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THREE DIMENSIONAL SEMICONDUCTOR
BASED OPTICAL SWITCHING DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates generally to optical
signals and, more specifically, the present invention relates
to switching optical signals.

[0003] 2. Background Information

[0004] The need for fast and efficient optical-based tech-
nologies is increasing as Internet data traffic growth rate is
overtaking voice traffic pushing the need for optical com-
munications. Transmission of multiple optical channels over
the same fiber in the dense wavelength-division multiplex-
ing (DWDM) systems and Gigabit (GB) Ethernet systems
provide a simple way to use the unprecedented capacity
(signal bandwidth) offered by fiber optics. Commonly used
optical components in the system include wavelength divi-
sion multiplexed (WDM) transmitters and receivers, optical
filter such as diffraction gratings, thin-film filters, fiber
Bragg gratings, arrayed-waveguide gratings, optical add/
drop multiplexers, lasers and optical switches. Optical
switches may be used to modulate optical beams. Two
commonly found types of optical switches are mechanical
switching devices and electro-optic switching devices.

1. Field of the Invention

[0005] Mechanical switching devices generally involve
physical components that are placed in the optical paths
between optical fibers. These components are moved to
cause switching action. Micro-electronic mechanical sys-
tems (MEMS) have recently been used for miniature
mechanical switches. MEMS are popular because they are
silicon based and are processed using somewhat conven-
tional silicon processing technologies. However, since
MEMS technology generally relies upon the actual mechani-
cal movement of physical parts or components, MEMS are
generally limited to slower speed optical applications, such
as for example applications having response times on the
order of milliseconds. In electro-optic switching devices,
voltages are applied to selected parts of a device to create
electric fields within the device. The electric fields change
the optical properties of selected materials within the device
and the electro-optic effect results in switching action.
Electro-optic devices typically utilize electro-optical mate-
rials that combine optical transparency with voltage-variable
optical behavior.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive embodiments of
the present invention are described with reference to the
following figures, wherein like reference numerals refer to
like parts throughout the various views unless otherwise
specified.

[0007] FIG. 1 is a side view diagram of one embodiment
of an optical device in accordance with the teachings of the
present invention.

[0008] FIG. 2 is a cross section diagram of one embodi-
ment of an optical device in accordance with the teachings
of the present invention.

[0009] FIG. 3 is an illustration showing an evanescent
coupling having a first coupling length of an optical beam
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through an insulating region between waveguides of one
embodiment of an optical device in accordance with the
teachings of the present invention.

[0010] FIG. 4 is an illustration showing an evanescent
coupling having a second coupling length of the optical
beam through the insulating region between waveguides of
one embodiment of an optical device in accordance with the
teachings of the present invention.

[0011] FIG. 5 is another cross-section diagram through
one embodiment of an optical device having relatively
horizontal charge layers and multiple rib waveguides in
accordance with the teachings of the present invention.

[0012] FIG. 6 is another cross-section diagram through
another embodiment of an optical device having relatively
vertical charge layers and multiple waveguides in accor-
dance with the teachings of the present invention.

[0013] FIG. 7 is a block diagram illustration of one
embodiment of a system including embodiments of multiple
optical devices employed in a polarization insensitive opti-
cal switch according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION

[0014] Methods and apparatuses for switching an optical
beam between multiple semiconductor material layers of a
semiconductor die are disclosed. In the following descrip-
tion numerous specific details are set forth in order to
provide a thorough understanding of the present invention.
It will be apparent, however, to one having ordinary skill in
the art that the specific detail need not be employed to
practice the present invention. In other instances, well-
known materials or methods have not been described in
detail in order to avoid obscuring the present invention.

[0015] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
“in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined in
any suitable manner in one or more embodiments.

