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(57) Abstract: An apparatus for supplying power to a load. The apparatus including a plurality of sources to provide charge, and a
controller adapted to control a transfer of charge from the sources to the load at distinct times. The controller may control the
transfer of charge based on variation of an ambient condition or a manufacturing process. The controller may control the transfer
of charge to generate a defined voltage across the load. The apparatus may include a regulator adapted to regulate a voltage across
the load. The regulator may regulate the voltage across the load in a defined timing relationship with the transter of charge from
the sources to the load.
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SYSTEM AND METHOD FOR SUPPLYING POWER ON DEMAND
TO ADYNAMIC LOAD

Cross-Reference to a Related Application

This application claims the benefit of the filing date of Provisional Application,
Serial No. 61/184,276, filed on June 4, 2009, and entitled “System and Method for
Supplying Power on Demand to a Dynamic Load,” which is incorporated herein by

reference.

Field

The present disclosure relates generally to power supplying systems, and more
specifically, to a system and method for supplying power to a highly-dynamic or bursty
load.

Background

The bursty nature of highly dynamic loads causes current demands on a power
regulator to go, for example, from a few micro Amps (MA) to tens of milli Amps (mA)
within a short period of time (e.g., in the order of 3 nanoseconds (ns) for the case of an
ultra wideband (UWB) application). Moreover, the power regulator has to recover from
the initial burst and be ready for the next burst within a very short period (e.g., 10-20 ns
for a pulse position UWB system). Along with this rapidly changing load requirement,
there are load regulation specifications that typically restrict the maximum voltage
ripple across the load to values below a few tens of milli Volts (mV).

The dynamic requirements typically associated with bursty load operations
generally preclude the use of conventional voltage regulation schemes, such as Low
Drop Out (LDO) regulators or Switch-Mode Power Supplies (SMPS) which, due to
their inherent feedback regulation schemes and relatively low bandwidth, typically
cannot react fast enough to the rapid changes of the load profile. As a consequence, one
of the regulation aspects is invariably compromised: the ripple voltage, the regulation
capabilities, or the regulation capacitance size, which may become undesirably large.

The current solutions to tackle this type of requirements are generally ineffective
in solving the problem. For example, the use of an LDO regulator for regulation of such

a bursty supply would be difficult for the reason that the loop is not fast enough to
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regulate the supply within a very short time period (e.g., 12.5 ns). Furthermore, the
stringent requirements on the maximum droop tolerated generally requires a huge
bypass capacitor. Moreover, the loop bandwidth of the LDO is limited by the stability

requirement and an LDO with a few ns response is difficult to realize.

SUMMARY

An aspect of the disclosure relates to an apparatus for supplying power to a load.
The apparatus comprises a plurality of sources to provide charge, and a controller
adapted to control a transfer of charge from the sources to the load at distinct times. In
another aspect, the controller is adapted to control the transfer of charge based on
variation of an ambient condition or a manufacturing process. In yet another aspect, the
controller is adapted to control the transfer of charge to generate a defined voltage
across the load. In still another aspect, the defined voltage comprises a substantially
sinewave voltage, a substantially square wave voltage, a substantially staircase voltage
or a defined pulse.

In another aspect of the disclosure, the controller is adapted to control the
transfer of charge to generate a defined voltage ripple across the load. In another aspect,
the controller is adapted to control the transfer of charge to maintain a voltage across the
load at or above a defined voltage. In yet another aspect, the apparatus further
comprises a regulator adapted to regulate a voltage across the load. In still another
aspect, the regulator comprises a Buck converter or a switched capacitor converter. In
even still another aspect, the regulator is adapted to regulate the voltage across the load
in a defined timing relationship with the transfer of charge from the sources to the load.

In another aspect of the disclosure, the at least one of the charge sources
comprises a capacitor-based feed forward network, a voltage boosted capacitor feed
forward network, a switched inductor feed forward network, or a bypass capacitor feed
forward network. In another aspect, the amount of charge transferred respectively by
two or more charge sources are distinct. In yet another aspect, the amounts of charge
transferred respectively by two or more charge sources are substantially the same. In
still another aspect, the voltages generated respectively in the charge sources are greater

than a voltage across the load.
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Other aspects, advantages and novel features of the present disclosure will
become apparent from the following detailed description of the disclosure when

considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a block diagram of an exemplary apparatus for supplying
power to a load in accordance with an aspect of the disclosure.

FIG. 1B illustrates a timing diagram of exemplary load current and voltage in
accordance with another aspect of the disclosure.

FIG. 1C illustrates a block diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 2 illustrates a block diagram of another exemplary apparatus for supplying
power to a load in accordance with another aspect of the disclosure.

