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We demonstrate all-optical 1310-to-1550 nm wavelength conversion utilizing nonlinear
polarization rotation in a semiconductor optical amplifier in between two standard
single mode fibre based transmission links. Error-free operation at 10 Gbit/s is shown.

Introduction

A number of access-metro schemes utilizing simultaneously 1310 nm and 1550 nm
transmission window have been proposed [1]. To avoid optical-electrical-optical
conversions and to realize all-optical networking the 1310 nm data stream has to be
translated all-optically into the 1550 nm wavelength domain. Several 1310-to-1550 nm
wavelengths converters [2-5] have been reported. Another promising candidate to
achieve all optical 1310-to-1550 nm wavelength conversion is nonlinear polarization
rotation in a semiconductor optical amplifier [6]. Although, nonlinear polarization
rotation in the SOA was applied previously also for in-band wavelength conversion [7]
the transmission feasibility of converted signals was not verified. Moreover, the
transmission feasibility was not verified in the case of other ultra wide-band wavelength
conversion technologies [2-6].

In this paper, we report all-optical 1310-to-1550 nm wavelength conversion based
on nonlinear polarization rotation in an SOA in between two transmission links. As a
transmission fibre we used two standard single mode fibre (SSMF) based spans. We
demonstrate that error-free wavelength conversion from 1310-to-1550 nm can be
realized at bit rate 10 Gbit/s by using a single SOA after 25 km transmission over SSMF
and the converted signals can be further transmitted error-free over the next fibre span,
namely 100 km of SSMF with dispersion compensation modules.

Experimental setup

Fig. 1 shows the experimental setup. We generate a 10 Gbit/s non return-to-zero (NRZ)
signal by modulating a continuous wave (CW) signal at 1310 nm in an external Mach-
Zehnder modulator with the pseudorandom bit sequence (PRBS) of length 2°'-1. The
modulated signal is fed into a 25 km long SSMF transmission line. The SSMF is the
most deployed nowadays fibre [8]. The SSMF is characterized in the 1310 nm
transmission window by virtual absence of dispersion related penalties, (zero dispersion
wavelength between 1300 and 1324 nm), and attenuation lower than 0.5 dB/km [9]. The
transmission reach of access systems is specified to be less than 20 km [1]. After first
transmission line, signal enters an all-optical 1310-to-1550 nm wavelength converter.
The 1310 nm input signal average power is set to -8 dBm. As a wavelength converter
we use an all-optical wavelength converter based on nonlinear polarization rotation in
an SOA as described in [6]. The input signal polarization state is adjusted by a
polarization controller. An optical band-pass filter (OBP) reduces amplified
spontaneous emission noise (ASE) and prevents a switching SOA from unwanted
saturation.
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Fig. 1 Experimental setup