[0016] FIG. 1 is a block diagram illustrating one embodi-
ment of an optical device 101 in accordance with the
teachings of the present invention. As shown in the depicted
embodiment, optical device 101 is a three dimensional
multiplane device that includes multiple semiconductor
material layers. For instance, FIG. 1 shows that one embodi-
ment of optical device 101 includes a semiconductor mate-
rial layer 103 and a semiconductor material layer 107, which
are separated by an insulating layer 105. In one embodiment,
insulating layer 105 includes an oxide, such as for example
silicon oxide, which isolates semiconductor material layer
103 from semiconductor material layer 107. In one embodi-
ment, insulating layer 105 is approximately 200 angstroms
in thickness. In other embodiments, insulating layer may
have a different thickness. In one embodiment, optical
device 101 may be included on a semiconductor die fabri-
cated for example on a silicon-on-insulator (SOI) wafer and
semiconductor material layers 103 and 105 are the different
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silicon layers fabricated disposed in the semiconductor die.
In other embodiments, other suitable semiconductor mate-
rials may be used for semiconductor material layers 103 and
105, such as for example polysilicon, III-V semiconductor
materials, or the like. In one embodiment, the planes of
semiconductor material layers 103 and 107 are substantially
parallel to the plane of a surface of the semiconductor die or
SOI wafer in which optical device 101 is fabricated.

[0017] As shown in FIG. 1, a signal Vgguar 113 is
applied in one embodiment to semiconductor material layers
103 and 107 to adjust a coupling strength or the isolation
between the different semiconductor material layers in opti-
cal device 101 in accordance with the teachings of the
present invention. In one embodiment, an optical waveguide
109 is disposed in semiconductor material layer 103 and an
optical waveguide 111 is disposed in semiconductor material
layer 107. In one embodiment, optical waveguides 109 and
111 are single mode waveguides. In one embodiment, opti-
cal waveguides 109 and 111 are two planar waveguides
situated on top of each other in optical device 101.

[0018] In operation a signal Vggaar 113 is applied
through electrodes 119 and 121 to semiconductor material
layers 103 and 107 to modulate an electric field across
insulating layer 105 to control modulated charge layers
proximate to insulating layer 105. In one embodiment,
electrodes 119 and 121 are electrically connected to semi-
conductor material layers 103 and 107 at locations outside
the optical paths through optical waveguides 109 and 111. In
one embodiment, the modulated charge layers proximate to
insulating layer 105 result in thin horizontal charge layers
that control the optical coupling strength or isolation
between optical waveguides 109 and 111 of semiconductor
material layers 103 and 107. In one embodiment, the modu-
lated charge layers have a charge density of approximately
5x10* cm™ and a thickness of approximately 10 nanom-
eters. In other embodiments, other suitable charge densities
and thicknesses may be employed in accordance with the
teachings of the present invention.

[0019] For purposes of this disclosure, the horizontal
orientation of the thin horizontal charge layers proximate to
insulating layer 105 are with respect to the plane of semi-
conductor material layers 103 and 107, which are under-
stood to be substantially parallel to a plane of a surface of the
semiconductor die or SOI wafer in which optical device 101
is fabricated. In one embodiment, a capacitive structure is
defined with the modulated charge layers proximate and
insulating layer 105 between semiconductor material layers
103 and 107. The capacitive structure approach employed
with embodiments of the present invention provide optical
device 101 with high speed response t0 Vgignar 113 in
accordance with the teachings of the present invention.

[0020] In operation, an optical beam 115 is launched or
directed into semiconductor material waveguide through
optical waveguide 109. As optical beam 115 propagates
along optical waveguide 109, evanescent coupling occurs
between optical waveguides 109 and 111 across insulating
layer 105. The modulated charger layers proximate to insu-
lating layer 105 control the coupling strength or isolation
between the adjacent or neighboring optical waveguides 109
and 111 in semiconductor material layers 103 and 107. By
controlling the coupling strength or isolation in response to
Vaionar 113, optical beam 115 is selectively directed out
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from optical device 101 through either optical waveguide
109 or optical waveguide 111 in accordance with the teach-
ings of the present invention. Therefore, optical beam 115
may be switched between the different multiple semicon-
ductor material layers 103 and 107 of the semiconductor die
in response t0 Vgenar 113 in accordance with the teachings
of the present invention. In other embodiments, additional
semiconductor material layers may be included in accor-
dance with the teachings of the present invention.

