
EP 0 277 427 B1 Description The present invention relates to methods of
processing an optical signal, and to optical devices for performing the
processing, all for use in optical transmission systems. The invention
finds application in 5   improving optical signal reception particularly,
but not exclusively, in coherent optical transmission systems. Coherent
optical fibre transmission systems using heterodyne and homodyne reception
techniques offer considerable gains in receiver sensitivity over
conventional direct detection systems. However, the perfor- mance of a
coherent receiver depends on matching the signal polarisation at the input
to the receiver to the polarisation of the local oscillator. After
transmission along a birefringent optical fibre, the state of 10
polarisation of the signal at the receiver input is generally
indeterminate. The signal is detected by mixing of received and local
oscillator fields on the surface of a square law optical detector. If the
polarisations of the received signal and the local oscillator signal are
not matched there is an effective receiver performance penalty which shows
up as fading in the detected signal. In the extreme case of orthogonal
received and local oscillator signal polarisations, the signal is
completely lost. is     To reduce the problem of polarisation sensitivity a
so-called polarisation diversity receiver has been proposed by Takanori
Okoshi, Shiro Ryu and Kazura Kikuchi in "Polarisation diversity receiver
for heterodyne coherent optical fibre communications:, ICOC 1983 Paper
3OC3-2, Tokyo, June 1983. In the polarisation diversity receiver, two
orthogonally polarised components of the input signal are separated and
heterodyne detected individually before being summed in an output stage.
The polarisation 20 diversity receiver limits the maximum fade loss to 3dB.
However, one disadvantage is that the conventional receiver electronics
must be duplicated in such a receiver. The Okoshi et al design also
requires a Faraday rotator for polarisation changing. Faraday rotators are
inconvenient for the high operating currents which they need and for the
powerful magnetic fields which they must generate in order to influence the
polarisation. 25     An alternative solution to the problem of coherent
receiver design is provided by so-called polarisation tracking receivers
which employ sophisticated feedback loops to actively control the local
oscillator polarisation in order to match it to the signal polarisation (or
vice-versa). Conveniently, the local oscillator polarisation is altered by
using piezoelectric transducers, rotatable phase plates or similar bulk
optical devices. An example polarisation tracking receiver is described in
"New polarisation-control scheme for 30  optical heterodyne receiver using
two Faraday rotators", Okoshi et al, Electronics Letters, Vol. 21 No. 18,
29 August 1985. One drawback of this type of receiver is the necessity for
a complex and sensitive feedback control system. The disadvantages of
Faraday rotators have already been mentioned above. Whilst piezoelectric
transducers are frequently considered as alternatives, these too have
disadvantages. For example, they are mechanical and consequently relatively
slow in operation. Furthermore, the high voltages 35  of the order of 1kV
which are needed to operate these devices are potentially hazardous to
associated electronic circuits and consequently demand special protection.
Polarisation sensitive devices may also be employed in optical transmission
systems which use direct detection rather than coherent techniques. For
example, planar waveguide devices, which generally operate with a preferred
input polarisation, may be used to switch signals at a receiver or for
signal distribution at 40  network nodes. Therefore, conventionally some
form of polarisation control is also required in direct detection systems
which use such components if the potential problems of extreme signal loss
which can occur from misalignment of signal polarisation are to be avoided.
It is known that the polarisation state of an optical signal propogating in
an optical fibre can be controlled by mechanical devices, for example
rotatable fibre cranks, under the control of an electrical 45  control
signal. See the article titled "Polarisation - State Control Schemes for
Heterodyne or Homodyne Optical Fibre Communications" by T. Okoshi, Journal
of Lightwave Technology, vol LT-3, no 6, December 1985. It is one object of
the present invention to provide a method of processing an optical signal
which enables the problems of polarisation mismatch which may occur at
polarisation sensitive parts of a so  transmission system to be overcome or
at least mitigated. Another object of the present invention is to provide
an optical device for use in optical transmission systems which operates
according to the method and removes the need for polarisation matching at
polarisation sensitive parts of a system. It is a further object of the
present invention to provide a version of the aforesaid optical device
which 55  may be used both to process an optical signal by a method
according to the method of the invention and which may also be used more
generally as a polarisation controller. Such a device is suitable for use
in a 



polarisation tracking receiver, for example, and may be implemented as an
integrated optical device. The device does not require, and avoids the
associated disadvantages of, bulk optical components as described 3    EP 0
277427 B1 above. According to the invention in a first aspect a method of
processing an optical signal comprises altering the polarisation state of
the optical signal in sequential time intervals under control of an
electrical control signal at a predetermined scrambling frequency
characterised in that the polarisation state of the optical 5  signal is
altered by splitting the optical signal into two intermediate optical
signals, altering the polarisation states of the intermediate optical
signals relative to each other and recombining the intermediate optical
signals to produce a processed optical signal with substantially orthogonal
polarisation states alternating sequentially according to the scrambling
frequency. Using this method an optical signal with a single, substantially
constant, initial polarisation state is 10  transformed into a signal with
alternating orthogonal polarisation states. This ensures that, if such a
processed optical signal is input to a polarisation sensitive device with
one of the alternating polarisation states wholly unmatched or badly
matched to the device, the other will be wholly or at least better matched,
and consequently the processed signal will be passed by the polarisation
sensitive device and, more particularly, complete signal loss, which might
otherwise occur with a single polarisation signal, is avoided. 15     The
relative proportions of the optical signal which are split into the
intermediate optical signals may be controlled by switching of the optical
signal under control of the control signal. The optical signal is
preferably completely switched in sequential time intervals to alternately
provide each of the intermediate optical signals and the polarisation
states of the switched intermediate optical signals are rendered mutually
orthogonal. The processed signal is then conveniently formed from a 20
sequential recombination of the alternating, intermediate optical signals.
Alternatively, for example, the method may include rendering the
polarisation states of the intermediate optical signals mutually orthogonal
and phase modulating at least one of the intermediate optical signals under
control of the control signal. In this case the vector sum of the
polarisation states of the recombined intermediate optical signals
alternates to provide the required alternating orthogonal polarisation
states of 25  the processed optical signal. Preferably, the phase of one of
the intermediate optical signals is modulated to impose step phase shifts
of substantially [err] during alternate half-cycles of the control signal.
In this way it is possible to implement the method using only one phase
modulator. When the method is used for altering the polarisation state of
an optical signal used for information 30  transmission the control signal
is set at a frequency sufficient such that information carried on the
signal can be made available at a detector using the output optical signal
in one of the alternating orthogonal states independent of the other. By
providing a transmitted information signal with alternating othogonal
polarisa- tion states, the possibility of total signal loss which may
otherwise occur at polarisation sensitive parts of a system if polarisation
states are not well matched is avoided. Alternating the polarisation, at a
sufficient 35  frequency as defined above, effectively duplicates the
transmitted signal such that the information in the signal may be
independently reconstructed by examination of the signal in either
polarisation state alone, if necessary. The processed signal comprising
alternating polarisation states may be optically coupled to a birefrin-
gent medium  such as an optical fibre for transmission to a detector.
However, whilst a birefringent 40  transmission medium may rotate a single
input polarisation in an arbitrary manner, it can be shown that two
orthogonally polarised inputs, although each subject to some absolute
arbitrary rotation, will nevertheless remain orthogonal relative to each
other when output from the birefringent medium. Thus, even if one of the
orthogonal states output from the birefringent medium is completely
mismatched at some polarisation sensitive part of the transmission system,
the other will invariably be well matched, and consequently, the 45
information available from the signal will not be lost. The method
according to the invention may be employed in transmission systems using
coherent or direct detection techniques. It will be appreciated that, since
the polarisation of the local oscillator in a coherent receiver can never
be simultaneously orthogonal to both components of the processed optical
signal, scrambling of the 



50  polarisation of a transmitted signal using the method of the present
invention eliminates the possibility of complete signal loss at the
receiver which can occur in a conventional coherent transmission system. In
a coherent optical system, as an alternative to scrambling the polarisation
of the transmitted information signal directly, an equivalent result may be
achieved by scrambling the local oscillator signal by the method of the
invention. In this case, the control signal is set at a frequency
sufficient such that the 55  information on the information signal is
independently detectable if the polarisation of one of the alternating
orthogonal states of the processed local oscillator signal alone matches
the polarisation state of the information signal arriving at the receiver.
