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a pointing element (2900) to a particular key
(2800, 2808, 2902, 2908) of the keypad based
on a user input. The control logic adjusts
a height of the particular key with respect
to another key of the keypad in response
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example, the device includes a display (2700)
for displaying a plurality of keys (2612). The
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to the sensor sensing the proximity of the
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METHOD AND APPARATUS FOR CONTROLLING A KEYPAD OF A DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present patent application claims priority from and the benefit of U.S.
Provisional Patent Application No. 60/989,288, filed November 20, 2007, and entitled
Method and Apparatus for Controlling a Keypad of a Device, which prior application is
hereby incorporated herein by reference. This application is also related to co-pending
applications entitled Method and Apparatus for Controlling a Skin Texture Surface on a
Device, filed on April 4, 2007, having Application No. 11/696,466, inventor Michael E.
Caine, owned by instant Assignee and is incorporated herein in its entirety by reference;
Method and Apparatus for Controlling a Skin Texture Surface on a Device Using a Shape
Memory Alloy, filed on April 4, 2007, having Application No. 11/696,481, inventor
Michael E. Caine, owned by instant Assignee and is incorporated herein in its entirety by
reference; Method and Apparatus for Controlling a Skin Texture Surface on a Device
Using Hydraulic Control, filed on April 4, 2007, having Application No. 11/696,496,
inventor Michael E. Caine, owned by instant Assignee and is incorporated herein in its
entirety by reference; and Method and Apparatus for Controlling a Skin Texture Surface
on a Device Using a Gas, filed on April 4, 2007, having Application No. 11/696,503,
inventor Michael E. Caine, owned by instant Assignee and is incorporated herein in its
entirety by reference.

FIELD OF THE INVENTION

[0002] The disclosure relates generally to portable electronic devices and more

particularly to portable electronic devices that employ variable skin texture surfaces.
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BACKGROUND OF THE INVENTION

[0003] Portable electronic devices, such as laptops, wireless handheld devices such as
cell phones, digital music players, palm computing devices, or any other suitable devices
are increasingly becoming widespread. Keypads used for text entry in portable electronic
devices can be difficult to use given the small size of the keys relative to a user’s finger.
Improved usability of such devices can increase sales for sellers as consumer demand can
be driven by differing device usability characteristics and device features.

[0004] Providing differing device usability such as by changing the tactile
configuration and/or visual appearance of a surface of a portable electronic device by
altering the emission reflection of light to change the overall color or graphics that appear
and disappear are known. Surfaces of electronic devices, including portable electronic
devices may include, for example, exterior surfaces of the device, activation keys such as
keys in a keypad or navigation keys, tactile navigation interfaces, or any other suitable
surface.

[0005] Also, as one example to enhance the tactile configuration and/or visual
appearance of a device, it has been proposed to employ haptics such as in the form of
electro-active polymers that change 3D shape, also referred to as texture, based on the
application of a voltage to portions of the electro-active polymer. Differing textures and
shapes can thereby be produced to give the device a different visual appearance and/or
tactile configuration. For example, if a portable device includes such electro-active
polymers as a type of outer skin, turning power on to the device can cause the electro-

active polymer to be activated so that a 3D texture is present and can be felt by a user of



WO 2009/067572 PCT/US2008/084111

the device. It has also been proposed to use piczoelectric actuators as a type of haptic
sensor on handheld devices. In one example, a control slider is configured as a bending
piezo-actuator. Also it has been proposed to provide handheld devices with menus, such
as piezo-actuated haptic icons, that have different tactile feedback for a user so that the
user can, for example, turn a phone to a “silent” mode from an active mode by feeling the
proper control key and receiving feedback of actuation of the key once it is activated. It is
desirable to provide differing methods and apparatus for actuating skin texture surfaces of
a device and differing user experiences.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention and the corresponding advantages and features provided
thereby will be best understood and appreciated upon review of the following detailed
description of the invention, taken in conjunction with the following drawings, where like
numerals represent like elements, in which:

[0007] FIG. 1 is a perspective view of an example of a wireless handheld device that
employs a controllable skin texture surface in accordance with one embodiment of the
invention;

[0008] FIG. 2 is a block diagram illustrating one example of an apparatus that
includes control logic that controls a controllable skin texture surface in accordance with
one¢ embodiment of the invention,;

[0009] FIG. 3 is an assembly view of a portion of an apparatus in accordance with

one¢ embodiment of the invention,;



WO 2009/067572 PCT/US2008/084111

[0010] FIG. 4 is a perspective view illustrating one example of a portion of a
mechanical actuation structure that may be part of a controllable skin texture surface in
accordance with one embodiment of the invention,;

[0011] FIG. 5 is a perspective and side view of the structure shown in FIG. 4 and a
portion of a flexible skin structure in accordance with one embodiment of the invention;
[0012] FIG. 6 is a cross-sectional view illustrating another example of a controllable
skin texture surface that employs a mechanical actuation structure in accordance with one
embodiment of the invention;

[0013] FIG. 7 is a cross-section view as shown in FIG. 6 with texture actuation in
accordance with one disclosed example;

[0014] FIG. 8 is a top view of one example of a shape memory alloy actuation
structure that may be employed as part of a controllable skin texture surface according to
one example of the invention;

[0015] FIGS. 9-10a are cross-sectional views illustrating the operation of the
structure shown in FIG. §;

[0016] FIG. 10b is a diagram illustrating one example of a bi-stable shape memory
alloy actuation scheme according to one example of the invention;

[0017] FIG. 11 is a top view illustrating a portion of a portable electronic device that
employs an embodiment of a controllable skin texture surface;

[0018] FIGS. 12-13 are cross sectional views of portions of FIG. 11 illustrating a

deactuated and actuated skin texture structure in accordance with one embodiment;
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[0019] FIG. 14 is a top view illustrating a portion of a portable electronic device that
employs an embodiment of a controllable skin texture surface;

