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RESISTIVE FORCE SENSOR
WITH CAPACITIVE DISCRIMINATION

Field of the Disclosure

[0001] The disclosure of the present application relates to input mechanisms, and more

particularly, to sensing input through the use of force and proximity sensors.

Background

[0002] Virtually every consumer product device on the market has some form of input
mechanism that allows a user to interact with the device. One of the most common input
mechanisms is the button, which when pressed by a user causes the device to change a state
associated with the button. The button may take many forms, from a mechanical push button,
such as a rubber knob commonly found on TV remote controls and calculators, to a virtual
button, such as a graphical user interface input area displayed on a flat and/or rigid touch-

sensitive surface commonly found on ATMs and some handheld computing devices.

[0003] Irrespective of the form, the button is usually associated with two states —
“pressed” or “not pressed”. Pressing or selecting a button changes the “not pressed” state to
“pressed”, causing the “pressed” state to be activated. Releasing the button changes the
“pressed” state back to “not pressed”, causing the “pressed” state to be deactivated. In this

sense, the button allows a user to define the state of input into the device.

[0004] For example, when a device is powered off and a user presses the power button,
the button press activates the power button’s “pressed” state, which triggers the device to
power on. When the user releases the button, the button release deactivates the “pressed”
state, usually to no effect. In a different example, when a user presses a horn on a car (which
can be considered a large button), the horn press activates the horn’s “pressed” state,
triggering the car to sound the horn. When the user releases the horn, the horn release

deactivates the “pressed” state, triggering the car to stop sounding the horn.

[0005] The mechanism behind the operation of many buttons is a force sensor. When a
user presses a button, a force sensor detects the force being applied to the button from the
user’s finger, hand or other object. When the output of the sensor indicates that the force
exceeds a threshold amount (e.g., a strong enough press of the user’s finger to indicate the
user is intending to press the button), the “pressed” state of the button is activated, triggering

an action to be taken by the device due to the button being pressed.
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[0006] Thus, in order for the button to work properly, it is important that the button’s
sensor output be interpreted correctly to indicate that the button has been pressed or released.
An incorrect interpretation of the button’s sensor output can result in a phantom button press

or release, which can trigger an unintended action with potentially damaging consequences.

Summary

[0007] In order to correctly interpret whether a user is pressing a button of a device,
methods of the present disclosure can detect both the force applied to the button area as well

as the proximity of a user’s finger to the button area.

[0008] In this manner, proximity detection can be used to verify that a detected force is
actually caused by an intended press of a button and not some other effect, such as

temperature change or a stuck button, for example.

[0009] For instance, when in certain situations a temperature change causes a force
sensor to indicate a force being applied to a button, the combination of proximity detection
with force detection can prevent the temperature change from being confused for a user’s

button press if the proximity sensor indicates that no finger is in the button area.

[0010] Similarly, when in certain situations a stuck button causes a force sensor to
indicate a force being applied to a button, the combination of proximity detection with force
detection can prevent the stuck button from being confused for a user continuing to hold

down a button if the proximity sensor indicates that the user’s finger has left the button area.

[0011] In addition to resolving these signal conditioning issues, the present disclosure
teaches that the same physical sensor can be utilized to switch back and forth between force
detection and proximity detection, since the same sensor element can be directed to detect
both resistance (to indicate applied force) and capacitance (to indicate proximity of a user’s

finger).

[0012] The use of a single sensor device to accomplish both force and proximity sensing
can be advantageous from an implementation and a cost standpoint. From an implementation
standpoint, it can be beneficial to have dual-sensing ability in one physical sensor because it
ensures that the same input area can be detected for force and proximity. From a cost
standpoint, it is less expensive to use one physical sensor for detecting both force and
proximity, rather than two sensors whereby one is used for detecting only force and the other

for detecting only proximity.
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[0013] Further, the present disclosure teaches the ability of a device to programmatically
change threshold amounts of the force and/or proximity output required in order to activate an
input state of a button. For example, if the device can alter the level of force required to
activate a button’s “pressed” state, and/or the level of proximity of a finger to the button area
to activate the button’s “pressed” state, the effective size of the button area can be changed

without changing the physical sensor associated with the button.

