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(57) ABSTRACT

This disclosure describes techniques for controlling spectral
aggressors in a sensing device that uses a low power sleep
mode to manage the power consumed by the device. In some
examples, the techniques for controlling spectral aggressors
may include configuring one or more of an algorithm pro-
cessing rate for a processor, a buffering rate for the processor,
a sampling rate for an analog-to-digital converter, an execu-
tion unit processing rate for the processor, and an algorithm
subdivision factor for the processor such that spectral inter-
ference caused by a sleep cycle rate of the processor occurs
outside of one or more target frequency bands of a sampled
signal. The techniques of this disclosure may be used to
reduce noise in a sensing system that uses a low power sleep

15, 2013. mode to manage the power consumed by the device.
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CONTROL OF SPECTRAL AGRESSORS IN A
PHYSIOLOGICAL SIGNAL MONTORING
DEVICE

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/799,674, filed Mar. 15, 2013, the
entire content of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to medical devices and, more
particularly, to the monitoring of physiological signals with a
medical device.

BACKGROUND

[0003] Medical devices may be used to deliver therapy to
patients to treat a variety of symptoms or conditions.
Examples of therapy include electrical stimulation therapy
and drug delivery therapy. Examples of symptoms or condi-
tions include chronic pain, tremor, akinesia, Parkinson’s dis-
ease, epilepsy, dystonia, neuralgia, obsessive compulsive dis-
order (OCD), depression, sleep dysfunction, urinary or fecal
incontinence, sexual dysfunction, obesity, or gastroparesis.
Information relating to symptoms or conditions may be
sensed by monitoring physiological signals, such as, e.g.,
electrocardiogram (ECG) signals, electromyogram (EMG)
signals, electroencephalogram (EEG) signals, electrocortico-
gram (ECoG) signals, pressure signals, temperature signals,
impedance signals, motion signals, and other types of signals.
In some cases, the physiological signals associated with a
patient may be relatively low voltage signals that have infor-
mation encoded at relatively low frequencies in the signal,
such as, e.g., brain signals. Detecting information in low
voltage and low frequency signals may present significant
challenges in medical devices, particularly in the case of
implantable medical devices where power resources may be
limited.

SUMMARY

[0004] This disclosure describes techniques for controlling
spectral aggressors in a sensing device that uses a low power
sleep mode to manage the power consumed by the device. In
some examples, the techniques for controlling spectral
aggressors may include configuring the sleep cycle rate of a
processor that processes sensed signals such that the sleep
cyclerate causes spectral interference that is generated due to
the sleep cycle rate to occur in a sampled signal at one or more
frequencies that are outside of the target frequency band of
the sampled signal. In some examples, one or more of an
algorithm processing rate, a buffering rate, a sampling rate, an
execution unit processing rate, and an algorithm subdivision
factor may be configured to achieve a particular sleep cycle
rate.

[0005] In one example, this disclosure describes a signal
monitoring device that includes a power source and a power
distribution network electrically coupled to the power source.
The device further includes an analog-to-digital converter
electrically coupled to the power distribution network and
configured to sample an input signal to produce a sampled
signal. The device further includes a processor electrically
coupled to the power distribution network and configured to
cycle between an algorithm processing mode and a sleep
mode based on a sleep cycle rate. The sleep cycle rate causes
spectral interference to propagate through the power distri-
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bution network and into the sampled signal via the analog-
to-digital converter. The sleep cycle rate further causes the
spectral interference that is generated due to the sleep cycle
rate to occur in the sampled signal at one or more frequencies
that are outside of a target frequency band of the sampled
signal.

[0006] In another example, this disclosure describes a
method for monitoring a signal. The method includes sam-
pling, with an analog-to-digital converter, an input signal to
produce a sampled signal. The method further includes
cycling a processor between an algorithm processing mode
and a sleep mode based on a sleep cycle rate. The analog-to-
digital converter and the processor are both electrically
coupled to a power distribution network that is electrically
coupled to a power source. The sleep cycle rate causes spec-
tral interference to propagate through the power distribution
network and into the sampled signal via the analog-to-digital
converter. The sleep cycle rate further causes the spectral
interference that is generated due to the sleep cycle rate to
occur in the sampled signal at one or more frequencies that are
outside of a target frequency band of the sampled signal.
[0007] In another example, this disclosure describes an
apparatus for monitoring a signal. The apparatus includes
means for sampling an input signal to produce a sampled
signal. The apparatus further includes means for cycling
between an algorithm processing mode and a sleep mode
based on a sleep cycle rate. The means for sampling and the
means for cycling are electrically coupled to a power distri-
bution network that is electrically coupled to a power source.
The sleep cycle rate causes spectral interference to propagate
through the power distribution network and into the sampled
signal. The sleep cycle rate further causes the spectral inter-
ference that is generated due to the sleep cycle rate to occur in
the sampled signal at one or more frequencies that are outside
of a target frequency band of the sampled signal.

[0008] The details of one or more examples of the disclo-
sure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the disclosure will be apparent from the description and draw-
ings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1isablock diagram illustrating example sens-
ing and analysis circuitry that may be used to perform the
spectral aggressor control techniques of this disclosure.
[0010] FIG. 2 is a block diagram illustrating another
example sensing and analysis circuitry that may be used to
perform the spectral aggressor control techniques of this dis-
closure.

[0011] FIG. 3 is a block diagram illustrating an example
chopper amplifier that may be used in the sensing and analysis
circuitry of FIG. 2.

[0012] FIG. 4 is a block diagram illustrating an example
chopper-stabilized amplifier that performs frequency conver-
sion and that may be used in the sensing and analysis circuitry
of FIG. 2.

[0013] FIGS.5A and 5B are conceptual diagrams illustrat-
ing an example of how the algorithm subdivision techniques
described in this disclosure may be used to move spectral
aggressors out of a target frequency band of interest.

[0014] FIG. 6 is block diagram illustrating an example
medical device in which the spectral aggressor control tech-
niques of this disclosure may be implemented.
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[0015] FIG. 7 is a flow diagram illustrating an example
technique for controlling spectral aggressors according to this
disclosure.

DETAILED DESCRIPTION

[0016] This disclosure describes techniques for controlling
spectral aggressors in a sensing device that uses a low power
sleep mode to manage the power consumed by the device. In
some examples, the techniques for controlling spectral
aggressors may include configuring the sleep cycle rate of a
processor that processes sensed signals such that the sleep
cyclerate causes spectral interference that is generated due to
the sleep cycle rate to occur in a sampled signal at one or more
frequencies that are outside of the target frequency band of
the sampled signal. In some examples, one or more of an
algorithm processing rate, a buffering rate, a sampling rate, an
execution unit processing rate, and an algorithm subdivision
factor may be configured to achieve a particular sleep cycle
rate.

[0017] Sensing devices may use a digital microprocessor to
analyze sensed signals and/or to store sensed signals into a
memory. An analog-to-digital converter (ADC) may be used
to generate sampled signals that may be further processed by
the digital processor. In some cases, the digital processor may
be able to process a sampled signal at a rate that is faster than
the rate at which the signal is sampled. In order to save power
in such situations, when the processing algorithms performed
by the processor have completed execution for a particular set
of data samples, the digital processor may enter a low-power
sleep mode until the next set of data samples is received.
Transitioning into and out of the low-power sleep mode may
cause significant fluctuations in the current drain from a
power source that powers the digital processor, particularly in
applications where power is limited, such as, e.g., in an
implantable medical device.

[0018] In some sensing devices, the ADC circuits and the
digital processor may be electrically coupled to a common
power source via a common power distribution network. In
such devices, the current fluctuations caused in the power
distribution network by the sleep mode cycling may propa-
gate into the ADC circuits and introduce one or more spectral
aggressors into one or more of the sampled signals produced
by the ADC circuits. In some cases, the spectral aggressors
may be positioned in a target frequency band of interest in one
or more of the sampled signals resulting in unwanted spectral
noise.

[0019] The techniques of this disclosure may control spec-
tral aggressors that are caused by the sleep mode cycling of a
processor such that the spectral aggressors occur outside of a
target frequency band of interest in a sampled signal. In some
examples, the spectral aggressor control techniques of this
disclosure may include configuring the sleep cycle rate of a
processor that analyzes sensed signals such that the sleep
cycle rate causes spectral interference that is generated due to
the sleep cycle rate to occur in a sampled signal at one or more
frequencies that are outside of the target frequency band of
the sampled signal. In some examples, one or more of an
algorithm processing rate, a buffering rate, a sampling rate, an
execution unit processing rate, and an algorithm subdivision
factor may be configured to achieve a particular sleep cycle
rate. Moving spectral aggressors that are caused by the sleep
mode cycling of a processor to portions of the sampled signal
that are outside of the target frequency band of interest may
reduce the amount of noise in the target frequency band of the
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sampled signal, thereby improving the ability of a signal
monitoring device to analyze one or more characteristics of
the target frequency band.

[0020] In some examples, the algorithm processing rate
(e.g., the rate at which the digital processor invokes a pro-
cessing algorithm) may be configured such that the spectral
interference caused by the sleep cycle rate occurs in the
sampled signal at the one or more frequencies that are outside
of the target frequency band of the sampled signal. In some
cases, the algorithm processing rate may correspond to the
sampling rate. In such examples, the sampling rate may be
configured such that the spectral interference caused by the
sleep cycle rate occurs in the sampled signal at one or more
frequencies that are outside of the target frequency band ofa
sampled signal.

[0021] In further examples, a processing algorithm that is
executed by the digital processor may be invoked with respect
to multiple data samples, and the processor may buffer the
data samples prior to invoking the processing algorithm. In
such examples, the algorithm processing rate may be depen-
dent upon the sampling rate and the buffering rate. To control
the spectral aggressors in such examples, one or both of the
sampling rate and the buffering rate may be configured such
that the spectral interference caused by the sleep cycle rate
occurs in the sampled signal at one or more frequencies that
are outside of the target frequency band of the sampled signal.