4    EP 0 277 427 B1 This alternative may be especially suitable, for
example, where several distributed transmitters are transmitting to one
central receiver, as one polarisation scrambler will then suffice to ensure
detection of all the transmitted signals. The method may also be used to
process an optical signal comprising a plurality of signals at 5
substantially separate wavelengths, for example, as in a frequency
multiplex transmission system. Where the optical signal comprises one or
more digital optical signals, the frequency of the control signal should be
not less than the minimum of the bit rates of the digital optical signals.
Any information in the digital signal will then be available from either
polarisation state of the processed signal. This is one feature of the
invention which is especially useful in optical transmission systems. 10
According to a further aspect of the present invention an optical device
comprises control means for providing a control signal at a predetermined
scrambling frequency and altering means for altering the polarisation state
of an input optical signal under control of the control means at a
predetermined scrambling frequency characterised in that: the altering
means includes means for splitting the input optical signal from an input
signal path into two intermediate signal paths, polarisation changing means
disposed in 15 at least one of the intermediate optical paths to render the
polarisation states of the intermediate optical signals mutually
orthogonal, and means for recombining the intermediate optical signals to
provide a processed output optical signal with substantially orthogonal
polarisation states alternating sequentially according to the scrambling
frequency. According to a yet further aspect of the present invention an
optical device comprises means for 20 splitting selectable proportions of
an input optical signal from an input signal path into two intermediate
optical signal paths, polarisation changing means disposed in at least one
of the intermediate optical signal paths and arranged to render the
polarisation states of the intermediate optical signals substantially
mutually orthogonal, controllable phase modulating means in at least one of
the intermediate optical paths, control means for controlling the splitting
means to select the split proportions and for controlling the phase 25
modulating means to control the phase relationship between the split
signals, and means for recombining the two intermediate optical signals for
providing a combined output signal of any desired polarisation under
control of the control means. The means for splitting the optical signal
may comprise an optical switch for switching selectable proportions of the
input optical signal from the input signal path into the two intermediate
optical signal 30 paths, the switched proportions being selected under
control of the control means. Conveniently, the optical switch comprises a
voltage controlled coupler (VCC). In this case, the control means provides
the control signal for operating the switch. The proportions of the input
signal which are switched into each of the intermediate signal paths is
determined by the voltage applied to the VCC. Preferably the control signal
comprises a squarewave voltage such that the input signal 35  is 100%
switched alternately between each of the intermediate signal paths at the
scrambling frequency. Optical devices according to the invention may be
used in transmission systems to scramble the polarisation state of an
optical signal for information transmission to ensure that the information
is available from either of the alternating orthogonal states of the output
signal independent of the other. In a coherent optical transmission system
such devices may be used to scramble the local oscillator signal rather
than 40 the transmitted information signal itself. Various advantages of
these arrangements have already been noted in the discussion of the method
of the invention above. Compared with the ideal conditions for heterodyne
detection where local oscillator and received information signal
polarisations are identical, signal scrambling introduces a constant 3dB
sensitivity 



reduction at the receiver. However, the scrambled signal detection is
independent of the relative states of 45 polarisation. The 3dB scrambling
loss is a constant and a maximum, regardless of any differences in
polarisation. In practical transmission systems where the received signal
polarisation is generally indetermi- nate, this represents a considerable
advantage over the conventional case where, in the absence of complex and
specialised prior art receiver designs, total signal loss may occur. The
minimum desirable scrambling frequency for use in an information
transmission system has been 50 defined above in relation to the
information carried on the relevant signal. It will be appreciated that the
maximum desirable scrambling frequency may be constrained by other system
parameters. For example, for noise filtering considerations, for digital
signals it is generally preferable to limit the intermediate frequency (IF)
bandwidth in non-synchronous IF detectors to within a factor of ten times
the signal bit-rate. In such instances, the scrambling frequency is
preferably likewise restricted to be no more than ten times 55 the bit
rate. Similar limiting factors appropriate to alternative receiver designs
will be apparent to those skilled in the art. As an alternative to
step-switching the input signal it is possible to sweep the signal smoothly
between the intermediate signal paths. For example, the scrambling signal
may comprise a sinusoidal voltage. In 5    EP 0 277 427 B1 these
circumstances, however, it is preferable that phase modulating means are
disposed in at least one of the intermediate signal paths for adjusting the
relative phase of the intermediate optical signals. Preferably, the phase
modulating means is controlled by the control means to impose alternating
phase shifts on the intermediate signal in one path, such that the vector
sum of the polarisation states of the intermediate 5  optical signals
alternates to provide the alternating, orthogonal polarisation states of
the output signal. Conveniently, the phase modulating means imposes a [err]
phase shift onto the signal in one of the intermediate signal paths for the
duration of every second half cycle of the scrambling sinusoid. As is
explained in the detailed description below, the introduction of this phase
shift means that the polarisation state of the combined output signal
alternates as desired and the detected signal amplitude at a receiver is 10
rendered independent of the signal polarisation. As for the step-switched
case above, again there is constant and maximum loss in sensitivity of 3dB
regardless of the relative states of polarisation of the received and local
oscillator signals. Preferably, the polarisation changing means is adapted
to introduce a fixed rotation of [err] in the polarisation of a signal in
one of the intermediate optical paths relative to the polarisation of the
signal in the 15 other path. This is the most straightforward way to
achieve the orthogonal polarisations required. It is not necessary to use
complicated tunable bulk optical polarisation rotators, such as the
aforementioned Faraday rotators, for example. Conveniently, the
polarisation changing means comprises a TE-TM converter, which may be
imple- mented as a planar integrated optical device. The polarisation
changing means may further comprise an 20  integrated optical phase shifter
in association with the TE-TM converter. The phase shifter may be used to
adjust the phase difference between TM and TE modes of the input signal in
the first intermediate optical path to [err] so that the TE-TM converter
may operate for all incoming states of polarisation. If the polarisation of
the input signal is predetermined and fixed then the phase shifter is not
needed. Conveniently, therefore, the input signal path will comprise a
polarisation holding optical fibre to enable 25 the state of polarisation
of the input signal to the optical device to be fixed. Where the device
components are integrated on a lithium niobate substrate, for example, the
input polarisation will preferably be fixed in TE mode. As an alternative
to using an integrated TE-TM converter, the polarisation rotation may also
be simply effected using a suitable birefringent medium such as, for
example, an appropriate length of birefringent 30 optical fibre. The fibre
might then perform the functions of an intermediate optical path and
polarisation changing means together. Other variations will be apparent to
those skilled in the art. The input signal will normally come from a
semiconductor laser. The input signal may be provided via an optical
modulator, for example, a planar waveguide device formed on a substrate
with the optical device. The recombining means is conveniently a 1:1
directional coupler. Most preferably the coupler is a 35 polarisation
selective device arranged to cross couple only one of the two orthogonal
polarisations to maximaise the output signal power. Using a polarisation
selective coupler the 3dB reduction in transmissible 



power which is otherwise introduced by an ordinary coupler is avoided. In
order to balance the contributions to the output signal amplitude from each
of the intermediate signal paths it may be desirable to introduce an
optical attenuator into one or both of these paths. 40    In a further
aspect of the present invention an optical device is provided which can
both process an optical signal by the method of the invention and
additionally alter the polarisation state of an input signal from any given
state to any other desired state. According to this further aspect of the
invention an optical device comprises means for splitting selectable
proportions of an input optical signal from an input signal path into two
intermediate optical signal 45 paths, polarisation changing means disposed
in at least one of the intermediate optical signal paths and arranged to
render the polarisation states of the intermediate optical signals
substantially mutually or- thogonal, controllable phase modulating means in
at least one of the intermediate optical paths, control means for
controlling the splitting means to select the split proportions and for
controlling the phase modulating means to control the phase relationship
between the split signals, and means for recombining 50 the two
intermediate optical signals for providing a combined output signal of any
desired polarisation under control of the first and second control means.