[0021] For illustration purposes, depending on Vgigaar
113, FIG. 1 shows that optical beam 115 leaves optical
device 101 through optical waveguide 109 as optical beam
115" in response to Vggaaz, 113. In the alternative, optical
beam 115 is illustrated leaving optical device 101 through
optical waveguide 111 as optical beam 115" in response to
Vaionar 113. As illustrated in the embodiment of FIG. 1,
light may also propagate in the opposite direction in accor-
dance with the teachings of the present invention.

[0022] FIG. 2 is a cross-section illustration of an embodi-
ment of an optical device 201, which corresponds to a
cross-section illustration along dashed line A-A"117 of FIG.
1 through optical device 101. As shown in the depicted
embodiment, optical device 201 has multiple semiconductor
material layers including a semiconductor material layer 203
and a semiconductor material layer 207 with an insulating
layer 205 disposed between semiconductor material layers
203 and 207. An optical waveguide 209 is included in
semiconductor material layer 203 and an optical waveguide
211 is included in semiconductor material layer 207.

[0023] As shown, charge layers 227 are formed proximate
to insulating layer 205 in one embodiment resulting in
horizontal layers of charge. Depending on the doping
included in the semiconductor material layers 203 and 207,
charge layers 227 may include electrons, holes or a combi-
nation thereof. In addition, optical device may be biased to
operate in accumulation mode, inversion mode or depletion
mode. A capacitive structure is defined with charge layers
227, forming the plates of a capacitor separated by insulating
layer 205.

[0024] In operation, an optical beam 215 may be launched
or directed into optical waveguide 209 in semiconductor
material layer 203. Optical beam 215 is illustrated in FIG.
2 going through the page. When optical beam 215 propa-
gates next to insulating layer 205, an evanescent coupling
229 occurs through insulating layer 205 such that optical
beam 215 propagates from waveguide 209 to optical
waveguide 211 in semiconductor material layer 207. In one
embodiment, charge layers 227 are modulated to control the
effective index of refraction through insulating layer 205 in
response to charge layers 227 due to the plasma optical
effect. Therefore, the coupling strength of the evanescent
coupling 229 may be tuned or adjusted in one embodiment
in response to the concentration of free charge carriers in
modulated charge layers 227.

[0025] The plasma optical effect arises due to an interac-
tion between the optical electric field vector and free charge
carriers that may be present along the propagation path of
the optical beam 215 along evanescent coupling 229. The
electric field of the optical beam 215 induces a change in the
velocity of the free charge carriers and this effectively
perturbs the local dielectric constant of the medium. This in
turn leads to a perturbation of the propagation velocity of the
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optical wave and hence the index of refraction for the light,
since the index of refraction is simply the ratio of the speed
of'the light in vacuum to that in the medium. The free charge
carriers are accelerated by the field and also lead to absorp-
tion of the optical field as optical energy is used up.
Generally the index of refraction perturbation is a complex
number with the real part being that part which causes the
velocity change and the imaginary part being related to the
free charge carrier absorption. The amount of phase shift ¢
is given by

¢=(27/))AnL (Equation 1)
with the optical wavelength in vacuum A the interaction
length L. In the case of the plasma optical effect in silicon,
the refractive index change An due to the electron (AN,) and
hole (AN,)) concentration change is given by:

(Equation 2)

22 (ANL, AN,,]
+

8r2c2eono\ m3 m;,

where 1, is the nominal index of refraction for silicon, e is
the electronic charge, c¢ is the speed of light, €, is the
permittivity of free space, m_* and m, * are the electron and
hole effective masses, respectively.

