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(57) Abstract: Techniques for calibration of high-speed interleaved analog-to-digital converter (ADC) arrays are presented. A trans -
ceiver comprises an ADC component that comprises an array of sub-ADCs that can be interleaved to facilitate high-speed data com -
munications. The ADC component processes signals received from a remote transmitter to facilitate recovering the received data.
The transceiver can comprise a calibration component that determines transter characteristics of the communication channel or medi -
um between the transceiver and the remote transmitter, and the transfer characteristics of the remote transmitter to each of the sub-
ADCs of the array, based on the recovered data. The calibration component calibrates sub-ADCs of the array to facilitate correcting
sub-ADC path differences, based on the respective transfer characteristics, to facilitate mitigating distortions that would be caused by
the path differences, wherein the calibration component can use channel estimation to determine the transfer functions of the sub-
ADCs of'the array.
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CALIBRATION OF HIGH-SPEED INTERLEAVED ARRAYS

TECHNICAL FIELD
[0001] The subject disclosure relates generally to communication of
information, and more particularly to calibration of high-speed interleaved
arrays.

BACKGROUND

[0002] Communication devices, such as transceivers, can be used to
transmit or receive voice data or other data from other communication devices.
The voice data or other data can be communicated via a wireline or wireless
communication connection. The trend has been to increase the amount of data
that can be communicated and the speed of communication of data.
[0003] As communication data rates, speeds, and bandwidths grow, the
circuits used to transmit, process, and receive data also have to process high
bandwidth signals. One component used by many systems using digital signal
processing is an analog-to-digital converter (ADC) that can be used to convert
analog signals (e.g., voice signals) into a digital form for further digital signal
processing. One approach for designing an ADC that can support relatively
high bandwidth with high sampling speeds is to interleave an array of ADCs
(e.g., an array of sub-ADCs), wherein each sub-ADC of the array can operate at
a relatively lower speed. The lower sampling digital data samples from the sub-
ADCs of the array can be combined to generate a high-speed digital data
stream. This can enable the sub-ADCs of the array to operate at lower speeds
and so the sub-ADCs can be designed with the limitation of current integrated
circuit processing technology. A challenge with such a conventional interleaved
ADC design can be that any processing differences between the sub-ADCs can
contribute to the distortion of the combined digital stream. Such processing
differences or mismatches can include, for example, different low-frequency
offsets, bulk gains, delays, and more generally, different path transfer functions
associated with the sub-ADCs of the array.
[0004] System designers often can attempt to design an ADC array such
that these path differences can be relatively small. However, for more efficient
area and power designs for high-speed communication systems, there can be

undesirable power and area penalties incurred as well as more complex circuit
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designs being employed to keep these distortions at an acceptable level. These
penalties can be significant and can contribute significantly to the system’s
power and area requirements, and it can therefore be desirable to avoid such
penalties and power and area requirements.
[0005] Also, in conventional systems, auxiliary hardware, such as a
digital-to-analog converter (DAC), often can be used (e.g., and/or required) to
correct these distortions by generating a test/calibration signal that can be used
to calibrate or correct the path differences. Such a conventional design can add
to the cost and complexity of the system and/or can be of limited use, for
example, if the test signal interferes with the communication channel’s signal
transmission, and thus, as a result, such calibration typically only can be
allowed to be carried out during specific time periods before data is actually
being transmitted on the communication channel.
[0006] Another conventional method for correcting such distortions
associated with an array of sub-ADCs can be using sampling arrays that can
oversample the received signal, wherein the information gleaned from
oversampling the received signal can be used to calibrate and correct the
processing path differences associated with the sub-ADCs. However, such
conventional approach can significantly complicate the system design and can
result in an undesirably higher amount of power and area being used for the
system design because of the higher sampling speed used to obtain the
oversampled channel signal. |
[0007] Some other conventional methods for correcting such distortions
associated with an array of sub-ADCs can include adding another ADC or one
or more sub-ADCs that can be used to calibrate the paths of the other sub-
ADCs of the array that can be used to process the actual channel signal.
However, these conventional methods also can employ to undesirably costly
and inefficient system designs.

SUMMARY
[0008] In an example embodiment, disclosed herein is a system that
comprises a converter component comprising a set of converter sub-
components for converting respective time-delayed analog signals, associated
with an analog signal received from a remote communication component, to

respective digital data samples. The system further comprises a calibration



WO 2016/209231 PCT/US2015/037597

component for determining respective transfer functions associated with
respective converter sub-components of the set of converter sub-components
based at least in part on the respective data associated with the respective
digital data samples, and calibrating the respective converter sub-components
based at least in part on the respective transfer functions to facilitate mitigating
path differences between the respective converter sub-components.
[0009] In another example embodiment, disclosed herein is a method that
comprises determining respective transfer functions associated with respective
converter sub-components of a set of converter sub-components based at least
in part on respective data associated with respective digital data samples that
are based at least in part on respective time-delayed analog signals, associated
with an analog signal received from a remote communication device. The
method further comprises adjusting the respective converter sub-components
based at least in part on the respective transfer functions to facilitate mitigating
path differences between the respective converter sub-components.
[0010] In yet another example embodiment, disclosed herein is a system
that comprises means for digitizing respective time-delayed analog signals,
associated with an analog signal received from a remote communication device,
to generate respective digital data samples that correspond to the respective
time-delayed analog signals, wherein the means for digitizing comprises a set of
sub-means for digitizing. The system also comprises means for determining
respective transfer functions associated with respective sub-means for digitizing
of the set of sub-means for digitizing based at least in part on respective data
associated with the respective digital data samples. The system further
comprises means for calibrating the respective sub-means for digitizing based
at least in part on the respective transfer functions to facilitate reducing path
differences between the respective sub-means for digitizing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 illustrates a block diagram of an example, non-limiting
system that can facilitate calibrating sub-analog-to-digital converters (sub-
ADCs) of an array of sub-ADCs of a transceiver component to facilitate
correcting or mitigating sub-ADC path differences, in accordance with various

aspects and embodiments of the disclosed subject matter.
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[0012] FIG. 2 depicts a diagram of an example, non-limiting embodiment
of a system that can facilitate calibrating sub-ADCs of an array of sub-ADCs of a
transceiver component to facilitate correcting or mitigating sub-ADC path
differences, in accordance with various aspects and embodiments of the
disclosed subject matter.

[0013] FIG. 3 illustrates a block diagram of an example, non-limiting
embodiment of a transceiver component, in accordance with various aspects
and embodiments of the disclosed subject matter.

[0014] FIG. 4 illustrates a flow diagram of an example, non-limiting
embodiment of a method that can facilitate calibrating sub-ADCs of an array of
sub-ADCs of a transceiver component to facilitate correcting or mitigating sub-
ADC path differences, in accordance with various aspects and embodiments of
the disclosed subject matter.

[0015] FIG. 5 depicts a flow diagram of another example, non-limiting
embodiment of a method that can facilitate calibrating sub-ADCs of an array of
sub-ADCs of a transceiver component to facilitate correcting or mitigating sub-
ADC path differences, in accordance with various aspects and embodiments of
the disclosed subject matter.

[0016] FIG. 6 presents a flow diagram of an example, non-limiting
embodiment of a method that can determine or estimate respective sub-paths of
sub-ADCs over a larger (e.g., over nominal) bandwidth or sampling frequency to
facilitate calibrating sub-ADCs of an array of sub-ADCs of a transceiver
component to facilitate correcting or mitigating sub-ADC path differences, in
accordance with various aspects and embodiments of the disclosed subject
matter.

[0017] FIG. 7 depicts a flow diagram of an example, non-limiting
embodiment of a method that can incorporate clock recovery to facilitate path
correction for the ADC sub-components of a sub-ADC array to facilitate
correcting or mitigating sub-ADC path differences, in accordance with various
aspects and embodiments of the disclosed subject matter.

[0018] FIG. 8 presents a flow diagram of an example, non-limiting
embodiment method that can adjust the sub-ADC paths of the ADC sub-

components of a sub-ADC array using a timing offset to facilitate correcting or
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mitigating sub-ADC path differences, in accordance with various aspects and
embodiments of the disclosed subject matter.
[0019] FIG. 9 illustrates a flow diagram of an example, non-limiting
embodiment method that can configure a filter (e.g., digital filter or analog filter)
to facilitate correcting or mitigating sub-ADC path differences, in accordance
with various aspects and embodiments of the disclosed subject matter.
[0020] FIG. 10 presents a flow diagram of an example, non-limiting
embodiment method that can determine respective functions of respective
estimated sub-ADC channels to facilitate correcting or mitigating sub-ADC path
differences, in accordance with various aspects and embodiments of the
disclosed subject matter.
[0021] FIG. 11 illustrates a block diagram of an example electronic
computing environment that can be implemented in conjunction with one or
more aspects described herein.
[0022] FIG. 12 illustrates a block diagram of an example data
communication network that can be operable in conjunction with various
aspects described herein. v

DETAILED DESCRIPTION
[0023] Techniques for calibration of high-speed interleaved analog-to-
digital converter (ADC) arrays are presented. A transceiver component can
comprise an ADC component that can comprise an array of sub-ADCs that can
be interleaved to facilitate high-speed data communications. The transceiver
component can receive signals (e.g., analog signals), comprising data, from a
remote transmitter component (e.g., a transmitter, a transceiver, or another type
of communication device). When an analog signal is received by the
transceiver component, an interleaver component can interleave the received
analog signal across the sub-ADCs of the array, wherein the interleaver
component or a calibration component can process the analog signal to
implement or introduce respective time delays to the analog signal to generate a
set of time-delayed analog signals (e.g., having respective time delays) prior to
it being input to the respective sub-ADCs of the array. The sub-ADCs of the
array, and/or another component(s) of the transceiver component, can process
(e.g., sample, convert, decode, and/or otherwise process) the respective time-

delayed analog signals to facilitate recovering (e.g., facilitate determining,
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identifying, decoding, and/or decrypting, etc.) the data (e.g., in digital form) sent
by the remote transmitter.

[0024] The transceiver component also can comprise a calibration
component that can calibrate or adjust the sub-ADCs of the array to facilitate
correcting or mitigating sub-ADC path differences. The calibration component
can perform such calibration or adjustment of the sub-ADCs at virtually any
desired time, such as, for example, during start-up of the ADC component or
associated device (e.g., transceiver component), during showtime, during or in
connection with a data transfer associated with the transceiver component,
periodically, in response to occurrence of a condition (e.g., in response to
detection of a condition), and/or at another desired time.

[0025] The calibration component can determine transfer characteristics
of the communication channel or medium between the transceiver component
and the remote transmitter component, and the transfer characteristics of the
remote transmitter component with respect to each of the sub-ADCs of the
array, based at least in part on an analysis of the recovered data. For instance,
the calibration component is able to determine the respective transfer
characteristics because the digital data stream that is output by a sub-ADC can
be a function of the remotely transmitted data and the channel characteristics of
the sub-ADC path associated with the sub-ADC. For each sub-ADC of the
array, the calibration component also can know the samples of the received
signals that come from a specific sub-ADC and the remotely transmitted data
used to generate the samples. Based at least in part on knowing the samples
for the specific sub-ADC and the remotely transmitted data used to generate the
samples, the calibration component can determine the transfer function of the
specific sub-ADC, for example, using channel estimation. The calibration
component can calibrate respective sub-ADCs of the array to facilitate
correcting or mitigating sub-ADC path differences, based at least in part on the
respective transfer characteristics or transfer functions, to facilitate mitigating
distortions that would otherwise have be caused as a result of the uncorrected
or unmitigated path differences. The respective sub-ADCs of the array, as
calibrated by the calibration component, can facilitate providing respective
digital data substreams, which can correspond to the received signal (e.g.,

analog signal), as an output. The ADC component or another component (e.g.,
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a combiner component) can combine, ‘integrate, or deinterleave the respective
digital data substreams of the respective sub-ADCs to generate a digital data
stream that can accurately represent the data contained in the received analog
signal.