As an alternative to employing such an optical device to scramble an
optical signal in a transmission system according to the method of the
invention as described above, the device can be used as a simplified
polarisation controller, for example, for use in polarisation tracking
receivers. 55    It will be observed that by appropriately controlling the
relative proportions of two orthogonally polarised signals and by
controlling the phase of these signals relative to each other a device
according to this further aspect of the invention can construct a combined
output signal with any desired polarisation. Thus, to process an optical
signal by a method of the invention, the intermediate optical signal phase
relationship is 6    EP 0 277 427 B1 controlled to alternate as required.
Alternatively, for use as a polarisation controller, the device may be
inserted in the local oscillator path of a coherent receiver, for example,
to provide a continuous (as opposed to an alternating) adjustment of signal
polarisation to enable the local oscillator polarisation to track an
incoming signal polarisation as is required in a polarisation tracking
receiver. 5      It is a particular advantage of this more generally
applicable device that all the major optical components, for example,
splitting means (switch), phase modulator(s), polarisation changing means
and recombining means (output coupler) may be fabricated as integrated
optical devices and on a common substrate if desired. It will be
appreciated that preferred device features defined with respect to the
previously described 10 embodiments of devices according to the invention
are applicable, where appropriate, to embodiments of the device according
to the invention in this further aspect mutatis mutandis. For example, the
splitting means may conveniently comprise an optical switch such as voltage
controlled coupler (VCC). Various aspects of the invention will now be
described in detail, by way of example only, with reference to the
accompanying Figures, in which: 15    Figure 1 is a schematic diagram of an
optical transmission system using a method of processing an optical signals
according to the present invention; Figure 2 is a schematic diagram of a
coherent optical receiver using the method to process a local oscillator
signal; Figures 3 and 4 are schematic diagrams of embodiments of an optical
device according to the present 20    invention; Figures 5 to 8 show the
results of simulations of processing a variety of signals according to the
method of the present invention; and Figures 9 and 10 are schematic
embodiments of optical devices according to the further aspect of the
invention which can process signals according to the method and also
provide more general polarisation 25    control functions. The transmission
system illustrated in Figure 1 comprises a transmitter 1 connected to
transmit a signal via optical waveguides 5,6 to a receiver 4. An optical
device 100 for processing the signal is positioned in the optical path
between the transmitter 1 and receiver 4. The processing device 100 itself
comprises a polarisation altering device 2 and a controller 3. In this case
the altering device 2 comprises a voltage or 



30 current controllable birefringent material. (Electro-optic materials
exhibiting Kerr and/or Pockel effects; magneto-optic materials for Faraday
rotation; or materials with stress-dependent birefringence are examples
known in the art.) The altering device 2 is arranged to receive an input
signal from the transmitter via the waveguide 5 and to output a processed
(or "scrambled") signal via the waveguide 6 to the receiver 4. The signal
at the 35 input 7 of the altering device 2 is arranged to have a linear,
substantially constant, polarisation state. In practice, the polarisation
of a signal from the transmitter 1 may drift slowly over a long period (eg
days), but this is not particularly relevant when compared to the (very)
high frequencies at which optical transmission systems operate. However,
the input polarisation state may be assured using conventional means, if
required. For example, the waveguide 5 may be made of polarisation holding
optical fibre. The altering 40 device 2 is aligned with its birefringent
material axes at [err] to the axis of polarisation of the input signal. The
operation of the polarisation altering device 2 is controlled by the
controller 3. A control signal, the "scrambling" signal, from the
controller 3 is applied to the birefringent material in the altering device
2 so that the birefringence is altered along one axis only. The amplitude
of the scrambling signal is set to produce a birefringence change
sufficient to cause an alternating 180 phase shift in a signal component 45
along the axis. The polarisation of the processed signal at the output 8 of
the altering device 2 then alternates between two orthogonal, linear states
according to the frequency of the scrambling signal. Whatever the
birefringence of the second connecting waveguide 6, as will be explained in
more detail below, it can be shown that the signal which arrives at the
input 9 of the receiver 4 will then also have alternating othogonal
polarisation states (although those states may not necessarily be linear).
Therefore, 50 even if one of those orthogonal polarisation states is
completely mismatched to the receiver 4, the complementary, orthogonal
polarisation will nevertheless be passed and the processed signals will be
detected. In Figure 1 the polarisation scrambling is performed directly on
the transmitted signal. In coherent optical transmission systems it is
possible, as an alternative, to scramble the local oscillator signal to 55
achieve similar advantages. Figure 2 shows a schematic diagram of a
coherent optical receiver illustrating how the scrambling may be carried
out. The receiver comprises a balanced coherent detector 30 which receives
an input transmitted information signal (arriving on an input fibre 31)
after mixing with a local oscillator signal in an input optical coupler 32.
In this case, the processing device 100 comprising the 7    EP 0 277 427 B1
polarisation altering device 2 and controller 3, as used in the embodiment
of Figure 1, is arranged to process (scramble) the signal from the local
oscillator source 33 to provide a scrambled local oscillator signal with
alternating orthogonal polarisations to the mixing coupler 32. For
convenience, the detected signal output and the local oscillator frequency
control provided by the detector 30 are also indicated in - 5 Figure 2. To
ensure that the input information signal is fully detectable even if one of
the orthogonal local oscillator polarisations is completely mismatched to
the information signal polarisation it is necessary to ensure that the
scrambling is carried out at a sufficiently high frequency (for example, at
least as high as the bit rate of a digital information signal). If the
information rate changes, it may then be desirable to 10   correspondingly
alter the control signal scrambling frequency. The controller 3 of Figure 2
may be provided with the option to make such adjustment in response to an
appropriate feedback 34 from the detector 30. (If desired, a similar
provision could also be made in the arrangement of Figure 1 to enable the
controller 3 to respond appropriately to changes in the information rate of
the signal from the transmitter 4.) The basic processing device 100
described in relation in Figures 1 and 2 may be provided in other 15 forms.
Alternative optical devices for carrying out the processing will be
described below. Various aspects of the present invention will also be
treated in more detail with particular reference to these alternative
devices. Referring now to Figure 3, an optical device 101 for polarisation
scrambling comprises a voltage controlled coupler (VCC) 10 configured to
switch a signal from an input optical fibre 11 alternately between 20  two
intermediate optical paths 13, 14. The signal polarisation in one of these
paths 13 is rendered orthogonal to the signal polarisation in the other
path 14 by a TE-TM converter 15 and the signals are then recombined via a
1:1 directional coupler 16. The combined signal is then output at C into an
optical fibre 



20. The switching of the VCC 10 is controlled by a squarewave scrambling
signal of frequency f generated 25 by a control circuit 12. The VCC 10 is a
planar electro-optic waveguide device which preferentially transmits
signals of a given polarisation, in this case TE mode, only. The signal may
be completely switched between the intermediate paths 13, 14 under control
of the appropriate drive from the control circuit 12. To achieve stability
of the switched signals, since the VCC 10 is polarisation sensitive, the
polarisation of the input signal is constrained (in TE orientation) by a
length of polarisation-holding optical fibre 11 30 between the signal
source, here a semiconductor laser 17, and the input of the VCC 10. In
operation, a signal from the laser 17 is alternately switched, at the
scrambling frequency, between the two intermediate signal paths 13, 14 from
the VCC 10. As the polarisation of the input signal is held matched to the
selectivity of the VCC 10 by the polarisation-holding fibre 11, the split
signals leaving the VCC are in the same polarisation. The signal
polarisation in one path 13 alone is rendered orthogonal by the 35 TE-TM
converter 15 which is also a planar integrated optical device. The signal
loss in the TE-TM converter can generally be considered negligible.