[0014] Such an ability could allow a user to resize a virtual button displayed on a device

surface by merely adjusting the sensor threshold parameters via software control.

Brief Description of the Drawings

[0015] FIG. 1 is a graph of an example of idealized force sensor output and

corresponding button input state.

[0016] FIG. 2 is a graph of an example of force sensor output with a drifting baseline and

corresponding button input state.

[0017] FIG. 3 is a graph of an example of force sensor output subject to hysteresis and

corresponding button input state.

[0018] FIG. 4 is a diagram of an example of switching sensor operation modes.

[0019] FIG. 5 is a flow chart of an example of an algorithm for activating a button input
state.

[0020] FIG. 6 is a flow chart of an example of an algorithm utilizing proximity detection

for deactivating a button input state.

[0021] FIG. 7 is a flow chart of an example of an algorithm utilizing force detection for

deactivating a button input state.

[0022] FIG. 8 is a flow chart of an example of an algorithm that accounts for baseline

drift and hysteresis.

[0023] FIG. 9 is a graph of an example of force sensor output and corresponding button

input state that accounts for baseline drift and hysteresis.

[0024] FIG. 10 is a flow chart of an example of a button resizing and input state

activation algorithm.
[0025] FIG. 11 is a diagram of an example of a housing.

[0026] FIG. 12 is a diagram of an example of a sensor configuration.



WO 2009/012183 PCT/US2008/069890

10

15

20

25

30

[0027] FIG. 13 is a diagram of another example of a sensor configuration.
[0028] FIGS. 14a and 14b are diagrams of examples of sensor contact configurations.

[0029] FIG. 15 is a diagram of an example of a device.

Detailed Description

[0030] The present disclosure teaches the use of resistive force detection in combination
with capacitive proximity detection in order to implement a button, for example. The
resistive force detection and capacitive proximity detection may work through a rigid cover or
housing, including glass, for example. The same physical sensor element may be used for

both resistive force detection and capacitive proximity detection.

[0031] The resistive force sensor can be used to detect force applied by a user’s finger to
an input area of a device. To address situations in which the force sensor output changes due
to unintended effects, such as, for example, temperature changes, a stuck button or even a
user applying force to the device but not directly over the force sensor area, the capacitive
proximity sensor can be used to detect the proximity of the user’s finger to the input area in

order to confirm the finger press.

[0032] Temperature change and sticking buttons relate to signal conditioning issues
referred to as baseline drift and hysteresis, respectively. These issues make it difficult to
properly interpret the sensor’s output signal as clearly indicating either the “pressed” or “not

pressed” state.

[0033] Baseline drift occurs when factors other than a user pressing a button, such as
changes in temperature, cause the sensor to output a signal indicating that a user pressed the
button. In this situation, the simple act of placing a cell phone or portable music player in the
sun or near a hot appliance could cause the sensor’s output to indicate that a button has been

pressed.

[0034] Hysteresis occurs when a button “sticks”, or fails to return completely to its
original position, after being pressed. In this situation, because the “stuck” button is still
exerting a force on the sensor, the sensor output may incorrectly indicate that the user is

continuing to press the button.

[0035] In an effort to better illustrate these issues, a basic description of the workings of
a force sensor is warranted. In a basic sense, a force sensor usually works by detecting the
resistance of a sensor element, and outputting a signal indicating the level of the detected

resistance. A sensor element usually includes two contacts positioned closely together - but



WO 2009/012183 PCT/US2008/069890

10

15

20

25

30

not touching - while at rest, as shown in FIG. 14a and 14b for example. When a force is
applied to the contacts, they are pushed closer together causing the contact resistance between
them to be reduced. As a force being applied to the sensor element increases, the resistance

between the contacts decreases.

[0036] Thus, when a force sensor detects a drop in resistance of the sensor element, the
drop is interpreted as a force being applied to the sensor. The greater the drop in resistance,

the greater the level of force interpreted as being applied to the sensor.

[0037] In order to detect a drop in resistance, a baseline resistance is usually established
from which to measure any subsequent drop. The baseline resistance is the level of resistance
detected in the sensor element when at rest — i.e., when no intended force is being applied to

the sensor.

