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FORCE ENHANCED INPUT DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and hereby incorporates by reference the

entire contents of U.S. Patent Application 13/900,298 ,filed May 22, 2013, which claims

priority to U.S. Provisional Patent Application 61/650,295, filed May 22, 2012 and to

U.S. Provisional Patent Application 61/694,700, filed August 29, 2012.

FIELD OF THE INVENTION

[0002] This invention generally relates to electronic devices, and more

specifically relates to force enhanced proximity input devices for producing user

interface inputs to an electronic system.

BACKGROUND OF THE INVENTION

[0003] Input devices including proximity sensor devices (also commonly called

touchpads or touch sensor devices) are widely used in a variety of electronic systems. A

proximity sensor device typically includes a sensing region, often demarked by a surface,

in which the proximity sensor device determines the presence, location and/or motion of

one or more input objects. Proximity sensor devices may be used to provide interfaces

for the electronic system. For example, proximity sensor devices are often used as input

devices for larger computing systems (such as opaque touchpads integrated in, or

peripheral to, notebook or desktop computers). Proximity sensor devices are also often

used in smaller computing systems (such as touch screens integrated in cellular phones).

[0004] The proximity sensor device can be used to enable control of an associated

electronic system. For example, proximity sensor devices are often used as input devices

for larger computing systems, including: notebook computers and desktop computers.

Proximity sensor devices are also often used in smaller systems, including: handheld

systems such as personal digital assistants (PDAs), remote controls, and communication

systems such as wireless telephones and text messaging systems. Increasingly, proximity

sensor devices are used in media systems, such as CD, DVD, MP3, video or other media



recorders or players. The proximity sensor device can be integral or peripheral to the

computing system with which it interacts.

[0005] Some input devices also have the ability to detect applied force in addition to

determining positional information for input objects interacting with a sensing region of

the input device. However, due to questionable accuracy, presently known force sensors

are limited in their ability to use force as a basis for determining user input. This limits

the flexibility of the proximity sensor device to function as an input device. Thus, there

exists a need for improvements in proximity sensor device, and in particular, the ability

of proximity sensor devices to determine and respond to indications of applied force.

BRIEF SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention provide a device and method that

facilitates improved device usability. The device and method provide improved user

interface functionality by strategically arranging force sensing electrodes relative to a

grounded region of either a spring plate or the housing (chassis) of the electronic system

within which the input device operates.

[0007] Specifically, the input device includes an input surface and a first substrate

having a first plurality of sensor electrodes configured to sense input objects proximate

the input surface, and at least a pair of force sensing electrodes on either the top or the

bottom surface of the first substrate. The input device includes a second substrate having

a planar spring plate including a perimeter region surrounding an interior region, the

perimeter region including a leaf spring coupled to the housing of the electronic system,

and a spacing layer configured to physically couple the interior region of the second

substrate to the first substrate. A force applied to the input surface deflects the first

substrate and the interior region relative to the perimeter region, changing a variable

capacitance formed between the force sensing electrodes.

[0008] Other desirable features and characteristics will become apparent from the

subsequent detailed description and the appended claims, taken in conjunction with the

accompanying drawings and the foregoing technical field and background.



BRIEF DESCRIPTION OF DRAWINGS

[0009] The preferred exemplary embodiment of the present invention will hereinafter

be described in conjunction with the appended drawings, where like designations denote

like elements, and:

[0010] FIG. 1 is a block diagram of an exemplary electronic system that includes an

input device and a processing system in accordance with an embodiment of the invention;

[0011] FIG. 2 is a schematic diagram showing a pair of force sensing electrodes

configured to exhibit a variable capacitance as they move relative to an opposing

grounded surface in accordance with an embodiment of the invention;

[0012] FIG. 3A is a cross-section view of an input device stack-up having a pair of

force sensing electrodes on the bottom surface of the circuit board substrate, shown in the

nominal position with no applied force in accordance with an embodiment of the

invention;

[0013] FIG. 3B is a cross-section view of the input device stack-up of FIG. 3A shown

in a deflected position resulting from applied force in accordance with an embodiment of

the invention;

[0014] FIG. 4 is an exploded view of the stack-up shown in FIGS. 3A and 3B in

accordance with an embodiment of the invention;

[0015] FIG. 5 is a top plan view of an exemplary spring plate having a single

cantilever return mechanism in accordance with an embodiment of the invention;

[0016] FIG. 6 is a perspective view of an exemplary spring plate having a double

folded cantilever return mechanism in accordance with an embodiment of the invention;

[0017] FIG. 7 is a top plan view of an exemplary spring plate having a multiple

folded cantilever return mechanism in accordance with an alternate embodiment of the

invention;



[0018] FIG. 8 is a cross-section view of an input device stack-up having a pair of

force sensing electrodes on the top surface of the circuit board substrate, shown in the

nominal position with no applied force in accordance with an embodiment of the

invention;

[0019] FIG. 9 is a cross-section view of the input device stack-up of FIG. 8 shown in

a deflected position resulting from applied force applied near an edge of the input surface

in accordance with an embodiment of the invention;

[0020] FIG. 10 is a cross-section view of the input device stack-up of FIGS. 8 an 9

shown in a deflected position resulting from applied force applied near the center of the

input surface in accordance with an embodiment of the invention;

[0021] FIG. 11 is a top plan view of an input device showing a glass stiffening layer

adhered to the circuit board substrate in accordance with an embodiment of the invention;

[0022] FIG. 12 is a cross-section view of an input device stack-up illustrating the use

of a glass stiffener in accordance with an embodiment of the invention;

[0023] FIG. 13 is a cross-section view of an input device stack-up illustrating a ferrite

layer between the first and second substrates in accordance with an embodiment of the

invention;

[0024] FIG. 14 is a cross-section view of an input device stack-up illustrating a

localized ferrite layer between the first and second substrates in accordance with an

alternate embodiment of the invention;

[0025] FIG. 15 is a perspective view of an alternate embodiment of a spring plate in

the form of two coplanar spring plate symmetrical sections in accordance with an

embodiment of the invention; and

[0026] FIG. 16 is a cross-section view of an input device stack-up illustrating the use

of a glass stiffener and a cosmetic facesheet in accordance with an embodiment of the

invention.



DETAILED DESCRIPTION OF THE INVENTION

[0027] The following detailed description is merely exemplary in nature and is not

intended to limit the invention or the application and uses of the invention. Furthermore,

there is no intention to be bound by any expressed or implied theory presented in the

preceding technical field, background, brief summary or the following detailed

description.

[0028] Various embodiments of the present invention provide input devices and

methods that facilitate improved usability.

[0029] Turning now to the figures, FIG. 1 is a block diagram of an exemplary input

device 100 in accordance with embodiments of the invention. The input device 100 may

be configured to provide input to an electronic system (not shown). As used in this

document, the term "electronic system" (or "electronic device") broadly refers to any

system capable of electronically processing information. Some non-limiting examples of

electronic systems include personal computers of all sizes and shapes, such as desktop

computers, laptop computers, netbook computers, tablets, web browsers, e-book readers,

and personal digital assistants (PDAs). Additional example electronic systems include

composite input devices, such as physical keyboards that include input device 100 and

separate joysticks or key switches. Further example electronic systems include

peripherals such as data input devices (including remote controls and mice), and data

output devices (including display screens and printers). Other examples include remote

terminals, kiosks, and video game machines (e.g., video game consoles, portable gaming

devices, and the like). Other examples include communication devices (including

cellular phones, such as smart phones), and media devices (including recorders, editors,

and players such as televisions, set-top boxes, music players, digital photo frames, and

digital cameras). Additionally, the electronic system could be a host or a slave to the

input device.

[0030] The input device 100 can be implemented as a physical part of the electronic

system, or can be physically separate from the electronic system. As appropriate, the

input device 100 may communicate with parts of the electronic system using any one or

more of the following: buses, networks, and other wired or wireless interconnections.

