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ABSTRACT 

Disclosed herein are methods and systems for providing haptic output on an electronic 

device. In some embodiments, the electronic device includes an actuator configured to move 

in a first direction. The electronic device also includes a substrate coupled to the actuator.  

When the actuator moves in the first direction, the substrate or a portion of the substrate, by 

virtue of being coupled to the actuator, moves in a second direction. In some 

implementations, the movement of the substrate is perpendicular to the movement of the 

actuator.
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CONTRACTING AND ELONGATING MATERIALS FOR PROVIDING 

INPUT AND OUTPUT FOR AN ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application relates to U.S. Provisional Patent Application No. 62/149,284, 

filed April 17, 2015 and titled "Contracting and Elongating Materials for Providing Input and 

Output for an Electronic Device," U.S. Provisional Patent Application No. 62/152,400, filed 

April 24, 2015 and titled "Contracting and Elongating Materials for Providing Input and 

Output for an Electronic Device," and U.S. Provisional Patent Application No. 62/23 5,445 

filed September 30, 2015 and titled "Contracting and Elongating Materials for Providing 

Input and Output for an Electronic Device," the disclosures of each of which are hereby 

incorporated herein by reference in their entireties.  

FIELD 

[0002] The present disclosure generally relates to using various materials for providing 

input and output for an electronic device. More specifically, the present disclosure is directed 

to using piezoelectric materials or electroactive polymers for receiving input and for 

providing haptic output for an electronic device.  

BACKGROUND 

[0003] Electronic devices are commonplace in today's society. Example electronic devices 

include cell phones, tablet computers, personal digital assistants, and the like. Some of these 

electronic devices include an ability to notify an individual of a particular item of interest. For 

example, electronic devices may notify the individual about an incoming phone call, an 

incoming electronic message, a news story of interest, and so on.  

[0004] In some instances, when the notification is received, the electronic device provides 

a haptic notification to the individual. The haptic notification may include a vibratory output 

that is used to draw the individual's attention to the item of interest. The haptic output may be 

provided by an actuator that utilizes a vibratory motor or an oscillating motor.  
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[0004A] Reference to any prior art in the specification is not, and should not be taken as, an 

acknowledgment or any form of suggestion that this prior art forms part of the common 

general knowledge in any jurisdiction.  

SUMMARY 

[0004B] As used herein, except where the context requires otherwise, the term "comprise" 

and variations of the term, such as "comprising", "comprises" and "comprised", are not 

intended to exclude further additives, components, integers or steps.  

[0004C] According to a first aspect of the invention there is provided an electronic device 

comprising: a cover glass; a force-sensing element operative to detect an amount of force 

provided on the cover glass; and a haptic structure distinct from the force-sensing element 

and coupled to the cover glass, wherein: the haptic structure and the force-sensing element 

work in conjunction to determine a location on the cover glass at which the force was 

provided; the haptic structure is operative to bend at least a portion of the cover glass and 

provide a haptic output localized to the determined location in response to the detected 

amount of force.  
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[0005] Disclosed herein are methods and systems for providing tactile or haptic output on 

an electronic device. In some embodiments, the electronic device includes an actuator 

configured to move in a first direction. The electronic device also includes a substrate 

coupled to the actuator. When the actuator moves in the first direction, the substrate, or a 

portion of the substrate, by virtue of being coupled to the actuator, moves in a second 

direction. In some implementations, the movement of the substrate is perpendicular to the 

movement of the actuator.  

[0006] Also disclosed is an electronic device having a first actuator and a second actuator.  

In this particular implementation, the first actuator is coupled to a substrate at a first location.  

The first actuator is configured to move in a first direction. The electronic device also 

includes a second actuator coupled to the substrate at a second location that is different from 

the first location. Like the first actuator, the second actuator is configured to move in the first 

direction. When either the first actuator or the second actuator, or a combination of both of 

the first actuator and the second actuator, move in the first direction, the substrate is 

configured to move in a second direction. Movement of the substrate in the second direction 

causes a haptic output on a surface of the electronic device at one or more of the first location 

and the second location.  

[0007] A method for providing a haptic output on an electronic device is also disclosed. In 

some implementations, the method includes applying a first input signal to a first actuator 

which causes the first actuator to move in a first direction. In response to the first actuator 

moving in the first direction, a substrate that is coupled to the first actuator moves in a second 

direction. Movement of the substrate in the second direction causes the haptic output.  
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[0008] A haptic structure for an electronic device is also disclosed. The haptic structure 

provides haptic output for the electronic device. The haptic structure includes an actuator, a 

first electrode coupled to a first side of the actuator, and a second electrode coupled to a 

second side of the actuator. The haptic structure also includes a first substrate and a second 

substrate that are coupled to the first electrode and the second electrode respectively. When a 

stimulus is applied to the actuator, the first substrate and the second substrate deflect.  

Deflection of the first substrate and the second substrate causes a haptic output for the 

electronic device.  

[0009] Also disclosed is an electronic device having a cover glass, a haptic structure, and a 

force-sensing element. The haptic structure is operative to deflect the cover glass. When the 

cover glass is deflected, a haptic output may be perceived by a user. The force-sensing 

element is operative to detect an amount of force provided on the cover glass.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The disclosure will be readily understood by the following detailed description in 

conjunction with the accompanying drawings, wherein like reference numerals designate like 

structural elements, and in which: 

[0011] FIG. 1A illustrates an example electronic device that may incorporate a haptic 

structure that provides haptic output and a force-sensing element that detects an amount of 

received force; 

[0012] FIG. 1B illustrates another example electronic device that may incorporate a haptic 

structure that provides haptic output and a force-sensing element that detects an amount of 

received force; 

[0013] FIG. IC illustrates yet another example electronic device that may incorporate a 

haptic structure that provides haptic output and a force-sensing element that detects an 

amount of received force; 

[0014] FIG. 2A illustrates an example haptic structure for an electronic device in an 

inactive state; 

[0015] FIG. 2B illustrates the example haptic structure of FIG. 2A in an active state 

including a curve or deflection in a substrate of the haptic structure; 

[0016] FIG. 3A illustrates another example haptic structure for an electronic device in an 

inactive state; 
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[0017] FIG. 3B illustrates the example haptic structure of FIG. 3A in an active state 

including a curve or deflection in a substrate of the haptic structure; 

[0018] FIG. 4A illustrates a first configuration of a haptic structure in which an actuator of 

the haptic structure is below a neutral axis; 

[0019] FIG. 4B illustrates a second configuration of a haptic structure in which an actuator 

of the haptic structure is above a neutral axis; 

[0020] FIG. 5A illustrates another example haptic structure for use with an electronic 

device; 

[0021] FIG. 5B illustrates the example haptic structure of FIG. 5A in a first deflected 

state; 

[0022] FIG. 5C illustrates the example haptic structure of FIG. 5A in a second deflected 

state; 

[0023] FIG. 6A illustrates an electronic device having a haptic structure coupled to a cover 

glass of the electronic device; 

[0024] FIG. 6B illustrates an electronic device having a haptic structure coupled to a 

support structure of the electronic device; 

[0025] FIG. 6C illustrates an electronic device having a haptic structure coupled to a 

display of the electronic device; 

[0026] FIG. 7A illustrates a first example layout of a haptic structure that may be used to 

provide haptic output for an electronic device; 

[0027] FIG. 7B illustrates a second example layout of multiple haptic structures that may 

be used to provide haptic output for an electronic device; 

[0028] FIG. 7C illustrates a third example layout of multiple haptic structures that may be 

used to provide haptic output for an electronic device; 

[0029] FIG. 7D illustrates a fourth example layout of multiple haptic structures that may 

be used to provide haptic output for an electronic device; 

[0030] FIG. 7E illustrates a fifth example layout of multiple haptic structures that may be 

used to provide haptic output for an electronic device; 

[0031] FIG. 7F illustrates a sixth example layout of multiple haptic structures that may be 

used to provide haptic output for an electronic device; 

[0032] FIG. 7G illustrates a seventh example layout of multiple haptic structures that may 

be used to provide haptic output for an electronic device; 
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[0033] FIG. 7H illustrates an eighth example layout of multiple haptic structures that may 

be used to provide haptic output for an electronic device; 

[0034] FIG. 8A illustrates a first example configuration of a substrate that may be used 

with a haptic structure; 

[0035] FIG. 8B illustrates a second example configuration of a substrate that may be used 

with a haptic structure; 

[0036] FIG. 8C illustrates a third example configuration of a substrate that may be used 

with a haptic structure; 

[0037] FIG. 9 illustrates an example actuator stack; 

[0038] FIG. 10 illustrates a method for manufacturing an actuator or an array of actuators 

that may be used with an actuator stack; 

[0039] FIG. 11 illustrates an example method for providing haptic output; 

[0040] FIG. 12 illustrates a method for monitoring one or more operating parameters of an 

electronic device; 

[0041] FIG. 13 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

first configuration; 

[0042] FIG. 14 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

second configuration; 

[0043] FIG. 15 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

third configuration; 

[0044] FIG. 16 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

fourth configuration; 

[0045] FIG. 17 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

fifth configuration; 

[0046] FIG. 18 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

sixth configuration; 
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[0047] FIG. 19 illustrates a cross-section view of an example electronic device that 

incorporates a force-sensing element, a haptic structure and other components arranged in a 

seventh configuration; 

[0048] FIG. 20A illustrates a first example layout of multiple haptic structures and 

multiple force-sensing elements for an electronic device; 

[0049] FIG. 20B illustrates a second example layout of multiple haptic structures and 

multiple force-sensing elements for an electronic device; 

[0050] FIG. 20C illustrates a third example layout of multiple haptic structures and a 

force-sensing element for an electronic device; and 

[0051] FIG. 21 illustrates example components of an electronic device.  

DETAILED DESCRIPTION 

[0052] Reference will now be made in detail to representative embodiments illustrated in 

the accompanying drawings. It should be understood that the following descriptions are not 

intended to limit the embodiments to one preferred embodiment. To the contrary, it is 

intended to cover alternatives, modifications, and equivalents as can be included within the 

spirit and scope of the described embodiments as defined by the appended claims.  