[0026] FIG. 1 illustrates a block diagram of an example, non-limiting
system 100 that can facilitate calibrating sub-ADCs of an array of sub-ADCs of a
transceiver component to facilitate correcting or mitigating sub-ADC path
differences, in accordance with various aspects and embodiments of the
disclosed subject matter. The system 100 can be or can comprise, for example,
a high-speed communication and/or sampling system that can perform analog
to digital conversion of analog signals at a desirably high rate of speed. The
system 100 can be used to facilitate voice or data communications at one or
more desired speeds, such as, for example, 10 gigabit per second (G), 40G,
100G, and/or a faster or different communication rate of speed. The system
100 can be employed in connection with an electrical transceiver, an optical
transceiver, a wireless transceiver, a backplane transceiver, a chip-to-chip
transceiver, or any of a variety of other types of transceivers.

[0027] The system 100 can comprise a transceiver component 102 (e.g.,
transceiver) that can be employed to communicate traffic (e.g., voice or data
traffic), wherein the transceiver component 102 can receive traffic from a
communication device, such as a remote transmitter component 104, and can
transmit traffic to another communication device. The transceiver component
102 can be, or can be part of, a device that can communicate traffic. For
example, the transceiver component 102 can be, or can be part of, a modem or
router (e.g., a 10G modem or router (e.g., a 10G-baseT modem or router), a
40G modem or router (e.g., a 40G-baseT modem or router), a 100G modem or
router (e.g., a 100G-baseT modem or router), or a modem or router that can
employ another (e.g., a faster or different) communication rate), a switch that
can facilitate communication of traffic, a communication device that can employ
optical communications technology and/or wireless communications technology,
or another type of communication device.

[0028] The transceiver component 102 can comprise one or more (e.g.,
1,2, 3, 4, ...) transmitters and one or more (e.g., 1, 2, 3, 4, ...) receivers that

can facilitate transmitting and receiving voice or data communications. In some
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implementations, the transceiver component 102 can employ a full-duplex
system that can allow simultaneous communication in both directions. The
transceiver component also can employ one or more sensing devices such as
one or more antennas that can facilitate voice or data communications.

[0029] The transceiver component 102 also can comprise an ADC
component 106 that can convert analog signals received from another
communication device, such as the remote transmitter component 104, to
corresponding digital signals. The ADC component 106 can comprise a set of
ADC sub-components (also referred to herein as sub-ADCs) that can be
employed to process received signals (e.g., to convert received analog signals
to corresponding digital signals). The set of ADC sub-components can
comprise, for example, ADC sub-component; 108, ADC sub-component; 110,
up through ADC sub-component, 112, wherein k can be virtually any desired
number. The set of ADC sub-components (e.g., 108, 110, 112, etc.) can be
structured in the form of an array of ADC sub-components that can be
interleaved and can operate in parallel to facilitate supporting a desired high
bandwidth and performing high-speed processing of the received signals, as
more fully disclosed herein.

[0030] To facilitate interleaving, the transceiver component 102 also can
comprise an interleaver component 114 that can be employed to interleave the
received analog signal across the respective interleaved ADC sub-components
(e.g., 108, 110, 112, etc.) of the array, wherein the interleaver component 114
or the calibration component 120 can process the analog signal to implement or
introduce respective time delays to the analog signal to generate time-delayed
analog signals (e.g., having respective time delays) prior to the signal being
input to the ADC component 106. The interleaver component 114 can comprise
a desired number of outputs, such as k outputs, that can provide the time-
delayed analog signals (e.g., with respective delays) to the respective inputs of
the respective ADC sub-components (e.g., 108, 110, 112, etc.). The respective
ADC sub-components (e.g., 108, 110, 112, etc.) can sample or perform other
processing on the respective time-delayed analog signals at the specified
sampling or processing rate of the ADC sub-components to facilitate
determining an analog value of each data sample and converting or digitizing

the analog value of the data sample to a corresponding digital value to generate
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a corresponding digital data sample to facilitate recovering the data from the
respective time-delayed analog signals.

[0031] For instance, the respective ADC sub-components (e.g., 108, 110,
112, etc.) can operate at a relatively lower speed to process (e.g., sample,
convert or digitize, and/or otherwise process) the respective portions of the
received signals, but due in part to the interleaving and parallel operation of the
ADC sub-components (e.g., 108, 110, 112, etc.), the combined operation of the
respective ADC sub-components (e.g., 108, 110, 112, etc.) can enable the ADC
component 106 to process the received signals at a desirably high speed to
produce a corresponding digital data stream as an output. For example, the
respective digital data samples from the respective ADC sub-components (e.g.,
108, 110, 112, etc.) produced at a relatively lower speed can be combined (e.g.,
by a combiner component 116) to generate a higher speed digital data stream,
wherein the higher speed of the generated digital data stream can be a function
of the number of ADC sub-components and the sampling or processing speed
of the ADC sub-components. As a specific non-limiting example, if it is desired
to have the ADC component 106 convert analog to signals to digital signals at a
rate of 10G, and if it is desired to use 1G ADC sub-components (e.g., sampling
or processing at 1G each) to form the ADC component 106, the ADC
component 106 can be configured to comprise 10 1G ADC sub-components
that can be interleaved and can operate in parallel to facilitate processing
received analog signals, wherein k = 10. The interleaving, and parallel
operation, of the 10 ADC sub-components can facilitate enabling the ADC
component 106 to process received analog signals at a rate of 10G.

[0032] The respective ADC sub-components (e.g., 108, 110, 112, etc.) of
the array, and/or another component(s), such as a decoder component 118, of
the transceiver component 102, can process (e.g., sample, convert or digitize,
decode, and/or otherwise process (e.g., decrypt)) the analog signal to facilitate
recovering (e.g., facilitate determining, identifying, etc.) the data (e.g., in digital
form) received by the transceiver component 102 from the remote transmitter
component 104. For instance, each of the respective ADC sub-components can
sample the analog signal to generate a sample of the analog signal, and the
sample can be converted or digitized to generate a digital data sample. The

respective ADC sub-components can provide (e.g., communicate) the
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respective digital data samples to the combiner component 116, which can
combine or integrate the respective digital data samples to generate a digital
data stream. The combiner component 116 can send (e.g., communicate) the
digital data stream to the decoder component 118. The decoder component
118 can decode the digital data stream, comprising the combined digital data
samples from the respective ADC sub-components, to facilitate recovering (e.g.,
generating, determining, identifying, etc.) the data from the digital data samples.
[0033] In a proper link operation of the transceiver component 102, the
transceiver component 102 (e.g., the receiver of the transceiver component
102) typically can make relatively few errors regarding the data that was
received in the signal from the remote transmitter component 104. Since the
recovered data determined by the transceiver component 102 typically can be
correct or at least substantially and reliably correct, once the remotely
transmitted data is recovered at the transceiver component 102, the recovered
data can be used to facilitate determining the transfer characteristics of the
communication channel or medium between the remote transmitter component
104 and the transceiver component 102, and/or determining the respective
transfer characteristics of the remote transmitter component 104 with respect to
each of the ADC sub-components (e.g., 108, 110, 112, etc.) of the array.
[0034] To facilitate making such determinations and performing other
operations, the transceiver component 102 can comprise calibration component
120 that can respectively calibrate or adjust respective ADC sub-components
(e.g., 108, 110, 112, etc.) of the array and/or information or paths (e.g., ADC
sub-paths) associated with the respective arrays to facilitate correcting or
mitigating the respective sub-ADC path differences associated with the
respective ADC sub-components to facilitate mitigating distortions that would
otherwise have been caused as a result of the uncorrected or unmitigated path
differences. The calibration component 120 can calibrate or adjust the
respective ADC sub-components (e.g., 108, 110, 112, etc.) of the array to
facilitate correcting or mitigating sub-ADC path differences. The calibration
component 120 can perform such calibration or adjustment of the ADC sub-
components (e.g., 108, 110, 112, etc.) at virtually any desired time, such as, for
example, during start-up of the ADC component 106 or associated device (e.g.,

transceiver component 102), during showtime, during or in connection with a
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data transfer associated with the transceiver component 102, periodically, in
response to occurrence of a condition (e.g., in response to detection of a
condition) associated with the transceiver component 102, the ADC component
1086, or other component, and/or at another desired time.

[0035] In some implementations, the calibration component 120 can
determine transfer characteristics of the communication channel or medium
between the transceiver component 102 and the remote transmitter component
104, and the transfer characteristics of the remote transmitter component 104
with respect to each of the respective ADC sub-components (e.g., 108, 110,
112, etc.) of the array, based at least in part on an analysis of the recovered
data by the calibration component 120. For instance, the calibration component
120 can operate to determine the respective transfer characteristics because
the digital data stream that is output by a particular ADC sub-component can be
a function of the remotely transmitted data and the channel characteristics of the
sub-ADC path associated with that particular ADC sub-component. For each
ADC sub-component (e.g., 108, 110, 112, etc.) of the array, the calibration
component 120 also can know the samples of the received signals that come
from a specific ADC sub-component of the array and the remotely transmitted
data (e.g., received by the specific ADC sub-component) used to generate
those samples.

[0036] Based at least in part on knowing the samples for the specific ADC
sub-component and the remotely transmitted data used to generate those
samples, the calibration component 120 can determine the transfer function
associated with the specific ADC sub-component, for example, using channel
estimation. The calibration component 120 can employ any of a number of
channel estimation techniques to facilitate determining the transfer function
associated with the specific ADC sub-component. For example, the calibration
component 120 can use a least-squares channel estimation technique, a data
cross-correlation technique, an iterative channel estimation technique (e.g.,
least-mean-square (LMS) channel estimation, recursive least squares (RLS)
channel estimation, etc.), blind channel estimation, or another desired channel
estimation technique, to facilitate determining the transfer function associated

with a specific ADC sub-component of the array.
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[0037] Based at least in part on the respective transfer characteristics
(e.g., transfer functions) of each ADC sub-component (e.g., 108, 110, 112, etc.)
of the array, the calibration component 120 can determine the respective path
differences (e.g., sub-ADC processing path differences) associated with the
respective ADC sub-components (e.g., 108, 110, 112, etc.). In accordance with
various implementations, the calibration component 120 can determine or
estimate the respective path differences (e.g., sub-ADC processing path
differences) associated with the respective ADC sub-components (e.g., 108,
110, 112, etc.) using information that the calibration component 120 can obtain
from the output of an equalizer (e.g., output of an equalizer component or an
equalization filter component) or the decoder component 118 of the transceiver
component 102. For instance, with regard to the decoder output, the calibration
component 120 can use information of or relating to an error correction code
introduced by the remote transmitter component 104 that sent the data to the
transceiver component 102. For example, the calibration component 120 can
facilitate determining or estimating the respective transfer characteristics or
transfer functions of each ADC sub-component (e.g., 108, 110, 112, etc.) of the
array based at least in part on information obtained from the output of the
equalizer or decoder component 118 of the transceiver component 102.

