
Description MULTICHANNEL AUDIO CODING Technical Field
The invention relates generally to audio signal
processing. The invention is particularly useful in
low bitrate and very low bitrate audio signal
processing. More particularly, aspects of the
invention relate to an encoder (or encoding process),
a decoder (or decoding processes), and to an
encode/decode system (or encoding/decoding process)
for audio signals in which a plurality of audio
channels is represented by a composite monophonic
("mono") audio channel and auxiliary ("sidechain")
information. Alternatively, the plurality of audio
channels is represented by a plurality of audio
channels and sidechain information. Aspects of the
invention also relate to a multichannel to composite
monophonic channel downmixer (or downmix process), to
a monophonic channel to multichannel upmixer (or
upmixer process), and to a monophonic channel to
multichannel decorrelator (or decorrelation process).
Other aspects of the invention relate to a
multichannel-to-multichannel downmixer (or downmix
process), to a multichannel-to-multichannel upmixer
(or upmix process), and to a decorrelator (or
decorrelation process). Background Art In the AC-3
digital audio encoding and decoding system, channels
may be selectively combined or "coupled" at high
frequencies when the system becomes starved for bits.
Details of the AC-3 system are well known in the art -
see, for example: ATSC StandardA52/A: Digital Audio
CompressionStandard (AC-3), Revision A, Advanced
Television Systems Committee, 20 Aug. 2001. The A/52A
document is available on the World Wide Web at
http://www.atsc.org/standards.html . The A/52A
document is hereby incorporated by reference in its
entirety. The frequency above which the AC-3 system
combines channels on demand is referred to as the
"coupling" frequency. Above the coupling frequency,
the coupled channels are combined into a "coupling" or
composite channel. The encoder generates "coupling
coordinates" (amplitude scale factors) for each
subband above the coupling frequency in each channel.
The coupling coordinates indicate the ratio of the
originalenergy of each coupled channel subband to the
energy of the corresponding subband in the composite
channel. Below the coupling frequency, channels are
encoded discretely. The phase polarity of a coupled
channel's subband may be reversed before the channel
is combined with one or more other coupled channels in
order to reduce out-of-phase signal component
cancellation. The composite channel along with
sidechain information that includes, on a per-subband
basis, the coupling coordinates and whether the
channel's phase is inverted, are sent to the decoder.
In practice, the coupling frequencies employed in
commercial embodiments of the AC-3 system have ranged
from about 10 kHz to about 3500 Hz. U.S. Patents
5,583,962; 5,633,981, 5,727,119, 5,909,664, and
6,021,386 include teachings that relate to the
combining of multiple audio channels into a composite
channel and auxiliary or sidechain information and the
recovery therefrom of an approximation to the original
multiple channels. Each of said patents is hereby
incorporated by reference in its entirety. Disclosure
of the Invention Aspects of the present invention may
be viewed as improvements upon the "coupling"
techniques of the AC-3 encoding and decoding system
and also upon other techniques in which multiple
channels of audio are combined either to a monophonic
composite signal or to multiple channels of audio
along with related auxiliary information and from
which multiple channels of audio are reconstructed.
Aspects of the present invention also may be viewed as
improvements upon techniques for downmixing multiple
audio channels to a monophonic audio signal or to
multiple audio channels and for decorrelating multiple
audio channels derived from a monophonic audio channel
or from multiple audio channels. 



Aspects of the invention may be employed in an N:l :N
spatial audio coding technique (where "N" is the
number of audio channels) or an M:1:N spatial audio
coding technique (where "M" is the number of encoded
audio channels and "N" is the number of decoded audio
channels) that improve on channel coupling, by
providing, among other things, improved phase
compensation, decorrelation mechanisms, and
signal-dependent variable time-constants. Aspects of
the present invention may also be employed in N:x:N
and M:x:N spatial audio coding techniques wherein "x"
may be 1 or greater than 1. Goals include the
reduction of coupling cancellation artifacts in the
encode process by adjusting relative interchannel
phase before downmixing, and improving the
spatialdimensionality of the reproduced signal by
restoring the phase angles and degrees of
decorrelation in the decoder. Aspects of the invention
when embodied in practical embodiments should allow
for continuous rather than on-demand channel coupling
and lower coupling frequencies than, for example in
the AC-3 system, thereby reducing the required data
rate. Description of the Drawings FIG. 1 is an
idealized block diagram showing the principal
functions or devices of an N:l encoding arrangement
embodying aspects of the present invention. FIG. 2 is
an idealized block diagram showing the principal
functions or devices of a 1:N decoding arrangement
embodying aspects of the present invention. FIG. 3
shows an example of a simplified conceptual
organization of bins and subbands along a (vertical)
frequency axis and blocks and a frame along a
(horizontal) time axis. The figure is not to scale.
FIG. 4 is in the nature of a hybrid flowchart and
functional block diagram showing encoding steps or
devices performing functions of an encoding
arrangement embodying aspects of the present
invention. FIG. 5 is in the nature of a hybrid
flowchart and functional block diagram showing
decoding steps or devices performing functions of a
decoding arrangement embodying aspects of the present
invention. FIG. 6 is an idealized block diagram
showing the principal functions or devices of a first
N:x encoding arrangement embodying aspects of the
present invention. FIG. 7 is an idealized block
diagram showing the principal functions or devices of
an x:M decoding arrangement embodying aspects of the
present invention. FIG. 8 is an idealized block
diagram showing the principal functions or devices of
a first alternative x:M decoding arrangement embodying
aspects of the present invention. FIG. 9 is an
idealized block diagram showing the principal
functions or devices of a second alternative x:M
decoding arrangement embodying aspects of the present
invention. Best Modefor Carrying Out the Invention
Basic N:1 Encoder Referring to FIG. 1, anN:l encoder
function or device embodying aspects of the present
invention is shown. The figure is an example of a
function or structure that- A - performs as a basic
encoder embodying aspects of the invention. Other
functional or structural arrangements that practice
aspects of the invention may be employed, including
alternative and/or equivalent functional or structural
arrangements described below. Two or more audio input
channels are applied to the encoder. Although, in
principle, aspects of the invention may be practiced
by analog, digital or hybrid analog/digital
embodiments, examples disclosed herein are digital
embodiments. Thus, the input signals may be time
samples that may have been derived from analog audio
signals. The time samples may be encoded as linear
pulse-code modulation (PCM) signals. Each linear PCM
audio input channel is processed by a filterbank
function or device having both an in-phase and a
quadrature output, such as a 512-point windowed
forward discrete Fourier transform (DFT) (as
implemented by a Fast Fourier Transform (FFT)). The
filterbank may be considered to be a time-domain to
frequency-domain 



transform. FIG. 1 shows a first PCM channel input
(channel "1") applied to a filterbank function or
device, "Filterbank" 2, and a second PCM channel input
(channel "n") applied, respectively, to another
filterbank function or device, "Filterbank" 4. There
may be "n" input channels, where "n" is a whole
positive integer equal to two or more. Thus, there
also are "n" Filterbanks, each receiving a unique one
of the "n" input channels. For simplicity in
presentation, FIG. 1 shows only two input channels,
"1" and "n". When a Filterbank is implemented by an
FFT, input time-domain signals are segmented into
consecutive blocks and are usually processed in
overlapping blocks. The FFT's discrete frequency
outputs (transform coefficients) are referred to as
bins, each having a complex value with real and
imaginary parts corresponding, respectively, to
inphase and quadrature components. Contiguous
transform bins may be grouped into subbands
approximating critical bandwidths of the human ear,
and most sidechain information produced by the
encoder, as will be described, may be calculated and
transmitted on a per-subband basis in order to
minimize processing resources and to reduce the
bitrate. Multiple successive time-domain blocks may be
grouped into frames, with individual block values
averaged or otherwise combined or accumulated across
each frame, to minimize the sidechain data rate. In
examples described herein, each filterbank is
implemented by an FFT, contiguous transform bins are
grouped into subbands, blocks are grouped into frames
and sidechain data is sent on a once per-frame
basis.Alternatively, sidechain data may be sent on a
more than once per frame basis (e.g., once per block).
See, for example, FIG. 3 and its description,
hereinafter. As is well known, there is a tradeoff
between the frequency at which sidechain information
is sent and the required bitrate. A suitable practical
implementation of aspects of the present invention may
employ fixed length frames of about 32 milliseconds
when a 48 kHz sampling rate is employed, each frame
having six blocks at intervals of about 5.3
milliseconds each (employing, for example, blocks
having a duration of about 10.6 milliseconds with a
50% overlap). However, neither such timings nor the
employment of fixed length frames nor their division
into a fixed number of blocks is critical to
practicing aspects of the invention provided that
information described herein as being sent on a
per-frame basis is sent no less frequently than about
every 40 milliseconds. Frames may be of arbitrary size
and their size may vary dynamically. Variable block
lengths may be employed as in the AC-3 system cited
above. It is with that understanding that reference is
made herein to "frames" and "blocks." In practice, if
the composite mono or multichannel signal(s), or the
composite mono or multichannel signal(s) and discrete
low-frequency channels, are encoded, as for example by
a perceptual coder, as described below, it is
convenient to employ the same ' frame and block
configuration as employed in the perceptual coder.
Moreover, if the coder employs variable block lengths
such that there is, from time to time, a switching
from one block length to another, it would be
desirable if one or more of the sidechain information
as described herein is updated when such a block
switch occurs. In order to minimize the increase in
data overhead upon the updating of sidechain
information upon the occurrence of such a switch, the
frequency resolution of the updated sidechain
information may be reduced. FIG. 3 shows an example of
a simplified conceptual organization of bins and
subbands along a (vertical) frequency axis and blocks
and a frame along a (horizontal) time axis. When bins
are divided into subbands that approximate critical
bands, the lowest frequency subbands have the fewest
bins (e.g., one) and the number of bins per subband
increase with increasing frequency. Returning to FIG.
1, a frequency-domain version of each of the n
time-domain input channels, produced by the each
channel's respective Filterbank (Filterbanks 2 and 4in
this example) are summed together ("downmixed") to a
monophonic ("mono") composite audio signal by an
additive combining function or device "Additive
Combiner" 



6. The downmixing may be applied to the entire
frequency bandwidth of the input audio signals or,
optionally, it may be limited to frequencies above a
given "coupling" frequency, inasmuch as artifacts of
the downmixing process may become more audible at
middle to low frequencies. In such cases, the channels
may be conveyed discretely below the coupling
frequency. This strategy may be desirable even if
processing artifacts are not an issue, in that mid/low
frequency subbands constructed by grouping transform
bins into critical-band-like subbands (size roughly
proportional to frequency) tend to have a small number
of transform bins at low frequencies (one bin at very
low frequencies) and may be directly coded with as few
or fewer bits than is required to send a downmixed
mono audio signal with sidechain information. A
coupling or transition frequency as low as 4 kHz, 2300
Hz, 1000 Hz, or even the bottom of the frequency band
of the audio signals applied to the encoder, may be
acceptable for some applications, particularly those
in which a very low bitrate is important. Other
frequencies may provide a useful balance between bit
savings and listener acceptance. The choice of a
particular coupling frequency is not critical to the
invention. The coupling frequency may be variable and,
if variable, it may depend, for example, directly or
indirectly on input signal characteristics. Before
downmixing, it is an aspect of the present invention
to improve the channels' phase angle alignments
vis-a-vis each other, in order to reduce the
cancellation of out-of-phase signal components when
the channels are combined and to provide an improved
mono composite channel. This may be accomplished by
controllably shifting over time the "absolute angle"
of some or all of the transform bins in ones of the
channels. For example, all of the transform bins
representing audio above a coupling frequency, thus
defining a frequency band of interest, may be
controllably shifted over time, as necessary, in every
channel or, when one channel is used as a reference,
in all but the reference channel. The "absolute angle"
of a bin may be taken as the angle of the
magnitude-andangle representation of each complex
valued transform bin produced by a filterbank.
Controllable shifting of the absolute angles of bins
in a channel is performed by an angle rotation
function or device ("Rotate Angle"). Rotate Angle 8
processes the output ofFilterbank 2 prior to its
application to the downmix summation provided by
Additive Combiner 6, while Rotate Angle 10 processes
the output of Filterbank 4 prior to its application to
the Additive Combiner 6. It will be appreciated that,
under some signal conditions, no angle rotation may be
required for a particular transform bin over a time
period (the time period of a frame, in examples
described herein). Below the coupling frequency, the
channel information may be encoded discretely (not
shown in FIG. 1). In principle, an improvement in the
channels' phase angle alignments with respect to each
other may be accomplished by shifting the phase of
every transform bin or subband by the negative of its
absolute phase angle, in each block throughout the
frequency band of interest. Although this
substantially avoids cancellation ofout-ofphase signal
components, it tends to cause artifacts that may be
audible, particularly if the resulting mono composite
signal is listened to in isolation. Thus, it is
desirable to employ the principle of "least treatment"
by shifting the absolute angles of bins in a channel
only as much as necessary to minimize out-of-phase
cancellation in the downmix process and minimize
spatial image collapse of the multichannel signals
reconstituted by the decoder. Techniques for
determining such angle shifts are described below.
Such techniques include time and frequency smoothing
and the manner in which the signal processing responds
to the presence of a transient. Energy normalization
may also be performed on a per-bin basis in the
encoder to reduce further any remaining out-of-phase
cancellation of isolated bins, as described further
below. Also as described further below, energy
normalization may also be performed on a per-subband
basis (in the decoder) to assure that the energy of
the mono composite signal equals the sums of the
energies of the contributing channels. 



