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METHOD AND DEVICES FOR NON-INTRUSIVE POWER MONITORING

BACKGROUND

[0001] Asmodern system on chip (SoC) devices, such as those for smart phones,
are becoming more integrated and powerful, and as requirements for extended
battery life and smaller form factor are becoming more stringent, providing
solutions to thermal, power, and battery management issues is becoming more
and more challenging. The ability to monitor the power rail current enables the
system to mitigate potential thermal problems, manage power usage, and solve

battery current limiting issues.

[0002] However, presently, the ability to provide an efficient way to monitor rail
current associated with the conventional smart phone SoC has been limited.
Conventiona approaches, such asusing acurrent sensing element or managing
power exclusively through apower management chip, are prohibitively
expensive, not very effective, not power efficient, and/or are too intrusive which
might cause reliability issues. For example, digital power meter approaches are a
power prediction rather than an actual measurement, which may not always

provide accurate results and cannot measure the static |eakage load.

SUMMARY

[0003] Various aspects provide methods and devices for estimating a power
demand level of an active circuit, which may include measuring aripple
amplitude and aripple frequency on a power supply line coupled to the active
circuit, converting the ripple amplitude and the ripple frequency into aripple
amplitude index and aripple frequency index, and using the ripple amplitude
index and the ripple frequency index to obtain an estimated power demand level

of the active circuit.
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[0004] In an aspect, the ripple amplitude index and the ripple frequency index
may be used to obtain an estimated power demand level of the active circuit by
using the indices to look up a stored value for the estimated power demand level,
such asin atable lookup operation using a data table of estimated power demand
levels indexed to ripple amplitude index and the ripple frequency index values.
Estimated power demand levels stored in the data table of estimated power
demand levels may be calculated based on an intrinsic inductance of the power
supply line and an intrinsic capacitance of the active circuit established during a
calibration procedure. In afurther aspect, the estimated power demand level of
the active circuit may beused to control alevel of the power supply line,
including controlling alevel of the power supply line based on apeak power
usage condition before acritical thermal level isreached. In afurther aspect, the
power supply line may be associated with adigital circuit, and measuring aripple
amplitude and aripple frequency on apower supply line coupled to the active
circuit may comprise non-intrusively measuring the ripple amplitude and the
ripple frequency using an analog circuit with ahigh input impedance coupled to
the power supply line. In afurther aspect, the active circuit may include a

system-on-chip (SoC) circuit.

[0005] In another aspect, a method of calibrating apower monitor circuit for
estimating apower demand level of an active circuit on apower supply line, may
include disabling a clock associated with the active circuit, inputting afirst
switching signal that may have afirst lower frequency less than an intrinsic
frequency of the active circuit, into a calibrated test load that may be coupled to
the power supply line, and that may have aknown value, using the power
monitor circuit to measure aripple amplitude and aripple frequency on the
power supply line associated with inputting the first switching signal, and
calculating an intrinsic capacitance of the active circuit and an intrinsic
inductance of the power supply line based on the ripple amplitude and the ripple

frequency. In an aspect, aleakage current associated with the active circuit may
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be determined using the calibrated test load, the intrinsic capacitance and the
intrinsic inductance. In an aspect, the method may include inputting a second
switching signal that may have a second lower frequency than the first switching
signal into the test load, measuring aline current in the power supply line; and
calibrating the test load and establishing the known value of the calibrated test
load using the intrinsic capacitance, the intrinsic inductance, the measured line
current, and the determined leakage current. In afurther aspect, the method may
include inputting aplurality of switching signals that each may have
representative amplitudes and representative frequencies into the calibrated test
load, determining an estimated power demand level of the active circuit on the
power supply line for each combination of the representative amplitudes and
frequencies of the plurality of switching signals, and storing in amemory the
estimated power demand level for each combination of the representative
amplitudes and frequencies of the plurality of switching signals. The estimated
power demand level for each combination may be stored in alookup table in
which each estimated power demand levels may be indexed to aparticular

combination of representative amplitudes and freguencies.

[0006] Further aspects include apower monitor circuit configured to perform the
aspect method described above to estimate a power demand level of an active
circuit on apower supply line. Such apower monitor circuit may include an
interface having leads that may be configured to non-intrusively couple the
power monitor circuit to apower supply line of the active circuit, a measurement
circuit that may be coupled to the interface and may include aripple amplitude
measurement section configured to measure aripple amplitude of the power
supply line when the leads are coupled to the power supply line, and aripple
frequency measurement section that may be configured to measure aripple
frequency of the power supply line when the leads are coupled to the power
supply line. The power monitor circuit may further include a conversion circuit
that may be coupled to the measurement circuit and may include aripple

amplitude conversion section that may be configured to convert the ripple
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amplitude into aripple amplitude index and aripple frequency conversion
section that may be configured to convert the ripple frequency into aripple
frequency index, and amemory that may be coupled to the interface the
measurement circuit and the conversion circuit, the memory may store aplurality
of estimated power demand levels indexed to ripple amplitude indices and ripple
frequency indices. In afurther aspect, the power monitor circuit may include an
output circuit coupled to the memory and the conversion circuit that may be
configured to use the ripple amplitude index and the ripple frequency index to
obtain and output a corresponding estimate of power demand level from the
memory. In afurther aspect, the measurement circuit may include an analog
circuit that may have ahigh input impedance that may be non-intrusively coupled
to the interface. In afurther aspect, the active circuit may include a system-on-
chip (SoC) circuit. In afurther aspect, the memory stores the plurality of
estimated power demand levels indexed to ripple amplitude indices and ripple

frequency indices in the form of alookup table.

[0007] In afurther aspect, the power monitoring circuit may include a calibration
circuit that may include acalibrated test load having aknown resistance value
and a switch configured to connect the calibrated test load to the interface. Inan
aspect, the calibration circuit may be configured to control the switch to generate
afirst calibration signal that may have first frequency lower than an intrinsic
frequency of the active circuit, on the power supply line through the test load
when the leads are coupled to the power supply line and when a clock associated
with operation of the active circuit is disabled. In an aspect, the power
monitoring circuit may be further configured to measure aripple amplitude and a
ripple frequency associated with the first calibration signal through the calibrated
test load, and calculate an intrinsic capacitance of the active circuit and an
intrinsic inductance of the power supply line based on the ripple amplitude and
the ripple frequency. In an aspect, the monitoring circuit may be further
configured to determine aleakage current associated with the active circuit using

the calibrated test load, the calculated intrinsic capacitance, and the calculated
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intrinsic inductance. In an aspect, the calibration circuit may be further
configured to control the switch to generate a second calibration signal on the
power supply line through the test load, the second calibration signal having a
second frequency lower than the first frequency when the clock associated with
the operation of the active circuit is disabled and the monitoring circuit may be
further configured to measure aline current in the power supply line and
calibrate the test load and establish the known value using the intrinsic
capacitance, the calculated intrinsic inductance, the measured line current, and
the determined leakage current. I1n an aspect, the calibration circuit may be
further configured to control the switch to generate aplurality of ripple
calibration signals on the power supply line through the calibrated test load and
each of the plurality of ripple calibration signals may have arepresentative
amplitude and representative frequency, and the monitoring circuit may be
further configured to provide an estimated power demand level of the active
circuit on the power supply line for each combination of the representative
amplitudes and representative frequencies of the plurality of ripple calibration

signals.