Examples include I C, SPI, PS/2, Universal Serial Bus (USB), Bluetooth, RF, and IRDA.



[0031] In a preferred embodiment, the input device 100 is implemented as a force

enabled touchpad system including a processing system 110 and a sensing region 120.

Sensing region 120 (also often referred to as "touchpad") is configured to sense input

provided by one or more input objects 140 in the sensing region 120. Example input

objects include fingers, thumb, palm, and styli. The sensing region 120 is illustrated

schematically as a rectangle; however, it should be understood that the sensing region

may be of any convenient form and in any desired arrangement on the surface of and/or

otherwise integrated with the touchpad.

[0032] Sensing region 120 may encompass any space above (e.g., hovering), around, in

and/or near the input device 100 in which the input device 100 is able to detect user input

(e.g., user input provided by one or more input objects 140). The sizes, shapes, and

locations of particular sensing regions may vary widely from embodiment to

embodiment. In some embodiments, the sensing region 120 extends from a surface of the

input device 100 in one or more directions into space until signal-to-noise ratios prevent

sufficiently accurate object detection. The distance to which this sensing region 120

extends in a particular direction, in various embodiments, may be on the order of less

than a millimeter, millimeters, centimeters, or more, and may vary significantly with the

type of sensing technology used and the accuracy desired. Thus, some embodiments

sense input that comprises no contact with any surfaces of the input device 100, contact

with an input surface (e.g. a touch surface) of the input device 100, contact with an input

surface of the input device 100 coupled with some amount of applied force or pressure,

and/or a combination thereof. In various embodiments, input surfaces may be provided

by surfaces of casings within which the sensor electrodes reside, by face sheets applied

over the sensor electrodes or any casings, etc. In some embodiments, the sensing region

120 has a rectangular shape when projected onto an input surface of the input device 100.

[0033] The input device is adapted to provide user interface functionality by

facilitating data entry responsive to the position of sensed objects and the force applied

by such objects. Specifically, the processing system is configured to determine positional

information for input objects in the sensing region. This positional information can then

be used by the system to provide a wide range of user interface functionality.

Furthermore, the processing system is configured to determine force information for

input objects in the sensing region. This force information can then also be used by the

system to provide a wide range of user interface functionality, for example, by providing



different user interface functions in response to different levels of applied force by

objects in the sensing region. Furthermore, the processing system may be configured to

determine input information for more than one object sensed in the sensing region. Input

information can be based upon a combination the force information, the positional

information, the number of input objects in the sensing region and/or in contact with the

input surface, and a duration the one or more input objects is touching or in proximity to

the input surface. Input information can then be used by the system to provide a wide

range of user interface functionality.

[0034] The input device is sensitive to input by one or more input objects (e.g.

fingers, styli, etc.), such as the position of an input object within the sensing region. In

various embodiments, input surfaces may be provided by surfaces of casings within

which the sensor electrodes reside, by face sheets applied over the sensor electrodes or

any casings.

[0035] The electronic system 100 may utilize any combination of sensor components

and sensing technologies to detect user input (e.g., force, proximity) in the sensing region

120 or otherwise associated with the touchpad. The input device 102 comprises one or

more sensing elements for detecting user input. As several non-limiting examples, the

input device 100 may use capacitive, elastive, resistive, inductive, magnetic, acoustic,

ultrasonic, and/or optical techniques. Some implementations are configured to provide

images that span one, two, three, or higher dimensional spaces. Some implementations

are configured to provide projections of input along particular axes or planes.

[0036] In some resistive implementations of the input device 100, a flexible and

conductive first layer is separated by one or more spacer elements from a conductive

second layer. During operation, one or more voltage gradients are created across the

layers. Pressing the flexible first layer may deflect it sufficiently to create electrical

contact between the layers, resulting in voltage outputs reflective of the point(s) of

contact between the layers. These voltage outputs may be used to determine positional

information.

[0037] In some inductive implementations of the input device 100, one or more

sensing elements pick up loop currents induced by a resonating coil or pair of coils.



Some combination of the magnitude, phase, and frequency of the currents may then be

used to determine positional information.

[0038] In some capacitive implementations of the input device 100, voltage or current

is applied to create an electric field. Nearby input objects cause changes in the electric

field, and produce detectable changes in capacitive coupling that may be detected as

changes in voltage, current, or the like.

[0039] Some capacitive implementations utilize arrays or other regular or irregular

patterns of capacitive sensing elements to create electric fields. In some capacitive

implementations, separate sensing elements may be ohmically shorted together to form

larger sensor electrodes. Some capacitive implementations utilize resistive sheets, which

may be uniformly resistive.

[0040] Some capacitive implementations utilize "self capacitance" (or "absolute

capacitance") sensing methods based on changes in the capacitive coupling between

sensor electrodes and an input object. In various embodiments, an input object near the

sensor electrodes alters the electric field near the sensor electrodes, thus changing the

measured capacitive coupling. In one implementation, an absolute capacitance sensing

method operates by modulating sensor electrodes with respect to a reference voltage (e.g.

system ground), and by detecting the capacitive coupling between the sensor electrodes

and input objects.

[0041] Some capacitive implementations utilize "mutual capacitance" (or

"transcapacitance") sensing methods based on changes in the capacitive coupling

between sensor electrodes. In various embodiments, an input object near the sensor

electrodes alters the electric field between the sensor electrodes, thus changing the

measured capacitive coupling. In one implementation, a transcapacitive sensing method

operates by detecting the capacitive coupling between one or more transmitter sensor

electrodes (also "transmitter electrodes" or "transmitters") and one or more receiver

sensor electrodes (also "receiver electrodes" or "receivers"). Transmitter sensor

electrodes may be modulated relative to a reference voltage (e.g., system ground) to

transmit transmitter signals. Receiver sensor electrodes may be held substantially

constant relative to the reference voltage to facilitate receipt of resulting signals. A



resulting signal may comprise effect(s) corresponding to one or more transmitter signals,

and/or to one or more sources of environmental interference (e.g. other electromagnetic

signals). Sensor electrodes may be dedicated transmitters or receivers, or may be

configured to both transmit and receive.

[0042] It should also be understood that the input device may be implemented with a

variety of different methods to determine force imparted onto the input surface of the

input device. For example, the input device may include mechanisms disposed proximate

the input surface and configured to provide an electrical signal representative of an

absolute or a change in force applied onto the input surface. In some embodiments, the

input device may be configured to determine force information based on a defection of

the input surface relative to a conductor (e.g. a display screen underlying the input

surface). In some embodiments, the input surface may be configured to deflect about one

or multiple axis. In some embodiments, the input surface may be configured to deflect in

a substantially uniform or non-uniform manner.

[0043] The input device 100 may also utilize near-field communication components

to communication with other passive or active devices. For example, the input device

100 may comprise communication elements for generating a magnetic field which may

be modulated by a "target device". The target device can be a passive device which is

essentially unpowered, and modulates the magnetic field generated by the input device

100. For example, tags (including various types of Radio Frequency Identification

(RFID) tags), stickers, key fobs, or cards that do not require batteries. The tags can be

used to securely store a variety of different types of data, such as debit and credit card

information, loyalty program data, PTNs and networking contacts, among other

information. In other examples, the target device can be an active device which is able to

generate its own magnetic field enabling communication to and from the input device

100.

[0044] In FIG. 1, a processing system 110 is shown as part of the input device 100.