However, if necessary, the signals in the two intermediate optical paths
can be balanced using an optical attenuator 21 optionally in one or both
paths as shown. After passage through the TE-TM converter the signals in
the two paths are thus orthogonally polarised relative to each other. These
orthogonally polarised signals are then combined by a 1:1 directional
coupler 40 16 into a combined output signal. The combined signal is shown
as passing from one output C of the directional coupler 16 into an output
fibre 20. The second output port D of the coupler 16 is shown terminated in
a non-reflective manner. However, it will be apparent that with a
conventional 1:1 coupler 16 the combined signal is potentially available
for onward transmission from each output port C,D. Con- sequently, if the
total transmissible power available at the two output ports is directed to
a single output a 45 3dB increase in transmissible signal power is
achievable. Use of a polarisation selective coupler to selectively cross
couple only one of the orthogonal polarisations (in this case the TE mode),
permits this gain. The output signal at C comprises a reconstruction of the
original input signal, but with alternating orthogonal shifts of
polarisation at the scrambling frequency, f. If the signal is digital, the
scrambling 50 frequency should be at least equal to the digital bit rate.
With the embodiment of Figure 3, in order to make the received signal
detection independent of the signal polarisation, as is further explained
below, the scrambling frequency is preferably squarewave. Referring now to
Figure 4, an alternative embodiment of the present invention will now be
described. This embodiment arises from the inventor's appreciation that a
phase modulator can be used in place of the 55 VCC to implement the signal
polarisation scrambling. In this embodiment, the VCC is eliminated and is
replaced by a passive 1:1 directional coupler 24. One input A' of this
coupler 24 receives the input signal from the laser 17. The other input
port B' is suitably provided with a non-reflective termination. The input
signal is continuously split in substantially equal proportions into the
two intermediate signal paths 13,14 via 8    EP 0 277 427 B1 the output
ports C',D' of the coupler 24. A phase modulator 22 is inserted into one of
these paths 13,14. The phase modulator 22 is shown inserted in the path 14
separate from the path 13 which contains the TE- TM converter 15, but both
these devices could equally well be inserted in the same path. The
scrambling is effected by switching the phase modulator 22 under control of
a control circuit 23 to 5  introduce alternate 180  phase shifts into the
signal in one of the intermediate signal paths at the scrambling frequency.
The directional coupler 16 then produces a combined output signal from the
two intermediate signals in the same manner as previously described. It
will be appreciated that the combined output signal will again comprise a
reconstruction of the original input signal with alternating orthogonal
shifts of polarisation of the scrambling frequency as for the embodiment of
Figure 3. In this case it is the 10  vector sum of the polarisation states
of the intermediate optical signals which alternates on recombination
thereby providing the required alternating orthogonal polarisation shifts
in the output signal. Generally, when a signal is transmitted through a
birefringent medium the polarisation of that signal will be altered.
However, if the transmitted signal comprises components with mutually
orthogonal polarisations, those component polarisations, whilst they are
individually altered during transmission, remain mutually 15 orthogonal, as
the present inventor has recognised to advantage. 



This property is demonstrated in Figure 5 which illustrates the results of
transmitting a signal with orthogonally polarised components through a
transmission path comprising a series of birefringent sections of
transmission medium each with randomly oriented birefringent axes and
random birefringent delay. The results relate to transmission through (a)
30 such sections, (b) 50 such sections and (c) 100 such sections. 20 The
upper plot in each case shows the transmitted polarisation states and the
lower the received polarisation states, which differ from the transmitted
states but which remain orthogonal. The solid traces represent clockwise
rotations and the dashed traces anticlockwise rotations of polarisation. A
signal with components of mutually orthogonal polarisations as produced by
an optical device according to the present invention may be detected using
a conventional coherent receiver. In this case the 25 local oscillator
signal in such a receiver will have a single polarisation and there will be
no switching of the local oscillator signal between orthogonally polarised
states. Consequently, the polarisation of the local oscillator signal
itself can never be orthogonal to both components of the received,
scrambled signal. Therefore, the possibility of total fading loss of the
detected signal, which can occur in conventional systems when the local
oscillator signal polarisation is orthogonal to a received signal of single
component 30 polarisation, is avoided. To explain the form of signal which
is derived in coherent detection of a scrambled signal it is helpful to
consider a simplified mathematical analysis. The following analysis
considers heterodyne coherent detection by way of example. The transmitted
optical field may be expressed generally as: 35   [err]  (1) and the
optical power in this field as: 40
[err] In the general case, to take account of arbitrary polarisations, it
is convenient to resolve [err] into orthogonal field components [err] and
[err] with associated phase shifts  [err]: 45 [ERR] so  where [err] and
[err] represent the fractions of the total received signal power in each of
the respective reference planes, and [err] = 1 -[err], such that: [ERR] 55
The effects on the signal polarisation produced by transmission through a
linearly birefringent medium (having axes of birefringence x' and y') can
be treated mathematically by a rotation of the reference axes through an
angle [err] (x to x', y to y') together with a relative phase shift, [err],
of the Y-field with respect to the X- field, such that: 9    EP 0 277 427
B1 [ERR] and: 15 [ERR] 25 These equations can be used iteratively where the
signal is transmitted through a series of different linearly birefringent
transmission paths. A similar mathematical treatment may be developed for
the general case of elliptical birefringence. Alternatively the Poincare
sphere representation may be used to illustrate graphically 30  the
evolution of the polarisation. (See, for example, Rashleigh, "Origins and
Control of Polarisation Effects", Journal of Lightwave Technology,
Vol.LT-1, No.2, June 1983.) Using the above equations it is further
possible to obtain expressions for the intermediate frequency (IF) signal
derived when the received signal is subject to heterodyne detection. For
comparison purposes it is convenient to normalise the detected signal
amplitude relative to the amplitude which would be obtained 35  in the
conventionally ideal case where received and local oscillator signal
polarisations are perfectly matched. In such circumstances, in a digital
system, for example, for a sequence of transmitted '1's the amplitude of
the demodulated IF signal can be normalised to unity (ie. the mean value of
the IF envelope can be set to unity). Note that, for ideal amplitude shift
keying (ASK), there is no need to consider transmitted 'O's because there
will be no resultant IF. 40     Taking the local oscillator signal with
resolved components  [err] each carrying fractions of the local 



oscillator power  [err] respectively, the demodulated IF signal, VIF can be
expressed as: [ERR] 45  where: 50 [ERR] and: [ERR] 10    EP 0277427 B1
[ERR] These equations are simplifications which are appropriate to one
complete cycle of a squarewave scrambled signal or to one particular
instant if the scrambling signal is smoothly varying (eg sinusoidal). 10
Scrambling of the transmitted signal will introduce a time variance in
[err] and [err] dependent on the time variance of the scrambling signal
itself (e.g. [err] will become [err][S(t)], where S(t) is the scrambling
signal function). In order to confirm the effects of signal scrambling as
predicted by the above calculations, tests have been carried out simulating
different combinations of local oscillator and received signal
polarisations. 15     Example results are illustrated in Figures 6 and 7
for a transmitted digital sequence of '1's scrambled with a squarewave
scrambling signal at a frequency equal to the digital bit rate. The upper
two sets of plots in each case show the local oscillator polarisation and
the relative polarisations of the scrambled, received signal components.
