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WEARABLE DEVICE WITH POWER STATE CONTROL

Cross Reference to Related Application

This application claims priority to U.S. Patent Application No. 14/567,581, filed

December 11, 2014, entitled "WEARABLE DEVICE WITH POWER STATE CONTROL," the

entire disclosure of which is hereby incorporated by reference in its entirety.

Field

Embodiments of the present disclosure generally relate to the field of sensor devices,

and more particularly, to wearable devices with power state control to transition the wearable

device from one power state to another power state.

Background

Modern wearable devices are expected to work on demand, e.g., may be expected to

"wake up" (e.g., transition from a standby mode to operational mode) and become operational

substantially instantly and with minimal user input. These devices may not typically use

mechanical switches to turn the power source (battery) on and off because the switches may not

be user friendly or may not be supported by modern industrial design expectations.

Manufacturers have typically relied on a sensor to provide a "wake up" command. A common

solution may be to employ the inertial sensors (accelerometers) to "wake up" associated

wearable devices on movement detected by the sensors. However, the inertial sensors may be

set to trigger on at a particular gravitation force threshold or acceleration. In addition or in the

alternative, these sensors may be polled by a host microcontroller of a wearable device at a

determined frequency rate (e.g., 1 Hz or higher) in order to receive movement detection results.

Accordingly, these activities aimed at "waking up" a wearable device may consume substantial

power in a standby mode, which may have a significant impact on the standby lifetime of the

wearable device and the associated power source.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in

conjunction with the accompanying drawings. To facilitate this description, like reference

numerals designate like structural elements. Embodiments are illustrated by way of example and

not by way of limitation in the figures of the accompanying drawings.

FIG. 1 is a block diagram of an example apparatus, such as a wearable device with

power state control, in accordance with some embodiments of the present disclosure.

FIG. 2 is a schematic diagram illustrating an example implementation of a power



state control module of an apparatus described in reference to FIG. 1, in accordance with some

embodiments.

FIGS. 3-5 illustrate schematic representations of example piezoelectric arrangements

disposed about a housing of a wearable device, according to some embodiments.

FIG. 6 is a process flow diagram for fabricating a wearable device with power state

control, in accordance with some embodiments.

FIG. 7 is a process flow diagram for controlling a transition of a wearable device

from a first power state to a second power state, in accordance with some embodiments.

Detailed Description

Embodiments of the present disclosure provide techniques and configurations for a

wearable device with power state control. In one instance, the device may include a functional

module to operate in a first power state or in a second power state that is different from the first

power state. The device may further include a power source coupled with the functional module

to provide operational power to the functional module. The device may further include a power

state control module coupled with the functional module, to cause the functional module to

transition from the first power state to the second power state in response to an input. The power

state control module may comprise a power generating device to generate power responsive to

the input, independent of the power source, and in response to the generated power, cause the

functional module to transition from the first power state to the second power state.

In the following detailed description, reference is made to the accompanying

drawings that form a part thereof, wherein like numerals designate like parts throughout, and in

which are shown by way of illustration embodiments in which the subject matter of the present

disclosure may be practiced. It is to be understood that other embodiments may be utilized and

structural or logical changes may be made without departing from the scope of the present

disclosure. Therefore, the following detailed description is not to be taken in a limiting sense,

and the scope of embodiments is defined by the appended claims and their equivalents.

For the purposes of the present disclosure, the phrase "A and/or B" means (A), (B), or

(A and B). For the purposes of the present disclosure, the phrase "A, B, and/or C" means (A),

(B), (C), (A and B), (A and C), (B and C), or (A, B, and C).

The description may use perspective-based descriptions such as top/bottom, in/out,

over/under, and the like. Such descriptions are merely used to facilitate the discussion and are

not intended to restrict the application of embodiments described herein to any particular

orientation.

The description may use the phrases "in an embodiment," or "in embodiments,"



which may each refer to one or more of the same or different embodiments. Furthermore, the

terms "comprising," "including," "having," and the like, as used with respect to embodiments of

the present disclosure, are synonymous.

The term "coupled with," along with its derivatives, may be used herein. "Coupled"

may mean one or more of the following. "Coupled" may mean that two or more elements are in

direct physical, electrical, or optical contact. However, "coupled" may also mean that two or

more elements indirectly contact each other, but yet still cooperate or interact with each other,

and may mean that one or more other elements are coupled or connected between the elements

that are said to be coupled with each other.

FIG. 1 is a block diagram of an example apparatus 100 in accordance with some

embodiments of the present disclosure. In some embodiments, the apparatus 100 may comprise

a wearable device configured with power state control in accordance with embodiments

described herein.

