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Lattice Filter type planar lightwave circuits on silica on silicon have been developed for the use in PMD
and Residual chromatic dispersion compensation schemes at 40 Gbit/s. A five stage MZI-filter allowed to
cover a dispersion range of 145 ps/nm and the compensation of several channels within a wavelength band of
14 nm. PMD mitigation of higher order has been demonstrated using a lattice filter with integrated
Polarisation Beam Splitter.
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Introduction
Temporal variations of residual chromatic dispersion (RCD) and polarisation mode dispersion

(PMD) in future ultra high bit rate optical transmission systems are demanding an adaptive receiver
design which ensures the required quality of service. Optical filters in planar lightwave circuits
(PLC) are well suited within these receivers as they are potentially cheap and can be integrated
together with demultiplexers and power monitors. 

Tuneable chromatic dispersion compensation with lattice filter type PLCs can exploit the
periodical transfer function allowing the compensation of several WDM channels simultaneously.
Such RCD compensators in silica on silicon have been demonstrated at a low bit rate of 2.5 Gbit/s
[1]. Recently, dispersion compensation of +/- 120 ps/nm at 40 Gbit/s has been shown with 13
Mach-Zehnder interferometers (MZIs) in SiON [2]. We propose here a shorter lattice filter in silica
on silicon which has the advantage of a low polarisation dependence and of the possibility for a
smooth continuous adaptation.

A first order PMD compensator for 40 GBit/s in silica on silicon has been published before [3].
In literature it is well known that higher order PMD compensation is superior to PMD
compensation of first order. We propose here a so called “higher order canceller” design which
suppresses the undesired polarisation component in a second stage [4]. This higher order canceller
comes together with an easier design to reduce the complexity and the loss of the compensator. 

Design and Fabrication
Both designs have been optimised aiming maximum efficiency while minimising the device

complexity. The RCD compensator is composed of 5 MZI stages as shown in Fig. 1. Opposite to
the filters reported so far [1,2], an alternative filter approach was proposed, which is based on
uneven delays � and 2� in the MZI arms [5]. The delay time � of 5.4 ps was maximised irrespective
of resulting free spectral range (FSR). Simulations predict a continuous change of chromatic
dispersion by parallel tuning of the two optical phase shifters of the second and fourth symmetrical
MZI (called tuneable couplers). Wavelength tuning and compensation of fabrication induced
imbalances can be controlled by the three phase shifters of the asymmetric MZIs. The wavelength
can be monitored with the tap couplers feeding light out of the two tuneable couplers.
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Fig. 1: Design of Residual Chromatic Dispersion Compensator and PMD compensator

For PMD compensation it is mandatory to integrate polarisation beam splitters (PBS) and TE-
TM mode converters [3]. Together with the subsequent MZI chain a polarisation controller is built
up. We simplified the design of [3] according to [6] from a 4 stage to a 3 stage lattice filter allowing
endless polarisation control as well. The main difference to [3] is that instead of another mode
converter and a polarisation beam combiner after the delay section here another MZI chain is used.
This second lattice filter serves as a second polarisation controller which works together with a
quasi natural polarisation filter due to the fact that only one polarisation component is coupled out.
In this way an undesired polarisation component can be suppressed in the second stage and the
performance is superior to a first order PMD compensator [4]. Moreover, this design allows to
reduce the number of lossy TE-TM mode converters. The polarised output may be of advantage if
polarisation dependent receivers are applied especially for nonlinear receiver designs for optical 3 R
regeneration.

The compensators have been
realised as silica on silicon planar
lightwave circuits with 1% refractive
index contrast. Linear arrangements
of the MZIs have been chosen leading
to chip sizes of 58.6 mm x 4.5 mm
and 67 mm x 4.5 mm of the RCD and
PMD compensator, respectively.
Multi-mode interference (MMI)
couplers used for 3 dB power splitting
exhibit small polarisation dependence
and insensitivity versus variations of
technology parameters. The tap
output coupler of the monitor output
ports have been realised with
directional couplers with a coupling

efficiency of about 5%. Chromium electrodes have been deposited to build thermo-optical phase
shifters. Commercially available lambda half plate with a thickness of 14.5 �m has been inserted in
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Fig. 2:  Transmission of integrated polarisation beam splitter;
inset: configuration



the PMD compensator chip for TE-TM mode conversion. The integrated PBS has been realised
similar to [7] employing the stress induced birefringence of a broadened waveguide in an MZI. In
Fig. 2 the design of the PBS and the measured performance is shown. With a waveguide width
broadening of 9 �m and a length of the broadened waveguide of 5 mm a polarisation extinction
ratio better than 20 dB in a broad wavelength range of 50 nm has been obtained. The fibre to fibre
insertion loss of the RCD and the PMD compensator chips was measured to be 3.5 dB and 6.2 dB,
respectively, where the loss of the PMD compensator was slightly higher than expected.