[0020] FIG. 15 is a perspective view of a portable electronic device with a
controllable skin texture surface in accordance with one embodiment;

[0021] FIG. 16 is a perspective view illustrating one example of a flexible skin
structure and corresponding portion of a hydraulic actuation structure in accordance with
one example set forth in disclosure;

[0022] FIG. 17 is a block diagram illustrating the portion of a portable electronic
device in accordance with one example;

[0023] FIGS. 18a—18D illustrate a cross sectional view of an embodiment employing
a flexible sliding plate in accordance with one embodiment of the invention;

[0024] FIGS. 19-20 illustrate cross sectional views of another example of a gas
expandable actuation structure and flexible skin structure in accordance with one
example;

[0025] FIGS. 21-22 illustrate a perspective view of a portable electronic device with
a deactuated and actuated controllable skin texture surface;

[0026] FIGS. 23-25 illustrate a perspective view of a portable electronic device
illustrating different portions of a controllable skin texture being actuated and deactuated
in accordance with one example disclosed below;

[0027] FIG. 26 illustrates a functional block diagram of one example of controlling a

controllable skin texture surface;
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[0028] FIG. 27 illustrates one example of a tactile morphing keypad that includes the
controllable skin texture surface;

[0029] FIG. 28 illustrates another example of a tactile morphing keypad that includes
the controllable skin texture surface;

[0030] FIG. 29 illustrates one example of a keypad displayed by a tactile morphing
keypad when a user input is not navigating the keypad;

[0031] FIG. 30 illustrates one example of adjusting visual characteristics of the
keypad when the user input is navigating the keypad;

[0032] FIG. 31 illustrates another example of adjusting visual characteristics of the
keypad when the user input is navigating the keypad;

[0033] FIG. 32 illustrates one example of the tactile morphing keypad when the user
input not navigating the keypad;

[0034] FIG. 33 illustrates one example of the tactile morphing keypad when the user
input is navigating the keypad;

[0035] FIG. 34 illustrates another example of the tactile morphing keypad when the
user input is navigating the keypad;

[0036] FIG. 35 is a flowchart depicting exemplary steps that can be taken to control
the controllable skin texture surface defining the keypad;

[0037] FIG. 36 is a flowchart depicting exemplary steps that can be taken to adjust
visual characteristics of the keypad; and

[0038] FIG. 37 is a flowchart depicting exemplary steps that can be taken to control

the tactile morphing keypad.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] In one example, a device includes a controllable skin texture defining a
keypad, a sensor, and control logic. The sensor senses a proximity of a pointing element
to a particular key of the keypad based on a user input. The control logic adjusts a height
of the particular key with respect to another key of the keypad in response to the sensor
sensing the proximity of the pointing element to the particular key. In one example, the
device includes a display for displaying a plurality of keys. The control logic adjusts
visual characteristics of the particular key and an adjacent key with respect to each other
and with respect to other keys of the plurality of keys in response to the sensor sensing
the proximity of the pointing eclement to the particular key. A related method is also
disclosed.

[0040] Among other advantages, the device moves the particular key closer to a user,
which aids the user in selecting the particular key of a keypad. In addition, adjacent keys
are moved closer in proximity to the user, but not as close as the particular key, which
aids the user in navigating to adjacent keys more efficiently. Furthermore, if desired
visual characteristics of the desired and adjacent keys are adjusted with respect to each
other and with respect to other keys to aid the user in selecting the particular key and
navigating the keypad more efficiently. Other advantages will be recognized by those of
ordinary skill in the art.

[0041] In one example, the control logic adjusts a height of the adjacent key with

respect to other keys of the keypad in response to the sensor sensing the proximity of the
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pointing element to the particular key. In one example, the visual characteristics are
adjusted by at least one of brightness, size, color, shape, and font.

[0042] In one example, the sensor senses whether the particular key has been selected
based on the user input. In one example, the control logic adjusts the height of the first
key and/or the second key when the first key has been selected. In one example, the
keypad provides user feedback that is auditory and/or tactile when the at least one key
has been selected.

[0043] FIG. 1 illustrates one example of a portable electronic device 100, shown in
this example to be a handheld wireless device, that includes a wireless telephone
subsystem for communication via one or more suitable wireless networks, and other
conventional circuitry along with a display 102 for displaying information to a user that is
coupled to the wireless telephone subsystem as known in the art. The portable electronic
device 100 also includes a controllable skin texture surface 104 that in this example,
covers a portion of a housing (e.g., base housing) of the device 100 that forms part of a
user interface portion, namely a user keypad. The controllable skin texture surface 104
also includes other controllable surfaces 106 and 108 that are for aesthetic purposes and
are controlled to change the tactile configuration of a non-user interface portion of the
portable electronic device, such as another area of the outer portion of the device. As
shown in this particular example, the portable electronic device 100 is a flip phone
having a foldable housing portion 110 that pivots about a pivot mechanism 112 as known
in the art. The foldable housing portion 110 may also include a keypad and controllable

skin texture surface as desired. The controllable skin texture surface 104 is controlled to
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change the tactile configuration of a portion of the skin texture surface to, in this
example, raise respective portions of the skin texture to provide a tactilely detectable
keypad and other tactile and/or aesthetic features. In one example, the controllable skin
texture surface 104 may be flat when, for example, the phone is in a standby mode, but
the controllable skin texture surface 104 is controlled to activate portions thereof to
provide raised keys for a keypad when an incoming wireless call is detected and is
controlled to become flat (deactivated) when a call ends. Other input information is also
used to control the actuation/deactuation of the controllable skin texture as described
below.