Each input channel has an audio analyzer function or
device ("Audio Analyzer") associated with it for
generating the sidechain information for that channel
and for controlling the amount or degree of angle
rotation applied to the channel before it is applied
to the downmix summation 6. The Filterbank outputs of
channels 1 and n are applied to Audio Analyzer 12 and
to Audio Analyzer 14, respectively. Audio Analyzer 12
generates the sidechain information for channel 1 and
the amount of phase angle rotation for channel 1.
Audio Analyzer 14 generates the sidechain information
for channel n and the amount of angle rotation for
channel n. It will be understood that such references
herein to "angle" refer to phase angle.The sidechain
information for each channel generated by an audio
analyzer for each channel may include: an Amplitude
Scale Factor ("Amplitude SF"), an Angle Control
Parameter, a Decorrelation Scale Factor
("Decorrelation SF"), a Transient Flag, and
optionally, an Interpolation Flag. Such sidechain
information may be characterized as "spatial
parameters," indicative of spatial properties of the
channels and/or indicative of signal characteristics
that may be relevant to spatial processing, such as
transients. In each case, the sidechain information
applies to a single subband (except for the Transient
Flag and the Interpolation Flag, each of which apply
to all subbands within a channel) and may be updated
once per frame, as in the examples described below, or
upon the occurrence of a block switch in a related
coder. Further details of the various spatial
parameters are set forth below. The angle rotation for
a particular channel in the encoder may be taken as
the polarity-reversed Angle Control Parameter that
forms part of the sidechain information. If a
reference channel is employed, that channel may not
require an Audio Analyzer or, alternatively, may
require an Audio Analyzer that generates only
Amplitude Scale Factor sidechain information. It is
not necessary to send an Amplitude Scale Factor if
that scale factor can be deduced with sufficient
accuracy by a decoder from the Amplitude Scale Factors
of the other, non-reference, channels. It is possible
to deduce in the decoder the approximate value of the
reference channel's Amplitude Scale Factor if the
energy normalization in the encoder assures that the
scale factors across channels within any subband
substantially sum square to 1, as described below. The
deduced approximate reference channel Amplitude Scale
Factor value may have errors as a result of the
relatively coarse quantization of amplitude scale
factors resulting in image shifts in the reproduced
multi-channel audio. However, in a low data rate
environment, such artifacts may be more acceptable
than using the bits to send the reference channel's
Amplitude Scale Factor. Nevertheless, in some cases it
may be desirable to employ an audio analyzer for the
reference channel that generates, at least, Amplitude
Scale Factor sidechain information.FIG. 1 shows in a
dashed line an optional input to each audio analyzer
from the PCM time domain input to the audio analyzer
in the channel. This input may be used by the Audio
Analyzer to detect a transient over a time period (the
period of a block or frame, in the examples described
herein) and to generate a transient indicator (e.g., a
onebit "Transient Flag") in response to a transient.
Alternatively, as described below in the comments to
Step 408 of FIG. 4, a transient may be detected in the
frequency domain, in which case the Audio Analyzer
need not receive a time-domain input. The mono
composite audio signal and the sidechain information
for all the channels (or all the channels except the
reference channel) may be stored, transmitted, or
stored and transmitted to a decoding process or device
("Decoder"). Preliminary to the storage, transmission,
or storage and transmission, the various audio signals
and various sidechain information may be multiplexed
and packed into one or more bitstreams suitable for
the storage, transmission or storage and transmission
medium or media. The mono composite audio may be
applied to a data-rate reducing encoding process or
device 



such as, for example, a perceptual encoder or to a
perceptual encoder and an entropy coder (e.g.,
arithmetic or Huffman coder) (sometimes referred to as
a "lossless" coder) prior to storage, transmission, or
storage and transmission. Also, as mentioned above,
the mono composite audio and related sidechain
information may be derived from multiple input
channels only for audio frequencies above a certain
frequency (a "coupling" frequency). In that case, the
audio frequencies below the coupling frequency in each
of the multiple input channels may be stored,
transmitted or stored and transmitted as discrete
channels or may be combined or processed in some
manner other than as described herein. Such discrete
or otherwise-combined channels may also be applied to
a data reducing encoding process or device such as,
for example, a perceptual encoder or a perceptual
encoder and an entropy encoder. The mono composite
audio and the discrete multichannel audio may all be
applied to an integrated perceptual encoding or
perceptual and entropy encoding process or device. The
particular manner in which sidechain information is
carried in the encoder bitstream is not critical to
the invention. If desired, the sidechain information
may be carried in such as way that the bitstream is
compatible with legacy decoders (i.e., the bitstream
is backwards-compatible). Many suitable techniques for
doing so are known. For example, many encoders
generate a bitstream having unused or null bits that
areignored by the decoder. An example of such an
arrangement is set forth in United States Patent
6,807,528 Bl of Truman et al, entitled "Adding Data to
a Compressed Data Frame," October 19, 2004, which
patent is hereby incorporated by reference in its
entirety. Such bits may be replaced with the sidechain
information. Another example is that the sidechain
information may be steganographically encoded in the
encoder's bitstream. Alternatively, the sidechain
information may be stored or transmitted separately
from the backwards-compatible bitstream by any
technique that permits the transmission or storage of
such information along with a mono/stereo bitstream
compatible with legacy decoders. Basic 1:N and 1:M
Decoder Referring to FIG. 2, a decoder function or
device ("Decoder") embodying aspects of the present
invention is shown. The figure is an example of a
function or structure that performs as a basic decoder
embodying aspects of the invention. Other functional
or structural arrangements that practice aspects of
the invention may be employed, including alternative
and/or equivalent functional or structural
arrangements described below. The Decoder receives the
mono composite audio signal and the sidechain
information for all the channels or all the channels
except the reference channel. If necessary, the
composite audio signal and related sidechain
information is demultiplexed, unpacked and/or decoded.
Decoding may employ a table lookup. The goal is to
derive from the mono composite audio channels a
plurality of individual audio channels approximating
respective ones of the audio channels applied to the
Encoder of FIG. 1, subject to bitrate-reducing
techniques of the present invention that are described
herein. Of course, one may choose not to recover all
of the channels applied to the encoder or to use only
the monophonic composite signal. Alternatively,
channels in addition to the ones applied to the
Encoder may be derived from the output of a Decoder
according to aspects of the present invention by
employing aspects of the inventions described in
International Application PCT/US 02/03619, filed
February 7, 2002, published August 15, 2002,
designating the United States, and its resulting U.S.
national application S.N. 10/467,213, filed August 5,
2003, and in International Application PCT/US03/24570,
filed August 6, 2003, published March 4, 2001 asWO
2004/019656, designating the United States, and its
resulting U.S. national application S.N. 10/522,515,
filed January 27, 2005. Said applications are hereby
incorporated by reference in theirentirety. Channels
recovered by a Decoder practicing aspects of the
present invention are particularly useful in
connection with the channel multiplication techniques
of the cited and incorporated applications in that the
recovered channels not only have useful interchannel
amplitude relationships but also have useful
interchannel phase relationships. 



Another alternative for channel multiplication is to
employ a matrix decoder to derive additional channels.
The interchannel amplitude- and phase-preservation
aspects of the present invention make the output
channels of a decoder embodying aspects of the present
invention particularly suitable for application to an
amplitude- and phase-sensitive matrix decoder. Many
such matrix decoders employ wideband control circuits
that operate properly only when the signals applied to
them are stereo throughout the signals' bandwidth.
Thus, if the aspects of the present invention are
embodied in an N:l :N system in which N is 2, the two
channels recovered by the decoder may be applied to a
2:M active matrix decoder. Such channels may have been
discrete channels below a coupling frequency, as
mentioned above. Many suitable active matrix decoders
are well known in the art, including, for example,
matrix decoders known as "Pro Logic" and "Pro Logic "
decoders ("Pro Logic" is a trademark of Dolby
Laboratories Licensing Corporation). Aspects of Pro
Logic decoders are disclosed in U.S. Patents 4,799,260
and 4,941,177, each of which is incorporated by
reference herein in its entirety. Aspects of Pro Logic
II decoders are disclosed in pending U.S. Patent
Application S.N. 09/532,711 of Fosgate, entitled
"Method for Deriving at Least Three Audio Signals from
Two Input Audio Signals," filed March 22, 2000 and
published asWO 01/41504 on June 7, 2001, and in
pending U.S. Patent Application S.N. 10/362,786 of
Fosgate et al, entitled "Method for Apparatus for
Audio Matrix Decoding," filed February 25, 2003 and
published as US 2004/0125960 Al on July 1, 2004. Each
of said applications is incorporated by reference
herein in its entirety. Some aspects of the operation
of Dolby Pro Logic and Pro Logic II decoders are
explained, for example, in papers available on the
Dolby Laboratories' website (www.dolby.com): "Dolby
Surround Pro Logic Decoder Principles of Operation,"
by Roger Dressier, and "Mixing with Dolby Pro Logic II
Technology, by Jim Hilson. Other suitable active
matrix decoders may include those described in one or
more of the following U.S. Patents and published
International Applications (each designating the
United States), each of which is hereby incorporated
by reference in its entirety:5,046,098; 5,274,740;
5,400,433; 5,625,696; 5,644,640; 5,504,819; 5,428,687;
5,172,415; andWO 02/19768. Referring again to FIG. 2,
the received mono composite audio channel is applied
to a plurality of signal paths from which a respective
one of each of the recovered multiple audio channels
is derived. Each channel-deriving path includes, in
either order, an amplitude adjusting function or
device ("Adjust Amplitude") and an angle rotation
function or device ("Rotate Angle"). The Adjust
Amplitudes apply gains or losses to the mono composite
signal so that, under certain signal conditions, the
relative output magnitudes (or energies) of the output
channels derived from it are similar to those of the
channels at the input of the encoder. Alternatively,
under certain signal conditions when "randomized"
angle variations are imposed, as next described, a
controllable amount of "randomized" amplitude
variations may also be imposed on the amplitude of a
recovered channel in order to improve its
decorrelation with respect to other ones of the
recovered channels. The Rotate Angles apply phase
rotations so that, under certain signal conditions,
the relative phase angles of the output channels
derived from the mono composite signal are similar to
those of the channels at the input of the encoder.
Preferably, under certain signal conditions, a
controllable amount of "randomized" angle variations
is also imposed on the angle of a recovered channel in
order to improve its decorrelation with respect to
other ones of the recovered channels. As discussed
further below, "randomized" angle amplitude variations
may include not only pseudo-random and truly random
variations, but also deterministically-generated
variations that have the effect of reducing
cross-correlation between channels. This is discussed
further below in the Comments to Step 505 of FIG. 5A.
Conceptually, the Adjust Amplitude and Rotate Angle
for a particular channel scale the mono composite
audio DFT coefficients to yield reconstructed
transform bin 