The apparatus 100, such as a wearable device, may be configured to provide a variety

of different functions. For example, a wearable device may provide sensor measurement of data

related to a user's activities, such as walking, running, jumping, or the like. A wearable device

may include, but may not be limited to, wearable cameras, smart watches, intelligent bracelets,

smart glasses, heart rate monitors, tracking devices, and the like.

In some embodiments, the apparatus 100 may comprise a housing 102 made of a

suitable rigid or semi-rigid material, such as thermoplastics, polyethylene foam, cork, acrylic,

polypropylene, composite carbon fiber, or other material commonly used for such purposes. The

housing 102 of the apparatus 100 may include (e.g., encapsulate) some or all of the apparatus

100 components described herein.

The apparatus 100 may include a functional module 104 configured to enable and

manage one of more functionalities of the apparatus 100. For example, the functional module

104 may be communicatively coupled with a sensor unit 180 and configured to control, e.g.,

manage and process the readings provided by the sensor unit 180. The sensor unit 180 may

include one or more sensors (e.g., a sensor array) that may be configured to measure data

indicative of various processes (e.g., associated with a user). In some embodiments, at least the

functional module 104 of the apparatus 100 may be integrated in a system on chip (SOC) 130.

The functions provided by function module 104 may, e.g., but are not limited to processing data

provided by the sensor unit 180 and providing processed data to user (e.g., on a display (not

shown), and/or providing the data to an external computing device (not shown) for further

processing.



The functional module 104 may be configured to operate at least in two power states:

a first power state or a second power state that is different from the first power state. In

embodiments, the functional module may comprise two or more components, such as a

processor, a memory (e.g., programmable registers), communication components, and the like

(not shown).

The first power state of the apparatus 100 may correspond to a standby mode, in

which a first number (but not all) of the components of the functional module 104 may be

powered on. The second power state of the apparatus 100 may correspond to an operational

mode, in which a second number of the components of the functional module 104 (collectively

consuming more power than the first number of components) are powered on. In embodiments,

the second number may be different, e.g., greater than the first number. For example, some (but

not all) components of the functional module 104 may consume power in the standby mode. For

example, programmable registers (not shown) of the functional module 104 may be required to

retain stored information when the apparatus 100 is not fully operational (e.g, in standby mode).

In operational mode, at least a processor, a memory, and communicative components of the

functional module 104 may be powered on.

The apparatus 100 may include a power source 106 (e.g., a battery) coupled with the

functional module 104, to provide power to the functional module 104 in accordance with the

first or second power state. In some embodiments, the power source 106 may be coupled with

the functional module 104 via a voltage generation module 108. The voltage generation module

108 may be configured to convert the voltage provided by the power source 106 into voltage

suitable for use by the SOC 130 in a first or second power state. For example, the power source

106 may be configured to provide voltage of 4.2 V, whereas the SOC 130 may require 1.8 V or

3.3 V to operate in first or second power state respectively.

The apparatus 100 may further include a power state control module 110 coupled

with the functional module 104, to cause the functional module to transition from the first power

state to the second power state in response to an input 140 (e.g., user input). The power state

control module 110 may comprise a power generating device 112 to generate power in response

to an input, and to transform the generated power into a command to the functional module 104

to transition from the first power state to the second power state.

In some embodiments, the power generating device 112 may comprise a piezoelectric

device to generate electric charge in response to the input (e.g, user input, such as a tap).

Accordingly, the input may comprise an application of mechanical force (e.g., pressure or



flexing) to the power generating device 112. The amount of electric charge produced by the

power generating device 112 (e.g., piezoelectric device) may be directly proportional to the

pressure or flexing applied to a material comprising the piezoelectric device. Using a

piezoelectric device as the power generating device 112 may enable production and harvesting of

electrical power that may be needed to produce a command to the functional module to transition

from a first power state to a second power state, for example.

The power state control module 110 may further comprise a rectification circuit 114

coupled with the power generating device 112, to rectify and limit voltage corresponding to the

electric charge generated by the power generating device 112.

The power state control module 110 may further comprise a charge storage device

116 (e.g., a capacitor) coupled with the rectification circuit 114, to store the electric charge at the

voltage limited by the rectification circuit 114.

The power state control module 110 may further comprise a power state control

interface 118 coupled with the charge storage device 116, to generate the command to a power

management unit 120 associated with the functional module 104, to cause the functional module

104 to transition from the first power state to the second power state, based on the electrical

charge stored by the charge storage device 116. . The command may include, for example, a

sequence of operations to be performed by the power management unit 120. The power

management unit 120 may, in accordance to the sequence of operations, cause the SOC 130 to

transition from the first power state to the second power state, including, e.g., providing a

command to the voltage generation module 108 to change the voltage requisite for the first

power state of the SOC 130 to the voltage requisite for the second power state of the SOC 130.

