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Abstract- The aim of this work is to realize wavelength conversion process based on four-wave mixing technique utilizing 
commercial traveling wave/wide-band traveling wave/reflective semiconductor optical amplifiers. Based on FWM 
specifications as compared with the other techniques, FWM technique is considered the preferable choice in the trial of 
enhancing the wave length converter performance. A comparison between traveling wave semiconductor optical amplifier 
(TW-SOA), wide band traveling wave semiconductor optical amplifier (WB-TW-SOA) and reflective semiconductor optical 
amplifier (RSOA) are presented. In the proposed scheme, we perform optimization for the parameters of four stages 
wavelength conversion, so that to enhance the bit-error-rate in case of using three different commercial SOAs. Based on the 
simulation results, bit-error-rate performance less than 10-12 at 40 Gbit/s is achieved for conversion up to 35 nm as a 
conversion range for three different commercial SOAs, covering the most conventional optical band (C-band).  
 
Keywords- Four wave-mixing (FWM), Traveling wave semiconductor optical amplifier (TW-SOA), Wide band traveling 
wave semiconductor optical amplifier (WB-TW-SOA), Reflective semiconductor optical amplifier (RSOA). 
 
I. INTRODUCTION 
 
Improvement of signal wavelengths and wavelength 
blocking avoidance is needed for the future 
wavelength-division multiplexing (WDM) 
transmission systems. These are the main features of 
all-optical wavelength converters (AOWCs) [1], [2]. 
Ultra-wide and photonic network utilizing the entire 
low-loss bandwidth of silica optical fiber have a 
growing interest as they provide a variety of 
communication services to larger network areas and 
individual clients [3]. The flexibility of wavelength 
hoping in such a wide wavelength rang is the 
responsibility of AOWCs, therefore, it is important to 
develop and implement broadband AOWCs.           
      Semiconductor Optical Amplifiers (SOAs) are 
considered the key components in all optical signal-
processing functions required for WDM-DWDM 
networks. The amplifier input signals are inducing a 
carrier density changes resulting in a nonlinearities of 
SOA. For utilizing these SOA nonlinearities, many 
functions controlling these processes, some of these 
functions are: 1) wavelength converters [4], 2) optical 
logic-gates [5], 3) bit-comparators [6], 4) all-optical-
switching [7], 5) 3R regenerators [8] and 6) routing 
[9]. 
SOA-based AOWCs have some advantages such as 
low power consumption and compact size [10]. A 
number of approaches based on various nonlinear 
effects have already been demonstrated [11], [12], 
[13]. 
The four main types of nonlinearity are: Cross gain 
modulation (XGM), Cross phase modulation (XPM), 
Self-phase modulation (SPM) and Four-wave mixing 
(FWM) [14]. FWM has the following merits over 
XPM and SPM : 1) utilizing ultra-fast intra-band 

nonlinearities in semiconductor optical amplifiers 
(SOAs), 2) independent of the bit rate, 3) modulation 
format transparency, 4) minimum degradation in 
system performance for a single SOA wavelength 
converter, and 5) None pulse broadening shape [15], 
[16]. However, this technique suffers from low 
conversion efficiency, polarization sensitivity and the 
frequency shift dependent conversion efficiency [16]. 
In a conclusion, FWM can be an effective choice in 
designing and testing high performance all-optical 
SOA based wavelength converter as will be shown in 
this work. In this work, four cascaded stages of SOA 
wavelength converter based on FWM technique are 
evaluated. Commercial SOAs, namely, Traveling-
Wave/Wide-band Traveling-Wave/Reflective 
Semiconductor Optical amplifiers are used in 
simulations and optimizations. Optimization 
parametric process is carried targeting unique BER; 
with acceptable issues for overall system concerning 
conversion efficiency, converter complexity and 
injection current level. All the results are extract 
using OptiSystem simulator V7. This work is 
organized as follows: Section II provides a review on 
physics of FWM and the general SOA-based 
wavelength converter architecture using FWM. A 
detailed description for the simulation setup and its 
components/parameters is presented in section III. 
Results of the designed wavelength converter using 
three commercial SOAs based on FWM non-linearity 
technique are discussed in section IV. Finally, a 
conclusion of this work is stated in section V. 
 