values for the channel. The Adjust Amplitude for each
channel may be controlled at least by the recovered
sidechain Amplitude Scale Factor for the particular
channel or, in the case of the reference channel,
either from the recovered sidechain Amplitude Scale
Factor for the reference channel or from an Amplitude
Scale Factor deduced from the recovered sidechain
Amplitude Scale Factors of the other, non-reference,
channels. Alternatively,to enhance decorrelation of
the recovered channels, the Adjust Amplitude may also
be controlled by a Randomized Amplitude Scale Factor
Parameter derived from the recovered sidechain
Decorrelation Scale Factor for a particular channel
and the recovered sidechain Transient Flag for the
particular channel. The Rotate Angle for each channel
may be controlled at least by the recovered sidechain
Angle Control Parameter (in which case, the Rotate
Angle in the decoder may substantially undo the angle
rotation provided by the Rotate Angle in the encoder).
To enhance decorrelation of the recovered channels, a
Rotate Angle may also be controlled by a Randomized
Angle Control Parameter derived from the recovered
sidechain Decorrelation Scale Factor for a particular
channel and the recovered sidechain Transient Flag for
the particular channel. The Randomized Angle Control
Parameter for a channel, and, if employed, the
Randomized Amplitude Scale Factor for a channel, may
be derived from the recovered Decorrelation Scale
Factor for the channel and the recovered Transient
Flag for the channel by a controllable decorrelator
function or device ("Controllable Decorrelator").
Referring to the example of FIG. 2, the recovered mono
composite audio is applied to a first channel audio
recovery path 22, which derives the channel 1 audio,
and to a second channel audio recovery path 24, which
derives the channel n audio. Audio path 22 includes an
Adjust Amplitude 26, a Rotate Angle 28, and, if a PCM
output is desired, an inverse filterbank function or
device ("Inverse Filterbank") 30. Similarly, audio
path 24 includes an Adjust Amplitude 32, a Rotate
Angle 34, and, if a PCM output is desired, an inverse
filterbank function or device ("Inverse Filterbank")
36. As with the case of FIG. 1, only two channels are
shown for simplicity in presentation, it being
understood that there may be more than two channels.
The recovered sidechain information for the first
channel, channel 1, may include an Amplitude Scale
Factor, an Angle Control Parameter, a Decorrelation
Scale Factor, a Transient Flag, and, optionally, an
Interpolation Flag, as stated above in connection with
the description of a basic Encoder. The Amplitude
Scale Factor is applied to Adjust Amplitude 26. If the
optional Interpolation Flag is employed, an optional
frequency interpolator or interpolator function
("Interpolator") 27 may be employed in order to
interpolate the Angle Control Parameter across
frequency (e.g., across the bins in each subband of a
channel). Such interpolation may be, for example, a
linear interpolation ofthe bin angles between the
centers of each subband. The state of the one-bit
Interpolation Flag selects whether or not
interpolation across frequency is employed, as is
explained further below. The Transient Flag and
Decorrelation Scale Factor are applied to a
Controllable Decorrelator 38 that generates a
Randomized Angle Control Parameter in response
thereto. The state of the one-bit Transient Flag
selects one of two multiple modes of randomized angle
decorrelation, as is explained further below. The
Angle Control Parameter, which may be interpolated
across frequency if the Interpolation Flag and the
Interpolator are employed, and the Randomized Angle
Control Parameter are summed together by an additive
combiner or combining function 40 in order to provide
a control signal for Rotate Angle 28. Alternatively,
the Controllable Decorrelator 38 may also generate a
Randomized Amplitude Scale Factor in response to the
Transient Flag and Decorrelation Scale Factor, in
addition to generating a Randomized Angle Control
Parameter. The Amplitude Scale Factor may be summed
together with such a Randomized Amplitude Scale Factor
by an additive combiner or combining function (not
shown) in order to provide the control signal for the
Adjust Amplitude 26. Similarly, recovered sidechain
information for the second channel, channel n, may 



also include an Amplitude Scale Factor, an Angle
Control Parameter, a Decorrelation Scale Factor, a
Transient Flag, and, optionally, an Interpolate Flag,
as described above in connection with the description
of a basic encoder. The Amplitude Scale Factor is
applied to Adjust Amplitude 32. A frequency
interpolator or interpolator function ("Interpolator")
33 may be employed in order to interpolate the Angle
Control Parameter across frequency. As with channel 1,
the state of the one-bit Interpolation Flag selects
whether or not interpolation across frequency is
employed. The Transient Flag and Decorrelation Scale
Factor are applied to a Controllable Decorrelator 42
that generates a Randomized Angle Control Parameter in
response thereto. As with channel 1, the state of the
one-bit Transient Flag selects one of two multiple
modes of randomized angle decorrelation, as is
explained further below. The Angle Control Parameter
and the Randomized Angle Control Parameter are summed
together by an additive combiner or combining function
44 in order to provide a control signal for Rotate
Angle 34. Alternatively, as described above in
connection with channel 1, the Controllable
Decorrelator 42 may also generate a Randomized
Amplitude Scale Factor in response to the Transient
Flag and Decorrelation Scale Factor, in addition to
generating aRandomized Angle Control Parameter. The
Amplitude Scale Factor and Randomized Amplitude Scale
Factor may be summed together by an additive combiner
or combining function (not shown) in order to provide
the control signal for the Adjust Amplitude 32.
Although a process or topology as just described is
useful for understanding, essentially the same results
may be obtained with alternative processes or
topologies that achieve the same or similar results.
For example, the order of Adjust Amplitude 26 (32) and
Rotate Angle 28 (34) may be reversed and/or there may
be more than one Rotate Angle - one that responds to
the Angle Control Parameter and another that responds
to the Randomized Angle Control Parameter. The Rotate
Angle may also be considered to be three rather than
one or two functions or devices, as in the example of
FIG. 5 described below. If a Randomized Amplitude
Scale Factor is employed, there may be more than one
Adjust Amplitude - one that responds to the Amplitude
Scale Factor and one that responds to the Randomized
Amplitude Scale Factor. Because of the human ear's
greater sensitivity to amplitude relative to phase, if
a Randomized Amplitude Scale Factor is employed, it
may be desirable to scale its effect relative to the
effect of the Randomized Angle Control Parameter so
that its effect on amplitude is less than the effect
that the Randomized Angle Control Parameter has on
phase angle. As another alternative process or
topology, the D.ecorrelationScale Factor may be used
to control the ratio of randomized phase angle versus
basic phase angle (rather than adding a parameter
representing a randomized phase angle to a parameter
representing the basic phase angle), and if also
employed, the ratio of randomized amplitude shift
versus basic amplitude shift (rather than adding a
scale factor representing a randomized amplitude to a
scale factor representing the basic amplitude) (i.e.,
a variable crossfade in each case). If a reference
channel is employed, as discussed above in connection
with the basic encoder, the Rotate Angle, Controllable
Decorrelator and Additive Combiner for that channel
may be omitted inasmuch as the sidechain information
for the reference channel may include only the
Amplitude Scale Factor (or, alternatively, if the
sidechain information does not contain an Amplitude
Scale Factor for the reference channel, it may be
deduced from Amplitude Scale Factors of the other
channels when the energy normalization in the encoder
assures that the scale factors across channels within
a subband sum square to 1). An Amplitude Adjust is
provided for the reference channel and it is
controlled by a received or derived Amplitude Scale
Factor for the referencechannel. Whether the reference
channel's Amplitude Scale Factor is derived from the
sidechain or is deduced in the decoder, the recovered
reference channel is an amplitudescaled version of the
mono composite channel. It does not require angle
rotation because it is the reference for the other
channels' rotations. Although adjusting the relative
amplitude of recovered channels may provide a modest
degree of decorrelation, if used alone amplitude
adjustment is likely to result in a 



reproduced soundfield substantially lacking in
spatialization or imaging for many signal conditions
{e.g., a "collapsed" soundfield). Amplitude adjustment
may affect interaural level differences at the ear,
which is only one of the psychoacoustic directional
cues employed by the ear. Thus, according to aspects
of the invention, certain angle-adjusting techniques
may be employed, depending on signal conditions, to
provide additional decorrelation. Reference may be
made to Table 1 that provides abbreviated comments
useful in understanding the multiple angle-adjusting
decorrelation techniques or modes of operation that
may be employed in accordance with aspects of the
invention. Other decorrelation techniques as described
below in connection with the examples of FIGS. 8 and 9
may be employed instead of or in addition to the
techniques of Table 1. In practice, applying angle
rotations and magnitude alterations may result in
circular convolution (also known as cyclic or periodic
convolution). Although, generally, it is desirable to
avoid circular convolution, undesirable audible
artifacts resulting from circular convolution are
somewhat reduced by complementary angle shifting in an
encoder and decoder. In addition, the effects of
circular convolution may be tolerated in low cost
implementations of aspects of the present invention,
particularly those in which the downmixing to mono or
multiple channels occurs only in part of the audio
frequency band, such as, for example above 1500Hz (in
which case the audible effects of circular convolution
are minimal). Alternatively, circular convolution may
be avoided or minimized by any suitable technique,
including, for example, an appropriate use of zero
padding. One way to use zero padding is to transform
the proposed frequency domain variation (representing
angle rotations and amplitude scaling) to the time
domain, window it (with an arbitrary window), pad it
with zeros, then transform back to the frequency
domain and multiply by the frequency domain version of
the audio to be processed (the audio need not be
windowed). Table 1 Angle-Adjusting Decorrelation
TechniquesFor signals that are substantially static
spectrally, such as, for example, a pitch pipe note, a
first technique ("Technique 1") restores the angle of
the received mono composite signal relative to the
angle of each of the other recovered channels to an
angle similar (subject to frequency and time
granularity and to quantization) to the original angle
of the channel relative to the other channels at the
input of the encoder. Phase angle differences are
useful, particularly, for providing decorrelation of
low-frequency signalcomponents below about 1500 Hz
where the ear follows individual cycles of the audio
signal. Preferably, Technique 1 operates under all
signal conditions to provide a basic angle shift. For
high-frequency signal components above about 1500 Hz,
the ear does not follow individual cycles of sound but
instead responds to waveform envelopes (on a critical
band basis). Hence, above about 1500 Hz decorrelation
is better provided by differences in signal envelopes
rather than phase angle differences. Applying phase
angle shifts only in accordance with Technique 1 does
not alter the envelopes of signals sufficiently to
decorrelate high frequency signals. The second and
third techniques ("Technique 2" and "Technique 3",
respectively) add a controllable amount of randomized
angle variations to the angle determined by Technique
1 under certain signal conditions, thereby causing a
controllable amount of randomized envelope variations,
which enhances decorrelation. Randomized changes in
phase angle are a desirable way to cause randomized
changes in the envelopes of signals. A particular
envelope results from the interaction of a particular
combination of amplitudes and phases of spectral
components within a subband. Although changing the
amplitudes of spectral components within a subband
changes the envelope, large amplitude changes are
required to obtain a significant change in the
envelope, which is undesirable because the human ear
is sensitive to variations in spectral amplitude, hi
contrast, changing the spectral component's phase
angles has a greater effect on the envelope than
changing the spectral component's amplitudes - 



spectral components no longer line up the same way, so
the reinforcements and subtractions that define the
envelope occur at different times, thereby changing
the envelope. Although the human ear has some envelope
sensitivity, the ear is relatively phase deaf, so the
overall sound quality remains substantially similar.
Nevertheless, for some signal conditions, some
randomization of the amplitudes of spectral components
along with randomization of the phases of spectral
components may provide an enhanced randomization of
signal envelopes provided that such amplitude
randomization does not cause undesirable audible
artifacts. Preferably, a controllable amount or degree
of Technique 2 or Technique 3 operates along with
Technique 1 under "certainsignal conditions. The
Transient Flag selects Technique 2 (no transient
present in the frame or block, depending on whether
theTransient Flag is sent at the frame or block rate)
or Technique 3 (transient present in the frame or
block). Thus, there are multiple modes of operation,
depending on whether or not a transient is present.
Alternatively, in addition, under certain signal
conditions, a controllable amount or degree of
amplitude randomization also operates along with the
amplitude scaling that seeks to restore the original
channel amplitude. Technique 2 is suitable for complex
continuous signals that are rich in harmonics, such as
massed orchestral violins. Technique 3 is suitable for
complex impulsive or transient signals, such as
applause, castanets, etc. (Technique 2 time smears
claps in applause, making it unsuitable for such
signals). As explained further below, in order to
minimize audible artifacts, Technique 2 and Technique
3 have different time and frequency resolutions for
applying randomized angle variations - Technique 2 is
selected when a transient is not present, whereas
Technique 3 is selected when a transient is present.
Technique 1 slowly shifts (frame by frame) the bin
angle in a channel. The amount or degree of this basic
shift is controlled by the Angle Control Parameter (no
shift if the parameter is zero). As explained further
below, either the same or an interpolated parameter is
applied to all bins in each subband and the parameter
is updated every frame. Consequently, each subband of
each channel may have a phase shift with respect to
other channels, providing a degree of decorrelation at
low frequencies (below about 1500 Hz). However,
Technique 1, by itself, is unsuitable for a transient
signal such as applause. For such signal conditions,
the reproduced channels may exhibit an annoying
unstable combfilter effect. In the case of applause,
essentially no decorrelation is provided by adjusting
only the relative amplitude of recovered channels
because all channels tend to have the same amplitude
over the period of a frame. Technique 2 operates when
a transient is not present. Technique 2 adds to the
angle shift of Technique 1 a randomized angle shift
that does not change with time, on a bin-by-bin basis
(each bin has a different randomized shift) in a
channel, causing the envelopes of the channels to be
different from one another, thus providing
decorrelation of complex signals among the channels.
Maintaining the randomized phase angle values constant
over time avoids block or frame artifacts that may
result from block-to-block or frame-to-frame
alteration of bin phase angles. While this technique
is a very useful decorrelation tool when a transient
is not present, it may temporally smear a
transient(resulting in what is often referred to as
"pre-noise" - the post-transient smearing is masked by
the transient). The amount or degree of additional
shift provided by Technique 2 is scaled directly by
the Decorrelation Scale Factor (there is no additional
shift if the scale factor is zero). Ideally, the
amount of randomized phase angle added to the base
angle shift (of Technique 1) according to Technique 2
is controlled by the Decorrelation Scale Factor in a
manner that minimizes audible signal warbling
artifacts. Such minimization of signal warbling
artifacts results from the manner in which the
Decorrelation Scale Factor is derived and the
application of appropriate time smoothing, as
described below. Although a different additional
randomized angle shift value is applied to each bin
and that shift value does not change, the same scaling
is applied across a subband and the scaling is updated
every frame. 