[0038] The calibration component 120 also can determine respective
calibrations or corrections that can be used to calibrate or correct the respective
ADC sub-components (e.g., 108, 110, 112, etc.) based at least in part on the
respective path differences associated with the respective ADC sub-
components (e.g., 108, 110, 112, etc.). For instance, the calibration component
120 can analyze the respective path differences associated with the respective
ADC sub-components (e.g., 108, 110, 112, etc.) and can determine calibrations,
adjustments, or corrections that can be performed or made on the respective
ADC sub-components (e.g., 108, 110, 112, etc.) to facilitate equalizing or
substantially equalizing the respective sub-ADC paths associated with the
respective ADC sub-components (e.g., 108, 110, 112, etc.) and/or reducing or
mitigating the differences between the respective sub-ADC paths associated
with the respective ADC sub-components (e.g., 108, 110, 112, etc.).

[0039] The calibration component 120 can calibrate or adjust the
respective ADC sub-components (e.g., 108, 110, 112, etc.) of the array to

12
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facilitate correcting or mitigating the respective sub-ADC path differences
associated with the respective ADC sub-components, based at least in part on
the respective transfer characteristics or transfer functions, to facilitate
mitigating distortions that would otherwise have been caused as a result of the
uncorrected or unmitigated path differences. For instance, using the respective
calibration or correction information determined by the calibration component
120 for the respective ADC sub-components (e.g., 108, 110, 112, etc.), the
calibration component 120 can calibrate or adjust the respective ADC sub-
components (e.g., 108, 110, 112, etc.) of the array to facilitate correcting or
mitigating the respective sub-ADC path differences to facilitate mitigating path-
difference-related distortions.

[0040] The respective ADC sub-components (e.g., 108, 110, 112, etc.) of
the array, as calibrated or adjusted by the calibration component 120, can
facilitate providing, as an output, respective digital data substreams that can
correspond to the received analog signal. The combiner component 116 can
receive the digital data substreams and can combine, integrate, or deinterleave
the respective digital data substreams of the respective ADC sub-components
(e.g., 108, 110, 112, etc.) to generate, at a desirably high speed, a digital data
stream that can accurately represent the data contained in the received analog
signal.

[0041] In some implementations, the calibration component 120 can
perform channel estimation, using a desired channel estimation technique, to
estimate or determine the channel for an ADC sub-component(s) (e.g., 108,
110, 112, etc.) over a relatively larger bandwidth or sampling frequency than the
nominal ADC sampling frequency or bandwidth associated with the ADC sub-
component(s) (e.g., 108, 110, 112, etc.). The calibration component 120 can
perform such channel estimation in part by measuring the channel response of
each of the ADC sub-component(s) (e.g., 108, 110, 112, etc.) using a desired
number (e.g., 2 or more) sampling offsets. For example, if the calibration
component 120 measures, and estimates or determines, an ADC sub-
component’s channel with a timing offset of a defined first offset value (e.g., 0),
e.g., as intentionally introduced by the calibration component 120, and
measures, and estimates or determines, the ADC sub-component’s channel

with a timing offset of a defined second offset value (e.g., T/2, wherein T can be
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the sample timing associated with the ADC component 106), the calibration
component 120 can reconstruct or determine that ADC sub-component’s
channel for a sampling timing of the defined second offset value (e.g., T/2),
instead of for the sampling timing (e.g., T) of the ADC component 106, and,
correspondingly, can know, learn, or determine the ADC sub-component's
channel to a positive bandwidth of 1/T instead of 1/2T. The calibration
component 120 can use the channel information derived or determined from
measuring each of the ADC sub-components’ channels through such
oversampling to enable the calibration component 120 to have a more accurate
determination of the path processing differences between respective ADC sub-
components (e.g., 108, 110, 112, etc.) of the array, as the calibration
component 120 can now have the path information associated for the respective
ADC sub-components (e.g., 108, 110, 112, etc.) at a higher sampling rate than
the nominal sampling rate associated with the ADC component 106.

[0042] In other implementations, the calibration component 120 can
incorporate clock recovery into the path correction algorithm associated with an
ADC sub-component (e.g., 108, 110, 112, etc.), wherein the calibration
component 120 can perform a timing-recovery computation (e.g., can determine
a timing recovery) for each ADC sub-component (e.g., 108, 110, 112, etc.) of
the array, which can resulit in all of the ADC sub-components (e.g., 108, 110,
112, etc.) of the array approaching each other from a path difference
perspective to result in the same or substantially the same recovered phase,
and, hence, equalizing or at least substantially equalizing respective sub-ADC
path delays associated with the respective ADC sub-components (e.g., 108,
110, 112, etc.). This can facilitate correction of path differences between the
respective ADC sub-components (e.g., 108, 110, 112, etc.) and reduction of
distortion in the combined digital data stream produced by the ADC component
106 from the respective digital data substreams produced by the respective
ADC sub-components (e.g., 108, 110, 112, etc.).

[0043] The calibration component 120 also can determine or derive sub-
ADC timing differences of the respective ADC sub-components (e.g., 108, 110,
112, etc.) of the array from determinations or computations performed by the
calibration component 120 for timing recovery (e.g., general timing-recovery) or

synchronization (e.g., for a synchronization system) being implemented by or at
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the transceiver component 102. For example, the calibration component 120
can determine or select data from a general timing-recovery block that can
correspond to the particular ADC sub-component(s) (e.g., 108, 110, or 112) for
which correction is desired, and the calibration component 120 can use such
data relating to the general timing-recovery block to facilitate determining or
deriving sub-ADC timing differences of the respective ADC sub-components
(e.g., 108, 110, 112, etc.) of the array. The calibration component 120 can use
information relating to the sub-ADC timing differences of the respective ADC
sub-components (e.g., 108, 110, 112, etc.) of the array to facilitate determining
calibrations, adjustments, or corrections that are to be performed on the
respective ADC sub-components (e.g., 108, 110, 112, etc.) to facilitate
equalizing or substantially equalizing the respective sub-ADC paths associated
with the respective ADC sub-components (e.g., 108, 110, 112, etc.) and/or
reducing or mitigating the differences between the respective sub-ADC paths
associated with the respective ADC sub-components (e.g., 108, 110, 112, etc.).
[0044] In accordance with still other implementations, the calibration
component 120 can modify or adjust a timing offset(s) associated with an ADC
sub-component(s) until all of the ADC sub-components (e.g., 108, 110, 112,
etc.) have the same or at least substantially the same channel transfer function.
By doing this, the calibration component 120 can equalize respective sub-ADC
path delays of the respective ADC sub-components (e.g., 108, 110, 112, etc.)
without the calibration component 120 having to perform additional
computations (and having to use additional resources).

[0045] In some implementations, the calibration component 120 can use
the information of the estimated or determined channels of each ADC sub-
component (e.g., 108, 110, 112, etc.) to facilitate configuring a correction filter,
such as, for example, a sub-ADC path digital correction filter, that can used to
facilitate processing each sub-ADC signal to equalize path differences between
the respective ADC sub-components (e.g., 108, 110, 112, etc.). The calibration
component 120 can configure the sub-ADC path correction digital filter using
iterative/adaptive techniques or using direct computation. In certain
implementations, the calibration component 120 can employ a correction filter
that can be an analog filter, wherein the calibration component 120 can facilitate

controlling or configuring the analog correction filter, based at least in part on
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the information of the estimated or determined channels of each ADC sub-
component (e.g., 108, 110, 112, etc.), to facilitate processing each sub-ADC
signal to equalize path differences between the respective ADC sub-
components (e.g., 108, 110, 112, etc.).

[0046] In still other implementations, the calibration component 120 can
determine (e.g., calculate, compute) a function of the estimated sub-ADC
channel for each ADC sub-component (e.g., 108, 110, 112, etc.), wherein the
calibration component 120 can use the function associated with a ADC sub-
component as a metric by which the sub-ADC channel delays associated with
that ADC sub-component can be equalized. For example, the calibration
component 120 can determine or compute the responses of a set of desired
multi-tap responses, such as, e.g., a set of the largest 2-taps, for all of the ADC
sub-components (e.g., 108, 110, 112, etc.) of the array. The calibration
component 120 can compare the multi-tap responses across all of the ADC sub-
components (e.g., 108, 110, 112, etc.) of the array. The calibration component
120 can execute an algorithm (e.g., a muliti-tap response adjustment algorithm)
to facilitate adjusting one or more functions, parameters, or control mechanisms
associated with the respective multi-tap responses associated with the
respective ADC sub-components (e.g., 108, 110, 112, etfc.) to facilitate causing
the respective multi-tap responses to be the same or at least substantially the
same (e.g., can have the same or substantially the same values) for all of the
ADC sub-components (e.g., 108, 110, 112, etc.), which can indicate that the
respective sub-ADC paths can be made the same. For example, the calibration
component 120 can adjust a function(s), parameter(s), or control mechanism(s),
such as a sampling time(s) associated with a ADC sub-component(s) (e.g.,
using a delay line), or a sub-ADC correction filter (e.g., sub-ADC digital
correction filter), etc., to facilitate causing the réspective multi-tap responses to
be the same or at least substantially the same for all of the ADC sub-
components (e.g., 108, 110, 112, etc.). The algorithm can be iterative, for
example, and the calibration component 120 can execute the algorithm to
facilitate adjusting respective sub-ADC paths, either digitally or in analog, to
make the respective sub-ADC paths the same or at least substantially the same.
The calibration component 120 also can execute the algorithm to facilitate

configuring the respective sub-ADC paths to reduce or minimize the differences
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between the respective multi-tap responses. Employing the algorithm, the
calibration component 120 can facilitate reducing distortion in the combined
digital data stream produced by the ADC component 106 from the respective
portions of the digital data stream produced by the respective ADC sub-
components (e.g., 108, 110, 112, etc.).

[0047] Referring to FIG. 2 (along with FIG.1), FIG. 2 depicts a diagram of
an example, non-limiting embodiment of a system 200 that can facilitate
calibrating sub-ADCs of an array of sub-ADCs of a transceiver component to
facilitate correcting or mitigating sub-ADC path differences, in accordance with
various aspects and embodiments of the disclosed subject matter. The system
200 can comprise transceiver component 202, the remote transmitter
component 104, the ADC component 106, the interleaver component 114, the
combiner component 116, the decoder component 118, and the calibration
component 204. The ADC component 106 can comprise a set of ADC sub-
components, comprising ADC sub-component; 108 (sub-adc,), ADC sub-
component; 110 (sub-adcy), up through ADC sub-component, 112 (sub-adcy).
[0048] The remote transmitter component 104 can process and
communicate analog signals, comprising a set of symbols X _j (e.g., data
symbols), to the transceiver component 202, wherein the analog signals (e.g.,
encoded analog signals) can comprise or represent voice or data traffic that can
represent the voice or data being communicated by the remote transmitter
component 104. The transceiver component 202 can receive the analog
signals, comprising the voice or data traffic, from the remote transmitter
component 104.

[0049] The transceiver component 202 can perform analog pre-
processing 206 on the analog signals to facilitate converting the analog signals
to digital signals and performing other processing on the received analog
signals. In some implementations, the interleaver component 114 can process
an analog signal to generate respective time-delayed analog signals of the
analog signal, wherein the respectively time-delayed analog signals can be
provided to the respective ADC sub-components (e.g., 108, 110, 112, etc.) of
the ADC component 106.