[0008] Further aspects include apower monitor circuit having means for

performing the functions of the methods described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated herein and constitute
part of this specification, illustrate exemplary aspects of the invention, and
together with the general description given above and the detailed description

given below, serveto explain the features of the invention.

[0010] FIG. 1A isablock diagram illustrating an example power management

module, power rail, and system-on-chip (SoC) module according to an aspect.
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[0011] FIG. IB isacircuit block diagram illustrating exemplary portions of a

power management module, apower rail, and an SoC according to an aspect.

[0012] FIG. 1C isadiagram illustrating intrinsic parameters and exemplary

waveforms according to an aspect.

[0013] FIG. 2A isablock diagram illustrating exemplary configurations for a

power rail ripple monitoring module according to an aspect.

[0014] FIG. 2B isablock diagram illustrating an exemplary power rail ripple

generator, ripple monitoring module, and waveforms according to an aspect.

[0015] FIG. 2C isadiagram illustrating an exemplary ripple monitor, power rail

ripple monitoring module, and waveforms according to an aspect.

[0016] FIGs. 2D and 2E are diagrams diagram further illustrating exemplary
configurations for a power rail ripple monitoring module with clock disable

according to an aspect.

[0017] FIG. 3A isagraph illustrating an exemplary power rail ripple switching

waveform and switching waveform according to an aspect.

[0018] FIG. 3B isagraph illustrating an exemplary power rail ripple single pulse

waveform and switching waveform according to an aspect.

[0019] FIG. 4A isaprocess flow diagram illustrating an aspect method for
calibration.

[0020] FIG. 4B is aprocess flow diagram illustrating an aspect method for further
calibration.

[0021] FIG. 4C isaprocess flow diagram illustrating an aspect method for

characterizing apower rail load circuit.
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[0022] FIG. 5isaprocess flow diagram illustrating an aspect method for

monitoring ripple waveform characteristics and obtaining arail power estimate.

[0023] FIG. 6isadiagram illustrating an exemplary mobile device suitable for

implementation of various aspects.

[0024] FIG. 7 isadiagram illustrating an exemplary mobile computing device

suitable for implementation of various aspects.

DETAILED DESCRIPTION

[0025] The various aspects will be described in detail with reference to the
accompanying drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts. References made
to particular examples and implementations are for illustrative purposes, and are

not intended to limit the scope of the invention or the claims.

[0026] The word "exemplary” isused herein to mean "serving asan example,
instance, or illustration.” Any implementation described herein as"exemplary”
isnot necessarily to be construed aspreferred or advantageous over other

implementations.

[0027] The term "computing device" isused herein to refer to any one or al of
cellular telephones, smart phones, personal or mobile multi-media players,
personal data assistants (PDA's), laptop computers, desktop computers, tablet
computers, smart books, palm-top computers, wireless electronic mail receivers,
multimedia Internet enabled cellular telephones, televisions, smart TVs, smart
TV set-top buddy boxes, integrated smart TVs, streaming media players, smart
cable boxes, set-top boxes, digital video recorders (DVR), digital media players,
and similar personal electronic devices which include aprogrammable processor,

especially those that include an SoC.

[0028] The various aspects address and overcome the drawbacks of current SoC

power measurement methods by non-intrusively monitoring avoltage ripple on
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an SoC power rail in order to measure frequency and magnitude, and using the
frequency and magnitude values in acalibrated lookup table to estimate the SoC
power usage. Various aspects also include a self calibrating ripple monitoring
module that may be used to measure intrinsic characteristics of an SoC and
power management module in order to develop lookup table values for power
estimation. Further aspects include methods and devices to perform self

calibration of the ripple generator.

[0029] FIGs. 1A-1C illustrate various aspects. FIG. 1A illustrates a system or a
portion of atypical system 100 that includes an SoC block 120 and a power
management circuit block 110 coupled to apower supply line, such as power rail
101. FIG. IB illustrates the power management circuit block 110 that may be a
typical power management |C or module for controlling aspects of power
management, regulation, control, and management of apower source, such as a
battery 114 or other power source. Power supplied to the SoC block 120 may be
regulated by the power management circuit block 110 and the power rail 101
which may include a"positive" power rail 101aand a"negative' power rail 101b.
While the power rail 101a, 101b may be described as "positive" and "negative'
herein, the polarity of the power rail may depend on the manner in which the
power system is designed in terms of the operating voltages and polarities.
Further, while described herein as a"power rail," reference may be made to
"power supply line" for generality with the same effect. However, the principles
of operation of various aspects are generally the same regardliess of the polarity
of the power rail or power supply line. For ease of description, the ripple voltage

isreferred to asbeing generated and measured on apower rail.

[0030] For clarity, the power management circuit block 110 may contain apower
rail interface 112, which may be amodule for interfacing between a controller
portion 111, which may be alow power digital control circuit and the power rail
101 itself. The power rail 101 may be apower supply line for supplying power

in the form of regulated operating currents and voltages through a connection 113,
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which connection may refer to a combination of digital and/or analog control
lines that provide output to and input from the power rail interface 112. Such
lines may include lines for voltage and current regulation and lines for other
general or specific purposes. The controller portion 111 may further provide, as
an output, such as on apin thereof, a current sense line 115 that provides avalue
of line current associated with apower rail 101. The current sense line 115 may
be used herein in a calibration mode, to produce a measured line current as
described in greater detail herein below.