Technique 3 operates in the presence of a transient in
the frame or block, depending on the rate at which the
Transient Flag is sent. It shifts all the bins in each
subband in a channel from block to block with a unique
randomized angle value, common to all bins in the
subband, causing not only the envelopes, but also the
amplitudes and phases, of the signals in a channel to
change with respect to other channels from block to
block. These changes in time and frequency resolution
of the angle randomizing reduce steady-state signal
similarities among the channels and provide
decorrelation of the channels substantially without
causing "pre-noise" artifacts. The change in frequency
resolution of the angle randomizing, from very fine
(all bins different in a channel) in Technique 2 to
coarse (all bins within a subband the same, but each
subband different) in Technique 3 is particularly
useful in minimizing "pre-noise" artifacts. Although
the ear does not respond to pure angle changes
directly at high frequencies, when two or more
channels mix acoustically on their way from
loudspeakers to a listener, phase differences may
cause amplitude changes (comb-filter effects) that may
be audible and objectionable, and these are broken up
by Technique 3. The impulsive characteristics of the
signal minimize block-rate artifacts that might
otherwise occur. Thus, Technique 3 adds to the phase
shift of Technique 1 a rapidly changing (block-
by-block) randomized angle shift on a
subband-by-subband basis in a channel. The amount or
degree of additional shift is scaled indirectly, as
described below, by the Decorrelation Scale Factor
(there is no additional shift if the scale factor is
zero). The same scaling is applied across a subband
and the scaling is updated every frame.Although the
angle-adjusting techniques have been characterized as
three techniques, this is a matter of semantics and
they may also be characterized as two techniques: (1)
a combination of Technique 1 and a variable degree of
Technique 2, which may be zero, and (2) a combination
of Technique 1 and a variable degree Technique 3,
which may be zero. For convenience in presentation,
the techniques are treated as being three techniques.
Aspects of the multiple mode decorrelation techniques
and modifications of them may be employed in providing
decorrelation of audio signals derived, as by
upmixing, from one or more audio channels even when
such audio channels are not derived from an encoder
according to aspects of the present invention. Such
arrangements, when applied to amono audio channel, are
sometimes referred to as "pseudo-stereo" devices and
functions. Any suitable device or function (an
"upmixer") may be employed to derive multiple signals
from a mono audio channel or from multiple audio
channels. Once such multiple audio channels are
derived by an upmixer, one or more of them may be
decorrelated with respect to one or more of the other
derived audio signals by applying the multiple mode
decorrelation techniques described herein. In such an
application, each derived audio channel to which the
decorrelation techniques are applied may be switched
from one mode of operation to another by detecting
transients in the derived audio channel itself.
Alternatively, the operation of the transient-present
technique (Technique 3) may be simplified to provide
no shifting of the phase angles of spectral components
when a transient is present. Sidechain Information As
mentioned above, the sidechain information may
include: an Amplitude Scale Factor, an Angle Control
Parameter, a Decorrelation Scale Factor, a Transient
Flag, and,, optionally, an Interpolation Flag. Such
sidechain information for a practical embodiment of
aspects of the present invention may be summarized in
the following Table 2. Typically, the sidechain
information may be updated once per frame. Table 2
Sidechain Information Characteristics for a Channelt &
m w LIGHTINASILICON-SILICON-ON-INSULATO(Rsoi)
STRUCTURE Cross-Referenceto RelatedApplication The
present application claims the priority of US
Provisional Application No. 



60/547,911, filed February 26, 2004. TechnicalField
The present invention relates to the active
manipulation of light in a silicon-oninsulator (SOI)
structure and, more particularly, to a
silicon-insulator-silicon capacitive (SISCAP)
structure that is doped in selected areas to provide
the desired control of one or more optical beams
propagating through the SOI structure. Backgroundof
the Invention A planar lightwave circuit (PLC) is the
optical equivalent of an electronic chip, manipulating
and processing light signals rather than electronic
signals. In most cases, a PLC is formed in a
relatively thin layer of glass, polymer or
semiconductor formed on a semiconductor substrate. The
lightwave circuit itself is composed of one or more
optical devices interconnected by optical waveguides,
the waveguides functioning to guide the light from one
optical device to another and therefore considered as
the optical equivalent of the metal interconnections
in an electronic chip. The optical devices may
comprise either passive optical devices, or active
electro-optic devices, performing functions including,
for example, reflection, focusing, collimating, beam
splitting, wavelength multiplexing/demultiplexing,
switching modulation and detection, and the like. As
of now, the common planar optical devices formed in a
silicon-on-insulator (SOI) structure use a relatively
thick (> 3-4 mm) silicon surface waveguiding layer
(hereinafter referred to as an "SOI layer"), so as to
allow for relative ease of input/output coupling of a
light signal to the SOI layer through methods such as
edge illumination. However, the need for
edge-illumination coupling requires access to the edge
of the chip, as well as the formation of an edge with
a high surface quality (to prevent reflections and
backscattering at the coupling interface). Further,
the fabrication of high definition structures is
considered to be rather difficult in a relatively
thick SOI layer (for example, forming "smooth"
vertical sidewalls for waveguides, rings, mirrors,
etc.). The thicknesss m of
conventionalCMOSfabricationprocessesto simultaneously
form both the electronic and optical components.
Additionally, optical structures formed in such a
relatively thick layer will tend to support the
propagation of multiple optical modes, complicating
the ability to provide transmission of only the
fundamental mode through the structure. Moreover, the
relatively large thickness of the SOI layer also
limits the speed of the electronic devices. Once the
thickness of the SOI layer is limited to being less
than one micron, most of the above-described problems
are significantly reduced, if not completely
eliminated. However, in order to form a viable
photonic circuit in a sub-micron thick SOI layer, the
need remains to be able to actively manipulate the
light within the SOI layer. More particularly, the
need exists to perform various optical functions, such
as turning, focusing, modulating, attenuating,
deflecting, switching and selectively dispersing the
light propagating sub-micron thick SOI layer,
preferably utilizing conventional CMOScompatible
voltage levels to accomplish the active manipulation
so that a common power supply may be used to control
optical and electrical components formed on a common
silicon substrate.. Summaryof the Invention The needs
remaining in the prior art are addressed by the
present invention, which relates to the active
manipulation of light in a silicon-on-insulator (SOI)
structure and, more particularly, to a
silicon-insulator-silicon capacitive (SISCAP)
structure that is doped in selected areas to provide
the desired control over one or more optical beams
propagating through the SOI structure. In accordance
with the present invention, the SISCAP structure
includes the relatively thin (i.e., sub-micron)
silicon surface layer (hereinafter referred to as "SOI
layer") of an SOI structure, in combination with a
relatively thin dielectric layer (referred to in the
art as a "gate oxide") and an overlying silicon layer
(usually comprising a form 



ofpolysilicon). The polysilicon layer and SOI layer
are processed to form complementarily doped regions of
a desired shape in proximity to the gate oxidej
forming an active device region. Without the
application of an electrical bias voltage, the doped
SISCAP structure functions as a conventional SOI-based
waveguiding arrangement. Upon the application of an
electrical bias between the polysilicon and SOI
layers, the refractive indexes of the doped regions
will be modified and, depending uponl e g , ie propaga
ng g eamw em p te in a desired manner. It is an aspect
of the present invention that the doped region(s)
within the SOI layer and polysilicon layer may exhibit
different shapes, and may be biased to different
voltage levels. Indeed, the utilization of
conventional CMOS processing/doping techniques allows
for multiple doped regions to be formed in the SOI
layer and/or the polysilicon layer so that optical
elements such as gratings (and Fresnel lenses) can be
formed. By controlling the electrical voltages applied
to the structures of the present invention, optical
devices such as switches, polarization combiners,
filters, ring resonators, Bragg gratings, Mach-Zehnder
interferometers and the like may be formed and
controlled. Indeed, a feedback path may be included
between the optical output and the electrical bias
input to perform optical control functions. Other and
further aspects and features of the present invention
will become apparent during the course of the
following discussion and by reference to the
accompanying drawings. Brief Descriptionof the
Drawings Referring now to the drawings, FIG. 1
contains an isometric view of an exemplary SOI-based
SISCAP device including the capability to actively
manipulate the propagation of a lightwave signal in
accordance with the present invention; FIG. 2 is a
cut-away side view of the arrangement of FIG. 1; FIGs.
3(a) - (c) illustrate an exemplary beam shaping active
device formed in accordance with the present
invention, where FIG. 3(a) illustrates the device
without the application of any electrical signal, FIG.
3(b) illustrates the focusing properties associated
with the application of a first exemplary voltage
potential across the device, and FIG. 3(c) illustrates
the focusing properties associated with the
application of a second exemplary voltage potential
across the device; FIGs. 4(a) - (c) illustrate an
exemplary beam steering active device formed in
accordance with the present invention utilizing a pair
of prism-shaped doped regions in the SOI structure,
where FIG. 4(a) illustrates the device without the
application of any electrical signal, FIG. 4(b)
illustrates the beam steering properties associated
with the application of a first exemplary voltage
potential across the device, and FIG.
4(c)lustfatfeS,.tH& . t -ag p r ies associa e wit t e
app ica ion ui a G U IU exemplary voltage potential
across the device; FIG. 5 illustrates, in an isometric
view, an exemplary slab-based active Bragg grating
structure formed in accordance with the present
invention; FIG. 6 illustrates, in an isometric view,
an exemplary rib-based active Bragg grating structure
formed in accordance with the present invention; FIGs.
7(a) and (b) contain a diagram of an exemplary active,
tunable Mach- Zehnder interferometer formed in
accordance with the present invention, with FIG. 7(a)
containing a top view and FIG. 7(b) containing an
isometric view; FIG. 8 illustrates an exemplary active
optical switch formed in accordance with the present
invention; FIG. 9 illustrates an alternative
arrangement of an active optical switch formed in
accordance with the present invention; FIG. 10
contains a diagram of an exemplary add/drop ring
resonator structure formed in accordance with the
present invention; 



FIG. 11 illustrates an exemplary on-chip active
polarization controller formed in accordance with the
present invention; FIG. 12 illustrates, in an
isometric view, an active Fabry-Perot device formed in
accordance with the present invention; and FIG. 13
contains a top view of an exemplary arrayed waveguide
(AWG) structure formed in accordance with the present
invention. DetailedDescription Unstrained, pure
silicon exhibits no linear electro-optic (Pockels)
effect, and non linear effects such as the
Franz-Keldysh and Kerr effects are very weak in pure
silicon. For the Kerr effect, an applied field in the
range of 105 V/cm produces a change in the refractive
index on the order of only about 10" to 10 . The most
effective mechanisms to vary the refractive
index/optical absorption of light in silicon are the
free carrier effect (Dn ~ 10 3) and the thermo-optic
effect (Dn ~ 10 4) . The thermo-optic effect is
defined as a change in the refractive index due to a
change in the temperature of the silicon. The
thermo-optic effect is rather slow (on the order of <
IMHz), and finds limited applications in today's high
speed communication applications.., se upon e u za on
o e ee c xn r n SOI (sub-micron) waveguide geometry.
The waveguide geometry more particularly utilizes a
SISCAP structure comprising a relatively thin oxide
disposed over the surface (sub-micron) SOI layer, with
a silicon layer (usually comprising a form of
polysilicon) formed over the thin oxide in a manner to
create an overlap with a portion of the SOI layer and
form an active device region. FIG. 1 contains an
isometric view, and FIG. 2 a cut-away side view of one
such device. As shown, the device is formed within an
SOI structure 10 including a silicon substrate 12,
insulating layer 14, and sub-micron thick silicon
surface layer (SOI layer) 16. A relatively thin oxide
(gate oxide) 18 is formed over a surface portion of
SOI layer 16, and a polysilicon layer 20 is formed
over gate oxide 18 and SOI layer 16 to form the
illustrated overlapped structure. An insulating layer
26 is disposed adjacent to SOI layer 16 to provide for
lateral confinement of the propagating optical mode.
Advantageously, the same dielectric layer that is used
to form the "gate oxide" for CMOS electronic devices
on the common substrate may be used to form gate oxide
18 for the various .active optical devices as
described hereinbelow. By using a similar gate
dielectric as used for CMOS electronic devices
("similar" in terms of both material choice and
thickness), similar voltage levels (e.g., 3.5 V) can
be used to provide the free carrier movement necessary
for active optical device operation. Throughout the
course of the following description, layer 20 will be
referred to as comprising "polysilicon". It is to be
understood that various types of silicon/polysilicon
may be used to form this layer, including (but not
limited to), amorphous silicon, grainsize enhanced
polysilicon, grain-boundary passivated polysilicon,
grain-boundary aligned polysilicon, single crystal
silicon, substantially single crystal silicon and
Gedoped silicon. The active switching and tuning
functionality of the present invention is produced, as
mentioned above, by free carrier modulation methods.
The key to such optical manipulation is that the
associated electronic control devices are integrated
with the optical devices in the same SOI structure 10
so as to alter the index characteristics of the free
carriers in active region 29 of SOI structure 10. One
way to accomplish this is to fabricate an electronic
device around an optical waveguide (e.g., a "rib" or
effective index rib). The electronic device operation
modifies the optical properties of the waveguide (the
real and the imaginary parts of the refractive index)
affecting the optical mode(s). The sub-micron
dimensions of the device and the tight confinement of
light (inP n o ony e un amena mo e oi u e u i wive
signal) enable the effective use of free carriers. The
free carrier effect can be exploited using either the
phase change of light due to the change in the real
part of the index (Dn) or attenuation due to the
imaginary part of the index (Dk) to provide free
carrier modulation in any of the depletion,
accumulation or inversion modes. In particular, the 