[0022] In additional examples, the execution of a single
instance of a processing algorithm may be subdivided into
multiple smaller execution units. These execution units may
be executed by the processor during separate time intervals.
In such examples, the rate at which each subdivided portion of
the algorithm is processed may be dependent on the algorithm
processing rate for the entire algorithm and an algorithm
subdivision factor. To control the spectral aggressors in such
examples, one or both of the algorithm processing rate and the
algorithm subdivision factor may be configured such that the
spectral interference caused by the sleep cycle rate occurs in
the sampled signal at one or more frequencies that are outside
of the target frequency band of the sampled signal.

[0023] In some examples, both buffering and algorithm
subdivision may be used in a sensing system. In such
examples, the rate at which each subdivided portion of the
algorithm is processed may be dependent on the buffering
rate, the sampling rate, and the algorithm subdivision factor.
To control the spectral aggressors in such examples, one or
more of the buffering rate, the sampling rate, and the algo-
rithm subdivision factor may be configured such that the
spectral interference caused by the sleep cycle rate occurs in
the sampled signal at one or more frequencies that are outside
of the target frequency band of the sampled signal.

[0024] Insome examples, the techniques of this disclosure
may be used to sense, monitor, and analyze brain signals, such
as, e.g., EEG signals, ECoG signals, and local field potentials
(LFP’s). Brain signals may include neurological biomarkers
that are encoded as power fluctuations in particular frequency
bands of the brain signal. For example, visual processing and
motor planning may be correlated with power fluctuations in
the alpha band (e.g., 5 to 15 Hz), and the symptoms of Par-
kinson’s disease may be correlated with power fluctuations in
the betaband (e.g., 15 to 35 Hz). Other target frequency bands
of interest for the brain signal may include the delta band
(e.g., 1 Hz or lower), the theta band (e.g., 4 to 8 Hz), and the
gamma band (e.g., 30-100 Hz).
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[0025] In some cases, a device that is configured to sense
brain signals may include multiple channels with one or more
of the channels each being configured to convert a particular
target frequency band of the brain signal to baseband for
sensing and one or more of the channels each being config-
ured to sense a wide-band time-domain version of the brain
signal. Because of'the relatively low frequencies of interest in
the brain signals, the sampling rate for the digital processor
may also be relatively low. However, if the different channels
are powered by a common power source and if sleep cycling
is used to manage power consumption in the device, then the
spectral aggressors from one channel may interfere with the
signals in other channels such as, e.g., the time domain chan-
nel. The techniques of this disclosure may be used to move
spectral aggressors caused by one channel out of a target
frequency band of interest that is located in the same channel
or in another channel. In this way, the power savings provided
by asleep cycling processor may be leveraged while ensuring
that any spectral aggressors caused by the sleep cycling of the
processor do not interfere with the target frequency band of
interest that is to be analyzed.

[0026] FIG.1 isablock diagram illustrating example sens-
ing and analysis circuitry 10 that may be used to perform the
spectral aggressor control techniques of this disclosure. Sens-
ing and analysis circuitry 10 is configured to sense and ana-
lyze an input signal received from one or more sensing ele-
ments. In some examples, the input signal may be a
physiological signal received from one or more sensing ele-
ments (e.g., electrodes) that are attached to, proximate to,
and/or implanted within a human being. Sensing and analysis
circuitry 10 includes a power source 12, a power distribution
network 14, analog-to-digital converters (ADCs) 16, 18, a
processor 20, and a memory 22.

[0027] Power source 12 may provide power to ADCs 16,18
and processor 20 via power distribution network 14. In some
cases, power source 12 may also provide power to memory
22. Power source 12 may be any type of power source, includ-
ing, but not limited to, a battery power source (e.g., a
rechargeable or nonrechargeable battery), a charged capaci-
tor power supply, a voltage multiplier power supply. a direct
current (DC) power supply, an alternating current (AC) power
supply, etc.

[0028] Power distribution network 14 distributes power
from power source 12 to ADCs 16, 18 and processor 20.
Power distribution network 14 may be any type of power
distribution system including, but not limited to, conductive
traces, wires, etc. Power distribution network 14 is electri-
cally coupled to power source 12, ADCs 16, 18, and processor
20.

[0029] Each of ADCs 16, 18 is configured to receive a
respective one of the input signals, and to sample the respec-
tive one of the input signals at a respective sampling rate to
generate a sampled signal. Sampling a signal may refer to the
process of converting a continuous-time signal to a discrete-
time signal. A sampling rate may refer to the rate or frequency
at which samples of the continuous-time signal are taken. The
sampling rate may alternatively be referred to as a sampling
frequency. In some examples, ADCs 16, 18 may also quantize
the input signals to produce the sampled signals. In such
examples, the sampled signals may correspond to digital sig-
nals.

[0030] As shown in FIG. 1, each of ADCs 16, 18 may form
a separate sensing channel. For example, ADC 16 may sense
an input signal for channel A, and ADC 18 may sense an input
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signal for channel B. ADCs 16, 18 are electrically coupled to
power distribution network 14 and to power source 12 via
power distribution network 14.

[0031] Processor 20 may be configured to analyze informa-
tion contained in one or more target frequency bands of the
sampled signals produced by one or both of ADCs 16, 18
and/or to store data samples associated with the sampled
signals produced by one or both of ADCs 16, 18 into memory
22. In some examples, processor 20 may determine a power
level of a target frequency band in one or both of the sampled
signals. In further examples, processor 20 may determine a
power fluctuation of a target frequency band in one or both of
the sampled signals.

[0032] To analyze the information contained in a target
frequency band and/or to store the data samples into memory
22, processor 20 may, in some examples, execute one or more
processing algorithms for a set of one or more data samples
received by one or both of ADCs 16, 18. In some examples,
one or more of the processing algorithms may analyze a target
frequency band of interest. The target frequency band of
interest analyzed by each of the algorithms may be the same
or different. In further examples, one or more of the process-
ing algorithms may store the data samples into memory 22. In
such examples, the data samples may be subsequently
retrieved by processor 20 or another processor for further
analysis in the target frequency band of interest.

[0033] Processor 20 may be implemented as one or more
digital processors, microprocessors, digital signal processors
(DSPs), application specific integrated circuits (ASICs), field
programmable logic arrays (FPGAs), etc. Processor 20 is
electrically coupled to power distribution network 14 and to
power source 12 via power distribution network 14.

[0034] Memory 22 may be configured to store data samples
for subsequent retrieval by processor 20 or another processor.
Memory 22 may include any combination of volatile, non-
volatile, removable, magnetic, optical, or solid state media,
such as read-only memory (ROM), random access memory
(RAM), electronically-erasable programmable ROM (EE-
PROM), flash memory, or the like.

[0035] During operation, processor 20 may execute one or
more processing algorithms at an algorithm processing rate.
The algorithm processing rate may refer to the rate at which
instances of the algorithm are invoked by processor 20.
[0036] In some examples, processor 20 may invoke an
instance of the processing algorithm for every data sample
received by processor 20 from ADCs 16, 18. In such
examples, the algorithm processing rate may correspond to
the sampling rate of one or both of ADCs 16, 18.

[0037] In further examples, processor 20 may invoke an
instance of the processing algorithm for every set of multiple
data samples that are received by processor 20 from ADCs 16,
18. In such examples, processor 20 may buffer the data
samples to be used for a single invocation of the algorithm
prior to invoking the processing algorithm. The number of
data samples to be buffered per invocation of the processing
algorithm may be referred to as the buffering rate. In such
examples, the algorithm processing rate may correspond to a
quotient of the sampling rate divided by the buffering rate.
[0038] Inadditional examples, processor 20 may subdivide
the execution of a single instance of a processing algorithm
into multiple smaller execution units, and may execute the
smaller execution units during separate time intervals. For
example, processor 20 may execute the execution units of the
processing algorithm at an execution unit processing rate.
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The execution unit processing rate may refer to the rate at
which individual execution units of an instance of an algo-
rithm are processed. The execution unit processing rate may
be equal to the product of the algorithm processing rate and an
algorithm subdivision factor. The algorithm subdivision fac-
tor may specify the number of separate execution units (e.g.,
processing portions) into which a single invocation of a pro-
cessing algorithm is subdivided. The algorithm subdivision
factor may also specify the number of separate time intervals
that are to be used for execution a single invocation of the
processing algorithm.

[0039] Processor 20 may be configured to operate in an
algorithm processing mode and a sleep mode. When operat-
ing in the algorithm processing mode, processor 20 may be
configured to execute one or more portions of a processing
algorithm. When operating in the sleep mode, processor 20
may not execute any processing algorithms. When operating
in the sleep mode, processor 20 may consume less power than
when operating in the algorithm processing mode. As such,
the sleep mode may be referred to as a low-power sleep mode.
[0040] In cases where processor 20 does not subdivide the
processing algorithm into execution units, processor 20 may
be configured to enter the sleep mode between each invoca-
tion of a processing algorithm. In other words, processor 20
may transition to the sleep mode after an instance of the
processing algorithm has completed execution, and may tran-
sition to the algorithm processing mode in response to the
execution of a subsequent instance of the processing algo-
rithm being invoked.

[0041] Incases where processor 20 subdivides the process-
ing algorithm into execution units, processor 20 may be con-
figured to enter the sleep mode between the execution of each
of the execution units of the processing algorithm. In other
words, processor 20 may transition to the sleep mode after an
execution unit of the processing algorithm has completed
execution, and may transition to the algorithm processing
mode in response to encountering a time interval at which a
subsequent execution unit is to be processed.

[0042] Because processor 20 may receive and process data
samples at regular intervals, the entering and exiting of the
sleep mode by processor 20 may occur at regular, periodic
intervals. The rate at which processor 20 transitions into
and/or out of the sleep cycle mode may be referred to herein
as the sleep cycle rate. Transitioning into and out of the
low-power sleep mode may cause significant fluctuations in
the current drain from power source 12. The current fluctua-
tions may propagate through power distribution network 14
and into ADCs 16, 18, thereby introducing one or more spec-
tral aggressors into one or more of the sampled signals pro-
duced by ADCs 16, 18. The frequencies of the one or more
spectral aggressors may correspond to, be related to, and/or
be equal to the sleep cycle rate.

