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Abstract: We proposed a hybrid fiber Raman/parametric amplifier which can have significant gain 

enhancement over that of a Raman-assisted fiber optical parametric amplifier using the same length of fiber, 

Raman and parametric pump powers.   ©2010 Optical Society of America 
OCIS codes: (060.2320) Fiber optics amplifiers and oscillators; (190.4380) Four-wave mixing; (190.5650) Raman effect.  

1. Introduction 

Raman-assisted fiber optical parametric amplifiers (RA-FOPAs) are attractive because of their flexibility in the 

selection of parametric pump powers and wavelengths in addition to the inherent advantages of fiber optical 

parametric amplifiers (FOPAs) [1-2].   In conventional RA-FOPAs, most energy from the Raman amplifier is still 

stored in the parametric pump at the output end of the amplifier.  In this paper, we propose a hybrid fiber 

Raman/parametric amplifier (HFRPA) constructed by cascading a FOPA after the RA-FOPA.  In the proposed 

hybrid optical amplifier, the energy conversion from the Raman pump to the parametric pump is optimized in the 

first section of the HFRPA which is a RA-FOPA.  The amplified parametric pump in the second section of the 

HFRPA coverts its energy to the signal and the idler.  We numerically demonstrated that, by optimizing the lengths 

of the two sections of the hybrid amplifier, significant gain enhancement can be obtained in the HFRPA when 

compared to the gain of an RA-FOPA using the same length of fiber and the same Raman and parametric pump 

powers.   

2. Operation Principle 

Figures 1(a), 1(b), and 1(c) show the schematics of a FOPA, RA-FOPA, and HFRPA respectively.  For the FOPA, 

the booster Erbium-doped fiber amplifier (EDFA) limits the wavelength selection of parametric pump.  Such 

limitation on parametric pump wavelength is removed in the RA-FOPA.  In RA-FOPA, the input signal receives 

energy from the Raman and the parametric pumps. The parametric pump is also amplified by the Raman pump.  

Thus the parametric pump enhances energy conversion from the Raman pump to the signal and the idler by 

converting the Raman pump energy into parametric gain.  Since the nonlinear coefficient of highly nonlinear fiber 

(HNLF) is typically three times larger than its Raman coefficient, the input signal can get higher gain through 

parametric amplification than Raman amplification [2].  The proposed hybrid amplifier is divided into two sections, 

section I and II, as shown in Fig. 1(c).  Section I is an RA-FOPA while section II is a FOPA.  One can optimize the 

energy conversion from the Raman pump to the parametric pump in section I and parametric pump to signal/idler in 

section II such that the overall energy coupled to signal/idler at the output of section II is maximized.  Since the two 

sections of the fiber have the same fiber parameters, the phase-matching regions of them are nearly overlapped.  

Higher overall gain can be achieved by optimizing the location of the Raman pump in the HNLF.    

      
 

      Figure 1. Comparison of FOPAs, RA-FOPAs and hybrid fiber Raman/parametric amplifiers. 
 

3. Numerical Results and Discussion 

To analyze the proposed HFRPA, we assume that the Raman pump, the parametric pump, the signal and the idler 

are all collinearly polarized monochromatic waves.  We neglected the Raman amplification and absorption among 

the parametric pump, signal, and idler. We also assumed a uniform Raman gain profile.  Thus the Raman gain 

dispersion and Raman induced phase-mismatch can also be neglected [3].   

Figure 2 shows the gain spectra of the HNLFG and that of an RA-FOPA using the same length of fiber.  In the 

simulations, the fiber length of the HNLF L is chosen to be 1 km. The HNLF has a nonlinear coefficient of 13.6 
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W
−1

·km
−1

, and a Raman gain coefficient of 5.0 W
−1

·km
−1

.  The fiber loss coefficient is 1.0 dB/km at the pump 

wavelength.  These parameters are taken from a commercial HNLF.  The launched Raman pump, parametric pump 

and the input signal powers are 1.0, 0.1, and 10
9

 W, respectively.  In the HFRPA, we choose the length of the 

section I L1to be 600 m, which is close to the Raman gain saturation length.  The length of section II L is therefore 

400 m.  As shown in Fig. 2, the HFRPA can have more than 10 dB gain enhancement when compared to the gain of 

conventional RA-FOPA using the same length of fiber and the same pump powers.  The 3-dB gain bandwidths are 

similar.  We also note that although the length of section II is shorter than section I, the parametric amplifier in the 

section II still provides 24 dB gain, which is larger than the 19-dB gain of the RA-FOPA in section I.   The 

parametric pump power of at the end of the section I is 669 mW, which is close to 67% of the Raman pump power 

and indicates that the Raman to parametric pump energy conversion was close to optimum.  In section II of the 

HFRPA, the amplified parametric pump can therefore provide a high energy conversion efficiency to the signal and 

the idler.  Using the proposed set up, the overall energy conversion from the Raman and parametric pumps to the 

signal and idler increases when compared to that of an RA-FOPA using the same length of fiber and the same 

Raman and parametric pump powers.   

 
 

Fig. 2.  Gain spectra of HFRPA (dashed lines 
for after the section I, solid lines for after 

section II). For comparison, the gain 

spectrum of RAFOPA (dash-dotted lines) 
with the same fiber length is also shown.  

 
 

Fig. 3.  Evolution of the HFRPA gain along 
the fiber for different configurations of the 

HFRPA. The total fiber length is fixed at 1.0 

km. For comparison, the gain evolution of an 
RA-FOPA (solid lines) with the same fiber 

length is also shown. 

 
 
Fig. 4. Contours of the gain difference 

between the maximum HFRPA and RA-

FOPA gains.  The Raman and parametric 

pump powers used in the two amplifiers are 

the same. 

 

For the same Raman and parametric pump powers, Fig. 3 shows the evolution of the signal gain in the HFRPA 

for different configurations of the HFRPA. As shown in Fig. 3, if the length of section I is short, the energy 

conversion from the Raman pump to the parametric pump is small. The parametric pump in section II therefore 

cannot provide high amplification efficiency because of its low power.  Thus initially the total energy conversion 

efficiency of HFRPA, i.e. the overall gain, will increase when the length of section I increases.  But when the length 

of section I is sufficiently long such that the Raman gain saturates, the total energy conversion efficiency then 

decreases.   When compared with the RA-FOPA, the additional FOPA section of the HFRPA can significantly 

enhance the overall gain.  Figure 4 shows the differences between the gains of the HFRPA and RA-FOPA using the 

same length of HNLF and the same Raman and parametric pump powers.  Other parameters are the same as those 

used in Fig. 2 except for the pump powers.  We observed that more than 30-dB enhancement can be obtained for an 

overall gain of 70 dB for Raman and parametric pump powers of 1.5 and 0.2 W respectively.  

4. Conclusion  

In conclusion, we proposed a hybrid amplifier by cascading a Raman-assisted fiber optical parametric amplifier and 

a fiber optical parametric amplifier.  The proposed hybrid amplifier can increase the gain of a RA-FOPA which uses 

the same length of fiber and the same Raman and parametric pump powers. By optimizing the length of the first 

section of the hybrid amplifier, gain enhancement can be obtained by maximizing the parametric pump power.  We 

numerically demonstrated that over 70 dB peak small signal gain can be achieved in 1-km HNLF with 1.5 and 0.2 

W Raman and parametric pump, respectively which is a gain enhancement of 34 dB when compared to a 

conventional RA-FOPA using the same length of HNLF and the same Raman and parametric pump powers. 
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