real part of the refractive index is related to the
phase shift through the following equation: where L is
the path length in the waveguide over which the index
has changed and l is the wavelength of the light
propagating in the waveguide. The change in the
absorption coefficient is related to the imaginary
index as shown below: In light of the above, it has
been found that active functionality can be achieved
by appropriately doping selected portions of the
waveguiding structure formed by the overlap of SOI
layer 16, gate oxide 18 and polysilicon layer 20
(i.e., with the doping, thus forming active region 29)
and placing electrodes in association with each doped
portion (illustrated as a first electrode 22
associated with SOI layer 16 and a second electrode 24
associated with polysilicon layer 20). A
two-dimensional electron (hole) gas (2DEG) is formed
on both sides of gate oxide 18 within active region 29
by applying a defined voltage between electrodes 22
and 24. An advantage of the present invention is that
large free carrier concentration changes are
achievable on both sides of gate oxide layer 18 where
a high optical electric field exists (i.e., the center
of the optical mode O as shown in FIGs. 1 and 2). In
the particular device arrangement as illustrated in
FIGs. 1 and 2, a collimated beam O is illustrated as
passing through a slab waveguide formed in the SOI
structure. As shown, triangular-shaped doped regions
are formed in SOI layer 16 and polysilicon layer 20 in
the vicinity of gate oxide 18. More particularly, a
first doped region 17 is formed in SOI layer 16 in the
area directly underneath gate oxide 18 and a second
doped region 21 is formed in polysilicon layer 20 in
the area directly above gate oxide 18, where regions
17 and 2 1 are formed to exhibit complementary doping
types (typically, SOI layer 16 is p-doped and
polysilicon layer 20 is n-doped, although the reverse
may bed l . i  at convent ona proce i qu m e used to
sequentially mask and implant SOI layer 16 and
polysilicon layer 20 to form the desired patterns in
the doped areas, while also providing the necessary
doping profile and overlap in the vertical direction
between doped regions 17 and 21. In preferred
embodiments of the present invention, electrodes 22
and 24 are located at a predetermined distance from
active region 29 - the region of optical signal
propagation and manipulation, so as to minimize
optical loss. As shown in FIGs. 1 and 2, a pair of
heavily-doped regions 23 and 25 are formed in
association with electrodes 22 and 24 to provide the
necessary electrical contact to SOI layer 16 and
polysilicon layer 20, respectively, where these
regions are also in contact with doped regions 17 and
21 to form the required electrical signal path. While
the remote location of electrodes 22 and 24 with
respect to the optical signal path will reduce loss,
the requisite spacing results in limiting the
operational speed of the active device. Thus, in most
cases, a trade-off will be determined between loss and
speed and the electrical contacts will be positioned
at the "best" locations on a case-by-case basis. That
is, in situations where speed is important (such as
optical modulation), an additional amount of optical
loss may be tolerated and the contacts positioned
relatively close to the active region. Conversely, in
situations where maximum signal throughput is
important, such as when focusing a beam into a single
mode waveguiding region, a decrease in operational
speed will be tolerated. As mentioned above, the shape
of the doped region(s) can be tailored such that a
specific optical transfer function ("OTF") is achieved
within the optical signal propagating along the
waveguide (i.e., "active manipulation of light"). A
variety of such shapes will be discussed hereinbelow
in association with the description of various active
optical devices. It is to be understood that the
active devices discussed below are exemplary only of
the principles of the present invention; virtually any
possible shape/doping profile may be used in an
SOI-based SISCAP structure in order to form active
optical devices of the present invention. Indeed, a
thorough discussion of various SISCAP structures and
doping variations may be found in commonly-assigned US
Patent No. 6,845,198, which is herein incorporated by
reference. 



FIGs. 3(a) - (c) illustrate (in a top view) three
different activation circumstances for an active
SISCAP optical device 30 of the present invention. In
this case, active SISCAP device 30 comprises a first
doped region 32 shaped to function as a lens and a
second lens-shaped doped region 34 separated from
first lens region 32 by a predetermined isolating gap
g. Similar to the generic structure of FIGs. 1 and 2,
firste l r g Q 2 i-type ope area 3 orme n i layer 10
ana a ptype doped area 33 formed in polysilicon layer
20 (or complementarily doped, as discussed above),
where each area 31, 33 is properly shaped (using
conventional CMOS masking and dopant implantation
processes) to provide the desired lensing function.
Second doped lens region 34 similarly comprises an
n-type doped area 35 in SOI layer 16 and a p-type
doped area 37 in polysilicon layer 20 that combine to
form the predetermined lens shape. A first pair of
electrodes 36, 38 is used to contact doped area 31 and
doped area 33, respectively, in the region of first
lens 32. A second pair of electrodes 40, 42 is used to
contact doped area 35 and doped area 37, respectively,
in the region of second lens 34. Although not
particularly illustrated in FIG. 3 (or in the
remaining drawings), it is to be understood that a
heavily-doped contact area is formed in the silicon
material directly underneath each electrode, so as to
form a high conductivity connection. In accordance
with the present invention, by controlling the
voltages applied to each electrode 36 - 42, the
focusing properties of first lens 32 and second lens
34 can be controlled. In the diagram as illustrated in
FIG. 3(a), when no voltage is applied to any of the
electrodes, the lensing structure behaves as a passive
optical waveguiding device, since the back-to-back
lens structures will nullify each other's dispersion.
When the appropriate voltages are applied to the
electrodes, the index of the doped regions will
change, resulting in shaping the phase front of the
optical mode and accomplishing the focusing function.
In particular, in the depiction of FIG. 3(b), a first
set of voltages (illustrated as V and V ) is applied
to electrical contacts 40 and 42, reducing the
effective index within second lens 34 such that a
propagating beam is focused at a point A. By modifying
the respective voltage levels (illustrated as V+1 and
V in FIG. 3(c)), the focus can be moved to a point B,
as shown. The application of voltages to first lens 32
will result in a different type of beam shaping. In
general, any collection of lenses may be used to
provide the desired optical beam shaping in accordance
with the present invention, including beam expansion
as well as beam focusing. The ability to dynamically
adjust the focusing properties of waveguide lenses, in
accordance with the present invention, allows for a
propagating lightwave to be focused into relatively
narrow (sub-micron) single mode waveguides, an
important need in future SOI-based opto-electronic
systems. Moreover, the ability to actively modify the
focal point of a lensing arrangement allows for
adjustments to be made as needed for process
variations, ambient temperature variations, aging
variations, and the like.' " " E ot i . a - ttg t ,e
oca point . o a propagat ,ing oeam, a set oi
differently-shaped doped regions may be formed in an
SOI-based SISCAP structure to provide controlled
deflection of an optical signal (i.e., beam steering).
FIGs. 4(a) - (c) illustrate one such beam deflector 50
formed in accordance with the present invention. In
this case, a pair of prism-shaped doped regions 52 and
54 are formed within active waveguide region 29 in the
overlap of SOI layer 16, gate oxide 18 (as shown in
FIGs. 1 and 2) and polysilicon layer 20. The prisms
are oriented, as shown in the figures, such that an
angled facet 56 of first prism-shaped region 52 is
adjacent to angled facet 58 of second prism-shaped
region 54 (with a necessary isolation gap g
therebetween). As discussed above, the doped regions
are created by properly masking and implanting pre
defined areas of SOI layer 16 and polysilicon layer
20. In one embodiment, SOI layer 16 may be implanted
with an n-type dopant within a portion of active
region 29 contiguous with gate oxide 18 to form a
first doped region 61. Polysilicon layer 20 may be
implanted with a p-type dopant in a portion of action
region 29 to form a second doped region 63 (the
converse arrangement is possible, with SOI layer 16
processed to include 



p-type areas and polysilicon layer 20 to include
n-type areas). A first pair of electrodes 60, 62 is
illustrated as associated with first prism region 52,
with electrode 60 disposed to modify the index within
doped region 61 of SOI layer 16 and electrode 62
disposed to modify the index within doped region 63 of
polysilicon layer 20. A second pair of electrodes 64,
66 is associated with second prism region 54, with
electrode 64 disposed to control the index of a doped
region 65 within SOI layer 16 and electrode 66
disposed to control the index of a doped region 61
within polysilicon layer 20. In the process of forming
this device structure, it is to be understood that all
of the desired doped areas within each layer are
formed during the same processing step. Referring to
FIGs. 4(a) - (c), the manipulation of a light beam L
in terms of deflection is illustrated as being
controlled by voltages applied between the electrodes
associated with each prism region. In the particular
illustration of FIG. 4(a), no voltage is applied to
any electrode, and the prism structure behaves as a
passive optical waveguiding device, without any change
in the propagating optical mode(s) at light beam L
travels through doped prism regions 52 and 54, since
the back-to-back prism structures will nullify each
other's dispersion. When appropriate voltages are
applied to electrodes 60 - 66, the index of the
various doped areas 61, 63, 65 and 61 is changed,
resulting in deflection of the optical mode(s).
Referring to FIG. 4(b), by applying a first set of
voltage levels to electrodes 60-66, the propagating
mode(s) are illustrated ase ! P e o t e gure . y app y
ng a seconase oi voltages to electrodes 60-66, the
propagating mode(s) may be re-directed "downward", as
shown in FIG. 4(c). Therefore, by changing the
voltages applied to electrodes 60 - 66, an optical
switch structure is provided that requires no moving
parts. Indeed, although the embodiment of FIG. 4
illustrates deflection as occurring within the plane
of the optical waveguide, a series of
properly-oriented prism structures may be used to
deflect a beam upwards and downwards in the plane of
the optical waveguide. As discussed above, the
placement of electrodes 60-66 with respect to active
region 29 of device 50 will determine the trade-off
between switching speed and optical loss. Bragg
gratings are well-known optical structures that are
used to perform various optical functions, such as
optical filtering, group velocity dispersion control,
attenuation and the like. The fundamental principle
behind Bragg gratings is the small, periodic variation
in the index (mode index) or propagation constant'in a
waveguide caused by a grating structure disposed in
the waveguide, which then leads to a resonant
condition for diffraction of certain wavelengths.
Different wavelengths can be selected by changing the
grating period. In the transmissive type of Bragg
grating, the wavelengths of interest are selected to
pass through the grating structure, with the remaining
wavelengths reflected back along the waveguide. In the
reflective type of Bragg grating, different
wavelengths are selected to diffract "out" of the
grating (typically in a direction normal to the
grating, but any other angle may be chosen), thus
forming a wavelength selective device. In accordance
with the present invention, Bragg gratings may be
formed by including properly doped grating elements
within SOI layer 16 and polysilicon layer 20 of the
SISCAP structure as discussed above. FIG. 5
illustrates an exemplary transmissive Bragg grating
structure, formed in accordance with the present
invention. A Bragg grating 70 is illustrated as
comprising a plurality of doped grating elements 72
disposed along the length of a waveguide region 74
formed in the active region 29 of a SISCAP structure
by the overlap of SOI layer 16, gate oxide 18 and
polysilicon layer 20, as discussed above. A first
plurality of electrodes 76 is illustrated as
associated with a like plurality of doped areas 77
within SOI layer 16, with a separate, individual
electrode 76-i used to control each doped area 77-i. A
second plurality of electrodes 78 is illustrated as
associated with a like plurality of doped areas 79
within polysilicon layer 20 such that the combination
of doped areas 77 with doped areas 79 form the desired
grating elements 72.i.,. ,By,.iybi ' -c rodes are
energize as we as t e strengtn ot me 