[0031] The SoC block 120 may contain the positive power rail 101a and a ground,
or the negative power rail 101b between which circuits 121 may be coupled. The
circuits 121 may represent various digital circuits and analog circuits or hybrid
circuits (e.g., analog, digital or mixed signal) that form all or part of the "system"
of the system-on-chip (SoC) circuit such as SoC 120, which may also be referred
to herein as an active circuit. The circuits 121 may be coupled to aclock line 130,
which may be adigital clock that may be adigital signal operating directly at, at
amultiple value of, or asadivided value of amain clock signal. Through the
operation of the circuits 121, and possibly operation of other circuits, individual
ones or the combination of which, again, may bereferred to asthe active circuit,
ripple signals may be generated on the power rail 101. While in conventional
voltage regulators, ripple from a switching power supply may be mitigated
through closed loop feedback circuits, the ripple monitoring in the various
aspects isused to obtain a measure of the power consumption of an active circuit
during operation based upon the high frequency ripples of the operations of
various transistors and switches in the circuit. For example, the various aspects
can be used to monitor ripples on apower supply generated by an entire SoC 120
or individual portions of the SoC 120, such asthe receiver, transmitter, modem,
baseband section, or other individual parts. Also, very different from voltage
regulators, no adjustments to the power supply to reduce the ripples are produced,

and the various aspects may be used in systems that include avoltage regulator
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with aclosed loop feedback as such regulators will minimize the noise from the
power supply, thereby enabling the ripples from the active circuit operations to

be measured more accurately.

[0032] Inan aspect, an intrinsic equivalent of the SoC block 120, an intrinsic
equivalent of the power management circuit block 110 and input and response
waveforms are shown in FIG. 1C. The inductance value (L) 116 and the
capacitive value (C) 124 shown in the equivalent circuit may represent the
intrinsic inductance of the power rail itself and the circuits of the power
management circuit block 110 and the intrinsic capacitance of the circuits of the
SoC 120, which may be calculated or otherwise determined or established
directly or indirectly during a calibration procedure. While the intrinsic values
may be calculated or determined, such determinations are unnecessary asthe
values may also be assumed to be constant, and thus avalue that is irrelevant
when power levels are determined based on calibrated responses of the system.
The circuit equivalents in addition to characterizing aspects of an exemplary
ripple waveform 102 such as rise time and roll-off time, may determine an
intrinsic frequency (f,) of the power rail. Note that switching of the logic circuits,
such asthe circuits 121, of the SoC block 120, at afrequency near the intrinsic
frequency of the power rail will result in ripple with aparticularly large
amplitude. Also large power demands generated during operation of the active
circuit may lead to large ripple values. The SoC 120 may be further characterized
ashaving an active load r  tive 122 resulting in an active load current, that is, the
current level at aparticular switching frequency 124, which may be arate of
switching of an equivalent switch 126. The SoC 120 may further have aleakage
load Rieakage  The magnitude of the switching active load and the ramp-down
phase of the ripples may be used to determine the leakage current or leakage load.
The system may optionally be at least partially powered by a switching power
supply 140, which may be a stand-alone module or may be incorporated into the

power management circuit block 110. The switching power supply 140 may be
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operated under control of apower supply switching signal 141, which may aso
contribute to the power rail ripple measurement. The power supply component
of the ripple may be filtered or incorporated into power demand level estimates
in aspects. However, the aspects are different from conventional power supply
voltage regulation and control, which do not monitor ripple in order to estimate

power demand levels of an active circuit.

[0033] By understanding and accounting for the differences in model values of
the intrinsic parameters L and C from device to device for circuit blocks shown
in FIG. 1C, the relationship between ripple amplitude and frequency and the
power load level of the SoC 120 may be developed. Since the frequency of the
ripples reflects the rate at which logic elements, or other elements in the circuits
121 of the SoC 120, are cycling and the amplitude reflects the number of element
cycling at the same time or the current demands of the elements, the load of the
active circuit or the SoC 120 may be determined. By measuring the quantities of
ripple amplitude and frequency under operating conditions of the active circuit,
the estimated load level or power demand level may be determined, for example,
through alookup table or data table, which may be populated in a calibration
operation to be described in greater detail hereinafter.

[0034] In various aspects, aripple monitoring module, such asthe ripple
monitoring module 210 shown in FIG. 2A, may be positioned in various places
within a device including a power management circuit block 110, a system-on-
chip (SoC) 120, and apower rail 101 and used for estimating a power demand of
the device. For example, the ripple monitoring module 210 may be coupled
between the power management circuit block 110 and the SoC 120 on the power
rail 101. Alternatively, the ripple monitoring module 210, in an aspect as aripple
monitoring module 210a, may be positioned and integrated or incorporated
within the power management circuit block 110 to form apower management
and control module with enhanced capabilities. The ripple monitoring module

may be incorporated asan added cell within the power management circuit block

11
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110, or may bewholly incorporated into anewly designed power management
circuit. The integrated ripple monitoring module 110a and the power
management circuit block 110 may be coupled to the SoC 120 and the power rail
101. In another aspect, the ripple monitoring module 210, in an aspect as aripple
monitoring module 210b, may be positioned and integrated or incorporated
within the SoC 120 to form an SoC with enhanced capabilities.

[0035] Further, the functionality of the ripple monitoring module 210 may be
divided into at least a calibration section and a measurement or monitoring
section aswill be described hereinafter. The individual sections may be further
distributed in various positions within an exemplary system or device, and may
be coupled to the power rail and active circuit through an interface or other
connection. For example, aripple monitoring module section could be
positioned, integrated or incorporated within the power management circuit block
110, and a monitoring section may be positioned, integrated, or incorporated
within the SoC 120 or some combination of placements such as external
placements, or partial external placements. Depending on the level and location
of integration or incorporation, all or part of the ripple monitoring module may
be a stand alone device or circuit and may aternatively be coupled to the power
rail and/or SoC, or to acircuit board containing these components by leads

including through an interface such as a connection interface or other interface.

[0036] The positioning of the ripple monitoring module 210, or portions thereof
may be flexible. Therefore, the general configuration and operation is described
in FIG. 2B and FIG. 2C in which the calibration, monitoring, and control
portions may be configured together. Asshown in greater detail in FIG. 1B, a
calibration portion 220 may comprise a switch 221, which may be atransistor
switch such as an n-channel MOSFET, or other switching device suitable for
handling the switching current developed in the test load 222. The calibration
portion may be coupled to the power rail and active circuit through an interface

or other coupling device. During calibration, afirst calibration signal or afirst

12
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switching signal, such as a switching signal 226, may be generated and applied to
the switch 221 to develop a controlled ripple signal 202 on the power rail 201.
Various modes of operation of the calibration portion 220 will be described in
greater detail hereinafter. The calibration portion 220 may further be coupled to
abus 260, which may include bi-directional data lines, bi-directional control
lines, other lines, or a combination thereof, that may be common to the device or
system into which the calibration portion 220, and possibly other portions may be
integrated.

