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Abstract - A new formula for line form inside and outside 
laser is derived. The linewidth is calculated on the basis of 
the derived formula for the line form. Our simulation of the 
linewidth for three Fabry-Perot lasers allows explaining all 
known to us experimental measurements of semiconductor 
laser natural linewidth. 

I. INTRODUCTION 

The problem of natural linewidth in semiconductor lasers 
is of fundamental importance both theoretically and 
practically (narrow linewidth lasers are in great demand in 
coherent optical communication systems [1]). The 
measurements of natural linewidth for high power lasers: 
GalnAs/GalnAsP (SCH), (QW), (DFB LDs) lasers [1],  
gain-guided V-groove laser and oxide stripe laser [2],  
DFB Lasers [3-5], VCSEL laser [6], microcavity laser 
[7]  and Fabry-Perot lasers [8-9] have shown various 
functional deviations from Schawlow-Townes formula for 
natural linewidth Δν  for one mode (the main of which is 
minimum of function Δν =F(1/ P ), P is output power). 
The primary goal is to develop a theoretical model which 
allows explaining all known experimental measurements 
of semiconductor laser natural linewidth and simulation 
of three semiconductor lasers. Another goal is to calculate 
line forms versus frequency for some values of power. 

II. A NEW FORMULA for the LINE FORM  

Our approach to the problem is based on the following 
basic concepts: a laser model distributed in space; an 
experimentally measured dependence of the refractive 
index of the laser active zone on the electric field intensity 
E. From experiments [10] it follows that  

n = n0 +n1(ω) E +n2(ω)E2.                     (1) 

The formula (1) will be used for deriving the line form 
and natural linewidth of the mode, basing on the 
representations of t creating a laser line form as a result of 
superposition of spontaneous radiation on laser radiation 
studied by a special method of the spectral theory of 
stochastic processes [11] which is developed in the 
present paper. In our paper, the formula for the line form 
for radiation inside the laser is derived as  
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where SA  is a spontaneous fluctuation amplitude; ∆t is the 
average time between two acts of emission of spontaneous 
fluctuations, m is the number of mode; for Fabry-Perot 
lasers 
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where Lz is the length of laser, c the light velocity. A 
formula for laser form, differing from (2) in that 0AB = , 
was proposed in [11]. But the calculations made in the 
paper have shown that AB  defining the peak fluctuations 
influences the natural linewidth. Hence it is impossible to 
neglect AB . If ϕ =0, a general expression for the line form 
(2) takes the form of Lorentz line, where natural linewidth 
is Δω = 2

SA /2∆tE2; it is a modification of Schawlow-
Townes formula [12]. The calculations made for one 
model of transmission coefficient have shown an 
insignificant change in the natural linewidth and the line 
center outside the laser. Therefore the line form looks like 
(2). Formulas for parameters (3) are derived. 

III. СALCULATIONS of LINE FORM 
 and NATURAL LINEWIDTH 

The intention in this section is to simulate the natural 
linewidth Δν  versus inverse power (1/P) for three lasers 
(see Fig.1, 3): possessing very small Δν  (SCH laser, see 
Fig.3. in [1]) and possessing very large Δν  (V-groove 
and oxide stripe lasers, see Fig.2. in [2]). Another goal is 
to calculate line forms versus frequency ν=(ω-ω0)/2π for 
some values 1/Pk (see Fig.2). We present some 
calculations for Fabry-Perot (p-GaAs) - laser with 
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Fig.1. Calculated natural linewidth Δν  versus inverse power (1/P) 
simulates experimental natural linewidth (SCH laser, see Fig.3 in [1])  
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the following model parameters: C is the acceptor with 
concentration Na=21018cm-3; T=293K; (Lx:Ly:Lz)= 
(0.2μm:20μm:350μm); R1=0,99; R2=0,01. Selecting 
other parameters, we can present the results of the 
experimental natural linewidth simulation (see Fig.3 in 
[1] and Fig.2 in [2]) in Fig.1, 3 respectively. The line 
forms ( )L ν  versus frequency ν  for some values (1/Pk) 
from Fig.1 are transformed into one amplitude. These are 
presented in Fig.2. 

 
 
Fig.2. Calculated laser line forms versus frequency ν=(ω-ω0)/2π for 

some values 1/Pk (from Fig.1): a) (1/Pa)=0,3(mW-1); aΔν = 1,72 (MHz); 

b) (1/Pb)=0,05(mW-1); bΔν = 3,05 (MHz); 

c) (1/Pc)= 0,025(mW-1); cΔν = 4,24 (MHz). 
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Fig.3. Calculated natural linewidth Δν  versus inverse power (1/P) 
simulates experimental natural linewidth (see Fig.2 in [2]). 
 
Comparison of the calculated natural linewidth (Fig.1,3) 
with the experimental natural linewidth (see Fig.3 in [1] 
and Fig.2 in [2]) shows their good fit.  

IV. EXPLANATION of EXPERIMENTS 

1. Thus, simulation of experimental measurements of 
natural linewidth for the Fabry-Perot semiconductor laser 
has been conducted and presented in Fig.1, 2. In view of 
generality of physical background for deriving (2) for 
different types of lasers it is possible to ascertain 
qualitative generality of the obtained simulation results 
of Fabry-Perot lasers for other types of lasers. It allows us 
to explain the behavior of all known experimental 
measurements of semiconductor laser natural linewidth 
which have a minimum [1-8] within the framework of our 
theoretical model. 

2. We can explain the minimum, basing on the formulas 
(2) – (4) derived: the influence of phase perturbations of 
spontaneous radiation decreases with the growth of power 
(see (3) for PA ); the influence of amplitude perturbations 
of spontaneous radiation increases with the growth of 
power (see (3) for AB ); their influence is identical for 
some (1/P)min.  
3. Our model may serve as a basis for simulation of 
experimental measurements of semiconductor laser 
natural linewidth. The first examples of simulation 
Δν =F(1/ P ) (small Δν  [1] and large Δν  [2]) are 
presented in this paper. Comparison of the calculated 
natural linewidth with the experimental natural linewidth 
shows their close agreement. 
4. Recommendations for the decrease of Δν on the basis 
of the developed theory and simulation conducted have 
been worked out. The potential for elaborating further 
recommendations has not been exhausted. 
5. We suggest that experimenters measure ( )L ν  and 
compare it with the calculated ( )L ν  by way of (2).  
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