[0053] The embodiments described herein are directed to providing haptic output on an 

electronic device. The haptic output may be provided in response to an event associated with 

the electronic device. Such events include, but are not limited to, a button press, an event 

associated with an application that is being executed on the electronic device, an alarm, a 

displayed image, an incoming or outgoing electronic message, an incoming or outgoing 

telephone call, and the like.  

[0054] However, unlike conventional haptic actuators that utilize vibratory or oscillating 

motors, the haptic output of the present disclosure is provided by a haptic structure. The 

haptic structure may include an actuator coupled to a substrate. The actuator is configured to 

move in a first direction, which causes the substrate to move in a second direction. As the 

substrate moves in the second direction, haptic output is provided on a surface of the 

electronic device.  

[0055] As will be described below, the surface on which the haptic output is provided may 

be a housing of the electronic device. In another implementation, the haptic output may be 

provided on a cover glass or a display of the electronic device. The haptic output may also be 
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provided on or underneath an input element, display, output element, or other structure of the 

electronic device.  

[0056] The actuator of the haptic structure described herein may deform or otherwise 

change shape. When the actuator changes its shape, one or more dimensions of the actuator 

may change. As a result of this change, the substrate to which the actuator is coupled may 

also deform or otherwise change shape. For example, as the actuator moves or otherwise 

changes its shape and/or dimensions, the force caused by the change in the actuator is 

transferred to the substrate. As a result, the substrate moves and/or deflects which provides 

the haptic output.  

[0057] For example, and as will be described below, the actuator of the haptic structure 

may be a piezoelectric material that bends, contracts, and/or expands in response to a 

received voltage. As the piezoelectric material contracts or expands, the substrate may 

deflect; for example, a flat substrate may bow convexly or concavely. The movement of the 

substrate in this manner provides a haptic output that can be felt by a person touching the 

substrate or touching a surface above or below the substrate.  

[0058] In some embodiments, a haptic structure may include a single actuator. In another 

embodiment, a haptic structure can include multiple actuators (e.g., an array of actuators) 

with each actuator coupled to a different portion or region of a substrate of the haptic 

structure. In this configuration, a first input signal may be provided to a first actuator to cause 

the first actuator to provide a first haptic output while a second input signal may be provided 

to a second actuator to cause the second actuator to provide a second haptic output. In other 

implementations, multiple haptic structures (e.g., those with single actuators or multiple 

actuators) may be arranged in an array. Each haptic structure in the array may be driven by 

various input signals at different times.  

[0059] The haptic structure of the present disclosure may be placed or otherwise coupled 

to various surfaces of the electronic device in order to provide haptic output. For example, in 

some implementations, the actuator or the haptic structure may be coupled to a cover glass of 

a display of the electronic device. In other implementations, the actuator or the haptic 

structure may be placed underneath a display or coupled to one or more components of the 

display of the electronic device. In still yet other implementations, the haptic structure may be 

coupled on, coupled behind, or otherwise coupled to a housing, a button, a trackpad, or other 

input component of the electronic device.  
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[0060] The haptic structure described herein may be combined, coupled or otherwise 

associated with a band, strap or other such accessory that may be part of or associated with 

the electronic device. In still other embodiments, the haptic structure may be associated or 

integrated with a cover, a case, headphones, a display, a keyboard, a mouse, or other such 

input device. In each implementation, as the actuator of the haptic structure changes shape or 

moves in a particular direction, a haptic output may be provided.  

[0061] A single haptic structure may be used in the electronic device to provide haptic 

output at a single location on the electronic device. The single haptic structure may also be 

used to provide haptic output at multiple locations on the electronic device. For example, a 

first portion of the haptic structure may be driven at a first location within the electronic 

device to provide haptic output at the first location. Likewise, a second portion of the haptic 

structure may be driven at a second location within the electronic device to provide haptic 

output at the second location. In other implementations, multiple haptic structures may be 

used to provide the haptic output at the various locations.  

[0062] When multiple haptic structures are used, or when a haptic structure includes 

multiple sections that may be driven individually, each actuator of each haptic structure, or 

each section of the haptic structure, may be actuated simultaneously, substantially 

simultaneously, or sequentially.  

[0063] In other implementations, each actuator of each haptic structure, or each section of 

the haptic actuator, may be actuated individually. For example, a first actuator (or a section of 

the haptic structure) may be actuated without activating the second actuator (or a second 

section of the haptic structure). In other cases, each actuator, or the sections of the haptic 

structure, may be selectively actuated to offset movement of the substrate at respective 

locations.  

[0064] For example, if an actuator of the haptic structure is actuated at a first location, a 

substrate of the haptic structure may move at the first location. Movement of the substrate at 

that location may cause movement (either desired movement or undesired movement) at a 

second location. As such, a second actuator or haptic structure may be actuated at the second 

location to offset, dampen, or otherwise negate movement of the substrate at the second 

location. Selective actuation in this manner may more effectively localize the feedback at the 

first location. In other cases, the second actuator may be actuated at the second location to 

enhance the haptic output of the haptic structure at the first location and/or the second 

location.  
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[0065] The actuation of the haptic structure or the actuator of the electronic device may be 

tuned to the resonance of the structure to which it is coupled. For example, if the haptic 

structure is coupled to a display or a cover glass of the display, the actuator may be tuned to 

the resonance of the cover glass or the display thereby increasing the impact or perceptibility 

of the provided haptic output.  

[0066] The haptic structure may also be used in conjunction with a force-sensing element.  

For example, the haptic structure and a force-sensing element may be incorporated into a 

single electronic device. Thus, the force-sensing element may be operative to detect force 

input received on a surface of the electronic device and the haptic structure may provide 

haptic output on the surface of the electronic device.  

[0067] These and other embodiments are discussed below with reference to FIGs. 1A-21.  

However, those skilled in the art will readily appreciate that the detailed description given 

herein with respect to these Figures is for explanatory purposes only and should not be 

construed as limiting.  

[0068] FIG. 1A illustrates an example electronic device 100 that may incorporate a haptic 

structure and a force-sensing element according to one or more embodiments of the present 

disclosure. The haptic structure may provide a haptic output for the electronic device 100 and 

the force-sensing element may detect an amount of force received by or otherwise provided 

on a surface or input mechanism of the electronic device 100. As shown in FIG. 1A, the 

electronic device 100 may be a tablet computing device. In other implementations, the 

electronic device 100 may be a mobile phone such as shown in FIG. 1B. The electronic 

device 100 may also be a laptop computer such as shown in FIG. IC. Although FIGs. lA-IC 

show different electronic devices 100, like reference numerals are used to designate similar 

components. For example, each electronic device 100 may include a display. As such, 

reference numeral 110 is used to designate the display of each electronic device 100.  

[0069] Although specific electronic devices are shown in the figures and described below, 

the haptic structure and the force-sensing element described herein may be used with various 

electronic devices including, but not limited to, a time keeping device, a health monitoring 

device, a wearable electronic device, an input device, a desktop computer, electronic glasses, 

and so on. Although various electronic devices are mentioned, the haptic structure and the 

force-sensing element of the present disclosure may also be used in conjunction with other 

products and combined with various materials.  
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[0070] The electronic device 100 may include a display 110, a housing 120, and one or 

more input mechanisms 130. As will be explained below, the display 110, the housing 120, 

and the one or more input mechanisms 130 may each be coupled to a haptic structure such 

that haptic output is provided directly on each component. For example, the haptic structure 

may be coupled to the display 110 and/or a cover glass of the display 110. Thus, when the 

actuator causes the haptic structure to move, the display 110 also moves which provides the 

haptic output.  

[0071] In some embodiments, the display 110 may be a touch-sensitive display that 

detects and measures the location of a touch on a surface of the display 110. Thus, when a 

touch sensor detects the location of the touch, an electronic signal may drive one or more 

haptic structures at the detected location which causes haptic output at that location. The 

touch sensor may be a capacitive-based touch sensor that is disposed relative to the display 

110 or a display stack of the electronic device 100. Although a capacitive-based touch sensor 

is disclosed, other sensors may be used.  

[0072] The electronic device 100 may also include a force-sensing element that uses a 

force sensor to detect and measure the magnitude of force of a touch on a surface of the 

electronic device 100. The surface may be, for example, the display 110, a track pad (FIG.  

IC), or some other input device or surface.  

[0073] The haptic structure of the present disclosure may be combined or otherwise 

integrated with the touch sensor or the force sensor and may provide both input and output 

capabilities. For example, the haptic structure may provide haptic output at or near the 

location of any detected touch input. The haptic structure may also provide various types of 

haptic output depending on the detected amount of force. In addition, the haptic structure may 

be used to detect received input such as will be described below.  

[0074] The electronic device 100 may include a housing 120 that encloses one or more 

components of the electronic device 100. The housing 120 may also be coupled to an actuator 

or a haptic structure. For example, and as shown in FIG. IC, one or more haptic structures 

140 may be coupled to the housing 120 of the electronic device 100. When the actuator of the 

haptic structure 140 is driven, haptic output may be provided on the housing 120.  

[0075] The haptic structure 140 may also be used in conjunction with or be coupled to the 

input mechanism 130. For example, one or more haptic structures 140 may be coupled to a 

trackpad and/or a force sensitive input device of a computing device (e.g., laptop computer, 

tablet computer, desktop computer, and so on) such as shown in FIG. IC.  
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[0076] The haptic structure 140 disclosed herein may also be used in place of the input 

mechanism 130, or as an additional input mechanism. For example, the haptic structure 140 

may be used as an input device. In such implementations, the input mechanism 130 may be 

integrated with any portion or part of the electronic device 100. For example, a haptic 

structure 140 may be placed on, underneath or otherwise integrated with the housing 120, a 

cover glass, and/or a display 110 of the electronic device 100.  

[0077] In response to a compressive force received at or near the location of the haptic 

structure 140, the haptic structure 140 may generate a charge or current that is measurable by 

an electronic component of the electronic device 100. A processing element may sense this 

charge and accept it as an input. Such an input may be binary (e.g., counted as an input if the 

charge or current exceeds a threshold) or variable across a continuum (e.g., different 

generated charges/currents equate to different inputs or differences in a particular type of 

input).  