[0037] The calibration portion 220 may be coupled to the bus 260 through a
connection 262, which may include all or aportion, or some combination of the
datalines, control lines, or other lines that may be available on the bus 260. The
calibration portion may also include a current sense module 223 that may sense
current in the power rail 201 through a connection 225, such as a series
connection with the power rail, or may receive an external current sense signal
224, which may be provided from a conventional power management module to
provide ameasured line current. It should be noted that the ability to selectively
sense current may berequired for the calibration of the test load 222, and such
sensing may form part of aprocedure to be described in greater detail hereinafter.
Also, in order to further provide non-intrusive monitoring, the current sense
module 223 in the calibration portion 220 may be disabled during operation of
the monitoring so asto provide a greater degree of accuracy of power
measurements and achieve non-intrusiveness. Also, while the current sense
module 223 may be coupled in series with the power rail in order to obtain an
accurate reading of current on the power rail, other connection configurations

may be possible.

[0038] In an aspect, in addition to the calibration portion 220, a measurement
circuit or monitoring circuit, such as aripple monitor and measurement portion
230, is shown in greater detail in FIG. 2C. To provide decoupling and current
isolation, a capacitor 227 may be placed between the power rail 201 and the

13
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ripple monitoring and measurement portion 230. The power rail ripple 202,
which may be a controlled ripple generated by the calibration section 220 during
calibration or operational ripples generated during operation by the activity of the
circuits of the SoC 120, may be input to aripple amplitude measurement section

231 and aripple frequency measurement section 233.

[0039] The ripple amplitude measurement section 231 may include an active
component such as an operational amplifier with areference input and active
input, passive feedback components and other active and passive components to
provide a measured ripple amplitude signal to aripple amplitude conversion
section or circuit, such as an analog to digital converter 232, which may convert
the measured ripple amplitude. The output of the analog to digital converter 232
may provide adigital value associated with the ripple amplitude or magnitude
that may beused as at least afirst index into alookup table or data table, such as
the lookup table 235, which may be stored in amemory and represent stored

values that can be accessed according to an index or address into the memory.

[0040] The ripple frequency measurement section 233 may include aripple
frequency conversion section or circuit, an active component such as an
operational amplifier and passive components configured to act as apulse
generator to provide ameasured input, representing the ripple frequency, to a
counter 234, which may convert the measured ripple frequency. The output of
the counter 234 may provide adigital value associated with the measured ripple
frequency that may beused as at least a second index into the lookup table 235.

[0041] The conversion circuits for the ripple amplitude and ripple frequency may
also be combined in a conversion circuit that performs amplitude and frequency

conversion.

[0042] The combination of outputs from the analog to digital converter 232 and
the counter 234 may provide apartial or complete index into the lookup table 235

14
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where an estimated power demand level or value may be stored for combinations
of ripple frequencies and amplitudes that may be developed during calibration
procedures to be described in greater detail hereinafter. The ripple amplitude and
frequency indexes may be used to directly access a stored value such as an
estimated power demand level value stored in the lookup table 235 or may be
compared with areference value to generate an actual index for lookup or to
associate the ripple amplitude index and the ripple frequency index with an
estimated power demand level value for the active circuit. Alternatively, the
conversion elements, such as the analog to digital converter 232 and the counter
234, may be configured and matched to the system such that the conversion
resolution takes into account desired accuracy of the measured quantities and can
be used for generating indexes, which may be input into and provide direct

access into the lookup table 235.

[0043] In an aspect, the lookup table 235 may be coupled to the bus 260 through
a connection 261, which may include al or aportion of the data lines, control
lines, or other lines that may be available on the data bus 260. Through the
connection 261, the lookup table 235 may be monitored and possibly modified
for initialization purposes, as improved information becomes available regarding
the correlation between ripple amplitude values and frequencies, and estimated
power demand levels, or under other circumstances. A clock disable module 230
may also be provided that may generate a clock disable signal 237 that may be
used to disable the active circuits such as the circuits 121 and possibly other
circuit as needed during a calibration procedure. The clock disable module 230
may also be coupled to the bus 260 through a connection 262, which may include
all or aportion of datalines, control lines, or other lines that may be available on
the data bus 260.

[0044] For the various placements of an exemplary ripple monitoring module 210,
including those shown for example, in connection with FIG. 2D, a controller 270

may be incorporated into the ripple monitoring module and coupled to the bus
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260 through a connection 271. The controller may be aprocessor, logic circuit,
or other circuit capable of executing control functions and operations, including a
memory, and may be dedicated to independently control the operation of the
ripple generator, monitor, and control portions. The controller 270 may aso
work in connection with amain processor (not shown) and memory coupled to
the bus 260 to perform various procedures as discussed herein. The procedures
may alternatively be implemented in amain processor including memory without
using a dedicated controller 270.

[0045] The calibration procedure, in which acontrolled ripple may be generated,
and active operation of the SoC 120 and the power management circuit 110
disabled, facilitates monitoring various characteristics of the ripple signal on the
power rail as shown in FIG. 3A and FIG. 3B. FIG. 3A shows an exemplary
ripple signal 302 that may result from switching according to a second calibration
signal or second switching signal such as a switching signal 301. The
characteristics of the ripple amplitude 310 and the ripple frequency asa function
of the ripple period 320 may be observed and measured. The shape of the ripple
signal may also beindicative of the intrinsic values of the powered circuits and
supply circuits such asthe intrinsic capacitance C of an active circuit such as an
SoC and the intrinsic inductance L of the power rail, which can be calculated
from other measured factors. In FIG. 3B, asignal 304 is shown with an
amplitude 330 and a settling time 340. The signal 304 may be anarrow pulse
that approximates an impulse or may be arising edge signal or afalling edge
signal sufficient to generate atransient or impulse response in the active circuit.
The combination of the amplitude 330 and the settling time 340 may be
instructive asto the leakage load of the SoC 120. In particular, the leakage load
may be determined based on the well known relationship between a factor Q, the
leakage load R, and the intrinsic inductance and capacitance shown in EQ(1):

Q=Rx*/C/L EQ(1)
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[0046] The factor Q represents the number of periods for the decay of an impulse
response of the resonator circuit that is characterized by the leakage load R and
the intrinsic values to reach 96% decay or -27dB from the original signal level at
the time atransient is applied. By solving for R, once the value for Q has been
established working backwards from the transfer function of the resonator circuit
according to known expressions that relate Q to the impulse response of the
resonator circuit, once the decay or settling time 340 has been determined the
leakage load may be calculated. Alternatively, given that the ripple decays
exponentially with time according to EQ(2):

(- ht)

ripple decay = 6 EQ(2)

and that R, L and C may be related to according to the following equations EQ(3)
- EQ(6):

h = — EQ(3)
in(r) = ()« () EQ()

R = [t/ \n(r)] *\[(5 EQ(5)

R = A/\n(r) EQ(6)

L
where A =7 (E) . The unknown leakage load R, may be calculated using a

known value for the test load R, With R switched in, such asduring a
calibration time, r, =V jeaki/Vesk2 may be measured, where r =V exki/V ez (€.9.,
peakl and peak2 are the first two maxima of impulse response signal 304). With
the test load switched in, the relation R = R*R /(R + RL) may betrue. With R;
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switched out, ry =V, i/V ., may be measured. With the test oad switched out,
the relation R = R may betrue. The value A in EQ(6) above may be further
represented as A = R*[In(r,) - In(r;)] and RL may be represented asRL =
Rt*[In(r,) - In(r)]/In(r,). Thus, with the value for r, measured and the value for
R, known, the leakage load RL may be determined by measuring ;.

