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Abstract
Equivalent optical circuit synthsized by polarimetric 
OTDR mesurement is applied to simulate polarization 
gain spectrum of two-pump fiber optical parametric 
amplifier resulting better estimation of polarization 
gain spectrum but 5dB discrepancy in average gain. 
Introduction

The orthogonal two-pump fibre optical parametric 
amplifier (FOPA) is expected as a useful polarization 
independent FOPA [1]. However, the polarization gain 
spectrum of FOPA with PMD=0.015 kmps /  was 
analysed severely to show the relatively flat gain 
spectrum with 10dB gain reduction using the PMD 
operator  [2]. Further, the Raman scattering 
in the FOPA is analysed to show fairly large 
polarization dependant gain and gain-tilt [3].     
 The equivalent optical circuit sysnthsis using a 
polarimetric OTDR is successfully demonstrated to 
map polarization mode dispersion (PMD) distributed 
along fiber length [4,5]. However, it needs to be 
verified by demonstrations in  various applications. 
Here, we demonstrate to regenerate the polarization 
gain spectrum of a two-pump FOPA by an equivalent 
optical circuit synthsized by polarimetric OTDR 
measurement , for the first time. Additionary, the 
behaviors of polarization states of constituent waves 
along the fiber are visualized.
Experiments

 Figure 1 shows our experimental setup for 
an FOPA with orthogonally polarized pump waves. A 
620m highly nonlinear fiber (HNF) is used in our 
FOPA. The zero dispersion wavelength of the fiber is 
1548.5.nm and its dispersion slope is kmnmps 2/048.0 .
The measured nonlinear parameter  is kmW/8.9 .
The pump distributed feedback (DFB) laser diodes 
were modulated by current at 100 kHz (50%) for 
Stimulated Brillion Scattering (SBS) suppression. The  

 Fig.1 Experimental Set-Up:  
The Polarimetric OTDR [4] is set at the output end of 
HNF preventing variation of polarization condition.The 
circuit is synthesed in revese way following the 
amplification direction. 

pump power of 1531.5nm and 1567nm waves were 
adjusted to order of 500mW for each after an EDFA.  
Two-pump FOPA gain spectrum was measured for     
linearly polarized signal waves rotated by 0o, 30o, 60o

and 90o at the input end, which are depicted by color 
coded lines of red, black, blue and magenda, 
respectively, in Fig.2. The gain variation depending 
on the input polarization states is about 3.5dB at 
shorter wavelength region. Two spikes in Fig.2 
correspond to attenuated two pumps.
Numerical  Simulation 
The numerical simulation based on measured 
parameters without PMD considering six optical 
vector waves in the non-linear coupled equations of 
the two-pump FOPA, is depicted in Fig.2 comparing 
the measured polarization gain spectrum. The gain 
and bandwidth simulated almost fit well with the 
measured values. The polarization dependences are 
reduced to negligible level by considering six vector 
waves [3].  

Fig.2  Simulation of Polarization Gain Spectrum by 
using measured parameters without PMD. In the 
upper panel, six vector waves in the nonlinear 
parametric process involuved in two-pump FOPA are 
illustrated. The colour codes are in text. 

Simulation of FOPA using Equivalent optical 
Circuit determined by Polarimetric OTDR 
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Here, the transfer matrix mj of mth fibre segment with 

0.5m length determined by the polarimetric OTDR 
measurement [4] is used for simulation based on 
coupled six vector wave non-linear equations. The 
phase shifts k

mm
k
m ,,  of mj at the optical 

frequency of k for the signal, idler, and two pump 
waves are described in the following way for the 1st

order PMD, for an example, 

okm
k
m / ,

where m is the phase shift determined by the 

polarimetric OTDR measurement, o  and k are the 

optical frequencies of the OTDR using nm15500

and k wave, respectively. m  is the rotation angle of 

the fibre segment. Fig.3 shows the evolutions of the 
x-component of the pump, and the signal wave 
intensity of both polarizations and y-component, along 
the HNF. The PMD of the NHF is 0.064ps with almost 
linear accumulation proportional to fibre length as 
shown in Fig.3. It is clear that the signal wave 
polarization varies almost corresponding to the 
polarization state variations of the pump wave. The 
polarization gain spectrums simulated using the 
Jones matrix synthesized by the polarimetric OTDR 
measurement are shown in Fig.4. The average gain 
reduction by introducing PMD is about 10dB, which 
agrees with the discussion of ref. [2]. The polarization 
dependence of the gain spectrum simulated is about 
0.8dB, which is smaller than the 3.5dB PDG 
measured. 
Discussion 
    The polarization gain spectrum is simulated by the 
six pairs of nonlinear vector coupled equations using  
all measured parameters including the fiber Jones 
matrix, for the first time. It is said that the quantitative 
fitting of the polarization gain spectrum is not  
sufficient  in details yet. 

Fig.3 Evolution of Pump, signal polarization along the 
HNF.   The red line denotes the x-component pump 
power in log, which correlated with the y-component 
signal depicted by black line. The total signal power is 
depicted by blue line. PMD is depicted by black 

It suggests the simultaneous consideration of Raman 
scattering [3,6,7,8], zero dispersion wavelength 
mapping [9] and PMD mapping for better fitting 
accuracy. The gain tilts observed could be attributed 
also to the Raman scattering contribution in FWM 
process [3]. 

Conclusions 

Equivalent optical circuit synthsized using polarimetric 
OTDR mesurement is applied to simulate polarization 
gain spectrum of two-pump optical fiber parametric  
amplifier, resulting better estimation in polarization 
gain variation but 5dB discrepancy in average gain. 

Fig.4 Gain Spectrum Simulated considering PMD.
The colour codes of polarization Gain Spectrums are 
same for the measured and simulated spectrums.  
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