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Abstract— Semiconductor optical amplifier (SOA) is an excellent choice for wavelength conversion. This paper 
demonstrates the application of travelling wave SOA as a wavelength converter using non-linear four-wave mixing effect. 
Simulation results are derived to demonstrate the effect of frequency conversion with detuning between input signal and 
pump frequencies. 
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I. INTRODUCTION 
 
Coherent wave mixing relies on the principle of four-
wave mixing (FWM) and difference frequency 
generation (DFG) in a nonlinear optical medium[1]. 
In these mechanisms, when two or more optical 
signals interact with each other in a nonlinear 
medium they generate new signals. The intensity of 
the newly generated signals is dependent on the 
intensities of the interacting signals whereas the 
phase and the frequency of the newly generated 
signals are the linear combination of the signals 
present in the wave mixing and thereby information 
contained in the signal component (i.e. intensity, 
frequency, phase or polarization) is preserved. 
Several physical phenomena can generate FWM in 
SOA. When detuning at the order of several GHz, the 
main mechanism is the carrier density pulsation 
induced by the signal-pump beating. The carrier 
density pulsation appears because of the stimulated 
emission. SOA component can handle generation 
mechanism of FWM. For higher values of detuning, 
carrier pulsation is no longer effective, and FWM is 
created from two fast intra-band relaxation processes 
namely spectral hole burning and carrier heating. As 
their characteristic times are of the order of hundreds 
of femtoseconds, they become important for values of 
detuning greater than 1THz [2].  
The FWM process generates optical signals whose 
properties are dependent on the frequencies and the 
amplitudes of the interacting signals,it is therefore 
possible to generate more than one desired output 
signal when more than one CW probe signal is used 
in the wave length conversion process[3]. The same 
information contained in the input at one signal 
wavelength can be transferred to several wavelengths 
using simultaneous multiple-wavelength conversion, 
a unique property useful in optical switching 
networks where identical copies of information may 
be required for different destinations.  
Wavelength converters are widely used in wavelength 
division multiplexed networks for the simultaneous 
generation of wavelengths where different 

wavelength bands each comprising several channels 
are simultaneously converted to the desired output 
wavelengths [4,5]. The main advantage of frequency 
conversion based on FWM is independence of the 
modulation format and the bit rate. An additional 
advantage of this technique is the inversion of the 
signal spectrum and the resulting reversal of the 
frequency chirp. This property can be used to achieve 
dispersion compensation [6]. However, the FWM 
based converter has limitation in low conversion 
efficiency, which is quite low.A simulation study of 
generating new frequencies using FWM phenomenon 
in SOA is presented here. Two CW signals, one input 
signal(휔in) at 192.0 THz and another pump 
signal(휔p) at 192.1 THz are injected into a typical 
SOA. At the output, two new frequencies 휔Rand 휔L 
are generated and amplified subsequently using 
second SOA with identical parameters with that of 
the first one. 
 
II. BASIC EQUATIONS 
 
Two CW signals- 휔in at 192.0 THz and휔p at 192.1 
THz are injected into a SOA. Following two new 
frequencies 휔Rand 휔L are generated 

 
 

where,휔p is the frequency of the input pump and 휔inis 
the frequency of input signal and their difference = 
휔p-	휔in.  
 
When light is injected in to the SOA, changes occur 
in the carrier and photon densities within the active 
region of the SOA. The gain medium is described by 
the material gain co-efficient g(per unit length) which 
is dependent on the carrier density (Ni ) and carrier 
density at transparency (N0) [7], and given as, 
 

 
where, N0  is the  carrier density at transparency, Ni is 
initial carrier density and σ  is differential gain. Net 
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gain co-efficient (per unit length) is related with g as 
given, 

 
 
Where Г is optical confinement factor, and 휎  is loss 
parameter (in per unit length) of SOA. Therefore 
amplification factor G0 for the length L is given by 

 
 
Thecarrier lifetime(tc) depends on the physical 
parameters of SOA, namely  surface and defect 
recombination coefficient(A), radiative 
recombination coefficient(B), Auger recombination 
coefficient(C) and initial carrier density(Ni) [8] and 
given as, 
 

 
 
III. SIMULATION LAYOUT 
 
In Figure 1, two CW signals with 1 mW power each 
and carrier frequencies 192.0 and 192.1 THz (without 
line widths, initial phases, and polarizations) are 
multiplexed using WDM Mux 2x1. The multiplexed 
signal is amplified by 1st TW-SOA.Parameters 
settings of the SOA are shown in Table 1. The 2nd 
TW-SOA with identical parameters is used to 
improve the newly generated frequency atwR. 
 

 
Figure 1: Simulationlayout 

 
Table 2. Physical Parameters of SOA for wavelength 

conversion using FWM 

 

 
 
IV. RESULTS AND DISCUSSIONS 
 
Calculated values of carrier life time(tC) and 
amplification factor (G0) are 1.4 ns and 15 dB 
respectively. Figure 2 shows initial signals at 192.0 
THz and 192.1 THz after the WDM Mux 2x1 and 
Figure 3 shows the signalsafter the first SOA.  

 

 
Figure 2: Initial signals WDM Mux 2x1 

  

 
Figure 3: Signal power after the first SOA 

 
As shown in Figure 3, two new frequencies at 191.9 
THz and 192.2 THz are generated which are placed 
on the left hand side of 192.0 THz and right hand side 
of 192.1 THz respectively. The placing of these 
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frequencies in the frequency plane are as per the 
equations (1) and (2) as expected. 
Demux 1x2, separates the frequencies into 192.1 THz 
and 192.2 THz.Figure 4 shows the spectrum in at 
192.1 THz after de-multiplexing. An improvednewly 
generated signal at 192.2 THz is obtained using the 
2ndSOA with identical physical parameters as that of 
1st one. Figure 5 shows the improved signal at 192.2 
THz. The signal power is comparable with the initial 
CW signal at 192.0 THz or 192.1 THz after 
amplification. 
 

 
Figure 4: Channel spectra at 192.1 THz after  

de-multiplexing 
 

 
Figure 5: Improved signal generated at 192.2 THz 

CONCLUSION 
 
A simulation study of generating new frequencies 
using FWM phenomenon in SOA is reported where 
two CW signals, at 192.0 THz and at 192.1 THz have 
been used to generate new frequencies at 191.9 THz 
and 192.2 THz based on nonlinear FWM in TW-
SOA.  Results obtained are in accordance with the 
theoretical calculation. The detuning at GHz range is 
responsible for FWM and consequent generation of 
new frequencies as SOA is a good choice in exciting 
FWM in GHz range. The simulation can be extended 
for generating other multiple frequencies as well, 
keeping in view its wide application in WDM system. 
The conversion can also be studied using different 
input data format as well as different bit rates which 
may be taken up as future study. 
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