[0026] Therefore, as will be discussed in further detail
below, the coupling strength of the evanescent coupling 229
is responsive in one embodiment to the free charge carrier
concentration in modulated charge layers 227. In one
embodiment, the free charge carrier concentration in modu-
lated charge layers 227 is responsive to an applied signal,
such as for example signal Vggaar, 113 of FIG. 1.

[0027] To illustrate, FIGS. 3 and 4 are illustrations of one
embodiment of an optical device 301 with multiple semi-
conductor material layers including a semiconductor mate-
rial layer 303 and a semiconductor material layer 307,
separated by an insulating layer 305. In the illustrated
embodiment, optical waveguide 309 is included in semicon-
ductor material layer 309 and optical waveguide 311 is
included in semiconductor material layer 307. Modulated
charge layers 327 are proximate to insulating layer 309. For
explanation purposes, modulated charge layers 327 are
modulated in FIG. 4 to have a greater free charge carrier
concentration than the charge carrier concentration of modu-
lated charge layers 327 in FIG. 3.

[0028] In operation, optical beam 315 is launched or
directed into optical waveguide 305. For explanation pur-
poses, it is noted that optical beam 315 is illustrated as
propagating in a direction from the bottom of the illustration
to the top of the illustration. It is noted that optical beam 315
may also propagate in the opposite direction and is therefore
may be bi-directional in accordance with the teachings of the
present invention. As optical beam 315 propagates along
optical waveguide 305, it is evanescently coupled up and
down or back and forth between the different semiconductor
material layers 303 and 307 of optical device 301 as shown.
In one embodiment, the coupling strength or isolation
between the optical waveguides 309 and 311 is responsive to
the free charge carrier concentration in modulated charge
layers 327. Accordingly, the coupling length L, as illustrated
in FIG. 3, and illustrated as ' in FIG. 4 is responsive to
modulated charge layers 327.
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[0029] Inthe example illustrated in FIG. 3, the free charge
carrier concentration of modulated charge layers 327 is such
that the coupling strength or isolation between the optical
waveguides 309 and 311 results in a coupling length L,
which results in optical beam 315 exiting optical device 301
via optical waveguide 309. In contrast, modulated charge
layers 327 are modulated in FIG. 4 such that coupling length
L' has a value that results in optical beam 315 exiting the
optical device 301 via optical waveguide 311 since the
geometry and the total length of the optical device 301 is
fixed. Therefore, in the example embodiments illustrated in
FIGS. 3 and 4, optical device 301 functions as shown to
operate as a 1x2 switch in accordance with the teachings of
the present invention.

[0030] In another embodiment, another optical beam may
also be launched or directed into optical waveguide 311 and
optical device 301 therefore would operate as a 2x2 switch.
In addition, depending on the free charge carrier concentra-
tion of modulated charge layers 327 and the resulting the
coupling lengths L. and/or L", optical device 301 also
functions as an amplitude modulator and/or a variable
optical attenuator. Indeed, the amplitudes of optical beam
315 as it is output from either optical waveguide 309 or 311
is modulated in response to the coupling lengths L or L',
which are modulated in response to modulated charge layers
327.

[0031] FIG. 5 provides another cross-section illustration
of one embodiment of an optical device 501 in accordance
with the teachings of the present invention. In one embodi-
ment, the cross-section illustration in FIG. 5 also represents
a cross-section illustration along dashed line A-A'117 of
FIG. 1 through optical device 101. As illustrated in FIG. 5,
optical device 501 has multiple semiconductor material
layers including a semiconductor material layer 503 and a
semiconductor material layer 507 with an insulating layer
505 disposed between semiconductor material layers 503
and 507. In one embodiment, optical device 501 is fabri-
cated on a semiconductor die or an SOI wafer with semi-
conductor material layer 531 being one of the layers on the
semiconductor die or SOI wafer and an insulating layer 529
being a buried oxide layer of the semiconductor die or SOI
wafer. In one embodiment, an optical waveguide 509 is
included in semiconductor material layer 503 and an optical
waveguide 511 is included in semiconductor material layer
507. In one embodiment, optical waveguide 509 is a rib
waveguide having a rib region 533 and a slab region 535,
and optical waveguide 511 is a rib waveguide having a rib
region 537 and a lab region 539. As such, the rib region 537
of optical waveguide 511 is situated in Figure as being below
the slab region 535 of optical waveguide 509 across the
insulating layer 505 in the depicted embodiment.