[0078] To continue the example, the amount of charge generated by the haptic structure 

140 may vary based on the type of input received. For example, if an amount of current 

generated or detected is above a first threshold, it may indicate that a first type of touch input 

is received (e.g., a quick touch or press). If an amount of current generated or detected is 

above a second threshold, it may indicate that a second type of touch input is received (e.g., a 

long touch or press).  

[0079] The haptic structure 140 may also work in conjunction with one or more force

sensing elements or one or more force sensors to determine an amount of force that is applied 

to a surface of the electronic device 100. In addition, the haptic structure 140 may be used to 

determine the location of the received input, and to determine one or more gestures 

associated with the received input. For example, if a haptic structure or a series of haptic 

structures detect touch input over a certain time period and over a certain distance on a 

surface of the electronic device 100, a swipe gesture may be detected.  

[0080] FIG. 2A illustrates an example haptic structure 200 for an electronic device in an 

inactive state and FIG. 2B illustrates the example haptic structure 200 of FIG. 2A in an active 

state according to one or more embodiments of the present disclosure. The haptic structure 

200 may be used with the example electronic devices 100 shown and described above with 

respect to FIGs. 1A-IC.  

[0081] The haptic structure 200 may include a substrate 210 and an actuation mechanism 

230. The actuation mechanism 230 may be coupled to the substrate 210 using one or more 
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connection mechanisms 220. The substrate 210 may be made of glass, aluminum, fabric, or 

may be part of a display module or display stack of the electronic device. As previously 

discussed, the substrate 210 may be a cover glass of an electronic device, a housing of the 

electronic device, and so on. Although the haptic structure 200 is specifically discussed with 

respect to an electronic device, the haptic structure 200 may be used with other devices 

including mechanical devices and electrical devices, as well as non-mechanical and non

electrical devices.  

[0082] The actuation mechanism 230 of the haptic structure 200 may be any type of 

actuator that moves from a first position to a second position. More specifically, the actuation 

mechanism 230 may be any actuator that moves or that can be driven (e.g., using a current, 

voltage, input signal, or other electrical field) in a first direction. For example, the actuator 

may contract, moving a first end of the actuator toward a second end of the actuator. The 

actuator may contract along an axis, may move one or both ends in one or more directions, 

may bow or otherwise assume a convex or concave shape, and so on. In some embodiments, 

the actuator is driven at a frequency of approximately 50 Hz-500 Hz although other 

frequencies may be used.  

[0083] In response to the movement of the actuation mechanism 230 in the first direction, 

the substrate 210 may move to a second position or may move in a second direction. The 

second direction may be perpendicular to the first direction. More specifically, the substrate 

210 may move in the second direction when the substrate 210 is constrained in some manner 

such as, for example, having a fixed boundary.  

[0084] In some embodiments, a periphery or outer edge of the substrate 210 may be 

coupled or secured to a housing (or other portion) of the electronic device. Because the 

periphery of the substrate 210 is coupled or otherwise secured to the housing, movement of 

the actuator in the first direction causes the substrate 210 to move in the second direction. In 

some implementations, the entire periphery of the substrate 210 is not coupled to the housing.  

Rather, the edges of the substrate 210 that are located in or otherwise associated with the 

movement of the actuator are secured to the housing.  

[0085] The actuation mechanism 230 may be a piston, a solenoid, or other mechanical 

device that moves or otherwise causes the actuation mechanism 230, or a component of the 

actuation mechanism 230, to move, expand or contract. In response to the movement of the 

actuation mechanism 230, the constrained substrate 210 that is coupled to the actuation 
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mechanism 230 may move in a direction that is different from the direction of movement of 

the actuation mechanism 230.  

[0086] For example and as shown in FIG. 2B, movement of the actuation mechanism 230 

in the first direction causes the one or more connection mechanisms 220 to move. Movement 

of the connection mechanism 220 causes the substrate 210 to bow, bend, or otherwise deflect.  

For example, when the actuation mechanism 230 contracts, movement of the connection 

mechanisms 220 causes the substrate 210 to deflect in a z-direction.  

[0087] When the haptic structure 200 deflects in such a manner, haptic output is provided 

on a surface of the electronic device. For example, if the haptic structure 200 is included as 

part of a display or a display stack of an electronic device, deflection of the substrate 210 may 

transfer energy to the top of the display stack which also causes the display stack to bend or 

deflect. The deflection of the display stack may be felt or perceived by a user of the electronic 

device.  

[0088] In some cases, deflection of the substrate may be approximately 10 microns or less 

in the z-direction. In other cases, deflection of the substrate 210 may be approximately 5 

microns or less in the z-direction or may even be approximately 1 micron in the z-direction.  

In yet other implementations, the movement range may be greater than 10 microns such as, 

for example, 1mm or greater or 2mm or greater. Although displacement in the z-direction is 

specifically mentioned, other implementations may enable the substrate to move in the x

plane, the y-plane, and/or the z-plane. Movement of the substrate 210 in any of the directions 

may provide haptic output that may be felt or perceived by the user of the electronic device.  

[0089] Although the actuation mechanism 230 is shown being connected to two different 

ends of the substrate 210, this is not required. In some implementations, the actuation 

mechanism 230 may be configured as a cantilevered beam that is coupled to the substrate 

210. As the actuation mechanism 230 is actuated, the beam moves from a first position, or a 

nominal position, to a second position. Movement of the beam from the first position to the 

second position may cause the substrate 210 to bend or deflect such as described above.  

[0090] FIG. 3A illustrates another example haptic structure 300 for an electronic device in 

an inactive state and FIG. 3B illustrates the example haptic structure 300 of FIG. 3A in an 

active state according to one or more embodiments of the present disclosure. As with the 

haptic structure 200 described above, the haptic structure 300 shown in FIG. 3A and FIG. 3B 

includes a substrate 310 and an actuator 320 coupled to the substrate.  
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[0091] In this example, the actuator 320 may be a piezoelectric actuator or may include a 

piezoelectric material. In other embodiments, the actuator 320 may be an electroactive 

polymer. The actuator 320 may also be made of nitinol or other matter that changes its shape 

and/or one or more dimensions in response to a stimulus.  

[0092] As such, the haptic structure 300 may include one or more electrodes that are 

coupled to the piezoelectric material. The actuator 320 may also be coupled to the substrate 

310 using an epoxy or other such material. When a voltage is applied to the electrodes or to 

the actuator 320, the actuator 320 contracts. Contraction of the actuator 320 causes the 

substrate 310 to deflect, change shape, or move in a particular direction. For example and as 

shown in FIG. 3B, contraction of the actuator 320 causes the substrate 310 to deflect in the z

direction.  

[0093] Deflection of the substrate 310 in the manner described may provide a haptic 

output to a user of the electronic device. More specifically, as the substrate 310 deflects, one 

or more portions of the electronic device that incorporates the haptic structure 300 may also 

deflect. For example, if the haptic structure 300 is part of or placed under a cover glass of the 

electronic device, deflection of the haptic structure 300 may also cause the cover glass of the 

electronic device to deflect. Likewise, if the haptic structure 300 is located beneath a portion 

of the housing or a button of the electronic device, deflection of the haptic structure 300 

would also cause that portion of the housing or the button to deflect.  

[0094] Although deflection of the substrate 310 is specifically mentioned, movement of 

the actuator 320 (or the actuation mechanism 230 of FIG. 2) may cause the substrate 310 of 

the haptic structure 300 to move from its nominal position to a state in which the substrate 

310 is concave. For example, expansion or other such movement of the actuator 320 may 

cause the substrate 310 to be concave. In other embodiments, the actuator 320 may be 

coupled to the substrate 310 at a location at which contraction of the actuator 320 causes the 

substrate 310 to be concave.  

[0095] FIG. 4A illustrates a first configuration of a haptic structure 400 in which an 

actuator 420 of the haptic structure 400 is below a neutral axis 430. FIG. 4B illustrates a 

second configuration of a haptic structure 400 in which the actuator 420 of the haptic 

structure 400 is positioned above a neutral axis 430. As with the other haptic structures 

disclosed herein, the haptic structure 400 includes a substrate 410 coupled to the actuator 420.  

The actuator 420 may be a mechanical actuator, an electroactive polymer, a piezoelectric 

material, and so on. The actuator 420 may be coupled to the substrate 410 using an epoxy or 
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other such material. One or more electrodes may also be coupled to the actuator 420. When a 

voltage, electrical field, or other stimulus is applied to the actuator 420, the actuator 420 may 

contract which causes the substrate 410 to deflect such as shown.  

[0096] The substrate 410 may have a neutral axis 430. As used herein, a neutral axis 430 

of the substrate 410 is an axis in which the substrate 410 does not have longitudinal stresses 

or strains. In addition, the length of the substrate 410 does not change at the neutral axis 430 

when the substrate 410 bends. Thus, if the actuator 420 is placed below the neutral axis 430, 

the substrate 410 may deflect or deform such as shown in FIG. 4A. Likewise, if the actuator 

420 is placed above the neutral axis 430, the substrate 410 may be deformed or be concave 

such as shown in FIG. 4B.  

[0097] In some embodiments, the haptic structure 400 of the present disclosure may be 

used to harvest energy. For example, when the haptic structure 400 includes a piezoelectric 

material, the piezoelectric material may form or otherwise include transducers that covert the 

strain or force caused by the bending of the substrate 410 into electrical energy. As a result, 

each time the actuator or the haptic structure 400 is activated, the bending motion of the 

substrate 410 may be converted into electrical energy that may be subsequently stored and/or 

used to power other components of the electronic device.  

[0098] In some embodiments, multiple haptic structures may be combined into a single 

structure such as shown in FIGs. 5A-5C. When combined in such a manner, each haptic 

structure may work individually or in concert depending on the type of haptic output desired.  

[0099] For example, a haptic structure 500 may include a first substrate 510, a first 

actuator 520, a strain break 530, a second actuator 540, and a second substrate 550. The first 

substrate 510 is coupled to the first actuator 520. The first actuator 520 may also be coupled 

to the second actuator 540 via the strain break 530. The second actuator 540 may also be 

coupled to the second substrate 550. In some implementations, a third substrate (not shown) 

may be positioned between the first actuator 520 and the second actuator 540. The third 

substrate may also bend in response to actuation of the first actuator 520 and/or the second 

actuator 540 such as will be described below.  

