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Abstract  

         Longitudinal mode distribution in distributed feedback laser diode structures 
are studied in the present work .  The  effect of  external  and    internal   reflectors   
are   taken   into   account    in   solving    the eigenvalues  equation for  
propagation constant  that  derived  and solved numerically . The results exhibit 
that the external and internal  reflector’s affect the threshold lasers operation . 
 
 

توزيع الانماط الطوليه في ليزرات ثنائية البلوره ذات التغذيه الاسترجاعيه        
         لعواكس مختلفه

 
 صباح نوري محمد

العراق-البصره-قسم الفيزياء-كلية العلوم-جامعة البصره  
 

  الخلاصة
 ان   ي في البحـث الحـال                   توزيع الانماط الطوليه في ليزرات الثنائية البلوره درست       

               تأثير العواكس الخارجيه والداخليه قد اخـذت بنظـر الاعتبـار عنـد اشـتقاق وحـل معادلـة                  
               ن العـواكس الداخليـــه    لقد اظهرت النتـائج ا    . القيم الذاتيه لثابت الانتشار بالطرائق العدديه       

         .عتبــة الليزر توزيع الانماط الطوليه وعمل اليزات عند حد  ه تؤثر علىوالخارج
 

Introduction 
       Laser diodes are one of the important optical sources in the modern 
optical communication systems, for directly modulated, small structures and 
easy companied with  other electronic circuits ( Osowski  et al  1998) . 
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       The  stability  of   these  structures and  its operation with narrow   
bands are the important features when  used with communication . 
     The stability of longitudinal modes depend on many points . One of these  
are  the  reflector’s inside the laser structure .The reflectors inside the 
distributed feedback (DFB) laser structures are obtained by : 
i) A  periodic   DFB   structure  ( corrugations )  which  is  called   the          
internal reflectors ( Lo and Shiraz 1995)  . 
ii)The  reflectors  that  produced by cleaving along a crystallographic planes 
to produce the parallel surfaces  at  the end  facets and these called the 
external reflector’s ( Glinski  and Makino 1987)  . 
        The physical control of the  relative reflectors-grating  is very difficult 
because of the small   period between the  gratings  for  near IR and  visible 
DFB lasers (Shiraz  and  Chu 1990) .  In   the  present work the  external 
reflector’s  position are contact   with the complete grating   at the end facets  
so  a   phase   will added ,  i .e .,  the  mode  propagate   inside  the  cavity  is  
due  to  the external  reflector’s and  grating . 
      These   reflector’s   play   good   role   in   selecting   the   modes that 
propagate inside the laser cavity and affected the gain threshold of the main 
and side longitudinal modes ( Lee et al 2000 ) .     
     

Theoretical model 
      The model used for our simulation is based on the  traveling coupled-
wave equations (Yu 1997)                        
 
                                                                                                                   (1) 
               
    where A and B are the two fields propagate with opposite velocity 
inside the laser cavity . α  is the amplitude gain coefficient  and  ∆  is the 
mode frequency detuning from the  Bragg condition where         

oββ −=∆ , β and oβ  are the mode wave propagation  constant  and the 
wave  number  at   the Bragg condition respectively andΦ  is the optical 
phase.  Equation  1 has best solution in the form  
                    )exp()exp()( 21 zazazA ηη −+=                                   (2) 
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                   )exp()exp()( 21 zbzbzB ηη +−=                           (3)  
                     
  where   2121 ,,, bandbaa   are  constants  and  can  be  determined by 
            using the boundary conditions  
                    )()0( LBA rρ=                                                 (4) 
 
                    )0()( ALB lρ=                                                 (5)
           where 

rρ  and lρ  are the right and left facets reflectivity of laser structure and L 
is the laser cavity length .. 
       Substituting eqs. (2- 5) into eqn.1 the threshold  condition of the DFB 
laser can be determined  
 
                                       (6) 
              
 
where , 
                     )exp( iii jΦ±= −ρρ      ,  (i= r, l )                     (7)  
 
   From  the  above  analysis  the  complex  wave  constant η  and the 
parameter γ   are satisfying the following expressions 
 
                    ( ) 222 kj +∆−= αη                                         (8)          
                         ∆−+−= jαηγ                                             (9) 
      Equation  6  can  be  solved  numerically  following  the  method 
outline (Duran  etal 1990),  then  the  normalized  gain Lα  and detuning 

L∆ can be obtained .    
 

