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Improvements to Network Synchronisation

It is desirable to synchronise the various components within a telecommunications
network in order to improve the efficiency of the network. For example, it is desirable to
synchronise the frequency of operation of the local oscillators present in each of the
network’s nodes. It is also desirable to synchronise the phase of the local oscillators,
such that each oscillator starts from the same value. The present invention concerns
synchronisation of frequency of operation.

Known methods for synchronising the frequency of operation include intensity
modulation. In particular, a continuous wave laser signal is modulated at the desired
frequency of operation of the local oscillator of a node. The laser signal is transmitted
from the network exchange to the node where in is detected at a photodetector, which
converts it to an electrical signal and applies that electrical signal to the local oscillator
of the node.

It would be desirable to have alternative frequency synchronisation methods.

The present invention addresses some or all of the above-mentioned and/or other
disadvantages associated with the prior art.

According to a first aspect of the invention there is provided a method of controlling the
frequency of operation of a component of a telecommunications network, the method
comprising:

Combining a first signal and a second signal to form a heterodyne signal;

Transmitting the heterodyne signal from a first node of the telecommunications network;
Detecting the transmitted heterodyne signal at a second node of the telecommunications
network;

Controlling a frequency of operation of a component of the telecommunications network
using a frequency of the detected heterodyne signal.

Embodiments of the invention enable network components, such as local oscillators, to
be synchronised more accurately than in known methods. In known methods, such as
intensity modulation, the synchronisation signal is intensity modulated with the desired
operative frequency of the local oscillator. This synchronisation signal is transmitted
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from the network exchange to a node in the network. The received signal is often noisy,
which reduces accuracy. The present invention enables the operative frequency to be
carried as the beat frequency of a heterodyne signal. Heterodyne signals are formed of
two signals and both suffer noise. The frequency difference between them, i.e. the beat
frequency, is largely unaffected by noise. The resulting technique therefore provides

more accurate synchronisation.

The first signal and/or the second signal may be optical signals and may be laser signals
and may be transmitted over an optical fibre. The first node may be the network
exchange. The first node may be located remotely from the second node. The method
may be a method for synchronising the local oscillator to a reference frequency for the
network. The frequency of the first signal and/or the second signal may be from 100THz
to 400THz. The frequency of the heterodyne signal may be the difference between the
frequency of the first signal and the frequency of the second signal and may be from
5MHz to 100MHz and may be from 30MHz to 50MHz and may be approximately 40MHz.

The second node may be located at a street cabinet within the network. The step of
detecting the heterodyne signal at the second node may be performed by a
photodetector. The component of the telecommunications network may be a local
oscillator and may be a local oscillator of the node. The step of using a frequency of the
detected heterodyne signal to control a frequency of operation of a component of the
telecommunications network may comprise reducing the frequency of the detected
heterodyne signal. This may be performed using a frequency divider or direct digital
synthesis. The reduced frequency may be from 5MHz to 10MHz and is preferably
approximately 10MHz.

The method may further comprise controlling the frequency of the heterodyne signal.
This may comprise modifying a frequency of the first signal prior to the step of combining
the first signal and the second signal. This may be performed by a modulator which may
be an acousto-optic modulator and may be a free-space acousto-optic modulator.

The step of modifying a frequency of the heterodyne signal may comprise modifying a
frequency of the first signal. This may take into account the frequency of the heterodyne
signal and may comprise measuring a frequency of the heterodyne signal. This step
may further take into account a predetermined desired frequency of operation of the local
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oscillator. The method may further comprise monitoring a frequency of the heterodyne
signal.

The first signal and the second signal may be produced by splitting the output of a single
laser source. In alternative embodiments the first and second signals may be produced
by two separate laser sources. Inthese embodiments the step of modifying a frequency
of the first signal or the second signal may comprise modifying the frequency of one of
the laser sources.

According to a second aspect of the invention there is provided a system for controlling
the frequency of operation of a component of a telecommunications network, the system
comprising:

A combiner adapted to combine a first signal and a second signal to form a heterodyne
signal;

A transmitter adapted to transmit the heterodyne signal from a first node of the
telecommunications network;

A detector adapted to detect the transmitted heterodyne signal at a second node of the
telecommunications network;

A controller adapted to control a frequency of operation of a component of the
telecommunications network using a frequency of the detected heterodyne signal.