[00100] Each of the first substrate 510 and second substrate 550 may be made of the same 

material and may include at least one positive electrode and at least one negative electrode. In 

other cases, each of the substrates may be made from different materials. For example, each 

substrate may be glass, plastic, metal, wood, or other such material. In another embodiment, 

the first substrate 510 is glass and the second substrate 550 is metal.  

- 15 -



1001429658 

[00101] The first actuator 520 and the second actuator 540 may be similar types of 

actuators. In other cases, the first actuator 520 may be a first type of actuator while the 

second actuator 540 is a second type of actuator.  

[00102] The strain break 530 may be any type of material that allows the first actuator 520 

and the second actuator 540 to expand or contract thereby deforming their respective 

substrates - either individually or in concert.  

[00103] In some embodiments, each of the first actuator 520 and the second actuator 540 

may work together to provide a haptic output. For example, when a voltage is applied to the 

first actuator 520, the first actuator 520 may move in a direction which causes the first 

substrate 510 to become convex or otherwise deflect such as shown in FIG. 5B. Likewise, the 

second actuator 540 may move in a direction which causes the second substrate 550 to deflect 

or otherwise bend in the same direction as the first substrate 510 such as shown in FIG. 5B.  

[00104] In other embodiments, movement of the first actuator 520 in a direction may cause 

the first substrate 510 to become concave while movement of the second actuator 540 in a 

direction may also cause the second substrate to become concave such as shown in FIG. 5C.  

[00105] Each actuator may be operated independently of one another. Thus, if a voltage is 

applied to the first actuator 520, which causes the first actuator 520 to contract, the entire 

haptic structure 500 may be deflected or otherwise bend subject to the neutral axis 560 of 

each substrate. Likewise, if a voltage is applied to the second actuator 540, which causes the 

second actuator 540 to contract, the entire haptic structure 500 may also deflect or otherwise 

bend. Regardless of the direction of deformation of the substrates, the haptic output may be 

provided on a surface of the device that integrates the haptic structure 500.  

[00106] FIGs. 6A-6C illustrate example, non-limiting configurations of one or more haptic 

structures 610 within an electronic device 600 according to one or more embodiments of the 

present disclosure. The haptic structure 610 may be similar to the haptic structures shown and 

described above. Likewise, the electronic device 600 may be similar to the electronic device 

shown and described with respect to FIGs. 1A-IC.  

[00107] FIG. 6A illustrates a configuration in which the haptic structure 610 is placed on, 

beneath or otherwise coupled to a cover glass 620 of the electronic device 600. Thus, when a 

voltage or other stimulus is applied to the haptic structure 610, the haptic structure 610 moves 

in a first direction. In response to the haptic structure 610 moving in the first direction, the 

cover glass 620 moves in a second direction such as described above.  
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[00108] The cover glass 620 may include one more channels or scribes (such as shown in 

FIGs. 8A-8C). These channels or scribes may be used to help localize the haptic output at a 

particular location (such as will be discussed below) and may also be used to connect the 

various haptic structures 610 together. For example, one or more traces or electrodes may be 

placed in the channels as the haptic structures 610 are coupled to the cover glass 620. These 

traces or electrodes may then be coated to prevent contaminants from entering the channels.  

[00109] The channels may be formed by removing portions of the cover glass 620. As such, 

portions of the cover glass 620 having channels may be thinner than portions of the cover 

glass 620 that do not have channels. In some embodiments, the channels may define 

boundaries or sections of the cover glass 620. Accordingly, increased haptic output may be 

felt in these sections when compared with the sections that do not include the channels as the 

haptic structure 610 may more easily move or deflect the sections of the cover glass 620 

surrounded or defined by the channels.  

[00110] Because these sections of the cover glass 620 may be more easily moved, the 

haptic structure 610 may require less power when providing haptic output. In certain 

embodiments, the various components of the haptic structure 610 may be made from a 

transparent or translucent material. Thus, when such structures are placed on or near the 

cover glass 620, the haptic structures 610 do not obstruct images that are output on the 

display.  

[00111] FIG. 6B illustrates an example electronic device 630 in which a haptic structure 

610 is coupled to a support structure 640 of the electronic device 630. In some embodiments, 

one or more haptic structures 610 are coupled underneath the support structure 640. In other 

embodiments, one or more haptic structures 610 are coupled above the support structure 640.  

In yet other embodiments, one or more a haptic structures 610 are coupled underneath the 

support structure 640 while one or more additional haptic structures 610 are placed on top of 

the support structure 640. Regardless of the positioning of the haptic structures 610, 

deflection or other movement of the haptic structures 610 may cause the support structure 

640, and the cover glass 620, to deflect or otherwise move such as described herein.  

[00112] FIG. 6C illustrates another example electronic device 650 in which haptic 

structures 610 are placed on, behind, or otherwise coupled to a display stack 660. The display 

stack 660 may be an organic light emitting diode display (OLED). In another 

implementation, the display stack 660 may be a light emitting diode (LED) stack with a 

backlight. As with the other example embodiments described, when the haptic structures 610 
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are actuated, the display stack 660 may deflect which causes corresponding movement on the 

cover glass 620 of the electronic device 650.  

[00113] FIGs. 7A-7H illustrate example layouts of actuators or haptic structures 710 for 

providing haptic output for an electronic device 700 according to one or more embodiments 

of the present disclosure. The various arrangements or patterns and sizes of the haptic 

structures 710 shown below are examples and should not be taken in a limiting sense. The 

haptic structures 710 may have various shapes and sizes and may be arranged in numerous 

configurations. In addition, larger haptic structures 710 may be used in some locations while 

other smaller haptic structures 710 may be used in other locations within an electronic device 

700.  

[00114] Each haptic structure 710 in the following example embodiments may be driven at 

different times and at different locations to achieve a desired localization and haptic output.  

In addition, multiple haptic structures 710 may be driven at different times (or at the same 

time) to help ensure that haptic output remains the same or substantially the same along the 

entire surface of the electronic device 700. For example, various input signals may be 

provided to the haptic structures 710 to cause the haptic structures 710 to be driven at various 

times and locations such that haptic output at a first location feels the same or substantially 

similar to haptic output provided at a second location. In some embodiments, some haptic 

structures 710 may also be driven out of phase with respect to other haptic structures 710 to 

deaden or dampen various surface areas of the electronic device 700.  

[00115] FIG. 7A illustrates a haptic structure 710 that consists of a single sheet that covers 

or substantially covers the entire surface of a cover glass, a support structure, a display, or a 

display stack of the electronic device 700. In some embodiments, the haptic structure 710 of 

FIG. 7A may include a number of discrete electrodes 720 placed at various locations on the 

haptic structure 710. Each electrode 720 may be activated simultaneously, substantially 

simultaneously, consecutively, or individually.  

[00116] In some cases, edges of the cover glass of the electronic device 700 may have a 

boundary condition that prevents or prohibits movement of the cover glass of the electronic 

device 700. For example, the peripheral edges of the cover glass may be glued, coupled or 

otherwise secured to the housing or a support structure of the electronic device 700. In order 

to help ensure that the haptic output is consistent across the entire surface of the electronic 

device 700, multiple electrodes 720 may be driven at or near the first location (e.g., near the 

- 18 -



1001429658 

border of the cover glass) while fewer electrodes 720 may need to be driven in a second 

location (e.g., near the center of the cover glass).  

[00117] In some embodiments, a first electrode 720 may be driven with a first voltage 

while a second electrode 730 may be driven with a second voltage. The difference in the 

voltage may be the result of location and/or the type of haptic output desired. In addition, an 

electrode 720 may be driven by a first voltage at a first time and a second voltage at a second 

time.  

[00118] In another example, in order to localize a feel of the haptic output, a first electrode 

720 may be activated at a first time at a first location while a second electrode 730 is 

activated at a second time and at a second location. In yet another example, a first electrode 

720 may be activated at a first time and at a first location while a second electrode 730 is 

activated at the first time but at the second location. Activation of the second electrode 730 at 

the second location may enhance, offset or cancel some or all of the haptic output caused by 

the first electrode 720 at the first location but felt at the second location.  

[00119] In some embodiments, an electronic device 700 may include multiple haptic 

structures placed at different locations such as shown in FIG. 7B. A first haptic structure 710 

may be actuated to output a first waveform while a second haptic structure 740 may be 

actuated to output a second waveform that either enhances, cancels, or dampens the 

waveform output by the first haptic structure 710. In other implementations, a first waveform 

may be provided to the haptic structure 710 at a first time and a second waveform may be 

provided to the haptic structure 710 at a second time to dampen, offset, or cancel the output 

waveform caused by the first input waveform. Such waveforms may be used in each of the 

example arrangements described below.  

[00120] In addition, each of the first haptic structure 710 and the second haptic structure 

740 may be actuated simultaneously, substantially simultaneously, or consecutively 

depending on the type of haptic output that is desired. In addition, the first haptic structure 

710 may be actuated at a first time and at a first location while the second haptic structure 

740 may be actuated at a second time and at a second location. Activation of the second 

haptic structure 740 at the second location may either enhance or suppress haptic output at 

the first location, the second location, or combinations thereof, caused by the actuation of the 

first haptic structure 710.  

[00121] FIG. 7C illustrates another example arrangement of haptic structures 710 of an 

electronic device 700. As shown in FIG. 7C, the haptic structures 710 may be placed at 
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various corners of the electronic device 700. As with the example embodiments described 

herein, when touch is applied to a particular location, one or more of the haptic structures 710 

provide haptic output at the location where touch is detected.  

[00122] In some embodiments, one or more of the haptic structures 710 may have different 

sizes or dimensions. The differing sizes of haptic structures 710 may be placed at particular 

locations in order to provide consistent haptic output across the entire surface of the 

electronic device 700. For example, a large haptic structure 710 may provide a more 

pronounced haptic output than a small haptic structure 710. As such, the larger haptic 

structure 710 may be located near the border of the cover glass of the electronic device 700 as 

there may be more restrictions to movement of the cover glass at these locations. Likewise, a 

smaller haptic structure 710 may be placed near the center of the cover glass.  