[0047] Calibration and monitoring may be carried out with the various circuits
described hereinabove, which may form structure for various means to
accomplish such functions,. In addition to the circuits described herein, various
methods of calibration and monitoring may be encompassed by additional

aspects.

[0048] In FIG. 4A amethod of calibrating, such as amethod 400 may be
performed in an aspect. Aninitialization or other preliminary sequenceis
conducted, in a determination block 401, and the device may determine whether
the calibration of atest load may berequired. When calibration of the test load is
required (e.g., determination block 401 ="YES" ), the clock may be disabled in
block 402, which may de-activate any logic circuits or other active circuits that
would draw current from the power rail. When the test load does not require
calibration (e.g., determination block 401 = "NQ"), the device may either loop
until calibration isrequired or may proceed to 407. Alternatively, the clock may
be enabled, and the device may proceed to another operation, with the ability to

return to calibration processing as required.

[0049] Upon disabling the clock, the ripple generator may be driven with a
switching signal at afirst frequency, such as afirst lower frequency, LF1, less
than the intrinsic frequency, f, of the power rail in block 403. Driving the ripple
generator at frequency LF1, a controlled ripple may be generated on the power
rail through the test load. In order to calibrate the test load to establish aknown
value, the current through the test load should be known. Since the active

circuits are switched off, the test load current should aso be the current through
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the power rail. Accordingly, therail current may be measured in block 404. The
rail current may be measured through a current sensing module that forms part of
the ripple generator monitor and control block or may be obtained from a current
sense output of apower management circuit, as described hereinabove. The
current value is obtained, and a calibrated value for the test load may be obtained
in block 405. The test load value may be used to ensure the accuracy of
additional measurements and is therefore stored in block 406 in a memory.
Calibration of the test load may be completed, and in determination block 407,
the device may check whether determination of the leakage current may be
required. When a determination of the leakage current isrequired (e.g.,
determination block 407 = "YES" ), the procedure may continue at the
continuation point "A" to FIG. 4B, inwhich a check for whether the clock has
been disabled may be conducted, and, when not disabled, a clock disable may be
performed in block 408. When determination of the leakage current is not
required (e.g., determination block 407 = "NQO" ), the device may loop back to
401, or may loop back to 407 until leakage determination is required.
Alternatively, the clock may be enabled, and the device may proceed to another
operation with the ability to return to leakage determination as required.

[0050] The clock isdisabled or checked and confirmed to be disabled, and the
ripple generator may be driven with a switching signal at a second frequency,
such as a second lower frequency, LF2, that islower than the intrinsic frequency,
f. of the power rail, and higher than LF1, in block 409. Driving the ripple
generator at frequency LF2, a controlled ripple may be generated on the power
rail inblock 410. The amplitude of the ripple may be measured in block 411, and
may be used for determining the leakage current in block 412. The determined
leakage current may be stored in block 413 in amemory for use during
processing. The leakage current is stored, and in determination block 414 it may
be determined whether system calibration may be required. When system
calibration isrequired (e.g., determination block 414 ="YES" ), the procedure
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may continue at continuation point "C" to FIG. 4C, in which a check may be
performed whether the clock isdisabled in block 415. When system calibration
is not required (e.g., determination block 414 = "NO"), the device may loop back
to "B" and continue to FIG. 4A and to 401, or may loop back through "D" to 414
until system calibration isrequired. Alternatively, the clock may be enabled, and
the device may proceed to another operation with the ability to return to system
calibration as required.

[0051] The clock isdisabled or checked and confirmed to be disabled, and the
ripple generator may be driven with a switching signal at atest frequency HF,, ,
which may be afrequency at or near afrequency representative of the operational
frequency of the active circuits, such asthe circuits of an SoC coupled to an
exemplary power rail. A plurality of switching signals may be generated as HF,,
isiterated during the procedure. The switching signal may be generated through
the calibrated test load and thus will result in a controlled ripple being generated
on the power rail in block 417. The ripple amplitude and frequency may be
measured in block 418 through a non-intrusive circuit including ahigh input
impedance circuit including high input impedance elements such as operational
amplifiers or other circuits that may be capacitively coupled to and present ahigh
input impedance to the power rail thereby providing the ability to interface non-
intrusively to the power rail and the active circuit. 1t may also be possible to
couple inductively to the power rail and the active circuit in some aspects. By
non-intrusively interfacing or coupling, characteristics of the monitoring circuit
play little or no role in the character of the measured quantities providing amore

accurate measurement.

[0052] Phase characteristics and other parameters, such asthe frequency and
amplitude of the ripple may be used to characterize the power demands in view
of the intrinsic values for the power rail and active circuits in block 419 using
characteristics associated with the measured ripple amplitude and ripple

frequency. For HF,, the estimated power demand level value P, may be
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calculated or otherwise determined based on the intrinsic inductance and
capacitance values, and other parameters such as the leakage current and test load
value in block 420. The estimated power demand level value P, may be stored
for the corresponding ripple amplitude and value of HF in alookup table in
block 421. The value for HF, may be iterated in block 422 and aplurality of
estimated power demand levels P, may be generated for respective values of a
plurality of ripple calibration signals, such as switching signals HF,, by repeating
step 421 for al values of HF, and the lookup table, which may be stored in a
memory, may be populated with aplurality of estimated power demand levels
P, for aseries of representative amplitudes and representative frequencies. The
calibration may be completed in block 423, and the lookup table populated. The
lookup table may be modified and values changed from time to time, and in
addition the calibration procedure may be invoked at any time when calibration is
required.

[0053] Calibration may be completed in connection with the procedures discussed
above in amethod for calibrating, or methods for calibrating, as shown in FIG.
4A, FIG. 4B, and FIG. 4C, and amethod of estimating may be conducted in
method 500 in an aspect. The clock is enabled in block 501, and circuits of the
active circuit, may be activated in block 502 for normal operation or test
operation. For example, a device may be configured to operate as normal, with
the logic circuits of the SoC operating to allow the device to perform usual
functions in the usual manner. Alternatively, the device may be configured to
operate through the logic circuits in atest mode that may allow power usage of
all or certain portions of the SoC to be evaluated and the power usage estimates
to be established, updated or refined. With the circuits activated, the
uncontrolled ripple waveform, and in particular the ripple amplitude, may be
monitored in block 503, and data associated with the waveform may be
optionally stored for analysis or other purposes. The ripple frequency may be
monitored in block 504, and ripple frequency data may also be optionally stored.
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While monitoring the ripple amplitude and frequency may be described
separately herein, the ripple amplitude and frequency may be monitored

separately or simultaneously in various aspects.