[0038] To illustrate these issues graphically, FIG. 1 shows an example of ideal force
sensor output that is not affected by baseline drift or hysteresis as a user presses and releases a

button.

[0039] Although a force sensor output indicates a level of resistance, force sensor output
plot 100 plots the sensor output in terms of conductance over time for better presentation
purposes. Conductance is the inverse of resistance (depicted as 1/R), and enables the
resistance output to be plotted with an increasing, rather than a decreasing, slope in relation to

an increasing force being applied to the sensor (and vice-versa).

[0040] In an ideal situation, plot 100 shows that the force sensor only provides an output
above baseline 130 when the user is pressing the button beginning at point 140. When the
user releases the user’s finger from the button at point 160, the output returns to baseline 130.
In such a situation, a simple threshold algorithm can be utilized to interpret the button press —
when the output exceeds a threshold amount of resistance, the button is considered pressed;

when the output falls below the threshold amount, the button is considered released.

[0041] As shown in plot 100, the “pressed” state of the button is activated at point 150,
which is when the force of the finger press exceeds the threshold amount of resistance
depicted by activation threshold 120. When the output falls below activation threshold 120 at
point 170, the “pressed” state of the button is deactivated, indicating that the button has been

released by the user. In a real application, the output is never this clean.

[0042] FIG. 2 shows an example of force sensor output that is affected by baseline drift.
In this example the user does not press the button, so the sensor output should be considered
at baseline at every point. In plot 200, other factors such as temperature change cause the

output to drift, leading to drifting baseline 130.



WO 2009/012183 PCT/US2008/069890

10

15

20

25

30

[0043] Once the output (and hence drifting baseline 130) drifts from starting baseline
220 and exceeds activation threshold 120 at point 150, the “pressed” state of the button is
activated. As shown in plot 210, the output is interpreted as if a user is continuing to press the

button after point 150.

[0044] Thus, the simple threshold algorithm is impractical to implement in a baseline

drift situation.

[0045] FIG. 3 shows an example of a force sensor output that is affected by hysteresis.
In plot 300, the sensor output is correctly interpreted as the button being pressed when it
exceeds activation point 150. However, when the user releases the button at point 160, the
button becomes partially stuck and continues to exert a force on the sensor element, leading to

a new baseline above activation threshold 120.

[0046] In this situation under the simple threshold algorithm, because the output did not
fall back below activation threshold 120, the “pressed” state remains activated as illustrated in

corresponding plot 310.

[0047] Thus, the simple threshold algorithm is also impractical to implement in a

hysteresis situation.

[0048] Although some algorithms more complex than the simple threshold algorithm,
such as a re-baseline algorithm and derivative algorithm, may attempt to interpret force sensor
output properly for switch-like operation in light of baseline drift and hysteresis, each
possesses drawbacks that hinder their ability to appropriately compensate for these signal

conditioning issues.

[0049] The re-baseline algorithm adjusts the baseline (or “re-baselines”) to match the
current output level at a specified time interval. Unfortunately, this algorithm depends on
picking the correct time interval at which to re-baseline. If the algorithm re-baselines too
quickly, it will miss button pushes because it will re-baseline to the force applied by the user’s
finger. If it re-baselines too slowly, it will allow accidental button pushes because it will not
catch the baseline drift in time. In some cases, there is no appropriate “happy medium”

interval.

[0050] The derivative algorithm relies on the derivative of the sensor output. In other
words, it looks not at the change in output at discrete intervals in time (as in the re-baseline
algorithm), but rather at how quickly the output changes over a short period of time. It
therefore requires the user to press quickly on the button in order for the force to be
interpreted as a button press. If the user presses slowly by holding a finger over the button

and gradually applying force, the button push could be missed all together.
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[0051] Accordingly, the use of resistive force detection in combination with capacitive
proximity detection can overcome these signal conditioning issues when implementing a

button, for example.

[0052] FIG. 4 shows an example of a controller that can switch the operation of a sensor
between two distinct operation modes — a force detection mode for providing output
responsive to a force applied by an object, and a proximity detection mode for providing

output responsive to a proximity of the object.