FIG. 3 illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 4 illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 5A illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 5B illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 5C illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 5D illustrates a schematic diagram of another exemplary apparatus for
supplying power to a load in accordance with another aspect of the disclosure.

FIG. 6 illustrates a block diagram of an exemplary communication system in
accordance with another aspect of the disclosure.

FIGs. 7A-D illustrate timing diagrams of various pulse modulation techniques in
accordance with another aspect of the disclosure.

FIG. 8 illustrates a block diagram of various communications devices
communicating with each other via various channels in accordance with another aspect

of the disclosure.
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DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It should be apparent
that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein are merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be implemented or such a method may
be practiced using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein.

FIG. 1A illustrates a block diagram of an exemplary apparatus 100 for supplying
power to a load 106 in accordance with an aspect of the disclosure. In summary, the
apparatus 100 comprises a plurality of sources to provide charge to a load at distinct
times as governed by a timing controller. The apparatus 100 may provide charge to the
load 106 as needed, for example, to maintain the voltage across the load within a
defined range in response to different current demands required by the load.

In particular, the apparatus 100 comprises a timing controller 102, a plurality of
charge sources 104-1 to 104-N, and a plurality of switching elements SW; to SWx.
Each charge source (104-1 to 104-N) is adapted to hold or store charge for delivery to
the load 106 when the corresponding switching element (SW,; to SWy) is turned ON or
closed. The timing controller 102 controls the opening and closing of the switching
elements SW; to SWy in order to deliver charge to the load 106, when needed or
demanded by the load. The amount of charge delivered by the charge sources 104-1 to
104-N may all be substantially the same, or at least one or more may deliver different
amounts of charge. The following describes an exemplary application of the apparatus
100 with regard to a bursty or highly dynamic load.

FIG. 1B illustrates a timing diagram of exemplary load current and voltage in
accordance with another aspect of the disclosure. The upper diagram illustrates the load
current as a function of time for the bursty or highly dynamic load. The lower diagram
illustrates the voltage across the load as a function of time. The lower diagram

illustrates two responses: the first response, indicated as a dashed line, is the voltage
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response across the load for an uncompensated power supply; and the second response,
indicated as a solid line, is the voltage response across the load for the apparatus 100.

As illustrated, when the load current begins to increase, the voltage across the
load for the uncompensated power supply begins to decreases. The decrease in voltage
is due to the voltage drop across an internal and/or external resistive element in the
uncompensated power supply. Accordingly, the load voltage response for the
uncompensated power supply is essentially the opposite or mirror-image response of the
load current response. Thus, the uncompensated voltage across the load has a ripple, for
example, of almost 0.4 Volt, which may be unacceptable for certain applications.

In contrast, the apparatus 100 selectively provides charge to the load 106 in
order to maintain the voltage across the load within a defined range or ripple. For
example, just prior to the load current increasing, the timing controller 102 closes or
turns ON the switching element SW1. This delivers a bundle of charge from the charge
source 104-1 to the load 106. As noted in the diagram, the voltage across the load 106
exhibits a first bump or increase. As the load 106 demands more current, the load
voltage then decreases. Prior to the load voltage decreasing below a defined level, the
timing controller 102 closes or turns ON the switching element SW2. This delivers
another bundle of charge from the charge source 104-2 to the load 106. Similarly, the
voltage across the load 106 exhibits a second bump or increase. The timing controller
102 continues to selectively close the switching elements SW3 to SWyx in order to
provide charge on demand or as needed from the charge sources 104-3 to 104-N in
order to maintain the voltage across the load 106 within a defined range or ripple, as
illustrated in the diagram.

FIG. 1C illustrates a block diagram of another exemplary apparatus 150 for
supplying power to a load 156 in accordance with another aspect of the disclosure. In
general, the apparatus 150 comprises a plurality of modules 154-1 to 154-N for
generating charge, and a module 152 for controlling the transfer of charge from the
modules 154-1 to 154-N to the load 156 at distinct times. This may be done to maintain
the voltage across the load 156 within a defined range or ripple. Alternatively, or in
addition to, this may be done to regulate the load voltage in response to variation of an
ambient condition or a manufacturing process. Alternatively, or in addition to, this may
also be done to synthesize a defined voltage pattern or response across the load 156.

For example, the voltage pattern or response may include a substantially sinewave, a
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substantially square wave, a substantially staircase, or a defined pulse. The
aforementioned list of alternative patterns or responses, as used herein, shall further
include any combination thereof.

FIG. 2 illustrates a block diagram of another exemplary apparatus 200 for
supplying power to a load 206 in accordance with another aspect of the disclosure. The
apparatus 200 comprises a steady-state voltage regulator 202 and a charge-on-demand
module 204. The steady-state voltage regulator 202 performs the long term or
continuous regulation of the voltage across the load 206. The charge-on-demand
module 204 supplies charge to the load 206 when needed based on the load
requirements, such as, for example, when the load 206 needs lots of current within a
short period of time. A defined timing relationship may exist between the regulation of
the voltage provided by the voltage regulator 202 and the supplying of charge by the
charge-on-demand module 204 in order to meet the current demands and voltage
regulation of the load.