[0054] The monitored ripple amplitude and frequency may be used to look up the
estimated power P in block 505 for the current operating conditions as a
function of the monitored ripple. In particular, the measured ripple amplitude
and ripple frequency may be converted for associating the ripple amplitude index
and ripple frequency index with an estimated power demand level of the active
circuit. In an aspect method power demand level estimates may be obtained by
inputting the ripple amplitude index and the ripple frequency index into a lookup
table. In other words, the converted digital values for ripple amplitude and
frequency may beused as an index into the lookup table to provide apower
demand level estimate P value, which may be an estimated power demand level
for the active circuit, for the particular combination of measured amplitude and
frequency values. The estimated power demand level, P_ may be used as
information to provide refinements to power management and may be used to
control the actual power levels delivered to the SoC to improve efficiency, and
thus extend battery life. For example, the ripple values and corresponding
estimated power demand levels may indicate that alower power level may be
supplied to the SoC to minimize power usage while providing the acceptable
minimum power levels for proper operation. In thisway, the aspects described
herein may be used to sustain optimum operation for the device, while
prolonging battery life, for example. Note that the ideal operating or
performance levels for the active circuit that minimize power usage may be
associated with or indicated by a substantially non-zero value of the ripple
amplitude, while arelatively low ripple value may indicate that the power rail
supply levels are too high. Accordingly, unlike prior art systems that attempt to

reduce or eliminate ripple, aspects herein use ripple advantageously to provide a
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controlled power level at the power rail for reducing excess power usage by

monitoring ripple non-intrusively and estimating power demand levels.

[0055] The estimated power demand levels of the active circuit to may be used
various purposes such asto control or limit alevel of the power supply line, such
as avoltage supply level or current supply level, while maintaining a
predetermined performance level of the active circuit. The predetermined
performance level may be aminimum performance level that satisfies minimum
operational requirements, or aperformance level that satisfies a specific
operational condition. The estimated power demand levels may beused to
determine and manage thermal factors. During peak demand intervals, the
estimated power usage as obtained from the monitored ripple amplitude and
frequency may indicate the degree or rate at which thermal energy will build in
the active circuit. Understanding the relationship between operation of the circuit
and the corresponding thermal factors may be useful in preventing an electro-
thermal buckle conduction where elements, including electrical and structural
elements of the SoC and other system components (e.g., a battery supply) may
faill. Buckle and associated failure may occur rapidly during peak current
demands and accompanying thermal increases and must be responded to rapidly,
such aswithin 1us. Inthis manner, the various aspects may provide for an
extremely rapid response to changing load conditions so asto immediately
identify estimated power demand levels associated with rapid thermal escalation
conditions and limit the current or power provided by the power rail to prevent
thermal buckle or other undesirable effects. The estimated power demand levels
may further be used to identify factors such as estimated battery life remaining,

which may be useful to auser of a system that implements aspects.

[0056] The various aspects described herein may be implemented in any of a
variety of mobile computing devices (e.g., Smart phones, feature phones, etc.), an
example of which isillustrated in FIG. 6. For example, the mobile computing

device 600 may include aprocessor 601 coupled to internal memory 602. The
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internal memory 602 may be volatile or non-volatile memory, and may also be
secure and/or encrypted memory, or unsecure and/or unencrypted memory, or
any combination thereof. The processor 601 may also be coupled to atouch
screen display 606, such as aresistive-sensing touch screen, capacitive-sensing
touch screen infrared sensing touch screen, etc. However, the display of the
mobile computing device 600 need not have touch screen capability. The mobile
computing device 600 may have one or more short-range radio signal
transceivers 618 (e.g., Peanut, Bluetooth®, Zighee®, RF radio) and antenna 608
for sending and receiving wireless signals as described herein. The transceiver
618 and antenna 608 may be used with the above-mentioned circuitry to
implement the various wireless transmission protocol stacks/interfaces. The
mobile computing device 600 may include a cellular network wireless modem
chip 620 that enables communication via a cellular network. The mobile
computing device 600 may also include physical buttons 612a and 612b for

receiving user inputs.

[0057] Other forms of computing devices, including personal computers and
laptop computers, may be used to implement the various aspects. Such
computing devices typically include the components illustrated in FIG. 7 which
Illustrates an example laptop computer device 700. Many laptop computers
include atouch pad touch surface 714 that serves asthe computer's pointing
device, and thus may receive drag, scroll, and flick gestures similar to those
implemented on mobile computing devices equipped with atouch screen display
and described above. Such alaptop computer 700 generally includes a processor
701 coupled to volatile internal memory 702 and a large capacity nonvolatile
memory, such asadisk drive 706. The laptop computer 700 may also include a
compact disc (CD) and/or DVD drive 708 coupled to the processor 701. The
laptop computer device 700 may also include anumber of connector ports 710
coupled to the processor 701 for establishing data connections or receiving
external memory devices, such as anetwork connection circuit for coupling the

processor 701 to anetwork. The laptop computer device 700 may have one or
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more short-range radio signal transceivers 718 (e.g., Peanut®, Bluetooth®,
Zighee®, RF radio) and antennas 720 for sending and receiving wireless signals
as described herein. The transceivers 718 and antennas 720 may be used with the
above-mentioned circuitry to implement the various wireless transmission
protocol stacks/interfaces. In alaptop or notebook configuration, the computer
housing includes the touch pad 714, the keyboard 712, and the display 716 all
coupled to the processor 701. Other configurations of the computing device may
include a computer mouse or trackball coupled to the processor (e.g., viaaUSB

input) as are well known, which may also be used in conjunction with the various

aspects.

[0058] The processors 601 and 701 may be any programmable microprocessor,
microcomputer or multiple processor chip or chips that may be configured by
software instructions (applications) to perform avariety of functions, including
the functions of the various aspects described above. In the various devices,
multiple processors may be provided, such as one processor dedicated to wireless
communication functions and one processor dedicated to running other
applications. Typically, software applications may be stored in the internal
memory 602 and 702 before they are accessed and loaded into the processors 601
and 701. The processors 601 and 701 may include internal memory sufficient to
store the application software instructions. In many devices the internal memory
may be avolatile or nonvolatile memory, such as flash memory, or a mixture of
both. For the purposes of this description, a general reference to memory refers
to memory accessible by the processors 601 and 701 including internal memory
or removable memory plugged into the various devices and memory within the

processors 601 and 701.