[0043] According to this disclosure, one or more of the
algorithm processing rate for processor 20, the buffering rate
for processor 20, the sampling rate for ADCs 16, 18, the
execution unit processing rate for processor 20, and the algo-
rithm subdivision factor for processor 20 may be configured
such that spectral interference caused by the sleep cycle rate
occurs in one or both of the sampled signals produced by
ADCs 16, 18 at one or more frequencies that are outside of
one or more target frequency bands of the sampled signals.
Moving spectral aggressors that are caused by the sleep mode
cycling of processor 20 to portions of the sampled signal that
are outside of the target frequency band of interest may
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reduce the amount of noise in the target frequency band of the
sampled signal, thereby improving the ability of sensing and
analysis circuitry 10 to analyze one or more characteristics of
the target frequency band of the sampled signal and/or to
perform post-processing of recorded data.

[0044] In some examples, ADC 16 may sample an input
signal in Channel A to produce a sampled signal. In such
examples, processor 20 may cycle between an algorithm pro-
cessing mode and a sleep mode based on a sleep cycle rate,
and in some cases, analyze a target frequency band of the
sampled signal. The sleep cycle rate may cause spectral inter-
ference to propagate through power distribution network 14
and into the sampled signal via ADC 16. The sleep cycle rate
may further cause spectral interference that is generated due
to the sleep cycle rate to occur in the sampled signal generated
by ADC 16 at one or more frequencies that are outside of the
target frequency band of the sampled signal.

[0045] In further examples, the sleep cycle rate for proces-
sor 20 may be configured such that the spectral interference
caused by the sleep cycle rate occurs in the sampled signal
generated by ADC 16 at one or more frequencies that are
outside of the target frequency band of the sampled signal.
For example, the sleep cycle rate may be configured such that
the sleep cycle rate is greater than an upper bound frequency
of the target frequency band of the sampled signal generated
by ADC 16. As another example, the sleep cycle rate may be
configured such that the sleep cycle rate is less than a lower
bound frequency of the target frequency band of the sampled
signal generated by ADC 16.

[0046] In additional examples, processor 20 may invoke
instances of a processing algorithm at an algorithm process-
ing rate to process the sampled signal generated by ADC 16.
In such examples, the sleep cyclerate may be configured to be
equal to the algorithm processing rate, and the algorithm
processing rate may be configured such that the spectral inter-
ference caused by the sleep cycle rate occurs in the sampled
signal generated by ADC 16 at one or more frequencies that
are outside of the target frequency band of the sampled signal.
[0047] Insome examples, ADC 18 may sample a channel B
input signal to produce a sampled signal, and processor 20
may invoke instances of a processing algorithm at an algo-
rithm processing rate to process the sampled signal generated
by ADC 18. In such examples, the sleep cycle rate may be
equal to the algorithm processing rate, and the algorithm
processing rate may be configured such that spectral interfer-
ence caused by the sleep cycle rate occurs in a sampled signal
generated by ADC 16 at one or more frequencies that are
outside of the target frequency band of the sampled signal
generated by ADC 16.

[0048] In further examples, ADC 16 may sample the input
signal at a sampling rate, and processor 20 may buffer the
sampled signal at a buffering rate and invoke instances of the
processing algorithm at a rate equal to a quotient of the
sampling rate divided by the buffering rate to process the
sampled signal. The buffering rate may be indicative of a
number of data samples to buffer per invocation of a process-
ing algorithm. In such examples, the sleep cycle rate may be
configured to be equal to the quotient of the sampling rate
divided by the buffering rate, and the buffering rate and the
sampling rate may be configured such that the spectral inter-
ference caused by the sleep cycle rate occurs in the sampled
signal generated by ADC 16 at one or more frequencies that
are outside of the target frequency band of the sampled signal
generated by ADC 16.
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[0049] Inadditional examples, ADC 18 may sample achan-
nel B input signal at a sampling rate to produce a sampled
signal, processor 20 may buffer the sampled signal generated
by ADC 18 at a buffering rate and invoke instances of the
processing algorithm at a rate equal to a quotient of the
sampling rate divided by the buffering rate to process the
sampled signal generated by ADC 18. In such examples, the
sleep cycle rate may be configured to be equal to the quotient
of the sampling rate divided by the buffering rate. Also in such
examples, the buffering rate and the sampling rate may be
configured such that spectral interference caused by the sleep
cycle rate occurs in a sampled signal generated by ADC 16 at
one or more frequencies that are outside of the target fre-
quency band of the sampled signal generated by ADC 16.

[0050] In yet further examples, processor 20 may invoke
instances of a processing algorithm at an algorithm process-
ing rate to process the sampled signal generated by ADC 16.
For each of the instances of the processing algorithm that are
invoked, processor 20 may execute the respective instance of
the processing algorithm during a number of separate time
intervals. Fach of the separate time intervals may be separated
from adjacent time intervals by a time interval where the
respective processing algorithm is not executed by processor
20. The number of separate time intervals may be determined
by an algorithm subdivision factor. In such examples, the
sleep cycle rate may be configured to be equal to a product of
an algorithm processing rate and the algorithm subdivision
factor, and the algorithm processing rate and the algorithm
subdivision factor may be configured such that spectral inter-
ference caused by the sleep cycle rate occurs in the sampled
signal generated by ADC 16 at the one or more frequencies
that are outside of the target frequency band of the sampled
signal generated by ADC 16.

[0051] In some implementations of the previous example,
ADC 16 may sample the input signal at a sampling rate to
produce a sampled signal, and processor 20 may buffer the
sampled signal at a buffering rate. In such implementations,
the algorithm processing rate may be equal to a quotient of the
sampling rate divided by the buffering rate. Also in such
implementations, the sampling rate, the buffering rate and the
algorithm subdivision factor may be configured such that the
spectral interference caused by the sleep cycle rate occurs in
the sampled signal generated by ADC 16 at one or more
frequencies that are outside of the target frequency band of
the sampled signal generated by ADC 16.

[0052] Inadditional examples, ADC 18 may sample achan-
nel B input signal to produce a sampled signal, and processor
20 may invoke instances of a processing algorithm at an
algorithm processing rate to process the sampled signal gen-
erated by ADC 18. For each of the instances of the processing
algorithm that are invoked, processor 20 may execute the
respective instance of the processing algorithm during anum-
ber of separate time intervals. The number of separate time
intervals may be determined by an algorithm subdivision
factor. In such examples, the sleep cycle rate may be config-
ured to be equal to a product of the algorithm processing rate
and the algorithm subdivision factor. Also in such examples,
the algorithm processing rate and the algorithm subdivision
factor may be configured such that the spectral interference
caused by the sleep cycle rate occurs in a sampled signal
generated by ADC 16 at one or more frequencies that are
outside of the target frequency band of the sampled signal
generated by ADC 16.
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[0053] 1Insome implementations of the previous example,
ADC 18 may sample the channel B input signal at a sampling
rate to produce a sampled signal, and processor 20 may buffer
the sampled signal generated by ADC 18 at a buffering rate.
The buffering rate may be indicative of a number of data
samples to buffer per invocation of the processing algorithm.
In such examples, the algorithm processing rate may be equal
to aquotient of the sampling rate divided by the buffering rate.
Also in such examples, the sampling rate, the buffering rate
and the algorithm subdivision factor may be configured such
that the spectral interference caused by the sleep cycle rate
occurs in the sampled signal generated by ADC 16 at the one
or more frequencies that are outside of the target frequency
band of the sampled signal generated by ADC 16.

[0054] FIG. 2 is a block diagram illustrating another
example sensing and analysis circuitry 30 that may be used to
perform the spectral aggressor control techniques of this dis-
closure. The sensing and analysis circuitry 30 illustrated in
FIG. 2 is substantially similar to the sensing and analysis
circuitry 10 illustrated in FIG. 1, except that sensing and
analysis circuitry 30 includes additional pre-sample circuits
32, 34 that process the Channel A and Channel B input sig-
nals, respectively, prior to being received by ADCs 16, 18,
respectively. As shown in FIG. 2, pre-sample circuit 32 and
ADC 16 may form a first sensing channel (i.e., Channel A),
and pre-sample circuit 34 and ADC 18 may form a second
sensing channel (i.e., Channel B).

[0055] In some examples, one or both of pre-sample cir-
cuits 32, 34 may amplify the input signal to produce an
amplified signal. In some cases, one or both of pre-sample
circuits 32, 34 may perform chopper-stabilized amplification
to generate a chopper-stabilized amplified version of a
respective input signal. For example, one or both of pre-
sample circuits 32, 34 may include a chopper amplifier as
described below with respect to FIG. 3.

[0056] In further examples, one or both of pre-sample cir-
cuits 32,34 may convert a target frequency band of interest to
abaseband in addition to amplifying the signal. For example,
one or both of pre-sample circuits 32, 34 may include a
frequency-converting chopper amplifier as described below
with respect to FIG. 4. Converting a target frequency band of
interest to baseband may correspond to causing a center fre-
quency of the target frequency band to be substantially cen-
tered at a direct current (DC) frequency (e.g., zero Hertz
(Hz)).

[0057] The sensing and analysis circuitry 30 in FIG. 2 may
be versatile in the sense that each channel may be configured
to be a power channel or a time domain channel. A power
channel may use pre-sample circuits 32, 34 to amplify and
convert a target frequency band of a respective input signal to
baseband. The power channel may further use ADCs 16, 18 to
sample the respective signal and generate a sampled signal of
a particular target frequency band of the respective input
signal. A time domain channel may use pre-sample circuits
32, 34 to amplify a respective input signal without performing
any net frequency conversion, and ADCs 16, 18 to sample the
respective signal to generate a wide-band sampled signal.
[0058] According to some aspects of this disclosure, one or
more processing parameters for a particular channel may be
adjusted to move spectral aggressors out of a target frequency
band of interest in another channel. For example, one or more
processing parameters for channel A may be configured to
move spectral aggressors out of a target frequency band of
interest in channel B. As another example, one or more pro-
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cessing parameters for channel B may be configured to move
spectral aggressors out of a target frequency band of interest
in channel A.