System Experiments
The RCD compensator was tested in a system experiment consisting of a 40 Gbit/s NRZ ETDM

transmitter, a CD-emulator made of 8 fibre spools with a dispersion step of 30 ps/nm and a
40 Gbit/s ETDM receiver with eye opening monitoring. An automatic adaptation routine to control
the phase shifters of all five stages of the dispersion compensator has been implemented using the
eye opening as a monitor signal. The time constant of several seconds for the adaptation process
was mainly determined by the dither step and the software algorithm. The bit error ratio (BER) with
and without CD-adaptation is shown in Fig. 3. Since the 40 Gbit/s NRZ-modulator was not chirp-
compensated the minimum BER of the optical link was at about -40 ps/nm. The dispersion
tolerance for a given BER is more than doubled for the compensated signal. The polarisation
induced penalty of the RCD compensator was less than 0.5 dB. It is noticeable from Fig. 3 that the
sensitivity with compensator is about 1 dB lower than without compensation. This is explained by
vestigal side band filtering and pulse shaping of the filter leading to an unsymmetrical signal
spectrum with a lower receiver sensitivity.
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Fig. 3: Receiver Sensitivity at a Bit Error Ratio of 10-9 with respect to the chromatic dispersion with and
without RCD compensation

To confirm the periodicity of the device we changed the signal wavelength according to the
compensator free spectral range (FSR) of 178 GHz after running the adaptation process for one
channel. With the same phase shifter parameters a variation of the receiver sensitivity of less than
0.8 dB have been measured for 10 neighbouring channels. So the RCD compensator can be used for
at least 10  WDM channels simultaneously. 

The PMD compensator has been characterised in an 40 Gbit/s NRZ experimental set up with an
12 stage high order statistical PMD emulator with a mean differential group delay (DGD) of 8.9 ps.
Additional to the eye monitor as a feedback here the 10 GHz spectral line of the detected signal was
employed which is necessary for the start up routine if the BER is high. The integrated optical PMD



compensator is compared with fibre optical compensators composed of fibre squeezers and
birefringent fibre. One has been built up as a 1 stage compensator (1 polarisation controller and 1
PM fibre with a DGD of 14 ps) and the second one was a 2 stage compensator (2 polarisation
controllers with 2 PM fibres with a DGD of 10 ps each). Fig. 4 shows the result of the comparison
between the different compensators. The penalty has been measured for a BER of 10-9. Due to
limited measurement time the experiment gives only the cumulative probability for low penalty
values. Simulations for 1 stage and 2 stage compensators have shown that the gain of the
compensator is clearly enlarged for higher penalties and lower probabilities at e.g. 10-5.
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Fig. 4: Cumulative probability at a BER of 10-9 of the receiver penalty for 1 and 2 stage fibre optical PMD
compensators and the integrated optical compensator at statistical PMD of higher order with a mean
DGD of 8.9 ps.

It can be seen from Fig. 4 that the performance of the integrated optical PMD compensator is
better than the 1 stage fibre optical compensator but not as good as the 2 stage compensator. This
confirms simulations which have been carried out before [4]. The irregularities observed in the
measured curve of the integrated optical PMD compensator will be reduced by improving the
feedback algorithm which was implemented for the fibre optical compensators. 

Conclusions
Compensators for RCD and PMD at 40 Gbit/s have been developed in silica on silicon PLCs.

The RCD compensator is composed of a 5 stage lattice filter allowing a smooth and continuous
adaptation of the filter within a dispersion range of 145 ps/nm. Dispersion compensation has been
demonstrated for 10 neighbouring WDM channels with a distance of the filter FSR. This FSR
should be adapted to the ITU grid in a redesign. A new design for a higher order PMD canceller has
been proposed and set up with a lattice filter integrating only one PBS and one mode converter. The
performance of the compensator was shown to be superior to a first order PMD compensator.  
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