[0059] The foregoing method descriptions and the process flow diagrams are
provided merely asillustrative examples and are not intended to require or imply
that the steps of the various aspects must be performed in the order presented. As
will be appreciated by one of skill in the art the order of steps in the foregoing
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aspects may be performed in any order. Words such as "thereafter,” "then,"
"next," etc. are not intended to limit the order of the steps; these words are

simply used to guide the reader through the description of the methods. Further,
any reference to clam elements in the singular, for example, using the articles "a,"

"an" or "the," isnot to be construed aslimiting the element to the singular.

[0060] The various illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the aspects disclosed herein may be
implemented as electronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such functionality is
implemented ashardware or software depends upon the particular application

and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality invarying ways for each particular
application, but such implementation decisions should not be interpreted as

causing a departure from the scope of the invention.

[0061] The hardware used to implement the various illustrative logics, logical
blocks, modules, and circuits described in connection with the aspects disclosed
herein may be implemented or performed with ageneral purpose processor, a
digital signal processor (DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A
general-purpose processor may be amicroprocessor, but, in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may aso be implemented as acombination of computing
devices, e.g., acombination of a DSP and a microprocessor, aplurality of

MICroprocessors, one or more microprocessors in conjunction with a DSP core, or
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any other such configuration. Alternatively, some steps or methods may be

performed by circuitry that is specific to a given function.

[0062] In one or more exemplary aspects, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable medium. The steps of a
method or algorithm disclosed herein may be embodied in aprocessor-executable
software module which may reside on atangible, non-transitory computer-
readable storage medium. Tangible, non-transitory computer-readable storage
media may be any available media that may be accessed by a computer. By way
of example, and not limitation, such non-transitory computer-readable media
may comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium
that may beused to store desired program code in the form of instructions or data
structures and that may be accessed by a computer. Disk and disc, asused herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk, and blu-ray disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above
should also be included within the scope of non-transitory computer-readable
media. Additionally, the operations of a method or algorithm may reside as one
or any combination or set of codes and/or instructions on atangible, non-
transitory machine readable medium and/or computer-readable medium, which

may be incorporated into a computer program product.

[0063] The preceding description of the disclosed aspects isprovided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other aspects without
departing from the spirit or scope of the invention. Thus, the present invention is

not intended to be limited to the aspects shown herein but isto be accorded the
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widest scope consistent with the following claims and the principles and novel

features disclosed herein.
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CLAIMS
What isclaimed is:

1. A method of estimating apower demand level of an active circuit,
comprising:

measuring aripple amplitude and aripple frequency on a power supply
line coupled to the active circuit;

converting the ripple amplitude and the ripple frequency into aripple
amplitude index and aripple frequency index; and

using the ripple amplitude index and the ripple frequency index to obtain

an estimated power demand level of the active circuit.

2. The method according to claim 1, wherein using the ripple amplitude index
and the ripple frequency index to obtain an estimated power demand level of the
active circuit comprises using the ripple amplitude index and the ripple frequency

index to look up a stored value for the estimated power demand level.

3. The method according to claim 1, wherein using the ripple amplitude index
and the ripple frequency index to obtain an estimated power demand level of the
active circuit comprises using the ripple amplitude index and the ripple frequency
index in atable lookup operation to obtain the estimated power demand level
from a datatable of estimated power demand levels indexed to ripple amplitude

index and ripple frequency index values.

4. The method according to claim 3, wherein estimated power demand levels
stored in the datatable of estimated power demand levels are calculated based on
an intrinsic inductance of the power supply line and an intrinsic capacitance of

the active circuit established during a calibration procedure.
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5. The method according to claim 1, further comprising using the estimated
power demand level of the active circuit to control alevel of the power supply

line.

6. The method according to claim 1, further comprising using the estimated
power demand level of the active circuit to identify apeak power usage condition
and to control alevel of the power supply line in response to identifying the peak
power usage condition before a critical thermal level is reached.

7. The method according to claim 1, wherein:

the power supply lineis associated with adigital circuit; and

measuring aripple amplitude and aripple frequency on a power supply
line coupled to the active circuit comprises non-intrusively measuring the ripple
amplitude and the ripple frequency using an analog circuit with ahigh input

impedance coupled to the power supply line.

8. The method according to claim 1, wherein the active circuit includes a system-
on-chip (SoC) circuit.

9. A method of calibrating a power monitor circuit for estimating a power
demand level of an active circuit on apower supply line, the method comprising:

disabling a clock associated with the active circuit;

inputting a first switching signal into a calibrated test load coupled to the
power supply line, the calibrated test load having aknown value, the first
switching signal having afirst lower frequency less than an intrinsic frequency of
the active circuit;

using the power monitor circuit to measure aripple amplitude and aripple
frequency on the power supply line associated with inputting the first switching

signal; and
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calculating an intrinsic capacitance of the active circuit and an intrinsic
inductance of the power supply line based on the ripple amplitude and the ripple
frequency.
10. The method according the claim 9, further comprising determining aleakage
current associated with the active circuit using the calibrated test load, the

intrinsic capacitance and the intrinsic inductance.

11. The method according to claim 10, further comprising:

inputting a second switching signal into the test load, the second switching
signal having a second lower frequency than the first switching signal;

measuring aline current in the power supply line; and

calibrating the test load and establishing the known value of the calibrated
test load using the intrinsic capacitance, the intrinsic inductance, the measured

line current and the determined leakage current.

12. The method according to claim 9, further comprising:

inputting aplurality of switching signals each having representative
amplitudes and representative frequencies into the calibrated test 1oad;

determining an estimated power demand level of the active circuit on the
power supply line for each combination of the representative amplitudes and
frequencies of the plurality of switching signals; and

storing in amemory the estimated power demand level for each
combination of the representative amplitudes and frequencies of the plurality of

switching signals.

13. The method according to claim 12, wherein storing in amemory the
estimated power demand level for each combination of the representative
amplitudes and frequencies of the plurality of switching signals comprises storing

the estimated power demand level for each combination in alookup table in
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which each estimated power demand levels isindexed to a particular

combination of representative amplitudes and frequencies.

14. A power monitor circuit configured to estimate a power demand level of an
active circuit on apower supply line, the power monitor circuit comprising:
an interface having leads configured to non-intrusively couple the power
monitor circuit to apower supply line of the active circuit;
ameasurement circuit coupled to the interface, the measurement circuit
comprising:
aripple amplitude measurement section configured to measure a
ripple amplitude of the power supply line when the leads are coupled to
the power supply line; and
aripple frequency measurement section configured to measure a
ripple frequency of the power supply line when the leads are coupled to
the power supply lineg;
aconversion circuit coupled to the measurement circuit, the conversion
circuit comprising:
aripple amplitude conversion section configured to convert the
ripple amplitude into aripple amplitude index; and
aripple frequency conversion section configured to convert the
ripple frequency into aripple frequency index; and
amemory coupled to the interface the measurement circuit and the
conversion circuit, the memory storing aplurality of estimated power demand

levels indexed to ripple amplitude indices and ripple frequency indices.

