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Abstract 
 

The behavior of the dynamics of semiconductor laser is investigated by simulation 

and solving numerically the laser rate equations for photon and carrier densities. The rate 

equations take into account various system parameters such as gain compression factor 

and carrier recombination mechanisms. The simulation results reviled a step power 

response and carrier density for various cavity length and facet reflectivity of 

semiconductor laser. 

 

 

 

 الخلاصة

 

درسنا تصرننديتدما ية ةنزت ةنن رتصن بتيسطننمتاساسنوزتيل انن دت ا لنمتا اننعدلت كان د اتا كاننع ت     نزتا  سصس نن ات

يانن د اتا كاننع تصباننستا  لصنن  ات طننمتظا طنندتا كاةسيننزتا ك اسظننزتي ننمتظ يننمتا نندا تا كا نن  ت.ت حنن ي اتا نننلازت

ت. ية   ة ةزتأظ ددتاصل دتح ي اتا نلازت

أظهننداتاسنن   ازتا  ننعردتا ووسمننزت ا   ننزتحنن ي اتا نننلازت كو ةننمتأعننسا تا   ننسدت تا ا  سننةزت  نن  اتا كل انن دتت

ت.ا سجبت ةة رتص زتا كسطمت
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I. Introduction 

Semiconductor lasers are not very different in principle from the light emitting diodes. 

A p-n junction the active medium, thus to obtain  laser action we need only meet the other 

necessary requirement  of population inversion and optical feedback [1]. To obtain simulated 

emission, there must be a region of the device where there are many excited electrons and 

holes present together [2].This is achieved by forward biasing a junction formed from very 

heavily doped n and p material therefore, where semiconductor regions with high doping 

densities are used in the diode structure the semiconductor regions are said to be degenerated 

[3].The Fermi level is located above the bottom of the conduction band in the n-type side and 

at the top of the valence band in the p-type side. when the p-n junction is formed by using this  

degenerate material the band structure is in equilibrium. when a forward bias is applied to this 

degenerate diode, the potential hill is occurs. this process occurs because the electrons in the 

conduction band lose energy by dropping into a holes in valence band, this energy shows up 

as a photo of energy hυ [4]. When the large photo density is built up many of these 

transitions, the process is accelerated because of the stimulated emission, and, with reflection 

feedback occurring, laser action sets in [2]. 

II. Theory 

A. Single-Mode Laser Rate Equation  

    The single –mode rate equation for a semiconductor laser can be describe as [5]. 

p

P
spVdt

dP
RGP  

  (1) 
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c

N
qV
I

dt
dN
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   (2) 

P: photons density in the active layer. 

N: Carriers density in the active layer. 

τp: photon lifetime. 

τc: Carrier lifetime. 

I:  Injected current . 

q : Electron charge =1.6x10
-19

 C. 

Nt: Transparency value of carrier density. 

V: Active layer volume. 

G: Net rate of stimulated emission. 

Rsp: Rate of spontaneous emission coupled to the lasing mode. 
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Γ :Optical confinement factor. 

              The net rate of stimulated emission is 

mg gG    (3) 

Where υg is group velocity and gm is the material gain at the mode frequency, gm varies 

linearly with N 

)( tm NNag    (4) 

Where(a) is the differential gain coefficient .Therefore G can expressed as 

)1)(( pNNGG tN    (5) 

Where έ is parameter characterizes the strength of the material gain nonlinearity, and GN can 

be defined as. 

. aG gN    (6) 

The net rate of stimulated emission and the rate of spontaneous emission coupled to the lasing 

mode Rsp are related by. 

GnR spsp         (7)   

Where nsp is the spontaneous emission factor . 

      The photon lifetime τp  is related to the cavity loss αc.the cavity loss can be splitted into 

two components :mirror loss αm and internal loss αp. 

                                    mic aaa   

                               
21

1
2
1 ln

RRLia    (8) 

Where R1R2 is the facet reflectivity and L is the effective length of the lasing mode.The 

photon lifetime τp can be expressed as 

))ln((

11

21

1
2
1

RRLigcg aap 


   (9) 

It is worth to note here that τc is carrier dependent according to the relation 

22

1

CNBNAc 
   (10) 

A: Nonradiative coefficient . 

B: Radiative coefficient . 
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C: Auger recombination coefficient. 

B. Threshold values 

To  calculate the threshold carrier population Nth and the threshold current      Ith, the 

following points are followed. 

1- The derivation in eqns. (1)and (2) are set to zero. 

2- The gain is set equal to the losses. 

            
p

G

1    (11) 

3- In order to get a particularly simple from of expressions for Nth and Ith, the 

spontaneous emission coupled to the lasing mode is neglecting (i.e Rsp=0).  From 

eqns.(1)and(2) 

 
c

thVN

th qI              (12) 

    From eqn.(11) 

     
pNGtth NN 

1         (13) 

    So the threshold current is then given 

 
pNc Gt

qV

th NI 
1   (14) 

C. Steady-State Solution 

The steady state solution can be obtained by setting dP/dt and dN/dt to zero in eqns.(1) 

and (2) 
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  (15) 

 


 GPN

c
qVI    (16) 

When the laser operate above threshold, the carrier population is approximately clamped 

on Nth,then eqn.(16) can be written as 

GPII
qV

th 
   (17) 

Then 

 thqV
IIP p 


       (18) 

When G is set to 1/τp.This equation indicates clearly that the photon population 

increases linearly with the current I. The emitted power Pe from the front facet R1 is given by 

(6). 
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hvaPP mg
V

e int
   (19-a) 

 
2

1
2
1 ln

RRLma    (19-b) 

Where hυ is the photon energy and ŋint is the internal quantum efficiency. When R1=R2, 

then eqn.(19-a) is written as(7) 

hvaPP mg
V

e int2
   (20) 

Substituting eqns.(9) and(18) into.(20),yields 

 thdq
hv

e IIP  
2

  (21) 

Where ŋdis the differential efficiency. 

