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Abstract: We propose a method for generating Nyquist sintsgs) based on an arrayed
waveguide grating router (AWGR) preceded by a mmdtie interference coupler. This

outperforms previous methods using a chirped AW@&Radispersive fiber.
OCI S codes: (060.4510) Optical communication; (060.4230) Maléking; (070.0070) Fourier optics and signal pesirg.

1. Introduction

Nyquist pulse shaping enables wavelength multipigxivith minimal guard bands to create Nyquist-WDNF (
WDM) [1]. Nyquist pulse shaping can be achievetiaritelectrically [2] or optically [3]. Electrical @hods provide
guaranteed roll-offs, but require expensive and greliungry high-speed digital to analog convertdd&\q).
Alternatively, optical filtering is able to realizecost-effective and greener Nyquist pulse shafif8], but with the
achievable roll-off limited to typically 10% [3].

Arrayed waveguide grating routers (AWGRS) have bpeposed and demonstrated to realize discrete time
Fourier transformation (FT), and so can be usegktterate optical frequency division multiplexed 0P signals
[4, 5]. In [6], a chirped AWGR has been proposedniplement a fractional FT (FrFT), which produagsrped
OFDM signals that can be converted to quasi N-WDinmmels using a dispersive fiber (DF) [6]. Howevee,
have shown that these channels have much widetrapian necessary [6], so require larger guardi®dor a
given level of inter-channel-interference (ICI) whmultiplexed into a N-WDM spectrum.

In this paper, we propose a new photonic circyibtogy with an AWGR at its core for Nyquist puldeping,
which does not require a DF and produces near-apspectra. Simulations show that the proposedcdevas 4-
dB Q-factor over the AWGR-DF design [6] in a N-WDM syst when the OSNR is 19 dB. Furthermore, our design
has a high tolerance to practical implementaticsués such as waveguide loss (0.17 dB penalty when t
waveguide is 2 dB/cm for N-WDM systems) and vaoiatof waveguide length (0.5 dB penalty when theatiam
of waveguide length is 048m for N-WDM systems).

2. Operational principles of the AWGR as a Nyquist pulse shaper

Figure 1(a) illustrates signal processing diagraingi Satoshi & Cincotti's method (AWGR-DF) to gesier quasi-
Nyquist sinc pulses [6]; Fig. 1(b) shows our pragbmethod (Multimode interference coupler (MMI)-AVRY
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Fig. 1. Block diagrams for (a) AWGR-DF scheme [i®p(left) and (b) our proposed MMI-AWGR scheme {bwt left).
The associated spectra are shown at the right-$ided

In the AWGR-DF method, mode-locked laser (MLL) mdsare input to the first slab of an AWGR, whicksaas a
Fourier transform. The output of this slab is cote@ to a serial pulse stream using the differéutédays of the
waveguidesn. The second slab couples the outputs of the wagegnto a common output port, and also adds
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guadratic phase shifts, to impose a linear chirphenoutput pulses. A dispersive fiber (DF) compessthe chirped
pulses into sinc-shaped pulses [7] and also impdg&gent time delays on each of the inputs pyl¢essnable
time-division multiplexing of the input pulses. Berse each modulator feeds a separate impubf the first slab,
each of these streams has a different central éremyu Therefore the output spectrum is a sum cfettilequency-
shifted spectra. This is wider than a conventi@iad-pulse’s spectrum, as discussed in [1].

Figure 1(b) shows our proposed MMI-AWGR scheme. Triput of the FT slab is fed with optically time-
division multiplexed (OTDM) pulses created by gpli, modulating, delaying and then combining thelMulses.
Again, the first slab of the AWGR is configured @a&kowland circle (RC), in which the phase shifteoas it are
proportional tomxn. This implements the phase weighting of the discieverse FT [5]. Th&l outputs of the FT
slab feed the arrayed waveguides, which act asalgleto-serial converter.

For the AWGR to output a truncated sinc-like pulteijnputs need to have uniform powers and preuliseses.
In practice, its input waveguides, which representhe frequency coefficients into the inverse Bfiguld be fed
with identical and synchronized signal copies fribi same modulated source. In this case, thesé¢ [iyiges can
be derived by equally splitting an input signal,iethis a data-modulated pulse train, using a maltieninterference
coupler (MMI). Thus, if OTDM pulses from a MLL ameput to a FT slab, the spatial distribution at thutput plane
of the FT slab will be a truncated-sinc. This asssirthat the inputs of the FT slab have the samsephad
amplitude, and the transmission from any input wange to output waveguide of the slab has identasdes; that
is, for every combination ofh andn. The arrayed waveguides rearrange these spacdesampsequence at the
combiner, because each waveguide has an increnpaitalengtih\L, the output is a sampled truncated sinc pulse
waveform, with a duration dependent on the numiiearmyed waveguidedy, and the incremental delay of the
armsAt.