signal applied to each electrode), the grating period
of Bragg grating 70 may be modified in accordance with
the present invention to provide the active
manipulation of a propagating light beam. For example,
by energizing every other electrode in first and
second pluralities 76 and 78, a first Bragg grating
period A1 is realized, as shown in FIG. 5. This
particular period will then allow an associated
wavelength l to be transmitted along waveguide 74,
with all remaining wavelengths reflected. By modifying
the energized pattern, for example by energizing all
electrodes, a different Bragg grating resonant
wavelength will result. In this case, as also
illustrated in FIG. 5, Bragg grating 72 will exhibit a
grating period of A2, allowing a different associated
wavelength l2 to be transmitted. In accordance with
the present invention, therefore, an active Bragg
grating structure 70 may be formed by adjusting the
voltages applied to each separate, individual grating
element 76 and 78, where the voltage adjustments will
modify the index of the associated grating elements
and form the desired Bragg structure. Additionally,
since a Bragg grating is a resonant device, the
ability to "tune" Bragg grating 70 in accordance with
the present invention allows for the grating to be
utilized with signals of an unknown "wavelength",
adjusting the resonant cavity length accordingly.
Indeed, variations in signal wavelength as a function
of, for example, temperature or processing variations
may be compensated by utilizing detectors at the input
and output of the grating to measure the input/output
power ratio and tuning the resonator based on this
measurement. Although not illustrated in this view,
detectors may be disposed at the input and output of
Bragg grating 70 to determine the particular
wavelength that is transmitted by the given structure.
By incorporating a feedback path between the detectors
and the voltage sources for the individual electrodes,
the Bragg grating can be "tuned" and monitored such
that a lightwave signal at a desired wavelength is
produced. Since fabrication process variations may
alter the wavelength associated with a given Bragg
grating, the ability to "tune" the structure is
considered a significant aspect of the present
invention. Additionally, the grating structure itself
may be "chirped" (i.e., different spacing between
adjacent elements), "apodized" (i.e., different
envelope shape for grating structure), "blazed" (i.e.,
elements angled with respect to optical axis), or anym
i a i i , e c,arac teris tics o suc - ragg gratings
are weiiknown to those skilled in the art and may find
a variety of uses as active, tunable devices. FIG. 6
illustrates an alternative Bragg grating structure
700, where this particular structure is based on a
"rib" waveguide confinement region O, as shown, where
the rib is formed by the appropriate truncation of SOI
layer 16 and polysilicon layer 20, as described below.
In this configuration, a dielectric region 710
(comprising, for example, silicon dioxide) is disposed
in the plane of SOI layer 16 and used to assist in the
lateral confinement of the optical signal within
active region 29 by truncating the extent of the
silicon material forming SOI layer 16. Overlying
polysilicon layer 20 is processed so as to remove that
portion disposed over SOI layer 16 beyond gate oxide
18. This is illustrated by sidewall 720 as shown in
FIG. 6, where the truncation of polysilicon layer 20
further aids in providing lateral confinement of the
optical signal within active region 29. the ability
for such a waveguide structure to be formed is
considered to be an important component of providing a
structure capable of supporting only the fundamental
mode of a lightwave signal (thus preventing
higher-order modes from appearing during signal
propagation). A first plurality of doped regions 730
within SOI layer 16 are utilized to form a portion of
the "grating" structure, similar to Bragg grating 70
of FIG. 5. A second plurality of doped regions 740 are
formed within polysilicon layer 20 and used to define
the remaining portion of the grating structure for
Bragg grating 700. A first plurality of electrical
contacts 750 is used to control separate ones of doped
regions 730 and a second plurality of electrical
contacts 760 is used to similarly control separate
ones of doped 



regions 740, providing the same type of Bragg grating
adjustment/tunability as discussed above in
association with FIG. 5. As mentioned above, the free
carrier effect can be exploited using both the phase
change (real index, n) and absorption (imaginary index
k). For inventive applications such as modulators,
cross switches, dispersion compensators, ring
resonators and the like, the active manipulation of
light can be realized by changing the phase of the
optical mode(s) passing through the device structure.
In particular, amplitude modulation can be achieved
using a version of a Mach-Zehnder interferometer (MZI)
in which interference is produced between two coherent
lightwaves that have a definite phase difference
between them. FIG. 7 illustrates an exemplary MZI 80
formed in accordance with the present invention, with
FIG. 7(a) illustrating a top view and FIG. 7(b)
illustrating an isometricew. s i I iit a nc u es act
ve ev ces n ot arms to control ts performance. In
general, MZI 80 is illustrated as including an input
waveguiding section 82 and an input Y-splitter 84 so
as to divide the input signal into two separate
optical paths (arms) 86 and 88. The particular
inventive arrangement as illustrated in FIG. 7
utilizes a properly patterned polysilicon layer 20 to
form the desired "Y-splitter" and "arm" geometries in
accordance with the "rib"-type structures discussed
above. As shown, polysilicon layer 20 can be tapered
at the input (see portion 20-T) of MZI 80 to reduce
reflections and enhance coupling efficiency into MZI
80. Similarly, polysilicon layer 20 may be properly
shaped at the output of MZI 80 (see portion 20-O) to
determine the divergence angle of the exiting beam. In
particular, output portion 20-O of polysilicon layer
20 can be patterned so that the exiting beam matches
the collimating optics (not shown) disposed beyond MZI
80, resulting in very little signal loss. An important
aspect of using a patterned polysilicon layer 20 to
form this structure is that the vertical and lateral
dimensions of active region 29 can be controlled such
that the MZI will support the propagation of only the
fundamental mode of the applied lightwave signal. The
ability to support only the fundamental mode is
particularly important at Ycombiner 90 such that
single mode operation is supported from the input
throughout the output ofthe MZI. The introduction of a
definite phase shift between arms 86 and 88 results in
intensity modulation as the signals re-combine in a
Y-combiner 90 and are coupled into an output
waveguiding section 92. A first active device 94,
formed in accordance with the present invention, is
illustrated as disposed along a section of first arm
86 and a second active device 96 is illustrated as
disposed along a section of second arm 88. In
particular, first active device 94 is illustrated as
including a first doped area 91 in SOI layer 16 and a
second doped area 93 in polysilicon layer 20.
Similarly, second active device 96 is formed to
include a first doped area 95 in SOI layer 16 and a
second doped area 97 in polysilicon layer 20. In the
particular embodiment of FIGs. 7(a) and (b), doped
areas 91, 93, 95 and 97 are illustrated as rectangular
in shape. In an alternative embodiment (not shown),
the ends of the polysilicon rectangles may be tapered
(along the direction of signal propagation) to
minimize reflections. In any event, as with the active
devices discussed above, a first electrical contact
100 for first active device 94 is made to doped area
91 of SOI layer 16 and a second electrical contact 102
is made to doped area 93 of polysilicon layer 20. A
pair of electrical contacts 104 and 106 are similarly
associated with doped areas 95 and 97 of second active
device 96.i ., .,-TMi!fi: g 1 ; , o t e propaga ing
opt ca mo e can e cnangea y free carrier injection or
removal in active devices 94 and/or 96. The modulation
depth, h, of MZI 80 can be defined as: where Db is the
change in propagation constant due to the presence (or
absence) of free carriers, and L is the path length of
active device 94 or 96. Therefore, by adjusting the
voltages applied to doped areas 91, 93, 95 and 97, the
modulation depth of the inventive MZI 80 can be
adjusted to control the desired results. Indeed, the
output intensity of MZI 80 can be precisely controlled
by using "fine tuning" control over Db (propagation 



constant) and hence in another embodiment an inventive
can use the MZI as a dynamic gain equalizer or
variable optical attenuator (VOA), with appropriate
feedback control. As with conventional MZFs, the
active MZI of the present invention may operate in
accumulation mode, depletion mode or inversion mode,
depending upon the dopant conductivity types used in
active regions 91, 93, 95 and 97, as well as the
polarity of the voltages applied thereto. Further,
multiple arrays of MZFs, either cascaded or parallel,
may be formed using conventional CMOS processing
techniques and used to provide more complicated signal
control. All of these variations are considered to
fall within the scope of the present invention. An
active optical switch may also be formed using the
principles of the present invention, where FIG. 8
illustrates (in a top view) an exemplary active
optical switch 110 formed in accordance with the
principles of the present invention. Switch 110,
formed in a SISCAP structure as described above,
comprises a pair of single mode input waveguides 112,
114 and a pair of single mode output waveguides 116,
118, with a central waveguiding area 120 formed
therebetween. In one embodiment, each waveguide
section may be formed in only SOI layer 16.
Alternatively, each waveguide section may consist of
the "SISCAP" structure of SOI layer 16, gate oxide 18
and polysilicon layer 20. In either case, the
formation of active device regions requires the
addition of dopant material to selected portions of
SOI layer 16 in combination of doped regions of
polysilicon layer 20. Referring to FIG. 8, an active
device region 122 is illustrated as disposed over
central waveguiding area 120 (in this case, device
region 122 being rectangular in form) and includes
complementarily doped areas within SOI layer 16 and
polysilicon layer 20. In particular, a first doped
region 124 is formed SOI layerg s orme n ayer , resu
uv appe rectangular structure as shown in FIG. 8. A
first electrical contact area 128 is associated with
doped region 124 of SOI layer 16 (and includes a
heavily doped contact area 130). A second electrical
contact area 132 is associated with doped region 126
of polysilicon layer 20, and similarly includes a
heavily doped contact area 134. i In operation, an
input, fundamental mode signal propagating through
input waveguide 112 will generate both the fundamental
mode and first order mode as the signal enters central
waveguiding area 122. The difference between the
propagation constants of the two modes is the
above-defined Db value. If the length of active device
region 122 is defined as L and Db p, then the phases
of the fundamental and first order modes will be
reversed along the output waveguides, canceling light
propagation in output waveguide 116. By applying a
voltage between electrodes 128 and 134, in accordance
with the teachings of the present invention, an
additional change in propagation constant will result,
consistent with the following equation: (Db + Db
ecarrier)^= 2p, Dbfree carrier is defined as the
change in the propagation constant associated with the
change in refractive index. When an additional phase
shift is added, the fundamental and first-order modes
will add together in phase, resulting in switching the
light output from waveguide 116 to waveguide 118. FIG.
9 illustrates, in a top view, an alternative active
optical switch structure 200 where separate active
optical devices may be included along parallel arms of
the switch to control the switching function. In
particular, switch 200 is illustrated as including an
input waveguiding section 210, in this case formed
within SOI layer 16, and then branches into a
Y-splitter section 2 11 to form a pair of parallel
switch arms 212 and 214. As with the structure of FIG.
8, the various passing waveguiding portions may be
formed only in SOI layer 16, or inthe combination of
SOI layer 16, gate oxide 18 and polysilicon layer 20.
In accordance with the present invention, a separate
active optical device is disposed over a region of
each arm and using to control the effective path
length "seen" by a propagating optical signal and thus
introduce any desired phase shift between the two
propagating beams. A first active device 220 is formed
by doping a 