The lower two sets of plots illustrate the demodulated IF characteristics
of the received signals. The VIF signal is shown with its associated
amplitude envelope, [err], over a period of two '1' bits of 20 the digital
signal in all the examples. The relative phase, [err], of the IF signal
over the same period is also shown. Figure 6 shows the results of tests
using a linearly polarised local oscillator signal, whilst Figure 7 shows
results for an elliptically polarised local oscillator signal. In all the
tests it was observed that the mean value of the IF envelope was 0.5. This
value is normalised 25 relative to unity for the conventional ideal of
perfectly matched local oscillator and received signal as mentioned above.
The results confirm that, relative to the ideal, the reduction in received
signal power may be maintained at a constant and maximum of 3dB using
squarewave scrambling. In contrast with conventional heterodynne detection,
which frequently departs from the ideal, the scrambled signal is never
entirely undetected. 30     Considering Figure 6(a), for example, in
conventional circumstances, in the absence of scrambling, if the received
signal had the clockwise polarisation illustrated the signal would be
completely missed. However, as the test shows, whilst the scrambled signal
is undetected for one half of each bit period, it is unambiguously detected
in the remainder with a mean IF amplitude over the whole bit-period at the
0.5 normalised level as expected. For some purposes it may be preferred to
sweep the signal smoothly 35 between polarisations, rather than to
introduce step changes with a squarewave scrambling signal. It may be
desirable to use a sinusoidal scrambling frequency, for example. However,
in such circumstances, if the scrambling signal alone is altered, the mean
value of the detected IF (at a remote receiver) no longer remains
independent of the received signal polarisation. However, this preferable
characteristic may be restored by introducing a [err] phase shift into one
of the component fields (e.g. [err] or [err]) for the duration 40 of
alternate half-cycles of the scrambling signal. Figure 8 illustrates the
results of tests using a sinusoidal scrambling signal, with and without the
relevant phase shift. For these tests the transmitted signal with
polarisation states (i) was detected using an elliptically polarised local
oscillator signal (ii). The results show, for transmission over two
different transmission lines (a) and (b), the received signal polarisations
(iii), the IF characteristics in the absence of 45 the phase shift (iv) and
the IF characteristics with the phase shift (v). When no phase shift is
introduced into the scrambled signal, the mean IF level was 0.62 for
transmission line (a) and 0.33 for transmission line (b). These results
show that, in the absence of the phase shift, the amplitude of the detected
signals Is polarisation (i.e. transmission line) dependent. In contrast,
however, when the appropriate 180 phase shift is introduced, as shown at
(v), the mean IF level is 0.5 in both cases and the scrambled signal
detection is 50 again independent of the received polarisations as for the
step-switched, squarewave case described above. 



To achieve this independence using a smoothly varying scrambling signal,
such as a sinusoidal signal, it is convenient to employ an alternative
embodiment of a device according to the present invention as illustrated,
for example, in Figure 9. The device shown in Figure 9 is a version of the
processing devices described with reference to Figure 55 3 and Figure 4
with phase modulators 22,22' in both intermediate optical paths. Equivalent
components of the device are therefore labelled with equivalent reference
numerals. The device comprises a voltage controlled coupler 10 which splits
proportions of an input optical signal from an input path 11 into two
intermediate signal paths 13,14. As with the Figure 3 device, a control
circuit 12 controls the VCC 10 to    EP 0 277 427 B1 determine the
proportions which are split into each path 13,14. Each intermediate signal
path 13,14 includes a phase modulator 22,22' in series with a polarisation
rotator 15,15'. The phase modulators 22,22' are also controlled by the
control circuit 12. If desired, the polarisation rotators 15,15' may also
be subject to control by the control circuit 12. The output directional
coupler 16 is again provided to recombine the signals from 5  the
intermediate signal paths into a combined output signal. This device
combines the features of the Figure 3 and Figure 4 devices so that it is
possible to scramble and input optical signal to produce an output signal
with alternating orthogonal polarisation states in either of the ways
described with respect to those devices. Thus, as one option, the
controller 12 supplies the scrambling signal to the VCC whilst the
polarisation 10  rotator(s) 15,15' are set to render the polarisation
states of the intermediate optical signals mutually orthogonal (cf Figure 3
and related description). In this case it may not be necessary to introduce
any relative phase shift, so phase modulators 22,22' need not be driven. In
an alternative option, the controller can set the VCC 10 to act as a 1:1
directional coupler and can supply the scrambling signal to drive the phase
modulators 22,22' to introduce alternating [err] relative phase shifts (cf
figure 4 and related 15  description). The polarisation rotators 15,15' are
set as for the first option. It is possible to simplify the optical device
of Figure 9 whilst still allowing the dual control of signal split (using
VCC 10) and relative phase (using phase modulator 22). A simplified device
is shown schematically in Figure 10, for example. In this embodiment, which
is otherwise similar to the embodiment of Figure 9, a single phase
modulator 22 is inserted in one of the two intermediate optical paths
13,14. The phase 20  modulator 22 is a voltage controlled planar
electro-optic waveguide device which can be fabricated on the same
substrate as the VCC 10. Both the VCC 10 and the phase modulator are
controlled by the control circuit 12. A TE-TM converter 15 provides a fixed
90 polarisation rotation in one intermediate signal path only. It will be
appreciated that this device also can scramble an optical signal in a
number of the various 25  ways described earlier. For example, if the
scrambling signal is a smoothly varying signal the VCC, under control of
the control circuit 12, likewise smoothly changes the proportions of the
input signal which are delivered to each of the intermediate signal paths
13,14. In these conditions, the switching of the VCC 10 is a continuous and
smooth process in contrast with the alternating step-switching which occurs
with a squarewave scrambling signal. The phase modulator 22, however, then
introduces step changes in phase of 30  180  during alternate half cycles
of the scrambling signal. The operation of the phase modulator 22 is
synchronised with the switching by the scrambling signal and is also
controlled by the control circuit 12. The various foregoing examples and
device descriptions demonstrate that using polarisation scram- bling, a
contrast and maximum 3dB signal reduction, relative to the ideal, is
incurred in coherent detection. In the case where signal polarisation is
orthogonal to local oscillator polarisation, a conventional receiver 35
experiences complete signal fade. Polarisation scrambling clearly avoids
this problem (see eg. Figure 6(a)). So long as the 3dB reduction is within
the receiver tolerance, no polarisation control would be required for the
local oscillator. A further advantage of the polarisation scrambling
technique is that signals of sufficiently differing wavelengths, for
example, in a frequency multiplex system, may be scrambled simultaneously.
In a 40  multiplex system it would only be necessary to have one scrambling
unit per output transmission fibre serving several distinct transmitters.