[0032] As shown, charge layers 527 are formed proximate
to insulating layer 505 in one embodiment resulting in
horizontal layers of charge in the depicted embodiment.
Depending on the doping included in the semiconductor
material layers 503 and 505, charge layers 527 may include
electrons, holes or a combination thereof. In addition, opti-
cal device 501 may be biased to operate in accumulation
mode, inversion mode or depletion mode. A capacitive
structure is defined with charge layers 527, forming the
plates of a capacitor separated by insulating layer 505.

[0033] In operation, an optical beam propagating through
one of the semiconductor material layers of optical device
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501 is selectively switched to another one of the semicon-
ductor material layers of optical device 501 in response
charge layers 527 in accordance with the teachings of the
present invention. For instance, an optical beam propagating
through optical waveguide 509 is switched to optical
waveguide 511 from slab region 535 through insulating
layer 505 to rib region 537 into optical waveguide 511 in
accordance with the teachings of the present invention. An
optical beam propagating through optical waveguide 511 is
switched to optical waveguide 509 from rib region 537
through insulating layer 505 to slab region 535 into optical
waveguide 509 in accordance with the teachings of the
present invention.

[0034] In one embodiment, additional semiconductor
material layers with respective optical waveguides and inter-
vening insulating layers with charge layers may be included
in optical device 501 in accordance with the teachings of the
present invention. As such, an optical beam propagating
through one of the semiconductor material layers may be
switched to a neighboring semiconductor material layer,
above or below depending on the relative orientation of
optical device 501, by controlling the evanescent coupling
between the different semiconductor material layers in opti-
cal device 501 in accordance with the teachings of the
present invention. As a result, a relatively vertical evanes-
cent coupler is realized with optical device 501 and may be
included for example in a three dimensional multiplanar or
multilayer integrated optical circuit device in accordance
with the teachings of the present invention.

[0035] FIG. 6 shows a cross-section illustration of one
embodiment of an optical device 601 with relatively hori-
zontal evanescent coupling in accordance with the teachings
of the present invention. As illustrated in FIG. 6, optical
device 601 has similarities with the previously described
embodiments with an exception that the charge layers are
vertical with respect to the optical waveguides instead of
horizontal. Stated in a different way, the charges layers in
optical device 601 are orthogonal relative to or with respect
to the charge layers of, for example, optical devices 101,
201, 301 or 501. Optical device 601 includes a semicon-
ductor material layer 603 disposed between an insulating
layer 629 and an insulating layer 605. In one embodiment,
optical device 601 is included in a semiconductor die or an
SOI wafer and insulating layer 629 is a buried oxide layer of
the semiconductor die or SOI wafer. The embodiment illus-
trated in FIG. 6 also shows that semiconductor material
layer 603 includes an insulating region 643 separating an
optical waveguide 609 and an optical waveguide 611. As
shown, modulated charge layers 627 are modulated proxi-
mate to insulating region 643 in an embodiment.

