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An optical communication system comprises a transmission assembly (3) including a semiconductor lasgt amplifier
(4). The laser amplifier (4) superimposes onto an amplitude modulated signal a phase modulation corresponding to the
amplitude modulation. The optical communication system may further include a separation device for filtering out the am-
plitude modulation. A receiving assembly (7) is provided for detecting the phase modulation of a transmitted signal.
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OPTICAL COMMUNICATION SYSTEM
The invention relates to a transmission assembly and

to an optical communication system comprising a
transmission assembly and a receiving assembly between
which optical signals which have been modulated in
accordance with information are communicated. Such
communication may be for example via optical waveguides
such as optical fibres or via satellite communication and
the like.

In this specification, the term optical is intended
to refer to that part of the electromagnetic spectrum
which is generally known as the visible region together
with those parts of the infra-red and ultra-violet
regions at each end of the visible region which are
capable of being transmitted by dielectric optical
waveguides such as optical fibres.

Commonly, the amplitude of an optical carrier signal
is modulated in accordance with information +to be
transmitted. It 1is preferable, however, in certain
applications for example coherent systems for this
information to be transmitted as a phase modulation of a
carrier signal.

In accordance with one aspect of the the present
invention, an optical communication system comprises a
transmission assembly including a conversion device to
which an optical signal whose amplitude is modulated in
accordance with information is fed, the conversion device
being responsive to the power of the amplitude modulated
optical signal to produce an optical output signal whose
phase is modulated in correspondence with the amplitude
moduation of the incoming signal; and a receiving
assembly for detecting the phase modulation to regenerate
the information.

In the simplest example, the conversion device
superimposes a phase modulation on the incoming amplitude
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modulated signal. In this case, the signal produced will
be both and amplitude and phase modulated. Conveniently,
therefore, the transmission assembly further comprises
separation means for receiving the output signal from the
conversion device and for producing a solely phase
modulated signal. An example of a suitable separation
means is provided by a saturated laser amplifier.

The amplitude modulated optical carrier signal may
be generated in any conventional manner before being fed
to the transmission assembly.

In accordance with a second aspect of the present
invention, a transmission assembly comprises a
conversion device for receiving an amplitude modulated
optical signal and for producing an optical output signal
whose phase is modulated in correspcndence with the
amplitude moduation of the incoming signal; an auxiliary
optical signal source; and feed means for feeding signals
from the auxiliary source to the conversion device.

In one arrangement, the signal generated by the
auxiliary source comprises a carrier signal, the feed
means comprising an optical coupling device having an
input port connected to the auxiliary source and an
output port connected with the conversion device.

In this arrangement the auxiliary signal is phase
modulated by the amplitude modulated signal.

In another arrangement, the feed means comprises an
optical coupling device having a pair of input ports one .
of which is ccnnected to the'auxiliary source and the
other of which receives a modulated optical signal, and
an output port connected to the conversion device whereby
the signal from the auxiliary source is combined in use
with the modulated optical signal to produce an amplitude
modulated signal.

In this arrangement, the fransmission assembly can
act as a repeater to amplify the incoming signal.
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Furthermore, it allows a phase modulated signal to be
amplified.

Preferably, the conversion device comprises an
optical device having a refractive index which varies in
accordance with the power of the amplitude modulated
optical signal. BAn example of such an optical device is
provided by a semiconductor laser amplifier.

Some examples of optical communication systems and
transmission assemblies in accordance with the present
invention will now be described with reference to the
accompanying drawings, in which:-

Figure 1 illustrates in block diagram form one
example of an optical communication system and
transmission assembly; and, " ‘

Figures 2 to 5 illustrate four further examples of
transmission assemblies.

The optical communication system shown in Figure 1
comprises a semiconductor laser 1 for generating an
optical carrier signal having a constant phase and
amplitude which is fed to a conventional amplitude
modulator 2. The modulator 2 modulates the amplitude of
the incoming carrier signal in response to information
such as data and generates an amplitude modulated signal
which is fed along an optical waveguide such as monomode
optical fibre, to a transmission assembly 3.

The assembly 3 includes a semiconductor laser
amplifier 4. The laser amplifier 4 exhibits certain
optical non-lineararities with incident 1light power.
These include changes in gain in accordance with incident
light and changes in refractive index. This latter
variation causes changes in optical path length through
the amplifier, and hence the signal transit time. The
result of this latter non-lineararity is that an
amplitude modulated light input signal will have a phase

modulation superimposed on it which corresponds to the

PCT/GB86/00353



WO 86/07657

10

15

20

25

30

35

input amplitude modulation. Thus, the signal produced'by
the laser amplifief 4 will have an additional phase
modulation corresponding to the original amplitude
modulation. This combined signal is fed along an optical
fibre 5 to a saturated laser amplifier 6. The saturated
laser amplifier 6 removes the amplitude modulation so
that the resultant output signal retains only the phase
modulation. This resultant signal is then fed in any
conventional manner to a conventional receiving assembly
7 which demodulates the incoming signal to regenerate the
original information.