[0050] The respective ADC sub-components (e.g., 108, 110, 112, etc.)

can process the respective time-delayed analog signals to convert those
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respective time-delayed analog signals to respective digital signals. The
respective ADC sub-components (e.g., 108, 110, 112, etc.) can provide (e.g.,
communicate) the respective digital signals to the combiner component 116,
and the combiner component 116 can combine or integrate the respective
digital signals (e.g., respective digital data sub-streams) to generate a digital
data stream (e.g., an integrated digital data stream).

[0051] The system 200 also can include an equalizer component 208 that
can receive the digital data stream from the combiner component 116. The
equalizer component 208 can analyze and process the digital data stream to
facilitate equalizing the digital data stream and/or performing other digital signal
processing or filtering on the digital data stream. For example, the equalizer
component 208 can utilize one or more equalization techniques (e.g., digital
signal processing (DSP) techniques, adaptive equalization techniques, filtering
techniques, etc.) or other processing techniques to facilitate processing the
received digital data stream.

[0052] The digital data stream, as processed by the equalizer component
208, can be provided (e.g., communicated) to the decoder component 118. The
decoder component 118 can decode the processed digital data stream received
from the equalizer component 208 to determine, generate, or recover the data
(e.g., voice or other data) contained within the digital data stream. For instance,
the digital data stream can comprise digital data samples output from the
respective ADC sub-components (e.g., 108, 110, 112, etc.), as processed by
the equalizer component 208. The decoder component 118 can decode the
respective digital data samples (e.g., decode the encoded symbols in the digital
data samples) to facilitate recovering (e.g., generating, determining, identifying,
etc.) the data from the digital data samples. The recovered data can be, for
example, data symbols (e.g., X j) that are determined or identified by the
decoder component 118 during decoding of the digital data stream.

[0053] The calibration component 204 can detect or receive the decoded
output (e.g., the decoded data symbols, X_j) from the decoder component 118.
The calibration component also can detect or receive the respective digital
signals (e.g., the sub-ADC outputs, which can be digital data substreams) from
the respective ADC sub-components (e.g., 108, 110, 112, etc.). The calibration
component 204 can analyze the respective digital signals associated with the
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original analog signal and the recovered data (e.g., decoded data) to facilitate
calibrating the respective ADC sub-components (e.g., 108, 110, 112, etc.) of the
sub-ADC array to facilitate correcting or mitigating sub-ADC path differences.
[0054] In some implementations, the calibration component 204 can
perform channel estimation on each of the respective ADC sub-components
(e.g., 108, 110, 112, etc.) to estimate or determine the respective channels for
the respective ADC sub-components (e.g., 108, 110, 112, etc.) using a desired
channel estimation technique (e.g., a least-squares channel estimation
technique, a data cross-correlation technique, an iterative channel estimation
technique (e.g., LMS channel estimation, RLS channel estimation, etc.), blind
channel estimation, or another desired channel estimation technique), to
facilitate determining the respective transfer functions associated with
respective ADC sub-components (e.g., 108, 110, 112, etc.) of the sub-ADC
array. For example, using a desired channel estimation technique, the
calibration component 204 can perform channel estimation in connection with
ADC sub-component; 108 (sub-adc4) to estimate or determine the channel for
ADC sub-component; 108 (as depicted at 210) based at least in part on (e.g.,
as a function of)‘ the digital data samples output from the ADC sub-component;
108 and the recovered data (e.g., the decoded data symbols, X_j) detected from
the decoder component 118. Using the desired channel estimation technique,
the calibration component 204 also can perform channel estimation in
connection with ADC sub-component; 110 (sub-adc;) to estimate or determine
the channel for ADC sub-component; 110 (as depicted at 212) based at least in
part on (e.g., as a function of) the digital data samples output from the ADC sub-
component; 110 and the recovered data detected from the decoder component
118. Further, using the desired channel estimation technique, the calibration
component 204 can perform channel estimation in connection with ADC sub-
component, 112 (sub-adcy) to estimate or determine the channel for ADC sub-
component, 112 (as depicted at 214) based at least in part on (e.g., as a
function of) the digital data samples output from the ADC sub-component, 112
and the recovered data detected from the decoder component 118.

[0055] The calibration component 204 can analyze the respective
channel estimations (e.g., estimated channel for sub-ADC,, estimated channel

for sub-ADC,, and/or (up through) estimated channel for sub-ADCy) to facilitate
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determining the respective transfer functions of the respective ADC sub-
components (e.g., 108, 110, 112, etc.) to facilitate calibrating the respective
ADC sub-components to facilitate correcting or mitigating sub-ADC path
differences between the respective ADC sub-components. Based at least in
part on the results of the analysis of the respective channel estimations, the
calibration component 204 can determine the calibration(s) to employ on, or with
respect to, the respective ADC sub-components (e.g., 108, 110, 112, etc.) to
facilitate calibrating the respective ADC sub-components to facilitate correcting
or mitigating the sub-ADC path differences. For example, the calibration
component 204 can determine a sub-ADC timing skew correction (as depicted
at 216) and/or other type(s) of calibration, and can generate a corresponding
correction or calibration function(s) or control(s) that can be applied to all or a
portion of the respective ADC sub-components (e.g., 108, 110, 112, etc.) or
respective data paths (e.g., input data paths) of the respective ADC sub-
components to facilitate calibrating the respective ADC sub-components and
correcting or mitigating the sub-ADC path differences, based at least in part on
the respective channel estimations (e.g., estimated channel for sub-ADC;,
estimated channel for sub-ADC,, and/or (up through) estimated channel for sub-
ADCy) of the respective ADC sub-components (e.g., 108, 110, 112, et¢.), in
accordance with the defined path correction criteria.

[0056] The calibration component 204 can facilitate applying the
respective correction or calibration function(s) or control(s) to all or a desired
portion of the respective ADC sub-components (e.g., 108, 110, 112, etc.) or the
respective data paths (e.g., input data paths) of the respective ADC sub-
components {o facilitate calibrating the respective ADC sub-components and
correcting or mitigating the sub-ADC path differences. The sub-ADC path
differences between the respective ADC sub-components (e.g., 108, 110, 112,
etc.) can be reduced, minimized, or eliminated in response to the application of
the respective correction or calibration function(s) or control(s) to all or the
desired portion of the respective ADC sub-components (e.g., 108, 110, 112,
etc.) or the respective data paths (e.g., input data paths) of the respective ADC
sub-components.

[0057] FIG. 3 illustrates a block diagram of an example, non-limiting

embodiment of a transceiver component 300, in accordance with various

20



WO 2016/209231 PCT/US2015/037597

aspects and embodiments of the disclosed subject matter. The transceiver
component 300 can be used to transmit or receive voice or data
communications. In some implementations, the transceiver component 300 can
be a full-duplex transceiver

[0058] The transceiver component 300 can comprise a transmitter
component 302 that can comprise one or more transmitter sub-components
(e.g., transmitters) that can facilitate transmitting voice information or data from
the transceiver component 300 to a communication device that is
communicatively connected to the transceiver component 300 via a wireline,
optical, or wireless communication connection (e.g., communication channel).
In some implementations, the transmitter component 302 can include, for
example, a plurality (e.g., 2, 3, 4, ...) of transmitter sub-components.

[0059] The transceiver component 300 also can comprise a receiver
component 304 that can comprise one or more receiver sub-components (e.g.,
receivers) that can facilitate receiving voice information or data from a
communication device that is communicatively connected to the transceiver
component 300 via a wireline, optical, or wireless communication connection
(e.g., communication channel). In some implementations, the receiver
component 304 can include, for example, a plurality (e.g., 2, 3, 4, ...) of receiver
sub-components.

[0060] The transceiver also can comprise an interleaver component 306
that can be employed to interleave a received analog signal across the
respective interleaved ADC sub-components of a sub-ADC array of the ADC
component 308. In some implementations, the interleaver component 306 (or
the calibration component 312) can process the analog signal to implement or
introduce respective time delays to the analog signal to generate time-delayed
analog signals (e.g., having respective time delays) prior to the signal being
input to the ADC component 308.

[0061] The transceiver component 300 can include an ADC component
308 that can comprise a set of ADC sub-components that can be arranged or
configured in an interleaved structure to facilitate converting analog signals to
digital signals, as more fully disclosed herein. The respective ADC sub-
components of the ADC component 308 can receive respective analog signals

(e.g., respectively time-delayed analog signals) in connection with an analog
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signal received from a remote communication device, can sample (e.g., using a
sample component(s)) the respective analog signals, and can convert or digitize
(e.g., via a converter or digitizer component(s)) the respective analog signals to
respective digital data samples that can have digital values that can correspond
to the respective analog signals (e.g., can correspond to the analog values of
the analog signal samples).

[0062] The transceiver component 300 also can comprise a decoder
component 310 that can decode and/or error correct the digital data stream,
comprising the combined or integrated digital data samples of digital data
substreams output from the ADC sub-components of the ADC component 308,
to facilitate determining or recovering the data (e.g., determining the data values
of data) that was sent in the analog signal to the transceiver component 300, in
accordance with a desired decoding and/or error correction techniques. The
decoder component 310 can employ, for example, a Reed-Solomon algorithm, a
Hamming code, a Bose, Ray-Chaudhuri, Hocquenghem (BCH) algorithm, a
forward error correction (FEC) algorithm, or other decoding algorithm or error
correction algorithm, etc., to facilitate decoding and/or correcting errors
associated with the respective digital data samples of the digital data
substreams to facilitate determining or recovering the data of the analog signal.
[0063] The transceiver component 300 further can comprise a calibration
component 312 that can respectively calibrate or adjust respective ADC sub-
components of the ADC component 308 and/or information or paths (e.g., ADC
sub-paths) associated with the respective arrays to facilitate correcting or
mitigating the respective sub-ADC path differences associated with the
respective ADC sub-components to facilitate mitigating distortions that would
otherwise have been caused as a result of the uncorrected or unmitigated path
differences. In accordance with various aspects and implementations, the
calibration component 312 can comprise, for example, a calibration
management component 314, a monitor component 316, an analyzer
component 318, a calculator component 320, a channel estimator component
322, an offset component 324, and a filter component 326.

[0064] The calibration management component 314 can control or
manage operations of the various components (e.g., monitor component 316,

analyzer component 318, calculator component 320, etc.) of the calibration
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management component 314, data flow between the various components of the
calibration management component 314, data between the calibration
management component 314 and other components (e.g., the ADC component
308, the decoder component 310, the processor component 330, the data store
332, etc.), and/or other operations of or associated with the calibration
management component 314. Employing the various components of the
calibration management component 314, the calibration management
component 314 can respectively calibrate or adjust the respective ADC sub-
components of the ADC component 308 and/or information or paths (e.g., ADC
sub-paths) associated with the respective arrays to facilitate correcting or
mitigating the respective sub-ADC path differences (e.g., equalizing or
substantially equalizing the respective sub-ADC paths) associated with the
respective ADC sub-components, as more fully disclosed herein.

[0065] The monitor component 316 can monitor, sense, or detect
information, such as information relating to communication conditions,
information relating to transfer characteristics, etc., associated with the
transceiver component 300. For instance, the monitor component 316 can
monitor, sense, or detect information relating to the transfer characteristics of
the communication channel or medium between the transceiver component 300
and another communication device (e.g., a remote transmitting device), based
at least in part on the recovered data from the signal. The monitor component
316 also can monitor, sense, or detect information relating to the transfer
characteristics of the other communication device to each of the ADC sub-
components of the ADC component 308, based at least in part on the recovered
data from the signal.