[0036] As shown, modulated charge layers 627 in FIG. 6
provide a thin vertical layer of charge to control the coupling
strength between adjacent neighboring optical waveguides
609 and 611. For purposes of this disclosure, the vertical
orientation of charge layers 627 and insulating region 643 is
with respect to a plane of semiconductor material layers 603,
which is understood to be substantially parallel to a plane of
a surface of the semiconductor die or SOI wafer in which
optical device 601 is disposed. Therefore, in the illustrated
embodiment, charge layers 627 and insulating region 643
are substantially perpendicular or orthogonal with respect to
the plane of the surface of the semiconductor die or SOI
wafer in which optical device 601 is disposed.
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[0037] In one embodiment, the cross-section portion of
optical device 601 may be characterized as a two mode
waveguide in which an insulating region 643 is inserted in
the middle, which therefore vertically isolates the two halves
of the two mode waveguide. In the alternative, the cross-
section portion of optical device 601 may also be charac-
terized as two single mode asymmetric waveguides sepa-
rated by a thin layer of oxide. Indeed, as shown in the
illustrated embodiment, an optical rib waveguide is formed
with insulating region 643 separating the optical waveguides
609 and 611. In one embodiment, the modulated electric
field across the insulating region 643 is approximately 10
MV/cm. In this embodiment, modulated charge layers 627
drop the index of refraction by approximately 0.02. In one
embodiment, insulating region 643 is made of silicon oxide
and is approximately 200 angstroms thick.

[0038] In other embodiments, other suitable materials and
that other suitable values and geometries may be utilized for
those described in this disclosure in accordance with the
teachings of the present invention.

[0039] In one embodiment, the optical beams that are
directed through the optical devices described in this dis-
closure include infrared or near infrared light or any other
suitable wavelength of light that may propagate through
semiconductor material layers of the embodiments of optical
devices described herein. In one embodiment, the optical
beams are polarized in a direction parallel to the respective
insulating layers 105, 205, 305, 505 or 627, which separate
the optical waveguides included in the optical devices
described in this disclosure.

[0040] FIG. 7 is a diagram illustrating one embodiment of
a system 701 including embodiments of optical devices to
realize a polarization insensitive optical switching device in
accordance with the teachings of the present invention. As
shown in the depicted embodiment, an optical transmitter
703 transmits an optical beam 705 to a polarization beam
splitter/combiner 707. In one embodiment, optical beam 705
is an unpolarized optical beam. Polarization beam splitter/
combiner 707 separates the transverse magnetic field (TM)
mode 705' polarization component of optical beam 705 from
the transverse electric field (TE) mode 705" polarization
component of optical beam 705. Thus, optical beam 705 is
split into two orthogonal polarization components, TM
mode 705' and TE mode 705". The TM mode 705' is
sometimes referred to as the vertical polarization state and
the TE mode 705" is sometimes referred to as the horizontal
polarization state. The optical beams may propagate bi-
directionally through polarization beam splitter/combiner
707, and therefore in one embodiment, the polarization
beam splitter/combiner 707 may further serves as a polar-
ization beam combiner to combine the TM mode and TE
mode polarization components of the optical beams.

[0041] Inthe illustrated embodiment, the TM mode 705" is
directed into an optical device 709 and the TE mode 705" is
directed into an optical device 711. In one embodiment,
optical devices 709 and 711 are similar to embodiments of
optical devices discussed previously, such as for example
optical devices 101, 201, 301, 501 or 601. In one embodi-
ment, optical devices 709 and 711 are disposed on the same
semiconductor die such that a polarization insensitive opti-
cal switch is provided on a monolithic device in accordance
with the teachings of the present invention. In another
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embodiment, optical devices 709 and 711 may be included
in separate semiconductor dice.

[0042] Inthe illustrated embodiment, the incoming optical
beam 705' or 705" to optical devices 709 or 711, respec-
tively, includes light that is polarized parallel to the charge
layers included in the respective optical device 709 or 711.
Therefore, assuming for example that the TM mode 705' is
vertically polarized, then optical device 709 may be similar
to an embodiment of optical device 601 of FIG. 6, since the
charge layers 627 have a relatively vertical orientation.
Similarly, assuming for example that the TE mode 705" is
horizontally polarized, then optical device 711 may be
similar to one of the embodiments of optical device 101,
201, 301 or 501, since in these embodiments, the charge
layers have a relatively horizontal orientation. Therefore, in
one embodiment, the charge layers included in optical
devices 709 and 711 are relatively orthogonal with respect to
each other in accordance with the teachings of the present
invention.

