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Abstract – The Square Kilometer Array (SKA) project
will require the use of extremely accurate timing and
reference clock signals to ensure the optimum
performance and sensitivity of the telescope network. In
this paper, we report on the consequences of polarization
mode dispersion (PMD) and polarization fluctuations on
the phase of a 4.25 GHz reference clock signal
transmitted over optical fibre.
I.

INTRODUCTION

The SKA is an international project aiming to build
and exploit the world’s largest and most sensitive radio
telescope with an effective area of one million square
meters [1]. Up to 3000 radio telescopes are planned
across the various sites, each with transfer rates of 160
Gbps. The high speed data transport requirements of the
project command for the use of optical fibres for timing
and frequency signals, as well as for data transfer
between telescopes and the correlator [2]. The data
requirements of the project include an impeccable
synchronisation of data collected from the various
telescopes. The stability of the SKA reference clock tone
will be severely susceptible to polarization mode
dispersion (PMD) and polarization fluctuations within the
network. The fibre type, deployment method, variation in
differential group delay (DGD) with wavelength, and
environmental conditions are all important factors
requiring consideration in this regard.
In this work in progress paper we present
experimental measurements quantifying the impact that
fibre PMD and polarization fluctuations have on the
phase of a 4.25 GHz reference clock tone. This work is
extremely valuable since it signifies the first steps by
Nelson Mandela Metropolitan University (NMMU) in
measuring, managing and correcting for phase error in
reference clock tone distribution over optical fibre.
II.

EXPERIMENTAL SETUP

The setup built in our lab in Figure 1 represents a
typical onsite SKA scenario. The reference clock signal is
a sinusoidal clock signal having a frequency of 4.25 GHz,

created by the programmable pattern generator (PPG).
Path 1 of the setup is analogous to a maser reference
clock signal sent over a fibre link to a telescope. In the
field PMD is caused by the birefringence effect in optical
fibers as well as by polarization mode coupling [3].
Birefringence is the result of asymmetry in the fiber core,
while asymmetry comes from defects in the fabrication
process, or from mechanical stress and other
environmentally based conditions [3]. In our experiment
we use a variable delay line, which allows us to set
various values of DGD, and thus introduce tuneable
PMD. The polarization controller after the isolator allows
us to vary the state of polarization. Through Path 1 of the
network we thus have a method for verifying the effects
of both PMD and polarization fluctuations on the phase of
the 4.25 GHz reference clock signal.
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Fig. 1 Experimental Setup. Path 1 shows reference clock
tone distribution to a SKA antenna. Path 2 is used to
determine the relative polarization orientation.
We rely on the Poincaré sphere measured at the
polarimeter through Path 2 to determine the fast and slow
birefringent axes of the delay line. These are referred to
as the Principal States of Polarization (PSPs) [4]. Path 2,
starting with the amplified spontaneous emission (ASE)
source to the digital oscilloscope (Scope) is further used
to measure the relative angle between the state of
polarization (SOP) of the reference clock signal and the
PSPs. Once the PSPs are found and the SOP is aligned,
the ASE source is turned off. The 1550 nm laser is then
turned on at 7 dBm. Light enters a modulator being
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The power at the input of the oscilloscope was
measured to be -11.45 dBm. As the SOPs are varied from
one PSP to the other, it causes the phase of the 4.25 GHz
reference clock signal to shift. For measurement
purposes, the delay line was varied from 10 to 40 ps
delays with increments of 10 ps. Figure 2 shows the phase
shifts of the reference clock waveform for the SOPs at 0
degrees and 180 degrees in Stokes space. The reference
clock signal undergoes a total shift that is expected to
match the value of the DGD entered in the variable delay
line. This is observed, with a measured phase shift of
11.30 ps (0.30 rad), 18.16 ps (0.48 rad), 29.56 ps (0.78
rad), and 37.63 ps (1.00 rad) for Fig 2 a),b),c),d)
respectively.
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Fig. 3 Measured time shift for set DGDs of a) 10 ps, 20
ps, b) 30 ps, 40 ps delays as the SOP angle is varied
IV.

MEASUREMENT RESULTS
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driven by the pattern generator (PPG) to create the
4.25 GHz tone. The polarized light is sent through an
isolator to avoid any optical back reflections into the
modulator. The polarimeter is used to monitor the
reference clock tone state of polarization as it is set from
one PSP to the other PSP at 30 degree intervals by
varying the polarization controller after the isolator. The
oscilloscope captures the optical signal in the time
domain and displays the effects of various states of
polarizations and PMD delay on the 4.25 GHz reference
clock signal.

CONCLUSION

We have presented in this paper how the combined
effects of PMD and polarization changes severely alter
the phase of a 4.25 GHz reference clock signal. This
would cause digitizers and other devices to lose
synchronisation and function incorrectly. Careful
consideration is thus required when designing and
implementing the optical fibre reference clock tone
distribution for SKA and similar projects. This should
include rigorous specification validation and onsite PMD
and polarization fluctuation characterisation of the fibre.
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Fig. 2 Frequency reference signal with set DGD of a)
10ps b) 20ps c) 30ps and d) 40ps
Figure 3 shows the measured phase shift as the
polarization is varied between the two PSPs. This result
illustrates how fluctuating polarization in an optical fibre
can cause a significant phase shift, whose upper bound is
determined by the DGD of the fibre.
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