[0059] According to additional aspects of this disclosure,
one or more processing parameters for a particular channel
may be adjusted to move spectral aggressors out of a target
frequency band of interest in that same particular channel. For
example, one or more processing parameters for channel A
may be configured to move spectral aggressors out of a target
frequency band of interest in channel A. As another example,
one or more processing parameters for channel B may be
configured to move spectral aggressors out of a target fre-
quency band of interest in channel B.

[0060] According to further aspects of this disclosure, one
or more processing parameters for a particular type of chan-
nel may be adjusted to move spectral aggressors out of a target
frequency band of another type of channel. For example, one
or more processing parameters for a power domain channel
may be configured to move spectral aggressors out of a target
frequency band of interest in a time domain channel. As
another example, one or more processing parameters for a
time domain channel may be configured to move spectral
aggressors out of a target frequency band of interest in a
power domain channel.

[0061] According to additional aspects of this disclosure,
one or more processing parameters for a particular type of
channel may be adjusted to move spectral aggressors out of
that same type of channel. For example, one or more process-
ing parameters for a power domain channel may be config-
ured to move spectral aggressors out of a target frequency
band of interest in another power domain channel. As another
example, one or more processing parameters for a time
domain channel may be configured to move spectral aggres-
sors out of a target frequency band of interest in another time
domain channel.

[0062] An example of configuring the buffering rate of
processor 20 and the sampling rate of one of ADCs 16, 18 to
move spectral aggressors out of a target frequency band of
interest will now be described with respect to an example
sensing system. Prior to applying some aspects of this disclo-
sure to the example sensing system, the sample rate for time-
domain data was 200 Hz. 8 data points (per channel) were
buffered by firmware executing on the processor (e.g., pro-
cessor 20). The firmware then wrote the sampled data to an
off-chip SRAM (e.g., memory 22). This resulted in a 25 Hz
processing aggressor, which is right in the middle of the beta
band (e.g., 15 to 35 Hz). The beta band may correspond to
symptoms that are associated with epilepsy and Parkinson’s
disease.

[0063] In this case, to move the aggressor out of the beta
band, the rate of buffering and SRAM writes was changed by
modifying the firmware to perform processing after buffering
4 points of data rather than 8 points of data. This moved the
aggressor to 50 Hz, which is outside of the beta band. In
Europe, their line noise is at 50 Hz, so European systems may
already perform notch-filtering at 50 Hz.

[0064] In another example, the sampling rate may be
shifted higher, for example, to 422 Hz. By using the same
buffering technique, this moves the aggressor to 105.5 Hz. In
this case, information in the range of up to -100 Hz can be
analyzed without interference from the aggressor.

[0065] FIG. 3 is a block diagram illustrating an example
chopper amplifier 40 that may be used in the sensing and
analysis circuitry 30 of FIG. 2. For example, one or both of
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pre-sample circuits 32, 34 may, in some examples, include a
chopper amplifier 40. Chopper amplifier 40 is configured to
receive an input signal, and generate a chopper-stabilized
amplified version of the input signal based on a chopper
frequency (i.e., f.). Chopper amplifier 40 includes a modula-
tor 42, an amplifier 44, a demodulator 46, and a low-pass filter
48.

[0066] Modulator 42 modulates an amplitude of the input
signal based on the chopper frequency (i.e., f.) to produce a
modulated signal. Amplifier 44 amplifies an amplitude of the
modulated signal to produce an amplified signal. Demodula-
tor 46 demodulates the amplified signal based on the chopper
frequency (i.e., f.) to produce a demodulated signal. Low-
pass filter 48 low-pass filters the demodulated signal to gen-
erate a chopper-stabilized amplified version of the input sig-
nal.

[0067] Modulating and demodulating a signal based on a
chopper frequency may refer, respectively, to modulating and
demodulating the signal at the chopper frequency. In other
words, modulator 42 and demodulator 46 may multiply a
signal received by the respective modulator or demodulator
with the chopper frequency to produce an output signal (e.g.,
a modulated signal or a demodulated signal). In some
examples, demodulator 46 may also be referred to as a modu-
lator. In some cases, modulator 42 and demodulator 46 may
be constructed from one or more switches that are switched at
the chopper frequency.

[0068] Amplifier 44 may be any type of amplifier with any
combination of single-ended or differential inputs and out-
puts. If the inputs to amplifier 44 are single-ended, then
amplifier 44 may amplify the single-ended input signal to
generate an amplified version of the input signal. On the other
hand, if'the inputs to amplifier 44 are differential, then ampli-
fier 44 may amplify a difference between the input signals to
generate an amplified version of the input signal. [Low-pass
filter 48 may be any type of low-pass filter including, e.g., an
integrator or a type of low-pass filter that includes a pass band
and a stop band.

[0069] Although amplifier 44 and demodulator 46 are illus-
trated in FIG. 3 as being separate components, in some
examples, amplifier 44 and demodulator 46 may be integrated
into a single mixer amplifier component. The single mixer
amplifier component may be a modified folded-cascode
amplifier with switching at low impedance nodes. An
example of a modified folded-cascode amplifier with switch-
ing at low impedance nodes is shown in FIG. 6 of and
described in the corresponding description of U.S. Pat. No.
7,385.443, issued Jun. 10, 2008, to Timothy J. Denison,
entitled “Chopper Stabilized Instrumentation Amplifier,” the
entire content of which is incorporated herein by reference.
Other examples of modified folded-cascode amplifiers with
switching at low impedance nodes are shown in FIGS. 3A and
3B of and described in the corresponding description of U.S.
Pat. No. 7,714,757, issued May 11, 2010, to Timothy J. Deni-
son et al., entitled “Chopper-stabilized analog-to-digital con-
verter,” the entire content of which is incorporated herein by
reference. An additional example of a modified folded-cas-
code amplifier with switching at low impedance nodes is
shown in FIG. 12 of and described in the corresponding
description of U.S. Patent Publication No. 2009/0082691,
published Mar. 26, 2009, to Timothy J. Denison et al., entitled
“FREQUENCY SELECTIVE MONITORING OF PHYSI-
OLOGICAL SIGNALS,” the entire content of which is incor-
porated herein by reference.
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[0070] The chopper amplifier illustrated in FIG. 3 is merely
one example of a chopper amplifier that may be used in
accordance with the techniques of this disclosure. In further
examples, chopper amplifier 40 may be a nested chopper
amplifier, may include in-phase and quadrature phase signal
processing pathways, or may be a nested chopper amplifier
thatincludes in-phase and quadrature phase signal processing
pathways. An example of a nested chopper amplifier that
includes in-phase and quadrature phase signal processing
pathways is shown in FIG. 26 of U.S. Patent Publication No.
2009/0082691, published Mar. 26, 2009, to Timothy J. Deni-
sonetal., entitled “FREQUENCY SELECTIVE MONITOR-
ING OF PHYSIOLOGICAL SIGNALS,” the entire content
of which is incorporated herein by reference. The nested
chopper amplifier in FIG. 26 may, in some examples, have a
delta set equal to zero.

[0071] FIG. 4 is a block diagram illustrating an example
chopper-stabilized amplifier 50 that performs frequency con-
version and that may be used in the sensing and analysis
circuitry 30 of FIG. 2. For example, one or both of pre-sample
circuits 32, 34 may, in some examples, include a chopper-
stabilized amplifier 50. The chopper-stabilized amplifier 50
shown in FIG. 4 may be configured to perform net frequency
conversion in addition to amplification. In other words, chop-
per amplifier 50 may convert a target frequency band of
interest to a baseband in addition to amplifying the signal.
Converting a target frequency band of interest to baseband
may correspond to causing a center frequency of the target
frequency band to be substantially centered at a direct current
(DC) frequency (e.g., zero Hertz (Hz)).

[0072] Chopper amplifier 50 includes components that are
substantially similar to those already discussed above with
respect to chopper amplifier 40 in FIG. 3 except that chopper
amplifier 50 also includes a frequency shifter 52 that is con-
figured to offset the chopper frequency (i.e., f.) by an offset
(ie., 6) to generate a demodulator frequency (ie., I ). In
chopper amplifier 50, modulator 42 modulates an amplitude
of the input signal based on a first chopper frequency (i.e., f.)
to produce a modulated signal. Amplifier 44 amplifies an
amplitude of the modulated signal to produce an amplified
signal. Demodulator 46 demodulates the amplified signal
based on a second chopper frequency (i.e., £, ;) to produce a
demodulated signal. Low-pass filter 48 low-pass filters the
demodulated signal to generate a chopper-stabilized ampli-
fied version of the input signal. The offset between the chop-
per frequencies causes chopper amplifier 50 to perform a net
frequency conversion.

[0073] Although amplifier 44 and demodulator 46 are illus-
trated in FIG. 4 as being separate components, in some
examples, amplifier 44 and demodulator 46 may be integrated
into a single mixer amplifier component. The single mixer
amplifier component may be a modified folded-cascode
amplifier with switching at low impedance nodes. An
example of a modified folded-cascode amplifier with switch-
ing at low impedance nodes is shown in FIG. 6 of and
described in the corresponding description of U.S. Pat. No.
7,385,443, issued Jun. 10, 2008, to Timothy J. Denison,
entitled “Chopper Stabilized Instrumentation Amplifier,” the
entire content of which is incorporated herein by reference.
Other examples of modified folded-cascode amplifiers with
switching at low impedance nodes are shown in FIGS. 3A and
3B of and described in the corresponding description of U.S.
Pat. No. 7,714,757, issued May 11, 2010, to Timothy J. Deni-
son et al., entitled “Chopper-stabilized analog-to-digital con-
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verter,” the entire content of which is incorporated herein by
reference. An additional example of a modified folded-cas-
code amplifier with switching at low impedance nodes is
shown in FIG. 12 of and described in the corresponding
description of U.S. Patent Publication No. 2009/0082691,
published Mar. 26, 2009, to Timothy J. Denison et al., entitled
“FREQUENCY SELECTIVE MONITORING OF PHYSI-
OLOGICAL SIGNALS,” the entire content of which is incor-
porated herein by reference.