While FIG. 1 illustrates the power management unit 120 and functional module 104

as integrated on the SOC 130, the FIG is not meant to be limiting, other apparatus 100

components may also be integrated on the SOC 130, although not shown in FIG. 1. For

example, power state control interface 118 (or portion thereto) may be integrated on the SOC

130. In some embodiments, rectification circuit 114 and power storage device 116 may also be

disposed in SOC 130, if supported by the SOC process. Similarly, in some embodiments the

voltage generation module 108 may be integrated on the SOC 130.

In conventional wearable devices, a power source may continuously, even in the

standby mode, provide power to a power state control module (or a device component with a

similar function) of a wearable device to facilitate a transition from a standby mode to

operational mode, when demanded.

In contrast, in the embodiments described herein, the power state control module 110



having the power generating device 112 may be capable of generating power of a desired level to

enable transition from the standby mode to operational mode. Accordingly, the embodiments of

the apparatus 100 described herein may provide for saving power of the power source (battery)

and prolonging its life.

Furthermore, the use of the power generating device 112 configured to produce

power in response to an input may eliminate a need for at least some components utilized in

conventional wearable device solutions. For example, an accelerometer utilized in conventional

wearable devices to detect device's motion and trigger a transition from standby mode to

operational mode, may not be required to generate output in response to a movement to trigger

the transition from standby to operation mode in the embodiments described herein. Also, power

that may be provided by a power source in conventional solutions to periodically poll an

accelerometer may not be needed in the described embodiments, which may result in additional

power savings.

FIG. 2 is a schematic diagram illustrating an example implementation of a power

state control module of an apparatus described in reference to FIG. 1, in accordance with some

embodiments. As discussed in reference to FIG. 1, the power state control module 110 of the

apparatus 100 may include the power generator 112, rectification circuit 114, power storage

device 116, and power state control interface 118.

As described above, the power generating device 112 may comprise a piezoelectric

device 202 configured to generate electric charge (voltage) in response to input 204. The input

204 may be, for example, a tap on the piezoelectric device 202. The voltage signal generated by

the power generator 112 (e.g., piezoelectric device 202) may be passed to the rectification circuit

114. As shown, the rectification circuit 114 may be implemented as a rectification and voltage

limiting circuit 206. In the illustrated example, the rectification and voltage limiting circuit 206

may comprise a diode D l in series with a Zener diode D2. As the voltage supplied by the

piezoelectric device 202 may rise, the diode Dl may forward conduct and may be limited on the

Zener diode D2 by its breakdown voltage.

The power storage device 116 may comprise a capacitor 208 coupled with the

rectification and voltage limiting circuit 206. The capacitor 208 may be placed across the Zener

diode D2 and may store electric charge supplied by the piezoelectric device 202 at the voltage

defined by the Zener diode D2 breakdown voltage. The diode Dl may prevent discharge of the

capacitor 208 for negative transients from the piezoelectric device 202 with respect to the Zener

diode D2 breakdown voltage. For example, if the Zener diode D2 has breakdown voltage of 3 V,



the diode D l may conduct when the voltage exceeds 3V (plus D l forward conduction

voltage). The diode D l may not conduct below this threshold, causing the capacitor 208 to store

electric charge at about 3V level.

The electric charge stored on the capacitor 208 may be used as the power source for

the power state control interface 118. In the illustrated example, the power state control interface

118 may comprise a wake up interface circuitry 210. The circuitry 210 may include a

comparator 212 that may be powered from the power source provided by the capacitor 208. An

arrangement of resistance Rl in series with resistance R2 and R3 and in series with diode D l

may ensure that the command to transition from the first power state to the second power state

(e.g., a wake up command) may not be triggered until a suitable voltage level has been

established on the power storage device 116. More specifically, the voltage across resistance R2

may be Vs*R2/(Rl+R2), where Vs is voltage across the Zener diode D2 and capacitor 208. The

voltage across the forward-biased diode D3 may be the forward conduction voltage Vf.

Therefore, the comparator 212 may not trigger until Vs*R2/(Rl+R2) = Vf. When the

comparator 212 triggers, it may drive a push-pull output stage 214 to generate a command signal

220 to interface with the SOC 130, as described in reference to FIG. 1.

In some embodiments, an additional circuit may be deployed (not shown) to sense the

rate of input, e.g., taps, in order to reduce or eliminate a chance of accidental waking of the

functional module 104. This circuit may be implemented as a count block powered by the power

storage device, the output of which may be used to gate the command (e.g., voltage signal Vs).