This represents a considerable potential advantage in equipment cost
saving. Practical devices for implementing polarisation scrambling have
been described. However, the use of these devices is not necessarily
restricted to such purposes. In particular, the devices of Figures 9 and 10



45  offer greater flexibility of use. As an example, these devices may also
be employed as improved polarisation controllers for use in polarisation
tracking receivers. For example, as noted earlier, they can conveniently be
implemented as integrated optical devices and do not need bulk optical
components. For this purpose, as the inventor has recognised, control of
the signal proportions using the VCC 10 and of signal phase using the phase
modulator(s) 22 together, in combination with at least one polarisation
rotator, 50  can allow a combined output signal to be constructed with any
desired polarisation whatever. All that is required is for the control
circuit 12 to control the VCC 10 to fix the relative proportions of the
orthogonal signals and to control the phase modulator 22 to fix the
relative phase shift between these signals such that the combination of
these signals produces a single combined output signal with the desired
polarisation. In this case the control signal(s) would normally be arranged
to vary smoothly and slowly in contrast to the 55  rapidly alternating
signals used for scrambling. In a polarisation tracking receiver, the local
oscillator would provide the most appropriate signal source. The control
circuit 12 would also conveniently comprise a feedback control circuit, for
example a self- acquiring control loop, to maintain the combined output
signal polarisation matched to the received signal 12    EP 0 277 427 B1
polarisation. Claims 5  1. A method of processing an optical signal
comprising altering the polarisation state of the optical signal in
sequential time intervals under control of an electrical control signal at
a predetermined scrambling frequency characterised in that the polarisation
state of the optical signal is altered by splitting the optical signal into
two intermediate optical signals, altering the polarisation states of the
intermediate optical signals relative to each other and recombining the
intermediate optical signals to produce a 10     processed optical signal
with substantially orthogonal polarisation states alternating sequentially
accord- ing to the scrambling frequency. 2. A method according to claim 1
including controlling the relative proportions of the optical signal split
into the intermediate optical signals by switching of the optical signal
under control of the control signal. 3. A method according to claim 2
including the steps of rendering the polarisation states of the switched
intermediate optical signals mutually orthogonal and recombining the
intermediate optical signals such that the processed signal is formed from
a sequential recombination of the alternating, intermediate optical
signals. 20 4. A method according to claim 3 in which the control signal
comprises a squarewave signal, and the optical signal is step-switched
alternately to provide each of the intermediate optical signals. 5. A
method according to claim 1 including the steps of rendering the
polarization states of the 25     intermediate optical signals mutually
orthogonal and phase modulating at least one of the intermediate optical
signals under control of the control signal such that on recombining the
intermediate optical signals the vector sum of the polarization states of
the intermediate optical signals alternates to provide the alternating
orthogonal polarisation states of the processed optical signal. 30  6. A
method according to claim 5 in which the phase of one of the intermediate
optical signals is modulated to impose step phase shifts of substantially
180 during alternate half-cycles of the control signal. 7. A method
according to any preceding claim for altering the polarisation state of an
optical signal used 35     for information transmission including the step
of setting the control signal at a frequency sufficiently high such that
information carried on the signal can be made available at a detector using
at least one of the alternating orthogonal states. 8. A method according to
any of claims 1 to 6 for altering the polarisation state of a local
oscillator signal 40     used for optical information signal reception in a
coherent optical transmission system including the step of setting the
control signal at a frequency sufficiently high such that the information
on the information signal is detectable using at least one of the
alternating orthogonal polarisation states of the processed local
oscillator signal. 45  9. A method according to any preceding claim wherein
the optical signal to be processed comprises a plurality of signals at
substantially separate wavelengths. 



10. A method according to any preceding claim wherein the optical signal
comprises one or more digital optical signals and the frequency of the
control signal is not less than the minimum of the bit rates of 50     the
digital optical signals. 11. An optical device comprising control means
(12) for providing an electrical control signal at a predetermined
scrambling frequency and altering means (15) for altering the polarisation
state of an input optical signal under control of the control means (12) at
a predetermined scrambling frequency 55     characterised in that the
altering means includes means (10) for splitting the input optical signal
from an input signal path (11) into two intermediate signal paths (13,14),
polarisation changing means (15) disposed in at least one of the
intermediate optical paths (13) to render the polarisation states of the
intermediate optical signals mutually orthogonal, and means (16) for
recombining the intermediate 13    EP 0 277 427 B1 optical signals to
provide a processed output optical signal with substantially orthogonal
polarisation states alternating sequentially according to the scrambling
frequency. 12. An optical device according to claim 11 wherein the means
(10) for splitting the optical signal 5      comprises an optical switch
(10) for switching selectable proportions of the input optical signal from
the input signal path (11) into the two intermediate optical signal paths
(13,14), the switched proportions being selected under control of the
control means (12). 13. An optical device according to claim 12 wherein the
optical switch (10) comprises a voltage controlled 10     coupler (10). 14.
An optical device according to either one of claims 11 and 12 in which the
altering means (22) further includes phase modulating means in at least one
of the intermediate optical paths (13,14) for adjusting the relative phase
of the intermediate optical signals. 15 15. An optical device according to
claim 14 wherein the phase modulating means (15,22) in one of the
intermediate signal paths (14) is controlled by the control means (23) to
impose alternating phase shifts on the intermediate signal in that path
(14) such that the vector sum of the polarisation states of the
intermediate optical signals alternates to provide the alternating,
orthogonal polarisation states of the 20     output signal. 16. An optical
device according to any of claims 10 to 15 for altering the polarisation
state of an optical signal used for information transmission or reception
in which the control means (12) includes means for setting the control
signal at a frequency sufficient such that the information can be made 25
independently available from at least one of the alternating orthogonal
states. 17. An optical device according to claim 11 or 14 wherein the means
for splitting the input optical signal comprises a passive 1:1 directional
coupler (24). 30 18. An optical device according to any of claims 11 to 17
wherein the recombining means comprises a passive 1:1 directional coupler
(16). 19. An optical device according to any of claims 10 to 18 in which
the altering means comprises a TE-TM converter (15). 35 20. An optical
device according to any of claims 10 to 19 comprising integrated optical
waveguide devices. 21. An optical device comprising means (10) for
splitting selectable proportions of an input optical signal from an input
signal path (11) into two intermediate optical signal paths (13,14),
polarisation changing 40     means (15) disposed in at least one of the
intermediate optical signal paths (13) and arranged to render the
polarisation states of the intermediate optical signals substantially
mutually orthogonal, controllable phase modulating means (22) in at least
one of the intermediate optical paths (14), control means (12) for
controlling the splitting means to select the split proportions and for
controlling the phase modulating means (22) to control the phase
relationship between the split signals, and means for 45     recombining
the two intermediate optical signals for providing a combined output signal
of any desired polarisation under control of the control means (12).
Patentanspriiche 50  1. Verfahren zum Verarbeiten eines optischen Signals,
das die Verinderung des Polarisationszustands des optischen Signals in
sequentiellen Zeitabschnitten unter der Steuerung eines elektrischen
Steuersi- 



gnals bei einer vorher bestimmten Verwlrfelungsfrequenz aufweist, dadurch
gekennzelchnet, daei 55 der Polarisationszustand des optischen Signals
durch Aufspalten des optischen Signals in zwei optische Zwischensignale
verindert wird, VerAnderung der PolarisationszustAnde der optischen Zwi-
schensignale relativ zueinander und Wiedervereinigen der optischen
Zwischensignale, um ein verarbei- 14    EP 0 277 427 Bi
*   c   L  M '' 11  !S tetes optisches Signal zu erzeugen mit im
wesentlichen orthogonalen Polarisationszustanden, die sequentiell in
Obereinstimmung mit der Verwarfelungsfrequenz abwechseln. 2. Verfahren
gemaB Anspruch 1 einschliellich Steuem der relativen Proportionen des in
die optischen 6      Zwischensignale aufgespaltenen optischen Signals durch
Schalten des optischen Signals unter der K.!        Steuerung des
Steuersignals. 3. Verfahren gemaB Anspruch 2 einschliellich der Stufen des
gegenseitigen orthogonal Machens der Polarisationszustande der geschalteten
optischen Zwischensignale und des Wiedervereinigens der 10     optischen
Zwischensignale, so daB das verarbeitete Signal aus einer sequentiellen
Wiedervereinigung der veranderten optischen Zwischensignale gebildet wird.
4. Verfahren gema3 Anspruch 3, bei dem das Steuersignal ein Rechtecksignal
aufweist und das optische Signal wechselweise stufengeschaltet wird, um
jedes der optischen Zwischensignale bereitzustellen. 15 5. Verfahren gemaB
Anspruch 1 einschliealich der Schritte des gegenseitigen orthogonal Machens
der Polarisationszustande der optischen Zwischensignale und des
Phasenmodulierens wenigstens eines der optischen Zwischensignale unter der
Steuerung des Steuersignals, so daol beim Wiedervereinigen der optischen
Zwischensignale die Vektorsumme der PolarisationszustAnde der optischen
Zwischensi- t    20    gnale abwechselt, urn die wechselnden orthogonalen
Polarisationszustande des verarbeiteten optischen Signals bereitzustellen.