[0053] In step 420, controller 400 can switch sensor 410 into force detection mode by
directing sensor 410 to detect resistance between its sensor contacts. While in force detection
mode in step 430, sensor 410 can output a signal indicating the level of detected resistance
which may be interpreted by controller 400 as a level of force being applied to sensor 410. In
step 440, controller 400 can switch sensor 410 into proximity detection mode by directing
sensor 410 to detect capacitance of the sensor element instead of resistance. While in
proximity detection mode in step 450, sensor 410 can output a signal indicating the level of
detected capacitance which may be interpreted by controller 400 as a level of proximity of an
object to sensor 410. As indicated by the bent arrows, switching between the two sensor

operation modes may occur in an alternating fashion.

[0054] Controller 400 can switch back and forth between detection modes using, for
example, a copper pattern shape as a force sensor element for part of the time and as a
capacitive sensor element for part of the time. Controller 400 can be programmed or
instructed to direct sensor 410 to alternate between resistive force detection and capacitive
proximity detection every 25 milliseconds or less, for example, so that a time lag would not
be evident to a user between pressing the button and the device identifying the press as a

button press (i.e., activating the “pressed” state of the button).

[0055] In an another method of the present disclosure, at specified intervals controller
400 may receive only resistive force detection output from one sensor and only capacitive
proximity detection output from a different sensor situated in close proximity to the first

Sensor.

[0056] FIG. 5 depicts an example of an algorithm for activating a button input state. In
this example, at step 500 a processor (such as controller 400) may recurringly receive force
and proximity output from one or more sensors corresponding to an input area of a housing.
At step 510 the processor can determine whether the proximity output exceeds a threshold
amount of proximity, and at step 520, whether the force output exceeds a threshold amount of

force. If the processor determines that the threshold amounts of force and proximity have
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been exceeded, at step 530 the processor may activate a “pressed” input state indicating a

button press on the input area of the housing.

[0057] FIG. 6 depicts an example of an algorithm utilizing proximity detection for
deactivating a button input state. In this example, a processor can determine whether the
proximity output exceeds a threshold amount of proximity at step 600, and whether the force
output exceeds a threshold amount of force at step 610, in order to activate the “pressed”
input state at step 620. Once the state has been activated, it may remain activated until the
proximity output falls below the threshold amount of proximity at step 630, at which time the
processor can deactivate the “pressed” state at step 640, indicating user release of the button.
This can be advantageous in situations in which a user removes a finger from the input area

but the button continues to apply a force due to sticking, for example.

[0058] FIG. 7 depicts an example of an algorithm utilizing force detection for
deactivating a button input state. In this example, a processor can determine whether the
proximity output exceeds a threshold amount of proximity at step 700, and whether the force
output exceeds a threshold amount of force at step 710, in order to activate the “pressed”
input state at step 720. Once the state has been activated, it may remain activated until the
force output falls below the threshold amount of force at step 730, at which time the processor
can deactivate the “pressed” state at step 740. This can be advantageous in situations in
which it is less likely that a button will stick, and more likely that a user would intend to
release a button by lightening up on the force applied to the button without moving away

from the button, for example.

[0059] FIG. 8, in combination with plot 900 of FIG. 9, depicts an example of an
algorithm that accounts for baseline drift and hysteresis. In this example, a processor can
continually or intermittently adjust force output baseline 920 to match detected force output

levels when auser’s body patt, such as a finger, is not near the sensor area.

[0060] At step 800 the processor can determine if the proximity output exceeds a
threshold amount of proximity, indicating proximity of a finger to the sensor area. When the
threshold amount of proximity is exceeded at point 940, the processor can disable the
adjusting baseline functionality by switching to static baseline 930 mode at step 810. At this
point, the processor can continue to determine, without adjusting for baseline drift, whether
the proximity and force output exceed the threshold amounts of proximity and force,

respectively, at steps 820 and 830, in order to activate the “pressed” button state at step 840.

