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The impact of chromatic dispersion in discrete Raman 
amplifiers on coherent transmission systems was investigated. 
Systems with positive dispersion gain fibre show a SNR 
improvement of ~1.8 dB for 23-GBaud DP-QPSK signals 
transmitted over >1800km.

Theoretical Modelling

Signal profile in a transmission system

• With the ever growing demand in data need for wideband 
systems in conjunction with advance modulation format is the 
foreseeable future for next generation optical fibre 
communication systems [1].

• In terms of amplifier for wideband signal amplification Raman 
amplifier is a potential  candidate with past work have shown 
extensive amplification ~ 150 nm comprising of S,C and L 
band spectrum amplification [2].

• A desired fibre type for Raman amplification is the one with 
high Raman gain coefficient. However, an another important 
parameter impacting the amplifier performance is the fibre 
chromatic dispersion [3].

• In this work we studied the impact of positive and negative 
chromatic dispersion (CD) Raman gain fibre in Discrete 
Raman amplifier (DRA) where dispersion compensation fibre 
(DCF) and Corning Raman fibre  (CRF) were taken as the 
Raman gain fibre for all test cases.

Results and discussions
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Abstract

Fig. 1. a) Single span transmission with backward pumped discrete Raman 
amplifier b) Amplified links with log signal profile [2]

• Schematic diagrams of the unit cell 
in Fig. 1 forms the basis of our 
theoretical model.
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• The thereoritical model is based on piecewise signal power 
profile approximation for non-linear noise accumulation and 
can be represented  by equation (1) [4].

DCF and CRF fibre parameters

Fibre parameters ‘ 
1550 nm

DCF CRF

Length (km) 8 8.25
Chromatic dispersion 

(ps/nm/km)
-96 11.7

Non linear coefficient 
(W-1 km-1)

8.43 8.87

Peak Raman gain 
coefficient (W-1km-1)

1.8 1.95

Attenuation coefficient 
(dB/km)

0.51 0.44

Noise Figure (dB) 6.61 6.62

Simulation Results and discussion

Introduction

Fig. 2. Theoretical analysis of: a) Single channel SNR vs launch power per channel for 30x63 km transmission and b) Single 
channel SNR vs distance for DCF and CRF based backward pumped DRAs.

• Enhanced performance of CRF over DCF with transmission distance > 7000 km for CRF fibre at 
8.5 dB HD-FEC.

• Fig. 2(a) shows that increasing the CD of the Raman gain fibre affects the residual dispersion of 
the transmission link, which in turn increases the overall performance by ~ 1.8 dB over the range of 
interest. 

Experimental setup with backward pumped DRA
• DRA stage comprises either CRF or DCF 

fibres (8.25 km or 8 km) pumped with a 
1455 nm laser source in backward 
configuration.

• Pump powers were ~380 mW and ~448 
mW for CRF and DCF fibre assisted DRA.

• An additional EDFA (loop EDFA) with a 
NF~ 6 dB was used to compensate the 
additional 13 dB loop loss (AOMs +Band-
pass filter+ 3dB coupler loss).

• Receiver section comprises of Rx-EDFA 
and coherent detector capturing 
corresponding  traces and then off-line 
DSP was performed on the captured traces 
for symbol recovery [5].

Fig. 3. Recirculating loop experimental setup

• 23 GBaud DP-QPSK channel at 1550 nm was 
launched using a coherent transmitter.

• The recirculating loop comprises an acousto-optic 
modulators (AOMs) , 3 dB coupler followed by a 63 
km SMF with span loss of 12.37 dB.

Fig. 4. 23 GBaud DP-QPSK SNR vs launch power per channel, experimental and simulation results with CRF 
and DCF for a) 10x63 km b) 20x63 km c) 30x63 km transmission.

• Figures 3(b-d) show a significant performance improvement for the positive dispersion CRF DRA 
with a peak (PK) SNR difference of 0.59 dB, 1.26 dB, and 1.79 dB, for 10x63, 20x63 and 30x63 km 
transmission, respectively.

• The maximum difference between our modelling and experimental results was < 1 dB for all test 
cases.

• Degradation in the experimentally measured SNR of 2 dB when compared to Fig. 2b (modelling) is 
due to the loop EDFA in the experiment whose NF was considered in the simulation results. 

Conclusion
• We experimentally evaluated the impact of chromatic 

dispersion in DRA-assisted digital coherent 
transmission systems.

• Our experimental and modelling results shows an 
enhanced performance for positive dispersion CRF 
fibre over negative dispersion DCF fibre.

• Experimental results in good agreement with 
theoretical analysis with < 1 dB discrepancy for all 
test cases.
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