6. Verfahren gemaB Anspruch 5, bei dem die Phase eines der optischen
Zwischensignale moduliert ist, urn Stufen-Phasen-Verschiebungen von im
wesentlichen 180- wahrend wechselnder Halbzyklen des 25     Steuersignals
aufzuprggen. 7. Verfahren gemaB irgendeinem der vorangegangenen Ansprlche
zum Verindenm des Polarisationszu- standes eines optischen Signals, das zur
InformationsUbertragung verwendet wird, und das den Schritt des Setzens des
Steuersignals auf eine genUgend hohe Frequenz einschlieft, so daB
Information, die 30     auf dem Signal getragen wird, an einem Detektor
verfOgbar gemacht werden kann unter der Verwen- dung wenigstens eines der
wechselnden orthogonalen Zustinde. &  Verfahren gemAl irgendeinem der
AnsprUche 1 bis 6 zum Verandern der Polarisationszustfinde eines lokalen
Oszillatorsignals, der fOr den Empfang optischer Informationssignale in
einem koharenten 35     optischen Obertragungssystem verwendet wird, das
den Schritt des Setzens des Steuersignals auf eine genlgend hohen Frequenz
einschlielt, so daBl die Information auf dem Informationssignal unter
Verwendung wenigstens eines der wechselnden orthogonalen
Polarisationszustande des verarbeiteten lokalen Oszillatorsignals erfalbar
ist. 40  9. Verfahren gemaB irgendeinem der vorangegangenen AnsprUche,
wobei das zu verarbeitende optische Signal eine Vielzahl von Signalen bei
im wesentlichen getrennten Wellenlangen aufweist. 10. Verfahren gemAB
irgendeinem der vorangagangenen AnsprUche, wobei das optische Signal eines
oder mehrere digitale optische Signale aufweist und die Frequenz des
Steuersignals nicht geringer ist als 45     das Minimum der Bitraten der
digitalen optischen Signale. 11. Optischer Apparat der eine
Steuereinrichtung (12) zum Bereitstellen elnes elektrischen Steuersignals
bei einer vorher bestimmten VerwOrfelungsfrequenz und eine
VerAnderungseinrichtung (15) zum Verandem des Polarisationszustandes eines
optischen Eingangssignals unter der Steuerung der Steu- 50
ereinrichtung (12) bei einer vorher bestimmten VerwOrfalungsfrequenz,
dadurch gekennzeichnet, daB: die Verinderungseinrichtung eine Einrichtung
(10) zum Aufspalten des optischen Eingangssignals von einern
Eingangssignalpfad (11) in zwei Zwischensignalpfade (13, 14) einschlieat,
eine Polarisations- Veranderungseinrichtung (15) in wenigstens elnem der
optischen Zwischenpfade (13) angeordnet ist, um die PolarisationszustAnde
der optischen Zwischensignale gegenseitig orthogonal zu machen, und 



55     eine Einrichtung (16) zum Wiedervereinigen der optischen
Zwischensignale, um ein verarbeitetes optisches Ausgangssignal
bereitzustellen mit im wesentlichen orthogonalen Polarisationszustlinden,
die sich sequentiell in Obereinstimmung mit der VerwOrfelungsfrequenz
verandern. 15    EP O 27? 427 B11                         I
l c L 12. Optischer Apparat gemaR Anspruch 11, wobei die Einrichtung (10)
zum Aufspalten des optischen Signals einen optischen Schalter (10) aufweist
zum Schalten wahlbarer Proportionen der optischen Eingangssignale von dem
Eingangssignalpfad (11) in die zwei optischen Zwischensignalpfade (13, 14),
wobei die geschalteten Proportionen unter der Steuerung der
Steuerungseinrichtung (12) ausgewAhIt a 5    werden. 13 Optischer Apparat
gemaB Anspruch 12, wobei der optische Schalter (10) einen
spannungsgesteuerten Koppler (10) aufweist. 1o  14. Optischer Apparat gemaB
irgendeinem der Ansprache 11 oder 12, bei dem die Verinderungseinrich- tung
(22) weiterhin elne Phasenmoduliereinrichtung in wenigstens elnern der
optischen Zwischenpfade (13, 14) einschlieBt zum Einstellen der relativen
Phase der optischen Zwischensignale. 15. Optischer Apparat gemaB Anspruch
14, wobei die Phasenmoduliereinrichtung (15, 22) in einem der 15
Zwischensignalpfade (14) durch die Steuereinrichtung (23) gesteuert wird,
um wechselnde Phasenver- schiebungen auf das Zwischensignal in diesem Pfad
(14) aufzupragen, so daBi die Vektorsumme der Polarisationszustande der
optischen Zwischensignale sich verandert, um die wechselnden orthogonalen
Polarisationszustande des Ausgangssignals bereitzustellen. :,20  16.
Optischer Apparat gemaB irgendeinem der Ansprtlche 10 bis 15 zum Verindern
des Polarisationszu- standes eines optischen Signals, das zurn Obertragen
oder zum Empfangen von Information verwendet wird, bei dem die
Steuereinrichtung (12) eine Einrichtung einschlieBt zum Setzen des
Steuersignals auf eine ausreichend Frequenz, so daB die Information
unabhingig von wenigstens einem der wechselnden orthogonalen Zustande zur
VerfUgung gestellt werden kann. 25 17. Optischer Apparat gemaB Anspruch 11
oder 14, wobel die Einrichtung zum Aufspalten des optischen Eingangssignals
einen passiven 1:1-Richtkoppler (24) aufweist. 18 Optischer Apparat gemaB
irgendeinem der vorhergehenden AnsprUche 11 bis 17, wobei die Wiederver- 30
einigungseinrichtung einen passiven 1:1-Richtkoppler (16) aufweist. 19.
Optischer Apparat gemaB irgendeinem der vorhergehenden AnsprUche 10 bis 18,
bei dern die Verinderungseinrichtung einen TE-TM-Konverter (15)
einschlieBt. 35  20. Optlscher Apparat gemaB irgendeinem der
vorangegangenen AnsprUche 10 bis 19, der integrierte optische
Wellenleiterbauelemente aufweist. 21. Optischer Apparat, der aufweist: eine
Einrichtung (10) zurn Aufspalten wahlbarer Proportionen eines optischen
Eingangssignals von einern Eingangssignalpfad (11) in zwei optische
Zwischensignalpfade 40     (13, 14); eine
Polarisations-Verinderungseinrichtung (15), die in wenigstens einem der
optischen Zwischensignalpfade (13) angeordnet ist, und angeordnet ist, um
die Polarisationszustinde der opti- sche Zwischensignale im wesentlichen
gegenseitig orthogonal zu machen; elne steuerbare Phasenmo-
duliereinrichtung (22) in wenigstens einem der optischen Zwischenpfade
(14); eine Steuereinrichtung (12) zum Steuern der Aufspalteinrichtung, um
die Aufspaltproportionen zu wahlen, und zum Steuern der 45
Phasenmoduliereinrichtung (22), um die Phasenbeziehung zwischen den
aufgespaltenen Signalen zu steuern; und eine Einrichtung zum
Weidervereinigen der optischen Zwischensignale zum Bereitstellen eines
kombinierten Ausgangssignals irgendeiner gewlnschten Polafisation unter der
Steuerung der Steuerungseinrichtung (12). so Revendicatlons 1. Un proced6
de traitement d'un signal optique comprenant une modification de l'etat de
polarisation du signal optique dans des intervalles sequentiels de temps
sous commande d'un signal electrique de commande a une frequence
pr~determin~e de broulliage caracterise en ce que l'etat de polarisation du
55     signal optique est modifi6 en divisant le signal optique en deux
signaux optiques intermediaires, en modifiant l'un par rapport a l'autre
les Mtats de polarisation des signaux optiques interm6diaires et en
recombinant les signaux optiques intermmdiaires afin de produire un signal
optique traite dont les etats de polafisation sensiblement orthogonaux sont
altembs en sequence selon la frequence de brouillage. 



16    2. Un procede selon la revendication 1 incluant une commande des
proportions relatives du signal optique, divise entre les signaux optiques
intermediaires, par commutation du signal optique sous commande du signal
de commande. 5  3. Un proced6 selon la revendication 2 incluant des etapes
consistant a rendre orthogonaux entre eux les K.'        etats de
polarisation des signaux automatiques intermediaires commutes et A
recombiner les signaux optiques intermmdiaires d'une manibre telle que le
signal traite est forme par une recombinaison s6quentielle des signaux
optiques intermddiaires qui sont altern6s. 10 4. Un proced4 selon la
revendication 3 dans lequel le signal de commande comprend un signal a
ondes carrees et le signal optique est commutd par etapes en alternance
afin de fournir chacun des signaux optiques interm~diaires. 5. Un procede
selon la revendication 1 incluant les 6tapes consistant a rendre
orthogonaux entre eux les 15     6tats de polarisation des signaux optiques
intermmdiaires et a moduler en phase sous commande du signal de commands au
moins l'un des signaux optiques intermediaires d'une maniere telel que la
somme vectorielle des etats de polarisation des signaux optiques
intermediaires est altern6e, lors de la recombinaison des signaux optiques
interm6diaires, pour foumir los 6tats de polarisation orthogonaux qui sont
alternes du signal optique traite. , 20 6. Un proced6 selon la
revendication 5 dans loquel la phase de 'un des signaux optiques
intermediaires est modulee afin d'imposer, par degres, des d~phasages
sensiblement de 180 pendant des demis cycles altemrs du signal de commands.
25 7. Un proced6, selon une revendication precedente quelconque, de
modification de l'etat de polarisation d'un signal optique utilise pour une
transmission d'information incluant l'6tape consistant a regler le signal
de commande a une fr6quence suffisamment elevee pour qu'une information
port~e sur le signal puisse 8tre rendue disponible a un detecteur utilisant
au moins 'un des etats orthogonaux qui sont altemes. 30 & Un proc6de, selon
l'une quelconque des revendications 1 a 6, de modification de l'etat de
polarisation d'un signal d'oscillateur local utilise pour la r6ception d'un
signal d'information optique dans un systbme coherent de transmission
optique incluant 1'6tape consistant a regler le signal de commands A une
fr6quence suffisamment elevee pour que l'information sur le signal
d'information puisse 8tre 35     detectee en utilisant au moins l'un des
etats de polarisation orthogonaux, qui sont altern6s, du signal traite
d'oscillateur local. 9. Un proc6de selon une revendication pr~cedente
quelconque dans lequel le signal optique a traitor comprend une serie de
signaux a longueurs d'ondes sensiblement separees. 40 10. Un proc6de selon
une revendication precedente quelconque dans loquel le signal optique
comprend un ou plusieurs signaux optiques numeriques et la fr6quence du
signal de commande n'est pas inferieure au minimum des fr6quences de bits
des signaux optiques numeriques. 45  11. Un dispositif optique compronant
un moyen de commande (i3) pour fournir un signal electrique de commands &
une frequence de brouillage pr~d6termin6e et un moyen de modification (15)
pour modifier les dtats de polarisation d'un signal optique d'entree sous
commande du moyen de comman- de (12) a une frequence pr~determin~e de
brouillage caractnris6 en co que: le moyen de modification inclut un moyen
de division (10) du signal optique d'entree provenant d'un trajet (11) de
signal d'entr~e 50     an deux trajets interm6diaires (13, 14) de signaux,
un moyen de modification de polarisation (15) dispose dans au moins l'un
des trajets optiques intermediaires (13) afin de rendre orthogonaux entre
eux les etats de polarisation des signaux optiques intermddiaires, et un
moyen de recombinaison (16) des signaux optiques intermediaires pour foumir
un signal optique traite de sortie dans loquel des 6tats de polarisation
sensiblement orthogonaux sont altemes en s6quence selon la frMquence de
brouillage. 55 12. Un dispositif optique selon la revendication 11 dans
loquel le moyen de division (10) du signal optique comprend un commutateur
optique (10) pour commuter, dans les deux trajets (13, 14) de signaux
optiques interm6diaires, des proportions qui peuvent Otre choisies du
signal optique d'entr6e provenant 
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trajet (11) de signal d'entree, les proportions commutees 6tant choisies
sous commande du moyen de commande (12). 13. Un dispositif optique selon la
rovendication 12 dans loquel le commutateur optique (10) comprend un -5
coupleur (10) A commande par tension. 14. Un dispositif optique solon l'une
des deux revendications 11 et 12 dans lequel le moyen de modification (22)
inclut en outre, pour ajuster la phase relative des signaux optiques
intermediaires, un moyen de modulation de phase dans au moins l'un des
trajets optiques intermediaires (13, 14). 10 15. Un dispositif optique
selon la revendication 14 dans lequel le moyen de modulation de phase (15,
22) de l'un (14) des trajets de signaux intermediaires est commande par le
moyen de commande (23) pour imposer des d6phasages en alternance sur le
signal intermediaire dans co trajet (14) d'une maniere telle quo la somme
vectorielle des etats de polarisation des signaux optiques interm6diaires
est t5     alternee pour fournir les etats de polarisation orthogonaux du
signal optique qui sont alternes. 16. Un dispositif optique, solon lune
quelconque des revendications 10 a 15, de modification de N'Wtat de
polarisation d'un signal optique utilis6 pour une transmission ou une
reception d'information dans loquel le moyen de commando (12) inclut un
moyen de r6glage du signal de commando a une frequence \  20     suffisante
pour quo l'information puisse 8tre rendue disponible ind6pendamment d'au
moins l'un des 6tats orthogonaux qui sont altemrs. 17. Un dispositif
optique solon la revendication 11 ou 14 dans lequol le moyen de division du
signal optique d'entree comprend un coupleur directionnel passif 1:1 (24).
25 1& Un dispositif optique solon l'une quelconque des revendications 11 a
17 dans lequel le moyen de recombinaison comprend un coupleur directionnel
passif 1:1 (16). 19. Un dispositif optique solon l'une quelconque des
revendications 10 a 18 dans lequel le moyen de 30     modification comprend
un convertisseur TE-TM (15). 20. Un dispositif optique solon l'une
quelconque des revendications 10 A 19 comprenant des dispositifs integres
de guides d'ondes optiques. 35 21. Un dispositif optique comprenant un
moyen (10) de division, en deux trajets (13, 14) de signaux optiques
intermediaires, de proportions susceptibles d'etre choisies d'un signal
optique d'entr6e provenant d'un trajet (11) de signal d'entree, un moyen de
modification de polarisation (15) dispos6 dans au moins l'un (13) des
tralets de signaux optiques intermediaires et agence pour rendre
sensiblement orthogonaux entre eux les 6tats de polarisation des signaux
optiques intermediaires, un 40     moyen de modulation de phase (22)
susceptible d'8tre commande dans au moins l'un (14) des trajets optiques
interm6diaires, un moyen (12) de commando pour commander les moyens de
division afin de choisir les proportions divisees et pour commander le
moyen de modulation de phase (22) afin de commander la relation de phase
entre les signaux divis~s, et un moyen de recombinaison des deux signaux
optiques interm6diaires pour foumir un signal de sortie combine solon une
polarisation 45     souhait~o quelconque sous commando du moyen de commando
(12). 50 55 18    