[0061] If the proximity output falls below the threshold amount of proximity (e.g.,

indicating the finger moved away) at step 820 , which occurs prior to the “pressed” state
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being activated, the processor can simply switch back to adjusting baseline 920 mode at step
870. If the proximity output falls below the threshold amount of proximity at step 850 and
points 160 and 950, which occur after the “pressed” state has been activated, the processor
can deactivate the “pressed” state at step 860 and switch back to adjusting baseline 920 mode
at step 870. As plot 910 illustrates, the button state is correctly activated and deactivated in

light of the baseline drift and hysteresis factors.

[0062] Of course, in step 850 force output could be utilized instead of proximity output
to determine whether to deactivate the switch, similar to step 730, or a combination of both a

force output and proximity output may be utilized, for example.

[0063] FIG. 10 depicts an example of a button resizing and input state activation
algorithm. In this example, as above, a processor can receive force and proximity sensor
output at step 1020 to determine whether the threshold amounts have been exceeded at steps
1030 and 1040 for activating the “pressed” button state at step 1050. However, in this
example, the processor may also receive at step 1000 a request to resize the button input area

to be pressed by a user in order to activate the “pressed” button state.

[0064] This request could be generated by a user via a user interface associated with the
device. Upon receiving the request, at step 1010 the processor may adjust the force and/or
proximity thresholds accordingly in order to change the physical detection coverage for a

virtual button displayed on an input area of the device.

[0065] FIG. 11 depicts an example of a housing. In this example, the housing may
comprise a device including touch screen display area 1100, cover 1110 fabricated from a
rigid material such as glass, for example, and input area 1120 where a user may press in order
to activate a “pressed” state of a virtual button. Examples of the housing may include
portable music players, mobile communications devices and other handheld computing

devices.

[0066] FIG. 12 depicts an example of a sensor configuration. In this example, a hybrid
force/proximity sensor may include deformable material 1210, such as, for example, rubber
that is doped with carbon to make the rubber slightly conductive (although somewhat less
conductive than a piece of metal is an embodiment). Pattern 1230 on printed circuit board
(“PCB”) 1220 may be disposed underneath rubber element 1210. FIGS. 14a and 14b depicts

exemplary pattern configurations.

[0067] If rubber 1210 is compressed onto PCB 1220 pattern 1230, then the contact
resistance between the two halves of the pattern can be reduced. The change in resistance

caused by this force may be measured by, for example, a processor. Adhesive 1240 may be
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included to allow doped rubber 1210 to actually push harder on PCB 1220 pattern 1230, with
adhesive 1240 compressing slightly when the user pushes their finger directly on the input
area 1120 of the cover 1110.

[0068] Cover 1110 may be adhered to frame 1200, which has a small hole. PCB 1220
may be stuck to the bottom of frame 1200 and have pattern 1230 on it.

[0069] FIG. 13 depicts an example of a sensor configuration without the hole in the
frame. This example is similar to that of FIG. 12, except instead of having a hole drilled all
the way through frame 1200, a small indentation may be carved out of frame 1200 in which
the circuit 1300 (which may be flexible) and deformable material 1210 may be inserted.
Conductive paint 1310 may be applied between cover 1110 and circuit 1300.

[0070] FIG. 15 depicts an example of a device. In this example, the device may include

processor 1500, memory 1510, controller 400 and sensor 410.

[0071] Controller 400 may provide the necessary drive and detection circuitry to obtain
force and proximity output from sensor 410. Controller 400 can process the received force
and proximity output to determine whether input area 1120 was pressed or released by a user
with the intent to activate or deactivate the “pressed” state of a button. In order to activate or
deactivate the “pressed” state, controller 400 can send a signal indicating such activation or
deactivation to processor 1500 (e.g., a central processor responsible for running the device),
which may trigger the appropriate programming functionality to react to the indicated button

press or release.

[0072] Memory 1510 may include, for example, one or more of the following types of
storage media: magnetic disks; optical media; and semiconductor memory devices such as
static and dynamic random access memory (RAM), Electrically Programmable Read-Only
Memory ("EPROM"), Electrically Erasable Programmable Read-Only Memory
("EEPROM"), Programmable Gate Arrays and flash devices.

[0073] The processing functionality described herein may be performed by a processor
located on the sensor board itself, controller 400 or the central processor responsible for

running the device, for example.

