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RECONFIGURABLE OPTICAL SWITCH AND
METHOD

RELATED APPLICATIONS

This application is related to:

U.S. application Ser. No. 09/898,926 filed on Jul. 3, 2001
for a “Reconfigurable Optical Device and Method”; and

U.S. application Ser. No. 09/902,858 filed on Jul. 10, 2001
for a “Method for Making a Reconfigurable Optical
Switch.”

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of optical
devices, and more specifically to a reconfigurable optical
switch and method.

BACKGROUND OF THE INVENTION

Photonic crystals may be used to manipulate light in
optical devices, such as photonic bandgap devices. A pho-
tonic crystal typically includes regions periodically com-
posed of materials with different refractive indices. The
periodic changes in the refractive index of the crystal
prevent light within a certain range or “band” of frequencies
from entering or leaving the crystal. The band of frequencies
that cannot propagate through the crystal may be referred to
as a “bandgap.” To allow light within this band of frequen-
cies to pass through certain paths in the photonic crystal,
defects are created in the crystal. These defects represent
points where the periodic changes in the refractive index of
the crystal have been interrupted, which breaks the symme-
try of the crystal. As a result of these defects, light may exist
in localized states within the bandgap. Sequences of defects
allow light within the bandgap to propagate through the
crystal in paths created by the defects. These paths may be
referred to as “waveguides.” The waveguides control how
light is transported through the crystal, so the waveguides
control how the optical device operates.

SUMMARY OF THE INVENTION

According to the present invention, problems and disad-
vantages associated with previous optical switches and
methods have been substantially reduced or eliminated.

In one embodiment of the invention, an optical switch
includes a photonic crystal and a controller. The photonic
crystal includes a first path having a plurality of first regions.
At least one of the first regions is set to a first state to allow
an optical signal to propagate through at least a portion of
the crystal. The photonic crystal also includes a second path
having a plurality of second regions. At least one of the
second regions is set to the first state. The photonic crystal
further includes a third path coupling the first path and the
second path and providing the optical signal for propagation
through at least one of the first and second paths. In addition,
the photonic crystal includes a first actuator coupled to at
least one of the first regions, and a second actuator coupled
to at least one of the second regions. The controller is
coupled to the first and second actuators. The controller is
operable to switch the first and second regions between the
first state and a second state. The second state reduces the
propagation of the optical signal through at least a portion of
the crystal.

In another embodiment of the invention, a photonic
crystal includes a first path having a plurality of first regions.
At least one of the first regions is set to a first state to allow
an optical signal to propagate through at least a portion of
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the crystal. The photonic crystal also includes a second path
having a plurality of second regions. At least one of the
second regions is set to the first state. The photonic crystal
further includes a third path coupling the first path and the
second path and providing the optical signal for propagation
through at least one of the first and second paths. The
photonic crystal also includes a first actuator coupled to at
least one of the first regions. The first actuator is operable to
switch the first region between the first state and a second
state. The second state reduces the propagation of the optical
signal through at least a portion of the crystal. In addition,
the photonic crystal includes a second actuator coupled to at
least one of the second regions. The second actuator is
operable to switch the second region between the first state
and the second state.

In yet another embodiment of the invention, a method for
reconfiguring an optical switch includes selecting a first path
through a photonic crystal. The crystal includes the first path
and a second path. The first path includes a plurality of first
regions, and the second path includes a plurality of second
regions. The crystal also includes a third path coupling the
first path and the second path and providing an optical signal
for propagation through one of the first and second paths.
The method also includes heating at least one of the first
regions and at least one of the second regions. The method
further includes cooling the first region at a first rate to place
the first region in a first state. The first state allows propa-
gation of the optical signal through at least a portion of the
crystal. In addition, the method includes cooling the second
region at a second rate to place the second region in a second
state. The second state reduces the propagation of the optical
signal through at least a portion of the crystal.

Numerous technical advantages are provided according to
various embodiments of the present invention. Particular
embodiments of the invention may exhibit none, some, or all
of the following advantages depending on the implementa-
tion. For example, the present invention may allow
waveguides in an optical switch to be reconfigured. In one
embodiment, a photonic crystal includes rods of a material,
such as a chalcogenide. At least one of the rods may switch
between a first state and a second state. In the first state, a
defect forms in the photonic crystal, and an optical signal
may propagate through at least a portion of the crystal. In the
second state, no defect forms around the rod, which reduces
the propagation of the optical signal through at least a
portion of the crystal. In a particular embodiment, a defect
may be formed by heating a rod and cooling the rod at one
rate, and a defect may be removed by heating the rod and
cooling the rod at another rate. By switching the states of the
rods, the present invention allows the waveguides in a
photonic crystal to be reconfigured. This allows the optical
switch to be reconfigured so that the switch may route
optical signals to different destinations.

The present invention may also allow the waveguides in
the optical switch to be reconfigured more easily than
conventional systems. For example, the present invention
may vary the refractive index of the rods to a greater degree
than previous systems could achieve. The present invention
may also change the refractive index of the rods faster than
conventional systems.

Other technical advantages are readily apparent to one of
skill in the art from the attached figures, description, and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

To provide a more complete understanding of the present
invention and features and advantages thereof, reference is
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made to the following description in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an exemplary optical
switch constructed according to the teachings of the present
invention;

FIGS. 2A and 2B are block diagrams illustrating portions
of an exemplary photonic crystal constructed according to
the teachings of the present invention;

FIGS. 3A-3H are block diagrams illustrating an exem-
plary series of steps in manufacturing a photonic crystal;

FIGS. 4A and 4B are timing diagrams illustrating the
reconfiguration of a photonic crystal according to the teach-
ings of the present invention; and

FIG. 5 is a flow diagram illustrating an exemplary method
for reconfiguring an optical switch according to the teach-
ings of the present invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 is a block diagram illustrating an exemplary optical
switch 100 constructed according to the teachings of the
present invention. In the illustrated embodiment, switch 100
includes a photonic bandgap (PBG) crystal 102 and a
controller 104. Other embodiments of switch 100 may be
used without departing from the scope of the present inven-
tion.