However, in other embodiments the processing system may be located in the host

electronic device within which the input device 100 operates. The processing system 110

is configured to operate the hardware of the input device 100 to detect various inputs

from the sensing region 120. The processing system 110 comprises parts of or all of one



or more integrated circuits (ICs) and/or other circuitry components. For example, a

processing system for a mutual capacitance sensor device may comprise transmitter

circuitry configured to transmit signals with transmitter sensor electrodes, and/or receiver

circuitry configured to receive signals with receiver sensor electrodes. In some

embodiments, the processing system 110 also comprises electronically-readable

instructions, such as firmware code, software code, and/or the like. In some

embodiments, components composing the processing system 110 are located together,

such as near sensing element(s) of the input device 100. In other embodiments,

components of processing system 110 are physically separate with one or more

components close to sensing element(s) of input device 100, and one or more components

elsewhere. For example, the input device 100 may be a peripheral coupled to a desktop

computer, and the processing system 110 may comprise software configured to run on a

central processing unit of the desktop computer and one or more ICs (perhaps with

associated firmware) separate from the central processing unit. As another example, the

input device 100 may be physically integrated in a phone, and the processing system 110

may comprise circuits and firmware that are part of a main processor of the phone. In

some embodiments, the processing system 110 is dedicated to implementing the input

device 100. In other embodiments, the processing system 110 also performs other

functions, such as operating display screens, driving haptic actuators, etc.

[0045] The processing system 110 may be implemented as a set of modules that handle

different functions of the processing system 110. Each module may comprise circuitry

that is a part of the processing system 110, firmware, software, or a combination thereof.

In various embodiments, different combinations of modules may be used. Example

modules include hardware operation modules for operating hardware such as sensor

electrodes and display screens, data processing modules for processing data such as

sensor signals and positional information, and reporting modules for reporting

information. Further example modules include sensor operation modules configured to

operate sensing element(s) to detect input, identification modules configured to identify

gestures such as mode changing gestures, and mode changing modules for changing

operation modes.

[0046] In some embodiments, the processing system 110 responds to user input (or lack

of user input) in the sensing region 120 directly by causing one or more actions.



Example actions include changing operation modes, as well as graphical user interface

(GUI) actions such as cursor movement, selection, menu navigation, and other functions.

In some embodiments, the processing system 110 provides information about the input

(or lack of input) to some part of the electronic system (e.g. to a central processing

system of the electronic system that is separate from the processing system 110, if such a

separate central processing system exists). In some embodiments, some part of the

electronic system processes information received from the processing system 110 to act

on user input, such as to facilitate a full range of actions, including mode changing

actions and GUI actions. The types of actions may include, but are not limited to,

pointing, tapping, selecting, clicking, double clicking, panning, zooming, and scrolling.

Other examples of possible actions include an initiation and/or rate or speed of an action,

such as a click, scroll, zoom, or pan.

[0047] For example, in some embodiments, the processing system 110 operates the

sensing element(s) of the input device 100 to produce electrical signals indicative of input

(or lack of input) in the sensing region 120. The processing system 110 may perform any

appropriate amount of processing on the electrical signals in producing the information

provided to the electronic system. For example, the processing system 110 may digitize

analog electrical signals obtained from the sensor electrodes. As another example, the

processing system 110 may perform filtering or other signal conditioning. As yet another

example, the processing system 110 may subtract or otherwise account for a baseline,

such that the information reflects a difference between the electrical signals and the

baseline. As yet further examples, the processing system 110 may determine positional

information, recognize inputs as commands, recognize handwriting, and the like.

[0048] "Positional information" as used herein broadly encompasses absolute position,

relative position, velocity, acceleration, and other types of spatial information,

particularly regarding the presence of an input object in the sensing region. Exemplary

"zero-dimensional" positional information includes near/far or contact/no contact

information. Exemplary "one-dimensional" positional information includes positions

along an axis. Exemplary "two-dimensional" positional information includes motions in

a plane. Exemplary "three-dimensional" positional information includes instantaneous or

average velocities in space. Further examples include other representations of spatial

information. Historical data regarding one or more types of positional information may



also be determined and/or stored, including, for example, historical data that tracks

position, motion, or instantaneous velocity over time.

[0049] In some embodiments, the input device is implemented with additional input

components that are operated by the processing system or by some other processing

system. These additional input components may provide redundant functionality for

input in the sensing region 120, or some other functionality. FIG. 1 shows buttons 130

near the sensing region 120 that can be used to facilitate selection of items using the input

device 100. Other types of additional input components include sliders, balls, wheels,

switches, and the like. Conversely, in some embodiments, the input device 100 may be

implemented with no other input components.

[0050] As will be described in greater detail below, the input device 100 can also be

implemented with one or more force sensors. These force sensors can provide various

types of force information, and the processing system 110 can emulate various types of

user input based upon the force information. Furthermore, the processing system 110 can

emulate various types of user input based upon a combination the force information and

position information. The types of user input may include, but are not limited to,

pointing, tapping, selecting, clicking, double clicking, panning, zooming, and scrolling.

For example, the processing system may emulate a left-click if the force and/or position

information meets predetermined input metrics. The input metrics may be, for example,

a predetermined force range, a combination of a force range and a length of time the

input object is in contact with the input surface, a combination of a force range and a

position of the input objects in contact with the input surface, or a combination of a force

range, a length of time, and a position of the input objects in contact with the input

surface. The input metric may also depend upon the number of input objects contacting

the input surface

[0051] Likewise, the term "force information" as used herein is intended to broadly

encompass force information regardless of format. For example, the force information

can be provided for each input object as a vector or scalar quantity. As another example,

the force information can be provided as an indication that determined force has or has

not crossed a threshold amount. As other examples, the force information can also

include time history components used for gesture recognition. As will be described in

greater detail below, positional information and force information from the processing



systems may be used to facilitate a full range of interface inputs, including use of the

proximity sensor device as a pointing device for selection, cursor control, scrolling, and

other functions.

[0052] Likewise, the term "input information" as used herein is intended to broadly

encompass temporal, positional and force information regardless of format, for any

number of input objects. In some embodiments, input information may be determined for

individual input objects. In other embodiments, input information comprises the number

of input objects interacting with the input device.

[0053] In some embodiments, the input device 100 is implemented with additional

input components that are operated by the processing system 110 or by some other

processing system. These additional input components may provide redundant

functionality for input in the sensing region 120, or some other functionality. For

example, buttons (not shown) may be placed near the sensing region 120 and used to

facilitate selection of items using the input device 100. Other types of additional input

components include sliders, balls, wheels, switches, and the like. Conversely, in some

embodiments, the input device 100 may be implemented with no other input components.

[0054] In some embodiments, the electronic system 100 comprises a touch screen

interface, and the sensing region 120 overlaps at least part of an active area of a display

screen. For example, the input device 100 may comprise substantially transparent sensor

electrodes overlaying the display screen and provide a touch screen interface for the

associated electronic system. The display screen may be any type of dynamic display

capable of displaying a visual interface to a user, and may include any type of light

emitting diode (LED), organic LED (OLED), cathode ray tube (CRT), liquid crystal

display (LCD), plasma, electroluminescence (EL), or other display technology. The

input device 100 and the display screen may share physical elements. For example, some

embodiments may utilize some of the same electrical components for displaying and

sensing. As another example, the display screen may be operated in part or in total by the

processing system 110.

[0055] It should be understood that while many embodiments of the invention are

described in the context of a fully functioning apparatus, the mechanisms of the present

invention are capable of being distributed as a program product (e.g., software) in a



variety of forms. For example, the mechanisms of the present invention may be

implemented and distributed as a software program on information bearing media that are

readable by electronic processors (e.g., non-transitory computer-readable and/or

recordable/writable information bearing media readable by the processing system 110).

Additionally, the embodiments of the present invention apply equally regardless of the

particular type of medium used to carry out the distribution. Examples of non-transitory,

electronically readable media include various discs, memory sticks, memory cards,

memory modules, and the like. Electronically readable media may be based on flash,

optical, magnetic, holographic, or any other storage technology.