[0074] The chopper amplifier illustrated in FIG. 4 is merely
one example of a chopper amplifier that may be used in
accordance with the techniques of this disclosure. In further
examples, chopper amplifier 40 may be a nested chopper
amplifier, may include in-phase and quadrature phase signal
processing pathways, or may be a nested chopper amplifier
thatincludes in-phase and quadrature phase signal processing
pathways. An example of a nested chopper amplifier that
includes in-phase and quadrature phase signal processing
pathways is shown in FIG. 26 of U.S. Patent Publication No.
2009/0082691, published Mar. 26, 2009, to Timothy J. Deni-
sonetal., entitled “FREQUENCY SELECTIVE MONITOR-
ING OF PHYSIOLOGICAL SIGNALS,” the entire content
of which is incorporated herein by reference.

[0075] FIGS.5A and 5B are conceptual diagrams illustrat-
ing an example of how the algorithm subdivision techniques
described in this disclosure may be used to move spectral
aggressors out of a target frequency band of interest. When a
processor is causing aggressors by entering and exiting sleep
mode to perform processing as described above, in some
examples, processor 20 may chop up the processing (i.e.,
subdivide the processing of an algorithm into separate execu-
tion units that are processed during different time intervals),
thereby changing the frequency of the aggressor.

[0076] An example of using algorithm subdivision to con-
trol spectral aggressors will now be described. Consider
example sensing and analysis circuitry 30 (FIG. 2) that is
configured to sample time-domain data at 200 Hz and power
channel data at 5 Hz. FIG. 5A depicts this example where
processor 20 is processing an algorithm at a S Hz algorithm
processing rate with no subdivision of the algorithm (e.g., an
algorithm subdivision factor of one). If an algorithm runs at
the 5 Hz rate, it could impart a 5 Hz aggressor upon the
time-domain data that is collected. Note that the harmonics of
an aggressor may also getincluded in spectral analysis. In this
case, an aggressor may appear every 5 Hz.

[0077] According to some aspects of this disclosure, pro-
cessor 20 may split up the processing and distribute the pro-
cessing throughout the algorithm processing time interval,
which may move the aggressor to a higher frequency. FIG.5B
depicts an example where the processing for the algorithm
has been split up into 8 separate pieces (e.g., an algorithm
subdivision factor of eight). This moves the aggressor from 5
Hz (FIG. 5A) to 40 Hz (FIG. 5B). The algorithm subdivision
techniques of this disclosure may be used, in some examples,
to move the aggressor upward in frequency.

[0078] FIG. 6 is block diagram illustrating an example
medical device 60 in which the spectral aggressor control
techniques of this disclosure may be implemented. Sensing
and analysis circuitry 10 may monitor and/or analyze physi-
ological signals associated with a patient in selected fre-
quency bands. The physiological signals may be relatively
low frequency signals, and may have frequency bands of
interest in a range of approximately 1 to 1000 Hertz (Hz) and,
more particularly, in a range of approximately 1 to 500 Hz.
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For example, 1 Hz oscillations may be relevant for sleep state
analysis, while fast ripples in a range of approximately 200 to
500 Hz or higher may be relevant for analysis of epilepsy. In
general, frequencies in the selected frequency band are less
than or equal to approximately 1000 Hz, more particularly
less than or equal to approximately 500 Hz, and still more
particularly less than or equal to approximately 100 Hz. For
EEG signals, as an example, selected frequency bands may
fallin the ranges of approximately 5 to 15 Hz (alpha band), 15
to 35 Hz (beta band), and 30 to 80 Hz (gamma band). Char-
acteristics of the signal in selected frequency bands may be
useful in controlling therapy, such as electrical stimulation or
drug delivery, either by initiation of delivery of therapy or
adjustment of therapy parameters. Adjustment of therapy
parameters may include adjustment of pulse amplitude, pulse
rate, pulse width, electrode combination or the like for elec-
trical stimulation, or adjustment of dosage, rate, frequency,
lockout interval, or the like for drug delivery.

[0079] As illustrated in FIG. 6, medical device 60 may also
include a power source 62, such as a rechargeable or nonre-
chargeable battery, a processor 64, a telemetry module 68, a
memory 70, and a therapy delivery module 72. In addition, in
the example of FIG. 6, sensing and analysis circuitry 10 is
connected to sensing elements 66 that are positioned at a
desired location relative to the patient and that detect the
physiological signal. Sensing elements 66 may include a set
of electrodes for sensing electrical signals. The electrodes
may be, for example, implantable electrodes deployed on a
lead or external surface electrodes. Sensing elements 66 may
be deployed at selected tissue sites or on selected surfaces of
a human patient, such as within the brain, proximate the
spinal cord, on the scalp, or elsewhere. As an example, scalp
electrodes may be used to measure or record EEG signals. As
another example, electrodes implanted at the surface of the
cortex may be used to measure or record ECoG signals.
Therapy delivery module 72 may be connected to therapy
delivery elements 74, such as one or more electrodes
deployed on a lead or drug delivery conduits, which may be
positioned at a desired location relative to the patient to
deliver therapy to the patient in response to the monitored
physiological signal.

[0080] Insome embodiments, medical device 60 may com-
prise an implantable medical device capable of being
implanted within the patient. In this case, sensing elements 66
may be positioned at a desired location within the patient to
detect the physiological signal. Further, therapy delivery ele-
ments 74 may be positioned at a desired location within the
patient to deliver the therapy, such as electrical stimulation,
drug delivery or internal audio or visual cueing. In other
embodiments, medical device 60 may comprise an external
medical device with sensing elements positioned at a desired
location adjacent the patient to detect the physiological sig-
nal. In addition, therapy delivery elements 74 may be posi-
tioned at a desired location external to the patient to deliver
the therapy, such as external audio, visual or tactile cueing via
lights, displays, speakers, or the like.

[0081] Processor 64, sensing and analysis circuitry 10,
telemetry module 68, memory 70, and therapy delivery mod-
ule 72 may receive operating power from power source 62.
Power source 62 may take the form of'a small, rechargeable or
non-rechargeable battery, oran inductive power interface that
receives inductively coupled energy. In the case ofa recharge-
able battery, power source 62 similarly may include an induc-
tive power interface for transfer of recharge power.
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[0082] Processor 64 may include one or more microproces-
sors, microcontrollers, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field pro-
grammable gate array (FPGAs), discrete logic circuitry, or a
combination of such components. In some examples, proces-
sor 64 in medical device 60 may be the same processor as
processor 20 in sensing and analysis circuitry 10. In addi-
tional examples, processor in medical device 60 may be dif-
ferent than processor 20 in sensing and analysis circuitry 10.

[0083] Memory 70 may store therapy instructions that are
available to be selected by processor 64 in response to receiv-
ing a patient therapy trigger from sensing and analysis cir-
cuitry 10. In addition, processor 64 may be configured to
record diagnostic information, such as sensed signals, signal
characteristics, or the like in memory 70 or another memory
or storage device. Memory 70 may include any combination
of volatile, non-volatile, removable, magnetic, optical, or
solid state media, such as read-only memory (ROM), random
access memory (RAM), electronically-erasable program-
mable ROM (EEPROM)), flash memory, or the like.

[0084] Sensing and analysis circuitry 10 may monitor a
variety of signals via a variety of different sensing elements
66, such as a pressure sensing element, an accelerometer, an
activity monitor, an impedance monitor, an electrical signal
monitor or other monitor configured to monitor heart sounds,
brain signals, and/or other physiological signals. As an illus-
tration, sensing elements 66 may comprise one or more elec-
trodes located on a lead implanted at a target site within the
patient and electrically coupled to sensing and analysis cir-
cuitry 10 via conductors. Sensing and analysis circuitry 10
may monitor the signals obtained from sensing elements 66.
Sensing and analysis circuitry 10 may include suitable elec-
trical interconnections to sensing elements 66 and other com-
ponents, as necessary.

[0085] A lead may carry one electrode or multiple elec-
trodes, such as ring electrodes, segmented electrodes or elec-
trodes arranged in a planar or non-planar array, e.g., on a
paddle lead. Medical device 60 may be implantable or exter-
nal. Such leads may carry sense electrodes or a combination
of sense and stimulation electrodes. In some cases, different
leads may be dedicated to sensing and stimulation functions.
If external, medical device 60 may be coupled to one or more
leads carrying sense and/or stimulation electrodes via a pet-
cutaneous extension. As a further illustration, sensing ele-
ments 66 may be surface electrodes suitable for placement on
scalp, face, chest, or elsewhere on a patient, in which case
such electrodes may be coupled to sensing and analysis cir-
cuitry 10 via conductors within external leads. Sensing ele-
ments 66 may further comprise combinations of electrodes
provided on one or more implantable leads and on or withina
housing of medical device 60, or other electrode arrange-
ments.

[0086] In general, sensing elements 66 provide a measure-
ment of a physiological signal associated with the patient by
translating the signal to an output voltage or current. Sensing
and analysis circuitry 10 may receive the measured physi-
ological signal as an input signal, pre-process the physiologi-
cal signal to producea processed signal, sample the processed
signal at a sampling rate to generate a sampled signal, and
process the sampled signal. In some examples, processing the
sampled signal may include performing one or more process-
ing algorithms with respect to the sampled signal. The one or
more processing algorithms may measure one or more char-
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acteristics of a target frequency band of the sampled signal
and/or may store the sampled signal into a memory (e.g.,
memory 70).

[0087] Insome examples, sensing and analysis circuitry 10
may measure the power in the target frequency band or power
fluctuations in the target frequency band. The measured
power may be used to determine whether the delivery of
therapy is triggered or initiated and/or whether the recording
of diagnostic information is triggered or initiated.