It will be appreciated that the example implementation of the power state control

module is provided for illustration only and is not limiting to this disclosure. Different circuits to

implement the components of the power state control module 112 may be deployed. For

example, the Zener diode D2 may be omitted and the peak voltages may be stored on the

capacitor 208. A voltage regulator may then be connected to the capacitor 208 to generate a

fixed output voltage to power the wake up interface circuitry 210.

FIGS. 3-5 illustrate schematic representations of example piezoelectric arrangements

disposed about a housing of a wearable device, according to some embodiments.

FIG. 3 is a schematic diagram illustrating a cross-section of an example embodiment

of a piezoelectric arrangement 300, according to some embodiments. As shown, a piezoelectric

device 302 (sensor) may be disposed internal to a wearable device (not shown), e.g, inside a

housing 304 of the wearable device on a rigid mounting former 306. As shown, the



piezoelectric device 302 may be placed directly underneath the semi-rigid material

comprising the housing 304. The piezoelectric device 302 may comprise monolithic

piezoelectric material, for example.

The input to the piezoelectric device 302 may comprise an external pressure 310 (e.g

in a form of a tap) to be applied to a portion 312 of the housing 304 above the piezoelectric

device, to be transferred to the piezoelectric device 302 via the semi-rigid material of the housin

304, to cause generation of the electric charge.

FIG. 4 is a schematic diagram illustrating a cross-section of an example embodiment

of a piezoelectric arrangement 400, according to some embodiments. More specifically, FIG. 4

illustrates an example where a piezoelectric device 402 (sensor) may be mounted external to a

housing 404 of a wearable device (not shown). The piezoelectric device 402 may comprise

monolithic piezoelectric material, for example.

The housing 404, or a portion 406 of the housing 404 on which the piezoelectric

device 402 may be placed, may comprise a rigid material. As shown, the piezoelectric device

404 may be disposed on the rigid material externally to the housing 404.

The input 410 may comprise an external pressure (e.g., a tap) to be applied to the

piezoelectric device 402, to cause generation of the electric charge. FIG. 4 illustrates an exampl

embodiment in which the piezoelectric device 402 is substantially embedded within the housing

404. In some embodiments, the piezoelectric device 402 may be partially embedded in the

housing 404 or attached to a surface 408 of the housing 404. The piezoelectric device 402 may

be covered with a protective layer (not shown).

FIG. 5 is a schematic diagram illustrating a cross-section of an example embodiment

of a piezoelectric arrangement 500, according to some embodiments. More specifically, FIG. 5

illustrates an example where a piezoelectric device 502 (sensor) may be formed inside at least a

portion 506 of a body of the housing 504 of a wearable device (not shown). The housing 504

may comprise a semi-rigid material susceptible to pressure. The input 510 may comprise an

external pressure to be applied to the semi-rigid material of the body of the housing, to cause

flexing of the piezoelectric device, which may result in generation of the electric charge.

The piezoelectric device 502 may comprise a flexible piezoelectric sensor, produced

from a macro fiber composite material (MFC) or advanced polymer structures. MFC devices

may have a desired thickness (e.g., may be ultra-thin) and may be suitable to encapsulation in

materials commonly used to manufacture wearable devices. For example, the MFC device may

be built from fibers or strands of material having piezoelectric properties. The material may be



embedded in an epoxy matrix and coated, e.g., with Kapton® skin. Due to the manufacturing

process, the MFC device may be flexible and may be bonded to or embedded in other materials,

which may form a part or the whole of a curved surface, such as the portion of the body 506 of

the housing 504 illustrated in FIG. 5 .

The embodiment described in reference to FIG. 5 illustrates a structure of the body of

the housing 504 that comprises a bubble-shaped portion 506. However, the embodiments

described herein may not be limited to the illustrated structure of the housing 504. In some

embodiments, the structure of the housing 504 may be linear or may have a curvature of a

different shape.

Furthermore, the example assemblies illustrated in FIGS. 3-5 are presented for

illustration purposes and are not limiting to this disclosure. Different ways of placement of a

piezoelectric device in a wearable device may be contemplated. For example, the piezoelectric

device may be embedded in a mounting feature or a restraining feature of the wearable device

(e.g., a strap, clip, or the like) and made accessible to the input, e.g., a tap as described above.

In addition or in the alternative to embodiments described in reference to FIGS. 2-5,

the example implementations of a power generating device (e.g., 112 of FIG. 1) may include

devices capable to produce electric charge in response to different types of input.

In some embodiments, a power generating device may comprise a device made of a

material (e.g., fur or plastic) to generate electric charge in response to input, e.g., a stroke.

In some embodiments, a power generating device may comprise a device to generate

electric charge in response to heat. Input to such device may comprise a hold (e.g., over a

determined period of time) to provide the heat to the device. Such a device may be formed, for

example, by combining two electrically dissimilar materials, which may be asymmetrically

heated. Electrical power may be generated by either the Seebeck or Peltier effect. Such a power

generating device may be embedded on the outside of a wearable device or form a part of the

wearable device enclosure (housing).

