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Abstract – The noise figure of a Raman-assisted fiber 
optical parametric amplifier is reduced to 3.6 dB by 
using a fiber Bragg grating to suppress input parametric 
pump noise. 
 
Introduction 
In Raman assisted fiber optical parametric amplifiers 
(RA-FOPAs), the distributed Raman gain can enhance 
the overall gain and the operating bandwidth of the four-
wave mixing process [1].  It is well known that Raman 
amplifiers can have a negative effect noise figure.  Also 
a noise figure of 3.8 dB can also be achieved in fiber 
optical parametric amplifiers (FOPA) in addition to a 40 
dB gain [2]. However in RA-FOPA, the best noise figure 
is only 7.3 dB [3].  In this paper, we demonstrated for 
the first time a noise figure of 3.6 dB in a RA-FOPA by 
using a fiber Bragg grating to further suppress the 
parametric pump noise level.   

Experimental Setup 

Figure 1 shows the experimental setup of the proposed 
RA-FOPA.  A distributed feedback (DFB) laser diode 
served as the CW parametric pump.  The parametric 
pump at wavelength 1554.9 nm was modulated by a 
phase modulator (PM) using pseudo-random binary 
sequence (PRBS) at 2.5 Gbps in order to suppress 
stimulated Brillouin scattering (SBS).  In addition to a 
0.8 nm optical band-pass filter (BPF), we used a fiber 
Bragg grating (FBG) to suppress the pump noise level 
induced by the EDFA.  The signal with a signal-to-noise 
ratio (SNR) of 58.0 dB was generated using a tunable 
laser source (TLS) and was combined with the 
parametric pump using a 90:10 pump-signal optical 
coupler. The combined signal was subsequently 
launched into a 1-km long commercial dispersion-flatten 
highly nonlinear fiber (HNLF) via an optical circulator 
(CIR).  The induced parametric pump had a SNR larger 
than 75 dB,  and its wavelength were located at 1554.9 
nm. The HNLF has a chromatic dispersion of 0.12 
ps/nm·km at 1555 nm, a dispersion slope of 0.01 
ps/nm2·km, a nonlinear coefficient of 13.6 W−1·km−1, and 
an attenuation of 0.91 dB/km at 1550 nm.  Polarization 
controllers (PCs) were used to optimize the parametric 
process.   A commercial 1455-nm CW fiber Raman laser 
serving as the Raman pump was launched into the HNLF 
in the counter-propagation direction via a wavelength 
de-multiplexer (WDM). An isolator (ISO) is added to 

prevent reflection at the amplified signal and the idler 
wavelength. The noise figure were measured in an 
optical spectrum analyzer (OSA) by comparing the input 
and output SNRs.  

Results and Discussion  

Figure 2 shows the noise figure as a function of the 
signal input power in the Raman amplifier, parametric 
amplifier, and RA-OFPA, respectively.   From Fig. 2, the 
dependence of the noise figure on the input power of the 
three amplifiers has similar behavior.  The noise figure 
decreases when the signal input power increases.  A 
noise figure of 3.6 dB as well as a 21.2 dB on-off gain is 
achieved in the RA-FOPA when the Raman pump power 
is 0.6 W, the parametric pump power is 100 mW, and the 
signal power is –2.5 dBm.   If we turn off the Raman or 
parametric pump, the noise figure is 3.4 dB and 4.4 dB, 
respectively.  We note that the RA-FOPA has better 
noise figure than the Raman amplifier. This is because a 
properly selected parametric pump can deplete the 
Raman pump and thus reduce the noise caused by 
spontaneous Raman scattering.     

In Fig. 2, we also show the output spectra of RA-
FOPAs with and without the FBG. Without the FBG, the 
best noise figure obtained is 7.5 dB, which is similar to 
that observed in [3].   We also notice that the noise at the 
wings of the input parametric pump is added to the input 
signal.   Hence, noise suppression is needed for the input 
parametric pump to prevent this unwanted SNR 
degradation.  In our experiment, we get a 3.9 dB 
improvement to the output SNR by adding a FBG, 
whose 3-dB reflection bandwidth is 0.2 nm.  

