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Abstract— A multi-channel RZ-to-NRZ conversion scheme based on a single custom-designed
FBG is proposed. This customized FBG is a comb filter characterized by the multi-channel
reflectivity spectra. The spectral response of each channel is customized according to the optical
spectra algebraic difference between the NRZ signals and the RZ signals. Simulation results show
that four 200 GHz-spaced 40 Gbits/s RZ channels can be converted into NRZ signals with high
Q-factor.

1. INTRODUCTION

All-optical RZ to NRZ format conversion schemes fall into two categories, namely time-domain
waveform processing and frequency-domain signal spectrum tailoring [1-5]. Generally, the spec-
trum tailoring based converter is all-passive and very attractive compared with active-operation
device [6,7]. This is due to the advantages such as the simplicity of the structure and stable perfor-
mance. However, a drawback of these devices is that they need two filters making their structure
more complex [7-10].

In this work, we propose a multi-channel RZ-to-NRZ conversion scheme based on a single
custom-designed FBG. This customized FBG is a comb filter characterized by the multi-channel
reflectivity spectra. The only difference between the channels is their central wavelengths.

2. FBG DESIGN

The spectral response of each channel is customized according to the algebraic difference between
the NRZ signals and the RZ signals. This process is described below.

As is well known, the FBG based filtering is a linear process. Thus, it’s convenient to analyze
the FBG based RZ to NRZ format converter with the theory of linear time-invariant system.
Then, the complicated problem of converting random RZ stream to NRZ stream can be reduced
to constructing an appropriate transfer function for the FBG filter based on the input spectra of
RZ and the output spectra of NRZ.

In Fig. 1, we plot the spectra of RZ, the spectra of NRZ, and their algebraic difference. An
interesting feature of Fig. 1 is that, although the optical spectra of the NRZ signals and the RZ
signals are not smooth, their algebraic difference is quite smooth and independent of the data
carried. This indicates that one can construct a transfer function based on the optical spectra
algebraic difference. Since most of the NRZ signal powers are swarmed in the main lobe of the
spectra (bandwidth of |A — A.| < A2/eT),) [6-11], it is reasonable to set a uniform attenuation (say,
25-dB) for out of main lobe components, and construct a band-pass filter as the spectral response of
each channel. Such a well-designed single-channel spectral response is then shifted and superposed
linearly to form the multi-channel reflectivity spectra. Assuming that the FBG is operated in
reflection mode, mathematically, the multi-channel reflectivity spectra are written as follows:
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where 7rpa,ap(A) is the FBG multi-channel reflectivity spectra, A.; is the ith-channel carrier wave-
length, r; gg(A — A¢;) is the ith-channel reflectivity spectra, m is the channel number of the FBG,
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ERrz(t, A¢i) and Engrz(t, Aci) are the electric field of the ith-channel RZ signals and NRZ signals,
respectively, 25-dB is the inter-channel isolation, T}, is the interval between pulses, c is the velocity
of light in vacuum, function max(a, b) returns the largest component, FFT denotes the fast Fourier
transform, and n is the filter order to be optimized according to the Q-factor of the output NRZ
signals.

It should be mentioned here that the channel spacing should be chosen according to the signal
bit rate. For instance, for the input RZ signals at 40-Gbit/s per channel, the channel spacing should
be no less than 80 GHz. Taking into account the crosstalk between adjacent channels as well as the
ITU WDM grid, we choose 200 GHz-spaced 4 channels (1546.92nm, 1548.51 nm, 1550.12 nm, and
1551.72nm) for the simulations. At the same time, the filter order n is optimized according to the
Q-factor of the output NRZ signals, as a results, n = 2.07. By properly matching the FBG multi-
channel reflection spectra with the spectra of the input multi-channel RZ signals, the customized
FBG is well designed and synthesized using discrete layer-peeling algorithm [12].

3. SIMULATION RESULTS AND DISCUSSION

Given the 200 GHz-spaced 4 channels each operating at bit rate of 40-Gbit/s, we simulate the
operation of customized FBG based optical filter for multi-channel RZ to NRZ format conversion
for a pseudo-random binary sequence (PRBS) of length 23! — 1 bits. The spectra transformation
is shown in Figs. 2(a) and (b). Fig. 2(a) plots the spectra of the input RZ signals before filtering,
while Fig. 2(b) presents the spectra of the output NRZ signal after filtering. It is clear that the
carriers which are around with strong and periodic spikes in the input RZ spectra can finely pass
the FBG, while the sidebands around carriers are suppressed by the FBG. Thus the corresponding
NRZ spectra are obtained via the comb filtering introduced by the proposed single FBG. In Fig. 3
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Figure 1: The spectra of the RZ signals with 50% duty cycle (the green line), the NRZ signals with T}, = 25 ps,
the wavelength of the carrier A, = 1550.12nm, and § = 0.2 (the blue line), and their algebraic difference
(the ideal transfer function of the first-order filter, the red line).
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Figure 2: The spectra of (a) the 4-channel, 200 GHz-spaced input RZ signal and (b) the corresponding NRZ
output.
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Figure 3: The input RZ waveform (the first row), the waveform and the eye diagrams for the output NRZ
signals (the second row and the third row). The first column to the fourth column correspond to the carrier
wavelength of 1546.92 nm, 1548.51 nm, 1550.12 nm, and 1551.72 nm, respectively (from left to right).

we plot the input RZ waveform, the waveform and the eye diagrams for the output NRZ signals.
From left to right, the columns correspond to channels one to four, respectively. In the third
row, the clean and open eye diagrams show that the input 4-channel RZ signals are converted to
NRZ signal simultaneously with high Q-factor thanks to the all-passive scheme that introduces
hardly any additional noise. The tiny decreasing of Q-factor (< 0.4-dB) in the middle channels is
attributed to the residual crosstalk.

4. CONCLUSION

A single FBG based multi-channel RZ to NRZ format conversion has been proposed and simulated.
Simulation results show that the customized FBG can convert 4-channel RZ signals to NRZ signals
simultaneously with high Q-factor. The proposed single FBG scheme does not require any active
components. It is free from any interferometric instability and ASE noise.
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