In one aspect of operation, crystal 102 contains
waveguides 106. Waveguides 106 represent areas of crystal
102 where light may exist in and propagate through defects
in crystal 102. In one embodiment, crystal 102 includes one
or more rods 108 operable to switch between at least a first
state and a second state. Rods 108 that are operable to
change states may be referred to as “switchable” rods. A
defect exists in crystal 102 when rod 108 is in the first state,
and light may exist in and propagate through the defect. A
defect is removed from crystal 102 by switching rod 108
from the first state to the second state, which reduces or
eliminates the propagation of light through that rod 108. In
a particular embodiment, defects in crystal 102 may be
formed by heating and cooling rod 108 at one rate, and
defects may be removed in crystal 102 by heating and
cooling rod 108 at another rate. By changing the states of
rods 108, crystal 102 may be reconfigured to perform
different switching functions. For example, by reconfiguring
waveguides 106, switch 100 could reconfigure crystal 102 to
route input signals from input lines 110a—110b (referred to
generally as input lines 110) to different output lines
112a-112b (referred to generally as output lines 112). Other
embodiments and/or uses of crystal 102 may be used with-
out departing from the scope of the present invention. In the
illustrated embodiment, crystal 102 has been simplified to
illustrate the various components of crystal 102. For
example, crystal 102 may include any suitable number of
waveguides 106 and rods 108 without departing from the
scope of the present invention. Also, crystal 102 may receive
input signals from any number of input lines 110 and deliver
optical signals to any number of output lines 112.

Crystal 102 is coupled to controller 104. In this document,
the term “couple” refers to any direct or indirect communi-
cation between two or more elements, whether or not those
elements are in physical contact with one another. Also, the
term “crystal” refers to any structure or structures operable
to receive and route optical signals, such as a photonic
bandgap crystal. In addition, the term “photonic bandgap”
refers to an ability to reduce or eliminate the propagation of
light within a range or “band” of frequencies. Crystal 102
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receives input optical signals from at least one input line 110
and routes the signals to one or more output lines 112. The
routing of signals from input line 110 to output line 112 is
conducted by the waveguides 106 in crystal 102. For
example, an input signal from input line 110a may be routed
to output line 1124 or output line 1125, depending on which
waveguide 106 is set to allow an optical signal to pass. By
adjusting the states of one or more rods 108, crystal 102 may
perform different switching functions in switch 100. Crystal
102 may comprise any suitable structure operable to perform
switching functions in switch 100. One embodiment of a
crystal is shown in FIGS. 2A and 2B, which are described
below.

In the illustrated embodiment, crystal 102 includes a
plurality of rods 108. Rods 108 represent regions where the
refractive index of the region may be altered to create and/or
remove defects in crystal 102. In this document, the term
“rod” refers to any structure or structures having any suit-
able size, shape, and/or arrangement and operable to switch
between at least a first state and a second state. In one
embodiment, the first state is associated with a refractive
index that creates a defect in crystal 102, and the second
state is associated with a refractive index that does not create
a defect in crystal 102. In this embodiment, rod 108 may
remain fixed or “latched” in one state until driven into
another state.

Rods 108 may comprise any suitable material or materials
operable to switch between at least a first state and a second
state. Rods 108 may, for example, comprise a chalcogenide,
such as Ge,Sb,Tes. The chalcogenide may form part or all
of rod 108. In this embodiment, the chalcogenide in rod 108
may exist in a different phase depending on whether the rod
108 is in the first state or second state. In a particular
embodiment, when rod 108 is in the first state, the chalco-
genide is in an amorphous or lower permittivity phase and
forms a defect in crystal 102. When rod 108 is in the second
state, the chalcogenide is in a polycrystalline or higher
permittivity phase, and no defect exists at the point where
rod 108 is located in crystal 102. In another embodiment, rod
108 may be polycrystalline in the first state and amorphous
in the second state. Other state-phase combinations may be
used without departing from the scope of the present inven-
tion. Also, materials having other phases and/or states may
be used in crystal 102 without departing from the scope of
the present invention. In addition, in this document, the
terms “higher” and “lower” refer to relative values and do
not correspond to particular ranges of values.

In one embodiment, the phase of the rod 108 that creates
a defect may depend, at least in part, on the phases of the
other rods 108 in crystal 102. For example, if the rods 108
in crystal 102 are in a polycrystalline phase, a defect may be
created in crystal 102 by changing at least one of the rods
108 to the amorphous phase. Similarly, if the rods 108 are in
an amorphous phase, a defect may be created in crystal 102
by changing at least one of the rods 108 to the polycrystal-
line phase. While rods 108 may be described in other
portions of this document as creating a defect in the amor-
phous phase, rods 108 may also create defects while in any
other suitable phase.

Input lines 110 are operable to provide an input optical
signal to crystal 102, and output lines 112 are operable to
receive an output optical signal from crystal 102. The output
signal received by output line 112 may be all or a portion of
the input signal received by crystal 102 through input line
110 and routed through one or more waveguides 106 in
crystal 102. Input lines 110 and output lines 112 may
comprise fibers, waveguides, free space coupling, focused
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