[0074] Although the claimed subject matter has been fully described in connection with
examples thereof with reference to the accompanying drawings, it is to be noted that various
changes and modifications will become apparent to those skilled in the art. Such changes and
modifications are to be understood as being included within the scope of the present

disclosure as defined by the appended claims.

-10-
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What Is Claimed Is:

A method, comprising:
switching operation of a sensor between a first operation mode and a second
operation mode, wherein
when operating in the first operation mode, the sensor provides a first
output responsive to a force applied by an object, and
when operating in the second operation mode, the sensor provides a

second output responsive to a proximity of the object.

The method of claim 1, further comprising

receiving the first output when the sensor is operating in the first operation
mode, and

receiving the second output when the sensor is operating in the second

operation mode.

The method of claim 2, further comprising
activating an input state based on changes in the first and second received

outputs.

The method of claim 3, wherein the activation of the input state indicates that a user

has pressed an input area of a device.

The method of claim 1, wherein the object is a finger.

A method, comprising:
directing a sensor to detect resistance and capacitance in an alternating
fashion,
the resistance indicating a force being applied to an input area of a
device, and
the capacitance indicating a proximity of a body part to the input area
of the device; and
utilizing the detected resistance and capacitance to determine whether the

body part has pressed the input area of the device.

The method of claim 6, wherein the sensor alternates between resistance detection

and capacitance detection every 25 milliseconds or less.

11-
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10.

11.

12.

13.

14.

The method of claim 6, wherein the utilizing of the detected resistance and
capacitance comprises

determining whether the detected resistance exceeds a threshold amount of
resistance, and

determining whether the detected capacitance exceeds a threshold amount of

capacitance.

The method of claim 8, further comprising
if the threshold amounts of resistance and capacitance are determined to have
been exceeded, activating a state indicating the body part has pressed the input area of

the device.

The method of claim 9, further comprising
deactivating the state if the state is activated and a subsequently detected

capacitance falls below the threshold amount of capacitance.

The method of claim 9, further comprising
deactivating the state if the state is activated and a subsequently detected

resistance falls below the threshold amount of resistance.

The method of claim 8, further comprising
receiving a request to resize the input area of the device; and
adjusting the threshold amount of capacitance in response to the resize

request.

The method of claim 8, further comprising
receiving a request to resize the input area of the device; and

adjusting the threshold amount of resistance in response to the resize request.

A method for sensing force with capacitive discrimination, comprising:

receiving from one or more sensors one or more signals indicating levels of
force and proximity detected at an input area of a housing;

determining whether the detected level of force exceeds a threshold amount
of force;

determining whether the detected level of proximity exceeds a threshold
amount of proximity; and

if the threshold amounts of force and proximity are determined to have been

exceeded, activating a state indicating user input at the input area of the housing.

12-
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16.

17.

18.

19.

20.

21.

The method of claim 14, wherein the one or more signals indicating the detected
levels of force are received from the same one or more sensors from which the one or

more signals indicating the detected levels of proximity are received.

The method of claim 14, wherein the one or more signals indicating the detected
levels of force are received from different sensors from which the one or more signals

indicating the detected levels of proximity are received.

The method of claim 14, further comprising

receiving from any of the one or more sensors a subsequent level of
proximity detected at the input area of the housing; and

deactivating the state if the subsequently detected level of proximity falls

below the threshold amount of proximity.

The method of claim 14, further comprising

receiving from any one of the one or more sensors a subsequent level of force
detected at the input area of the housing; and

deactivating the state if the subsequently detected level of force falls below

the threshold amount of force.

The method of claim 14, further comprising
if the threshold amount of proximity is determined to have been exceeded,
disabling functionality that adjusts a force baseline to match levels of force indicated

in signals received from the one or more sensors.

The method of claim 14, further comprising

receiving from any of the one or more sensors a subsequent level of
proximity detected at the input area of the housing; and

if the subsequently detected level of proximity falls below the threshold
amount of proximity, enabling functionality that adjusts a force baseline to match

levels of force indicated in signals received from the one or more sensors.

The method of claim 14, wherein the activating of the state comprises
sending a signal indicating that a virtual button displayed on the input area of

the housing has been pressed.
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22.

23.

24.

25.

26.

27.

28.

29.

