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ABSTRACT  

The linewidth enhancement factor (LWEF) of 
a semiconductor optical amplifier (SOA)  
drastically affects the coherence of the amplified 
beam. Its measurement, however, is complicated 
due to its sensitivity to the underlying SOA 
parameters. As practical SOAs are mostly based 
on multi-quantum-wells (MQWs), this paper 
aims to introduce a robust algorithm that can be 
used to compute the time variation of the LWEF 
of an MQW-SOA. The attained simulation results 
are confirmed with experimental findings. 

INTRODUCTION 

The linewidth enhancement factor (LWEF) of a 
semiconductor optical amplifier (SOA) is a 
measure of the refractive index fluctuations in its 
active medium, which distort the coherence of the 
amplified optical beam [1]. A high LWEF has 
been shown to heavily degrade the signal quality 
in optoelectronic devices, such as frequency-
swept lasers [2-3], where SOAs are used as the 
master component. Due to the involved 
experimental procedure of measuring the LWEF 
[4-5], a systematic computational algorithm is of 
great interest for an accurate estimation of the 
LWEF. Here, we offer a computationally 
straightforward procedure for evaluating the time 
variation of the LWEF through the solution of the
rate equations for the carrier and the photon 
densities in the overall active region, and also 
within each identical quantum-well. 

MODEL 

The LWEF is a ratio of the variations of the real 
and imaginary parts of the electric susceptibility 
against the carrier density  
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(1)  𝑁:𝐶𝑎𝑟𝑟𝑖𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦,𝜒:𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 

𝑚:𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑚𝑎𝑠𝑠,𝜔:𝐴𝑛𝑔.𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝜀0: 𝑃𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦 

𝜔0:𝐴𝑛𝑔. 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑒:𝑈𝑛𝑖𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 

where the transition linewidth 𝛺 depends on the 
carrier lifetime 𝜏𝑐  and the collision time 𝑇𝑐   

𝛺 = (1/𝜏𝑐)+ (1/𝑇𝑐)     (2) 

In an MQW-SOA, the carriers are mostly 
confined in the wells. Thus the carrier lifetime 
and the carrier collision time are computed based 
on the carrier density within the QWs as 𝜏𝑐 =

1/(𝐴 + 𝐵𝑁𝑄𝑊 + 𝐶𝑁𝑄𝑊
2 +𝐷𝑁𝑄𝑊

4.5),  𝑇𝑐 = 𝐾/𝑁𝑄𝑊 

𝐴: 𝐷𝑒𝑓𝑒𝑐𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝑁𝑄𝑊:𝑄𝑊 𝑐𝑎𝑟𝑟𝑖𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

𝐵: 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝐶: 𝐴𝑢𝑔𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

 𝐾: 𝐶𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝐷: 𝐿𝑒𝑎𝑘𝑎𝑔𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

Equations 1-2 are functions of the carrier density 
within the QWs. Therefore, the rate equations for 
the active medium and the QWs are solved 
concurrently as they are coupled to each other  
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𝑆:𝑃ℎ𝑜𝑡𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦,𝑁:𝐶𝑎𝑟𝑟𝑖𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦, 𝐼:𝑃𝑢𝑚𝑝 𝑐𝑢𝑟𝑟𝑒𝑛𝑡     

𝛤:𝑂𝑝𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟,𝑉:𝑉𝑜𝑙𝑢𝑚𝑒, 𝐿:𝐿𝑒𝑛𝑔𝑡ℎ 

𝐺:𝑆𝑚𝑎𝑙𝑙 𝑠𝑖𝑔𝑛𝑎𝑙 𝑔𝑎𝑖𝑛,𝜆: 𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ, 𝑐:𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡     

 𝜉𝑖𝑛: 𝐼𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 𝜏𝑝:𝑃ℎ𝑜𝑡𝑜𝑛 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 

𝛱𝑖𝑛:𝑄𝑊 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦,  𝑛𝑟:𝑅𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑣𝑒 𝑖𝑛𝑑𝑒𝑥 

𝜁: 𝑄𝑊 𝑐𝑎𝑟𝑟𝑖𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜 (0 < 𝜁 < 1) 

𝑁𝑡ℎ : 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑐𝑎𝑟𝑟𝑖𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦,𝑀:𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑄𝑊𝑠 

An accurate model for computing the LWEF as a 
time-invariant constant was developed by Vahala 
et al. [4]. Fig. 1 shows the steady state value of 
the time-dependent LWEF versus frequency 
attained by following the outlined procedure, and 
the frequency variation of the time-independent 
LWEF based on the experimentally confirmed 
analytical formulation by Vahala et al. [4]   

 
Fig. 1.  Comparison of the LWEF variation versus frequency 

based on numerical computation and semiempirical values. 

The steady state values of the LWEF are plotted 
against frequency in Figures 2-3 for different QW 
carrier densities 𝑁𝑄𝑊, and ratios of the active 

region volume to the total volume occupied by 
the wells 𝜅 = 𝑉𝑎𝑐𝑡𝑖𝑣𝑒 /𝑉𝑤𝑒𝑙𝑙 within the operation 
bandwidth of lnP-lnGaAsP MQW-SOAs. The 
LWEF is observed to decrease with increasing 
values of 𝑁𝑄𝑊 and 𝜅, confirming experimental 

observations [1,4].  

𝑉𝑤𝑒𝑙𝑙 = (𝑀× 𝑣𝑤𝑒𝑙𝑙 ),   𝑣𝑤𝑒𝑙𝑙 : 𝑆𝑖𝑛𝑔𝑙𝑒 𝑤𝑒𝑙𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 

 
Fig. 1.  Variation of the LWEF against frequency for 

different carrier densities within the quantum wells. 

 
Fig. 2. Variation of the LWEF against frequency for high 
ratios of the active region volume to the total QW volume. 

   CONCLUSION 

A straightforward computational procedure is 
outlined for estimating the LWEF of an MQW-
SOA in time. The presented procedure enables 
fast computation of the LWEF with high 
accuracy and requires fewer input parameters.  
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