[00123] FIG. 7D illustrates an array of haptic actuators or haptic structures 710 positioned 

at various locations on a surface of the electronic device 700. As described above, single 

haptic structure 710 may include one or more actuators. The actuators may be formed in an 

array. Thus, each actuator in the array of actuators may be driven at various times with 

different input signals. Additionally, various haptic structures 710 may be arranged in an 

array. In this implementation, each haptic structure 710 may be driven at different times with 

different input signals in order to provide a desired haptic output.  

[00124] FIGs. 7E-7H illustrate additional example arrangements of haptic structures 710 

that may be used according to various embodiments. For example, and as shown in FIG. 7E, 

the electronic device 700 includes a number of haptic structures 710 placed on the entire 

cover glass or display of an electronic device 700. In the embodiments shown in FIG. 7F, 

fewer haptic structures 710 may be placed in the center of the cover glass because less force 

may be required to deflect the cover glass at that location when compared to the force 

required to move or deflect the cover glass near the edge.  

[00125] Likewise, FIG. 7G illustrates another example arrangement in which more haptic 

structures 710 are placed near a boundary of the cover glass than in the center of the cover 

glass to account for a boundary condition that may be present. FIG. 7H illustrates yet another 

example arrangement of haptic structures 710 in which the haptic structures 710 surround a 

border or periphery of the cover glass.  

[00126] In each of the embodiments shown and described above, the substrate or cover 

glass may include one or more channels or scribes that help localize areas on the substrate 
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such as described above. Further, although rectangular or square haptic structures are shown 

and described, the haptic structures 710 may be in any suitable shape or size.  

[00127] FIGs. 8A-8C illustrate example configurations of a substrate 800 on which an 

actuator 810 may be coupled according to one or more embodiments of the present 

disclosure. An actuator 810 may be part of a haptic structure such as described above or may 

be equivalent to the haptic structures described above.  

[00128] As shown in these figures, the substrate 800 may include one or more channels 

820, grooves, scribes and so on that enable the actuator 810 to more easily move or deflect 

the substrate 800. The channels 820 may be extend entirely though the substrate 800 or may 

extend partially through the substrate 800.  

[00129] For example, the substrate 800 is thinner in the areas that have channels 820.  

Because the area with the channels 820 is thinner, it is easier for these areas to bend or move.  

As a result, the actuator 810 may use less power to move these areas than would otherwise be 

required. In addition, the channels 820 may help localize the haptic output to an area 

surrounded by the channel 820. For example, the channels 820 may form a release for the 

substrate 800. Thus, when the actuator 810 is driven, movement is localized at the released 

portion of the substrate 800.  

[00130] As also shown in FIGs. 8A-8C the channels 820 may be arranged in various 

configurations and designs. In some embodiments, the channels 820 may be formed in a 

cover glass or other such surface in the electronic device. In other embodiments, the substrate 

800 may include the channels 820 and be coupled to the cover glass or other surface of the 

electronic device.  

[00131] FIG. 9 illustrates an example haptic structure 900 according to one or more 

embodiments of the present disclosure. The haptic structure 900 may include or may be used 

as one of the piezoelectric materials or the piezoelectric actuator such as described above.  

[00132] As shown in FIG. 9, the haptic structure 900 may include a piezoelectric material 

910 disposed in the center of the haptic structure 900. An alloy 920, such as, for example, a 

nickel based alloy, may be coupled on either side of the piezoelectric material 910. A silver 

layer 930 may then be placed over the alloy 920 to assist in creating the conductive path of 

the haptic structure 900.  

[00133] An epoxy layer 940 may then be placed on the haptic structure 900. The epoxy 

layer 940 may be used to couple an electrode 950 (e.g., a silver electrode) to the haptic 

structure 900 such as shown. In some embodiments, a first electrode 950 in the haptic 
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structure 900 may be a positive electrode while a second electrode 950 in the haptic structure 

900 may be a negative electrode. Although not required, the epoxy layer 940 may be used to 

fill in the gaps between the various components of the haptic structure 900 and may also be 

used to smooth the various surfaces of the haptic structure 900. A substrate 960 may then be 

coupled to the electrodes 950 as shown.  

[00134] The substrate 960 may be coupled to, or integrated with, one or more components 

of the electronic device. For example, the substrate 960 may be coupled to or integrated with 

a display or a display stack of an electronic device. Thus, actuation of the haptic structure 900 

causes the substrate 960 to deflect, which causes the display stack to deflect, which causes 

the cover glass to deflect. The deflection of the cover glass may be felt or perceived by a user.  

[00135] FIG. 10 illustrates a method 1000 for manufacturing a haptic structure according to 

one or more embodiments of the present disclosure. The method 1000 may be used to 

manufacture the haptic structure 900 shown and described above with respect to FIG. 9. In 

other cases, the method 1000 may be used to manufacture the various other haptic structures 

described herein.  

[00136] Method 1000 begins at operation 1010 in which silver is patterned on a substrate to 

create an electrode of the haptic structure. In some embodiments, the electrode may be a 

positive electrode or a negative electrode. The substrate may be glass, plastic, metal, cloth, 

wood, or other such material.  

[00137] Flow then proceeds to operation 1020 in which an epoxy layer is applied to the 

substrate and the patterned silver. Once the epoxy has been applied to the substrate, one or 

more piezoelectric materials or electroactive polymers are arranged 1030 on a removable 

liner.  

[00138] In instances in which a piezoelectric material is used, the piezoelectric material 

may include a layer of piezoelectric material coupled to an alloy layer and a silver layer such 

as shown in FIG. 9. The piezoelectric material is then coupled 1040 to the substrate. Once the 

piezoelectric material is coupled to the substrate, the removable liner may be removed to 

expose at least one side of the piezoelectric material.  

[00139] The method 1000 continues by preparing a second side of the haptic structure.  

More specifically once the operations described above have been performed, a second 

substrate is obtained and silver is patterned 1050 on the second substrate. The silver on the 

second substrate may be used as a second electrode in the haptic structure. The second 
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electrode can be a positive electrode or a negative electrode so long as the haptic structure has 

at least one positive electrode and at least one negative electrode.  

[00140] The process continues by applying 1060 a layer of epoxy to the first structure and 

the second structure and the two layers are coupled together 1070 to create a haptic structure.  

In some embodiments, the layer of epoxy may be used to fill gaps that may be present 

between the other layers of the haptic structure. In addition, the thickness of each of the first 

substrate and the second substrate may be the same, substantially similar, or different.  

[00141] FIG. 11 illustrates an example method 1100 for providing haptic output on an 

electronic device according to one or more embodiments of the present disclosure. In some 

embodiments, the method 1100 may be used to provide haptic output on various electronic 

devices such as described herein.  

[00142] Method 1100 begins at operation 1110 in which input is received at a first location.  

In some embodiments, the input may be touch input, force input, or a combination thereof.  

[00143] In response to receiving the input, a determination 1120 is made as to which 

actuator, haptic structure or electrode should be driven in order to provide the haptic output at 

the determined location. For example and as described above, because the electronic device 

may include various haptic structures, electrodes and/or actuators, each of which may be 

configured to provide haptic output, it may be necessary to determine which actuator, haptic 

structure and/or electrode should be driven to provide localized haptic output at the given 

location.  

[00144] In addition to the above, it may be necessary to determine a frequency at which the 

drive signal is provided to the haptic structure. Further, it may be necessary to determine 

1130 whether one or more actuators should be driven, both in and out of phase, to dampen, 

cancel or enhance movement of a substrate that is actuated by the haptic structure.  

[00145] Flow then proceeds to operation 1140 and haptic output is provided at the 

determined location.  

[00146] FIG. 12 illustrates a method 1200 for monitoring one or more operating parameters 

of an electronic device that incorporates a haptic structure according to one or more 

embodiments of the present disclosure. The method 1200 may be used as part of a closed 

loop control system or module that monitors various operating parameters of the electronic 

device. Using a closed loop system such as described enables the haptic structure to provide 

similar or substantially similar haptic output on the electronic device regardless of the 

operating environment of the electronic device.  

- 23 -



1001429658 

[00147] In one example, the temperature of the electronic device, or the ambient 

temperature of the environment in which the electronic device operates, may affect the 

amount of expansion or contraction of the piezoelectric material of the haptic structure. This 

may ultimately affect the deflection amount or distance of the haptic structure. Accordingly, 

when the electronic device operates in higher temperatures, more voltage may need to be 

applied to the piezoelectric material to achieve a desired deflection amount when compared 

to when the electronic device operates in environments having lower temperatures.  

[00148] Accordingly, method 1200 begins at operation 1210 in which one or more 

operating parameters of the electronic device is monitored. In some embodiments, the 

monitored operating parameters may be temperature such as described above. Flow then 

proceeds to operation 1220 in which an amount of voltage that is to be applied to the haptic 

structure is determined. This determination may be based, at least in part, on the monitored 

operating parameters.  

[00149] Flow then proceeds to operation 1230 and the determined amount of voltage is 

applied to the haptic structure. The haptic structure then provides the desired or expected 

haptic output to a surface of the electronic device.  

[00150] As discussed above, an electronic device, such as electronic device 100 (shown in 

FIGs. 1A-IC), may include a force-sensing element that determines an amount of force 

provided on a surface of the electronic device. The force-sensing element may include two or 

more capacitive-sensing components. In some embodiments, the capacitive-sensing 

components may detect a change in capacitance as a distance between the capacitive-sensing 

components changes. In another embodiment, at least one capacitive-sensing component may 

detect a change in capacitance as a distance between a component of the electronic device 

(e.g., a cover glass of the electronic device) and the capacitive-sensing component changes.  

The change in capacitance may then be used to determine the amount of force provided on 

the surface of the electronic device.  

[00151] As also discussed above, the electronic device may also include a haptic structure.  

The haptic structure may be used to provide a haptic output on a surface of the electronic 

device. Accordingly, the embodiments described below with respect to FIGs. 13-20 illustrate 

various configurations by which a computing device can integrate a haptic structure and a 

force-sensing element.  