II. SOA-BASED WAVELENGTH CONVERTER 
 
Figure 1 is a schematic diagram that shows four-wave 
mixing in the frequency domain. It can be seen that 
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we have two signals. One is called pump signal and 
the other one is probe signal, that are injected in  the 
semiconductor optical amplifier and the output is 
shown in figure 1. The idler frequency fidler may then 
be determined by: 

 
Where: fp is the frequency of the degenerated 
pumping wave [17]. This condition is called the 
frequency phase - matching condition and will be a 
key concept for the first and second wavelength 
conversion stages as shown in Fig. 2. 

 
Fig.1. Schematic of Four-Wave Mixing in the frequency 
domain for two channel pump wave, adapted from [18]. 

 
Fig.2. General block diagram for the single SOA-based 

wavelength converter, adapted from [18]. 
 
Figure 2 illustrates a general block diagram for the 
proposed single stage SOA-based wavelength 
converter that utilizes FWM technique. Probing and 
pumping signals are combined together at the input 
stage. Then, two input signals (Po and P1) undergo 
processing in FWM module at the conversion stage, 
producing two converted signals at two new 
wavelength channels carrying the same data contents 
at the probe signal wavelength. The selection of the 
preferable converted signal is processed through 
filtering using an optical band pass filter. Finally, at 
output stage, the converted wavelength will be carried 
out at the same data of the probing signal with BER 
and Q-factor measurements. 
 
III. PROPOSED SCHEMCE 
 
In order to successively achieve our target of 
covering C-band, as FWM technique not support high 
conversion range using only single stage[19] and the 
cascading  method characterized with simplicity and 
low complexity[19]. So, our contribution 
concentrated on utilizing the previously mentioned 
advantages of cascaded method in addition to FWM 
technique as possible and that's achieved by repeating 

the single stage of wavelength converter four times 
based on cascading form aiming the coverage of C-
band.  
Four stages wavelength converter operations can be 
realized by using proposed setup shown in figure 3. 
The values of the components/parameters  that is used 
to simulate the proposed wavelength converter are 
listed in Tables 1-3 [19], [20]. 

 
Fig.3. Proposed setup for wavelength conversion. PC: 

Polarization Controller, OBPF: Optical Band-Pass Filter, 
MZI: MOD: LiNbO3 Mach–Zehnder Modulator, SOA: 

Semiconductor Optical Amplifier, P-RBSR: Pseudo-Random 
Bit Signal Generator, NRZ: Non-Return to Zero, DEMUX: 

Demultiplxer, adapted from [18]. 
 

Table 1: Input Stage Components, Parameters and Values 

 
 

Table 2: Output Stage Components, Parameters and Values 
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Table 3: Wavelength Converter Components, Parameters and 
Values 

 
 
The output signals of the first wavelength converter 
stage are continuous wave lasers. A LiNob3-
mahzander modulator with NRZ data format is used 
to modulate the probing signal (Po) by a 210-1 bit 
sequence at 40 Gbit/s. The modulated probing signal 
is combined with the pumping signal (P1) using via 
a3-dB coupler. The polarization of the pumping and 
probing signals need to be matched with the TE 
polarization of the SOA and this operation is done by 
using mechanical polarization controllers. FWM 
medium that consists of 0.6mm long trade 
semiconductor optical amplifier (SOA-1) operating at 
injection current varied from 200 to 600 mA is the 

next station for the combined signal [20]. The output 
signal of SOA-1 isolated through a WDM-DEMUX 
then deviled to SOA-2 that amplify the output signal 
then before it get filtered through OBPF. As OBPF is 
the last station for the signal in the single stage 
wavelength converter, the output of that OBPF will 
pass through the next three identical wavelength 
converter stages that will repeat the previous 
mentioned process. A photo-detector(p-i-n) is used to 
received signal is measured through a bit- error rate 
(BER) analyzer in order the extract the Q-factor and 
BER.     
 
IV. RESULTS AND DISCUSSION 
 
Bit-error rate (BER) and Q-factor, based on 
optimization studies (i.e. pumping/probing signals 
powers) for the designed wavelength converter, are 
measured and tested to show the efficiency of the 
proposed design using three types of commercial 
Semiconductor Optical amplifier at 40 Gbit/s. Full 
simulation results that sense the wavelength 
conversion operation of the proposed design after 
applying recommendations are presented from the 
optimization study at 40 Gbit/s. 
 