In the remaining examples, only the transmission
assembly is illustrated. ' \

The transmission assembly - shown in Figure 2
comprises an optical fibre coupler 8 having one - output
arm connected to a semiconductor laser amplifier 9. The
two input arms of the coupler 8 receive respectively an
opﬁical carrier signal with a constant amplitude and
phase having a wavelength X1 from, for example, a stable,
narrow-linewidth auxiliary source 20 and an amplitude
modulated signal having a wavelength Aoe These signals
are combined by the coupler 8 and the combined signal is
fed to the amplifier 9. In the amplifier 9, the carrier
signal is phase modulated by the amplitude modulated
signal which causes changes in optical path length
through the amplifier so that the signals output from the
laser amplifier 9 comprise a phase modulated carrier
signal with wavelength Al and the amplitude modulated
signal 12. These signals are fed to a wavelength
selector 10 of conventional form which filters out the
wavelength Az to leave only the wavelength 11 which 1is
the phase modulated carrier signal. This ability to
transfer modulation from one wavelength to another is
particularly valuable in wavelength multiplex systems.
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An alternative arrangement to that shown in Figure 2
is illustrated in Figure 3. 1In this case, the carrier
signal A is injected directly into the laser amplifier
9. The amplitude modulated signal Az, however, is
injected via a coupler 11 in an opposite direction into
the laser amplifier 9. The advantage of this arrangement
is that the resultant phase modulated carrier A has only
a very small amplitude modulated component which does not
need to be filtered out.

Figure 4 illustrates a homodyne/laser amplifier PSK
repeater. An incoming phase modulated signal with
wavelength Ay is fed to an optical coupler 12 together
with a homodyne optical signal having a wavelength Ay
from an auxiliary source 21. When combined, a resultant
amplitude modulated signal will be produced with the
amplitude modulation corresponding to the original phase
modulation. This amplitude modulated signal is fed to a
semiconductor laser amplifier 13, as Dbefore, to
regenerate the original phase modulation. Such a
repeater would have gain from both the coherent mixing
process and the amplifier and involve no electronic
processing of the signal.

Another example of a PSK repeater is illustrated in
Figure 5. In this example, a narrow-band amplification
process, such as stimulated Brillouin scattering, is used
to amplify a pilot carrier in a weak PSK signal. The PSK
signal with pilot carrier is fed to an optical coupler 14
while a pump signal from an auxiliary source 22 is
injected into the coupler 14 in an opposite direction.
The amplified carrier signal together with the phase
modulated signal produces an amplitude modulated signal
which is fed to a semiconductor laser amplifier 15. The
amplifier 15 then converts the demodulated signal to a
phase modulated signal, as before.
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CLAIMS

1. An optical communication 'system comprising a
transmission assembly including a conversion device
to which an optical signal whose amplitude is

modulated in accordance with information is fed, the

conversion device being responsive to the power of
the amplitude modulated optical signal to produce an
optical output signal whose phase is modulated in
correspondence with the amplitude modulation of the
incoming signal; and a receiving assembly for
detecting the phase modulatidn to regenerate the
information. ‘ \ .

2. A system according to claim 1, wherein the
transmission assembly further comprises separation

means for receiving the output signal from the.

conversion device and for producing a solely phase
modulated signal. '

3. A system according to claim 1 or claim 2, wherein
the conversion device comprises an optical device
having a refractive index which varies in accordance
with the power of the amplitude modulated optical
signal. ,

4, A system according to claim '3, wherein the
optical device is provided by a semiconductor laser
amplifier. '

5. A transmission assembly comprising a conversion
device for receiving an amplitude modulated optical
signal and for producing an optical output signal
whose phase is modulated in correspondence with the
amplitude modulation of the incoming signal; an
auxiliary optical signal source; and feed means for
feeding signals from the auxiliary source to the
conversion device.
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6. An assembly according to claim 5, wherein the
signal generated by the auxiliary source comprises a
carrier signal, the feed means comprising an optical
coupling device having an input port connected to the
auxiliary source and an output port connected with
the conversion device.

7. An assembly according to claim 5, wherein the
feed means comprises an optical coupling device
having a pair of input ports one of which is
connected to the auxiliary source and the other of
which receives a modulated optical signal, and an
output port connected to the conversion device
whereby the signal from the auxiliary source is
combined in use with the modulated optical signal to
produce an amplitude modulated signal.

8. An optical communication system according to any
of claims 1 to 4, wherein the transmission assembly
is constructed in accordance with any of claims 5 to
7.
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