[0044] FIG. 2 illustrates in block diagram form the portable electronic device of FIG.
1 or any other suitable portable electronic device such as a laptop computer, portable
Internet appliance, portable digital media player, or any other suitable portable electronic
device. As shown, control logic 200 changes a tactile configuration of a portion of the
controllable skin texture surface 104 (and/or 106 and 108) by producing control
information 204 (e.g., digital or analog signals) in response to at least any one of a
received wireless signal, a battery level change condition such as a low battery condition,
based on an incoming call or message, based on information from a proximity sensor,
sound sensor, light sensor or other environmental sensor generally designated as 202, or
data representing a user of the device, such as the input via a microphone and a voice
recognition module that recognizes the user’s voice, or a password or passcode entered
by a user indicating a particular user, or data representing completion of a user

authentication sequence such as the entry of a password and PIN or any other suitable
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authentication process as desired. Other data may also be used such as control data based
on a pressure sensor, humidity sensor, shock sensor or vibration sensor. State changes
may also be used to control the texture such as, but not limited to, radio signal strength,
device orientation, device configuration (e.g., flip open, phone mode vs. audio playback
mode vs. camera mode), a grip of a user or data representing a change of state of a
program executing on a device, including the state of a program executing on another
device connected via a wired or wireless connection such as a server or another portable
device. Other incoming data representing other incoming signals may include, for
example, changing or controlling the texture based on an incoming SMS, email or instant
message, a proximity to a radio source such as an RFID reader, a Bluetooth™ enabled
device, a WIFI access point, or response from an outgoing signal such as a tag associated
with an RFID. Other data that may be suitable for triggering or controlling the activation
of the texture may include data representing the completion of a financial transaction,
completion of a user initiated action such as sending a message, downloading a file or
answering or ending a call, based on a timeout period, based on the location of the device
relative to some other device or an absolute location such as a GPS location, status of
another user such as the online presence of another instant message user, availability of a
data source such as a broadcast TV program or information in a program guide, based on
game conditions such as a game that is being played on the device or another networked
device, based on for example, other modes of data being output by the device such as the
beat of music, patterns on a screen, actions in a game, lighting of a keypad, haptic output,

or other suitable data. By way of example, the control logic 200 may raise portions of the

10
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controllable skin texture surface 104 to represent keys, in response to sensor output
information 206 such as the sensor 202 detecting the presence of a user, based on a sound
level detected in the room, or output based on the amount of light in a room.

[0045] For example, if the light level in a room decreases to a desired level as sensed
by a light sensor, the sensor 202 outputs the sensor output information 206 and the
control logic 200 may activate the controllable skin texture surface 104 to provide a
raised keypad feature so that the user can feel the keypad surface in a dark room since
there is not much light to see the keypad. In addition if desired, light source(s) such as
LEDs located underneath the controllable skin texture surface may also be illuminated
under control of the control logic in response to the light sensor detecting a low light
level in the vicinity of the device. A sound sensor may also be used, for example, to
control which portions of the controllable skin texture surface are used depending upon,
for example, the amount of noise in a room. In addition, the control logic 200 may
control the controllable skin texture surface 104, 106 or 108 to provide a pulsating action,
or any other suitable tactile configuration as desired based on the sensor output
information. For example, the device of FIG. 1 may have controllable skin texture surface
104 configured about the exterior of the device so that when the skin texture surface is
activated (e.g., raised) in certain portions, the device appears to be pulsating, like a
heartbeat, or may provide a sequential raising and lowering of certain portions of the skin
texture to provide a user desired movement, such as an animated pattern.

[0046] The control logic 200 may be implemented in any suitable manner including a

processor executing software module that is stored in a storage medium such as RAM,

11
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ROM or any other suitable storage medium which stores executable instructions that
when executed, cause one or more processors to operate as described herein.
Alternatively, the control logic as described herein, may be implemented as discrete logic
including, but not limited to, state machines, application specific integrated circuits, or
any suitable combination of hardware, software or firmware.

[0047] In one example, the controllable skin texture surface 104, 106, and 108 may
include a mechanical actuation structure that is coupled to a flexible skin structure that
moves in response to moving of the mechanical actuation structure, a hydraulic actuation
structure that is coupled to a flexible skin structure that moves in response to movement
of fluid in the hydraulic actuation structure, and expandable gas actuation structure that is
coupled to a flexible skin structure that moves in response to movement of gas in the
expandable gas actuation structure and a shape memory alloy actuation structure that is
coupled to a flexible skin structure that moves in response to movement of a metal alloy
in the shape memory alloy actuation structure, or any suitable combination thereof.
[0048] FIGS. 3-7 illustrate various examples of a mechanical actuation structure that
is used to move a flexible skin structure in response to the moving of the mechanical
actuation structure. Referring to FIG. 3, a portable electronic device 300, is shown, which
may be any suitable portable electronic device as desired. The particulars of the device
depend on the desired application. In this example, the portable electronic device 300
includes a housing 302 with a recessed arca 304 that receives one or more movable ramp
structures 306 or 308. Ramp structure 306 as shown here includes a single plate that has a

plurality of ramp portions 310 that are raised with respect to the plate. The plate slidably
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moves in the recessed area 304 and is allowed to slide back and forth in the recessed area.
As recognized, any suitable configuration may be used to provide the sliding operation.
The plate is moved by an actuator 312 such as a cam or motor or any combination thereof
or any other suitable structure. The controllable skin texture surface includes a flexible
skin structure 320 that, in this example, includes molded texture elements that may be
any suitable shape and size, shown in this example as texture pockets generally shown as
322 in the configuration of a keypad. The texture pockets 322 are molded as pockets in
an under portion of the flexible skin structure 320 and are raised up by corresponding
ramps 310 on the ramp structure 306 when the ramp structure is moved. Hence, the
texture pockets 322 are raised under control of the actuator 312. The flexible skin
structure covers the ramps and may be affixed to the housing or other structure as desired.
It will be recognized that one ramp may be used to move multiple texture elements and
that the ramps may also be any suitable configuration (including shape or size).

