLs, such as linewidth, the chirp under current modulation and the mode stability 

[5].  

 In the present article we present results of numerical simulation studies of the 

effect of pulse shaping of the injection of SCLs dynamics on each laser alone together 

with the modulation of injection current on the dynamics of each and both lasers at 

the same time. 

 

Mathematical Model:  

The mutually coupled semiconductor lasers were studied numerically by number of 

authors using varieties of theoretical models [6-12]. The following set of equations 

describe the time evolution of the complex, slowly varying electric field of  laser (1) 

and laser (2), E1 and E2 respectively, and the carriers number in both lasers, N1 and N2 

respectively [13]. Both lasers beams enter each laser via the rare mirror of each laser 

while the laser output leave each laser via the output coupler of each laser, is shown in 

fig. (1): 
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Fig. (1): Two coupled semiconductor lasers. 

 

𝐸1
  𝑡 =

1

2
 1 + 𝑖𝛼  𝐺1−𝛾 𝐸1 + 𝑘𝐸2(𝑡 − 𝜏)                                    …(1) 

𝐸2
  𝑡 =

1

2
 1 + 𝑖𝛼  𝐺2−𝛾 𝐸2 + 𝑘𝐸1(𝑡 − 𝜏)                                    …(2) 

𝑁1
  𝑡 =

𝐼

𝑞
− 𝛾𝑒𝑁1 − 𝐺1|𝐸1|2                                                          …(3) 

𝑁2
  𝑡 =

𝐼

𝑞
− 𝛾𝑒𝑁2 − 𝐺2|𝐸2|2                                                          …(4) 

𝛼 ,is the linewidth enhancement factor, 𝛾 is the cavity losses, 𝑘 is the coupling rate 

between the two lasers, 𝜏 is the coupling or delay time, 𝐼 is the injection current of 

each laser (I1=I2=I), q is the electronic charge, 𝛾𝑒  is the carrier decay rate,G1 and G2 

are taken as follows: 

𝐺1 =
𝑔(𝑁1−𝑁𝑡 )

1+𝜖|𝐸1|2                                                                                  …(5) 

𝐺2 =
𝑔(𝑁2−𝑁𝑡 )

1+𝜖|𝐸2|2                                                                                  …(6) 

where g is the differential gain, Nt is the carrier value at transparency and 𝜖 is the gain 

saturation parameter. The coupling delay terms 𝑘𝐸2(𝑡 − 𝜏) and 𝑘𝐸1(𝑡 − 𝜏) are added 

to equations (1) and (2) respectively. 

The dot over E1, E2, N1, N2 represent differentiation with time.  

 In the case of injection current modulation, we have used the sinusoidal form 

of modulation as follows: 

For laser 1:  𝐼1 = 𝐼1𝑑𝑐 + 𝑚1. sin⁡(2𝜋𝑓𝑡)                                        …(7) 

For laser 2:  𝐼2 = 𝐼2𝑑𝑐 + 𝑚2 . sin⁡(2𝜋𝑓𝑡)                                        …(8) 

where I1,2dc are the constant parts of the injection current in laser (1) and (2) 

respectively, m1 and m2 are the ac parts or modulation depth of both lasers injection 

currents respectively and f  is the modulation frequency. 

Simulation results: 
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 To obtain results we have used the fourth order Runge- Kutta method together with 

Matlab system making use of parameter values given in table (1) for lasers parameters 

and table (2) for the injection current (I) and solved the set of equations (1-4).Pulse 

shape is taken as: 

𝐼 = 𝐼𝑜𝑒
(
𝑡−𝑎

𝑏
)𝑐

                                                                                 …(9) 

where Io is the injection current, a,b and c are positive numbers. 

Table (1): Parameters values used in the simulation. 

Description Parameter Value Units 

linewidth enhancement factor 𝛼 3.5 - 

cavity loss 𝛾 288 ns
-1

 

differential gain g 3.2 × 10−6 ns
-1

 

coupling rate k 23 ns
-1

 

carrier decay rate 𝛾𝑒  1.66 ns
-1

 

carrier value at transparency Nt 1.5 × 108 - 

gain saturation parameter 𝜖 5 × 10−7 - 

electronic charge q 1.6 × 10−19 Coul 

delay time 𝜏 4.75 ns 

Table (2): Modulation of injection current parameters. 

Idc 0.065 0.15 0.65      

m 0.01 0.1       

f(Hz) 10
6 

10
7
 10

8
 10

9
 10

10
 10

11
 10

12
 10

13
 

 

The resultes are devided into two parts, in the first the effect of pulse shape on the 

dynamics of intensity produced from the two lasers are studied and in the second the 

effects of injection current modulation on the intensity from both lasers are studied 

too.  

Part one: input pulse shapes are presented in fig.(2) where it can be seen the varieties 

of  injection pulses that can be produced electronically depending on the parameters 

(a) and (b) which represents time in unit of nanosecond and the third parameter c wich 

is dimensionless. 

These pulses were used to represents the injection current of both lasers, to laser 1 

first only then to laser 2 only, the results of both are shown in fig.(3) and fig.(4) 
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respectively. The application of these pulses have led to varieties of laser signals in 

comparison to the case of dc injection current to both lasers (not shown). This happen 

to laser 1 only then to laser 2.  

When this method is applied to both lasers at the same time should lead to new 

complexsignals, which can be used in various applications especially in 

communications.  

Part two: the dynamics of the two lasers are investigated under the injection current 

modulation given in equations (7) and (8). Each injection current which vary with 

time since the ac part of it is written in a sinusoidal form. Figs.(5-7) shows varieties of 

dynemics by modulating the injection current of laser 1 only while figs. (8-11) are for 

the modulating of laser 2 current only. Even for low dc current and ac one both lasers 

intensity shows chaos in the frequency range 1012 − 1014𝐻𝑧 (fig 5(c,d,e)). Another 

forms of laser intensity appears for high 𝐼𝑎𝑐  values and frequncy range ( 107 −

1014𝐻𝑧) and even for higher 𝐼𝑑𝑐  and 𝐼𝑎𝑐 . All this occurs for both lasers signals. Self-

pulsing occurs too (fig 5(a), fig6(a), fig7(c and d) and so on in all figures). In the two 

modulation cases i.e for laser 1 or laser 2 alone each times both lasers signal affected 

alot by the modulation of the injection current in comparison with no modulation 

case. 
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Fig(2): Injection pulse shape for the combination(a,b,c): 

(1): (2.49 × 10−9, 2.5 × 10−9, 0.5), (2): (2.49 × 10−9, 2.5 × 10−9, 0.7), (3): (2.49 ×

10−9, 2.5 × 10−9, 1),     (4): (2.49 × 10−9, 2.5 × 10−9, 2), (5): (2.49 × 10−9, 2.5 ×

10−9, 3), (6): (2.49 × 10−9, 2.5 × 10−9, 4),  (7): (2.49 × 10−9, 2.5 × 10−9, 30), (8): 

(2.49 × 10−7 , 2.5 × 10−7, 90), (9): (2.49 × 10−1, 2.5 × 10−1, 90). 
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Fig(3): In each figure(1-9), left coloum is the, laser(1) signal, right coloum, laser (2) 

signal for parameters values given table (1) with injection signal shown in fig.(2) in 

same sequence as the input current signal. In injection current given in eq(3) only. 
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Conclusions: 

 Introducing of various types of injection current signal to two mutually coupled 

semiconductor lasers leds to new dynamics of the high intensity extracted from both 

lasers. Modulating the injection current of each laser alone leds to dynamics in the 

shape of self-pulsing or breathing and chaos.  
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