The voltage regulator 202 may be any type of voltage regulator, such as a
switched capacitor converter or a Buck converter. The aforementioned list of
alternative regulators, as used herein, shall further include any combination thereof.
Additionally, the charge-on-demand module 204 may include a capacitor-based feed
forward network, a voltage boosted capacitor feed forward network, a switched inductor
feed forward network, or a bypass capacitor feed forward network. The aforementioned
list of alternative charge-on-demand modules, as used herein, shall further include any
combination thereof. The following describes several exemplary implementations of
the apparatus 200.

FIG. 3 illustrates a schematic diagram of another exemplary apparatus 300 for
supplying power to a load 350 in accordance with another aspect of the disclosure. In
summary, the apparatus 300 includes a switched capacitor converter to perform the long
term or continuous regulation of the voltage across the load 350. Additionally, the
apparatus 300 further comprises a plurality of sources of charge for delivery to the load
350 when needed based on the load requirements.

In particular, the apparatus 300 comprises a switched capacitor converter
including a voltage source 302 (e.g., a battery), a pair of switching elements M1 and M2
(c.g., metal oxide semiconductor field effect transistors (MOSFETs)), a pair of

capacitive elements Cpoig and Cioad, @ timing logic 304, and a differential amplifier 306.
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The voltage source 302 is coupled between a first end of the first switching element M1
and ground. The second end of the first switching element M1 is coupled to a first end
of the second switching element M2. The first capacitive element Choq 1S coupled
between the second end of the first switching element M1 and ground. The second end
of the second switching element M2 is coupled to the negative input of the differential
amplifier 306. The second capacitive element C,,q and the load 350 are respectively
coupled between the negative input of differential amplifier 306 and ground. The
positive input of the differential amplifier 306 is adapted to receive a reference voltage
Vref. The output of the differential amplifier 306 is coupled to an input of the timing
logic 304. The timing logic 304 includes a pair of outputs respectively coupled to the
control inputs (e.g., gates) of the first and second switching elements M1 and M2.

The switched capacitor converter operates to provide long term or continuously
regulation of the voltage across the load 350. It performs this by the timing logic 304
controlling the switching elements M1 and M2 in response to a difference in voltage
between the load voltage and the reference voltage Vref. For example, if the load
voltage is below the reference voltage Vref, the timing logic 304 operates the switching
elements M1 and M2 in a relatively fast alternating manner to increase the rate of
charge delivered to the load 350 so as to increase the load voltage. Conversely, if the
load voltage is above the reference voltage Vref, the timing logic 304 operates the
switching elements M1 and M2 in a relatively slow alternating manner to decrease the
rate of charge delivered to the load 350 so as to decrease the load voltage.

The turning ON of the first switching element M1 couples the battery 302 to the
first capacitive element Cpyy in order to form charge on the capacitive element Cpgg.
The turning ON of the second switching element M2 couples the first capacitive
element Cpolq to the load 350 in order to transfer or deliver the charge to the load. The
second capacitive element Cioag helps with maintaining the load voltage within the
defined range or ripple. The reference voltage Vref is used to set the output voltage
within the defined range.

Additionally, the apparatus 300 further comprises a plurality of charge sources
308-1 to 308-N for providing charge to the load 350, when the load demands charge at a
rate higher than the rate in which the switched capacitor converter can provide the
charge. This may be the situation for a bursty or highly dynamic load. Each of the

charge sources 308-1 to 308-N may be configured the same, or at least one or more
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differently. In this example, the charge sources 308-1 to 308-N are configured the
same.

The charge sources 308-1 to 308-N respectively comprise voltage sources 310-1
to 310-N (e.g., a battery), first switching elements M11 to MIN, capacitive elements
Cwt, and second switching elements M21 to M2N. In response to respective first phases
®11 to P21 of a control signal, the first switching elements M11 to MIN turn ON to
couple the corresponding batteries 310-1 to 310-N to the capacitive elements Cyr in
order to form charge on the capacitive elements Cyr. In response to respective second
phases PIN to ®2N of the control signal, the second switching elements M21 to M2N
turn ON to couple the capacitive elements Cyr to the load 350 in order to transfer or
deliver the charge to the load. The plurality of charge sources 308-1 to 308-N may be
operated to provide charge to the load 350 at distinct times, respectively, in order to
meet the load requirements or achieve a defined voltage across the load.

