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Abstract:

Regenerative Wavelength conversion at 80 Gbps with atimegaower penalty of 2dB at 0
BER is demonstrated using Cross Phase Modulation (XPMjneed by Raman gain in 1Km of
highly-nonlinear-dispersion-shifted fiber.
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1. Introduction

All optical wavelength conversion is a key technoldgyimproving the flexibility and increasing the capadaity
photonics networks. Wavelength conversion using cross-phadalation (XPM) in a dispersion-shifted-fiber
(DSF) has the potential of attaining terabit-per-seqmrfbrmance due to femto-second response time of theabpti
nonlinearity and broad conversion range. In the plasset wavelength converters have utilized bulk EDFA
amplification prior to injecting the signal intoehfiber in order to maximize the XPM over the wavelbngt
conversion range of interest [1]. Alternatively thenRa amplifier has been studied as a strong candidate for
improving optical signal-to-noise ratio and expandipgrslength in communication systems due to its distribute
nature and superior noise performance [2]. Recent stuth@sthat timing jitter is reduced by up to a factor of two
when lumped amplification is replaced by complete or @adtstributed ampilification [3].

In this work we demonstrate that by combining distribiRadchan amplification with bulk-EDFA amplification, the
OSNR and extinction ratio of fiber XPM wavelength casien can be optimized. With the help of highly-
nonlinear-dispersion-shifted-fiber (HNLDSF), we hauecessfully shortened the fiber length to 1Km and extended
the conversion bandwidth to almost entire C band at88s@ate. Previous results required 5Km of common DSF
fiber due to the relatively low Raman gain coefficiefik [Shorter fiber is preferred for XPM based wavelength
converter in order to minimize the walk off effectdaimprove stability. Since the Raman amplifier haw@ad
amplification bandwidth of more than 30nm, the probe ligas also amplified with an increase in the conversion
efficiency. Compared to lumped amplification using erbidmoped fibers, this scheme significantly improves the
signal-spontaneous beat noise performance at the eedgivamplifying the signal channels while they arehia t
transmission fiber [5]. It also reduces the amounta$stalk from the pump light by reducing the amount of-Sel
Phase-Modulation (SPM) of the pump light while maintairthrgysame conversion efficiency.

2. Experimental Setup

The experimental setup is shown in Figure 1. An actimebgle-locked fiber ring laser generated 4.5ps pulses at
1559nm with 10 GHz repetition rate. The pulses were comgades2ps using soliton compression before 10Gbps
data, PRBS %-1, was encoded. An 80Gbps data stream was achieved byiegasso 80 Gbps split, delay and
time interleave multiplexer. The 80Gbps data was amplifieti0dBm and then combined with CW light from a
tunable external cavity laser using a 90/10 coupler. The Raenan amplifier consisted of an isolator, 1Km of
HNLDSF with a zero dispersion wavelength of 1553nm and ablarRaman pump laser with a maximum output
power of 850mW. A counter propagating pump scheme was used toipairime effect of pump fluctuation on the
amplifier gain[6] and a 1.2nm band pass filter was used to select tigedavavelength sideband. Demultiplexing
80Gbps signal into a 10Gbps signal for Bit-Error-Rate (BERgasurements was achieved using an
electroabsorption modulator (EAM) with a 7.5-ps switchirgdaw.

Table 1 shows the comparison between common DSF &IMDSF based wavelength converter in terms of
nonlinear coefficient, dispersion and Raman gain. Ramanp on-off gain can be approximately described by
Ga=exp(kPoLefAesr), Where g=Raman Gain Coefficient, Bpump power, Lg=effective length, A«—effective
area. Due to the larger Raman gain coefficient andlemalode area, 16dB small signal gain can be achieved
within only 1Km of HNLF.

3. Results and Discussion

The optical spectrum measured after the HNLF with anllonit Raman gain is shown in Figure 2(a). It is seen tha
a significant XPM sideband increase was observed with 500RaWlan pump power. The converted signal at
1545nm has an OSNR of more than 50dB. Figure 3 shows the@Bavelength conversion from 1559 to 1545

nm and the eye patterns of the original and wavelength tedv80Gbps signal. The BER was measured for each
of the demultiplexed 10Gbps channels from the 80 Gbps convérgedns It showed a negative power penalty of

2dB at BER=1E-9 for all eight channels compared with backaick measurement. Tuning characteristic of the
wavelength converter was measured by tuning the CW fiight 1535 to 1555nm in 2nm steps. The converted
pulse width was measured to be 3.75ps with less than 25%iearover the considered wavelength range. The



converted pulses were broadened due to limited filter battlwivhich were maintained less than the intersignal-
interferece limit for 80Gbps signal 6ps.

The negative power penalty exhibited by the wavelength ctervean be explained by the nonlinear transfer
function of the wavelength converter, and clearly destrates the reshaping properties in both the frequency and
the time domain. Figure 2(b) shows the optical spectriutimecoriginal and the wavelength converted signal at 80G.
After soliton compression, the spectrum of the o@disignal was broadened, which showed a large amount of
chirp. By comparing the original and the wavelength caedesignals, the spectral reshaping effect is clesaén.

The reshaping effect is also observed from eye diagnaitisthe converted signal having more uniform eyes.

4. Conclusion

We have demonstrated an 80 Gbps all-optical fiber XPMelgagth converter using distributed Raman gain to
enhance the process. By utilizing the distributed natiutteedfiber Raman Ampilifier, the balance betweeMSind

XPM become easier to manage leading to an improved ggtimatio. Furthermore, the converter has the patkenti

to operate over a wide wavelength range due to the HNid-maeanwhile the distributed Raman gain offers
improved OSNR. This approach may therefore have adyestaver approaches which use lumped optical gain at
the input when scaling to higher bit-rates. Bit-emate measurements demonstrated 2.0dB negative penalty for
80Gbps RZ data.
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Table 1. Standard DSF and HNLF wavelength convertenpeeas

Length of Fiber Parameter Ga(dB)
fiber(Km)  o(1/W.Km)/Acr(nm?)/ge(*10™*m/W)/D (ps/nnf.Km)  Po=500mW
DSF wC 5 3.5/50/2.08/0.27 3.9

HNLDSF WC 1 10.9/11.8/5.03/0.0167 8.5
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Fig.1. Experimental Setup



Fig. 2(a) Spectrum at point A (with Raman pump on/off) and tB@wavelength converter in figure 1



Fig. 2. (b) Optical Spectrum of the original and the elength converted signal (Resolution BW: 0.1



Fig. 3. () BER measurements for wavelength converdi8f Gbps data from 1559 nm to 1545nm



Fig. 3. (b) Eye diagrams of input and wavelength cordesignal @80
(Time 10ps/div)

Fig. 3. (c) Eye diagrams of converted 80Gbps signal deraxéidito 8 10Gbps chann
(Time 10ps/div)