[0066] The analyzer component 318 can analyze, evaluate, or compare
data associated with the transceiver component 300 to facilitate calibrating or
adjusting the respective ADC sub-components of the ADC component 308
and/or information or paths (e.g., ADC sub-paths) associated with the respective
arrays to facilitate correcting or mitigating the respective sub-ADC path
differences (e.g., equalizing or substantially equalizing the respective sub-ADC
paths) associated with the respective ADC sub-components. The data that can
be analyzed by the analyzer component 318 can relate to recovered data (e.g.,

digital data) associated with a received analog signal, various types of transfer
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characteristics (e.g., as more fully disclosed herein), information relating to
channel estimation or channel responses, information resulting from calculations
performed by the calculator component 320, information relating to respective
transfer functions associated with respective ADC sub-components, information
relating to respective path differences between respective ADC sub-
components, and/or other information relating to calibration of the ADC sub-
components. Based at least in part on the data analysis, the analyzer
component 318 can generate analysis results that can be used by the
calibration management component 314 to facilitate making determinations
relating to calibration or adjustment of the respective ADC sub-components of
the ADC component 308 and/or information or paths (e.g., ADC sub-paths)
associated with the respective arrays to facilitate correcting or mitigating the
respective sub-ADC path differences associated with the respective ADC sub-
components,

[0067] The calculator component 320 can perform calculations (e.g.,
mathematical calculations) on data values using equations, including the
equations disclosed herein, and/or matrices, to generate calculation results.
The calibration management component 314 can use the calculation results to
facilitate calibrating or adjusting the respective ADC sub-components of the
ADC component 308 and/or information or paths (e.g., ADC sub-paths)
associated with the respective arrays to facilitate correcting or mitigating the
respective sub-ADC path differences associated with the respective ADC sub-
components.

[0068] The channel estimator component 322 can perform channel
estimations or determinations to facilitate determining respective transfer
functions associated with respective ADC sub-components of the ADC
component 308, for example, using a desired channel estimation technique.
The channel estimator component 322 can employ any of a number of channel
estimation techniques to facilitate determining such transfer functions. For
example, the channel estimator component 322 can use a least-squares
channel estimation technique, a data cross-correlation technique, an iterative
channel estimation technique (e.g., LMS channel estimation, RLS channel
estimation, blind channel estimation, etc.), or another desired channel
estimation technique, to facilitate determining such transfer functions.
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[0069] The offset component 324 can be employed to implement or
introduce one or more offsets, such as timing offsets, to facilitate measuring,
determining, or estimating respective channel responses (e.g., by the channel
estimator component 322) of respective sub-ADC paths at the one or more
offsets. As more fully disclosed herein, this can facilitate more accurately
reconstructing the channel for each of the ADC sub-components of the ADC
component 308 over a more refined time period (e.g., as a result of the
oversampling facilitated by the offsets). The offset component 324 also can be
used by the calibration management component 314 to facilitate adjusting a
timing offset(s) to facilitate adjusting respective transfer functions of respective
ADC sub-components until the respective transfer functions of the respective
ADC sub-components are the same or at least substantially the same, in
accordance with the defined path correction criteria.

[0070] The filter component 326 can comprise one or more analog or
digital filters that can filter or process information, such as analog signals (e.g.,
analog data samples) or digital signals (e.g., digital data samples), to facilitate
equalizing or at least substantially equalizing sub-ADC path differences
between respective ADC sub-components of the ADC component 308. The
filter component 326 can facilitate configuring a filter(s) (e.g., an analog
correction filter or a digital correction filter) based at least in part on information
relating to estimated or determined channel responses of each ADC sub-
component of the ADC component 308. The filter component 326 can use the
configured filter(s) to facilitate processing respective sub-ADC signals of the
respective ADC sub-components to facilitate equalizing or at least substantially
equalizing path differences between the respective ADC sub-components of the
ADC component 308. In accordance with implementations, the filter component
326 can configure a filter (e.g., a sub-ADC path correction digital filter) using
iterative or adaptive techniques, or using direct computation (e.g., as facilitated
by the calculator component 320). In certain implementations, the filter
component 326 can employ a correction filter that can be an analog filter,
wherein the calibration management component 314 can facilitate controlling or
configuring the analog correction filter, based at least in part on the information
of the estimated or determined channel responses of the respective ADC sub-

components, to facilitate processing the respective sub-ADC signals to facilitate
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equalizing or at least substantially equalizing path differences between the
respective ADC sub-components of the ADC component 308,

[0071] The transceiver component 300 also can comprise a combiner
component 328 that can combine, integrate, or deinterleave the respective
digital data substreams of the respective sub-ADCs of the ADC component 308
to generate a digital data stream that can accurately represent the data
contained in the received analog signal, as more fully disclosed herein. The
combiner component 328 can be associated with (e.g., communicatively
connected to) the ADC component 308 to facilitate receiving the digital data
substreams from the ADC sub-components of the ADC component 308. The
combiner component 328 also can be associated with the calibration
component 312 to facilitate providing the respective digital data substreams
(e.g., respective digital data samples) to the calibration component 312 for
analysis by the calibration component 312 to facilitate calibrating or adjusting
the respective ADC sub-components of the ADC component 308 and/or
information or paths (e.g., ADC sub-paths) associated with the respective arrays
to facilitate correcting or mitigating the respective sub-ADC path differences
(e.9., equalizing or substantially equalizing the respective sub-ADC paths)
associated with the respective ADC sub-components.

[0072] The transceiver component 300 also can comprise a processor
component 330 that can operate in conjunction with the other components (e.g.,
transmitter component 302, receiver component 304, interleaver component
306, ADC component 308, decoder component 310, calibration component 312,
etc.) to facilitate performing the various functions of the transceiver component
300, such as disclosed herein. The processor component 330 can employ one
or more processors (e.g., central processing units (CPUs), graphical processing
units (GPUs), field-programmable gate arrays (FPGAS), etc.), microprocessors,
or controllers that can process data, such as information (e.g., voice or data
information) relating to operations performed by the transceiver component 300,
etc., to facilitate transmitting signals, receiving signals, calibrating or adjusting
ADC sub-components, calibrating or adjusting information or paths associated
with ADC sub-components, performing channel estimation, performing
calculations, configuring filters, filtering signals, and/or performing other

operations; and can control data flow between the transceiver component 300
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and other components associated with (e.g., connected to) the transceiver
component 300 and can control data flow between various components of the
transceiver component 300.

[0073] In yet another aspect, the transceiver component 300 also can
include a data store 332 that can store data structures (e.g., voice information,
data, metadata); code structure(s) (e.g., modules, objects, classes, procedures),
commands, or instructions; information relating to receiving signals, calibrating
or adjusting ADC sub-components, calibrating or adjusting information or paths
associated with ADC sub-components, performing channel estimation,
performing calculations, configuring filters, filtering signals, and/or performing
other operations; parameter data; information relating to algorithms (e.g.,
algorithm(s) relating to calibrating ADC sub-components, algorithm(s) relating to
configuring an analog or digital filter, algorithm(s) relating to channel estimation,
etc.); defined path correction criterion(s); and so on. In an aspect, the processor
component 330 can be functionally coupled (e.g., through a memory bus) to the
data store 332 in order to store and retrieve information desired to operate
and/or confer functionality, at least in part, to the transmitter component 302,
receiver component 304, interleaver component 306, ADC component 308,
decoder component 310, calibration component 312, etc., and/or substantially
any other operational aspects of the transceiver component 300. ltis to be
appreciated and understood that the various components of the transceiver
component 300 can communicate information between each other and/or
between other components associated with the transceiver component 300 as
desired to carry out operations of the transceiver component 300. Itis to be
further appreciated and understood that respective components (e.g.,
transmitter component 302, receiver component 304, interleaver component
306, ADC component 308, decoder component 310, calibration component 312,
etc.) of the transceiver component 300 each can be a stand-alone unit, can be
included within the transceiver component 300 (as depicted), can be
incorporated within another component of the transceiver component 300 or a
component separate from the transceiver component 300, and/or virtually any
suitable combination thereof, as desired.

[0074] In view of the example systems described above, methods that

may be implemented in accordance with the described subject matter may be
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better appreciated with reference to the flow charts of FIGs. 4-10. While for
purposes of simplicity of explanation, the methods are shown and described as
a series of blocks, it is to be understood and appreciated that the claimed
subject matter is not limited by the order of the blocks, as some blocks may
occur in different orders and/or concurrently with other blocks from what is
depicted and described herein. Moreover, not all illustrated blocks may be
required to implement the methods described hereinafter.

[0075] FIG. 4 illustrates a flow diagram of an example method 400 that
can facilitate calibrating sub-ADCs of an array of sub-ADCs of a transceiver
component to facilitate correcting or mitigating sub-ADC path differences, in
accordance with various aspects and embodiments of the disclosed subject
matter. The method 400 can be implemented by a communication device, such
as a transceiver component, which can comprise a calibration component and
an ADC component, for example.

[0076] At block 402, respective transfer functions associated with
respective ADC sub-components of a set (e.g., an array) of ADC sub-
components of a communication device (e.g., a transceiver component) can be
determined based at least in part on digital data determined from an analog
signal received from another communication device. The communication device
can receive an analog signal, comprising data, from the other communication
device. The ADC sub-components of the ADC component, which can be
interleaved, can sample and digitize the analog signal, wherein the respective
ADC sub-components can receive the analog signal with respective time-
delays. The data (e.g., digital data) can be recovered from the digitized data
samples (e.g., after the digitized data samples are decoded by a decoder
component).

[0077] The calibration component can determine the transfer
characteristics of the communication channel or medium between the
communication device and the other communication device (e.g., the
transmitting device), based at least in part on the recovered data from the
signal. The calibration component also can determine the transfer
characteristics of the other communication device to each of the ADC sub-
components of the set of ADC sub-components, based at least in part on the

recovered data from the signal. The calibration component is able to make such
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determinations of the respective transfer characteristics because the output
digital data substreams of the ADC sub-components can be a function of the
remotely transmitted data (e.g., the data of the analog signal) and the channel
characteristics of the respective sub-ADC paths of the ADC sub-components.
For each ADC sub-component, the calibration component can know that the
samples from the ADC sub-component and the remotely transmitted data from
which the samples were generated. For each ADC sub-component, the
calibration component can use channel estimation to facilitate determining the
transfer function of the ADC sub-component, based at least in part on
information relating to the samples from the ADC sub-component and the
remotely transmitted data from which the samples were generated.

[0078] At block 404, the respective ADC sub-components can be
calibrated, based at least in part on the respective transfer functions of the ADC
sub-components, to facilitate correcting or mitigating sub-ADC path differences
between respective ADC sub-components. The calibration component can
calibrate or adjust the respective ADC sub-components of the set of ADC sub-
components, based at least in part on the respective transfer functions of the
ADC sub-components, to facilitate correcting or mitigating sub-ADC path
differences between respective ADC sub-components to facilitate mitigating
distortions in the digital data stream that would otherwise have be caused as a
result of the uncorrected or unmitigated path differences. The communication
device also can comprise a combiner component that can combine or integrate
the respective digital data substreams from the respective ADC sub-
components {o generate a digital data stream that can correspond to the data
from the received analog signal. As desired, the digital data stream can be
further processed (e.g., using an equalizer component and/or decoder
component) or can be provided (e.g., presented or displayed) as an output.
[0079] FIG. 5 depicts a flow diagram of another example method 500 that
can facilitate calibrating sub-ADCs of an array of sub-ADCs of a transceiver
component to facilitate correcting or mitigating sub-ADC path differences, in
accordance with various aspects and embodiments of the disclosed subject
matter. The method 500 can be implemented by a communication device, such

as a transceiver component, which can comprise an interleaver component, an
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ADC component, a calibration component, a decoder component, and a
combiner component, for example.