In some embodiments, a power generating device may comprise a device to generate

electric charge in response a flash with light. Such a device may be formed by a photoelectric

cell where electricity may be generated by photo excitation of electrons in appropriate materials.

Such a power generating device may be embedded on the outside of a wearable device or form a

part of the wearable device enclosure (housing).

In some embodiments, a power generating device may comprise a device that

includes a component made of a ferromagnetic material, movable through a coil, to generate

electric charge in response to a shake or other type of input inducing the ferromagnetic



component to move thought the coil.

In some embodiments, a power generating device may comprise a bio-battery to

generate electric charge in response a disposition of an electrolyte across the bio-battery, wherein

input may comprise a touch to deliver the electrolyte (e.g., moisture of skin) to the bio-battery.

FIG. 6 is a process flow diagram 600 for fabricating a wearable device with power

state control, in accordance with some embodiments. The device may include the components of

apparatus 100 described in reference to FIGS. 1-5 respectively, and will be referenced

accordingly.

The process 600 may begin at block 602 and include disposing a functional module

(e.g., 104) of a wearable device (e.g., 100) inside a housing (e.g., 102) of the wearable device.

As described, the functional module may be operable in a first power state or in a second power

state. As described, the functional module (and other components of the wearable device 100)

may be provided in a form of a SOC.

At block 604, the process 600 may include disposing a power state control module

(e.g., 110) of the wearable device inside the housing. The disposing may include placing a

piezoelectric device (e.g., 302, 402, or 502) of the power state control module directly

underneath a surface of the housing or on the surface of the housing, to be accessible to an input

(e.g., 310, 410, or 510).

At block 606, the process 600 may include providing a communicative connection

between the functional module and the power state control module (as described in reference to

FIG. 1), to enable transitioning of the functional module from the first power state to the second

power state in response to the input to the piezoelectric device. As described, the input (e.g., a

tap) may cause the piezoelectric device to provide an electric signal causing the transitioning of

the functional module from the first power state to the second power state.

At block 608, the process 600 may include disposing a power source (e.g., 106), such

as a battery in the housing.

At block 610, the process 600 may include providing a communicative connection

between the battery and the functional module (as described in reference to FIG. 1), to provide

power to the functional module in accordance with the first or second power state.

FIG. 7 is a process flow diagram 700 for controlling a transition of a wearable device

from a first power state to a second power state, in accordance with some embodiments. The

device may include the components of apparatus 100 described in reference to FIGS. 1-5

respectively. The process 700 may be performed by the power state control module 110 of the

apparatus 100 (wearable device) described in reference to FIG. 1.



The process 700 may begin at block 702 and include receiving an input to transition

the wearable device from a first power state to a second power state that is different that the first

power state. As described above, the power state control module may include a power

generating device, such as a piezoelectric device, described in reference to FIGS. 3-5. The input

may indicate user intent to transition the wearable device from a first power state to a second

power state. The input may include receiving, by the piezoelectric device, a tap to cause the

piezoelectric device to generate electric charge in response to the input.

In some embodiments, the power generating device may be selected from other

devices capable of generating power in response to input of a particular type (hold, stroke, shake,

touch and the like).

At block 704, the process 700 may include generating power responsive to the input,

independent of a power source associated with the wearable device (e.g., a battery providing

operational power to the wearable device in the first and second power states).

At block 706, the process 700 may include causing the wearable device to transition

from the first power state to the second power state, in response to the generated power. Causing

to transition may include generating, in response to the generated power, a command to a

functional module of the wearable device to transition from the first power state to the second

power state.

The embodiments described herein may be further illustrated by the following

examples. Example 1 is an apparatus with a power state control, comprising: a functional

module to operate in a first power state or in a second power state that is different from the first

power state; a power source coupled with the functional module to provide operational power to

the functional module; and a power state control module coupled with the functional module, to

cause the functional module to transition from the first power state to the second power state in

response to an input, wherein the power state control module comprises a power generating

device to generate power responsive to the input, independent of the power source, and in

response to the generated power, cause the functional module to transition from the first power

state to the second

Example 2 may include the subject matter of Example 1, wherein the apparatus

comprises a wearable device.

Example 3 may include the subject matter of Example 2, wherein the power

generating device comprises a piezoelectric device to generate electric charge in response to the

input.



Example 4 may include the subject matter of Example 3, wherein the wearable device

comprises a housing to house at least the functional module and the power state control module.