[0056] It should also be understood that the input device may be implemented with a

variety of different methods to determine force imparted onto the input surface of the

input device. For example, the input device may include mechanisms disposed proximate

the input surface and configured to provide an electrical signal representative of an

absolute or a change in force applied onto the input surface. In some embodiments, the

input device may be configured to determine force information based on a defection of

the input surface relative to a conductor (e.g. a display screen underlying the input

surface). In some embodiments, the input surface may be configured to deflect about one

or multiple axis. In some embodiments, the input surface may be configured to deflect in

a substantially uniform or non-uniform manner.

[0057] As described above, in some embodiments some part of the electronic system

processes information received from the processing system to determine input

information and to act on user input, such as to facilitate a full range of actions. It should

be appreciated that some uniquely input information may result in the same or different

action. For example, in some embodiments, input information for an input object

comprising, a force value F, a location X,Y and a time of contact T may result in a first

action. While input information for an input object comprising a force value F', a location

Χ ' ,Υ ' and a time of contact (where the prime values are uniquely different from the

non-prime values) may also result in the first action. Furthermore, input information for

an input object comprising a force value F, a location Χ ' ,Υ and a time of contact T' may

result in a first action. While the examples below describe actions which may be

performed based on input information comprising a specific range of values for force,

position and the like, it should be appreciated that that different input information (as



described above) may result in the same action. Furthermore, the same type of user input

may provide different functionality based on a component of the input information. For

example, different values of F, X/Y and T may result in the same type of action (e.g.

panning, zooming, etc.), that type of action may behave differently based upon said

values or other values (e.g. zooming faster, panning slower, and the like).

[0058] As noted above, the embodiments of the invention can be implemented with a

variety of different types and arrangements of capacitive sensor electrodes for detecting

force and/or positional information. To name several examples, the input device can be

implemented with electrode arrays that are formed on multiple substrate layers, typically

with the electrodes for sensing in one direction (e.g., the "X" direction) formed on a first

layer, while the electrodes for sensing in a second direction (e.g., the "Y" direction are

formed on a second layer. In other embodiments, the sensor electrodes for both the X

and Y sensing can be formed on the same layer. In yet other embodiments, the sensor

electrodes can be arranged for sensing in only one direction, e.g., in either the X or the Y

direction. In still another embodiment, the sensor electrodes can be arranged to provide

positional information in polar coordinates, such as "r" and "Θ" as one example. In these

embodiments the sensor electrodes themselves are commonly arranged in a circle or other

looped shape to provide "Θ", with the shapes of individual sensor electrodes used to

provide "r".

[0059] Also, a variety of different sensor electrode shapes can be used, including

electrodes shaped as thin lines, rectangles, diamonds, wedge, etc. Finally, a variety of

conductive materials and fabrication techniques can be used to form the sensor

electrodes. As one example, the sensor electrodes are formed by the deposition and

etching of conductive ink on a substrate.

[0060] In some embodiments, the input device is comprises a sensor device

configured to detect contact area and location of a user interacting with the device. The

input sensor device may be further configured to detect positional information about the

user, such as the position and movement of the hand and any fingers relative to an input

surface (or sensing region) of the sensor device.



[0061] In some embodiments, the input device is used as an indirect interaction

device. An indirect interaction device may control GUI actions on a display which is

separate from the input device, for example a touchpad of a laptop computer. In one

embodiment, the input device may operate as a direct interaction device. A direct

interaction device controls GUI actions on a display which underlies a proximity sensor,

for example a touch screen. There are various usability differences between indirect and

direct more which may confuse or prevent full operation of the input device. For

example, an indirect input device may be used to position a cursor over a button by

moving an input object over a proximity sensor. This is done indirectly, as the motion of

the input does not overlap the response on the display. In a similar case, a direct

interaction device may be used to position a cursor over a button by placing an input

object directly over or onto the desired button on a touch screen.

[0062] Devices and methods are provided that facilitate improved input device

performance. The devices and methods utilize a first substrate with proximity sensor

electrodes and at least one pair of force sensor electrodes disposed on the first substrate.

A second substrate is physically coupled to the first substrate, where the second substrate

comprises an electrode region and a spring element coupling an interior and exterior

region of the second substrate. The electrode region at least partially overlaps the first

force sensor electrode to define a variable capacitance between the first force sensor

electrode and the second substrate. The spring element is configured to facilitate

deflection of the electrode region relative to the first force sensor electrode to change the

variable capacitance. A measure of the variable capacitance may be calculated and used

to determine force information regarding the force biasing the input device.

[0063] In another embodiment the devices and methods utilize a first force sensor

electrode (comprising a transmitter force electrode) and receiver force electrode disposed

on a first substrate. The electrode region of the second substrate overlaps at least a

portion of the transmitter electrode and the receiver electrode to define a variable

capacitance between the transmitter electrode and the receiver electrode that changes

with the deflection of the second substrate.

[0064] In some embodiments the second substrate comprises a conductive layer that

is patterned to define the spring element and the electrode region. In other embodiments



the conductive layer may be further patterned to define an attachment component used to

couple to a casing (housing) of an electronic system.

[0065] In some embodiments a processing system is communicatively coupled to the

first force sensor electrode and is configured to determine a capacitance value of the

variable capacitance and to determine force information from the capacitance value. In

other embodiments the processing system is further communicatively coupled to the

proximity sensor electrodes and is configured to determine positional information for

objects that are in a sensing region using the proximity sensor electrodes. These

implementations offer potential advantages of sharing components between the proximity

sensor and the force sensor in the input device. Stated another way, these

implementations allow force sensing to be added to a proximity sensor with relatively

low additional cost and complexity.

[0066] In another embodiment a method of forming an input device is provided that

comprises providing a first substrate and disposing a plurality of sensor electrodes and a

first force sensor on the first substrate. A second substrate is patterned to define a spring

element and an interior and exterior region, where the spring element is configured to

facilitate deflection of the interior region relative to the exterior region. The second

substrate is physically coupled to the first substrate such that the electrode exterior region

at least partially overlaps the first force sensor electrode to define a variable capacitance

between the first force sensor electrode and the electrode component. When so coupled,

the deflection of the exterior region relative to the first force sensor electrode changes the

variable capacitance. A measure of the variable capacitance may be calculated and used

to determine force information regarding the force biasing the input device.

[0067] In another embodiment an input device is provided that comprises a plurality

of proximity sensor electrodes and a first force sensor comprising a transmitter force

sensor electrode and a receiver force sensor electrode, disposed on a substrate. A

conductive layer is patterned to define at least one attachment component, at least one

spring element, an interior and exterior region, and at least one electrode region. The

patterned conductive layer is physically coupled to the first substrate such that the

electrode region at least partially overlaps the first force sensor to define a variable

capacitance between the force sensor electrode and the electrode region. The spring



feature is configured to facilitate deflection of the electrode region relative to the force

sensor electrode to change the variable capacitance. A casing is provided that comprises

a mating feature which is configured to be coupled to the input device.

[0068] Various force enhanced input devices with a reduced vertical stack-up height

will now be described in conjunction with FIGS. 2 - 10. This reduction is facilitated by

integrating a stiffening layer with a spring mechanism configured to couple to the

housing or chassis of an electronic system (e.g., laptop, notebook, tablet). In some

embodiments, the integrated stiffener layer also includes spring elements which allow the

capacitive sensor substrate to deflect relative to the electronic system chassis in response

to a force applied to the input surface. The stiffener plate also includes conductive

electrode regions which deflect relative to the force sensing electrodes of the capacitive

sensor substrate, creating a variable capacitance used to determine the magnitude of the

applied force.

[0069] FIG. 2 is a schematic diagram 200 of a pair of force sensing electrodes 204

and 206 configured to exhibit a variable capacitance 212 as the force sensing electrodes

move in the Z direction 214 relative to a conductive region 210 of an opposing surface

208. In one embodiment, force sensing electrode 204 is a transmitter electrode and force

sensing electrode 206 is a receiver electrode, although other embodiments are

contemplated.