[0080] At block 502, an analog signal, comprising data, can be received.
The communication device can receive the analog signal from another
communication device via a wireline or wireless communication channel or
medium.

[0081] At block 504, the analog signal can be interleaved across
respective interleaved ADC sub-components of a set (e.g., an array) of ADC
sub-components. An interleaver component can facilitate interleaving the
analog signal across the respective ADC sub-components, wherein the
respective ADC sub-components can receive the analog signal with respective
time-delays from the interleaver component.

[0082] At block 508, the respective time-delayed analog signals can be
sampled to generate respective analog data samples to facilitate digitizing the
respective time-delayed analog signals. The respective ADC sub-components
can sample the respective time-delayed analog signals to generate the
respective analog data samples.

[0083] At block 508, the respective analog data samples can be
converted to respective digital data samples. The respective ADC sub-
components can analyze the respective analog data samples and can digitize or
convert the analog data samples to the respective digital data samples, wherein
the respective digital data samples can correspond to the respective analog
data samples.

[0084] At block 510, the respective data (e.g., data values) of the
respective digital data samples can be determined. In some implementations,
the combiner component can combine or integrate the respective digital data
substreams (e.g., the respective digital data samples) to generate a digital data
stream. The decoder component can decode the digital data stream,
comprising the digital data samples, and/or the digital data samples can be
analyzed (e.g., by the calibration component), to facilitate recovering (e.g.,
determining) the respective data from (of) the respective digital data samples.
[0085] At block 512, first transfer characteristics of the communication
channel or medium between the communication device and the other

communication device (e.g., the transmitting device) can be determined based
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at least in part on the recovered data from the signal. The calibration
component can determine the first transfer characteristics of the communication
channel or medium between the communication device and the other
communication device (e.g., the transmitting device), based at least in part on
the recovered data from the signal.

[0086] At block 514, respective second transfer characteristics of the
other communication device to the respective ADC sub-components of the set
of ADC sub-components can be determined based at least in part on the
recovered data from the signal. The calibration component can determine the
transfer characteristics of the other communication device to each of the ADC
sub-components of the set of ADC sub-components, based at least in part on
the recovered data from the signal.

[0087] At block 516, respective transfer functions of the respective ADC
sub-components can be determined based at least in part on the first transfer
characteristics and the respective second transfer characteristics. The
calibration component can analyze the first transfer characteristics and the
respective second transfer characters of the respective ADC sub-components.
The calibration component can determine the respective transfer functions of
the respective ADC sub-components based at least in part on the results of the
analysis of the first transfer characteristics (e.g., the transfer characteristics of
the communication channel or medium between the communication device and
the other communication device) and the respective second transfer
characteristics (e.g., the respective second transfer characteristics of the other
communication device to the respective ADC sub-components of the set of ADC
sub-components). For instance, for each ADC sub-component, the calibration
component can use channel estimation to facilitate determining the transfer
function of the ADC sub-component, based at least in part on information
relating to the samples from the ADC sub-component and the remotely
transmitted data from which the samples were generated.

[0088] At block 518, the respective ADC sub-components can be
calibrated, based at least in part on the respective transfer functions of the ADC
sub-components, to facilitate correcting or mitigating sub-ADC path differences
between respective ADC sub-components. The calibration component can
calibrate or adjust the respective ADC sub-components of the set of ADC sub-
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components, based at least in part on the respective transfer functions of the
ADC sub-components, to facilitate correcting or mitigating sub-ADC path
differences between respective ADC sub-components to facilitate mitigating
distortions that would otherwise have be caused as a result of the uncorrected
or unmitigated path differences. The combiner component can combine or
integrate the respective digital data substreams from the respective ADC sub-
components to generate a digital data stream that can comprise data that can
correspond to the data (e.g., in analog form) contained in the received analog
signal. As desired, the digital data stream can be further processed or can be
provided (e.g., presented or displayed) as an output.

[0089] FIG. 6 presents a flow diagram of an example method 600 that
can determine or estimate respective sub-paths of sub-ADCs over a larger (e.g.,
over nominal) bandwidth or sampling frequency to facilitate calibrating sub-
ADCs of an array of sub-ADCs of a transceiver component to facilitate
correcting or mitigating sub-ADC path differences, in accordance with various
aspects and embodiments of the disclosed subject matter. The method 600 can
be implemented by a communication device, such as a transceiver component,
which can comprise an ADC component and a calibration component, for
example.

[0090] At block 602, respective first channel responses of respective ADC
sub-components of a set (e.g., an array) of ADC sub-components (e.g.,
interleaved ADC sub-components) can be determined based at least in part on
a first timing offset. The calibration component can intentionally introduce or
implement the first timing offset (e.g., an timing offset of 0) to or on the
respective ADC sub-components. The calibration component can determine or
measure the respective first channel responses of the respective ADC sub-
components based at least in part on a first timing offset (e.g., a first sampling
offset), such as, for example, an offset of 0.

[0091] At block 604, respective second channel responses of respective
ADC sub-components of the set of ADC sub-components can be determined
based at least in part on a second timing offset. The calibration component can
intentionally introduce or implement the second timing offset (e.g., an timing
offset of T/2, wherein T can be the nominal sampling timing of the ADC

component) to or on the respective ADC sub-components. The calibration
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component can determine or measure the respective second channel
responses of the respective ADC sub-components based at least in part on the
second timing offset (e.g., a second sampling offset), such as, for example, an
offset of T/2.

[0092] At block 606, respective transfer functions of the respective ADC
sub-components can be determined based at least in part on the respective first
channel responses and the respective second channel responses. The
calibration component can analyze the respective first channel responses and
the respective second channel responses of the respective ADC sub-
components and/or other information. The calibration component can
determine the respective transfer functions of the respective ADC sub-
components based at least in part on the results of the analysis of the
respective first channel responses and the respective second channel
responses.

[0093] At block 608, respective path differences between respective ADC
sub-components of the set of ADC sub-components can be determined based
at least in part on the respective first channel responses and the respective
second channel responses. The calibration component can analyze the
respective first channel responses and the respective second channel
responses. The calibration component can determine the respective path
differences (e.g., sub-ADC path differences) between respective ADC sub-
components of the set of ADC sub-components based at least in part on the
results of the analysis of the respective first channel responses and the
respective second channel responses.

[0094] At block 610, the respective ADC sub-components can be
calibrated, based at least in part on the respective path differences between
respective ADC sub-components of the set of ADC sub-components, to facilitate
correcting or mitigating the path differences between respective ADC sub-
components. The calibration component can calibrate or adjust the respective
ADC sub-components of the set of ADC sub-components, based at least in part
on the respective transfer functions of the ADC sub-components, to facilitate
correcting or mitigating sub-ADC path differences between respective ADC sub-
components to facilitate mitigating distortions that would otherwise have be

caused as a result of the uncorrected or unmitigated path differences.
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[0095] FIG. 7 depicts a flow diagram of an example method 700 that can
incorporate clock recovery to facilitate path correction for the ADC sub-
components of a sub-ADC array to facilitate correcting or mitigating sub-ADC
path differences, in accordance with various aspects and embodiments of the
disclosed subject matter. The method 700 can be implemented by a
communication device, such as a transceiver component, which can comprise
an ADC component and a calibration component, for example.

[0096] At block 702, a timing-recovery determination can be performed
for each ADC sub-component of a set (e.g., an array) of ADC sub-components.
The calibration component can incorporate clock recovery (e.g., into a sub-ADC
path correction algorithm) to facilitate correcting the respective sub-ADC paths
of the ADC sub-components to facilitate determining or calculating the timing
recovery for each of the ADC sub-components of the array.

[0097] At block 704, respective sub-ADC paths of the respective ADC
sub-components can be adjusted, based at least in part on the respective
timing-recovery determinations of the respective ADC sub-components, to
facilitate equalizing or substantially equalizing the respective sub-ADC paths in
relation to each other. To facilitate calibrating the respective ADC sub-
components, the calibration component can adjust the respective sub-ADC
paths of the respective ADC sub-components, based at least in part on the
respective timing-recovery determinations of the respective ADC sub-
components, to facilitate equalizing or substantially equalizing the respective
sub-ADC paths in relation to each other. Equalizing or at least substantially
equalizing the respective sub-ADC paths of the respective ADC sub-
components can facilitate correcting or mitigating distortions in the digital data
stream produced by the ADC component that would otherwise have be caused
as a result of the uncorrected or unmitigated path differences.

[0098] FIG. 8 presents a flow diagram of an example method 800 that
can adjust the sub-ADC paths of the ADC sub-components of a sub-ADC array
using a timing offset to facilitate correcting or mitigating sub-ADC path
differences, in accordance with various aspects and embodiments of the
disclosed subject matter. The method 800 can be implemented by a
communication device, such as a transceiver component, which can comprise

an ADC component and a calibration component, for example.
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[0099] At block 802, respective transfer functions associated with
respective ADC sub-components of a set (e.g., an array) of ADC sub-
components of a communication device (e.g., a transceiver component) can be
determined based at least in part on digital data determined from an analog
signal received from another communication device. The communication device
can receive an analog signal, comprising data, from the other communication
device. The ADC sub-components of the ADC component, which can be
interleaved, can sample and digitize the analog signal, wherein the respective
ADC sub-components can receive respective analog signals with respective
time-delays. The data (e.g., digital data) can be recovered from the digital data
stream, comprising the digitized data samples (e.g., after the digital data stream
is decoded by a decoder component).

[00100] At block 804, first transfer characteristics of the communication
channel or medium between the communication device and the other
communication device (e.g., the transmitting device) can be determined based
at least in part on the recovered data from the signal. The calibration
component can determine the first transfer characteristics of the communication
channel or medium between the communication device and the other
communication device, based at least in part on the recovered data from the
signal.

[00101] At block 806, respective second transfer characteristics of the
other communication device to the respective ADC sub-components of the set
of ADC sub-components can be determined based at least in part on the
recovered data from the signal. The calibration component can determine the
transfer characteristics of the other communication device to each of the ADC
sub-components of the set of ADC sub-components, based at least in part on
the recovered data from the signal.

[00102] At block 808, respective path differences between the respective
ADC sub-components of the set of ADC sub-components can be determined
based at least in part on the first transfer characteristics and the respective
second transfer characteristics. The calibration component can analyze the
respective first transfer characteristics and the respective second transfer
characteristics. The calibration component can determine the respective path

differences (e.g., sub-ADC path differences) between respective ADC sub-
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components of the set of ADC sub-components based at least in part on the
results of the analysis of the respective first transfer characteristics and the
respective second transfer characteristics.

