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Abstract - In this paper, all optical wavelength conversion (AOWC) based on the four-wave mixing (FWM) effect of 
wideband semiconductor optical amplifier (SOA) is demonstrated. In the proposed AOWC, 100 Gbps DQPSK signals with 
high conversion efficiency are used for demonstration of AOWC at variable input pump power and carrier lifetime of SOA. 
The arbitrary wavelength conversion operation is in 1542 nm to 1558 nm range over 16-nm bandwidth. The optical signal to 
noise ratio (OSNR) above -30 dB for error free operation of all converted DQPSK signals has been achieved. The proposed 
AOWC has conversion efficiency more than11 dB with negligible power penalties and this AOWC can be used in next 
generation high speed optical switched networks. 
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I. INTRODUCTION 
 
All optical access networks rely on wavelength 
channels to transmit the information throughout the 
network. The wavelength blocking probability is the 
main constraint which limits the efficient wavelength 
routing. To significantly improve the network 
efficiency as well as to decrease the wavelength 
blocking probability, it is strongly desirable that 
information of blocked wavelength channel should be 
shifted to another wavelength channel. To achieve 
this, all optical wavelength conversion becomes a 
promising option to improve the conversion 
efficiency of wavelength resource in optical access 
networks. As AOWC has high bit transparency, 
polarization independent, high conversion rate which 
enable the wavelength converter for avoidance of 
wavelength blocking and routing problems in optical 
access networks. Therefore, AOWC can significantly 
increase the capacity and flexibility of optical 
network within the limited bandwidth [1-4].  
 
In literature, there are numerous wavelength 
converter designs based on optical nonlinearities of 
optical components have been proposed and 
demonstrated. Furthermore, AOWC based on four 
wave mixing (FWM) is one of the fundamental 
building blocks which provide the additional 
functionalities such as phase sensitive amplification, 
low amplification noise and high conversion 
efficiency [5-6]. Also, optical phase conjugation 
generation can significantly mitigate the Kerr 
nonlinearities. Advance optical modulation formats 
such as high-order QAM, DQPSK, orthogonal 
modulation format (DRZ-PolSK-DQPSK, NRZ-
DQPSK etc.) are being deployed to increase the 

spectral efficiency of optical access networks. For 
practical applications of AOWC, it is become 
necessary to meet the requirement of high phase noise 
tolerance and high optical to noise ratio (OSNR) 
while using these advanced modulation formats. So, 
AOWC should provide modulation independent 
operation at low power penalty when high data rate 
(> 100 Gbps) is considered [7-12].  
 
In this paper, AOWC based on FWM effect of 
wideband SOA has been proposed and demonstrated 
for 100 Gbps DQOSK modulated signals over 16 nm 
bandwidth. The performance of proposed AOWC is 
optimized at variable pump power and recombination 
coefficient of SOA in terms of conversion efficiency 
and Q-factor. Rest of the paper is organized as 
follow: Section 2 gives the detail description of 
architecture of AOWC and their working principle. In 
Section 3, the performance of proposed AOWC is 
presented and at last conclusions have been made. 
 
II. ARCHITECTURE OF 16-NM ALL OPTICAL 
WAVELENGTH CONVERTER 
 
Figure 1 shows the architecture of AOWC based on 
FWM effect of wideband SOA for 100 Gbps DQPSK 
signals. In the AOWC architecture, the DQPSK 
signal formed by launched the NRZ data format 
through pre-coded DPSK block into dual arm Mach-
Zehnder modulators (MZM). The MZM is driven by 
CW light at wavelength of 1550 nm. The NRZ data 
are pseudorandom binary sequence (PBRS) at 100 
Gb/s data rate. At the output of MZM, the 100 Gbps 
DQPSK signal ω0 is generated. Another input CW 
pump signal ω1 at wavelength of 1552 nm is  
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Fig.1. Architecture of 16-nm AOWC based on FWM in wideband SOA 

Fig. 2: Received optical spectrum at (a) input of wideband SOA (b) output of wideband SOA 
 

Table 1: Parameters of wideband SOA 
Parameters Values 
Injection current 0.5 A 
Input/output coupling loss 3 dB 
Active length 100µm 
Width 0.4 µm 
Height 0.4 µm 
Confinement factor 0.5 
Active refractive index 3.22 
Recombination coefficient 3.66×10-9s 
Linear radiative recombination coefficient 10×10-6 s 
Differential of active refractive index with respect to carrier density -18×10-27 m-3 

Carrier independent absorption loss coefficient 6200 m-1 

Carrier dependent absorption loss coefficient 7.5×10-21m2 

 
combined with probe signal through optical combiner 
and launched into wideband-SOA. The parameters of 
SOA are given in the Table 1. To achieve the FWM 
effect in SOA, probe and pump signal are closely 
placed at 2 nm channel spacing and the input power 
level of pump signal is kept higher than the probe 
signal. when these wavelength signal ω0 and ω1 are 
propagating through SOA, results in generation of 
two or more FWM signal with wavelength of 2ω0 + 
ω1 and 2ω0 – ω1. In active region of SOA, these two 
co-propagating modulate the carrier density and this 
nonlinear interference produces new wavelength 
signals. Further to achieve multiwavelength 
conversion, nonlinear parameter and carrier 
recombination coefficient of SOA are kept at high 
value. Fig. 2 (a) shows the spectrum of probe and 
pump signal launched at the input of SOA and Fig. 