[0049] The flexible skin structure 320 may be made out of any suitable flexible
material including, but not limited to polyurethane, rubber, or silicone. It may be suitably
attached to an outer portion of the housing of the device 300 via an adhesive or any other
suitable mechanism. The flexible skin structure 320 as shown has a portion that covers
the movable ramp structure 306. When the movable ramp structure 306 pushes up the
molded pockets 322, it changes the tactile configuration of the controllable skin texture
surface so a user will feel the locations below the ramps on the flexible skin structure
320. As shown, there may be touch sensors 324, shown as capacitive sensors positioned

on the ramp structure 306 at locations between the ramps if desired, or on top of the
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ramps if desired which when touched by a user, generate a signal that is interpreted by
the control logic of the device 300 to be an activation of a key, in this particular example.
It will be recognized that touch sensors 324 may be any suitable sensor and may be
located at any suitable location within the device as desired. The texture pockets 322 may
be, for example, thinned out sections that are molded into a rear surface of the flexible
skin structure 320. However, any suitable configuration may be used. In this example, the
flexible skin structure 320 includes a layer of flexible material that have a plurality of
defined changeable skin texture eclements 322, each having a portion configured to
engage with the movable ramp structure 306. The capacitive sensor serves as a type touch
sensor 324.

[0050] FIG. 4 illustrates an alternative embodiment to the single plate shown in FIG.
3. In this example, a multiple segment movable ramp structure 308 includes a plurality of
ramps 402, 404, 406 and a cam structure 408 that mechanically engages with, for
example, edges of the plurality of ramps to move at least one of the plurality of ramps in
response to, in one example, mechanical movement of a portion of the device. For
example, if the device has a clam type housing design, movement of the clam housing
causes rotation of the rotating cam 408 through a suitable mechanical linkage.
Alternatively, a motor may be controlled to actuate the movement of the plurality of
ramps 402, 404, 406 directly or indirectly through rotating the cam 408. For example, a
motor may be coupled to rotate the cam 408 based on an electrical control signal from

control logic.
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[0051] As shown, the ramp structure 308 includes a plurality of individual sliding
ramp elements 402, 404 and 406 cach including a plurality of ramps 310. As also shown,
the cam structure 408 which is shown to move in a rotational manner, may also be
structured to move in a non-rotational manner, such as a sliding manner if desired, or any
other suitable manner. The cam structure includes ramp control elements 410 that, in this
example, protrude from the cam structure to engage an edge of each of the respective
individual sliding ramp elements 402, 404 and 406. The ramp control elements 410 are
positioned to cause movement of the plurality of sliding ramp elements in response to
movement of the cam structure 408. Actuation of the plurality of sliding ramp elements
402-406 may be done in response to the information set forth above such as based on a
received wireless signal, battery level change condition, such as a recharge condition
(actuate skin), low battery level (deactuate skin), an incoming call, or based on any other
suitable condition. As such, a series of individual sliding panels are located beneath a
flexible skin structure 320 and are actuated in this example by a cam structure. The
pattern of ramp control elements 410 determine in what sequence the sliding panels are
actuated. As noted, the cam structure can be driven by a motor or integrated into the
device such that a hinge of a clam shell type device that may be found, for example, on a
mobile handset may actuate the cam directly so that opening of the clam shell causes the
raising of the portions of the flexible skin texture to represent a keypad. It will also be
recognized that the mechanical actuation structure described may move any portion of the
flexible skin structure 320 to provide, for example, raised portions that are not associated

with a user interface and may be moved to provide any desired tactile configuration.

15



WO 2009/067572 PCT/US2008/084111

[0052] FIG. 5 shows a cross scctional view of a controllable skin texture surface 500
similar to that shown in FIG. 4 but in this example, the flexible skin structure 320 may
also include tabs 502 that are integrally formed with the texture pockets 322 to assist in
raising the center of the texture pockets 322, if desired. As also shown, the flexible skin
structure 320 is also considered to include a plate structure 504 that includes openings
506 corresponding to cach desired texture element. The openings 506 receive the tabs
502 configured to engage with the movable ramp structure 308. As shown, as the
movable ramp structure 308 is moved, it raises or lowers portions of the flexible skin
structure 320 in response to movement of the cam structure 408. In this example, the
individual sliding elements 402 and 406 have been moved to raise portions of the flexible
skin structure 320 whereas individual sliding element 404 has not been moved and
therefore the flexible skin structure is flat at the appropriate locations. As previously
noted above, if the device includes a movable housing portion such as a clam shell
configuration or any other suitable configuration, the movable housing portion may be
mechanically coupled to the cam structure 408 such that mechanical movement of the
housing portion causes movement of the cam structure. Alternatively, the cam structure
may be electronically controlled independent of any movable housing portion as desired.
For example, a motor may be coupled to engage with the cam structure and move the
cam structure in response to an electronic control signal to move one or more of the
plurality of ramps to a desired location.

[0053] As described, the sliding movable ramp structure 308, 404—406 with wedge

shaped features (e.g., ramps) moves horizontally to force tabs (e.g., pins) molded into the
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back of the flexible skin structure upwardly and thereby causes portions of the flexible
skin structure corresponding to the texture pockets to be raised and thereby create a
desired texture pattern. As noted above, a touch sensor, such as a capacitive sensor, may
also be used to detect the touch of a user’s finger against the flexible skin structure. The
sensing may be used as an input to actuate the texture mechanism or to execute another
function that would correspond to the press of a button. In addition, mechanical switches
such as dome-type switches known in the art could be placed underneath portions of the
movable ramp structure to allow a user to press and thereby actuate one or more of the
switches.