[00103] At block 810, one or more of the respective paths (e.g., sub-ADC
paths) of the respective ADC sub-components can be adjusted using one or
more respective timing offsets to facilitate adjusting the respective transfer
functions of the respective ADC sub-components such that the respective
transfer functions are the same or at least substantially the same. To facilitate
calibrating the respective ADC sub-components of the set of ADC sub-
components, the calibration component can apply one or more respective timing
offsets to one or more of the respective paths of the respective ADC sub-
components to adjust the one or more respective paths of the respective ADC
sub-components to facilitate adjusting the respective transfer functions of the
respective ADC sub-components until the respective transfer functions are the
same or at least substantially the same, in accordance with defined path
correction criteria. This can facilitate equalizing or at least substantially
equalizing the respective sub-ADC path delays of the respective paths of the
respective ADC sub-components without having to perform additional
computations.

[00104] FIG. 9 illustrates a flow diagram of an example method 900 that
can configure a filter (e.g., digital filter or analog filter) to facilitate correcting or
mitigating sub-ADC path differences, in accordance with various aspects and
embodiments of the disclosed subject matter. The method 900 can be
implemented by a communication device, such as a transceiver component,
which can comprise an ADC component and a calibration component, for
example.

[00105] At block 902, respective channel responses of respective ADC
sub-components of a set (e.g., an array) of ADC sub-components can be
determined or estimated using a desired channel estimation technique, such as
disclosed herein. The calibration component can employ a desired channel
es’gimation technique to facilitate determining or estimating the respective
channel responses of the respective ADC sub-components of the array.
[00106] At block 904, respective transfer functions of the respective ADC

sub-components can be determined based at least in part on the respective
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channel responses of the respective ADC sub-components. The calibration
component can analyze the respective channel responses of the respective
ADC sub-components and/or other information. The calibration component can
determine the respective transfer functions of the respective ADC sub-
components based at least in part on the results of the analysis of the
respective channel responses.

[00107] At block 908, the respective transfer functions of the respective
ADC sub-components can be evaluated (e.g., compared) to facilitate configuring
a filter. The calibration component can evaluate the respective transfer
functions of the respective ADC sub-components to facilitate configuring a filter
(e.g., a digital filter or analog filter) that can facilitate correcting or mitigating sub-
ADC path differences between respective ADC sub-components.

[00108] At block 908, a filter configuration that can facilitate equalizing
respective sub-ADC path differences between respective ADC sub-components
can be determined based at least in part on the results of the evaluation of the
respective transfer functions of the respective ADC sub-components. The
calibration component can determine the filter configuration based at least in
part on the transfer function evaluation resuilts.

[00109] At block 910, a filter can be configured based at least in part on
the determined filter configuration. The calibration component can configure the
filter based at least in part on the filter configuration. In some implementations,
the filter can be a digital filter that can be employed to process digital signals
(e.g., digital data substreams) of the ADC sub-components (e.g., after the
analog signal has been converted to a digital signal by the ADC component). In
other implementations, the filter can be an analog filter that can be employed to
process received analog signals (e.g., analog data substreams) of the ADC sub-
components (e.g., prior to the analog signal being converted to a digital signal
by the ADC component). The calibration component can generate or configure
the filter using iterative or adaptive filter configuration techniques, or by
performing computations to directly determine the filter configuration.

[00110] At block 912, the sub-ADC path differences between respective
ADC sub-components of the set of ADC sub-components can be corrected or
equalized, or at least substantially corrected or equalized, based at least in part

on the filter. The calibration component can implement or use the filter to
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facilitate correcting or equalizing, or at least substantially correcting or
equalizing, the sub-ADC path differences between respective ADC sub-
components of the set of ADC sub-components, in accordance with (e.g., to
satisfy) defined path correction criteria. Correcting or equalizing the respective
sub-ADC paths between respective ADC sub-components can facilitate
mitigating distortions in the digital data stream produced by the ADC component
that would otherwise have be caused as a result of the uncorrected or
unmitigated path differences.

[00111] FIG. 10 presents a flow diagram of an example method 1000 that
can determine respective functions of respective estimated sub-ADC channels
to facilitate correcting or mitigating sub-ADC path differences, in accordance
with various aspects and embodiments of the disclosed subject matter. The
method 1000 can be implemented by a communication device, such as a
transceiver component, which can comprise an ADC component and a
calibration component, for example.

[00112] At block 1002, respective functions of respective channel
responses (e.g., respective estimated or determined channel responses) can be
determined for respective ADC sub-components of a set (e.g., an array) of ADC
sub-components. The calibration component can determine or compute the
respective functions of the respective channel responses for the respective ADC
sub-components. For example, for each ADC sub-component, the calibration
component can determine or calculate a set of desired multi-tap responses
(e.g., determine or calculate the largest 2-tap responses) of the channel of the
ADC sub-component.

[00113] At block 1004, the respective functions of the respective channel
responses for the respective ADC sub-components can be evaluated to
facilitate determining differences between the respective functions. The
calibration component can evaluate or compare the respective functions of the
respective channel responses for the respective ADC sub-components in
relation to each other. For example, the calibration component can compare the
respective multi-tap responses (e.g., the largest 2-tap responses) of the
respective ADC sub-components to each other to facilitate determining
differences between the respective multi-tap responses of the respective ADC

sub-components.
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[00114] At block 1008, one or more of the respective functions of the
respective channel responses for the respective ADC sub-components can be
adjusted, based at least in part on the evaluation results, to facilitate equalizing
or at least substantially equalizing the respective functions to each other (e.g., to
facilitate making the respective functions the same or at least substantially the
same). Based at least in part on the evaluation results, to facilitate calibrating
the respective ADC sub-components, the calibration component can adjust one
or more of the respective functions of the respective channel responses of the
respective ADC sub-components to facilitate equalizing or at least substantially
equalizing the respective functions to each other. For example, the calibration
component can respectively adjust one or more respective functions,
parameters, or control mechanisms associated with the respective muiti-tap
responses of the respective ADC sub-components to facilitate causing the
respective multi-tap responses to be the same or substantially the same (e.g., to
facilitate reducing or minimizing the differences between the respective multi-tap
responses), which can facilitate making the respective sub-ADC paths of the
respective ADC sub-components the same or substantially the same, in
accordance with the defined path correction criteria.

[00115] In some implementations, the calibration component can execute
an algorithm (e.g., a function adjustment algorithm) to facilitate adjusting the
respective functions of the respective channel responses of the respective ADC
sub-components. The algorithm can be an iterative algorithm or a non-iterative
algorithm. The calibration component can execute the algorithm and/or perform
the adjustments to the respective functions digitally or in analog (e.g., in the
digital domain or in the analog domain). Employing the algorithm, the
calibration component can facilitate reducing or minimizing the differences
between the respective multi-tap responses to facilitate calibrating the
respective ADC sub-components and correcting or mitigating sub-ADC path
differences to facilitate mitigating distortions in the digital data stream produced
by the ADC component that would otherwise have be caused as a result of the
uncorrected or unmitigated path differences.

EXAMPLE COMPUTING ENVIRONMENT

[00116] As mentioned, advantageously, the techniques described herein
can be applied to any device and/or network where calibration of ADC sub-
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components of an ADC component is desirable in a system comprising a
communication device (e.g., transceiver component). It is to be understood,
therefore, that handheld, portable and other computing devices and computing
objects of all kinds are contemplated for use in connection with the various non-
limiting embodiments, e.g., anywhere that it can be desirable for a device to
implement calibration of ADC sub-components of an ADC component
associated with a system that is associated with a communication device.
Accordingly, the below general purpose remote computer described below in
FIG. 11 is but one example, and the disclosed subject matter can be
implemented with any client having network/bus interoperability and interaction.
Thus, the disclosed subject matter can be implemented in an environment of
networked hosted services in which very little or minimal client resources are
implicated, e.g., a networked environment in which the client device serves
merely as an interface to the network/bus, such as an object placed in an
appliance.

[00117] FIG. 11 thus illustrates an example of a suitable computing system
environment 1100 in which some aspects of the disclosed subject matter can be
implemented, although as made clear above, the computing system
environment 1100 is only one example of a suitable computing environment for
a device and is not intended to suggest any limitation as to the scope of use or
functionality of the disclosed subject matter. Neither should the computing
environment 1100 be interpreted as having any dependency or requirement
relating to any one or combination of components illustrated in the exemplary
operating environment 1100.

[00118] With reference to FIG. 11, an exemplary device for implementing
the disclosed subject matter includes a general-purpose computing device in the
form of a computer 1110. Components of computer 1110 may include, but are
not limited to, a processing unit 1120, a system memory 1130, and a system
bus 1121 that couples various system components including the system
memory to the processing unit 1120. The system bus 1121 may be any of
several types of bus structures including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety of bus architectures.
[00119] Computer 1110 typically includes a variety of computer readable

media. Computer readable media can be any available media that can be
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accessed by computer 1110. By way of example, and not limitation, computer
readable media can comprise computer storage media and communication
media. Computer storage media includes volatile and nonvolatile, removable
and non-removable media implemented in any method or technology for storage
of information such as computer readable instructions, data structures, program
modules or other data. Computer storage media includes, but is not limited to,
RAM, ROM, EEPROM, flash memory or other memory technology, CDROM,
digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other medium which can be used to store the desired information and which can
be accessed by computer 1110. Communication media typically embodies
computer readable instructions, data structures, program modules, or other data
in a modulated data signal such as a carrier wave or other transport mechanism
and includes any information delivery media.

[00120] The system memory 1130 may include computer storage media in
the form of volatile and/or nonvolatile memory such as read only memory (ROM)
and/or random access memory (RAM). A basic input/output system (BIOS),
containing the basic routines that help to transfer information between elements
within computer 1110, such as during start-up, may be stored in memory 1130.
Memory 1130 typically also contains data and/or program modules that are
immediately accessible to and/or presently being operated on by processing unit
1120. By way of example, and not limitation, memory 1130 may also include an
operating system, application programs, other program modules, and program
data.

[00121] The computer 1110 may also include other removable/non-
removable, volatile/nonvolatile computer storage media. For example,
computer 1110 could include a hard disk drive that reads from or writes to non-
removable, nonvolatile magnetic media, a magnetic disk drive that reads from or
writes to a removable, nonvolatile magnetic disk, and/or an optical disk drive
that reads from or writes to a removable, nonvolatile optical disk, such as a CD-
ROM or other optical media. Other removable/non-removable,
volatile/nonvolatile computer storage media that can be used in the exemplary
operating environment include, but are not limited to, magnetic tape cassettes,
flash memory cards, digital versatile disks, digital video tape, solid state RAM,
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solid state ROM, and the like. A hard disk drive is typically connected to the
system bus 1121 through a non-removable memory interface such as an
interface, and a magnetic disk drive or optical disk drive is typically connected to
the system bus 1121 by a removable memory interface, such as an interface.
[00122] A user can enter commands and information into the computer
1110 through input devices such as a keyboard and pointing device, commonly
referred to as a mouse, trackball, or touch pad. Other input devices can include
a microphone, joystick, game pad, satellite dish, scanner, wireless device
keypad, voice commands, or the like. These and other input devices are often
connected to the processing unit 1120 through user input 1140 and associated
interface(s) that are coupled to the system bus 1121, but may be connected by
other interface and bus structures, such as a parallel port, game port, or a
universal serial bus (USB). A graphics subsystem can also be connected to the
system bus 1121. A projection unit in a projection display device, ora HUD in a
viewing device or other type of display device can also be connected to the
system bus 1121 via an interface, such as output interface 1150, which may in
turn communicate with video memory. In addition to a monitor, computers can
also include other peripheral output devices such as speakers which can be
connected through output interface 1150.