[0070] FIGS. 3A and 3B are cross-section views of an input device stack-up having a

pair of force sensing electrodes analogous to the force sensing electrodes shown in FIG.

2. FIGS. 3A and 3B illustrate the non-deflected and deflected states, respectively, of the

input device. The input device includes a cover layer 101, a first substrate 102, a

coupling (e.g., adhesive) layer 103, and a second substrate 104. The first substrate 102 is

also referred to herein as the circuit board layer, and may be a printed circuit board

(PCB), for example, a glass-reinforced epoxy laminate sheet such as an FR4 board, or a

polyethylene terephthalate (PET) film. Second substrate 104 includes a perimeter region

308, a spring mechanism 310, and an interior region 312. In the illustrated embodiment,

first substrate 102 is physically coupled to the interior region 312 of the second substrate

104 via the coupling layer 103. First substrate 102 includes at least one pair of force

sensing electrodes on its bottom surface, as described in greater detail below.



[0071] With continued reference to FIGS. 3A and 3B, the at least one pair of force

sensing electrodes (not shown in FIGS. 3A and 3B for clarity) may be disposed on the

bottom side of the first substrate 102 in one or more of the following locations: i) at a first

position 306 opposing the interior 312 of the second substrate 104; ii) at a second

position 304 opposing the return mechanism 301 of the second substrate 104; and iii) at a

third position 302 opposing the perimeter 308 of the second substrate 104. When a force

is imparted onto the input surface of the input device, the force sensing electrode(s) on

the first substrate 102 deflect relative to the second substrate. A measurement of the

variable capacitance (transcapacitance) between the pair of force sensing electrodes can

be used to determine force information for one or multiple objects interacting with the

input surface. Alternatively, an absolute variable capacitance may be measured between

the second substrate and either one or both of the force sensing electrodes.

[0072] FIG. 4 is an exploded view of the stack-up shown in FIGS. 3A and 3B,

showing the cover layer 101, the first substrate 102 including a plurality of proximity

sensor electrodes (not shown) and at least one pair of force sensing electrodes (also not

shown in FIG. 4 for clarity. The first substrate 102 may comprise multiple individual

layers of proximity sensor electrodes and sensor substrate(s). In some embodiments,

layers of FR4 with copper proximity/force sensor electrodes may be used. In other

embodiments, glass, PET, polyimide, etc., may be used as the sensor substrate(s) with

metal or ITO (and other conductive materials) used to form the proximity/force sensor

electrodes.

[0073] The first substrate 102 is coupled, typically using an adhesive, to the interior

region of the second substrate 104. In some embodiments, the second substrate 104 is

referred to as the "stiffener layer" such that the second substrate is configured to provide

increased rigidity to the first substrate and the input device. The coupling layer 103 has a

thickness which provides a spacing between the second substrate 104 and any force

sensor electrodes disposed on the bottom surface of the first substrate 102. In some

embodiments, the coupling layer 103 may be referred to as the "spacing layer". In some

embodiments, the coupling layer 103 is patterned to not overlap the force sensor

electrodes on the first substrate and may comprise a layer of weld/solder, an adhesive,

PSEA, tape, on one or multiple substrates, etc. In some embodiments the coupling layer

103 is disposed on the interior surface of the second substrate 104 and provides the

maximum separation between the force sensor electrodes and the second substrate.



[0074] The exterior region (also referred to herein as the perimeter region) of the

second substrate 104 is configured to physically couple with the chassis or housing of an

electronic system within which the input device operates. In such an embodiment, a

force applied to the input device causes at least a portion of the first substrate 102 to

deflect relative to the second substrate 104. Since the second substrate 104 at least

partially overlaps the force sensor electrode(s), a variable capacitance is defined between

the force sensor electrode(s) and the second substrate 104. As discussed above, a

measure of the variable capacitance may be calculated and used to determine force

information regarding the force biasing the input device.

[0075] In one embodiment, the second substrate 104 comprises electrode regions

which at least partially overlap the force sensor electrodes disposed on the first substrate

102. The second substrate 104 further comprises spring elements which are configured to

allow repeatable deflection of the interior region with respect to the exterior region.

FIGS. 5 - 7 illustrate various embodiments of the spring regions and electrode regions of

the second substrate 104.

[0076] In some embodiments the cover layer 101 is part of the first substrate 102. In

other embodiments, the cover layer can provide additional rigidity to the input device.

For example, a glass or ceramic cover layer may be configured to provide increased

rigidity to the input device. For example, a glass or ceramic cover layer may be used to

"stiffen" the complete assembly. Furthermore, the cover layer may comprise various

tactile and visual properties for a pleasing interaction for the user. In one embodiment,

the cover layer 101 comprises a glass substrate and a face sheet made from hardened PET

or polycarbonate

[0077] FIG. 5 is a top plan view of an exemplary spring plate 510 having a single

cantilever return mechanism. More particularly, spring plate 510 includes leaf springs

502, 503, 504, 512, 513, 514, 515, 516, integrated into the perimeter of the spring plate.

The perimeter and the integral leaf springs are together referred to as the return

mechanism. Holes associated with each leaf spring are used to rigidly mount the spring

plate to the electronic system housing. In this way, the interior portion of the spring plate

(surrounded by the perimeter portion) may deflect up and down with respect to the

perimeter portion in response to applied force, which may be determined based on a

variable capacitance of the force sensors.



[0078] The interior region of the spring plate, to which the sensor board (first

substrate 102) is mounted, is coplanar with the perimeter of the spring plate in the

absence of applied force (See FIG. 3A). In response to applied force (FIG. 3B), the

interior region deflects downwardly relative to the fixed perimeter. When the force

ceases, the perimeter and interior regions resume their coplanar orientation.

[0079] FIG. 6 is a perspective view of an exemplary spring plate 600 having a double

folded cantilever return mechanism. More particularly, the perimeter region of the

second substrate 104 includes attachment elements, 602 on each side and/or corner

configured to physically couple the spring plate to a casing of an electronic system. For

example, the exterior region of the stiffener layer (spring plate) may be physically

coupled with screws, rivets, in-molding, or the like to an underside of a palm rest of a

laptop computer. In one embodiment, the spring plate 600 is made from one integrated

piece of material and the interior region is configured to deflect with respect to the

exterior region. This may be accomplished by creating integrated springs between the

interior and exterior regions, such as the spring elements 604 at the four corners of the

spring plate. The spring elements (of which there may be various numbers of, and of

various design configurations) may be configured to have a desired force-displacement

function and maximum displacement distance. For example, three, four, six, eight, or

more leaf or other springs may be used. The springs can be single cantilevers as shown

in FIG. 5, double folded cantilevers as shown in FIG 6, or multiple folded cantilevers (as

shown in FIG. 7).

[0080] With continued reference to FIG. 6, one or more grounded regions (also

referred to herein as electrode regions) are located proximate to one or more of the

springs. These electrode regions correspond to the locations 308, 310, and 312 described

above in connection with FIG. 3B. Each electrode region is configured to deflect relative

to a corresponding force sensing electrode(s) disposed on the first substrate, which the

electrode regions at least partially overlap. The overlapping arrangement of the force

sensing electrode(s) and electrode regions forms the variable capacitance. Measurement

of the variable capacitance, as a result of the deflection between the force sensing

electrode(s) and the electrode regions can be used to determine force information for

multiple objects on the input surface.



[0081] The spring plate may also include reinforcing structural elements in the

interior region. The structural elements are configured to provide structural rigidity to the

second substrate and thus to the assembled input device.

[0082] FIG. 7 is a top plan view of an exemplary spring plate 700 having a multiple

folded cantilever return mechanism 702 at each corner. Spring plate 700 illustrates

alternate ground electrode placement positions, namely, a perimeter placement position

704, and an intermediate position 706 proximate the spring mechanism.