[0054] FIGS. 6-7 illustrate another example of a mechanical actuation structure that
uses a movable ramp structure and flexible skin structure. In this example, the tabs 502
(FIG. 5) need not be utilized. Instead, a wedge shaped element 600 includes an anchored
portion 602 and a movable wedge section 604 that pivots with respect to the anchored
portion 602. Each wedge shaped element 600 that includes the anchored portion 602 and
movable wedge section 604 may be secured in the device in a fixed location below the
flexible skin structure 320 and above a sliding ramp or movable ramp structure 606. As
the movable ramp structure 606 is moved horizontally, the pivotable wedge shaped
elements 604 are moved by ramp sections 608 of the movable ramp structure 606 such
that they come in contact with desired portions of the flexible skin structure 320. Among
other advantages, this structure may provide reduced friction and wear between sliding
clements and tabs molded into the flexible skin structure. Other advantages may be

recognized by those of ordinary skill in the art. However, any desired flexible skin
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structure and ramp structure may be employed. Movement of the ramp structure causes
movement of the wedge shaped elements and movement of the flexible skin structure to
provide a change in tactile configuration. As also shown, the substrate anchored portion
602 serves as a substrate for the flexible skin structure 320 and is interposed between the
flexible skin structure 320 and the movable ramp structure 606. A touch sensor 324 is
supported by the substrate and located between at least two movable portions (e.g., 322)
of the flexible skin structure. It will be recognized that the touch sensors 324 may be
suitably located at any location depending upon the desired functionality of the portable
electronic device.

[0055] FIGS. 8-10 illustrate an example of a shape memory alloy actuation structure
800 and a corresponding flexible skin structure 320 that moves in response to movement
of a metal alloy 812 in the shape memory alloy actuation structure 800 in accordance
with one embodiment. FIG. 8 is a top view illustrating a plurality of pivoting elements
802-808 that are pivotally connected with a base 810. The plurality of pivoting elements
802-808 pivot along pivot points generally indicated at 814 caused by, in this example,
the lengthening and shortening of a shape memory alloy 812 such as nitinol wire, or any
other suitable shape memory alloy. In one example, a single segment of shape memory
alloy 812 may be connected to the pivoting elements 802—-808 and to the base portion as
diagrammatically illustrated as connection points 816. It will be recognized, however,
that any suitable connection location or connection technique may be used to affix one or
more shape memory alloy segments to one or more pivoting elements. It will also be

recognized that the shape of the pivoting elements and their length and material may vary
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depending upon the particular application. One example for illustration purposes only,
and not limitation, may include using polypropylene or nylon. Also the hinged area or
pivot location 814 may be thinned if desired.

[0056] As shown, a voltage or current source 820 is selectively applied by opening
and closing switch 822 by suitable control logic 200. In addition to, or alternatively, a
separate segment of shape memory alloy may be used independently for each pivot
clement 802-808 so that each pivot element may be controlled independently by the
control logic. However, for purposes of explanation, the discussion will assume that a
single shape memory alloy element is used to move all the pivoting elements 802—-808 at
the same time. In any embodiment, when current is passed through the shape memory
alloy, it shortens, causing the pivotal elements 802-808 to push up against the flexible
skin. As such, the base 810 may be suitably mounted horizontally, for example,
underneath the flexible skin structure and positioned so that the pivoting elements 802—
808 suitably align with desired portions of the flexible skin structure to move (e.g., raise
and lower) portions of the flexible skin structure. As noted, different or separate wires
may be attached to different pivoting elements in order to provide selectively as to which
texture elements are actuated. In addition, different amounts of electric current may be
applied to the separate wires in order to individually control how much each pivotal
clement pushes up against the flexible skin. In this example, the controllable skin texture
surface includes a skin texture actuation structure that includes a plurality of pivoting
clements 802-808 having a shape memory alloy (whether single or multiple elements

thereof) coupled to the skin texture to effect movement of the pivoting elements against
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the flexible skin structure which moves in response to movement of the plurality of
pivoting elements. The movement of the pivoting elements change a tactile configuration
of a portion of the controllable skin texture surface that is contacted by the pivoting
elements. The control logic 200 activates, for example, switch 822 or a plurality of other
switches to provide suitable current to control movement of the pivoting elements by
applying current to the shape memory alloy element 812. If desired, a voltage source or
current source may be provided for each individual pivoting element and may be
selectively switched in/out to control the movement of each pivoting element as desired.
Any other suitable configuration may be also be employed. Also, the flexible skin over
the hinged elements will generally act to provide a restorative force that returns the
clements to a planar state when the current through the SMA is turned off.

[0057] FIGS. 9—10 show a cross section of one pivoting element of FIG. 8 and further
includes the illustration of the flexible skin structure 320 and further shows a pivoting
clement 808 in both an activated state (FIG. 10) where the flexible skin structure is
raised, and an inactive state where the flexible skin structure 320 is flat (FIG. 9). As such
in this example, the flexible skin structure 320 has pockets corresponding to desired
texture features that are molded into the reverse surface or under surface thereof and
bonded to a portion of the housing or other substructure within the device as noted above.
A series of pivoting clements 802-808 underneath the flexible skin structure are
connected, in one example, via a single length of shape memory alloy such that in a
neutral position, the pivoting elements lie flat. When an electric current is run through the

shape memory alloy, its length shortens by, for example, approximately 5% or any other
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length depending upon the type of shape memory alloy and amount of electric current
applied, and causes the pivoting elements to rise up and push against the flexible skin
structure causing the appearance of a bump. When the electrical current is no longer
applied, the flexible skin structure and underlying pivoting element returns to the neutral
position due to tension in the flexible skin.