An apparatus, comprising:

a housing;

a sensor configured to detect both resistance and capacitance; and

a processor configured to determine whether a surface of the housing has
been pressed based on changes in both resistance and capacitive detected by the

Sensor.

The apparatus of claim 22, wherein the processors is positioned on a circuit board to

which the sensor is attached.

The apparatus of claim 22, wherein the processor is not positioned on a circuit board

to which the sensor is attached.

The apparatus of claim 24, wherein the processor is a central processor responsible

for running the apparatus.

The apparatus of claim 22, wherein the processor
controls the sensor, and
is configured to interface between the sensor and a central processor

responsible for running the apparatus.

The method of claim 22, wherein the surface of the housing comprises a rigid

material.
The method of claim 22, wherein the surface of the housing is fabricated from glass.

A device comprising:

a sensor having at least a first mode and a second mode, the sensor providing
in the first mode a first output associated with force applied to the sensor by a digit,
the sensor providing in the second mode a second output associated with proximity to
the sensor of a digit, and

a processor configured to process the first output and the second output and

detect application of a force on the sensor by a digit located near the sensor.
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A method comprising:

operating a sensor in a first mode providing a first output associated with
force applied to the sensor by a digit,

operating the sensor in a second mode providing a second output associated
with proximity to the sensor of a digit, and

processing the first output and the second output and detecting application of

a force on the sensor by a digit located near the sensor.

A method comprising:

providing a sensor having at least a first mode and a second mode, the sensor
providing in the first mode a first output associated with force applied to the sensor
by a digit, the sensor providing in the second mode a second output associated with
proximity to the sensor of a digit, and

providing a processor configured to process the first output and the second
output and detect application of a force on the sensor by a digit located near the

Sensor.

-15-



WO 2009/012183

1115

BUTTON |
RELEASE POINT
ACTIVATION 160

PLOT P%'(‘)” DEACTIVATION
100 ‘ POINT
170
1m

: )
i ,
N H ¥
: H
X .
N 3
PEEE T AR S
- 5
: H
: s
N i
'
i
H i
L !
n ¥

BUTTON PRESS FONT TIME
140 !
NpuT |7 e e
STATE
TIME
PLOT
110

PCT/US2008/069890

ACTIVATION THRESHOLD
120

BASELINE
130

PRESSED
NOT PRESSED

FIG. 1



WO 2009/012183 PCT/US2008/069890

2/15
DRIFTING
bLOT BASéLdiNE
200 ACTIVATION
\ POINT

150
------------------------------ Teeeeec--soco ACTIVATION THRESHOLD
| : 120
1M
_______________________________ L...............  STARTING BASELINE
220
TIME |
NpUT | SE— ~  PRESSED
STATE |- : pRRRCRERCREREREERE, NOT PRESSED
TiKE
PLOT
210

FIG. 2



WO 2009/012183 PCT/US2008/069890

315
BUTTON
ACTIVATION RELEASE POINT
PLOT o
300 POINT
1 150 \
: ACTIVATION THRESHOLD
i 120
BASELINE
yan 130
Font | TIME
BUTTON PRESSPOINT |
140 i
""""""" l S PRESSED
INPUT
STATE o NOT PRESSED
TIME
PLOT
310

FIG. 3



WO 2009/012183 PCT/US2008/069890

4/15

CONTROLLER SENSOR
400 410

ENTER FORCE DETECTION MODE 420

FORCE OUTPUT 430

ENTER PROXIMITY DETECTION MODE 440

PROXIMITY QUTPUT 450

FIG. 4



WO 2009/012183 ‘ PCT/US2008/069890

o195

RECEIVE FORCE AND
PROXIMITY OUTPUT
500

NO l

PROXIMITY QUTPUT
EXCEED PROXIMITY
THRESHOLD?
510

YES

Y

FORCE OUTPUT
EXCEED FORCE
THRESHOLD?
520

YES
Y

ACTIVATE INPUT STATE
530

’

FIG. 5



WO 2009/012183

6/15

PCT/US2008/069890

A

A
=

—>
Y

/
NO PROXIMITY QUTPUT
EXCEED PROXIMITY
THRESHOLD?