[00152] FIG. 13 illustrates a cross-section view of an example electronic device 1300 that 

incorporates a force-sensing element 1305, a haptic structure 1310, and other components 
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arranged in a first configuration. The electronic device 1300 may be similar to the electronic 

device 100 shown and described above with respect to FIGs. 1A-IC. As such, the cross

section shown in FIG. 13, as well as the cross-sections shown in FIGs. 14-19, may be taken 

along line A-A of FIG. 1A. In addition, FIGs. 13-19 may illustrate similar components 

arranged in different configurations. Accordingly, like reference numerals are used 

throughout FIGs. 13-19.  

[00153] The electronic device 1300 may include a cover glass 1315 positioned over a 

display 1320. The display 1320 may also include a backlight assembly 1325 and a reflector 

1330. The backlight assembly 1325 and the reflector 1330, along with the display 1320, are 

used to output images, such as graphics and text, for the electronic device 1300. The display 

1320 may be implemented as any suitable technology, including a liquid crystal display, light 

emitting diode display, organic light emitting diode display, cold cathode fluorescent lamp 

display, and so on. In some implementations, the backlight assembly 1325 may be omitted.  

[00154] Although various gaps are shown between the display 1320, the backlight 

assembly 1325, and the reflector 1330, these gaps are not required. For example, the display 

1320, the backlight assembly 1325, and the reflector 1330 may be positioned to reduce or 

minimize the gaps. In another embodiment, various films, adhesives, materials, or substrates 

may be placed between the various layers to fill any gaps.  

[00155] The electronic device 1300 may also include a battery 1335. The battery 1335 

provides power to the various components of the electronic device 1300. As shown in FIG.  

13, the force-sensing element 1305 and the haptic structure 1310 may be positioned between 

the display 1320 and the battery 1335, although this is not required.  

[00156] As also shown in FIG. 13, the electronic device 1300 includes a first support 

structure 1340 and a second support structure 1345. The first support structure 1340 may be 

made from a conductive material (e.g., metal) or a non-conductive material (e.g., plastic).  

Likewise, the second support structure 1345 may be made from a conductive material or a 

non-conductive material. In one embodiment, if the first support structure 1340 is made from 

a conductive material, the second support structure 1345 may be made from a non-conductive 

material. Likewise, if the first support structure 1340 is made from a non-conductive material, 

the second support structure 1345 may be made from a conductive material. In yet another 

implementation, each of the first support structure 1340 and the second support structure 

1345 may be made from the same materials (e.g., metal, plastic or other such materials) and 

have the same conductive or non-conductive properties.  
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[00157] In the embodiment shown in FIG. 13, the first support structure 1340 is coupled to 

the second support structure 1345 and extends along a length of the display 1320. In this 

implementation, the first support structure 1340 may be used to dissipate heat generated by 

the display 1320 and other components of the electronic device.  

[00158] In some implementations, the haptic structure 1310 may be coupled, using an 

adhesive such as an epoxy 1355, to a surface of the first support structure 1340. For example 

and as shown in FIG. 13, the haptic structure 1310 is coupled to a bottom surface of the first 

support structure 1340. However, in other implementations, the haptic structure 1310 may be 

coupled to a top surface and/or a side of the first support structure 1340. In yet other 

implementations, more than one haptic structure 1310 may be coupled to the top surface 

and/or the bottom surface of the first support structure 1340. As the haptic structure 1310 is 

coupled to the first support structure 1340, deflection or other movement of the haptic 

structure 1310 may cause the first support structure 1340 (and the cover glass 1315) to deflect 

or otherwise move such as described herein.  

[00159] The force-sensing element 1305 may be used to detect an amount of force that is 

provided on the cover glass 1315 of the electronic device 1300. For example, as the cover 

glass 1315 deflects in response to a received amount of force, the force-sensing element 1305 

may be operative to detect the deflection of the cover glass 1315 and equate the deflection 

distance with an amount of force. Accordingly, the force-sensing element 1305 may detect 

force across a continuous range of values and is not limited to binary values.  

[00160] In some embodiments, the force-sensing element 1305 may be used to detect a 

change in distance from the back of the cover glass 1315 (or back of the display 1320) to the 

top of the force-sensing element 1305. The force-sensing element 1305 may also work in 

conjunction with another force-sensing device that is also operative to determine an amount 

of force received on the cover glass 1315.  

[00161] For example, the electronic device 1300 may include a first force-sensing 

component 1360 and a second force sensing componentl365. In other implementations, the 

electronic device 1300 may only include the first force-sensing component 1360 while the 

second force-sensing component 1365 is omitted. In some cases, the inclusion or omission of 

the second force-sensing component 1365 may be based, at least in part, on the size of a gap 

between the force-sensing element 1305 and the haptic structure 1310 and/or the size of a gap 

between the force-sensing components.  
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[00162] In some implementations, the first force-sensing component 1360 and the second 

force-sensing component 1365 are capacitive electrode arrays although this is not required.  

The first force-sensing component 1360 and the second force-sensing component 1365 work 

in conjunction with the force-sensing element 1305 to determine the amount of force 

provided on the cover glass 1315.  

[00163] More specifically, the first force-sensing component 1360 may be coupled to a back 

surface of the display 1320 and the second force-sensing component 1365 may be coupled to 

the first support structure 1340. As the cover glass 1315 and the display 1320 bend in 

response to a received force, the capacitance between the first force-sensing component 1360 

and the second force-sensing component 1365 changes. The change in capacitance is 

equivalent to an amount of deflection or movement of the cover glass 1315 and/or the display 

1320.  

[00164] The first force-sensing component 1360 and the second force-sensing component 

1365 may measure a change in capacitance between the display 1320 and the first support 

structure 1340, while the force-sensing element 1305 may measure a change in capacitance 

between the first support structure 1340 and a top surface of the force-sensing element 1305.  

The force-sensing element 1305 may also measure a change in capacitance between a top 

surface of the force-sensing element 1305 and a bottom surface of the force-sensing element 

1305.  

[00165] When the second force-sensing component 1365 is omitted, the first support 

structure 1340 may be non-conductive and/or an aperture may be provided in the first support 

structure 1340. The aperture may be provided above or otherwise adjacent the force-sensing 

element 1305 which may enable the top surface of the force-sensing element 1305 to sense 

capacitance and/or a change in capacitance from its bottom surface up to the display 1320.  

However, when the second force-sensing component 1365 is present the aperture may be 

omitted and/or the first support structure 1340 may be made from a conductive material.  

[00166] In some embodiments, and as briefly described above, the haptic structure 1310, 

the first force-sensing component 1360, the second force-sensing component 1365 and/or the 

force-sensing element 1305 may work together to enhance a user's experience. In one non

limiting example, the haptic structure 1310 may provide haptic or tactile output in response to 

a received amount of force.  

[00167] In a more specific example, when the force-sensing element 1305 detects a 

received amount of force, or when a received amount of force exceeds a force threshold, the 
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haptic structure 1310 may be actuated. When the haptic structure 1310 is actuated, the haptic 

structure 1310 deforms or deflects. Deflection of the haptic structure 1310 causes a midplate 

(or other structure (e.g., the reflector 1330) to which the haptic structure 1310 is coupled) to 

also deform. This actuation and deformation may also cause the cover glass 1315 to deform 

due to the coupling between the haptic structure 1310, the reflector 1330, and one or more of 

the first support structure 1340 and the second support structure 1345. Deformation of the 

cover glass 1315 may be felt or otherwise perceived by an individual or object touching the 

cover glass 1315. In some implementations, the haptic structure 1310 may provide a first type 

of haptic output or a haptic output at a first location in response to a first amount of detected 

force, and may provide a second type of haptic output or a haptic output at a second location 

in response to a second amount of detected force.  

[00168] In addition to the above, the haptic structure 1310, the first force-sensing 

component 1360, the second force-sensing component 1365, and/or the force-sensing element 

1305 may also work in conjunction to determine a location of a received touch input and/or 

force input. When such a location is determined, actuation of the haptic structure 1310 and 

any associated haptic output may be localized at the determined position.  

[00169] In another implementation, the haptic structure 1310 may provide haptic output in 

an area surrounding or adjacent the determined location. To achieve this, one or more haptic 

structures 1310, or portions of the haptic structure 1310, may be actuated at different times 

and at different locations to effectively cancel out (or alternatively enhance) the haptic output 

provided by the haptic structure 1310 such as described above.  

[00170] In still yet other implementations, the electronic device 1300, as well as the other 

example electronic devices described herein, may include multiple haptic structures 1310 

positioned on different layers. In another implementation, the haptic structure 1310 itself may 

include different layers. In these example implementations, the layers may be inverted with 

respect to one another. For example, a first layer or a first haptic structure 1310 may be 

operative to deflect or deform in a first direction or in a first manner while a second layer or a 

second haptic structure 1310 may be operative to deflect or deform in a second direction or in 

a second manner.  

[00171] In some embodiments, the haptic structure 1310 may be comprised of a single 

layer with alternating haptic elements. For example, a first haptic element may cause the 

haptic structure 1310 to deflect in a first direction or in a first manner while a second haptic 
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element may cause the haptic structure 1310 to deflect in a second direction or in a second 

manner that is opposite from the first direction or the first manner.  

[00172] Although the haptic structure 1310, the first force-sensing component 1360, the 

second force-sensing component 1365, and the force-sensing element 1305 are shown as 

separate components, this is not required. In some embodiments, the haptic structure 1310 (or 

a haptic actuator of the haptic structure 1310) may be combined with one or more of the first 

force-sensing component 1360, the second force-sensing component 1365, and/or the force

sensing element 1305. The combination of components may minimize gaps or other space 

that may be present between the various components may which result in a force accuracy 

error and may also change haptic output such as described herein.  

[00173] For example, the force-sensing element 1305 may include a piezoelectric material 

that provides an output voltage when it is actuated in response to a received force. The output 

voltage is then used to determine an amount of force provided. This same piezoelectric 

material may then be actuated in the manner described above to produce a haptic output in 

response to the received force.  

[00174] FIG. 14 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310, and the other components of 

the electronic device 1300 are arranged in a second configuration. In the embodiment 

illustrated in FIG. 14, the electronic device 1300 includes similar components to those 

described above. For example, the electronic device 1300 includes a force-sensing element 

1305, a haptic structure 1310, a cover glass 1315, a display 1320, a backlight assembly 1325, 

a reflector 1330 and a battery 1335.  