[0058] In another embodiment shown in FIG. 10b, a second series of pivoting
clements 1002, as part of a hinge lock structure, may be introduced beneath the first
series of pivotal elements 806, 808 to act as locks. When the first series of hinged
clements 806, 808 are actuated, the second series of pivoting elements 1002 are
positioned so as to fall in to gaps 1000 created by the motion of the first set of pivoting
elements thereby locking them into the raised position or to simply position underneath
the first pivotal elements. It will be recognized that any other location may also be used
or that any other suitable technique may be employed. When the electric current applied
to the corresponding shape memory alloy element 812 that moves the first set of hinged
clements 808 is stopped, the locking action of the second set of elements 1002 holds the
first pivoting elements 806, 808 in place by a biasing element 1006 pulling the elements
1002 under the elements 808. By applying an electric current to a shape memory alloy
element 1004 connected to the second set of pivoting elements 1002, the first set of
pivoting elements 806, 808 will be unlocked and thereby allows the first series of
pivoting elements to return to a neutral position due to tension in the flexible skin. This
provides a type of bi-stable shape memory alloy actuation scheme. As shown, an end of a

biasing element 1006 such as a spring is fixedly attached to a portion of the housing or
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any other suitable structure and another end is caused to contact a portion of the pivotal
second set of elements 1002. The pivotal second set of elements may be made of any
suitable structure such as plastic that suitably bends about a pivot point shown as 1008.
As shown, a portion of the pivoting elements 1002 are also fixedly attached to a structure
of the device to prevent movement of an end thereof. Similarly, the shape memory alloy
element 1004 associated with each locking element 1002 also has a portion connected to
the element 1002 as well as a fixed structure. The locking element swings as shown, in
this example in plane of the FIG. 10b, for example, to block the hinged element 808 from
lowering down into the plane of the page as shown. As such, the locking feature moves in
the plane of the surface to lock the hinged elements. This as opposed to, for example,
moving out of the plane in an opposite direction of the hinged element, which may also
be done if desired. The thickness of the overall implementation, however, may be less if
the locking element is caused to move in plane to the figure as shown. In this example,
the hinged elements 808 rise out of the plane when actuated by an SMA element or
actuator (not shown) and is blocked by the locking element moving in plane of the figure
as shown. It will be recognized that although a single locking element 1002 is shown, that
a suitable array of locking elements may be positioned for any respective pivoting hinged
element 808. In addition, it will be recognized that in this example, a configuration as
shown that provides a passive lock and an active unlock condition. However, it will be
recognized that by reversing the bias element and the shape memory alloy element 1006
and 1004 respectively, that an active lock and a passive unlock structure may be

employed. Hence, one or more pivoting elements serves as a type of pivot lock structure
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made of a shape memory alloy, the same type for example, as noted above. The pivot
lock structure is coupled to the control logic 200 and is controlled to be positioned to lock
the pivoting elements in a desired position. The pivot lock structure may be alternately
positioned to passively lock the pivoting clements in a desired position, and then
controlled to release them when desired. As such the control logic controls the second
shape memory alloy to deactuate the hinge lock structure to unlock the plurality of hinged
elements in response to a passive actuation of the hinge lock structure.

[0059] A method for actuating a controllable skin texture surface includes, for
example, controlling the first shape memory alloy to actuate the plurality of pivoting
elements. In response to the actuation, the pivot lock structure will naturally act to lock
the plurality of pivoting elements in a first position. The method includes deactivating the
first shape memory alloy in response to the pivot lock structure being actuated. This
allows the current to the first pivoting element to be removed and it is locked in place.
The method may also include then unlocking the hinged elements by, for example, by
actuating the first shape memory alloy and then controlling the second shape memory
alloy to unlock the hinge lock structure by applying current to the shape memory alloy
actuator that moves the lock structure to unlock the pivoting elements from their raised
position.

[0060] FIG. 11 illustrates a portion of a portable electronic device that employs an
embodiment of a controllable skin texture surface, and in this example, the portion of the
electronic device is shown to be a keypad. In this example, the controllable skin texture

surface includes a skin texture surface actuation structure that includes a hydraulic
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actuation structure that causes a change in tactile configuration of a flexible skin structure
in response to movement of fluid underneath the flexible skin structure. FIGS. 12-13 are
cross sectional views of a portion of FIG. 11 and will be described together with FIG. 11.
A flexible skin structure 1100 similar to that described above with respect, for example,
to FIG. 3 and elsewhere, includes fluid chambers or pockets 1102 corresponding to
desired texture features that are molded into a reverse surface of the flexible skin
structure. As also shown above, the wall thickness of the pockets may be thinner than
other portions of the flexible skin texture to allow less resistance to fluid expansion. The
flexible skin structure 1100 is bonded, for example, to a surface of the housing of the
portable electronic device to form suitable seals around the various fluid chambers 1102.
A supporting substrate 1104 which may be the housing of the device or a separate
substrate within the device, includes fluid channels 1106 formed therein that are
positioned to be in fluid communication with the fluid chambers 1102. It will be
recognized that any suitable structure of first channels 1106 may be used including
separate channels that allow the activation of any suitable texture location, depending
upon the desired application.

[0061] As shown in FIGS. 12-13 for example, when fluid is removed from the
channels 1106, the flexible skin structure 1100 is flat or in an unactuated state, and when
an appropriate amount of fluid is moved into the various chambers, the flexible skin
structure is actuated at appropriate locations to provide a three dimensional pattern on an
outer surface of the portable electronic device. As shown, the channels 1106 are fluidly

connected with one or more manifolds 1108 that may be molded into a surface of the
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housing or substrate 1104 or be a separate structure if desired. Separate positive
displacement pumps (not shown) may be fluidly coupled to each inlet 1110 to provide
different fluid pressure for each manifold 1108 or one pump may be fluidly coupled to
cach inlet 1110 to provide a single fluid pressure The manifolds 1108 as described are in
fluid communication with one or more fluid reservoirs via one or more pumps. Control
logic 200 sends the appropriate control information to cause the positive displacement
pumps to transfer fluid from an internal reservoir (not shown) in the device through the
manifold and into the channels and hence the chambers molded into the rear surface of
the flexible skin structure 1100. In some embodiments, the fluid pressure can be different
for each manifold 1108 in order to raise the respective fluid chambers 1102 to different
relative heights. The hydraulic actuation structure includes in this example, the substrate
1104 that includes one or more fluid channels 1106 and the flexible skin structure 1100 is
suitably affixed to the substrate either directly or through any suitable intermediate
structures. The flexible skin structure 1100 includes a plurality of fluid pockets also
shown as 1102 corresponding to texture features. The fluid pockets 1102 are in fluid
communication with the fluid channels 1106 to allow fluid to be added to or removed
from the chamber to actuate or deactuate the respective texture feature.

