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Abstract

With a 16-arm AWG with amplitude and phase modulators on each arm we generate arbitrary filters and perform
dispersion compensation of 2.5-ps pulses across 53km of field fibre.

Introduction

Optical filters provide essential and diverse
functions ranging from basic signal filtering and gain
flattening to complex and futuristic applications such
as optical buffering, dispersion compensation[1, 2]
and optical arbitrary waveform generation[3]. In this
summary we demonstrate the operation principle of
an “arbitrary-filter” AWG with amplitude and phase
modulators on each arm as a continuously tuneable
dispersion and dispersion-slope compensator.
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Figure 1. Description of the arbitrary filter AWG.

Figure 1 shows the operation principle of the
arbitrary filter AWG. Consider sending a short pulse
into the AWG to measure its impulse response. In
the free propagation region (FPR) the pulse is split
onto each of the N arrayed arms. Each arrayed arm
is longer than the previous array arm by a constant
increment (4L). The pulses’ amplitude and phase
are independently set using an amplitude and phase
modulator array and then the pulses are combined
in the output FPR. The N pulses are separated in
time by the arrayed arm propagation time difference
(47) with amplitude and phase specified by the
modulator array. The Fourier transform of the
impulse response defines the frequency domain
transmission of the filter. The inverse of the arm
spacing is the filter's free-spectral-range (FSR).
Thus, the filter can be designed in the frequency
domain, and built by replicating the filters inverse
Fourier transform in the time domain. In this sense,
the operation of the AWG is similar to operation of a
N-tap FIR optical lattice filter[4]. However, unlike
lattice filters which are difficult to extend to hundreds
of stages because of series losses, the AWG filter
can easily be extended to have hundreds of arms
due to its parallel construction.
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Figure 2: AWG filter transmission (a,b) without
phase error correction (c,d) with phase error
correction (e,f) with Gaussian apodization (g,h) as a
flattop filter (l,j) as a dispersion slope compensator
(k,l) as a first-order dispersion compensator.

Measurements and Characterization

The AWG filter is fabricated in the silica platform
with 1.5% index contrast. The AWG has 16 arrayed
arms spaced at a A7 of 1.6 ps (600 GHz FSR). Each
arm contains a resistive heater based Mach-
Zenhder amplitude modulator (AM) and phase
modulator (PM) with 10 mm long resistive heaters to
obtain phase shifts. We used a coherent swept
frequency domain interferometer (FDI) to measure
the complex transmission in the frequency domain
and the impulse response in the time-domain[5].
Figure 2(a,b) show the transmission of the AWG
without active control. Each impulse represents the
intensity and phase transmission of that arm and
can be adjusted using the modulator array. The
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transmission has extinction of 13 dB between the
peak and background level. The extinction can be
increased by correcting for the phase errors by
flattening the phase across the AWG arms.
Figure 2(c,d) show the improved AWG transmission
with phase error correction applied to the array
arms. The extinction is increased to 35 dB and the
spectral phase is flat across the passband. Applying
amplitude modulation to the arrayed arms can
increase the extinction in addition to controlling the
shape of the passband. Figure 2(e,f) show a filter
with Gaussian apodization in the time domain and
increased extinction in the spectral domain to 45 dB.
Figure 2(g,h) shows the AWG filter with the impulse
response shaped as a sinc function to obtain a
flattop spectral transmission.

One application of the AWG filter is for arbitrary-
order and continuously-tuneable  dispersion
compensation, which requires both amplitude and
phase control of the arrayed-arms. Figure 2(i,j)
show the filter configured to correct for 4 ps/nm2 of
dispersion slope as indicated by the cubic spectral
phase. Figure 2(k,I) show the filter configure to
correct for 8 ps/nm dispersion as indicated by both
the temporal and spectral quadratic phase.

Dispersion Compensation Field Trial

Figure 3(a) shows the field experiment for testing
the AWG as a continuously-tuneable dispersion
compensator. A modelocked laser (MLL) centred at
1550 nm with 2.5-ps pulse width (200-GHz wide
optical spectrum) and a repetition rate of 10 GHz is
on-off keyed modulated at 10 Gb/s with a 2°'-1
pseudo-random bit sequence (PRBS). The MLL is
used because its broad spectrum is sensitive to
dispersion. The field fibre is 53 km of standard
single-mode fibre (SMF) followed by dispersion
compensating fibre (DCF). Coarse dispersion of
increments of 10 ps/nm is used to tune the
dispersion of the link to either +7.7 ps/nm or
-3.5 ps/nm to allow for the AWG filter to compensate
positive and negative dispersions. The AWG filter is
configured to compensate dispersion of -8, 4, 0, 4
and 8 ps/nm with a 2-nm passband wide enough to
pass the full spectrum of the MLL. It is necessary for
control of both the amplitude and phase modulators
to keep the width of the passband constant for the
different dispersion settings. Figure 3(b,c) show the
measured group delay of the two links with and
without the AWG set to its different configurations
across three FSRs. For the two link dispersions, the
group delay is the flattest, or has minimal
dispersion, when the AWG dispersion is opposite of
the link dispersion. Figure (d,e) show the optical eye
diagrams corresponding to the different link
dispersion with AWG settings. There is strong
correlation between uncompensated dispersion and
broadened pulse width. BER curves are shown in
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Figure 3(f,g). For the two link dispersions, using the
AWG filter for dispersion compensation provides
0.7 dB power penalty improvement.
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Figure 3: (a) Experimental setup for BER and optical
eye measurement. Link compensated to +7.7 ps/nm
and -3.5 ps/nm. (b,c) group delay measurement with
and without AWG filer (d,e) optical eye diagrams
measured with a 65 GHz DCA (f,g) BER results.
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We showed preliminary operation of an AWG with
amplitude and phase modulators on each arm as an
arbitrary FIR filter and a dispersion compensator.
While this prototype AWG has limited range of
dispersion compensation, simulations indicate that
an AWG filter with 64 arms and 100-GHz FSR can
correct for dispersion and dispersion slope greater
than 1000 ps/nm and 500 ps/nm2 respectively.
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