Next, the 1310 nm NRZ signal passes through a 1310/1550 nm coupler and finally
enters a 1310 nm SOA. The multi-quantum well SOA employed has 400 mA driving
current. The 1550 nm continuous wave (CW) laser power is set at 7.0 dBm. The
polarization of a 1550 nm CW light is adjusted by a polarization controller to be
approximately 45° to the orientation of the SOA polarization axes. Then, the 1550 nm
CW signal passes through a 1310/1550 nm coupler and is feed into the 1310 nm
switching SOA. The SOA is generally a birefringent device [10]. The injected 1310 nm
light introduces additional birefringence in the SOA via carrier density changes [10].
This causes the transverse magnetic (TM) and the transverse electric (TE) modes of the
signals traveling through the SOA to experience a different refractive index, also in the
transparency region of the SOA. Therefore, the 1550 nm signal at the SOA output has a
changed state of polarization with respect to the 1550 nm signal without any 1310 nm
signal present. After passing through the SOA, the 1550 nm signal is amplified in an
erbium-doped fibre amplifier (EDFA) to compensate for the losses in the 1310 nm
switching SOA and enters a polarization filter formed by a polarization beam splitter
(PBS) and a polarization controller. The polarization filter is adjusted in such a way that
the 1550 nm signal with the rotated polarization passes through it. The average power
of the output 1550 nm signal is set to 0 dBm and optical signal-to-noise ratio (OSNR) is
measured to be 28 dB. Although, no ASE noise is added to the 1550 nm CW signal in
the 1310 nm switching SOA the following EDFA reduces OSNR value of the 1550 nm
signal. This OSNR reduction can be avoided by applying a strong CW signals.
However, limitation here is a power handling capability of the 1310 nm switching SOA.
After passing through the polarization filter, the 1550 nm signal enters a second
transmission line. The second transmission line consists of two 50 km long SSMF
spans, two dispersion compensation fibre modules and two EDFAs to compensate for
losses in the transmission fibre. The SSMF is characterized in the 1550 nm transmission
window by chromatic dispersion lower than 17 ps/nm*km and attenuation lower than
0.4 dB/km [8]. Together, the dispersion compensation fibre modules compensate for
1619 ps/nm. Therefore, full compensation of the accumulated dispersion of 100 km
SSMF is achieved. After passing through the second transmission line, the 1550 nm
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signal is evaluated in a receiver and the bit error rate (BER) tester. The receiver consists
of an OBP, a variable attenuator (ATT), and a 10 Gbit/s data receiver in combination
with the BER tester.

Results and discussion

Figure 2 presents 10 Gbit/s measured eye diagrams: a 1310 nm signal after 25 km
transmission at the wavelength converter input (a), a 1550 nm signal at the wavelength
converter output (b), and a 1550 nm signal at the 100 km transmission line output (c),
points A, B, and C in Fig. 1 respectively. All eye diagrams show a clear open eye and
indicate excellent operation of the wavelength conversion and the transmission. The
1550 nm signals show some asymmetry between rise and fall time, which can be
attributed to the slow carrier recovery time of the SOA. Also accumulation of the ASE
noise is visible in Fig. 2(b-c). Figure 3 shows optical spectra measured at the indicated
points: the wavelength converter input (a), the wavelength converter output (b), and the
100 km transmission line output (c). The input 1310 nm signal has the best OSNR ratio,
namely 38 dB. The converted 1550 nm signal has OSNR value 28 dB and the 1550 nm
signal after transmission has OSNR equal to 26 dB. The OSNR degradation is caused
by the accumulation of ASE noise in the EDFAs applied in the transmission line. This
OSNR degradation of the 1550 nm signal leads to the BER degradation. Figure 2 shows
the measured BER curves. No BER error floor is observed, which indicates again
excellent operation of the wavelength converter. By comparing the 1310 nm input
signal with the 1550 nm converted signal we estimate the wavelength conversion power
penalty at BER 10 to be 1.2 dB. By comparing the 1550 nm signal before and after
transmission we estimate the transmission power penalty at BER 10 to be 0.5 dB. By
adjusting the polarization state of the 1310 nm input signal we verified polarization
sensitivity of the presented wavelength converter. The changes in input polarization
affected only the 1550 nm signal output power. The quality of the signal (BER) was
polarization independent i.e. polarization dependency lower than 1 dB.
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Fig. 2 Results of eye and BER measurements: (a) 1310 nm signal after 25 km transmission ¢, (b)
1550 nm signal after wavelength converter O, and (c) 1550 nm signal after 100 km transmission O
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Fig. 3 Measured optical spectra: (a) 1310 nm signal after 25 km transmission, (b) 1550 nm signal
after wavelength converter, and (c) 1550 nm signal after 100 km transmission

Conclusions

We have demonstrated 1310-to-1550 nm wavelength conversion in between two
standard single mode fibre based transmission links. We achieved error-free wavelength
conversion and transmission at 10 Gbit/s. We verified that the wavelength converter
based on nonlinear polarization rotation in an SOA can be applied in the transmission
systems to overcome optical-electrical-optical conversion at the network nodes
interfacing access-metro and core networks. Moreover, the experimental results proofs
that the cross-band transmission can be realized using the same type of fibre.
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