FIG. 4 illustrates a schematic diagram of another exemplary apparatus 400 for
supplying power to a load 450 in accordance with another aspect of the disclosure. In
summary, the apparatus 400 is similar to apparatus 300, except that it includes a Buck
converter, instead of a switched capacitor converter, to perform the long term or
continuous regulation of the voltage across the load 450. However, similar to the
apparatus 300, the apparatus 400 also comprises a plurality of sources of charge for
delivery to the load 450, when needed based on the load requirements.

In particular, the apparatus 400 comprises a Buck converter including a voltage
source 402 (e.g., a battery), a switching element M1 (e.g., a MOSFET), a diode D1, first
and second inductive elements L1 and L2, first and second capacitive elements Cier
and Ciad, a gated oscillator 404, and a differential amplifier 406. The voltage source
402 is coupled between a first end of the switching element M1 and ground. The
second end of the switching element M1 is coupled to a first end of the first inductive
element L1. The cathode of the diode D1 is coupled to the second end of the switching
element M1, and the anode of the diode D1 is coupled to ground. The second end of the
first inductive element L1 is coupled to a first end of the second inductive element L2.
The first capacitive element Cpper 18 coupled between the second end of the first
inductive element L1 and ground. The second end of the second inductive element L2
is coupled to the negative input of the differential amplifier 406. The second capacitive

element Cioaq and the load 450 are respectively coupled between the negative input of
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differential amplifier 406 and ground. The positive input of the differential amplifier
406 is adapted to receive a reference voltage Vref. The output of the differential
amplifier 306 is coupled to an input of the gated oscillator 404. The gated oscillator 404
includes an output coupled to the control input (e.g., gate) of the switching element M1.

The Buck converter operates to provide long term or continuously regulation of
the voltage across the load 450. It performs this by the gated oscillator 404 controlling
the switching element M1 in response to the difference in voltage between the load
voltage and the reference voltage Vref. For example, if the load voltage is below the
reference voltage Vref, the gated oscillator 404 increases the frequency or pulse width
of the oscillating signal applied to the control input (e.g., gate) of the switching element
M1 to increase the rate of charge delivered to the load 450 so as to increase the load
voltage. Conversely, if the load voltage is below the reference voltage Vref, the gated
oscillator 404 decreases the frequency or pulse width of the oscillating signal applied to
the control input (e.g., gate) of the switching element M1 to decrease the rate of charge
delivered to the load 450 so as to decrease the load voltage.

Similar to apparatus 300, the apparatus 400 further comprises a plurality of
charge sources 408-1 to 408-N for providing charge to the load 450, when the load
demands charge at a rate higher than the rate in which the Buck converter can provide
the charge. This may be the situation for a bursty or highly dynamic load. Each of the
charge sources 408-1 to 408-N may be configured the same, or at least one or more
differently. In this example, the charge sources 408-1 to 408-N are configured the same
as that of charge sources 308-1 to 308-N. That is, each charge source (408-1 to 408-N)
comprises a voltage source Vyr (410-1 to 410-N) (e.g., a battery), a first switching
element (M11 to M1N), a capacitive element Cyy, and a second switching element (M21
to M2N). The operation of the charge sources 408-1 to 408-N has already been
discussed with reference to charge sources 308-1 to 308-N.

FIG. 5A illustrates a schematic diagram of another exemplary apparatus 500 for
supplying power to a load in accordance with another aspect of the disclosure. The
apparatus 500 is an example of a charge-on-demand source, which, in this case, is
configured as a capacitor-based feed forward network. The apparatus 500 comprises a
voltage source Vs 502 (e.g., a battery), a first switching element M1 (e.g., a MOSFET),
a capacitive element Cyy, and a second switching element M2 (e.g., a MOSFET). The

voltage source 502 is coupled between a first end of the first switching element M1 and
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ground. The second end of the first switching element M1 is coupled to the first end of
the second switching element M2. The capacitive element Cyt is coupled between the
second end of the first capacitive element M1 and ground. The second end of the
second capacitive element M2 couples to the load.

In operation, at a first phase ®1 of a control signal, the first switching element
M1 is turned ON to apply the voltage V¢ generated by the voltage source 502 across
the capacitive element Cyr. This forms charge on the capacitor. Then, at a second
phase ®2 of the control signal, the second switching element M2 is turned ON in order
to deliver the charge formed on the capacitive element Cyr to the load. The phase
difference between first and second phases ®1 and ®2 may be substantially 180
degrees, or some other phase difference. The apparatus 500 may be operated to run any
number of charge supply cycles in order to meet the current demand of the load.

FIG. 5B illustrates a schematic diagram of another exemplary apparatus 520 for
supplying power to a load in accordance with another aspect of the disclosure. The
apparatus 520 is another example of a charge-on-demand source, which, in this case, is
configured as a voltage boosted capacitor feed forward network. The apparatus 520
comprises a voltage source Vi, 522, five (5) switching elements MI1-MS5 (e.g.,
MOSFETSs), and a pair of capacitive elements Cyp and Cyp.