Simulation results 
  The previous  model has  been tested  for several types  of DFB laser 
diodes where lρ,,Φk  and rρ   are varied .  Figure 1 illustrates  the   
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normalized   gain versus   normalized  detuning  for three  longitudinal    
modes  ( m = 1 , 2  and  3 )  with  :      
    )exp(565. πρρ jr ==l   .  This  figure  shows that for  small     kL      
the  three modes have high  gain which  decreases with  increment  of  kL 
and the  three  modes  propagate  near   ( )2,1, =>∆ kLkLL    but for  ( kL > 
3 )  the  modes   propagate    within    kLL ≅∆  . Its  clear  that   the   
reflector’s   are  more   important    than   the   grating  in determining the 
mode distribution inside the cavity , which mainly determine by the cavity 
dimensions .   
     Figure 2  shows  same  as  in  Fig.1 but  for  DFB  laser  with single            
reflector ( i.e., 0=lρ    and  )exp(565. πρ jr = ) .  The results   exhibit  
increase  in  mode  gain  with respect to that of DFB laser with  two 
reflectors   (Fig.1) ,  and  this   is because  the grating  affected  the  device  
behavior  beside  the   single reflector in  the right end   and still  the  laser 
with small  kL , propagate near  kLL >∆    and    those with  kL>3  
propagate near kLL ≅∆  . 
     Distributed feedback laser without reflector’s 0== rρρ l  are tested  
and  the results are given in  Fig.3 . The  results  show  that the three modes 
propagate with high gain  more   than those  given in Figs 1 and 2 and this is 
because the grating   is  more  important than  the  reflector’s  in  
determining  the  laser  behavior  specially for small value of  kL . For 
compression  propose  ,the mode m=1 for the previous  cases under view 
was plotted  in Fig. 4  . 
      The effect of the reflector’s on the laser operation (i.e single mode or 
multimode operation ) can  be determined by calculating the gain margin : 

12 == −= mm LLL ααδα   where  in  the DFB laser the criteria for single mode  
operation  is  that   25.0>Lδα   . the  gain margin as a function of coupling 
coefficient is listed in Tables 1 , 2  and  3  and plotted in  Fig .5  for three 
cases under view . The results show that DFB laser without reflector’s 
(curve  c) exhibits high gain margin than the other two cases ; curves a and  
b  (  two reflector’s and single reflector , respectively ) .  
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Fig.1 The normalized gain as a function of normalized detuning for different normalized coupling coeffic ient for three modes 

(m=1,m=2 and m=3) propagate inside the DFB laser cavity  with two  external reflectors.
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Fig.2 The normalized gain as a function 
of normalized detuning for different 
normalized coupling coefficient for 
three modes (m=1,m=2 and m=3) 

propagate inside the laser cavity with 
single external reflector.
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Fi g. 3  The  nor ma l z e d ga i n a s a  f unc t i on of  nor ma l i z e d de t uni ng f or  di f f e r e nt  
nor ma l i z e d c oupl i ng c oe f f i c i nt   f or  t hr e e  mode s ( m=1, m=2  a nd m=3 )  pr opa ga t e  

i nsi de  t he  DFB l a se r  c a v i t y  wi t hout  e x t e r na l  r e f l e c t or s

0
0.5

1
1.5

2
2.5

3
3.5

0 5 10 15

Normalized detuning

no
rm

al
iz

ed
 g

ai
n

kL=1

kl=1

kl=1

6

2

2

2

6

5

5

5

4

4

4

3

3

3

10
9
9

9

8
8

8

7

7

7

6
10

10

m=3

m=2

m=1

Fig.4 The normalized gain as a function 
of normalized detuning for different 

normalized coupling coefficient for m=1 
propagate inside the laser cavity with a) 
2 external reflectors b) single external 
reflector c) without external reflectors
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Table 1: Mode gain margin  values  for DFB laser   with   two reflector’s . 
          

 
 
 

Coupling coefficient 
(normalized) 

Main mode 
gain 

(normalized) 

Side mode 
gain 

(normalized)

Gain margin 
(normalized) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

.3938 

.2593 

.1723 

.1187 

.0851 

.0633 

.0486 

.0384 

.0310 

.0255 

.4779 

.3930 

.3197 

.2593 

.2109 

.1727 

.1426 

.1190 

.1002 

.0853 

.0841 

.1337 

.1474 

.1406 

.1258 

.1094 

.0940 

.0806 

.0692 

.0598 

Fig.5 Normalized gain margin as a 
function of normalized coupling 

coefficient for DFB laser diode witth a) 2 
external reflectors b) 1 external 

reflector c) without external reflectors
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Table 2:   Mode gain margin values  for DFB  laser with single reflector . 

 
Table 3 :    Mode gain margin values   for  DFB  laser without  reflector’s . 

 
 

Coupling 
coefficient 

(normalized) 

Main mode 
gain 

(normalized) 

Side mode 
gain 

(normalized) 

Gain margin 
(normalized) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1.0852 
.6393 
.4082 
.2766 
.1970 
.1461 
.1121 
.0882 
.0713 
.0587 

1.4971 
1.0839 
.8280 
.6473 
.5144 
.4148 
.3391 
.2808 
.2354 
.1995 

.4119 

.4446 

.4198 

.3707 

.3174 

.2687 

.2270 

.1926 

.1641 

.1408 

Coupling coefficient 
(normalized) 

Main mode 
gain 

(normalized) 

Side mode gain
(normalized) 

Gain margin 
(normalized) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1.7545 
.9846 
.6226 
.4224 
.3019 
.2247 
.1729 
.1367 
.1105 
.0911 

2.5243 
1.7692 
1.3279 
1.0273 
.8113 
.6518 
.5316 
.4397 
.3682 
.3120 

.7695 

.7846 

.7053 

.6041 

.5094 

.4271 

.3587 

.3030 

.2577 

.2209 
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