An embodiment of the invention will now be described in detail, for illustration only, and
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic view of a system in accordance with a first embodiment of the

invention;

Fig 2 a schematic view of a system in accordance with a variation of the first embodiment

of the invention;

Fig 3 a schematic view of a system in accordance with a second embodiment of the

invention;

Fig 4 is a schematic view of a system in accordance with a third embodiment of the

invention.
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The arrangement in accordance with the invention is shown generally at 1 of Fig 1. In
particular 15 represents a telecomms network exchange. At the exchange is a laser 2.
The laser emits a continuous wave signal at 1550nm onto an optical fibre. A 1 x 2 optical
splitter 30 splits the signal into two branches 3 and 4. Branch 4 carries the signal to
acousto-optic modulator 5 which receives an input signal from frequency reference 13.

The acousto-optic modulator 5 causes the frequency of the continuous wave laser signal
from exchange 15 to increase by an amount equal to the frequency of the input signal
from the frequency reference 13. The frequency of the input signal is approx 40MHz.
The two branches 3 and 4 then combine at a 2 x 1 optical splitter 7 and pass to
photodetector 9 located at node 16. In this case the node 16 is a street cabinet. The
photodetector 9 detects the laser signal. The act of combining the signals on the two
branches 3 and 4 causes two heterodynes to be created. Referring the frequency of the
signal on branch 3 as f3 and the frequency of the signal on branch 4 to be f4, the two
heterodynes have the frequency f3 + f4 and f3-f4 respectively. The frequency f3+f4 is
approximately 400THz. This is outside the sensitivity range of photodetector 9. The
frequency f3-f4 has the frequency of approximately 40MHz which is within the sensitivity
range of photodetector 9. It is therefore the f3-f4 heterodyne which is detected. The
detected signal is converted into an electrical signal by photodetector 9 and the electrical
signal is passed through a frequency divider 70 which reduces the frequency of the signal
from approx 40MHz to approx 10MHz. The 10MHz signal is then input to the local
oscillator 40. The local oscillator 40 uses this frequency as is frequency of operation.

[ turn now to Fig 2, in which like elements have the same reference number as in Fig 1.
It may be that the frequency detected at photodetector 9 differs from that input to
acousto-optic modulator 5. This is exacerbated by noisy environments. To address this,
a frequency stabilisation feedback circuit is provided. This generally comprises the
components shown within the dotted area 10 in Fig 2. In this embodiment, the 2 x 1
splitter 7 is replaced by a 2 x 2 splitter 60. As well as outputting the heterodynes to the
photodetector 9, the splitter 60 also outputs the heterodynes to photodetector 11 within
the exchange 15. Photodetector 11 has a similar range of sensitivity to photodetector 9
and so detects the f3-f4 heterodyne but not the f3+f4 heterodyne. Photodetector 11
converts the optical signal to an electrical signal and provides it to mixer 12, which also
receives an input from the frequency reference 13. The mixer 12 outputs a signal to
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voltage-controlled oscillator (VCO) 14. VCO 14 modifies the signal it applies to acousto-
optic modulator 5 with the aim of bringing the frequency of the signal detected by
photodetector 11 as close as possible to the desired frequency for transmission to node
16. Thus a feedback circuit is provided to stabilise the signal output by the exchange 15
to node 16.

Fig 3 shows a further embodiment of the invention in which like elements with Fig 2 have
the same reference numeral + 100. In particular a continuous wave laser signal with a
frequency of F is output from laser 102 at node 115. The signal passes to a free-space
acousto-optic modulator 105 (free-space AOM). The free-space AOM 105 also receives
an input signal (with a frequency of f) originating from frequency reference 113. This
frequency f is approx 40MHz. The free-space AOM 105 outputs multiple laser signals
into free space in different directions. In particular, it outputs a 0" order signal, a 1t order
signal, a 2" order signal and so-on. The 0" order signal has the same frequency as the
signal the AOM 105 receives from the laser 102 (i.e. F). The frequency of the 1 order
signal is that of the frequency of the laser 102 plus the frequency f of the signal the AOM
105 receives from the frequency reference 113 (i.e. F+f). The frequency of the 2™ order
signal is that of the frequency of the laser 102 (F) plus twice the frequency (2f) of the
signal the AOM 105 receives from the frequency reference 113 (i.e. F+2f). It is the O
order and 1% order signals only that are of interest here.