[0083] A variety of spring element configurations, along with corresponding

locations of the force sensing electrode(s) on the first substrate may be used to provide

different electrical interactions between the electrode regions of the second substrate and

the force sensing electrodes(s) disposed on the first substrate 102. Similarly, a variety of

spring element configurations and patterning of the interior and exterior regions of the

second substrate 104 which are at least partially connected by the spring elements may be

used to provide different physical interaction between the first and second substrates 102

and 104.

[0084] For example, in one arrangement (analogous to the arrangement of force

sensing electrodes corresponding to electrode region 704), a displacement of the interior

region of X millimeters results in a substantially equal displacement of X millimeters

between the electrode regions and the force sensing electrodes. In another arrangement

(analogous to the arrangement of force sensing electrodes corresponding electrode region

706), a displacement of the interior region of X millimeters results in a displacement of Y

millimeters between the force sensing electrode(s) and the electrode regions overlapped

on the second substrate (wherein: Y = (½) X; Y = (1/3) X; Y = (1/4) X; and the like). A

variety of different configurations of the spring elements along with different locations of

the force sensing electrode(s) enables a flexible design, where a deflection of the interior

region with respect to the exterior region and the electrode elements may be the same or

different. Thus, various arrangements can be ideally suited to the physical properties and

requirements of the electronic system (e.g. maximum displacement, force required for

displacement) while also allowing for an appropriate variable capacitance to be

measured.



[0085] FIG. 8 is a cross-section view of an alternate configuration of an input device

stack-up 800 including a cover layer 801, a circuit board substrate 802, and a spring plate

804, shown in the nominal position with no applied force. The stack-up 800 is shown

installed in a chassis or housing 810 of an electronic system, the underside surface of

which is designated as surface element 808. The circuit board substrate 802 includes a

pair of force sensing electrodes 806 on a top surface 805 of the circuit board substrate

802. A grounded region of the surface 808 is disposed opposite to the force sensing

electrodes 806 to form a variable capacitance therewith. The grounded region of surface

element 808 may be made from any suitable conductive material, for example, a metallic

insert or a conductive film, paint, or the like.

[0086] As a result of force applied to the input surface (cover layer) 801, the interior

region of the spring plate, to which the circuit board substrate 802 is attached, deflects

downwardly causing the force sensing electrodes 806 to deflect downwardly away from

the (grounded) underside surface 808, resulting in a change in the variable capacitance

associated with force sensing electrodes 806.

[0087] FIG. 9 is a cross-section view of the input device stack-up of FIG. 8 shown in

a deflected position resulting from applied force applied near an edge of the input

surface. FIG. 10 is a cross-section view of the input device stack-up of FIGS. 8 and 9

shown in a deflected position resulting from applied force applied near the center of the

input surface. FIGS. 9 and 10 illustrate exemplary deflections of the first substrate

(circuit board) 802 relative to the casing of the electronic system in response to a force

imparted on the edge 902 (FIG. 9) and middle 1002 (FIG. 10) of the input surface, with

both imparted forces illustrated as a "push down" element. A measurement of the

variable capacitances formed between the force sensor electrodes 806 disposed on the

first substrate 802 can be used to determine force information for objects in the sensing

region causing such a "push down", including multiple objects in the sensing region. A

deflection limiter (e.g. a stopper) may be employed to limit the maximum deflection of

the second substrate. The deflection limiter may be part of the electronic system or the

input device.



[0088] FIG. 11 is a top plan view of an input device 1100 showing a glass stiffening

layer 1101 adhered to a circuit board substrate 1102. The spring elements 1106 of the

second substrate partially overlap the casing of the electronic system. The glass

stiffening layer 1101 is coupled to the first substrate and provides the input surface for

the input device. In the illustrated embodiment, the circuit board substrate 1102

comprises a flexible circuit (e.g. PET film) on which the force sensor electrode(s) and

proximity electrode(s) are disposed. Furthermore, the flexible circuit may be extended via

a pin out tail 1108 to couple to a separate substrate (e.g., a daughter board 1112) to

connect to processing circuitry.

[0089] In various embodiments, the input device comprises a cover layer, a first

substrate (e.g., a circuit board layer), a coupling layer (e.g., adhesive), and a second

substrate (e.g., a spring plate). The cover layer may comprise a glass substrate and face

sheet with a combined thickness of 0.5- 1.2mm. The first substrate may comprise FR4 or

polyimide having a thickness of 0.3 -1.0mm. The coupling layer may comprise an

adhesive having a thickness of 0.1 -0.4mm. The second substrate may comprise an

integrated conductive material having a thickness of 0.3 -1.00mm. In these various

embodiments, the input device may comprise a total thickness of 1.3mm - 3.6mm.

[0090] In one embodiment shown in FIG. 12, the cover layer (e.g. Glass Face Sheet)

1201 has a thickness of about 1.0mm, the first substrate 1202 (e.g. FR4-PCB) has a

thickness of about 0.5mm, and the second substrate (e.g. spring plate) 1204 has a

thickness of about 0.5mm. The coupling layer 1203 between the second and first

substrate (e.g. adhesive) has a thickness of about 0.1mm.



[0091] In some embodiments, the force-enabled input device includes near-field

communication components; that is, the first substrate of the input device comprises

communication elements configured to communicate with other devices through

magnetic induction. For example, the first substrate may comprise two loop antennas for

generating a magnetic field. In such an embodiment, a conductive layer coupled to the

first substrate may interfere with the magnetic field generated by the near-field

communication. FIG. 13 is a cross-section view of an input device stack-up 1300

illustrating a ferrite layer between the first and second substrates. More particularly,

stack-up 1300 includes a first substrate 1302, a second substrate 1304, an adhesive layer

1303 therebetween, and a ferrite layer 1301 adjacent to the first substrate. The

embodiment shown in Figure 13 uses the ferrite layer to shield the conductive layer (e.g.,

all or part of the second substrate) from interfering with the magnetic field.

[0092] More generally, Figure 13 illustrates an input device comprising a ferrite layer

disposed between the first and second substrates. The ferrite lay may comprise

Manganese-zinc ferrite, Nickel-zinc ferrite, Strontium ferrite, Barium ferrite, Cobalt

ferrite, and the like. In some embodiments the ferrite layer is disposed as part of the

coupling layer which may comprise an adhesive or other materials such as plastics, etc.

Similar to that of the adhesive, the ferrite layer may be disposed in the interior region of

the second substrate and/or beneath the area of the near-field communication components

(e.g. loop antennas) disposed on the first substrate. In some embodiments, the ferrite

layer provides an additional spacing between the first and second substrate. Figure 13 is

an example of such an embodiment.

[0093] The ferrite layer may also comprise part of a spacing layer. In such

embodiments, the ferrite layer may be integrated or be formed as part of the spacing

layer, for example by removing part of the spacing layer which overlaps the near-field

communication components disposed on the first substrate. Figure 14 is an example of

such an embodiment. In particular, FIG. 14 is a cross-section view of an input device

stack-up 1400 illustrating a localized ferrite layer between the first and second substrates.



[0094] The first substrate of the input device of Figures 13 and 14 may comprise

multiple individual layers of proximity sensor electrodes, near-field communication

components and sensor substrate(s). In some embodiments, layers of FR4 with copper

proximity/force sensor electrodes may be used. In other embodiments, glass, PET,

polyimide, etc., may be used as the sensor substrate(s) with metal or ITO (and other

materials) used to form the proximity/force sensor electrodes or the near field

communication components.

[0095] FIG. 15 is a perspective view of an alternate embodiment of an input device

including a spring plate 1504 in the form of two coplanar spring plate sections 1506,

1508 separated by a distance 1503. In this way, the conductive regions 1515 of the

spring plate which form part of the variable capacitance (see FIG. 2) may be isolated

from the spring mechanism, while also yielding sufficient travel in the Z direction

(resulting from applied force) to measure a robust variable capacitance.