15. The power monitor circuit according to claim 14, an output circuit coupled to
the memory and the conversion circuit and configured to use the ripple amplitude
index and the ripple frequency index to obtain and output a corresponding
estimate of power demand level from the memory.
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16. The power monitor circuit according to claim 14, wherein the measurement
circuit comprises an analog circuit having ahigh input impedance that is non-

intrusively coupled to the interface.

17. The power monitor circuit according to claim 14, wherein the active circuit

comprises a system-on-chip (SoC) circuit.

18. The power monitor circuit according to clam 14, wherein the memory stores
the plurality of estimated power demand levels indexed to ripple amplitude

indices and ripple frequency indices in alookup table.

19. The power monitoring circuit according to claim 14, further comprising a
calibration circuit comprising:
a calibrated test load having aknown resistance value; and
a switch coupled configured to connect the calibrated test load to the
interface,
wherein the calibration circuit is configured to control the switch to
generate afirst calibration signal on the power supply line through the calibrated
test load when the leads are coupled to the power supply line, the first calibration
signal having first frequency lower than an intrinsic frequency of the active
circuit when aclock associated with operation of the active circuit is disabled,
and
wherein the power monitoring circuit is further configured to:
measure aripple amplitude and aripple frequency associated with
the first calibration signal through the calibrated test load; and
calculate an intrinsic capacitance of the active circuit and an
intrinsic inductance of the power supply line based on the ripple amplitude

and the ripple frequency.
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20. The power monitoring circuit according to claim 19, wherein the monitoring
circuit is further configured to determine aleakage current associated with the
active circuit using the calibrated test load, the calculated intrinsic capacitance,

and the calculated intrinsic inductance.

21. The power monitoring circuit according to claim 20, wherein:
the calibration circuit is further configured to control the switch to
generate a second calibration signal on the power supply line through the
calibrated test load, the second calibration signal having a second frequency
lower than the first frequency when the clock associated with the operation of the
active circuit is disabled; and
the monitoring circuit is further configured to:
measure a line current in the power supply line; and
calibrate the test load and establish the known value of the
calibrated test load using the intrinsic capacitance, the calculated intrinsic

inductance, the measured line current and the determined |eakage current.

22. The power monitoring circuit according to claim 21, wherein:

the calibration circuit is further configured to control the switch to
generate aplurality of ripple calibration signals on the power supply line through
the calibrated test load, each of the plurality of ripple calibration signals having a
representative amplitude and representative frequency; and

the monitoring circuit is further configured to provide an estimated power
demand level of the active circuit on the power supply line for each combination
of the representative amplitudes and representative frequencies of the plurality of
ripple calibration signals.

23. A power monitor circuit, comprising:
means for measuring aripple amplitude and aripple frequency on apower

supply line coupled to an active circuit;
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means for converting the ripple amplitude and the ripple frequency into a
ripple amplitude index and aripple frequency index; and
means for using the ripple amplitude index and the ripple frequency index

to obtain an estimated power demand level of the active circuit.

24. The power monitor circuit according to claim 23, wherein means for using
the ripple amplitude index and the ripple frequency index to obtain an estimated
power demand level of the active circuit comprises means for using the ripple
amplitude index and the ripple frequency index to look up a stored value for the

estimated power demand level.

25. The power monitor circuit according to claim 23, wherein means for using
the ripple amplitude index and the ripple frequency index to obtain an estimated
power demand level of the active circuit comprises means for using the ripple
amplitude index and the ripple frequency index in atable lookup operation to
obtain the estimated power demand level from a datatable of estimated power
demand levels indexed to ripple amplitude index and ripple frequency index

values.

26. The power monitor circuit according to claim 25, wherein estimated power
demand levels stored in the datatable of estimated power demand levels are
calculated based on an intrinsic inductance of the power supply line and an
intrinsic capacitance of the active circuit established during a calibration

procedure.

27. The power monitor circuit according to claim 23, further comprising means
for using the estimated power demand level of the active circuit to control alevel

of the power supply line.

28. The power monitor circuit according to claim 23, wherein:
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the power supply line is associated with a digital circuit; and

means for measuring aripple amplitude and aripple frequency on apower
supply line coupled to the active circuit comprises means for non-intrusively
measuring the ripple amplitude and the ripple frequency using an analog circuit

with ahigh input impedance coupled to the power supply line.

29. The power monitor circuit according to claim 23, wherein the active circuit

includes a system-on-chip (SoC) circuit.

30. The power monitor circuit according to claim 23, further comprising:

means for disabling a clock associated with the active circuit;

means for inputting afirst switching signal into a calibrated test load
coupled to the power supply line, the calibrated test load having aknown value,
the first switching signal having afirst lower frequency less than an intrinsic
frequency of the active circuit;

means for using the power monitor circuit to measure aripple amplitude
and aripple frequency on the power supply line associated with inputting the first
switching signal; and

means for calculating an intrinsic capacitance of the active circuit and an
intrinsic inductance of the power supply line based on the ripple amplitude and

the ripple frequency.

31. The power monitor circuit according the claim 30, further comprising means
for determining aleakage current associated with the active circuit using the
calibrated test load, the calculated intrinsic capacitance, and the calculated

intrinsic inductance.

32. The power monitor circuit according to claim 31, further comprising:
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means for inputting a second switching signal into the calibrated test load,
the second switching signal having a second lower frequency than the first
switching signal;

means for measuring aline current in the power supply line; and

means for calibrating the test load and establishing the known value using
the intrinsic capacitance, the intrinsic inductance, the measured line current and

the determined leakage current.

33. The power monitor circuit according to claim 30, further comprising:

means for inputting a plurality of switching signals each having
representative amplitudes and representative frequencies into the calibrated test
load;

means for determining an estimated power demand level of the active
circuit on the power supply line for each combination of the representative
amplitudes and frequencies of the plurality of switching signas; and

means for storing the estimated power demand level for each combination
of the representative amplitudes and frequencies of the plurality of switching

signals.

34. The power monitor circuit according to claim 33, wherein means for storing
the estimated power demand level for each combination of the representative
amplitudes and frequencies of the plurality of switching signals comprises means
for storing the estimated power demand level for each combination in alookup
table in which each estimated power demand levels is indexed to aparticular

combination of representative amplitudes and frequencies.
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