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(57) Abstract

An optical coupling assembly which comprises a semiconductor laser amplifier (6) to which an optical control signal
and an input signal are fed. The semiconductor laser amplifier (6) is responsive to changes in amplitude of the control sig-
nal to produce corresponding phase shifts in the input signal. Optical couplers (1, 7) are positioned upstream and down-
stream of the laser amplifier (6) so that a proportion of the input signal and control signal are fed along an optical fiber (5)
directly from the optical coupler (1) to the coupler (7). The remaining portions of the input signal and control signal are
fed to the amplifier (6) where the input signal is phase shifted and then fed to the coupler (7). The arrangement is such that
the proportion of the input signal output from each output port (9, 10) of the coupler (7) is selectable by controlling the

amplitude of the control signal.
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OPTICAL COUPLING ASSEMBY
The invention relates to an optical coupling

assembly for controlling the coupling of an input optical
signal between an input port and a pair of output ports.

In accordance with one aspect of the present
invention, an optical coupling assembly comprises- a
conversion device to which an optical control signal and
an input signal are fed, the conversion device being
responsive to changes in amplitude of the control signal
to produce corresponding phase shifts in the input
signal; and optical coupling means having two input ports
and two output ports for coupling the phase shifted input
signal from the conversion device with the input signal
the arrangement being such that the proportion of the
input signal output from each output port of the optical
coupling means is selectable by controlling the amplitude
of the control signal. .

The invention provides a neat way in which to couple
an optical input signal selectively with one of two
output ports.

In one arrangement the control signal component
could be separated from the phase shifted signal prior to
the one coupling means by the insertion of suitable
separation means in the signal path.

Preferably, the éssembly includes additional optical
coupling means having two input ports and two output
ports, the two output ports being connected respectively
with the conversion device and an input port of the one
optical coupling means and the two input ports receiving,
in wuse, the control signal and the input signal
respectively.

In this case proportions of both the control signal
and non-phase shifted input signal will be fed to the one
coupling means. To deal with this, separation means

could be inserted between the coupling means - or
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downstream of the one coupling meéns to remove the
control signal component if desired.

The conversion device is preferably provided by an
optical device which has a refractive index which varies
in accordance with the optical power of the optical
control signal. This variation causes changes in the
optical path length through the device. An example of a
suitable conversion device 1is a semiconductor laser
amplifier.

In accordance with a second aspect of the present
invention, a method of operating an optical coupling
assembly according to the one aspect of the invention
comprises generating a control signal having one of two
amplitudes, the power of the control signal being such
that the input signal is substantially completely coupled
with one of the two output ports of the one coupling
means, the output port being selected in accordance with
the amplitude of the control signal. )

In this way, the optical coupling assembly is used
as an optical switch.

Preferably, the control signal has a different
wavelength from the input signal. This simplifies the
filtering out of the control signal downstream of the
optical coupling means which is necessary in certain
applications.

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.

Some examples of optical switches in accordance with
the present invention will now be described with

reference to the accompanying drawings, in which:-
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Figure 1 illustrates a first example;

Figure 2 illustrates a second example; and,

Figure 3 illustrates a third example.

The switch shown in Figure 1 comprises a first
optical fibre coupler 1 having two input ports defined by
optical fibres 2, 3 and two output ports defined by
optical fibres 4, 5. The optical fibre 4 is connected to
a semiconductor laser amplifier 6. A second optical
coupler 7 has a pair of input ports defined by the
optical fibre 5 and an optical fibre 8 and a pair of
output ports defined by optical fibres 9, 10. This
arrangement constitutes a modified Mach-Zender
interferometer.

The semiconductor laser amplifier exhibits certain
optical non-linearities with incident light power. These
include the fact that both the gain and the refractive
index of the laser varies with incident 1light power.
This latter non-linearity leads to changes in the opﬁical
path length through the lasef amplifier, and hence
changes in the signal transit time. These changes result
in phase shifts of signals passing through the amplifier.