[00175] The electronic device 1300 also includes a first support structure 1340 and a 

second support structure 1345. However, unlike the first support structure 1340 in FIG. 13, 

the first support structure 1340 in FIG. 14 is positioned adjacent the haptic structure 1310.  

Another difference, although not required, is that the first force-sensing component 1360 and 

the second force-sensing component 1365 may be omitted. More specifically, the force

sensing element 1305 may be configured to detect a change in capacitance between the 

display 1320 and the top surface of the force-sensing element 1305. As with all of the 

embodiments described herein, the force-sensing element 1305 may also detect a capacitance 

or a change in capacitance between its top surface and its bottom surface. In some 

embodiments, these measurements may be combined (or used individually) to detect or 

otherwise predict the total amount of received force.  
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[00176] As previously described, the haptic structure 1310 provides haptic output by 

causing a substrate or other such component in the electronic device 1300 to deflect.  

Therefore, in some embodiments, the haptic structure 1310 may be coupled to the reflector 

1330.  

[00177] More specifically, and as shown in FIG. 14, the haptic structure 1310 may be 

coupled to a back surface of the reflector 1330 using an epoxy 1355 or a pressure sensitive 

adhesive. The top side of the reflector 1330 may be layered or otherwise covered with a 

reflective material. Thus, the reflector 1330 may function as a bottom layer of the backlight 

assembly 1325 and also assists the haptic structure 1310 in providing haptic output.  

[00178] For example, and as discussed above, as the haptic structure 1310 deflects or 

deforms, the reflector 1330 deflects or deforms. Deflection of the reflector 1330 causes the 

display 1320 and/or the cover glass 1315 to deflect, via the second support structure 1345, 

which provides haptic output such as previously described.  

[00179] FIG. 15 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310, and the other components of 

the electronic device 1300 are arranged in a third configuration. In the configuration shown in 

FIG. 15, the electronic device 1300 may include similar components as those described above 

with respect to FIG. 14. Namely, and in addition to the force-sensing element 1305 and the 

haptic structure 1310, the electronic device 1300 includes a cover glass 1315, a display 1320, 

a backlight assembly 1325, a reflector 1330 and a battery 1335.  

[00180] In the arrangement shown in FIG. 15, the haptic structure 1310 is essentially a 

floating sheet. For example, only peripheral edges of the haptic structure 1310 are coupled to 

the first support structure 1340 and the second support structure 1345. The coupling of the 

components may be accomplished using an epoxy 1355 or a pressure sensitive adhesive.  

[00181] In order to provide haptic output such as described above, the haptic structure 1310 

may include a thick substrate. For example, and referring to FIG. 9, the haptic structure 

includes, among other components, two different substrates, namely a top substrate and a 

bottom substrate. In this example embodiment, one of the substrates of the haptic structure 

1310, such as for example, the top substrate, may be thicker than the bottom substrate.  

[00182] As the top substrate (or the bottom substrate) is thicker in this embodiment than in 

the embodiments described previously, the haptic structure 1310 provides its own deflection 

surface. For example, as the piezoelectric elements of the haptic structure 1310 are actuated, 
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the top substrate of the haptic structure 1310 deflects. Deflection of the top substrate also 

causes deflection of the display 1320 and the cover glass 1315 such as previously described.  

[00183] In order to reduce or minimize impact on the overall thickness of the electronic 

device 1300, the reflector 1330 may be thinner than in the previously described 

embodiments. Thus, in order to offset the increased thickness of the top substrate of the 

haptic structure 1310, the thickness of the reflector 1330 may be reduced. Although the 

reflector 1330 is specifically mentioned, the thicknesses of other components of the 

electronic device 1300 may also be reduced, either alone or in combination, to offset the 

increased thickness of the haptic structure 1310.  

[00184] FIG. 16 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310, and the other components of 

the electronic device 1300 are arranged in a fourth configuration. In this particular 

embodiment, the various components may be arranged in a similar manner to the components 

shown and described with respect to FIG. 15. For example, the haptic structure 1310 may be 

coupled to the first support structure 1340 and/or the second support structure 1345 using an 

epoxy 1355 or a pressure sensitive adhesive. In addition, the electronic device 1300 may also 

include a cover glass 1315, a display 1320, a backlight assembly 1325 and a battery 1335.  

[00185] However, in this implementation, a separate reflector may be omitted. More 

specifically, in this particular implementation, a reflector is integrated with the haptic 

structure 1310. For example, and as described above with respect to FIG. 9, the haptic 

structure 1310 includes, among other components, a top substrate and a bottom substrate. The 

reflector may act as the top substrate and the remaining portions of the haptic structure (e.g., 

the other components shown and described with respect to FIG. 9) are printed or otherwise 

coupled to a bottom surface of the top substrate. In another implementation, a reflective 

material may be printed or layered on the top surface of the top substrate of the haptic 

structure 1310.  

[00186] In the embodiments shown and described with respect to FIGs. 13-16, the haptic 

structure 1310 and the force-sensing element 1305 may be stacked relative to one another.  

For example, the haptic structure 1310 and the force-sensing element 1305 may be coplanar.  

In such an arrangement, each component or electrode in the haptic structure 1310 may be 

aligned with or have the same or similar size as each element or electrode in the force-sensing 

element 1305.  
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[00187] For example, haptic pixels associated with or incorporated in the haptic structure 

1310 may be similar in size or smaller in size than force-sensing pixels associated with or 

otherwise incorporated in the force-sensing element 1305. In other embodiments, the haptic 

pixels may be larger in size than the force-sensing pixels. In some implementations, the 

haptic pixels of the haptic structure 1310 may be aligned with the force-sensing pixels or 

otherwise arranged such that they are located within a perimeter of the force-sensing pixels of 

the force-sensing element 1305.  

[00188] In some embodiments, trace routes of the haptic structure 1310 may be aligned 

with trace routes of the force-sensing element 1305 to avoid any interference between the two 

components.  

[00189] Regardless of how the pixels are arranged, in order to make sure that the force

sensing element 1305 and the haptic structure 1310 do not interfere with one another, a 

floating element such as an electrode may be disposed on a bottom surface of the haptic 

structure 1310 and/or a top surface of the force-sensing element 1305. The floating electrodes 

may act as a shield to mitigate or eliminate cross-talks and/or parasitics between the 

components. Therefore, the force-sensing element 1305 may not affect readings or outputs 

associated with the haptic structure 1310, and the haptic structure 1310 may not affect 

readings or outputs associated with the force-sensing element 1305.  

[00190] In the embodiments shown and described with respect to FIGs. 17-20C, the haptic 

structure 1310 and the force-sensing element 1305 are not necessarily stacked on top of one 

another. More specifically, the haptic structure 1310 and the force-sensing element 1305 may 

be offset but not coplanar or parallel and not coplanar.  

[00191] FIG. 17 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310 and the other components of 

the electronic device 1300 are arranged in a fifth configuration. More specifically, the 

configuration shown in FIG. 17 is similar to the configuration shown in FIG. 13 but the 

haptic structure 1310 is not coplanar with the force-sensing element 1305.  

[00192] Although the haptic structure 1310 is not coplanar with the force-sensing element 

1305, the haptic structure 1310 and force-sensing element 1305 function in a similar manner 

as described above. For example, in this configuration, the haptic structure 1310 is coupled to 

a first support structure 1340 (e.g., a non-conductive or non-metallic structure) using an 

epoxy 1355 or a pressure sensitive adhesive. When actuated, the haptic structure 1310 

deflects or deforms which causes the first support structure 1340 and/or the second support 
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structure 1345 to deform or deflect which causes the cover glass 1315 to deflect such as 

described above.  

[00193] The electronic device 1300 also includes a first force-sensing component 1360 and 

a second force-sensing component 1365 that are used to determine an amount of force 

received on a cover glass 1315. These components may work in conjunction with the force

sensing element 1305 such as previously described. Likewise, the second force-sensing 

component 1365 may be omitted such as previously described. The electronic device 1300 

also includes a display 1320, a backlight assembly 1325, a reflector 1330 and a battery 1335.  

[00194] FIG. 18 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310, and the other components of 

the electronic device 1300 (e.g., the cover glass 1315, the display 1320, the backlight 

assembly 1325, the reflector 1330, and the battery 1335) are arranged in a sixth 

configuration. The configuration of the components shown in FIG. 18 may be similar to the 

configuration of the components shown and described with respect to FIG. 14.  

[00195] More specifically, the haptic structure 1310 may be coupled to a back surface of a 

reflector 1330 using an epoxy 1355 or a pressure sensitive adhesive. The top side of the 

reflector 1330 may be layered or otherwise covered with a reflective material such as 

described above. However, in this implementation, the haptic structure 1310 may be 

patterned or otherwise positioned adjacent the force-sensing element 1305.  

[00196] When actuated, the haptic structure 1310 deflects the reflector 1330 which causes 

the first support structure 1340 and/or the second support structure 1345 to deflect. As a 

result, the cover glass 1315 may also be deflected such as described above.  

[00197] FIG. 19 illustrates a cross-section view of an example electronic device 1300 in 

which the force-sensing element 1305, the haptic structure 1310 and the other components of 

the electronic device 1300 arranged in a seventh configuration. In this implementation, the 

electronic device 1300 also includes a cover glass 1315, a display 1320, a backlight assembly 

1325, a reflector 1330 and a battery 1335.  

[00198] The haptic structure 1310 in this particular implementation may be formed on the 

reflector 1330. More specifically, the haptic structure 1310 is integrated with a portion of the 

reflector 1330. As such, the reflector 1330 may act as a top substrate for the haptic structure 

1310. The remaining components of the haptic structure 1310 (e.g., the other components 

shown and described with respect to FIG. 9) may be printed or otherwise coupled to a bottom 

surface of the top substrate such as described above. The peripheral edges of the reflector 
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1330 may be coupled to the first support structure 1340 and the second support structure 

1345. Because the peripheral edges of the reflector 1330 are coupled in such a manner, 

actuation of the haptic structure 1310 may cause the reflector 1330 to more easily bend in the 

manner described above.  