[0096] In the context of various embodiments described herein, it is desirable that the

input devices exhibit a high degree of stiffness. In this regard, glass has been used to

provide stiffening. However, it can be quite expensive to provide glass with appropriate

texturing and coloring for use as a touch surface. Accordingly, in an embodiment, a non-

cosmetic glass is used to provide stiffening, coupled with a relatively inexpensive

facesheet (e.g., PET/polycarbonate film) for cosmetic purposes.

[0097] FIG. 16 is a cross-section view of an input device stack-up 1600 illustrating

the use of a glass stiffener and a cosmetic facesheet. More particularly, stack-up 1600

includes a base plate 1605 (which may be omitted if desired), a spring plate 1601, a

printed circuit board (PCB) or flexible printed circuit board (FPC) layer 1602, a glass

stiffener plate 1603, and a cosmetic facesheet (e.g., mylar or a suitable cosmetic film)

1604. Respective adhesive layers 1608 may be used to adhere the various layers

together.



[0098] Those skilled in the art should appreciate that stack-up 1600 is primarily

intended to illustrate the relative arrangement of the above components. In order to also

accommodate the various force sensing techniques discussed above, it may be desirable

to either: ii) extend spring plate 1601 (and preferably a return mechanism 1606 associated

therewith) to the left or to the right in the figure; or ii) shorten the left-to-right dimension

of the circuit board layer 1602 relative to the spring plate 1602 to thereby facilitate

displacement of the circuit bord with respect to the perimeter of the spring plate

responsive to applied force.

[0099] An input device is thus provided for an electronic system having a housing,

the input device including an input surface and a first substrate including: a first

plurality of sensor electrodes configured to sense input objects proximate the input

surface; and at least one pair of force sensing electrodes disposed on the bottom side of

the first substrate. The input device further includes a second substrate having a planar

spring plate including a perimeter region surrounding an interior region, the perimeter

region including a return mechanism configured to be physically coupled to the housing,

and a spacing layer disposed between and configured to physically couple the interior

region of the second substrate and the first substrate, wherein a force applied to the input

surface results in a deflection of the first substrate and the interior region of the second

substrate relative to the perimeter region if the second substrate, changing a variable

capacitance formed between the at least one pair of force sensing electrodes.

[00100] In an embodiment, the second substrate includes at least one conductive

region, wherein the variable capacitance is formed between the at least one conductive

region and the pair of force sensing electrodes. The at least one conductive region may

be disposed on the perimeter if the spring plate or on the return mechanism of the spring

plate.

[00101] In accordance with various embodiments, the planar spring plate may be in

the form of a continuous sheet of metal, and the return mechanism may be in the form of

a plurality of leaf springs, wherein each of the plurality of leaf springs may comprise a

single fold cantilever design or a multiple folded cantilever design.



[00102] In an embodiment, the second substrate is substantially rectangular and the

return mechanism comprises four planar leaf springs disposed on four corners of the

second substrate, respectively. Moreover, the first may include a microelectronic

component and the spacing layer may include an aperture substantially aligned with the

microelectronic component.

[00103] In an embodiment, the spacer layer comprises a conductive via configured to

ohmically couple the at least one conductive portion of second substrate to a conductive

portion of the first substrate.

[00104] In a further embodiment, the at least one pair of force sensing electrodes

comprises a first force sensing electrode configured to transmit a sensing signal and a

second force sensing electrode configured to receive a resulting signal, wherein the

variable capacitance comprises a transcapacitive coupling between the first and second

force sensor electrode.

[00105] In another embodiment, the input surface is glass, and the first substrate

comprises one of a printed circuit board (PCB) and a polyethylene terephthalate (PET)

film.

[00106] In another embodiment, the input device further includes a third substrate

coplanar with the second substrate, the third substrate also comprising a planar spring

plate including a perimeter region surrounding an interior region, the third substrate also

physically coupled to the first substrate; wherein the second and third substrates are

configured such that a force applied to the input surface results in a deflection of

respective interior regions of the second and third substrates relative to respective

perimeter regions of the second and third substrates to thereby change a first variable

capacitance formed between the second substrate and a first pair of force sensing

electrodes, and a second variable capacitance formed between the third substrate and a

second pair of force sensing electrodes.

[00107] In yet a further embodiment, the first substrate comprises a conductive coil

configured for near-field communication, and a ferrite material is disposed between the

first substrate and the second substrate which substantially overlaps the conductive coil.



[00108] In another embodiment, a processing system is communicatively coupled to

and configured to operate the first plurality of sensor electrodes to determine positional

information for input objects proximate the input surface. The processing system is

further configured to operate the at least one pair of force sensing electrodes to determine

force information for the input objects based on a change in the variable capacitance.

[00109] The processing system may also be configured to determine respective

individual forces applied by multiple objects to the input surface based on the positional

information and the force information.

[00110] In another embodiment, the input surface comprises an untreated glass

stiffener layer overlaid with a cosmetic mylar face sheet.

[00111] An input device is provided for an electronic system having a housing, the

input device comprising an input surface and a first substrate including: a first

plurality of sensor electrodes configured to sense input objects proximate the input

surface; and at least one force sensing electrode disposed on the top surface of the first

substrate. The input device also includes a second substrate having a planar spring plate

including a perimeter region surrounding an interior region, the interior region configured

to be physically coupled to the first substrate with a spacing layer disposed between the

interior region of the second substrate and the first substrate, the perimeter region

including a return mechanism configured to be coupled to the housing. A force applied

to the input surface results in a deflection of the interior region relative to the perimeter

region to thereby change a variable capacitance formed between the at least one force

sensing electrode and a conductive region of the housing.

[00112] A processing system is communicatively coupled to and configured to operate

the first plurality of sensor electrodes to determine positional information for input

objects proximate the input surface, the processing system further configured to operate

the at least one force sensing electrode to determine force information for the input

objects based on a change in the variable capacitance.



[00113] An input device is also provided for an electronic system having a housing

which includes a conductive region, the input device comprising an input surface and a

first substrate including: a first plurality of sensor electrodes configured to sense input

objects proximate the input surface; a pair of transcapacitive force sensing electrodes

disposed on the bottom side of the first substrate; and a conductive coil configured for

near field communication. The input device also includes a second substrate including a

planar spring plate including a perimeter region surrounding an interior region, the

interior region configured to be mechanically coupled to the first substrate with a spacing

layer disposed between the interior region and the first substrate, the perimeter region

including a return mechanism configured to be coupled to the housing, wherein a ferrite

material is disposed between the first substrate and the second substrate which

substantially overlaps the conductive coil.

[00114] In an embodiment, a force applied to the input surface results in a deflection

of the interior region relative to the perimeter region to thereby change a variable

capacitance formed between the second substrate and the pair of transcapacitive force

sensing electrodes.

[00115] Thus, the embodiments and examples set forth herein were presented in order

to best explain the present invention and its particular application and to thereby enable

those skilled in the art to make and use the invention. However, those skilled in the art

will recognize that the foregoing description and examples have been presented for the

purposes of illustration and example only. The description as set forth is not intended to

be exhaustive or to limit the invention to the precise form disclosed. Other embodiments,

uses, and advantages of the invention will be apparent to those skilled in art from the

specification and the practice of the disclosed invention.



CLAIMS

What is claimed is:

1. An input device for an electronic system having a housing, the input

device comprising:

an input surface;

a first substrate including:

a first plurality of sensor electrodes configured to sense input

objects proximate the input surface; and

at least one pair of force sensing electrodes disposed on a bottom

side of the first substrate; and

a second substrate including a planar spring plate including a perimeter

region surrounding an interior region, the perimeter region including a return

mechanism configured to be physically coupled to the housing; and

a spacing layer disposed between and configured to physically couple the

interior region of the second substrate and the first substrate;

wherein a force applied to the input surface results in a deflection of the

first substrate and the interior region of the second substrate relative to the

perimeter region if the second substrate, changing a variable capacitance formed

between the at least one pair of force sensing electrodes.