The voltage source 522 is coupled between respective first ends of switching
elements M1 and M2, and ground. The first capacitive element Cyy is coupled between
the second end of the first switching element M1 and ground. The second capacitive
element Cyr, and the switching element M3 are coupled in series between respective
second ends of switching elements M1 and M2. The switching element M4 is coupled
between the second end of switching element M2 and the load. The switching element
M5 is coupled between the node between capacitive element Cyp and switching
element M3 and ground.

In operation, at a first phase ®1 of a control signal, the switching elements M1,
M2, and M3 are turned ON. The turning ON of switching element M5 electrically
couples a first end of the capacitive element Cyp to ground. The turning ON of
switching elements M1 and M2 couples the voltage source 522 respectively across
capacitive elements Cys and Cyp. This causes charge to form on both capacitive
elements Cywii and Cyy, each at a voltage of substantially Vi,. At a second phase ®2 of

the control signal, the switching elements M3 and M4 are turned on. This couples both
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capacitive elements Cyyg and Cypp in series to provide charge to the load at a voltage
substantially equal to 2 * Vy,.

This implementation may be useful to provide charge to the load at a voltage
higher than the load voltage. Additionally, this implementation may also be useful to
supply charge to the load at a voltage higher than the available supply voltage. The
higher voltage of the voltage boosted capacitor feed forward network may cause a
preferential current flow from the network to the load, rather than drawing current from
the load capacitor. This helps prevent the load voltage from drooping. The phase
difference between first and second phases ®1 and ®2 may be substantially 180
degrees, or some other phase difference. The apparatus 520 may be operated to run any
number of charge supply cycles in order to meet the current demand of the load.

FIG. 5C illustrates a schematic diagram of another exemplary apparatus 540 for
supplying power to a load in accordance with another aspect of the disclosure. The
apparatus 540 is another example of a charge-on-demand source, which, in this case, is
configured as a switched inductor feed forward network. The apparatus 540 comprises
a voltage source Vyr 542 (e.g., a battery), an inductive element L1, a switching element
M1 (e.g., a MOSFET), and a diode D1. The voltage source 542 is coupled between a
first end of the inductive element L1 and ground. The second end of the inductive
element L1 is coupled to the anode of the diode D1. The switching element M1 is
coupled between the anode of the diode D1 and ground. The cathode of the diode D1
couples to the load.

In operation, at a phase ®1 of a control signal, the switching element M1 is
turned ON to substantially ground the second end of the inductive element L1. This
allows a current to flow through the inductive element L1, thereby allowing the
inductive element to store the energy. Then, at another phase of the control signal, the
switching element M1 is turned OFF in order to deliver stored energy in the inductive
element L1 in the form of charge to the load. The apparatus 540 may be operated to run
any number of charge supply cycles in order to meet the current demand of the load.

FIG. 5D illustrates a schematic diagram of another exemplary apparatus 560 for
supplying power to a load in accordance with another aspect of the disclosure. The
apparatus 560 is another example of a charge-on-demand source, which, in this case, is
configured as a bypass capacitor feed forward network. The apparatus 560 comprises a

voltage source Vyr 562 (e.g., a battery), a capacitive element Cyy, an inductive element
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L1, a resistive element R1, and a switching element M1. The voltage source 562 is
coupled in parallel with the capacitive element Cyr between a first end of the inductive
element L1 and ground. The inductive element L1, resistive element R1, and switching
element M1 is coupled in series between the voltage source 562 and ground.

In operation, at a phase ®1 of a control signal, the switching element M1 is
turned OFF, allowing the voltage source 562 to charge the bypass capacitive element
Cwr. Then, at another phase of the control signal, the switching element M1 is turned
ON in order to deliver the charge formed on the capacitive element Cyr to the load. The
apparatus 560 may be operated to run any number of charge supply cycles in order to
meet the current demand of the load.

Figure 6 illustrates a block diagram of an exemplary communication device 600
in accordance with another aspect of the disclosure. The communication device 600
may be one exemplary implementation of a communication device that uses any of the
apparatuses previously discussed as a voltage regulator.  In particular, the
communications device 600 comprises an antenna 602, a Tx/Rx isolation device 604, a
low noise amplifier (LNA) 606, a pulse demodulator 608, a first voltage regulator 622, a
receiver baseband processing module 610, a phase locked loop (PLL) and/or voltage
controlled oscillator (VCO) 612, a reference oscillator 614, a transmitter baseband
processing module 616, a pulse modulator 618, a second voltage regulator 624, and a
power amplifier (PA) 620.