[0088] In some examples, sensing and analysis circuitry 10
may generate a signal indicative of the power of a target
frequency band of the physiological signal and/or a signal
indicative of power fluctuation of a target frequency band of
the physiological signal. In such examples, processor 64 may
trigger the delivery of therapy and/or trigger the recording of
diagnostic information based on the signal indicative of the
power of the target frequency band and/or the signal indica-
tive of power fluctuation of the target frequency band.
[0089] In further examples, sensing and analysis circuitry
10 may output a trigger signal to processor 64 to control
therapy and/or record diagnostic information. In such
examples, processor 64 may receive the trigger signal and
initiate delivery of therapy or adjust one or more therapy
parameters specified in memory 70.

[0090] Processor 64 may output therapy instructions to
therapy delivery module 72 to initiate or adjust delivery of
therapy. Therapy delivery module 72 may include a stimula-
tion generator that delivers stimulation therapy to the patient
via therapy delivery elements 74 in response to receiving the
therapy instructions. Therapy delivery elements 74 may be
electrodes carried on one or more leads, electrodes on the
housing of medical device 60, or electrodes on both a lead and
the medical device housing. Alternatively, therapy delivery
module 72 may include a fluid delivery device, such as a drug
delivery device, including a fluid reservoir and one or more
fluid delivery conduits. For cueing applications, therapy
delivery module 72 may include one or more speakers, one or
more lights, one or more display screens, or any combination
thereof.

[0091] In some cases, as described above, therapy delivery
module 72 may include a stimulation generator or other
stimulation circuitry that delivers electrical signals, e.g.,
pulses or substantially continuous signals, such as sinusoidal
signals, to the patient via at least some of the electrodes that
form therapy delivery elements 74 under the control of the
therapy instructions received from processor 64. Processor 64
may control therapy delivery module 72 to deliver electrical
stimulation with pulse voltage or current amplitudes, pulse
widths, and frequencies (i.e., pulse rates), and electrode com-
binations specified by the programs of the selected therapy
instructions, e.g., as stored in memory 70. Processor 64 may
also control therapy delivery module 72 to deliver each pulse,
or a burst of pulses, according to a different program of the
therapy instructions, such that multiple programs of stimula-
tion are delivered an interleaved or alternating basis. In some
embodiments, processor 64 may control therapy delivery
module 72 to deliver a substantially continuous stimulation
waveform rather than pulsed stimulation.

[0092] In other cases, as described above, therapy delivery
module 72 may include a one or more fluid reservoirs and one
or more pump units that pump fluid from the fluid reservoirs
to the target site through the fluid delivery devices that form
therapy delivery elements 74 under the control of the therapy
instructions received from processor 64. For example, pro-
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cessor 64 may control which drugs are delivered and the
dosage, rate and lockout interval of the drugs delivered. The
fluid reservoirs may contain a drug or mixture of drugs. The
fluid reservoirs may provide access for filling, e.g., by percu-
taneous injection of fluid via a self-sealing injection port. The
fluid delivery devices may comprise, for example, fluid deliv-
ery conduits in the form of catheters that deliver, i.e., infuse or
disperse, drugs from the fluid reservoirs to the same or dif-
ferent target sites.

[0093] In some cases, therapy delivery module 72 may
include an audio signal generator, a visual signal, or a tactile
stimulus (e.g., vibration) generator for cueing to disrupt aki-
nesia or treat other conditions. Processor 64 may control
therapy delivery module 72 to deliver audio, visual or tactile
cueing with different parameters, such as amplitude, fre-
quency, or the like, as specified by programs stored in
memory 26.

[0094] Processor 64 also may control a telemetry module
68 to exchange information with an external programmer,
such as a clinician programmer and/or patient programmer,
by wireless, radio frequency (RF) telemetry. Processor 64
may control telemetry module 68 to communicate with the
external programmer on a continuous basis, at periodic inter-
vals, or upon request from the programmer. The programmer
may, in turn, be connected to a computer that can program the
device for algorithm and sensing adjustments, for issuing
commands, for uplinking recorded loop data and for provid-
ing analysis. In addition, in some embodiments, telemetry
module 68 may support wireless communication with one or
more wireless sensors or sensing elements that sense physi-
ological signals and transmit the signals to sensing and analy-
sis circuitry 10 by wireless transmission.

[0095] FIG. 7 is a flow diagram illustrating an example
technique for controlling spectral aggressors according to this
disclosure. ADCs 16, 18 sample an input signal (100). Pro-
cessor 20 cycles into and out of a sleep mode (102). For
example, processor 20 may cycle between an algorithm pro-
cessing mode and a sleep mode based on a sleep cycle rate.
Processor 20 analyzes information contained in a target fre-
quency band of the sampled signal (106). For example, pro-
cessor 20 may determine a power magnitude or an amount or
frequency of power fluctuation. In some examples, in addi-
tion to or in lieu of analyzing the information contained in the
target frequency band, processor 20 may store the sampled
data in memory 22

[0096] Pre-sample circuits 32, 34 and processor 20 may
both be electrically coupled to a power distribution network
14 that is electrically coupled to a common power source 12.
The sleep cycle rate may cause spectral interference to propa-
gate through power distribution network 14 and into the
sampled signal via ADCs 16, 18.

[0097] According to this disclosure, the sleep cycle rate
may further cause the spectral interference that is generated
due to the sleep cycle rate to occur in one or both of the
sampled signals produced by ADCs 16, 18 at one or more
frequencies that are outside of the target frequency band of
the sampled signals. For example, one or more of the algo-
rithm processing rate for processor 20, the buffering rate for
processor 20, the sampling rate for ADCs 16, 18, the execu-
tion unit processing rate for processor 20, and the algorithm
subdivision factor for processor 20 may be configured such
that the spectral interference caused by the sleep cycle rate
occurs in one or both of the sampled signals produced by
ADCs 16, 18 at one or more frequencies that are outside of
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one or more target frequency bands of the sampled signals.
Moving spectral aggressors that are caused by the sleep mode
cycling of processor 20 to portions of the sampled signal that
are outside of the target frequency band of interest may
reduce the amount of noise in the target frequency band of the
sampled signal, thereby improving the ability of sensing and
analysis circuitry 30 to analyze one or more characteristics of
a target frequency band of one or both of the sampled signals
produced by ADCs 16, 18.

[0098] The techniques of this disclosure may be used, in
some examples, to reduce noise caused by aggressors in a
brain signal sensing system and/or to perform rate control of
aggressors for spectral processing. In some examples, the
techniques of this disclosure may be implemented in an
implantable neurostimulator that performs deep brain stimu-
lation (DBS).

[0099] Sensing of local field potentials (LFPs) in the brain
of patients may be performed in an implantable medical
device that includes frequency conversion chopper amplifiers
similar to those depicted in FIG. 4. The information content of
LFPs may be contained within its spectral characteristics.
When a noise source (an aggressor) occurs at a rate that is in
the frequency band of interest, it can ruin and/or degrade the
information content of the sensed signal. The techniques of
this disclosure may, in some examples, deal with these
aggressors to improve sensing capability.

[0100] Insome examples, noise may refer to the mixing of
anything other than the signal of interest with the signal of
interest. Some types of noise sources, such as, e.g., line noise
and thermal noise may contaminate a signal. In some cases, a
noise source may come from within the sensing device itself.
These aggressors may be related to digital signals toggling
and interfering with the analog sensing circuitry. In some
examples, shielding and ground planes may be used to deal
with this kind of aggressor.

[0101] Insome examples, the techniques of this disclosure
may deal with aggressors that are internal to a sensing system
and that are the under the control of the system designers. The
techniques of this disclosure may, in some examples, be used
to change the nature of in-system aggressors to reduce their
effects on the signals acquired.

[0102] In some examples, a processor may sample data,
store sampled data, and execute algorithms with respectto the
sampled data. In some cases the processor may have a low-
current sleep mode that can be used whenever there is no
active processing in order to limit the current drain of the
processor. In general, keeping the duty cycle of the process-
ing/sleep cycle as low as possible may limit the current draw.

[0103] One problem with a relatively low duty cycle is that
the processor may have fluctuations in the instantaneous cur-
rent draw when it cycles between awake and sleep states. For
example, the duty cycling of the sense processor may cause
fluctuation in the supply voltage to the ADCs, which may
resultin an aggressor that acts at a rate equal to that of the duty
cycling.

[0104] One solution to deal with this aggressor is to com-
pletely eliminate the aggressor. Sometimes this may be very
inconvenient or not possible. For example, it may be possible
to reduce the processing aggressor from occurring by adding
a regulator. However, a regulator may not completely elimi-
nate the aggressor and may require some additional current
draw of its own. This disclosure describes techniques to move
the aggressor out of the frequency band of interest without
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requiring an additional regulator to be added to a sensing
system in order to remove the aggressor.

[0105] Insome examples, the techniques of this disclosure
may change the rate of algorithm processing (e.g., the algo-
rithm processing rate) in order to move in-system aggressors
away from areas of interest. In further examples, the tech-
niques of this disclosure may chop up and schedule process-
ing at rates outside of the target frequency band in order to
move in-system aggressors away from areas of interest. In
additional examples, the techniques of this disclosure may
change the sample rate in order to move in-system aggressors
away from areas of interest.

[0106] Various techniques described in this disclosure may
be implemented in hardware, software, firmware or any com-
bination thereof. For example, various aspects of the tech-
niques may be implemented within or in conjunction with one
or more microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field pro-
grammable logic arrays (FPGAs), or any other equivalent
integrated or discrete logic circuitry, as well as any combina-
tions of such components. The term “processor” or “process-
ing circuitry” may generally refer to any of the foregoing
logic circuitry, alone or in combination with other logic cir-
cuitry, or any other equivalent circuitry.

[0107] When implemented in software, the functionality
ascribed to the systems and devices described in this disclo-
sure may be embodied as instructions ona computer-readable
medium such as random access memory (RAM), read-only
memory (ROM), non-volatile random access memory
(NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic media,
optical media, or the like. The instructions may be executed to
cause a processor to perform or support one or more aspects
of the functionality described in this disclosure.