600

YES

Y

FORCE OUTPUT
EXCEED FORCE
THRESHOLD?
610

|

YES

Y

ACTIVATE INPUT STATE
620

S

PROXIMITY OUTPUT \

EXCEED PROXIMITY

DEACTIVATE
INPUT STATE
640

THRESHOLD?
630

FIG. 6



WO 2009/012183 PCT/US2008/069890

715

\
-
NO PROXIMITY OUTPUT
EXCEED PROXIMITY
THRESHOLD?
700

YES

Y

FORCE OUTPUT
EXCEED FORCE
THRESHOLD?
710

N

AL

YES

Y

ACTIVATE INPUT STATE
720

—

FORCE OUTPUT \

DEACTIVATE
INPUT STATE
740

EXCEED FORCE NO
THRESHOLD? '
730

A

FIG. 7



WO 2009/012183 PCT/US2008/069890

8/15

PROXIMITY OUTPUT
EXCEED PROXIMITY
THRESHOLD?
800

YES

Y

SWITCH BASELINE TO
STATIC MODE
810

—

PROXIMITY QUTPUT
NO < EXCEED PROXIMITY \ SWITCH BASELINE TO

THRESHOLD? NG - ADJUST MODE

870
820

| A
YES

Y

FORCE OUTPUT
EXCEED FORCE
THRESHOLD?
830

YES
Y

ACTIVATE INPUT STATE
840

—

PROXIMITY QUTPUT
EXCEED PROXIMITY

THRESHOLD? / NO
= FIG. 8

PEACTIVATE
INPUT STATE
860




WO 2009/012183 PCT/US2008/069890

9/15
ACTIVATION
THRESHOLD
120
PLOT ACTIVATION BUTTON & & |
900 POINT RELEASEPOINT | "~~~ _
A% 150 180 ~, | TTTThmTTTTmTes
ACTIVATION ’
THRESHOLD -.
120 - e ‘ - E
L ADJUSTING BASELINE
1R T e | 920
e STATICBASELINE i1 BUrTON PRESS POINT
- 930 { |
- / | P 140
__ A
¥ /f : é S
ACTIVATION POINT L 950
940 Lo
........................................ ; R = = =)
INPUT
STATE | . : . . NOT PRESSED
TIME
PLOT
910

FIG. 9



WO 2009/012183 PCT/US2008/069890

10/15

I

RECEIVE INPUT AREA
RESIZE REQUEST
1000

l

ADJUST PROXIMITY/FCRCE
THRESHOLD ACCORDINGLY
1010

RECEIVE FORCE AND
PROXIMITY QUTPUT
1020

NO l

PROXIMITY QUTPUT
EXCEED PROXIMITY
THRESHOLD?
1030

YES

Y

FORCE OUTPUT
EXCEED FORCE
THRESHOLD?
1040

YES
Y

ACTIVATE INPUT STATE
1050

5

FIG. 10



WO 2009/012183 PCT/US2008/069890

11/15

TOUCH SCREEN 1100

1/ | \
\ /
N //
INPUT AREA 1120 —/ \— RIGID COVER 1110

FIG. 11



000000000000000000000000000000

S\ EETEZEN ////////%&\\ ERENEZNN

EEEEEEEEEEEEEEEEE
FRAME 1200

NI 1240\\\,'%///////////// @DHE@N‘E N

FIG. 12




WO 2009/012183 PCT/US2008/069890

13/15

INPUT AREA 1120
A

RIGID COVER 1110

RWAPHESIVE 1240 ONDUCTIVE PAINT 13105 NNADHE S IVE 1240

FLEXIBLE CIRCUIT 1300

/ Fé{éuz/@\ﬂzm /

FRAME 1200 1910 / FRAME 1200

FIG. 13



WO 2009/012183 PCT/US2008/069890

14/15

CONTACT 1400 CONTACT 1410
FIG. 14A
CONTACT 1420 CONTACT 1430

= *\1

FIG. 14B



WO 2009/012183

15/15

PCT/US2008/069890

CONTRO

LLER 400

MEMORY 1510

SENSOR 410

PROCESSOR 1500

-

INPUT AREA

11

20

FIG. 15




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings

