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(57) Abstract: An optic system including: an
integrated optical device including an electrically
controllable photonic circuit element for receiving
an optical signal from at least one optical path
and selectively directing the optical signal to a
selected one or more of a plurality of optical output
paths, and being electrically adjustable between
a plurality of states at which the input optical
signal is selectively directed to a different output
path or combination of output paths; electrically
controllable pin diode attenuating elements
associated with each of the output paths; and
electrical circuitry for controlling the pin diode
attenuating elements in co-ordination with the
photonic circuit element such that the pin diode
attenuating elements associated with the one or
more selected paths are in an on state, and the pin
diode attenuating elements associated with output
paths other than the selected paths are in an off
state to substantially extinguish any signal power
in those output paths.
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OPTIC SYSTEM

The present invention relates to an optic system, in particular to an optic system
including an electrically controllable photonic circuit element for receiving an
optical signal from at least one optical path and selectively directing the optical

signal to a selected one or more of a plurality of output paths.

Generally, interferometric-type switching elements tend to suffer from the
problem that a small residual portion of the input signal enters output paths
other than that or those to which it is desired to direct the input signal. The
degree to which this occurs is referred to as the cross-talk performance of the
system. In theory, this could be avoided using splitters and combinérs that are E
precisely balanced in power in such a way that the correct phase difference is
achieved between different optical paths. However, it has been observed that
this perfect balance of powers can be difficult to achieve in practice and is also
very sensitive to fabrication errors. It has also been observed that there is a
similar problem with non-interferometric type switches, such as digital optical
switches, in that refractive index differences between the two output arms are

limited by the electro-optical effect used.

It is an aim of the present invention to provide an optic system with which the

problem of cross-talk can be substantially eliminated.

According to a first aspect of the present invention, there is provided an optic
system including: an integrated optical device including an electrically
controllable photonic circuit element for receiving an optical signal from at
least one optical path and selectively directing the optical signal to a selected
one or more Vof a plurality of optical output paths, and being electrically
adjustable. between a plurality of states at which the input optical signal is
selectively directed to a different output path or combination of output paths;

electrically controllable attenuating elements associated with each of the output
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paths; and electrical circuitry for controlling the attenuating elements in co-
ordination with the photonic circuit element such that the attenuating elements
associated with the one or more selected paths are in an on state, and the
attenuating elements associated with output paths other than the selected paths
are in an off state to substantially extinguish any signal power in those output

-paths.

An embodiment of the present invention is described hereunder, by way of
example only, with reference to the accompany figure showing a schematic

view thereof.

With reference to Figure 1, an optic system according to a first embodiment of
the present invention includes a silicon-on-insulator (SOI) chip 2 having
defined therein an electrically controllable photonic circuit 4 for selectively
directing an optical signal from input waveguide 6 to a selected one of three
output waveguides &. Each output waveguide 8 is provided with an in-line
attenuating element 8, which can be switched from an “on” state in which it
applies a zero or low degree of attenuation, and an “off” state in which it

applies a high degree of attenuation.

The photonic circuit 4 may, for example, be an interferometric type switch such
as a Mach-Zehnder switch or a non-interferometric-type switch such as digital
optical switch. The desired output path is selected by controlling an electric

signal to the switch.

The in-line attenuating element may for example be a pin diode attenuating
element 6 that includes n-doped and p-doped regions on either side of the
Wa{feguide 8, such that charge carriers can be injected into the waveguide upon
application of an appropriate voltage across the n-doped and p-doped regions.
The injection of charge carriers into the waveguide increases the absorption of

the waveguide with respect to the optical signal and thus increases the



WO 03/014822 PCT/GB02/03481

attenuation of the optical signal. The attenuating element can be switched
between the on and off states by controlling the voltage applied across the n-
doped and p-doped regions. The pin diode attenuating element 6 may have a
structure as described in co-pending UK patent applications no. GB0019971.5
or GB0104384.3, whose contents are incorporated herein by reference.
Alternatively, other types of in-line attenuating elements fhat operate by

absorption effects could be used.

A processor 12 controls both the photonic circuit and the attenuating elements
in co-ordination with each other in accordance with a command specifying the
output waveguide to which the input signal should be directed, such that only
that attenuating element associated with the selected output waveguide is
maintained in an “on” state to allow the propagation of the optical signal along
that waveguide, with the remaining attenuating elements associated with the
non-selected output waveguides being switched to an “off” state to extinguish
any minor portion of the power of the input signal that may have entered those

output waveguides.

The pin diode attenuating elements used in the above-described embodiment
are a preferred type of in-line attenuating element for this invention beeause
they exhibit low insertion loss and low polarisation dependency, but can

achieve high levels of attenuation greater than —20dB.

In the above-described embodiment, the present invention is applied to an
optical switch as part of an SOI integrated device. However, the present
invention is also applicable to other types of systems such as devices based on

polymers and other semiconductor materials such as III-V.

The applicant draws attention to the fact that the present invention may include
any feature or combination of features disclosed herein either implicitly or

explicitly or any generalisation thereof, without limitation to the scope of any
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definitions set out above. In view of the foregoing description it will be
evident to a person skilled in the art that various modifications may be made

within the scope of the invention.
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CLAIMS:

1. An optic system including: an integrated optical device including an
electrically controllable photonic circuit element for receiving an optical signal
from at least one optical path and selectively directing the optical signal to a
selected one or more of a plurality of optical output paths, and being
electrically adjustable between a plurality of states at which the input optical
signal is selectively directed to a different output path or combination of output
paths; electrically controllable attenﬁating elements associated with each of the
output paths; and electrical circuitry for éontrolling the attenuating elements in
co-ordination with the photonic circuit element such that the attenuating
elements associated with the one or more selected paths are in an on state, and
the attenuating elements associated with output paths other than the selected
paths are in an off state to substantially extinguish any signal power in those

output paths.

2. An optic system according to claim 1, wherein the 'cfctenua’tirlgy elements

are in-line attenuating elements.

3. An optic system according to claim 1, wherein the attenuating elements

are electro-optic attenuating elements.

4. An optic system according to claim 3, wherein the attenuating elements

are pin diode attenuating elements.

5. An optic system according to claim 1, wherein the integrated device is a
silicon-on-insulator device, with the input and output optical paths, the
switching element and the attenuating elements being defined in a layer of

silicon.
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6. An optic system according to claim 1, wherein the mput and output

optical paths are rib waveguides.

7. An optic system according to any preceding claim wherein the photonic
element is selected from the group consisting of a integrated Mach-Zehnder
interferometer, a multi-mode interference (MIMI) couple;:, and a digital optical

switch.

8. An optic system including: an integrated optical device including an
electrically controllable photonic circuit element for receiving an optical signal
from at least one optical path and selectively directing the opticaléignal to a
selected one or more of a plurality of optical output paths, and being
electrically adjustable between a plurality of states at which the input optical
signal is selectively directed to a different output path or combination of output
paths; electrically controllable pin diode attenuating elements associated with
each of the output paths; and electrical circuitry for controlling the pin diode
attenuating elements in co-ordination with the photonic circuit element such
that the pin diode attenuating elements associated with the one or mofe selected
paths are in an on state, and the pin diode attenuating elements associated with
output paths other than the selected paths are in an off state to substantially

extinguish any signal power in those output paths.
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