Example 5 may include the subject matter of Example 4, wherein the housing

comprises a semi-rigid material, wherein the piezoelectric device is disposed inside the housing

on a rigid former directly underneath the semi-rigid material, wherein the input comprises an

external pressure to be applied to a portion of the housing above the piezoelectric device, to be

transferred to the piezoelectric device via the semi-rigid material of the housing, to cause

generation of the electric charge.

Example 6 may include the subject matter of Example 4, wherein the housing

comprises a rigid material, wherein the piezoelectric device is disposed on the rigid material

externally to the housing, wherein the input comprises an external pressure to be applied to the

piezoelectric device, to cause generation of the electric charge.

Example 7 may include the subject matter of Example 4, wherein the piezoelectric

device is a flexible piezoelectric sensor, wherein the housing comprises a semi-rigid material,

wherein the piezoelectric device is disposed inside a body of the housing, wherein the input

comprises an external pressure to be applied to the semi-rigid material of the body of the

housing, to cause flexing of the piezoelectric device that results in generation of the electric

charge.

Example 8 may include the subject matter of Example 3, wherein the piezoelectric

device is embedded in a mounting feature or a restraining feature of the wearable device,

accessible to the input.

Example 9 may include the subject matter of Example 3, wherein piezoelectric device

is formed from one of: a monolithic piezoelectric material or macro fiber composite material,

wherein the input comprises a tap.

Example 10 may include the subject matter of Example 1, wherein the generated

power comprises electric charge, wherein the power generating device is selected from one of: a

device comprising a material to generate the electric charge in response to the input, wherein the

input comprises a stroke; a device to generate the electric charge in response to heat, wherein the

input comprises a hold to provide the heat to the device; a device to generate the electric charge

in response to the input, wherein the input comprises a flash with light; a device that includes a

ferromagnetic material movable through a coil, to generate the electric charge in response to the

input, wherein the input comprises a shake; or a bio-battery to generate the electric charge in

response a disposition of an electrolyte across the bio-battery, wherein the input comprises a

touch to deliver the electrolyte to the bio-battery.



Example 11 may include the subject matter of Example 1, wherein the power source

is to provide the operational power to the functional module in accordance with the first or

second power state.

Example 1 may include the subject matter of Example 1, wherein the generated

power comprises electric charge, wherein the power state control module further comprises: a

rectification circuit coupled with the power generating device, to limit voltage corresponding to

the electric charge generated by the power generating device; a charge storage device coupled

with the rectification circuit, to store the electric charge at the voltage limited by the rectification

circuit; and a power state control interface coupled with the charge storage device, to generate a

command to the functional module to transition from the first power state to the second power

state, based on the electrical charge stored by the charge storage device.

Example 13 may include the subject matter of Examples 1 to 12, wherein the

functional module comprises two or more components, wherein the first power state corresponds

to a standby mode, in which a first number of the components of the functional module are

powered on, and wherein the second power state corresponds to an operational mode, in which a

second number of the components of the functional module are powered on, wherein the second

number is greater than the first number.

Example 14 may include the subject matter of Example 13, wherein the functional

module comprises a system on chip (SOC).

Example 15 is a wearable device, comprising: a housing; a functional module

disposed in the housing, wherein the functional module is to operate in a first power state or in a

second power state that is different from the first power state; a power source disposed in the

housing and coupled to the functional module to provide operational power to the functional

module; and a power state control module substantially disposed in the housing and coupled with

the functional module, to cause the functional module to transition from the first power state to

the second power state in response to an input, wherein the power state control module

comprises a power generating device to generate power responsive to the input, independent of

the power source, and in response to the generated power, cause the functional module to

transition from the first power state to the second power state.

Example 16 may include the subject matter of Example 15, wherein the power source

comprises a battery to provide the operational power to the functional module in accordance with

the first or second power states.

Example 1 may include the subject matter of Example 15, wherein the functional



module comprises a system on chip (SOC).

Example 18 may include the subject matter of Example 15, wherein the piezoelectric

device is disposed directly underneath a surface of the housing or on the surface of the housing

and accessible to the input, wherein the input comprises a tap to be applied to an area of the

surface directly above the piezoelectric device or to the piezoelectric device respectively.

Example 19 may include the subject matter of Example 15, wherein the housing

comprises a surface made of a semi-rigid material, wherein at least a portion of the housing

comprises a substantially curved shape, wherein the piezoelectric device comprises a flexible

piezoelectric sensor placed inside the curved-shape portion of the housing.

Example 20 may include the subject matter of any of Examples 15 to 19, wherein the

piezoelectric device is embedded in a mounting feature or a restraining feature of the wearable

device, accessible to the input.