The O™ order signal is directed to 50:50 beam splitter 118, which redirects a portion of it
to photodetector 111 and allows a portion to pass through, towards node 116. The 1%
order signal is directed to mirror 117 which reflects it to the beam splitter 118. A portion
of the 1! order signal passes through the beam splitter 118 to photodetector 111 and a
portion is diverted towards node 116.

The portion of the 0" order signal that passes through the beam splitter 118 combines
with the portion of the first order signal that has been redirected by beam splitter 118
towards the node 116. These two signals combine to form two heterodynes with
frequencies 2F+f and f. The two heterodynes are injected into an optical fibre which
carries them to the photodetector 109 of node 116. The sensitivity range of the
photodetector 109 is such that it is capable of detecting f but not 2F+f. The detected
signal is converted to an electrical signal of frequency f, reduced in frequency by
frequency divider 170 to 10MHz and then passed to the local oscillator 140. Thus local
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oscillator 140 has been synchronised to frequency f, which is its desired operating
frequency. The embodiment of Fig 3 therefore achieves the same purpose as the
embodiments of Figs 1 and 2.

In addition, the portion of the first order signal that passes through beam splitter 118
combines with the portion of the 0" order signal that is redirected by the beam splitter
118 to form two heterodynes with frequencies 2F+f and f. The sensitivity range of the
photodetector 111 is such that it is capable of detecting f but not 2F+f. As fis the desired
frequency of the local oscillator 140, the components 111-114 operate as a frequency
stabilisation feedback circuit, identical to that described in relation to Fig 2.

Fig 4 shows an alternative embodiment of the invention. This embodiment has two
lasers 202 and 250, each of which output a continuous wave signal at approximately
1550nm, which | will refer to as f1 and f2. The signals are provided to the inputs of a 2 x
2 optical splitter 230. One of the splitter’s output fibres carry the resulting heterodyne to
a photodetector 209 connected to the local oscillator 240 of node 216. Similarly to
previous embodiments, the photodetector detects the beat frequency f1-f2, and applies
that beat frequency to the local oscillator 240.

The other of the splitter’'s output fibres carries the heterodynes to photodetector 211
within the exchange 215. Photodetector 211 detects the beat frequency f1-f2.
Photodetector 211 converts the optical signal to an electrical signal and provides it to
mixer 212, which also receives an input from the frequency reference 213. The input
from frequency reference 213 is at the desired frequency of operation of the local
oscillator 240 in node 216. The mixer 212 outputs a signal to a Proportional-Integral-
Derivative Controller (PID) 251. PID 251 uses the feedback this contains from the
photodetector 211 to drive the laser 202 and keep it at the frequency of the frequency
reference 213. This ensures that the beat frequency detected by the photodetector 209
is at the desired frequency of operation of the local oscillator 240.
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Claims

1.A method of controling the frequency of operation of a component of a
telecommunications network, the method comprising:

Combining a first signal and a second signal to form a heterodyne signal;

Transmitting the heterodyne signal from a first node of the telecommunications network;
Detecting the transmitted heterodyne signal at a second node of the telecommunications
network;

Controlling a frequency of operation of a component of the telecommunications network
using a frequency of the detected heterodyne signal.

2. A method as claimed in claim 1, wherein the first signal and the second signal are
laser signals.

3. A method as claimed in claim 1 or claim 2, wherein the first node is located remotely
from the second node.

4. A method as claimed in any preceding claim, wherein the component of the

telecommunications network is a local oscillator of the second node.

5. Amethod as claimed in any preceding claim, the method further comprising controlling
a beat frequency of the heterodyne signal.

6. A method as claimed in claim 5, wherein controlling a beat frequency of the heterodyne
signal comprises modifying a frequency of the first signal prior to combining the first
signal and the second signal.

7. A method as claimed in claim 6, wherein the step of modifying a frequency of the first
signal is performed by a modulator which may be an acousto-optic modulator.

8. A method as claimed in any of claims 5 to 7, wherein the method further comprises
measuring the beat frequency of the heterodyne signal and using the measured beat
frequency to control the beat frequency of the heterodyne signal.
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9. A system for controlling the frequency of operation of a component of a
telecommunications network, the system comprising:

A combiner adapted to combine a first signal and a second signal to form a heterodyne
signal;

A transmitter adapted to transmit the heterodyne signal from a first node of the
telecommunications network;

A detector adapted to detect the transmitted heterodyne signal at a second node of the
telecommunications network;

A controller adapted to control a frequency of operation of a component of the
telecommunications network using a frequency of the detected heterodyne signal.
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