For the proposed scheme as shown in Fig. 1(b)aels mput of the FT slab produces a sinc spectrutim av
different central frequency at the output of theosal slab, the transfer function is:

KL (f—kmf) KL B
H(f)—k;sm e _kzosm{(f kmf)NAq

Thus, we can easily find the frequency spectrurma ssmmation of sinc spectra with widtkB, each shifted bwf,
over the number of inpuk, lines. From Eq. (1), the roll-off factor of thpextrum depends on the width of the sinc
subcarriers’ spectra; thus, the smaller Alreis, the smaller the roll-off factor becomes. Hére toll-off is defined
as the width of the sinc spectra divided by thedwadth of the spectrum.

@)

3. Simulation results

Figure 2(a) shows the schematic of a 3-channel NMNVDansmission system that we simulated with
VPItransmissionMaker. The MLL’s output was splitarthree paths, each leads to a 160-Gbaud N-OT Dévhrod
with 16 10-Gbaud QPSK tributaries. The widtf, of the Nyquist pulses is designed to be 6.25 ipis avspectral
bandwidthB = 160 GHz, for consistency with our theoreticap@a[l]. The parameter values for the structural
design of the AWGR are listed in Table 1. Each N4WDBhannel uses a 240-GHz Gaussidrodder band-pass
filter (BPF) to remove energy from the higher-orgassbands of the MMI-AWGR to build a N-WDM speattu
The receiver used a BPF with a 160-GHz Gaussiaor2er response to select the central channel.

Figure 2(b) compares the signal quality versus OStiRa single wavelength channel to that of thetredn
channel in a 3-channel N-WDM system with no frequyeguard bands (160-GHz spacing) for AWGR-DF [63 an
the proposed MMI-AWGR scheme. From Fig. 2(b), th&VBM system using AWGRs-DFs suffers a much greater
penalty (6 dB) than the MMI-AWGR (2 dB), comparedhian ideal single-channel system when the OSNI® =
dB. Fig. 2(c) shows that tH@-factor becomes OSNR-limited when the guard bari®i&Hz for the MMI-AWGR,
which is 75% narrower than required for AWGR-DFigas This also outperforms our previous modified GR-
DF, as that needed 50-GHz guard-bands to redud€the insignificance at 20-dB OSNR [1].

Fig. 3 plots the fabrication tolerance of arm lassl waveguide length variation for the central WbhMannel
(160-GHz spacing) with different numbers of arrayeveguidesN. On one hand, a greatdrreduces the ICI; on
the other hand, even with a large waveguide losz @B/cm, the performance drops only 0.17 dB. TQhiactor is
reduced by 0.5 dB when the standard deviationefthveguide length reaches Qré, for OSNR = 19 dB.
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Table 1 Parameters used in the design of AWGR

Number of the FT slab inputs K 16
Solitter TDM MLk AWGR BPFl Number of arrayed waveguides N 101
P Coherent Spacing between input waveguides of FT slab d  26.5 pm
OTDM MMI-AWGR [ BPF1 WD Spacing between arrayed waveguides D 24.2pum
MUX Focal length of the FT slab R 60 mm
OTDM MMI AWGR - - -
(@ Differential arrayed waveguides length AL 0.2mm
Refractive index of the FT slab and wavegu|des n, 145
20 Single channel using 20
" ideal rectangular filter f f f 5
Single channel }MMI-AWGR Smgl‘e channél perfomﬁance D%_
15 T N-WDM 18— - == e
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Fig. 2. (a) Schematic diagram for N-WDM using AWGKy Comparison of th@-factors for single channel and N-WDM using twoesties.
(c) TheQ-factors for three WDM channels with respect torduzand using two schemes (OSNR = 19 dB). (DSRtadlisignal processing)
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Fig. 3. The influence of: (a) the arm loss andafishyed waveguides length variation for N-WDM sygsdewvith respect to the number of
waveguides (OSNR =19 dB).

4. Conclusions

We have proposed a method of shaping pulses todpeatra suitable for Nyquist-WDM systems, whickugable
for manufacture using planar-waveguide technoldggcause of its narrow output spectrum, it has 4beBer
performance than an earlier proposal using a cifd¥GR followed by a dispersive fiber.
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