[0043] In another embodiment, the charge layers included
in optical devices 709 and 711 may have the same orienta-
tion. In other words, the charges layers may all be horizontal,
or the charge layers may all be vertical, or the charge layers
of the optical devices 709 and 711 may be relatively parallel
with one another. In such an embodiment, the incoming
optical beams are rotated as necessary with for example a
waveplate or other suitable device situated in front of the
inputs to optical devices 709 and 711 such that the incoming
optical beams to optical devices 709 and 711 includes light
that is polarized parallel with the charge layers included in
the respective optical device 709 or 711 in accordance with
the teachings of the present invention.

[0044] In the depicted embodiment, 1x2 optical switches
are implemented with optical devices 709 and 711. In
operation, optical device 709 switches TM mode 705' to
either output 715 or 717 of optical device 709 in response to
a signal 713 in accordance with the teachings of the present
invention. Similarly, optical device 711 switches TE mode
705" to either output 719 or 721 of optical device 711 in
response to a signal 713 as well in accordance with the
teachings of the present invention.

[0045] As shown in the depicted embodiment, assuming
outputs 715 and 719 were selected by signal 713, polariza-
tion beam splitter/combiner 723 is coupled to receive the
TM and TE modes 705' and 705" from outputs 715 and 719,
respectively. In accordance with the teachings of the present
invention, polarization beam splitter/combiner 723 then
combines the TM and TE mode components 705' and 705"
and then outputs optical beam 705 to optical receiver 731 as
shown in FIG. 7. In one embodiment, an optical fiber 727
is included between polarization beam splitter/combiner 723
and optical receiver 731 to direct optical beam 705 from
polarization beam splitter/combiner 723 to optical receiver
731.

[0046] Similarly, assuming outputs 717 and 721 were
instead selected by signal 713, polarization beam splitter/
combiner 725 is coupled to receive the TM and TE mode
components 705' and 705" from outputs 717 and 721,
respectively. In accordance with the teachings of the present
invention, polarization beam splitter/combiner 725 then
combines the TM and TE mode components 705' and 705"
and then outputs optical beam 705 as shown in FIG. 7.
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[0047] Inoneembodiment, an optical fiber 729 is included
between polarization beam splitter/combiner 725 and optical
receiver 733 to direct optical beam 705 from polarization
beam splitter/combiner 725 to optical receiver 733.

[0048] In the foregoing detailed description, the method
and apparatus of the present invention have been described
with reference to specific exemplary embodiments thereof.
It will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the present invention. The
present specification and figures are accordingly to be
regarded as illustrative rather than restrictive.

What is claimed is:
1. An apparatus, comprising:

a first semiconductor material layer of a semiconductor
die, the first semiconductor material layer having a first
optical waveguide;

a second semiconductor material layer of the semicon-
ductor die, the second semiconductor material layer
having a second optical waveguide;

an insulating layer disposed between the first and second
semiconductor material layers such that there is an
evanescent coupling between the first and second semi-
conductor material layers; and

a pair of electrodes respectively coupled to the first and
second optical waveguides to modulate charge layers
proximate to the insulating layer such that a coupling
length of the evanescent coupling is controlled in
response to the modulated charge layers.

2. The apparatus of claim 1 wherein the modulated charge
layers proximate the insulating layer are substantially par-
allel to a surface of the semiconductor die.

3. The apparatus of claim 1 wherein the first optical
waveguide is a first rib waveguide and the second optical
waveguide is a second rib waveguide.

4. The apparatus of claim 3 wherein the evanescent
coupling is between a slab region of the first rib waveguide
and a rib region of the second rib waveguide through the
modulated charge layers.

5. The apparatus of claim 1 wherein a capacitive structure
is defined with the modulated charge layers and the insu-
lating layer.

6. The apparatus of claim 1 wherein an optical beam
directed through the first and second optical waveguides is
polarized in a direction parallel to the insulating layer.