Example 1 is a method for fabricating a wearable device with power state control,

comprising: disposing a functional module of a wearable device inside a housing of the wearable

device, wherein the functional module is operable in a first power state or in a second power

state; disposing a power state control module of the wearable device inside the housing, the

disposing including placing a piezoelectric device of the power state control module directly

underneath a surface of the housing or on the surface of the housing, to be accessible to an input;

and providing a communicative connection between the functional module and the power state

control module, to enable transitioning of the functional module from the first power state to the

second power state in response to the input to the piezoelectric device causing the piezoelectric

device, independent of a power source associated with the wearable device, to generate power

causing the functional module to transition from the first power state to the second power state.

Example 22 may include the subject matter of Example 21, wherein the power source

comprises a battery, wherein the method further comprises: disposing the battery in the housing;

and providing a communicative connection between the battery and the functional module, to

provide operational power to the functional module in accordance with the first or second power

state.

Example 23 may include the subject matter of any of Examples 2 1 to 22, further

comprising: providing the functional module in a form of a system on chip (SOC).

Example 24 is a method for controlling a transition of a wearable device from a first

power state to a second power state, comprising: receiving, by a power state control module of a

wearable device, an input indicating user intent to transition the wearable device from a first

power state to a second power state that is different that the first power state; generating, by the



power state control module, power responsive to the input, independent of a power source

associated with the wearable device; and causing, by the power state control module, the

wearable device to transition from the first power state to the second power state, in response to

the generated power.

Example 25 may include the subject matter of Example 24, wherein the power state

control module includes a piezoelectric device, wherein receiving an input includes receiving, by

the power state control module, a tap to cause the piezoelectric device to generate electric

charge, wherein causing the wearable device to transition from the first power state to the second

power state includes generating, by the power state control module, a command to a functional

module of the wearable device to transition from the first power state to the second power state.

Various operations are described as multiple discrete operations in turn, in a manner

that is most helpful in understanding the claimed subject matter. However, the order of

description should not be construed as to imply that these operations are necessarily order

dependent. Embodiments of the present disclosure may be implemented into a system using any

suitable hardware and/or software to configure as desired.

Although certain embodiments have been illustrated and described herein for

purposes of description, a wide variety of alternate and/or equivalent embodiments or

implementations calculated to achieve the same purposes may be substituted for the

embodiments shown and described without departing from the scope of the present disclosure.

This application is intended to cover any adaptations or variations of the embodiments discussed

herein. Therefore, it is manifestly intended that embodiments described herein be limited only

by the claims and the equivalents thereof.



Claims

What is claimed is:

1. An apparatus with a power state control, comprising:

a functional module to operate in a first power state or in a second power state that is

different than the first power state;

a power source coupled with the functional module to provide operational power to the

functional module; and

a power state control module coupled with the functional module, to cause the functional

module to transition from the first power state to the second power state in response to an input,

wherein the power state control module comprises a power generating device to generate power

responsive to the input, independent of the power source, and in response to the generated power,

cause the functional module to transition from the first power state to the second power state.

2 . The apparatus of claim 1, wherein the apparatus comprises a wearable device.

3 . The apparatus of claim 2, wherein the power generating device comprises a

piezoelectric device to generate electric charge in response to the input.

4 . The apparatus of claim 3, wherein the wearable device comprises a housing to

house at least the functional module and the power state control module.

5 . The apparatus of claim 4, wherein the housing comprises a semi-rigid material,

wherein the piezoelectric device is disposed inside the housing on a rigid former directly

underneath the semi-rigid material, wherein the input comprises an external pressure to be

applied to a portion of the housing above the piezoelectric device, to be transferred to the

piezoelectric device via the semi-rigid material of the housing, to cause generation of the electric

charge.

6 . The apparatus of claim 4, wherein the housing comprises a rigid material, wherein

the piezoelectric device is disposed on the rigid material externally to the housing, wherein the

input comprises an external pressure to be applied to the piezoelectric device, to cause generation

of the electric charge.

7 . The apparatus of claim 4, wherein the piezoelectric device is a flexible

piezoelectric sensor, wherein the housing comprises a semi-rigid material, wherein the

piezoelectric device is disposed inside a body of the housing, wherein the input comprises an

external pressure to be applied to the semi-rigid material of the body of the housing, to cause

flexing of the piezoelectric device that results in generation of the electric charge.

8. The apparatus of claim 3, wherein the piezoelectric device is embedded in a

mounting feature or a restraining feature of the wearable device, accessible to the input.



9 . The apparatus of claim 3, wherein piezoelectric device is formed from one of: a

monolithic piezoelectric material or macro fiber composite material, wherein the input comprises

a tap.