 
Fig. 1. Experimental setup of a Raman-assisted fiber optical 
parametric amplifier. 
 



In our experiment, we also found that amplifier 
spontaneous noise level will reduce the signal output 
SNR.   The spontaneous noise level is measured by  
turning on the pumps only.   In Table 1, we show the on-
off gains, minimum noise figures, and the spontaneous 
noise levels of the Raman amplifier, FOPA and RA-
FOPA.  As the spontaneous noise increases, the output 
signal noise level increases.  A dramatic degradation of 
noise performance can thus be observed when the input 
signal power decreases as shown in Fig. 2.  When a FBG 
is used, the output noise level is suppressed by 0.3 dB, 
6.0 dB, and 3.9 dB in the Raman amplifier, FOPA and 
RA-FOPA, respectively. Thus it is obvious that the 
spontaneous noise level is partially caused by the noise 
from the input pump.  Compared with the Raman 
amplifier, the RA-FOPA has a gain enhancement of 10.0 
dB and a noise figure improvement of 0.8 dB. 

Figure 3 shows the noise figure and gain as a 
function of the parametric pump power and the Raman 
pump power.  The signal input power is –2.5 dBm.  If 
the parametric pump power is increased while the 
Raman pump is fixed at 0.6 W, the noise figure will first 

increase because the gain decreases as the pump power 
is lower than the parametric gain limit [3].  If the 
parametric pump continues to increase, the noise figure 
will then decrease while the gain increases.  The noise 
figure is 3.6 dB at parametric pump power of 100 mW.  
In Fig. 3, we vary the Raman pump power and fix the 
parametric pump at 100 mW.   The noise figure remains 
around 3.6 dB when the Raman pump is less than 600 
mW.   For larger Raman pump power, gain depletion 
causes the noise figure to increase.  The signal output 
power will be larger than 20 dBm and become 
comparable with the parametric pump power when 
Raman pump power exceeds 800 mW.  From Fig. 3, the 
optimum performance of combining a Raman pump of 
600 mW and a parametric pump of 100 mW is a gain of 
21.2 dB and a noise figure of 3.6 dB.  

Conclusions 

In conclusion we successfully demonstrated a 3.6-dB 
noise figure as well as a 21.2 dB on-off gain in a Raman-
assisted fiber optical parametric amplifier by using a 
fiber Bragg grating to suppress input parametric pump 
noise.  We observed that the amplifier spontaneous noise 
will reduce the signal output SNR.  Our work indicate 
that a close to quantum limit noise figure can be 
achieved in RA-FOPA by suppressing the input 
parametric pump noise level.  
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Fig. 3.  (a) The noise figure and gain of the RA-FOPAs 
versus the parametric pump power.  The Raman pump is 0.6 
W.  (b) The noise figure and gain of the RA-FOPAs versus 
the Raman pump power.  The parametric pump is 100 mW.  
 

 
 
Fig. 2. Noise figure versus input signal power.  The Raman 
pump power is 0.6 W and the parametric pump power is 100 
mW.   Squares, circles, and diamonds represent the Raman 
amplifier, parametric amplifier, and the Raman-assisted 
parametric amplifier. The inset shows the output spectrum of 
the RA-FOPAs with (solid lines) and without FBG (dashed 
lines). The Raman and parametric pumps are fixed at 0.6 W 
and 100 mW, respectively.  The input signal power is –12 
dBm. 
 

Spon. noise level (dB)  Gain 
(dB) 

Mini. 
NF (dB) w FBG w/o FBG 

Raman  11.2 4.4 –50.9 –51.2 
FOPA 5.9 3.4 –59.9 –53.9 

RA-FOPA 21.2 3.6 –44.1 –40.2 
 
Table 1.  Comparison of the on-off gains, minimum noise 
figures, and the free-running spontaneous noise levels of the 
Raman amplifier, FOPA and RA-FOPA. The Raman and 
parametric pumps are fixed at 0.6 W and 100 mW, 
respectively.  
 