7. The apparatus of claim 6 wherein propagation of the
optical beam through the first and second optical
waveguides is bi-directional.

8. The apparatus of claim 1 wherein the semiconductor
material layer includes silicon.

9. The apparatus of claim 1 wherein the insulating layer
includes an oxide.

10. The apparatus of claim 1 wherein the first and second
optical waveguides comprise single mode optical
waveguides.

11. A method, comprising:

directing an optical beam into a first optical waveguide
included in a first semiconductor material layer of a
semiconductor die;
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evanescently coupling the first optical waveguide to a
second optical waveguide included in a second semi-
conductor material layer of the semiconductor die; and

modulating charge layers proximate to an insulating layer
disposed in the semiconductor die between the first and
second semiconductor material layers to control the
evanescent coupling between the first and second opti-
cal waveguides in the first and second semiconductor
material layers.

12. The method of claim 11 further comprising modulat-
ing an effective index of refraction through the insulating
layer between the first and second semiconductor material
layers.

13. The method of claim 11 further comprising adjusting
a coupling length of the evanescent coupling between the
first and second optical waveguides.

14. The method of claim 11 further comprising modulat-
ing an electric field across the insulating layer disposed
between the first and second semiconductor material layers.

15. The method of claim 11 further comprising separating
the optical beam into first and second orthogonal polariza-
tion components including transverse magnetic field mode
and transverse electric field mode components, wherein the
optical beam directed into the first optical waveguide is the
first orthogonal polarization component, wherein the first
orthogonal polarization component is polarized parallel to
the modulated charge layers proximate to the insulating
layer.

16. The method of claim 15 further comprising directing
the second orthogonal polarization component into a third
optical waveguide and evanescently coupling the third opti-
cal waveguide to a fourth optical waveguide through second
modulated charge layers, wherein the second orthogonal
polarization component is polarized parallel to the second
modulated charge layers.

17. The method of claim 16 further comprising combining
the first and second orthogonal polarization components.

18. A system, comprising:

an optical transmitter from which an optical beam is
directed;

a first optical device included in a semiconductor die
having first and second semiconductor material layers
separated by an insulating layer, the first and second
semiconductor material layers including first and sec-
ond optical waveguides, respectively, the first and
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second optical waveguides evanescently coupled
through first modulated charge layers proximate to the
insulating layer, the first optical waveguide optically
coupled to receive the optical beam, the first optical
device to switch the optical beam between the first and
second optical waveguides in response to a signal;

a first optical fiber coupled between the first optical
waveguide and a first receiver; and

a second optical fiber coupled between the second optical

waveguide and a second receiver.

19. The system of claim 18 wherein the optical beam
includes first and second orthogonal polarization compo-
nents, the first optical waveguide optically coupled to
receive the first orthogonal polarization component, the
system further comprising:

a second optical device including third and fourth optical
waveguides evanescently coupled through second
modulated charge layers, the third optical waveguide
optically coupled to receive the second orthogonal
polarization component, the second optical device to
switch the second orthogonal polarization component
between the third and fourth optical waveguides in
response to the signal, the first optical fiber coupled
between the third optical waveguide and the first
receiver, the second optical fiber coupled between the
fourth optical waveguide and the second receiver.

20. The system of claim 19 wherein the first and second
orthogonal polarization components are polarized parallel to
the first and second modulated charge layers, respectively.

21. The system of claim 19 further comprising a first
polarization beam splitter/combiner coupled between the
optical transmitter and the first and second optical devices,
the first polarization beam splitter/combiner to split the
optical beam into the first and second orthogonal polariza-
tion components.

22. The system of claim 21 further comprising second and
third polarization beam splitters/combiners coupled between
the first and second optical devices and the first and second
optical fibers, respectively, the second and third polarization
beam splitters/combiner to combine the first and second
orthogonal polarization components optically received from
the first and second optical devices, respectively.
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