[0108] Various aspects and examples have been described.
However, modifications can be made to the structure or tech-
niques of this disclosure without departing from the scope of
the following claims.

1. A signal monitoring device comprising:

a power source;

a power distribution network electrically coupled to the

power source;

an analog-to-digital converter electrically coupled to the

power distribution network and configured to sample an
input signal to produce a sampled signal; and

a processor electrically coupled to the power distribution

network and configured to cycle between an algorithm
processing mode and a sleep mode based on a sleep
cycle rate,

wherein the sleep cycle rate causes spectral interference to

propagate through the power distribution network and
into the sampled signal via the analog-to-digital con-
verter, and

wherein the sleep cycle rate further causes the spectral

interference that is generated due to the sleep cycle rate
to occurin the sampled signal at one or more frequencies
thatare outside of a target frequency band of the sampled
signal.

2. The device of claim 1, wherein the sleep cycle rate is
configured such that the spectral interference caused by the
sleep cycle rate occurs in the sampled signal at the one or
more frequencies that are outside of the target frequency band
of the sampled signal.
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3. The device of claim 2, wherein the sleep cycle rate is
configured such that the sleep cycle rate is greater than an
upper bound frequency of the target frequency band of the
sampled signal.

4. The device of claim 2, wherein the sleep cycle rate is
configured such that the sleep cycle rate is less than a lower
bound frequency of the target frequency band of the sampled
signal.

5. The device of claim 1,

wherein the processor is further configured to invoke

instances of a processing algorithm at an algorithm pro-
cessing rate to process the sampled signal,

wherein the sleep cycle rate is configured to be equal to the

algorithm processing rate, and

wherein the algorithm processing rate is configured such

that the spectral interference caused by the sleep cycle
rate occurs in the sampled signal at the one or more
frequencies that are outside of the target frequency band
of the sampled signal.

6. The device of claim 5, wherein the algorithm processing
rate is configured such that the sleep cycle rate is greater than
an upper bound frequency of the target frequency band of the
sampled signal or less than a lower bound frequency of the
target frequency band of the sampled signal.

7. The device of claim 1,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input
signal, wherein the sampled signal is a first sampled
signal,

wherein the device further comprises a second analog-to-

digital converter configured to sample a second input
signal to produce a second sampled signal,
wherein the processor is further configured to invoke
instances of a processing algorithm at an algorithm pro-
cessing rate to process the second sampled signal,

wherein the sleep cycle rate is configured to be equal to the
algorithm processing rate, and
wherein the algorithm processing rate is configured such
that the spectral interference caused by the sleep cycle
rate occurs in the first sampled signal at the one or more
frequencies that are outside of the target frequency band
of the first sampled signal.
8. The device of claim 7, wherein the algorithm processing
rate is configured such that the sleep cycle rate is greater than
an upper bound frequency of the target frequency band of the
first sampled signal or less than a lower bound frequency of
the target frequency band of the first sampled signal.
9. The device of claim 1,
wherein the analog-to-digital converter is further config-
ured to sample the input signal at a sampling rate,

wherein the processor is further configured to buffer the
sampled signal at a buffering rate, the buffering rate
being indicative of a number of data samples to buffer
per invocation of a processing algorithm,

wherein the processor is further configured to invoke

instances of the processing algorithm at a rate equal to a
quotient of the sampling rate divided by the buffering
rate to process the sampled signal,

wherein the sleep cycle rate is configured to be equal to the

quotient of the sampling rate divided by the buffering
rate, and

wherein the buffering rate and the sampling rate are con-

figured such that the spectral interference caused by the
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sleep cyclerate occurs in the sampled signal at the one or
more frequencies that are outside of the target frequency
band of the sampled signal.

10. The device of claim 9, wherein the buffering rate and
the sampling rate are configured such that the sleep cycle rate
is greater than an upper bound frequency of the target fre-
quency band of the sampled signal or less than a lower bound
frequency of the target frequency band of the sampled signal.

11. The device of claim 1,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input
signal, wherein the sampled signal is a first sampled
signal,

wherein the device further comprises a second analog-to-

digital converter configured to sample a second input
signal at a sampling rate to produce a second sampled
signal,
wherein the processor is further configured to buffer the
second sampled signal at a buffering rate, the buffering
rate being indicative of a number of data samples to
buffer per invocation of a processing algorithm,

wherein the processor is further configured to invoke
instances of the processing algorithm at a rate equal to a
quotient of the sampling rate divided by the buffering
rate to process the second sampled signal,

wherein the sleep cycle rate is configured to be equal to the

quotient of the sampling rate divided by the buffering
rate, and

wherein the buffering rate and the sampling rate are con-

figured such that the spectral interference caused by the
sleep cycle rate occurs in the first sampled signal at the
one or more frequencies that are outside of the target
frequency band of the first sampled signal.

12. The device of claim 11, wherein the buffering rate and
the sampling rate are configured such that the sleep cycle rate
is greater than an upper bound frequency of the target fre-
quency band of the first sampled signal or less than a lower
bound frequency of the target frequency band of the first
sampled signal.

13. The device of claim 1,

wherein the processor is further configured to invoke

instances of a processing algorithm at an algorithm pro-
cessing rate to process the sampled signal,

wherein the processor is further configured to, for each of

the instances of the processing algorithm that are
invoked, execute the respective instance of the process-
ing algorithm during a number of separate time inter-
vals, each of the separate time intervals being separated
from adjacent time intervals by a time interval where the
respective processing algorithm is not executed, the
number of separate time intervals being determined by
an algorithm subdivision factor,

wherein the sleep cycle rate is configured to be equal to a

product of an algorithm processing rate and the algo-
rithm subdivision factor, and

wherein the algorithm processing rate and the algorithm

subdivision factor are configured such that the spectral
interference caused by the sleep cycle rate occurs in the
sampled signal at the one or more frequencies that are
outside of the target frequency band of the sampled
signal.

14. The device of claim 13, wherein the algorithm process-
ing rate and the algorithm subdivision factor are configured
such that the sleep cycle rate is greater than an upper bound



US 2014/0276185 Al

frequency of the target frequency band of the sampled signal
or less than a lower bound frequency of the target frequency
band of the sampled signal.

15. The device of claim 13,

wherein the analog-to-digital converter is further config-

ured to sample the input signal at a sampling rate to
produce the sampled signal,

wherein the processor is further configured to buffer the

sampled signal at a buffering rate, the buffering rate
being indicative of a number of data samples to buffer
per invocation of the processing algorithm,
wherein the algorithm processing rate is equal to a quotient
of the sampling rate divided by the buffering rate, and

wherein the sampling rate, the buffering rate and the algo-
rithm subdivision factor are configured such that the
spectral interference caused by the sleep cycle rate
occurs in the sampled signal at the one or more frequen-
cies that are outside of the target frequency band of the
sampled signal.

16. The device of claim 1,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input
signal, wherein the sampled signal is a first sampled
signal,

wherein the device further comprises a second analog-to-

digital converter configured to sample a second input
signal to produce a second sampled signal,
wherein the processor is further configured to invoke
instances of a processing algorithm at an algorithm pro-
cessing rate to process the second sampled signal,

wherein the processor is further configured to, for each of
the instances of the processing algorithm that are
invoked. execute the respective instance of the process-
ing algorithm during a number of separate time inter-
vals, each of the separate time intervals being separated
from adjacent time intervals by a time interval where the
respective processing algorithm is not executed, the
number of separate time intervals being determined by
an algorithm subdivision factor,

wherein the sleep cycle rate is configured to be equal to a

product of the algorithm processing rate and the algo-
rithm subdivision factor, and

wherein the algorithm processing rate and the algorithm

subdivision factor are configured such that the spectral
interference caused by the sleep cycle rate occurs in the
first sampled signal at the one or more frequencies that
are outside of the target frequency band of the first
sampled signal.

17. The device of claim 16, wherein the algorithm process-
ing rate and the algorithm subdivision factor are configured
such that the sleep cycle rate is greater than an upper bound
frequency of the target frequency band of the first sampled
signal or less than a lower bound frequency of the target
frequency band of the first sampled signal.

18. The device of claim 16,

wherein the second analog-to-digital converter is further

configured to sample the second input signal at a sam-
pling rate to produce the second sampled signal,
wherein the processor is further configured to buffer the
second sampled signal at a buffering rate, the buffering
rate being indicative of a number of data samples to
buffer per invocation of the processing algorithm,
wherein the algorithm processing rate is equal to a quotient
of the sampling rate divided by the buffering rate, and
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wherein the sampling rate, the buffering rate and the algo-
rithm subdivision factor are configured such that the
spectral interference caused by the sleep cycle rate
occurs in the first sampled signal at the one or more
frequencies that are outside of the target frequency band
of the first sampled signal.

19. The device of claim 1, wherein the physiological signal
is brain signal and the target frequency band is one of an
alpha, beta, gamma or fast ripple frequency band of the brain
signal.

20. The device of claim 19, wherein the brain signal com-
prises at least one of an electroencephalogram (EEG) signal,
an electrocorticogram (ECoG) signal, a local field potential
(LFP) signal, or a single cell action potential signal.

21. The device of claim 1, wherein the processor is further
configured to determine at least one of a power level of the
target frequency band in the sampled signal and a power
fluctuation of the target frequency band in the sampled signal.

22. The device of claim 1, wherein the processor is further
configured to analyze the target frequency band of the
sampled signal.

23. The device of claim 1, wherein the target frequency
band of the sampled signal is a target frequency band to be
analyzed during post-processing of the sampled signal.

24. The device of claim 1, wherein the power source, the
power distribution network, the analog-to-digital converter,
and the processor are included in an implantable medical
device.