2(b) shows the optical spectrum of converted signals 
after FWM in SOA. At the output of SOA, 1548 nm,  
 
1550 nm, 1552 nm, 1554 nm, and 1556 nm converted 
wavelength signals are received which covers only 
16-nm bandwidth of optical channel. For network 
simplicity, we have considered only five converted 
signals having acceptable BER and OSNR. 
 
After the wavelength conversion in SOA, the 
converted signals are fed to the DQPSK demodulator. 
Each demodulator consists of optical band pass filter 
(BPF) with bandwidth of 0.8 nm for detuning of 
converted signals and suppress the amplifier 
spontaneous noise (ASE) induced by SOA. In 
DQPSK demodulator, Mach-Zehnder interferometer 
(MZI) having delay of 1/λ for efficient demodulation 
of DQPSK signals. After demodulation, signals are 
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fed into the BER analyzer to analyze the BER and 
OSNR of converted signal. 
 
III. PERFORMANCE EVALUATION OF 
AOWC  
 
The performance of proposed AOWC based on FWM 
in wideband SOA is dependent on the input power 
level of pump power and different parameters of 
SOA. The pump power is varied from -5 dBm to 5 
dBm to check the feasibility of AOWC operating for 
higher bit rate. Due to FWM effect in wideband SOA 
1548 nm, 1550 nm, 1552 nm, 1554 nm, 1556 nm 
have been received in receiver section of wavelength 
converter. For any AOWC design, conversion 
efficiency, Q-factor and OSNR are the important 
performance parameters which are validated during 
evaluation. Throughout the investigation, the term 
conversion efficiency is defined as the ratio of output 
power of SOA to input power of SOA which is given 
by following Equation (1) 

( )
( )

o

i

P l
CE

P l
 (1) 

Where Po and Piare power at output and input of SOA 
respectively and l defined the effective length of 
SOA.  
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Fig. 3. Output conversion as a function of signal wavelength for 
different input pump power levels 

 
Fig. 3 shows the graphical representation of 
conversion efficiency as a function of signal 
wavelength for different pump power levels.It can be 
observed from the Fig. 3 that AOWC gives the high 
conversion efficiency at – 5 dBm pump input power 
than 0 dBm and 5 dBm input power. At lower pump 
power, SOA amplifies the receiving bit sequences 
which significantly increases the carrier 
recombination in active region of SOA. But, higher 
input pump power will saturate the SOA before 
satisfactory wavelength conversion. Hence reduction 
in conversion efficiency.The higher value of 
conversion efficiency of 17.58 dB is observed for 
1554 nm converted signal within 16-nm wavelength 
bandwidth which is practically more relevance.The 

little bit fluctuation mainly due to the power 
instabilityof SOA and higher bit rate.  
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Fig. 4: Q-Factor performance of converted wavelength signals 

at different pump power levels 
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Fig. 5: Conversion efficiency as a function of carrier 

recombination coefficient for different converted wavelength 
signals 

 
The Q-Factor measurements against variable input 
pump signals are shown in Fig. 4 and it is observed 
that Q-Factor improved at input power of -5dBm. 
When the input power of data signal and pump 
signals is higher than -5 dBm, Q-Factor performance 
of converted signal is deteriorating because at higher 
power, SOA starts saturating and limits the carrier 
recombination. So, detection of these converted 
signals at this power level is not satisfactory. For the 
input power above 5 dBm of data signal and pump 
signals, Q-Factor performance of converted signal 
goes on decreasing due to the gain saturation effect of 
SOA. It is also noted that Q-factor performance of all 
converter signal is higher at -5 dBm as compared to 
higher power level. The maximum Q-factor 14.67 has 
been achieved for 1548 nm converted signal. 
Fig. 5 shows the conversion efficiency as function of 
carrier recombination coefficient for different 
converted wavelength signals. It is observed from 
Fig. 5 that as carrier recombination time is decrease 
the conversion efficiency of AOWC is also 
deteriorates. This is happened because of pump signal 
is amplified by the SOA and amplified pump power 
is equivalent to ASE which significantly limits the 
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conversion efficiency.Also, gain saturation by intense 
pump signal decreases the ASEpower, results in 
higher gain-recovery time and reduction in 
conversion efficiency. That is the reason why the 
high input pump power is avoided in wavelength 
conversion. 
 
CONCLUSIONS 
 
The all optical wavelength converter based on FWM 
effect in wideband SOA for 100 Gbps DQPSK 
signals has been validated. The AOWC has been first 
characterized by pump power to maximizing the 
achievableconversion efficiency and conversion 
bandwidth. Then AOWC performance in terms of Q-
factor at different pump power has been studied to 
trade-off between quality degradation and induced 
nonlinear distortion. The conversion efficiency in all 
considered cases is higher than 11 dB which notable 
high in 16-nm bandwidth. Due to high conversion 
efficiency, the proposed AOWC can be implemented 
in future all optical access network for efficient 
switching. 
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