selected portion 222 of SOI layer 16 in a
predetermined area. A polysilicon region 224 is formed
over doped SOI portion 222 and infused with a
complementary doping material to form active device
220. In this particular embodiment, polysilicon
region- i pa e mc e.an  p i apere region an ou pu
aperearegion /D. As mentioned above, the use of a
tapered polysilicon region will reduce reflections and
promote efficient coupling between SOI layer 16 and
the combination of SOI layer 16/gate oxide
18/polysilicon layer 20. A pair of electrical contacts
226, 228 are disposed in relation to doped regions 222
and 224 and used to modify the electrical potential
through active device 220 and therefore provide an
arrangement to control the "length" ofarm 212. In a
similar fashion, a second active device 230 is formed
within a portion of second waveguide arm 214 and can
be controlled by electrodes 232 and 234 to likewise
modify the optical path length "seen" by a propagating
signal. Therefore, by controlling the voltages applied
to first and second active devices 220, 230, various
phase delays can be introduced into each signal path.
The phase difference between the optical signals, upon
entering directional coupling arrangement 240, will
therefore control the power level of the signals
appearing along separate output arms 250 and 252 of
active switching device 200. An add/drop ring
resonator structure may also be formed as an active
device in accordance with the teachings of the present
invention. FIG. 10 illustrates an exemplary add/drop
ring resonator 130 including a single mode waveguiding
structure 132 and associated ring resonator 134,
formed (as discussed above) in either SOI layer 16 or
the combination of SOI layer 16, gate oxide 18 and
polysilicon layer 20. In its most basic form, the
physical dimensions of ring resonator 134 dictate a
particular wavelength (or range of wavelengths) that
may be out-coupled from a multi-wavelength signal
propagating along waveguide 132 (when used in the
"drop" mode). Referring to FIG. 10, this aspect is
illustrated by a signal propagating at a wavelength of
l being coupled into ring resonator 134, and
thereafter launched (in a counter-propagating
direction) along a second single mode waveguide 136.
Similarly, an optical signal at a predetermined
wavelength that is coupled from second waveguide 136
into ring resonator 134 will subsequently be coupled
into waveguide 132 (when used in the "add" mode). In
accordance with the present invention, the wavelength
sensitivity of ring resonator 134 may be modified by
including an active device section 138 along a portion
thereof. As withthe active devices discussed above,
active device section 138 comprises a first doped area
140 within a particular portion of SOI layer 16 and an
overlying dopeda emenary opan ype opne npo y un iayer
. A pair of electrical contacts 144 and 146 are
coupled to doped regions 140 and 142 of SOI layer 16
and polysilicon layer 20, respectively. By modifying
the voltage applied between electrical contacts 144
and 146, the optical path length of ring resonator 134
will be modified, thus changing the particular
wavelength(s) that can be coupled into/out of
waveguide section 132. Moreover, by "tuning" ring
resonator 134 into and out of its resonance condition,
a tunable optical modulator may be formed. Obviously,
a ring resonator structure of the present invention
may comprise a plurality of separate rings, each
formed using similar processing techniques. In one
arrangement, the separate rings are disposed along a
waveguide, with each ring appropriate sized and
"tuned" to add/drop a different wavelength. In an
alternative embodiment, a plurality of rings may be
"stacked" in a direction normal to the waveguide,
providing greater and greater wavelength selectivity
between adjacent rings. Any of these variations are
possible and may be provided by conventional,
well-known CMOS processing techniques. Indeed, it is
possible to combine one of the active switch
arrangements discussed above with the inventive active
ring resonator to form a structure that provides
tunable wavelength coupling into a ring resonator.
Another monolithic structure may comprise the pairing
of a ring resonator (or Bragg grating) with a 



modulator. By virtue of utilizing the SISCAP structure
in conjunction with an SOI base, the integration of
multiple devices in a single silicon substrate is
relatively straightforward, based on the use of
conventional CMOS processing techniques. Thin (i.e.,
sub-micron) SOI waveguides are known to be
polarization dependent and as a result the incoming
signal polarizations need to be rotated accordingly.
For example, when using prism coupling, only the TE
mode of an input signal will be properly coupled.
Therefore the TM component ofthe signal must be
rotated to the TE polarization mode, and then
recombined with the "true" TE mode to form the desired
signal. However, if the phases of the two beams are
different, the resultant recombined beam can suffer
loss (due to interference effects). One method to
minimize this loss is to use a polarization combiner
formed in accordance with the present invention. FIG.
11 illustrates one such exemplary on-chip active
polarization combiner 150 formed in a SISCAP structure
(as discussed above) in accordance with the present
invention. As shown, an original TE polarization
component is coupled into a first waveguide 152,
waveguide 152 formed from the SISCAP structure
described above that includes a combination of SOI
layer 16, gate oxide 18 and polysilicon layer 20 to
form active< e s gna a a or g na y eeno vi apzauon s
applied as an input to a second waveguide 154, where
waveguides 152 and 154 are joined in a Y-combiner
portion 156 and subsequently coupled into an output
waveguide 158. Active phase shifting between the two
polarized signals is accomplished in accordance with
the present invention by utilizing an active optical
device along either one or both of waveguides 152,
154. In the particular embodiment of FIG. 11, a first
active device 160 is illustrated as formed along a
portion of first waveguide 152 and a second active
device 162 is illustrated as formed along a portion of
second waveguide 154. As with the various other active
devices described above, active devices 160, 162 are
formed by properly doping selected areas of SOI layer
16 and polysilicon layer 20. As shown, first active
device 160 includes a doped area 161 in SOI layer 16
and a similarly-shaped doped area 163 in polysilicon
layer 20. Second active device 162 includes similarly
formed doped areas 165 and 167. A first pair of
electrical contacts 170, 172 are illustrated as
associated with doped areas 161, 163 of first active
device 160 and a second pair of electrical contacts
174, 176 are illustrated as associated with doped
areas 165, 167 of second active device 162. By
controlling the voltages applied to one or both of
these devices, the optical path lengths of waveguides
152 and 154 can be modified, thus adjusting the phase
shift between the TE and "rotated" TE components
propagating therealong. Careful adjustment of these
voltages can therefore be used to properly combine the
signals along output waveguide 158 with little, if
any, signal loss. FIG. 12 illustrates, in an isometric
view, an exemplary active Fabry-Perot (FP) device 180
formed in accordance with the present invention, where
the inclusion of an active optical device 182 in
cavity region 184 of FP device 180 can be used to
modify the optical path length (and therefore, the
resonance) of FP device 180. In operation, FP device
180 includes an input grating structure 186 formed by
etching a portion of polysilicon layer 20, as shown.
An output grating structure 188 is similarly formed in
polysilicon layer 20, where cavity region 184 is
defined as the extent of the waveguiding region
between input grating structure 186 and output grating
structure 188. Depending upon the wavelength of the
optical signal propagating through the waveguide
formed by the combination of SOI layer 16, gate oxide
18 and polysilicon layer 20, certain wavelengths will
be reflected between gratings 186 and 188. Thus, in
accordance with the present invention, by including
active device 182 in cavity region 184, the wavelength
sensitivity of FP device 180 can be adjusted. Further,
by using active device~ . un y e a ou o resonance, an
op ca moauiator may De formed. As shown, active device
182 includes a first doped area 190 within SOI layer
16 and a second doped area 192 within polysilicon
layer 20. Electrodes 194 and 196 are 



coupled, respectively, to doped areas 190 and 192,
where the application of a voltage potential between
these electrodes will affect the optical path length
within cavity region 184. Input and output detectors
(not shown), when used in combination with FP device
180 allow for feedback and control of the resonant
wavelength within the cavity by allowing the applied
voltages to be adjusted in accordance with the
measured values at the input and output of the device.
An important class of optical filters is represented
by "arrayed waveguide gratings" (AWGs). An AWG is
defined as a planar structure comprising a number of
array waveguides whose arrangement emulates the
functionality of a diffraction grating. AWGs are
commonly used as multiplexers or demultiplexers, and
can also be designed to perform as passive, wavelength
selective, strictly non-blocking cross-connects for
sets of optical channels. For example, AWGs can
simultaneously operate as a multiplexer and
demultiplexer by distributing and recombining multiple
frequencies entering any number of input ports into
any of a multiple number of output ports. One problem
with prior art AWG structures is the need to carefully
control the path lengths between the couplers forming
the structure. In a planar integrated optics
structure, this requirement often necessitated the use
of arc-like optical paths, a difficult geometry to
manufacture with any great consistency. Thus, an
active AWG structure 400 as formed in accordance with
the present invention may utilize a plurality of
active devices, one device disposed along each signal
path, to provide the desired variations in optical
path length without resorting to changing the physical
paths at all. FIG. 13 illustrates AWG 400 as including
an input coupling region 410 and an output coupling
region 420, where AWG 400 is generally formed within
layers 16, 18 and 20 of the SISCAP structure as
discussed above. Input coupling region 410 is
illustrated as comprising a single input waveguide 412
and a plurality of N separate output waveguides 414,
where various different wavelengths will appear at
separate ones of output waveguides 414. Output
coupling region 420 is illustrated as comprising a
plurality of N input waveguides 422, each coupled in a
oneto- one relationship with the plurality of N output
waveguides 414 from input couplingi ur er comprsesa v
a waveguides 424. In accordance with the operation of
AWG 400, the desired diffraction properties arise from
varying the lengths of the separate waveguides within
the plurality of waveguides 430 interconnection
waveguides 414 with waveguides 422. Referring to FIG.
13, each waveguide 430-1 is shown as including a
separate active optical device 440. In its simplest
form, each active device is essentially identical in
form, although this is not a required. As with the
arrangements discussed above, active optical device
240 comprises a first doped region 441 within SOI
layer 16 and an overlying (similarly shaped) second
doped region 443 within polysilicon layer 20. For the
sake of simplicity, only one active device 440 is
specifically called out in the arrangement of FIG. 13,
although each device comprises similar elements. A
first electrical contact 442 is coupled to and
controls first doped region 241 within SOI layer 16
and a second electrical contact 444 is coupled to and
controls second doped region 443 within polysilicon
layer 20. Thus, when an appropriate voltage potential
is applied between first electrical contact 442 and
second electrical contact 444, the optical path length
of the associated waveguide 430 will be modified,
providing the desired diffraction effect. Accordingly,
each separate active device 430 in AWG structure 400
is controlled by a different voltage potential, so as
to create a plurality of different path lengths to
form the diffraction grating. Advantageously, the
voltages may be "tuned" or changed to modify the
properties of AWG 400, as needed. Indeed, the
operational wavelengths associated with desired
diffraction effect can simply be changed by modifying
the applied voltages. As a result,
wavelength-selective routing between different output
ports can be achieved by modifying the voltages
applied to the various active devices. 



The ability to provide wavelength-selective routing
and switching in such an arrayed waveguide structure
is considered to be a significant advance of the state
of the art. Heretofore, any modification in the
operation of an AWG structure necessitated a complete
change in the physical layout and design. Moreover, by
monitoring the output signals from waveguides 424, the
operation of AWG 400 can be controlled, with feedback
signals from one or more of these waveguides used to
adjust, in real time, the voltages applied to
associated ones of active devices 430. While the above
embodiments are considered to be illustrative of the
concepts of the present invention, it is to be
understood that there exist a wide variety of other
planaric .. i s a .. i e,; evices in ixuciiuc i
accordance with the present invention. For example,
Fresnel lenses may be "tuned" using the doped device
structure as described above. An active, adjustable
multimode interference (MMI) splitter, as discussed in
our co-pending application No. 10/830,571 filed
December 23, 2004, may also be formed, where one or
more active devices are formed along the walls of the
structure to modify the generated interference
pattern. Planar optical multiplexers/demultiplexers
may also be formed as wavelength-selective active
devices, capable of adding or dropping predetermined
wavelengths by virtue of adjustments of the voltages
applied thereto. It is an advantage of the SOI-based
SISCAP structure for active optical devices in
accordance with the present invention that the various
electrical components associated with the operation
and control of these active devices may be integrated
within the same integrated circuit chip and, moreover,
be formed during the same CMOS-type processing steps
used to form the optical device components. It is also
possible to use a material other than polysilicon over
the overlying "silicon" layer of the SISCAP structure.
For example, amorphous silicon, single crystal silicon
and substantially single crystal silicon, among
others, may be used. The present invention has been
set forth with reference to certain particularly
preferred embodiments. Those of ordinary skill in the
art will appreciate that the present invention need
not be limited to these presently preferred
embodiments and will understand that various
modifications and extensions of these embodiments may
be made within the scope of the subject matter of the
present invention. Consequently, the present invention
is not intended to be limited to any of the described
embodiments, but is instead to be defined by the
claims appended hereto.Whatis claimed is: 1. An
SOI-based optical arrangement for actively
manipulating a lightwave signal propagating in a
silicon-insulator-silicon capacitive (SISCAP)
waveguide, the SISCAP waveguide including a sub-micron
surface silicon layer (SOI layer) of the SOIbased
optical arrangement, a relatively thin dielectric
layer overlying at least a portion of the SOI layer
and an upper silicon layer overlying a combination of
the SOI layer and the relatively thin dielectric
layer, the arrangement for actively manipulating a
lightwave signal comprising at least one doped area
formed in the SISCAP waveguide area of the SOI layer,
the at least one doped area having a first
conductivity type; at least one doped area formed in
the upper silicon layer so as to overlap at least a
portion of the at least one doped area formed in the
SOI layer to create an active optical region, the at
least one doped area in the upper silicon layer having
a second, opposite conductivity type; and separate
electrical contact regions associated with each doped
area, wherein upon the application of a voltage to one
or more of the separate electrical contact regions,
the refractive index of the associated doped area will
be modified to create regions for manipulating the
properties of the propagating lightwave signal. 2. An
SOI-based optical arrangement for actively
manipulating a lightwave signal as defined in claim 1
wherein the shape of the at least one doped area in
the SOI 