In use, an input signal which may be for example
amplitude or phase modulated in accordance with
information is fed along the optical fibre 2 to the
coupler 1. 1In addition, a laser 11 generates a constant
power control signal which has a 1large amplitude
relatively to the input signal. This control signal is
fed to the coupler 1 along the optical fibre 3. At the
coupler 1, the two incoming optical signals are combined
and proportions of each signal are fed along the optical -
fibres 4, 5.

The laser amplifier 6 is responsive to the large
amplitude control signal to cause corresponding phase
shifts in the input signal. The amplitude of the control
signal is controlled to take up one of two values which
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causes the 1laser amplifier 6 to impart one of two
different phase shifts to the input signal output by the
laser amplifier 6. This phase'shifted signal combined
with the control signal is fed along the optical fibre 8
to the coupler 7. 1In addition, a combination of the
input signal and control signal is fed directly to the
coupler 7 along the optical fibre 5.

If the two components input to the optical coupler 7
have powers in the correct ratio, then the original input
signal on the optical fibres 2, 5 can be substantially
completely coupled with either the optical fibre 9 or the
optical fibre 10 dependiné upon which of the two
amplitudes the original control signal has.

It will be appreciated that the optical coupler 7
will couple a proportion of the control signal into each
of the optical fibres 9, 10. It is preferable therefore
for filtering means 12 to be provided to remove the
control signal component. This is most simply achieved
if the control signal has a different wavelength from-the
input signal in which case the separation means 12 can
comprise wavelength filters.

In the example shown in Figure 1, the control signal
is injected into the semiconductor laser amplifier 6 in
the same direction as the input signal. Figure 2
illustrates an alternative arrangement in which the
control signal is fed to a third optical fibre coupler 13
which couples the control signal into the optical fibre
10 leading to the coupler 7. In this way, the control
signal is injected into the semiconductor laser amplifier
6 in a direction opposite to the input signal. The use
of the extra optical coupler 13 is important where the
input signal may be desired on either of the optical
fibre 9 or the optical fibre 10.

In a simpler arrangement shown in Figure 3, the
control signal is injected directly into the optical
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fibre 10 but in this case access is not required to the
switched, input signal along the optical fibre 10.

The advantage of inserting the control signal in a
direction opposite to the input signal is a reduction in
the power of the amplified control signal emerging from
the system with the switched signal, possibly making the
use of filters unnecessary.
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CLAIMS
1. An optical coupling assembly comprising a
conversion device to which an optical control signal
and an input signal are fed, the conversion device
being responsive to changes in amplitude of the
control signal to produce corresponding phase shifts
in the input signal; and optical coupling means
having two input ports and two output ports for
coupling the phase shifted input signal from the
conversion device with the input signal the
arrangement being such that the proportion of the
input signal output from each output port of the
optical ¢oupling means 1s selectable by controlling
the amplitude of the control signal. |
2. An assembly according to «claim 1, further
including additional optical coupling means having
two input ports and two output ports, the two output
ports being connected respectively with . the
conbersion device and an input port of the one
optical coupling means and the two input ports
receiving, in use, the control signal and the input
signal respectively. , -
3. An assembly according to claim 1 or claim 2,
further comprising control signal separation means
positioned downstream of each output port of the one
optical coupling'means to remove the control signal
component.
4, An assembly according to any of the preceding
claims, wherein the conversion device is provided by
an optical device which has a refractive index which
varies in accordance with the optical power of the
optical control signal.
5. A method of operating an optical coupling
assembly according to any of the preceding claims,
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the method generating a control signal having one of
two amplitudes, the power of the control signal being
such  that the input signal is substantially
completely coupled with one of the two output ports
of the one coupling means, the output port being
selected in accordance with the amplitude of the
control signal.

6. A method according to claim 5, wherein the

control signal has a different wavelength from the
input signal.
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