[0062] In one example, as noted above, fluid pumps may be controlled via control
logic. In another embodiment, the pumps may be activated via mechanical movement of
a movable portion of the housing, such as a movement of a clam shell such that, for
example, the rotational movement of a housing portion causes the fluid to be pumped into

the fluid chambers. In one example, the pump is controlled to reverse fluid flow when the
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flip portion is closed. As such, there may be a fluid pump operative to move fluid into the
fluid passages (and out of the passages) and a movable housing portion that is coupled
with the fluid pump such that mechanical movement of the housing portion causes the
fluid pump to pump fluid in at least one fluid passage. The movement of the movable
housing portion in another direction may serve to remove fluid from the one or more
respective chambers and return it to an internal reservoir.

[0063] FIG. 14 illustrates another embodiment of a hydraulic actuation structure and
flexible skin structure that in this example, shows fluid channels 1400 with additional
fluid channels 1402 connected with specific chambers that are molded into a rear surface
of the flexible skin structure 1100. The flexible skin structure includes multiple features
wherein movement of each of the features is controlled independently. The fluid channels
1400 are in fluid communication with the manifold 1404 whereas other chambers 1401
are in fluid communication with manifold 1406. As also shown, suitable pump inlets
1408 and 1410 are shown that are in fluid communication with pumps (not shown). In
this manner, each pump can provide a different fluid pressure to each pump inlet 1408,
1410 in order to raise the respective fluid chambers 1102 to different relative heights. In
addition, light sources 1412 and 1414 are positioned in proximity to the respective
manifold 1404 and 1406 to serve as a light source (such as one or more colored LEDs)
and a clear fluid may be used to act as a light guide to direct the light from the internal
light sources to, for example, translucent flexible portions of the flexible skin structure.
Alternatively, the fluid itself may be colored so as to make the raised texture elements

visually distinct by the change in color due to the color fluid contained therein. Any other
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suitable combination may also be employed if desired. The light sources may be suitably
controlled to turn on and off as desired based on an incoming call, user programmed
sequence, be activated by a ring tone, or may be controlled in any other suitable manner
by the control logic.

[0064] FIG. 15 illustrates one example of the portable electronic device 1500 with the
appearance of a 3D pattern with five tactile surfaces being actuated. Unactuated portions
1502 are shown to be flat in this particular example.

[0065] FIG. 16 illustrates an alternative embodiment wherein the flexible skin
structure 1600 includes molded pocket patterns 1602 in an under portion thereof to
receive fluid. A rigid substrate 1604 includes the suitably positioned fluid channels 1606
that are in fluid communication with one or more manifolds 1608 and also include a
pump inlet. The manifold 1608 is attached to a rear side of the right substrate 1604 and is
in fluid communication with channels 1606 through openings 1610. Each of the
microchannels include, for example, openings 1610 to allow fluid to pass from the
manifold into the channel 1606 as described above. One or more pumps may also be used
as noted above to raise and lower the pattern 1602 by passing fluid in or out of the
channel 1606. As such, in this example, if the pattern 1602 is placed, for example, on the
back of a cell phone or on the face of a cell phone, the outer skin of the cell phone may be
activated to give a three dimensional texture that may be suitably activated and
deactivated as desired. The channels 1606 may be positioned with sufficiently fine
spacing that they provide any suitable texture pattern to be actuated. It will also be

recognized that the skin texture may have one or more cover layers to protect the skin
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texture from damage from ultraviolet radiation, physical scratches, or any other potential
hazards.

[0066] FIG. 17 is a block diagram illustrating one example of the structure 1700 for
controlling the hydraulic controllable skin texture surface examples noted above. The
device may include one or more fluid pumps 1702 which provide fluid 1704 to and from
the controllable skin texture surface. Control logic, in one example, shown as 200
provides suitable control information 1708 in the form of analog or digital signals, for
example, to control the one or more fluid pumps 1702 to provide the fluid 1704 in a
controlled manner to actuate and deactuate one or more portions of a flexible skin to
provide a three dimensional tactile configuration as desired. As previously noted, each
pump 1702 can be controlled to provide a different fluid pressure to each fluid chamber
1102 to raise the chambers to different relative heights. It will also be recognized that
instead of a fluid, a pressurized gas could be employed.

[0067] FIGS. 18a—18b illustrate another embodiment wherein, instead of a sliding
ramp structure (for example as shown in FIGS. 6-7), a plurality of hinged elements 1830
that have an anchored portion 1832 attached to the flexible skin structure 320 through a
suitable adhesive or through any other suitable attachment mechanism. Each of the
hinged elements 1830 also have a movable section 1834. The flexible skin structure 320
includes pins 1836 which are, for example, longer than those shown in FIG. 6.

[0068] The device further includes a substrate 1840 such as, for example, a printed
circuit board which has attached thereto, dome switches 1842 as known in the art. The

dome switches 1842 are positioned to align under the pins. A flexible sliding member
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1846 is interposed between the substrate 1840 and the anchored portion 1832 underneath
the flexible skin surface 320. The flexible sliding member 1846 may be made from, for
example, nylon or polypropylene sheet, or other suitably flexible material that allows
motion of the movable section of the hinged element 1834 to be transferred to the dome
switch 1842. Holes 1850 in the flexible sliding member 1846 allow the movable sections
of hinged elements 1834 to rotate downward toward the substrate 1840, as shown in FIG.
18a. It can be seen that when the flexible sliding member 1846 is in the position shown in
FIG. 18a, the end of the movable section of the hinged element 1834 may be designed so
as to come in contact with the substrate 1840 such that pressing the flexible surface 320
will not actuate the dome switch 1842.