As a source communication device, data to be transmitted to a destination
communication device is sent to the transmitter baseband processing module 616. The
transmitter baseband processing module 616 processes the transmit data to generate an
outbound baseband signal. The pulse modulator 618 generates pulses (e.g., ultra
wideband (UWB) pulses) based on the outbound baseband signal. The second voltage
regulator 624 supplies the charge at the proper time to the pulse modulator 618 in order
for the pulse to be generated. The PA 620 amplifies the UWB pulses signal and
provides it to the antenna 602 via the Tx/Rx isolation device 604 for transmission into a
wireless medium. The transmit data may be generated by a sensor, a microprocessor, a
microcontroller, a RISC processor, a keyboard, a pointing device such as a mouse or a
track ball, an audio device, such as a headset, including a transducer such as a
microphone, a medical device, a shoe, a robotic or mechanical device that generates

data, a user interface, such as a touch-sensitive display, etc.
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As a destination communication device, a received RF signal (e.g., inbound
UWB pulses) is picked up by the antenna 602 and applied to the LNA 606 via the
Tx/Rx isolation device 604. The LNA 604 amplifies the received RF signal. The pulse
demodulator 608 generates an inbound baseband signal based on the received UWB
pulses. The first voltage regulator 622 supplies the charge at the proper time to the
pulse demodulator 608 in order to properly process the pulses. The receiver baseband
processing 610 processes the incoming baseband signal to generate the received data. A
data processor (not shown) may then perform one or more defined operations based on
the received data. For example, the data processor may include a microprocessor, a
microcontroller, a reduced instruction set computer (RISC) processor, a display, an
audio device, such as a headset, including a transducer such as speakers, a medical
device, a shoe, a watch, a robotic or mechanical device responsive to the data, a user
interface, such as a display, one or more light emitting diodes (LED), etc.

Figure 7A illustrates different channels (channels 1 and 2) defined with different
pulse repetition frequencies (PRF) as an example of a pulse modulation that may be
employed in any of the communications systems, devices, and apparatuses described
herein. Specifically, pulses for channel 1 have a pulse repetition frequency (PRF)
corresponding to a pulse-to-pulse delay period 702. Conversely, pulses for channel 2
have a pulse repetition frequency (PRF) corresponding to a pulse-to-pulse delay period
704. This technique may thus be used to define pseudo-orthogonal channels with a
relatively low likelihood of pulse collisions between the two channels. In particular, a
low likelihood of pulse collisions may be achieved through the use of a low duty cycle
for the pulses. For example, through appropriate selection of the pulse repetition
frequencies (PRF), substantially all pulses for a given channel may be transmitted at
different times than pulses for any other channel.

The pulse repetition frequency (PRF) defined for a given channel may depend
on the data rate or rates supported by that channel. For example, a channel supporting
very low data rates (e.g., on the order of a few kilobits per second or Kbps) may employ
a corresponding low pulse repetition frequency (PRF)). Conversely, a channel
supporting relatively high data rates (e.g., on the order of a several megabits per second
or Mbps) may employ a correspondingly higher pulse repetition frequency (PRF).

Figure 7B illustrates different channels (channels 1 and 2) defined with different

pulse positions or offsets as an example of a modulation that may be employed in any of
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the communications systems described herein. Pulses for channel 1 are generated at a
point in time as represented by line 706 in accordance with a first pulse offset (e.g., with
respect to a given point in time, not shown). Conversely, pulses for channel 2 are
generated at a point in time as represented by line 708 in accordance with a second
pulse offset. Given the pulse offset difference between the pulses (as represented by the
arrows 710), this technique may be used to reduce the likelihood of pulse collisions
between the two channels. Depending on any other signaling parameters that are
defined for the channels (e.g., as discussed herein) and the precision of the timing
between the devices (e.g., relative clock drift), the use of different pulse offsets may be
used to provide orthogonal or pseudo-orthogonal channels.

Figure 7C illustrates different channels (channels 1 and 2) defined with different
timing hopping sequences modulation that may be employed in any of the
communications systems described herein. For example, pulses 712 for channel 1 may
be generated at times in accordance with one time hopping sequence while pulses 714
for channel 2 may be generated at times in accordance with another time hopping
sequence. Depending on the specific sequences used and the precision of the timing
between the devices, this technique may be used to provide orthogonal or pseudo-
orthogonal channels. For example, the time hopped pulse positions may not be periodic
to reduce the possibility of repeat pulse collisions from neighboring channels.

Figure 7D illustrates different channels defined with different time slots as an
example of a pulse modulation that may be employed in any of the communications
systems described herein. Pulses for channel L1 are generated at particular time
instances. Similarly, pulses for channel L2 are generated at other time instances. In the
same manner, pulse for channel L3 are generated at still other time instances.
Generally, the time instances pertaining to the different channels do not coincide or may
be orthogonal to reduce or eliminate interference between the various channels.