10. The apparatus of claim 1, wherein the generated power comprises electric charge,

wherein the power generating device is selected from one of:

a device comprising a material to generate the electric charge in response to the input,

wherein the input comprises a stroke;

a device to generate the electric charge in response to heat, wherein the input comprises a

hold to provide the heat to the device;

a device to generate the electric charge in response to the input, wherein the input

comprises a flash with light;

a device that includes a ferromagnetic material movable through a coil, to generate the

electric charge in response to the input, wherein the input comprises a shake; or

a bio-battery to generate the electric charge in response a disposition of an electrolyte

across the bio-battery, wherein the input comprises a touch to deliver the electrolyte to the bio-

battery.

11. The apparatus of claim 1, wherein the power source is to provide the operational

power to the functional module in accordance with the first or second power state.

12. The apparatus of claim 1, wherein the generated power comprises electric charge,

wherein the power state control module further comprises:

a rectification circuit coupled with the power generating device, to limit voltage

corresponding to the electric charge generated by the power generating device;

a charge storage device coupled with the rectification circuit, to store the electric charge

at the voltage limited by the rectification circuit; and

a power state control interface coupled with the charge storage device, to generate a

command to the functional module to transition from the first power state to the second power

state, based on the electrical charge stored by the charge storage device.

13. The apparatus of any of claims 1 to 12, wherein the functional module comprises

two or more components, wherein the first power state corresponds to a standby mode, in which

a first number of the components of the functional module are powered on, and wherein the

second power state corresponds to an operational mode, in which a second number of the

components of the functional module are powered on, wherein the second number is greater than

the first number.

14. The apparatus of claim 13, wherein the functional module comprises a system on



chip (SOC).

15. A wearable device, comprising:

a housing;

a functional module disposed in the housing, wherein the functional module is to operate

in a first power state or in a second power state that is different than the first power state;

a power source disposed in the housing and coupled to the functional module to provide

operational power to the functional module; and

a power state control module substantially disposed in the housing and coupled with the

functional module, to cause the functional module to transition from the first power state to the

second power state in response to an input, wherein the power state control module comprises a

power generating device to generate power responsive to the input, independent of the power

source, and in response to the generated power, cause the functional module to transition from

the first power state to the second power state.

16. The wearable device of claim 15, wherein the power source comprises a battery to

provide the operational power to the functional module in accordance with the first or second

power states.

17. The wearable device of claim 15, wherein the functional module comprises a

system on chip (SOC).

18. The wearable device of claim 15, wherein the piezoelectric device is disposed

directly underneath a surface of the housing or on the surface of the housing and accessible to the

input, wherein the input comprises a tap to be applied to an area of the surface directly above the

piezoelectric device or to the piezoelectric device respectively.

19. The wearable device of claim 15, wherein the housing comprises a surface made

of a semi-rigid material, wherein at least a portion of the housing comprises a substantially

curved shape, wherein the piezoelectric device comprises a flexible piezoelectric sensor placed

inside the curved-shape portion of the housing.

20. The wearable device of any of claims 15 to 19, wherein the piezoelectric device is

embedded in a mounting feature or a restraining feature of the wearable device, accessible to the

input.

2 1. A method for fabricating a wearable device with power state control, comprising:

disposing a functional module of a wearable device inside a housing of the wearable

device, wherein the functional module is operable in a first power state or in a second power

state;

disposing a power state control module of the wearable device inside the housing, the



disposing including placing a piezoelectric device of the power state control module directly

underneath a surface of the housing or on the surface of the housing, to be accessible to an input;

and

providing a communicative connection between the functional module and the power

state control module, to enable transitioning of the functional module from the first power state

to the second power state in response to the input to the piezoelectric device causing the

piezoelectric device, independent of a power source associated with the wearable device, to

generate power causing the functional module to transition from the first power state to the

second power state.

22. The method of claim 21, wherein the power source comprises a battery, wherein

the method further comprises:

disposing the battery in the housing; and

providing a communicative connection between the battery and the functional module, to

provide operational power to the functional module in accordance with the first or second power

state.

23. The method of any of claims 2 1 to 22, further comprising: providing the

functional module in a form of a system on chip (SOC).

24. A method for controlling a transition of a wearable device from a first power state

to a second power state, comprising:

receiving, by a power state control module of a wearable device, an input indicating user

intent to transition the wearable device from a first power state to a second power state that is

different that the first power state;

generating, by the power state control module, power responsive to the input,

independent of a power source associated with the wearable device; and

causing, by the power state control module, the wearable device to transition from the

first power state to the second power state, in response to the generated power.

25. The method of claim 24, wherein the power state control module includes a

piezoelectric device, wherein receiving an input includes receiving, by the power state control

module, a tap to cause the piezoelectric device to generate electric charge,

wherein causing the wearable device to transition from the first power state to the second

power state includes generating, by the power state control module, a command to a functional

module of the wearable device to transition from the first power state to the second power state.
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