 

III.  Results and discussion 

A-Laser Static Characteristics 

Figure(1) shows the dependence of the threshold current Ith on laser cavity length L for 

two values of facet reflectivity R1(=R2)= 0.32  and  0.8. The threshold current increases 

almost linearly with L.At L =300µm, L=500µm,Ith=40.6 and 58.4 mA, respectively, when 

R1(=R2)=0.32.The threshold current reduces to 29.9 and 48.2 mA, respectively, when 

R1(=R2)=0.8.                                    

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1) Dependence of threshold current on cavity length 
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Figure(2) shows the dependence of Ith on  facet reflectivity for two values of 

L=300µm.The threshold current decrease strongly with R.The results in Fig.(1) and (2) can be 

explained with aid of eqn.(3.14).This equation can be rewritten as. 

  212
ln RRLNI
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c G
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    (22) 

This expression reveals that Ith increase linearly with L and decreases with In(R1R2).This 

results hold true when is assumed independent of . 

 

 

 

 

 

 

 

 

 

 

 

 

B- Laser Step Response 

This  section present simulation results for the dynamics of a semiconductor .The results 

are obtained by solving numerically the laser rate eqns. (1) and (2) using fourth- order rung-

kutta method. 

Figures(3-a) and(3-b) show, the power dynamic response of the laser in the absence and 

presence of the gain compression  factor respectively .The laser current is assumed to be a 

step function (switched from Ioff to Ion at t=o).The results in the these figures indicate clearly 

that the presence of the compression factor in the model will damp the transient response. 

When the laser dynamics settled down, the output power approaches (34.4mW) for both 

cases. 
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Fig.(2) Dependence of threshold current on facet reflectivity 
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The calculation is repeated for L=500µm,and the results are depicted in Figs.(4-a) and 

(4-b) .Note that increasing L from 300µm to 500µm reduces the overshoot peak, this is 

illustrated in Table (1) when έ is absent and present ,respectively. 
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Fig.(3) Step power response of 300 µm  (a) E=0   (b) E=1.5E -17 cm3 
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Table (1) Overshoot Power With Cavity Length 

Cavity Length  L (mm) 

Overshoot Power (mw) 

E=0 E=1.5E-17 cm
+3

 

300 235.2 96.8 

500 213.1 91.5 
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Fig.(4) Step power response of 500 µm  (a) E=0   (b) E=1.5E -17 cm3 
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Figures(5-a) and(5-b) examine, respectively, the laser dynamic when L=300µm and 

R1=R2=0.8 in the absence and present of the gain compression factor έ. Increasing R reduces 

the output power without affecting much to the dynamic behavior. 
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Fig.(5)  Step power response of 300 µm when R1=R2=0.8 (a) E=0   

(b) E=1.5E -17 cm3 
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  Figures (6 – 8) show the carrier dynamic response corresponding to the  Figs(3 -

5),respectively. Investigating these figures reveals the finding. 

1- The initial carrier density is equal to the threshold value Nth, since Ioff=Ith is used in the 

simulation .Nth is equal to 1.644 E18 cm
-3

 when L=300µm and R1=R2=0.32.The value 

of Nth reduces  to 1.475E18cm
-3

 when R1=R2  increase to 0.8. 
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Fig(6)  Step carrier response density of a 300 µm-laser                                                           

(a) E=0 (b) E=1.5 E -17 cm3 
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When the laser dynamic settled down, the threshold carrier density is approximately 

clamed to Nth. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2
x 10

18

Time (ns)

C
a
rr

ie
r 

d
e
n
s
it
y
 (

c
m

-3
)

-a- 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1.4

1.5

1.6

1.7

1.8

1.9

2
x 10

18

Time (ns)

C
a
rr

ie
r 

d
e
n
s
it
y
 (

c
m

-3
)

-b- 

Fig.(7) Step carrier response density of a 500 µm-laser                                                                   

(a) E=0 (b) E=1.5 E -17 cm3 
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Fig.(8) Step carrier density response of a 300 µm-laser when                                  

R1=R2=0.8 (a) E=0 (b) E=1.5 E -17 cm3 
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Conclusion 

 

Simulated results have been presented the dynamic characteristic of a       scenario laser 

operating so the main conclusions drawn from this study are: 

1. This expression reveals that Ith increases linearly with L and decreases with 

In(R1R2).This results true when τc is assumed independent of L. 

2. The results indicate clearly that the presence of the compression factor in the model 

will damp the transient response. When the laser dynamic settled down ,the output 

power is the same for both cases. 

3. When increasing the cavity length peak power overshoot was reduced. The output 

power was reduced when increasing the facet reflectivity without affecting much to 

the dynamic behavior. 

4. The initial carrier density is equal to the threshold value Nth. 
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