It should be appreciated that other techniques may be used to define channels in
accordance with a pulse modulation schemes. For example, a channel may be defined
based on different spreading pseudo-random number sequences, or some other suitable
parameter or parameters. Moreover, a channel may be defined based on a combination
of two or more parameters.

Figure 8 illustrates a block diagram of various ultra-wide band (UWB)

communications devices communicating with each other via various channels in



WO 2010/141896 PCT/US2010/037510

[0062]

[0063]

15

accordance with another aspect of the disclosure. For example, UWB device 1 802 is
communicating with UWB device 2 804 via two concurrent UWB channels 1 and 2.
UWB device 802 is communicating with UWB device 3 806 via a single channel 3.
And, UWB device 3 806 is, in turn, communicating with UWB device 4 808 via a
single channel 4. Other configurations are possible. The communications devices may
be used for many different applications, and may be implemented, for example, in a
headset, microphone, biometric sensor, heart rate monitor, pedometer, EKG device,
watch, shoe, remote control, switch, tire pressure monitor, or other communications
devices. A medical device may include smart band-aid, sensors, vital sign monitors,
and others. The communications devices described herein may be used in any type of
sensing application, such as for sensing automotive, athletic, and physiological
(medical) responses.

Any of the above aspects of the disclosure may be implemented in many
different devices. For example, in addition to medical applications as discussed above,
the aspects of the disclosure may be applied to health and fitness applications.
Additionally, the aspects of the disclosure may be implemented in shoes for different
types of applications. There are other multitude of applications that may incorporate
any aspect of the disclosure as described herein.

Various aspects of the disclosure have been described above. It should be
apparent that the teachings herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed herein is merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be implemented or such a method may
be practiced using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein. As an example of
some of the above concepts, in some aspects concurrent channels may be established
based on pulse repetition frequencies. In some aspects concurrent channels may be
established based on pulse position or offsets. In some aspects concurrent channels may

be established based on time hopping sequences. In some aspects concurrent channels
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may be established based on pulse repetition frequencies, pulse positions or offsets, and
time hopping sequences.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

Those of skill would further appreciate that the various illustrative logical
blocks, modules, processors, means, circuits, and algorithm steps described in
connection with the aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog implementation, or a combination of
the two, which may be designed using source coding or some other technique), various
forms of program or design code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software module”), 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 as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented within or performed
by an integrated circuit (“IC”), an access terminal, or an access point. The IC may
comprise a general 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, electrical components, optical components, mechanical components, or
any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. A

general purpose processor may be a microprocessor, but in the alternative, the processor
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may be any conventional processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, ¢.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.

It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module (e.g., including
executable instructions and related data) and other data may reside in a data memory
such as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer-readable storage medium known in the art. A sample storage medium may be
coupled to a machine such as, for example, a computer/processor (which may be
referred to herein, for convenience, as a “processor”) such the processor can read
information (e.g., code) from and write information to the storage medium. A sample
storage medium may be integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in user equipment. In the
alternative, the processor and the storage medium may reside as discrete components in
user equipment. Moreover, in some aspects any suitable computer-program product
may comprise a computer-readable medium comprising codes relating to one or more of
the aspects of the disclosure. In some aspects a computer program product may
comprise packaging materials.

While the invention has been described in connection with various aspects, it
will be understood that the invention is capable of further modifications. This
application is intended to cover any variations, uses or adaptation of the invention
following, in general, the principles of the invention, and including such departures
from the present disclosure as come within the known and customary practice within the

art to which the invention pertains.
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CLAIMS
WHAT IS CLAIMED IS:
1. An apparatus for supplying power to a load, comprising:

a plurality of sources to provide charge; and
a controller adapted to control a transfer of charge from the sources to the load at

distinct times.

2. The apparatus of claim 1, wherein the controller is adapted to control the
transfer of charge based on variation of an ambient condition or a manufacturing

Proccess.

3. The apparatus of claim 1, wherein the controller is adapted to control the

transfer of charge to generate a defined voltage across the load.

4. The apparatus of claim 3, wherein the defined voltage comprises a
substantially sinewave voltage, a substantially square wave voltage, a substantially

staircase voltage, or a defined pulse.

5. The apparatus of claim 1, wherein the controller is adapted to control the

transfer of charge to generate a defined voltage ripple across the load.

6. The apparatus of claim 1, wherein the controller is adapted to control the

transfer of charge to maintain a voltage across the load at or above a defined voltage.

7. The apparatus of claim 1, further comprising a regulator adapted to

regulate a voltage across the load.