layer and the shape of the at least one doped area in
the upper silicon layer are defined to provide a
desired optical manipulating function. 3. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 2 wherein the
overlying combination of doped areas are shaped to
provide a beam shaping function upon the application
of an electrical signal thereto. 4. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 3 wherein the SOI
layer comprises a plurality of shaped, doped areas and
the upper silicon layer comprises a like plurality of
shaped, doped areas disposed to form a plurality of
separate beam shaping elements, each beam shaping
element separately controlled by its associated
separate electrical contact regions, wherein the
application of different combinations of electrical
signals allows for apropagating optical lightwave to
be variously manipulated, including changing the focal
point of the arrangement. 5. An SOI-based optical
arrangement for actively manipulating a lightwave
signal as defined in claim 2 wherein the overlying
combination of doped areas are shaped to provide a
two-dimensional prism-like function upon the
application of an electrical signal thereto. 6. An
SOI-based optical arrangement for actively
manipulating a lightwave signal as defined in claim 2
wherein the overlying combination of doped areas
comprise a plurality of like-positioned grating
elements, each grating element being individually
controlled by an associated pair of electrical contact
regions for selectively energizing ones of the grating
elements and actively manipulating the period of the
grating structure. 7. An SOI-based optical arrangement
for actively manipulating a lightwave signal as
defined in claim 6 wherein the formed grating is a
transmissive grating structure, with selected ones of
the electrical contact regions being energized to
actively control the wavelength(s) transmitting
through the grating and the wavelength(s) reflected by
the grating. 8. An SOI-based optical arrangement for
actively manipulating a lightwave signal as defined in
claim 2 wherein the overlying combination of doped
areas are shaped to provide an active optical
resonator structure upon the application of an
electrical signal thereto. 9. An SOI-based optical
arrangement for actively manipulating a lightwave
signal as defined in claim 8 wherein the active
optical resonator structure further comprises a first
optical detector disposed at the input of the active
optical resonator and used to determine the wavelength
of an optical signal applied as an input thereto; a
second optical detector disposed at the output of said
optical resonator and used to determine the wavelength
of an optical signal exiting at the output thereof; an
optical power measuring arrangement responsive to the
first and second optical detectors for providing
adjustments to the active optical resonator in
response thereto. 10. An SOI-based optical arrangement
for actively manipulating a lightwave signal as
defined in claim 9 wherein the resonator comprises a
ring resonator structure.11. An SOI-based optical
arrangement for actively manipulating a lightwave
signal as defined in claim 9 wherein the resonator
comprises a Fabry-Perot structure. 12. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 1 wherein the
arrangement comprises a Mach-Zehnder interferometer
including an input waveguide portion including a
patterned section of the upper silicon layer for
defining the waveguide lateral confinement area; an
input Y-shaped portion coupled to the input waveguide
portion for dividing the propagating lightwave signal
into a pair of separate lightwave signals, the input
Y-shaped portion including a patterned section of the
upper silicon layer for defining the Y-splitting
separate confinement areas; a first waveguide coupled
to a first arm of the input Y-shaped portion and 



including a patterned section of the polysilicon layer
for defining the first waveguide lateral confinement
area; a second waveguide coupled to a second,
remaining arm of the input Y-shaped portion and
including a patterned section of the polysilicon layer
for defining the second waveguide lateral confinement
area; an output Y-shaped portion coupled, at its first
and second arms, to the first waveguide termination
and second waveguide termination, respectively, for
combining the pair of separate signals into an output
lightwave signal, the output Y-shaped portion
including a patterned section of the upper silicon
layer to provide for lateral confinement and combining
of the pair of separate signals; an output waveguide
portion coupled to the output Y-shaped portion for
receiving the output lightwave signal, the output
waveguide portion including a patterned section of the
upper silicon layer for defining the waveguide lateral
confinement area; and and at least one active device
region formed along a section of at least one of the
first and second waveguides, the at least one active
device region comprising oppositelydoped areas of the
SOI layer and upper silicon layer such that upon
application of an electrical signal to the associated
electrical contact regions the optical path length of
the at least one of the first and second waveguides is
changed to manipulate the propagation of the lightwave
signal therethrough.13. An SOI-based optical
arrangement as defined in claim 12 wherein the Mach-
Zehnder interferometer comprises at least one active
device region disposed along only the first waveguide.
14. An SOI-based optical arrangement as defined in
claim 12 wherein the Mach- Zehnder interferometer
comprises at least one active device region disposed
along both the first and second waveguides. 15. An
SOI-based optical arrangement as defined in claim 12
wherein the patterned upper silicon section of the
input waveguide portion includes an input taper for
improving optical coupling into the Mach-Zehnder
interferometer. 16. An SOI-based optical arrangement
as defined in claim 12 wherein the patterned upper
silicon sections of the Mach-Zehnder interferometer
are configured to provide lateral confinement such
that only the fundamental mode of a propagating
lightwave signal can be supported. 17. An SOI-based
optical arrangement as defined in claim 12 wherein the
patterned upper silicon section of the output
waveguide portion is configured to create a
predetermined beam divergence for an exiting lightwave
signal. 18. An SOI-based optical arrangement as
defined in claim 12 wherein each of the patterned
silicon sections are substantially undoped except for
the at least one active device region. 19. An
SOI-based optical arrangement for actively
manipulating a lightwave signal as defined in claim 1
wherein the arrangement comprises a ring resonator
structure comprising a transmitting waveguide portion;
and at least one ring-shaped waveguide resonator
disposed adjacent to the transmitting waveguide
portion such that predetermined wavelengths will
evanescently couple between the ring-shaped waveguide
and the transmitting waveguide portion, wherein the at
least one ring-shaped waveguide resonator including at
least one active device region comprising
oppositely-doped areas of the SOI layer and upper
silicon layer such that upon application of an
electrical signal to the associated electrical contact
regions the optical path length of the at least one
waveguide resonator is changed to manipulate
thepredetermined wavelengths that evanescently couple
between the transmitting waveguide portion and the at
least one ring-shaped waveguide resonator. 20. An
SOI-based optical arrangement as defined in claim 19
wherein the ring resonator structure comprises a
plurality of separate ring-shaped waveguide resonators
disposed along the length of the transmitting
waveguide portion, each ring-shaped 



waveguide resonator associated with a different,
predetermined coupling wavelength. 21. An SOI-based
optical arrangement as defined in claim 19 wherein the
ring resonator structure comprises a plurality of
separate ring-shaped waveguide resonators disposed in
a contiguous, stacked arrangement to support a
higher-order resonance condition. 22. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 1 wherein the
arrangement comprises an active optical switch
including at least one input waveguide portion; at
least two separate output waveguide portions; and a
combining waveguide portion disposed between the at
least one input waveguide portion and the at least two
separate output waveguide portions so as to
selectively couple a lightwave signal between separate
ones of the output waveguide portions; and at least
one active device region comprising oppositely-doped
areas of the SOI layer and upper silicon layer formed
along a selected portion of the combining waveguide
portion such that upon application of an electrical
signal to the associated electrical contact regions
the optical path length of the combining waveguide
portion is changed to manipulate the selective
coupling between the at least two separate output
waveguide portions. 23. An SOI-based optical
arrangement as defined in claim 22 wherein the
combining waveguide portion includes a patterned SOI
layer defined to maintain lateral confinement of a
lightwave signal such that only a fundamental mode of
the propagating signal is supported.24. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 1 wherein the
arrangement comprises an active optical polarization
combiner including a first input waveguide for
supporting the propagation of the TE polarization mode
of a lightwave signal; a second input waveguide for
supporting the propagation of the TE polarization mode
of a lightwave signal, input to the second input
waveguide having been rotated from the TM polarization
to the TE polarization; a combining waveguide region
coupled to the first and second input waveguides to
combine the propagating signals; an output waveguide
for propagating the re-combined lightwave signals; and
at least one active device disposed along a portion of
at least one of the first and second input waveguides,
the at least one active device comprising
oppositely-doped areas of the SOI layer and upper
silicon layer such that upon application of an
electrical signal to the associated electrical contact
regions, the optical path length of at least one of
the first and second input waveguides is modified to
adjust the phase of the propagating signals and enable
constructive addition of the power of the lightwave
signals propagating therethrough.. 25. An SOI-based
optical arrangement as defined in claim 24 wherein the
combining waveguide region is formed to provide
lateral confinement sufficient to permit propagation
of only the fundamental mode of the lightwave signal.
26. An SOI-based optical arrangement as defined in
claim 24 wherein at least one active optical device is
disposed along the first input waveguide and at least
one active optical device is disposed along the second
input waveguide. 27. An SOI-based optical arrangement
for actively manipulating a lightwave signal as
defined in claim 1 wherein the at least one doped area
in the SOI layer is of ntype conductivity and the at
least one doped area in the upper silicon layer is of
p-type conductivity. 28. An SOI-based optical
arrangement for actively manipulating a lightwave 



signal as defined in claim 1 wherein the at least one
doped area in the SOI layer is of ptype conductivity
and the at least one doped area in the upper silicon
layer is of n-type conductivity. 29. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 1 wherein the SOI
layer comprises a strained lattice single crystal
silicon layer. 30. An SOI-based optical arrangement
for actively manipulating a lightwave signal as
defined in claim 1 wherein the upper silicon layer
comprises a sub-micron thickness silicon material
chosen from the group consisting of: polysilicon,
amorphous silicon, grain-size enhanced polysilicon,
grain-boundary passivated polysilicon, grainboundary
aligned polysilicon, single crystal silicon and
substantially single crystal silicon. 31. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 2 wherein the
SISCAP waveguide structure is formed as an arrayed
waveguide (AWG) structure including an input NxM
coupling region; an output MxP coupling region; and a
plurality of M waveguides, each individual waveguide
for coupling a separate one of the outputs from the
input NxM coupling region to a separate one of the
inputs to the output MxP coupling region, wherein at
least one waveguide of the plurality of M waveguides
includes the overlying combination of doped areas in
the SOI layer upper silicon layer to form an active
optical device for modifying the optical path length
of the at least one waveguide and controlling the
wavelength selectivity of the AWG structure. 32. An
SOI-based optical arrangement as defined in claim 31
wherein each waveguide of the plurality of M
waveguides includes a separately controllable active
optical device such that the optical path length of
each waveguide is individually adjustable. 33. An
SOI-based optical arrangement as defined in clam 32
wherein the plurality of M waveguides each comprises
essentially the same physical length. 34. An SOI-based
optical arrangement for actively manipulating a
lightwave signal as defined in claim 1 wherein the
arrangement comprises a multi-mode interference (MMI)
splitter includingan input waveguiding section; a
cavity waveguiding area coupled to the input
waveguiding section including a plurality of
reflective walls for generating interference between
reflected portions of a propagating lightwave signal;
and at least one output waveguiding section coupled
along a wall of the cavity waveguiding area for
out-coupling defined wavelengths of a propagating
lightwave signal, wherein the overlying combination of
doped areas is formed in at least one location within
a reflective wall of the cavity waveguiding area so as
to modify the optical length of the cavity waveguiding
area and alter the defined wavelengths coupled into
the at least one output waveguiding section. 35. An
SOI-based optical arrangement for actively
manipulating a lightwave signal as defined in claim 1,
wherein the arrangement comprises an active
directional coupling switch including an input
waveguiding section; an input Y-splitting waveguiding
section coupled to the input waveguiding section; a
pair of waveguiding arms coupled to the terminations
of the Y-splitting waveguiding section, each
waveguiding arm including at least one active device
region comprising oppositely-doped areas of the SOI
layer and upper silicon layer such that upon
application of an electrical signal to the associated
electrical contact regions the optical path length of
the associated waveguiding arm is modified to
introduce phase shifting between propagating lightwave
signals; 



an evanescent coupling arrangement coupled to the
termination of the pair of waveguiding arms; and a
pair of separate output waveguiding sections coupled
to the evanescent coupling arrangement, wherein the
application of electrical signals to the active
devices within each waveguiding arm is utilized to
control switching between the pair of separate output
waveguiding sections. 36. An SOI-based optical
arrangement for actively manipulating a lightwave
signal as defined in claim 1, wherein the arrangement
comprises an active Fabry-Perot device comprisingan
input grating structure formed in a first portion of
the upper silicon layer; an output grating structure
formed in a second portion of the upper silicon layer;
and a resonant cavity defined by the region between
the input grating and the output grating, the resonant
cavity including at least one active device region
comprising oppositely-doped areas of the SOI layer and
the upper silicon layer such that upon application of
an electrical signal to the associated electrical
contact regions the optical path length of the
resonant cavity is modified to adjust the wavelength
sensitivity of the Fabry-Perot device. 37. An
SOI-based optical arrangement as defined in claim 36
wherein the arrangement further comprises a first
optical detector, disposed before the input grating
structure, and used to determined the wavelength of an
optical signal applied as an input thereto; a second
optical detector, disposed after the output grating
structure, and used to determine the wavelength of an
optical signal exiting at the output thereof; and an
optical power measuring arrangement responsive to the
first and second optical detectors for providing
adjustments to the active Fabry-Perot device in
response thereto. 