25. A method for monitoring signals comprising:

sampling, with an analog-to-digital converter, an input sig-

nal to produce a sampled signal; and

cycling a processor between an algorithm processing mode

and a sleep mode based on a sleep cycle rate,
wherein the analog-to-digital converter and the processor
are both electrically coupled to a power distribution
network that is electrically coupled to a power source,

wherein the sleep cycle rate causes spectral interference to
propagate through the power distribution network and
into the sampled signal via the analog-to-digital con-
verter, and

wherein the sleep cycle rate further causes the spectral

interference that is generated due to the sleep cycle rate
to occurinthe sampled signal at one or more frequencies
thatare outside of a target frequency band of the sampled
signal.

26. The method of claim 25, wherein the sleep cycle rate is
configured such that the spectral interference caused by the
sleep cycle rate occurs in the sampled signal at the one or
more frequencies that are outside of the target frequency band
of the sampled signal.

27. The method of claim 26, wherein the sleep cycle rate is
configured such that the sleep cycle rate is greater than an
upper bound frequency of the target frequency band of the
sampled signal.

28. The method of claim 26, wherein the sleep cycle rate is
configured such that the sleep cycle rate is less than a lower
bound frequency of the target frequency band of the sampled
signal.

29. The method of claim 25, further comprising:

invoking, with the processor, instances of a processing

algorithm at an algorithm processing rate to process the
sampled signal,

wherein the sleep cycle rate is configured to be equal to the

algorithm processing rate, and
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wherein the algorithm processing rate is configured such
that the spectral interference caused by the sleep cycle
rate occurs in the sampled signal at the one or more
frequencies that are outside of the target frequency band
of the sampled signal.

30. The method of claim 29, wherein the algorithm pro-
cessing rate is configured such that the sleep cycle rate is
greater than an upper bound frequency ofthe target frequency
band of the sampled signal or less than a lower bound fre-
quency of the target frequency band of the sampled signal.

31. The method of claim 25,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input
signal, wherein the sampled signal is a first sampled
signal,

wherein the method further comprises:

sampling, with a second analog-to-digital converter, a
second input signal to produce a second sampled sig-
nal,

invoking, with the processor, instances of a processing
algorithm at an algorithm processing rate to process
the second sampled signal,

wherein the sleep cycle rate is configured to be equal to the

algorithm processing rate, and

wherein the algorithm processing rate is configured such

that the spectral interference caused by the sleep cycle

rate occurs in the first sampled signal at the one or more
frequencies that are outside of the target frequency band
of the first sampled signal.

32. The method of claim 31, wherein the algorithm pro-
cessing rate is configured such that the sleep cycle rate is
greater than an upper bound frequency ofthe target frequency
band of the first sampled signal or less than a lower bound
frequency of the target frequency band of the first sampled
signal.

33. The method of claim 25, further comprising:

sampling, with the analog-to-digital converter, the input

signal at a sampling rate;

buffering, with the processor, the sampled signal at a buff-

ering rate, the buffering rate being indicative of a num-

ber of data samples to buffer per invocation of a process-
ing algorithm;

invoking, with the processor, instances of the processing

algorithm at a rate equal to a quotient of the sampling

rate divided by the buffering rate to process the sampled
signal,

wherein the sleep cycle rate is configured to be equal to the

quotient of the sampling rate divided by the buffering

rate, and

wherein the buffering rate and the sampling rate are con-

figured such that the spectral interference caused by the

sleep cyclerate occurs in the sampled signal at the one or
more frequencies that are outside of the target frequency
band of the sampled signal.

34. The method of claim 33, wherein the buffering rate and
the sampling rate are configured such that the sleep cycle rate
is greater than an upper bound frequency of the target fre-
quency band of the sampled signal or less than a lower bound
frequency of the target frequency band of the sampled signal.

35. The method of claim 25,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input

signal, wherein the sampled signal is a first sampled
signal,
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wherein the method further comprises:

sampling, with a second analog-to-digital converter, a
second input signal at a sampling rate to produce a
second sampled signal;

buffering, with the processor, the second sampled signal
at a buffering rate, the buffering rate being indicative
of anumber of data samples to buffer per invocation of
a processing algorithm; and

invoking, with the processor, instances of the processing
algorithm at a rate equal to a quotient of the sampling
rate divided by the buffering rate to process the second
sampled signal,

wherein the sleep cycle rate is configured to be equal to the

quotient of the sampling rate divided by the buffering
rate, and

wherein the buffering rate and the sampling rate are con-

figured such that the spectral interference caused by the
sleep cycle rate occurs in the first sampled signal at the
one or more frequencies that are outside of the target
frequency band of the first sampled signal.

36. The method of claim 35, wherein the buffering rate and
the sampling rate are configured such that the sleep cycle rate
is greater than an upper bound frequency of the target fre-
quency band of the first sampled signal or less than a lower
bound frequency of the target frequency band of the first
sampled signal.

37. The method of claim 25, further comprising:

invoking, with the processor, instances of a processing

algorithm at an algorithm processing rate to process the
sampled signal,

for each of the instances of the processing algorithm that

are invoked, executing, with the processor, the respec-
tive instance of the processing algorithm during a num-
ber of separate time intervals, each of the separate time
intervals being separated from adjacent time intervals by
a time interval where the respective processing algo-
rithm is not executed, the number of separate time inter-
vals being determined by an algorithm subdivision fac-
tor,

wherein the sleep cycle rate is configured to be equal to a

product of an algorithm processing rate and the algo-
rithm subdivision factor, and

wherein the algorithm processing rate and the algorithm

subdivision factor are configured such that the spectral
interference caused by the sleep cycle rate occurs in the
sampled signal at the one or more frequencies that are
outside of the target frequency band of the sampled
signal.

38. The method of claim 37, wherein the algorithm pro-
cessing rate and the algorithm subdivision factor are config-
ured such that the sleep cycle rate is greater than an upper
bound frequency of the target frequency band of the sampled
signal or less than a lower bound frequency of the target
frequency band of the sampled signal.

39. The method of claim 37,

wherein sampling, with the analog-to-digital converter, the

input signal comprises sampling the input signal at a
sampling rate to produce the sampled signal,

wherein the method further comprises buffering, with the

processor, the sampled signal at a buffering rate, the
buffering rate being indicative of a number of data
samples to buffer per invocation of the processing algo-
rithm,
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wherein the algorithm processing rate is equal to a quotient
of the sampling rate divided by the buffering rate,

wherein the sampling rate, the buffering rate and the algo-
rithm subdivision factor are configured such that the
spectral interference caused by the sleep cycle rate
occurs in the sampled signal at the one or more frequen-
cies that are outside of the target frequency band of the
sampled signal.

40. The method of claim 25,

wherein the analog-to-digital converter is a first analog-to-

digital converter, wherein the input signal is a first input
signal, wherein the sampled signal is a first sampled
signal,

wherein the method further comprises:

sampling, with a second analog-to-digital converter, a
second input signal to produce a second sampled sig-
nal;

invoking, with the processor, instances of a processing
algorithm at an algorithm processing rate to process
the second sampled signal,

for each of the instances of the processing algorithm that
are invoked, executing, with the processor, the respec-
tive instance of the processing algorithm during a
number of separate time intervals, each of the separate
time intervals being separated from adjacent time
intervals by a time interval where the respective pro-
cessing algorithm is not executed, the number of sepa-
rate time intervals being determined by an algorithm
subdivision factor,

wherein the sleep cycle rate is configured to be equal to a

product of the algorithm processing rate and the algo-

rithm subdivision factor, and

wherein the algorithm processing rate and the algorithm

subdivision factor are configured such that the spectral
interference caused by the sleep cycle rate occurs in the
first sampled signal at the one or more frequencies that
are outside of the target frequency band of the first
sampled signal.

41. The method of claim 40, wherein the algorithm pro-
cessing rate and the algorithm subdivision factor are config-
ured such that the sleep cycle rate is greater than an upper
bound frequency of the target frequency band of the first
sampled signal or less than a lower bound frequency of the
target frequency band of the first sampled signal.

42. The method of claim 40,

wherein sampling, with the second analog-to-digital con-

verter, the second input signal comprises sampling the

second input signal at a sampling rate to produce the
second sampled signal,

wherein the method further comprises buffering the second

sampled signal at a buffering rate, the buffering rate

14

Sep. 18,2014

being indicative of a number of data samples to buffer
per invocation of the processing algorithm,
wherein the algorithm processing rate is equal to a quotient
of the sampling rate divided by the buffering rate, and

wherein the sampling rate, the buffering rate and the algo-
rithm subdivision factor are configured such that the
spectral interference caused by the sleep cycle rate
occurs in the first sampled signal at the one or more
frequencies that are outside of the target frequency band
of the first sampled signal.

43. The method of claim 25, wherein the physiological
signal is brain signal and the target frequency band is one of
an alpha, beta, gamma or fast ripple frequency band of the
brain signal.

44. The method of claim 43, wherein the brain signal
comprises at least one of an electroencephalogram (EEG)
signal, an electrocorticogram (ECoG) signal, a local field
potential (LFP) signal, or a single cell action potential signal.

45. The method of claim 25, further comprising determin-
ing, with the processor, at least one of a power level of the
target frequency band in the sampled signal and a power
fluctuation of the target frequency band in the sampled signal.

46. The method of claim 25, further comprising analyzing,
with the processor, the target frequency band of the sampled
signal.

47. The method of claim 25, wherein the target frequency
band of the sampled signal is a target frequency band to be
analyzed during post-processing of the sampled signal.

48. The method of claim 25, wherein the power source, the
power distribution network, the analog-to-digital converter,
and the processor are included in an implantable medical
device.

49. An apparatus for monitoring signals comprising:

means for sampling an input signal to produce a sampled

signal; and

means for cycling between an algorithm processing mode

and a sleep mode based on a sleep cycle rate,

wherein the means for sampling and the means for cycling

are electrically coupled to a power distribution network
that is electrically coupled to a power source,

wherein the sleep cycle rate causes spectral interference to

propagate through the power distribution network and
into the sampled signal, and

wherein the sleep cycle rate further causes the spectral

interference that is generated due to the sleep cycle rate
to occurin the sampled signal at one or more frequencies
thatare outside of a target frequency band of the sampled

signal.
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