2. The input device of claim 1, wherein the second substrate includes at least

one conductive region, and further wherein the variable capacitance is formed

between the at least one conductive region and the pair of force sensing

electrodes.

3. The input device of claim 1, wherein the at least one conductive region is

disposed on one of the perimeter of the spring plate and the return mechanism of

the spring plate.

4. The input device of claim 1, wherein the return mechanism comprises a

plurality of leaf springs.



5. The input device of claim 4, wherein each of the plurality of leaf springs

comprises a single fold cantilever design.

6. The input device of claim 4, wherein each of the plurality of leaf springs

comprises a multiple folded cantilever design.

7. The input device of claim 1, wherein the planar spring plate comprises a

continuous sheet of metal.

8. The input device of claim 1, wherein the second substrate is substantially

rectangular and the return mechanism comprises four planar leaf springs disposed

on four corners of the second substrate, respectively.

9. The input device of claim 1, wherein the first substrate further includes a

microelectronic component and the spacing layer includes an aperture

substantially aligned with the microelectronic component.

10. The input device of claim 2, wherein the spacer layer comprises a

conductive via configured to ohmically couple the at least one conductive portion

of the second substrate to a conductive portion of the first substrate.

11. The input device of claim 1, wherein the at least one pair of force sensing

electrodes comprises a first force sensing electrode configured to transmit a

sensing signal and a second force sensing electrode configured to receive a

resulting signal, wherein the variable capacitance comprises a trans-capacitive

coupling between the first and second force sensor electrodes.

12. The input device of claim 1, wherein the input surface is glass, and the

first substrate comprises one of a printed circuit board (PCB) and a polyethylene

terephthalate (PET) film.

13. The input device of claim 1, further comprising a third substrate coplanar

with the second substrate, the third substrate also comprising a planar spring plate



including a perimeter region surrounding an interior region, the third substrate

also physically coupled to the first substrate;

wherein the second and third substrates are configured such that a force

applied to the input surface results in a deflection of respective interior regions of

the second and third substrates relative to respective perimeter regions of the

second and third substrates to thereby change a first variable capacitance formed

between the second substrate and a first pair of force sensing electrodes, and a

second variable capacitance formed between the third substrate and a second pair

of force sensing electrodes.

14. The input device of claim 1, wherein the first substrate further comprises a

conductive coil configured for near-field communication, and wherein a ferrite

material is disposed between the first substrate and the second substrate which

substantially overlaps the conductive coil.

15. The input device of claim 1, further comprising a processing system

communicatively coupled to and configured to operate the first plurality of sensor

electrodes to determine positional information for input objects proximate the

input surface, the processing system further configured to operate the at least one

pair of force sensing electrodes to determine force information for the input

objects based on the variable capacitance.

16. The input device of claim 15, wherein the processing system is further

configured to determine respective individual forces applied by multiple objects

to the input surface based on the positional information and the force information.

17. The input device of claim 1, wherein the input surface comprises an

untreated glass stiffener layer overlaid with a cosmetic mylar face sheet.

18. An input device for an electronic system having a housing, the input

device comprising:

an input surface;

a first substrate including:



a first plurality of sensor electrodes configured to sense input

objects proximate the input surface; and

at least one force sensing electrode disposed on a top surface of the

first substrate; and

a second substrate including a planar spring plate including a perimeter

region surrounding an interior region, the interior region configured to be

physically coupled to the first substrate with a spacing layer disposed between the

interior region of the second substrate and the first substrate, the perimeter region

including a return mechanism configured to be coupled to the housing;

wherein a force applied to the input surface results in a deflection of the

interior region relative to the perimeter region to thereby change a variable

capacitance formed between the at least one force sensing electrode and a

conductive region of the housing.

19. The input device of claim 18, further comprising a processing system

communicatively coupled to and configured to operate the first plurality of sensor

electrodes to determine positional information for the input objects proximate the

input surface, the processing system further configured to operate the at least one

force sensing electrode to determine force information for the input objects based

on a change in the variable capacitance.

20. An input device for an electronic system having a housing which includes

a conductive region, the input device comprising:

an input surface;

a first substrate including:

a first plurality of sensor electrodes configured to sense input

objects proximate the input surface;

a pair of transcapacitive force sensing electrodes disposed on the

bottom side of the first substrate; and

a conductive coil configured for near field communication; and

a second substrate including a planar spring plate including a perimeter

region surrounding an interior region, the interior region configured to be

mechanically coupled to the first substrate with a spacing layer disposed between

the interior region and the first substrate, the perimeter region including a return



mechanism configured to be coupled to the housing, wherein a ferrite material is

disposed between the first substrate and the second substrate which substantially

overlaps the conductive coil;

wherein a force applied to the input surface results in a deflection of the

interior region relative to the perimeter region to thereby change a variable

capacitance formed between the second substrate and the pair of transcapacitive

force sensing electrodes.























INTERNATIONAL SEARCH REPORT International application No.

PCT/US2013/042291
A. CLASSIFICATION OF SUBJECT MATTER

G06F 3/044(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G06F 3/044; G06F 19/00; G06F 3/045

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: input device, force, position, electrode, spring plate, substrate, touch, sense

DOCUMENTS CONSD3ERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2011-0278078 Al (RICHARD R. SCHEDIWY e t a . ) 17 November 2011 1 , 4 , 8 , 11-12 , 15-16
See paragraphs [0001] , [0006] - [0008] , [0016]- [0020] , [0029] , [0032]
[0037H0043] , [0047] , [0055] , [0060H0062] , [0067H0072] , [0086]
and f igures 1 , 3-4 , 10 , 12 , 14 .

2-3 , 5-7, 9-10 , 13-14
, 17-20

US 2011-0227872 Al (ANDREW P . HUSKA e t a l . ) 22 September 2011 1 , 4 , 8 , 11-12 , 15-16
See paragraphs [0009] , [0061] - [0070] , [0087] , [0157] , [0164] ; c l aim 1 ;
and f igures 5-9 .

US 2011-0141053 Al (MIHAI M. BULEA e t a l . ) 16 June 2011 1-20
See paragraphs [0001] , [0014] - [0044] , [0064]- [0067] ; and f igures 1-3 ,

US 2012-0120017 Al (PATRICK WORFOLF e t a . ) 17 May 2012 1-20
See paragraphs [0001] , [0006] - [0008] , [0019]- [0067] ; and f igures 1-4.

US 2010-0253645 Al (ROBERT J . BOLENDER) 07 October 2010 1-20
See paragraphs [0001] , [0006] , [0018H0048] ; and f igures 1-2 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts o priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

04 September 2013 (04.09.2013) 04 September 2013 (04.09.2013)

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office

- Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, LEE Dong Yun t W

« 302 7 0 1 ' Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8734

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2013/042291

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011-0278078 Al 17/11/2011 WO 2011-142981 A2 17/11/2011
WO 2011-142981 A3 05/04/2012

US 2011-0227872 Al 22/09/2011 US 2012-327025 Al 27/12/2012

US 2011-0141053 Al 16/06/2011 CN 102652300 A 29/08/2012
EP 2513756 A2 24/10/2012
JP 2013-513870 A 22/04/2013

10-2012-0094953 A 27/08/2012
WO 2011-081882 A2 07/07/2011
W0 2011-081882 A3 27/10/2011

US 2012-0120017 Al 17/05/2012 W0 2012-067773 Al 24/05/2012

US 2010-0253645 Al 07/10/2010 W0 2010-115131 A2 07/10/2010
WO 2010-115131 A3 20/01/2011

Form PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