[00123] The computer 1110 can operate in a networked or distributed
environment using logical connections to one or more other remote computer(s),
such as remote computer 1170, which can in turn have media capabilities
different from device 1110. The remote computer 1170 can be a personal
computer, a server, a router, a network PC, a peer device, personal digital
assistant (PDA), cell phone, handheld computing device, a projection display
device, a viewing device, or other common network node, or any other remote
media consumption or transmission device, and may include any or all of the
elements described above relative to the computer 1110. The logical
connections depicted in FIG. 11 include a network 1171, such local area
network (LAN) or a wide area network (WAN), but can also include other
networks/buses, either wired or wireless. Such networking environments are
commonplace in homes, offices, enterprise-wide computer networks, intranets

and the Internet.
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[00124] When used in a LAN networking environment, the computer 1110
can be connected to the LAN 1171 through a network interface or adapter.
When used in a WAN networking environment, the computer 1110 can typically
include a communications component, such as a modem, or other means for
establishing communications over the WAN, such as the Internet. A
communications component, such as wireless communications component, a
modem and so on, which can be internal or external, can be connected to the
system bus 1121 via the user input interface of input 1140, or other appropriate
mechanism. In a networked environment, program modules depicted relative to
the computer 1110, or portions thereof, can be stored in a remote memory
storage device. It will be appreciated that the network connections shown and
described are exemplary and other means of establishing a communications link
between the computers can be used.

EXAMPLE NETWORKING ENVIRONMENT

[00125] FIG. 12 provides a schematic diagram of an exemplary networked
or distributed computing environment 1200. The distributed computing
environment comprises computing objects 1210, 1212, etc. and computing
objects or devices 1220, 1222, 1224, 1226, 1228, etc., which may include
programs, methods, data stores, programmable logic, etc., as represented by
applications 1230, 1232, 1234, 1236, 1238 and data store(s) 1240. It can be
appreciated that computing objects 1210, 1212, etc. and computing objects or
devices 1220, 1222, 1224, 1226, 1228, etc. may comprise different devices,
including a multimedia display device or similar devices depicted within the
illustrations, or other devices such as a mobile phone, personal digital assistant
(PDA), audio/video device, MP3 players, personal computer, laptop, etc. It
should be further appreciated that data store(s) 1240 can include one or more
cache memories, one or more registers, or other similar data stores disclosed
herein.

[00126] Each computing object 1210, 1212, etc. and computing objects or
devices 1220, 1222, 1224, 1226, 1228, etc. can communicate with one or more
other computing objects 1210, 1212, etc. and computing objects or devices
1220, 1222, 1224, 1226, 1228, etc. by way of the communications network
1242, either directly or indirectly. Even though illustrated as a single element in

FIG. 12, communications network 1242 may comprise other computing objects
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and computing devices that provide services to the system of FIG. 12, and/or
may represent multiple interconnected networks, which are not shown. Each
computing object 1210, 1212, etc. or computing object or devices 1220, 1222,
1224, 1226, 1228, etc. can also contain an application, such as applications
1230, 1232, 1234, 1236, 1238, that might make use of an API, or other object,
software, firmware and/or hardware, suitable for communication with or
implementation of the techniques and disclosure described herein.

[00127] There are a variety of systems, components, and network
configurations that support distributed computing environments. For example,
computing systems can be connected together by wired or wireless systems, by
local networks or widely distributed networks. Currently, many networks are
coupled to the Internet, which provides an infrastructure for widely distributed
computing and encompasses many different networks, though any network
infrastructure can be used for exemplary communications made incident to the
systems automatic diagnostic data collection as described in various
embodiments herein.

[00128] Thus, a host of network topologies and network infrastructures,
such as client/server, peer-to-peer, or hybrid architectures, can be utilized.

The “client” is a member of a class or group that uses the services of another
class or group to which it is not related. A client can be a process, i.e., roughly a
set of instructions or tasks, that requests a service provided by another program
or process. The client process utilizes the requested service, in some cases
without having to “know” any working details about the other program or the
service itself.

[00129] In a client/server architecture, particularly a networked system, a
client is usually a computer that accesses shared network resources provided
by another computer, e.g., a server. In the iliustration of FIG. 12, as a non-
limiting example, computing objects or devices 1220, 1222, 1224, 1226, 1228,
etc. can be thought of as clients and computing objects 1210, 1212, etc. can be
thought of as servers where computing objects 1210, 1212, etc., acting as
servers provide data services, such as receiving data from client computing
objects or devices 1220, 1222, 1224, 1226, 1228, etc., storing of data,

processing of data, transmitting data to client computing objects or devices
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1220, 1222, 1224, 1226, 1228, etc., although any computer can be considered
a client, a server, or both, depending on the circumstances.

[00130] A server is typically a remote computer system accessible over a
remote or local network, such as the Internet or wireless network infrastructures.
The client process may be active in a first computer system, and the server
process may be active in a second computer system, communicating with one
another over a communications medium, thus providing distributed functionality
and allowing multiple clients to take advantage of the information-gathering
capabilities of the server. Any software objects utilized pursuant to the
techniques described herein can be provided standalone, or distributed across
multiple computing devices or objects.

[00131] In a network environment in which the communications network
1242 or bus is the Internet, for example, the computing objects 1210, 1212, etc.
can be Web servers with which other computing objects or devices 1220, 1222,
1224, 1226, 1228, etc. communicate via any of a number of known protocols,
such as the hypertext transfer protocol (HTTP). Computing objects 1210, 1212,
etc. acting as servers may also serve as clients, e.g., computing objects or
devices 1220, 1222, 1224, 1226, 1228, etc., as may be characteristic of a
distributed computing environment.

[00132] By way of illustration, both a process executed from memory and
the processor can be a component. As another example, an architecture can
include an arrangement of electronic hardware (e.g., parallel or serial
transistors), processing instructions and a processor, which implement the
processing instructions in a manner suitable to the arrangement of electronic
hardware. In addition, an architecture can include a single component (e.g., a
transistor, a gate array, ...) or an arrangement of components (e.g., a series or
parallel arrangement of transistors, a gate array connected with program
circuitry, power leads, electrical ground, input signal lines and output signal
lines, and so on). One example system can include a switching block
architecture comprising crossed input/output lines and pass gate transistors, as
well as power source(s), signal generator(s), communication bus(ses),
controllers, I/O interface, address registers, and so on.

[00133] In addition to the foregoing, the disclosed subject matter can be

implemented as a method, apparatus, or article of manufacture using typical
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manufacturing, programming or engineering techniques to produce hardware,
firmware, software, or any suitable combination thereof to control an electronic
device to implement the disclosed subject matter. The terms “apparatus” and -
"article of manufacture" where used herein are intended to encompass an
electronic device, a semiconductor device, a computer, or a computer program
accessible from any computer-readable device, carrier, or media. Computer-
readable media can include hardware media, or software media. In addition,
the media can include non-transitory media, or transport media. In one
example, non-transitory media can include computer readable hardware media.
Specific examples of computer readable hardware media can include but are
not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...),
smart cards, and flash memory devices (e.g., card, stick, key drive...).
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CLAIMS

What is claimed is:

1. A system, comprising:

a converter component comprising a plurality of converter sub-
components for converting respective time-delayed analog signals, associated
with an analog signal received from a remote communication component, to
respective digital data samples; and

a calibration component for determining respective transfer functions
associated with respective converter sub-components of the plurality of
converter sub-components based at least in part on the respective data
associated with the respective digital data samples, and calibrating the
respective converter sub-components based at least in part on the respective
transfer functions to facilitate mitigating path differences between the respective
converter sub-components..

2. The system of claim 1, wherein the calibration component uses
channel estimation to facilitate the determining of the respective transfer
functions associated with the respective converter sub-components, the channel
estimation is least-squares channel estimation, data cross-correlation, iterative
channel estimation, least-mean-square channel! estimation, recursive least
squares channel estimation, or blind channel estimation.

3. The system of claim 1, wherein

the calibration component determines respective transfer characteristics
associated with the remote communication component with respect to the
respective converter sub-components based at least in part on the respective
data;

the calibration component determines respective path differences
between the respective converter sub-components based at least in part on the
transfer characteristics associated with the communication channel or medium
between the communication component and the remote communication
component, and the respective transfer characteristics associated with the
remote communication component with respect to the respective converter sub-
components; and

the calibration component determines a calibration to apply to the

respective converter sub-components, based at least in part on the respective
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path differences between the respective converter sub-components, to facilitate
the calibration of the respective converter sub-components.

4. The system of claim 1, wherein the calibration component determines
a channel response associated with a converter sub-component of the plurality
of converter sub-components over a bandwidth or sampling frequency that is
larger than a nominal bandwidth or nominal sampling frequency associated with
the converter sub-component.

5. The system of claim 1, wherein

the calibration component configures a correction filter based at least in
part on respective channel responses determined for the respective converter
sub-components, and applies the correction filter to respective signals of the
respective converter sub-components to facilitate equalizing or reducing path
differences between the respective converter sub-components;

the correction filter is an analog filter or a digital filter, and the respective
signals comprise the respective time-delayed analog signals or the respective
digital data samples; and

the calibration component employs at least one of an iterative process,
an adaptive process, or direct computation to facilitate the configuring of the
correction filter.

6. The system of claim 1, further comprising at least one of:

an interleaver component for processing the analog signal to generate
the respective time-delayed analog signals, and providing the respective time-
delayed analog signals to the respective converter sub-components,

a decoder component for decoding the respective digital data samples to
facilitate determining the respective data,

a combiner component for combining digital data substreams, comprising
the respective data, to generate a digital data stream that corresponds to the
analog signal.

7. A method, comprising:

determining respective transfer functions associated with respective
converter sub-components of a plurality of converter sub-components based at
least in part on respective data associated with respective digital data samples

that are based at least in part on respective time-delayed analog signals,
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associated with an analog signal received from a remote communication device;
and

adjusting the respective converter sub-components based at least in part
on the respective transfer functions to facilitate mitigating path differences
between the respective converter sub-components.

8. The method of claim 7, further comprising:

converting the respective time-delayed analog signals to the respective
digital data samples; and

determining respective channel responses associated with the respective
converter sub-components using channel estimation to facilitate the determining
of the respective transfer functions associated with the respective converter
sub-components.

9. The method of claim 7, further comprising:

determining transfer characteristics associated with a communication
channel or medium between the remote communication device and a
communication device that received the analog signal based at least in part on
the respective data;

determining respective transfer characteristics of the remote
communication device to the respective converter sub-components based at
least in part on the respective data;

determining respective path differences between the respective converter
sub-components based at least in part on the transfer characteristics associated
with the communication channel or medium between the remote communication
component and the communication device, and the respective transfer
characteristics of the remote communication device to the respective converter
sub-components; and

determining an adjustment to apply to the respective converter sub-
components, based at least in part on the respective path differences between
the respective converter sub-components, to facilitate the adjusting of the
respective converter sub-components.

10. The method of claim 7, further comprising:

determining a first channel response associated with a converter sub-
component of the plurality of converter sub-components based at least in part

on a first offset value;
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determining a second channel response associated with the converter
sub-component based at least in part on a second offset value; and

determining a path difference between the converter sub-component and
a second converter sub-component of the plurality of converter sub-components
based at least in part on the first channel response and the second channel
response.
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