A. Optimization Process 
The proposed four stage wave converter technique is 
applied to the three SOAs commercial types (i.e. 
traveling wave, wide band traveling wave and 
reflective semiconductor optical amplifier) with an 
optimum value of the probing and pumping powers to 
achieve a unique BER and Q-factor. Noticing that, 
the power levels that will be optimized must lay 
within the well-known ranges proposed by the 
famous literatures [15], [21-23] that states that 
probing signal power is ranged from -3 to 0dBm 
while the values of the pumping signal power from 0 
to 7dBm. 
Firstly, the effect of the pumping signals with respect 
to BER/Q-factor are investigated under the variation 
of probing signal (P0) as shown in Figs. 4,6, while 
maintaining the injection current (I) at 500 mA for  
TW-SOA and 600 mA for WB-TW-SOA. The 
optimal values of the injection current of each type of 
SOA is obtained after a lot of tracing trials for the 
range from 200 to 600 mA given by[20] 

 

 
Fig. 4 Variation of pumping signals versus BER for TW-SOA 
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Fig. 5 Variation of pumping signals versus BER for WB-TW-

SOA 
 

 
Fig. 6 Variation of pumping signals versus BER for R-SOA 

 
The results obtained in Figs. 4-6, showing that with 
increasing of pumping signals powers, the BER 
decreases (i.e. having minimum values of BER) and 
the wavelength conversion process occurred 
successfully with the required BER. After TW-SOA, 
WB-TW SOA and RSOA reachs the saturation, BER 
is beginning to increase (i.e. obtaining bad values of 
BER).  The optimum values of the pumping power 
for TW/WB-TW/R SOAs are 6, 1and 1 dBm, 
respectively, at probing signal power for TW/WB-
TW/R SOAs are -1, -2 and 0 dBm respectively for 
both commercial types of SOAs. It is observed from 
Figs. 7-9, that the minimum values of BER for TW-
SOA, WB-TW-SOA and R-SOA equal 9.22E-12, 
6.20E-12 and 2.60E-12 respectively. 

Fig. 7 comparsion between three types 
 
The results obtained in Fig. 10, for the range 1-2 dBm 
the trailing wave SOA archive the maximum BER 
and the traveling SOA archive the minimum BER 
then exactly at 2dBm the three types gives a typical 
values for the BER. For the range from 2dBm to 
6dBm the wideband SOA and reflective SOA both 
gives a notably equal and high BER compared with 
the traveling SOA. At the maximum power level 

(8dBm) both traveling SOA and wideband SOA gives 
the same BER which is notably lower than the BER 
obtained from the reflective SOA. From the previous 
clarification of the BER for each type at different 
values of the input power, the traveling SOA is much 
better than the other types. The gain of an SOA is 
influenced both by the input signal power and internal 
noise generated by the amplification process. As the 
signal power increases the carriers in the active 
region become depleted leading to a decrease in the 
amplifier gain. This gain saturation can cause 
significant signal distortion. It can also limit the gain 
achievable when SOAs are used as multichannel 
amplifiers. [26]. From the previous illustration of 
there are a strong redaction between the power and 
both gain and BER, so the process of the optimizing 
of the power is a trade of process between the BER 
and gain for each type of the SOA. 
      A comparison with related literates that utilize the 
same technique and converter design is carried at 
Table 5 to prove the merits of this work. 
 
Table 5: A Comparison between Proposed Work and Related 

Works. 

 
 
From this table, it can be shown that the proposed 
scheme outperforms works in [20, 22, 23, 24, 25, 18], 
in sense of bitrate, BER and conversion rang. In other 
hand, it gives better conversion rang compared to all 
above references.  Finally, the proposed scheme gives 
better results in sense of bit error rate compared to all. 
 
CONCLUSION 
 
In this work, a scheme of four stage wavelength 
converter using FWM technique is proposed. It is 
suggested to utilize three commercial types of SOAs 
(i.e. TW-SOA, WB-TW-SOA and RSOA) for 
wavelength conversion process and comparing 
between their behavior and outputs. The main idea 
behind this proposed scheme is achieving remarkable 
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BER and high conversion rang using the three 
commercial types of SOAs. A complete trace for the 
injection current and power levels of pumping and 
probing signals for the proposed four stage 
wavelength converters is carried out to obtain the 
optimized values for these parameters. A brief 
comparison between the three commercial TW-SOA, 
WB-TW-SOA and RSOA performances using the 
proposed technique is carried out. The comparison 
illustrates the effectiveness of TW-SOA over the 
other types. The simulation results of the TW-SOA, 
bit-error-rate performance less than 10-12 at 40 Gbit/s 
is achieved up to 35 nm as a conversion range, is 
compared with other lately  works showing 
discrimination of the proposed work.   
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