[00199] Because the haptic structure 1310 is integrated with only a portion of the reflector 

1330, the haptic structure 1310 may include a ceramic or other such material. Although not 

required, inclusion of this material may enable the haptic structure 1310 to better withstand 

the deflection and deformation processes as well as other stresses that may be placed on the 

haptic structure 1310.  

[00200] FIGs. 20A-20C illustrate example layouts of haptic structures 1420 and force

sensing elements 1430 for an electronic device 1400. The various arrangements, patterns, and 

sizes of the haptic structures 1420 and the force-sensing elements 1430 are examples and 

should not be taken in a limiting sense.  

[00201] More specifically, the force-sensing elements 1430 and the haptic structures 1420 

may have various shapes and sizes and may be arranged in numerous configurations. In 

addition, haptic structures 1420 and/or force-sensing elements 1430 of a first size or 

orientation may be used in some locations while other different sized haptic structures 1420 

and/or force-sensing elements 1430 may be used in other locations within a single electronic 

device 1400.  

[00202] Each haptic structure 1420 and/or each force-sensing element 1430 may be 

positioned on different layers within the electronic device 1400. For example, if a transparent 

piezoelectric material is used to create the haptic structure 1420, the haptic structure 1420 

may be placed nearer the cover glass of the electronic device 1400.  

[00203] In other implementations, and as described above, the electronic device 1400 may 

include multiple layers of haptic structures 1420 and/or multiple layers of force-sensing 

elements 1430. For example, the electronic device 1400 may include a first layer of haptic 

structures 1420 that deform or deflect in a first direction or in a first manner and a second 

layer of haptic structures 1420 that deform or deflect in a second direction or in a second 

manner that is different from the first direction and/or first manner.  

[00204] In such implementations, each haptic structure 1420 in each of the layers may be 

actuated at various times to either offset the haptic output or enhance the haptic output 

provided by the haptic structures 1420. In addition, each layer may be made of different 

materials. For example, a layer of haptic structures 1420 that is nearer the cover glass of the 
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electronic device 1400 may be made of a transparent material while a layer of haptic 

structures 1420 that is farther away from the cover glass may be made of an opaque material.  

[00205] In another implementation, various components, such as the components described 

above, may be omitted from the electronic device 1400 in certain areas. For example, a 

support structure 1410 may be provided adjacent the haptic structures 1420 and the force 

sensing elements 1430 (e.g., such as, for example, around a perimeter of the electronic device 

1400) but omitted from the center of the electronic device 1400.  

[00206] In the embodiments described below, each haptic structure 1420 in the following 

example embodiments may be driven at different times and at different locations to achieve a 

desired localization and haptic output such as described above. In addition, the force-sensing 

elements 1430 may be arranged at different locations and in different patterns in order to 

detect received force input. For example, and as shown in FIG. 20A, the electronic device 

1400 may have two force-sensing elements 1430. These force-sensing elements 1430 may be 

surrounded by, inset or otherwise aligned with various haptic structures 1420.  

[00207] In the example embodiment shown in FIG. 20B, the electronic device 1400 

includes patterns of alternating haptic structures 1420 and force-sensing elements 1430. In 

some implementations, the support structure 1410 may be located around a perimeter of the 

alternating structures. In FIG. 20C, the electronic device 1400 may be divided into four 

quadrants or regions by the force-sensing element 1430 with each quadrant or region having 

various haptic structures 1420. Like the previous embodiments, a support structure 1410 may 

be located adjacent to some of the haptic structures 1420 and portions of the force sensing 

elements 1430.  

[00208] In the embodiments described above, the haptic structures and the force-sensing 

elements may work in combination to determine the amount of force that is provided to the 

electronic device. For example, the haptic structure outputs a voltage when it is deflected, 

bent, or under strain while the force-sensing element measures an amount of deflection.  

Accordingly, the voltage that is output by the haptic structure may be used to help the force

sensing element determine a received amount of force.  

[00209] In another embodiment, the force-sensing element or other component of the 

electronic device may track a history of received force input. Likewise, the haptic structure 

may track or map where haptic output has been provided. Using this information, the 

computing device may be better able to track received input and provided output and increase 

sensitivity in those areas.  
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[00210] FIG. 21 is a block diagram illustrating example components, such as, for example, 

hardware components, of an electronic device 1500 according to one or more embodiments 

of the present disclosure. In certain embodiments, the electronic device 1500 may be similar 

to the electronic devices 100 described above. Although various components of the electronic 

device 1500 are shown, connections and communication channels between each of the 

components are omitted for simplicity.  

[00211] In a basic configuration, the electronic device 1500 may include at least one 

processor 1505 or processing unit and a memory 1510. The processor 1505 may be used to 

determine the location of a received input and which actuator structures should be driven.  

The memory 1510 may comprise, but is not limited to, volatile storage, such as random 

access memory, non-volatile storage, such as read-only memory, flash memory, or any 

combination thereof The memory 1510 may store an operating system 1515 and one or more 

program modules 1520 suitable for running software applications 1555. The operating system 

1515 may be configured to control the electronic device 1500 and/or one or more software 

applications 1555 being executed by the operating system 1515. The software applications 

1555 may include browser applications, e-mail applications, calendaring applications, contact 

manager applications, messaging applications, games, media player applications, time 

keeping applications, and the like.  

[00212] The electronic device 1500 may have additional features or functionality than those 

expressly described herein. For example, the electronic device 1500 may also include 

additional data storage devices, removable and non-removable, such as, for example, 

magnetic disks, optical disks, or tape. Example storage devices are illustrated in FIG. 21 by 

removable storage device 1525 and a non-removable storage device 1530. In certain 

embodiments, various program modules and data files may be stored in the memory 1510.  

[00213] As also shown in FIG. 21, the electronic device 1500 may include one or more 

input devices 1535. The input devices 1535 may include a trackpad, a keyboard, a mouse, a 

pen or stylus, a sound input device, a touch input device, a force-sensing element and the like.  

The electronic device 1500 may also include one or more output devices 1540. The output 

devices 1540 may include a display, one or more speakers, a printer, and the like. The 

electronic device 1500 may also include one or more haptic actuators 1560 such as described 

herein. In other embodiments, the haptic actuators 1560 may be configured to provide both 

haptic and audio output.  
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[00214] The electronic device 1500 may also include one or more sensors 1565. The 

sensors may include, but are not limited to, force sensors, pressure sensors, altimeters, touch 

identification sensors, accelerometers, temperature sensors, ambient light sensors, 

photodiodes, gyroscopes, magnetometers, and so on.  

[00215] The electronic device 1500 also includes communication connections 1545 that 

facilitate communications with additional computing devices 1550. Such communication 

connections 1545 may include a RF transmitter, a receiver, and/or transceiver circuitry, 

universal serial bus (USB) communications, parallel ports, and/or serial ports.  

[00216] As used herein, the term computer-readable media may include computer storage 

media. Computer storage media may include volatile and nonvolatile media and/or removable 

and non-removable media implemented in any method or technology for the storage of 

information. Examples include computer-readable instructions, data structures, or program 

modules. The memory 1510, the removable storage device 1525, and the non-removable 

storage device 1530 are all examples of computer storage media. Computer storage media 

may include RAM, ROM, electrically erasable read-only memory (EEPROM), flash memory 

or other memory technology, CD-ROM, digital versatile disks (DVD) or other optical 

storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage 

devices, or any other article of manufacture which can be used to store information and which 

can be accessed by the electronic device 1500. Any such computer storage media may be part 

of the electronic device 1500.  

[00217] In certain embodiments, the electronic device 1500 includes a power supply such 

as a battery, a solar cell, and the like that provides power to each of the components shown.  

The power supply may also include an external power source, such as an AC adapter or other 

such connector that supplements or recharges the batteries. The electronic device 1500 may 

also include a radio that performs the function of transmitting and receiving radio frequency 

communications. Additionally, communications received by the radio may be disseminated to 

the application programs. Likewise, communications from the application programs may be 

disseminated to the radio as needed.  

[00218] Embodiments of the present disclosure are described above with reference to block 

diagrams and operational illustrations of methods and the like. The operations described may 

occur out of the order as shown in any of the figures. Additionally, one or more operations 

may be removed or executed substantially concurrently. For example, two blocks shown in 
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succession may be executed substantially concurrently. Additionally, the blocks may be 

executed in the reverse order.  

[00219] The foregoing description, for purposes of explanation, used specific nomenclature 

to provide a thorough understanding of the described embodiments. However, it will be 

apparent to one skilled in the art that the specific details are not required in order to practice 

the described embodiments. Thus, the foregoing descriptions of the specific embodiments 

described herein are presented for purposes of illustration and description. They are not 

targeted to be exhaustive or to limit the embodiments to the precise forms disclosed. It will be 

apparent to one of ordinary skill in the art that many modifications and variations are possible 

in view of the above teachings.  
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CLAIMS 

What is claimed is: 

1. An electronic device comprising: 

a cover glass; 

a force-sensing element operative to detect an amount of force provided on the cover 

glass; 

and 

a haptic structure distinct from the force-sensing element and coupled to the cover 

glass, wherein: 

the haptic structure and the force-sensing element work in conjunction to determine a 

location on the cover glass at which the force was provided; 

the haptic structure is operative to bend at least a portion of the cover glass and 

provide a haptic output localized to the determined location in response to the detected 

amount of force.  

2. The electronic device of claim 1, wherein the haptic structure is coupled to a portion 

of a display that is coupled to the cover glass of the electronic device.  

3. The electronic device of claim 1, wherein the haptic structure comprises: 

an actuator configured to at least expand or contract in a first direction in response to 

an input; and 

a substrate coupled to the actuator, the substrate configured to bend in a second 

direction transverse to the first direction in response to the actuator expanding or contracting.  

4. The electronic device of claim 1, wherein the haptic structure comprises: 

a piezoelectric material configured to at least expand or contract in a first direction in 

response to a stimulus; 

a first electrode coupled to a first side of the piezoelectric material; 

a second electrode coupled to a second side of the piezoelectric material; 

a first substrate coupled to a first surface of the piezoelectric material; and 

a second substrate coupled to a second surface the piezoelectric material; 
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wherein the first substrate and the second substrate deflect in a second direction 

transverse to the first direction to cause localized deflection of a surface of the electronic 

device when a stimulus is applied to the piezoelectric material.  
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