8. The apparatus of claim 7, wherein the regulator comprises a Buck

converter or a switched capacitor converter.
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9. The apparatus of claim 7, wherein the regulator is adapted to regulate the
voltage across the load in a defined timing relationship with the transfer of charge from

the sources to the load.

10.  The apparatus of claim 1, wherein at least one of the charge sources
comprises a capacitor-based feed forward network, a voltage boosted capacitor feed
forward network, a switched inductor feed forward network, or a bypass capacitor feed

forward network.

11.  The apparatus of claim 1, wherein amounts of charge transferred

respectively by two or more charge sources are distinct.

12.  The apparatus of claim 1, wherein amounts of charge transferred

respectively by two or more charge sources are substantially the same.

13.  The apparatus of claim 1, wherein voltages generated respectively in the

charge sources are greater than a voltage across the load.

14. A method for supplying power to a load, comprising:
generating charge at a plurality of distinct nodes; and

controlling a transfer of the charge from the nodes to the load at distinct times.

15. The method of claim 14, wherein controlling the transfer of charge
comprises transferring charge based on variation of an ambient condition or a

manufacturing process.

16.  The method of claim 14, wherein controlling the transfer of charge

comprises generating a defined voltage across the load.

17.  The method of claim 16, wherein the defined voltage comprises a
substantially sinewave voltage, a substantially square wave voltage, a substantially

staircase voltage, or a defined pulse.
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18.  The method of claim 14, wherein controlling the transfer of charge

comprises generating a defined voltage ripple across the load.

19.  The method of claim 14, wherein controlling the transfer of charge

comprises maintaining a voltage across the load at or above a defined voltage.

20. The method of claim 14, further comprising regulating a voltage across
the load.
21.  The method of claim 20, wherein regulating the voltage across the load is

performed in a defined timing relationship with the transferring of charge to the load.

22.  The method of claim 14, wherein controlling the transfer of charge

comprises transferring distinct amounts of charge respectively at the distinct times.

23.  The method of claim 14, wherein controlling the transfer of charge
comprises transferring substantially the same amounts of charge respectively at the

distinct times.

24.  The method of claim 14, wherein controlling the transfer of charge

comprises transferring charge at a first voltage to a lesser second voltage across the

load.

25.  An apparatus for supplying power to a load, comprising:
means for generating charge; and
means for controlling a transfer of charge from the charge generating means to

the load at distinct times.

26.  The apparatus of claim 25, wherein the controlling means is adapted to
control the transfer of charge based on variation of an ambient condition or a

manufacturing process.
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27.  The apparatus of claim 25, wherein the controlling means is adapted to

control the transfer of charge to generate a defined voltage across the load.

28.  The apparatus of claim 27, wherein the defined voltage comprises a
substantially sinewave voltage, a substantially square wave voltage, a substantially

staircase voltage, or a defined pulse.

29.  The apparatus of claim 25, wherein the controlling means is adapted to

control the transfer of charge to generate a defined voltage ripple across the load.

30.  The apparatus of claim 25, wherein the controlling means is adapted to
control the transfer of charge to maintain a voltage across the load at or above a defined

voltage.

31.  The apparatus of claim 25, further comprising means for regulating a

voltage across the load.

32.  The apparatus of claim 31, wherein the regulating means comprises a

Buck converter or a switched capacitor converter.

33.  The apparatus of claim 31, wherein the regulating means is adapted to
regulate the voltage across the load in a defined timing relationship with the transfer of

charge from the charge generating means to the load.

34.  The apparatus of claim 25, wherein the charge generating means
comprises a capacitor-based feed forward network, a voltage boosted capacitor feed
forward network, a switched inductor feed forward network, or a bypass capacitor feed

forward network.

35. The apparatus of claim 25, wherein amounts of charge transferred

respectively by two or more charge generating means are distinct.
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36. The apparatus of claim 25, wherein amounts of charge transferred

respectively by two or more charge generating means are substantially the same.

37.  The apparatus of claim 25, wherein a voltage generated in the charge

generating means is greater than a voltage across the load.

38. A computer program product for supplying power to a load, comprising a
computer readable medium including instructions executable to transfer charge from a

plurality of sources to the load at distinct times.

39. A headset, comprising:

a transmitter adapted to transmit audio data;

a plurality of sources to provide charge; and

a controller adapted to control a transfer of charge from the sources to the

transmitter at distinct times.

40. A watch, comprising:

a receiver adapted to receive data;

a user interface adapted to generate an indication based on the received data;
a plurality of sources to provide charge; and

a controller adapted to control a transfer of charge from the sources to the

recelver at distinct times.

41. A sensing device, comprising:

a sensor adapted to generate sensed data;

a transmitter adapted to transmit the sensed data;

a plurality of sources to provide charge; and

a controller adapted to control a transfer of charge from the sources to the

transmitter at distinct times.
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