[0069] As shown in FIG. 18b, the flexible sliding member 1846 is moved, as
described above based on any suitable structure to activate and in this case, raise portions
of the flexible skin structure 320. However, since the material is compressible, when a
user presses on a top surface of the flexible skin structure 320, the pin causes the moving
portion 1834 to press down upon the flexible material of the flexible sliding member
1846 and depress the dome switch 1842. As such, in this embodiment, a user may
activate the dome switch only when the flexible skin texture is actuated. It will be
recognized that the geometry of the movable section of the hinged element 1834 may also
be designed such that the dome switch may be actuated by pressing the flexible skin 320
whether the skin is in either the actuated or unactuated state (FIGS 18b and 18a,
respectively). Among other advantages, this embodiment may allow the flexible sliding

member 1846 to be stamped rather than, for example, molded and also uses conventional
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dome switches in combination thereby providing a potentially lower cost structure. The
hinged elements 1830 may be made of any suitable material such as nylon, polypropylene
sheet or any other suitable material as desired. As also noted above, the flexible sliding
member may be configured as a sliding member that slides along rails formed in a
housing or other structure or may be configured in any other suitable manner as desired.

[0070] FIGS. 19-20 illustrate another example of a controllable skin texture surface
structure that employs an expandable gas actuation structure to raise and lower desired
portions of a flexible skin structure to provide a controllable tactile surface of a portable
electronic device. As shown in FIG. 18, a skin texture surface actuation structure includes
an expandable gas actuation structure that includes a gas therein 1802 such as air, or a
material such as Freon or alcohol that changes from liquid to gas at a specified
temperature and pressure, and a flexible skin structure 1804 such as the type described
above. The expandable gas actuation structure includes a gas chamber 1800 that is
thermally coupled to a heating element 1808 such as an electrical resistor, or any other
suitable structure, that may be turned on and off by control logic as desired to heat the gas
1802 within the chamber 1800 and cause the gas to expand. The expansion of the gas
1802 causes the gas to expand and fill the chamber 1800 of the flexible skin structure
1804. When the heating element 1808 is turned off, the gas cools and the chamber 1800
collapses to put the flexible skin structure in an unactuated state. As such, the flexible
skin structure 1804, as also described above, includes pockets corresponding to desired
texture features wherein the pockets or chambers are molded into the reverse surface or

an undersurface of the flexible skin structure 1804. The flexible skin structure 1804 is
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attached to a substrate 1814 as described above, which may be part of the housing of the
device or any other structure. It is bonded so as to provide a sealed environment so that
the gas 1802 in the chamber 1800 cannot escape the chamber 1800. When an electric
current is sent through the heating element 1808, the increased temperature causes the
trapped gas in the pockets to expand thereby raising the pocket or outer surface over the
chamber 1810. The flexible skin structure includes expandable portions (e.g., pockets)
that define a plurality of gas chambers. Each of the gas chambers includes a controllable
heating element that may be activated together or individually.

[0071]  The substrate 1814 includes a heating element(s) 1808 corresponding to each
respective texture element. In addition, as noted above, all of the examples described
herein may include one or more touch sensors 202 which may be used in any suitable
manner. FIG. 19 shows a deactivated state of the flexible skin texture and FIG. 20 shows
an activated state of the flexible skin structure 1804.

[0072] FIGS. 21-22 diagrammatically illustrate one example of a controllable skin
texture surface 2102 with a particular pattern 2102 that may be activated and
nonactivated using one or more of the above described actuation structures based on any
suitable condition. In this example, the tactile configuration or pattern 2102 may simply
be located on an outer surface of the portable electronic device 2106 and need not be part
of a user interface but instead provides a unique visual experience and tactile experience
for a user.

[0073] FIGS. 23-25 illustrate yet another example of controlling of a controllable

skin texture surface 2300 (here shown as multiple hearts) of the types described above

31



WO 2009/067572 PCT/US2008/084111

wherein a different portion 2302-2306 is activated at different points in time by control
logic to give a visual appearance or tactile feel of a moving object. In this example, a
“heart” in the pattern is activated at different times. Also, animation of texture, such as
variations in surface texture over time, may be used to animate a character or feature. It
will be recognized that the above description and examples are merely for illustrative
purposes only and that any suitable configurations, designs or structures may be
employed as desired.

[0074] FIG. 26 illustrates a functional block diagram of a device 2600 such as a
wireless phone, a laptop computer, a portable Internet appliance, a portable digital media
player, a personal digital assistant, or any other suitable portable electronic device. The
device 2600 includes control logic 200 that is operatively coupled to a sensor 2602 and to
a tactile morphing keypad 2604. The tactile morphing keypad 2604 includes a
controllable skin texture surface 2606. The sensor 2602 includes one or more sensors
such as capacitance sensors, resistive sensors, pressure sensors, and/or any other suitable
touchpad sensors. In this example, the controllable skin texture surface 2606 defines a
keypad 2610 having a plurality of keys 2612. The keypad 2610 can be any suitable
keypad such as an alphanumeric keypad, a QWERTY keypad, or any other suitable
keypad having a plurality of keys. The keypad 2610 can be printed on the controllable
skin texture surface 2606 or otherwise displayed in any suitable manner.

[0075] During operation, a user can navigate the keypad 2610 with a finger, stylus,
and/or any other suitable pointing element. The sensor 2602 senses a proximity of the

pointing element to a particular key of the keypad 2610 (e.g., the key the user wishes to
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select) based on a user input such as presence of a finger, stylus, and/or any other suitable
pointing element. The control logic 200 controls the controllable skin texture surface
2606 in response to the sensor 2602 sensing the proximity of the pointing element to the
particular key. More specifically, the control logic 200 controls the controllable skin
texture surface 2606 to adjust a height of at least a portion of controllable skin texture
surface 2606 that corresponds to the particular key. In this manner, the particular key can
move closer in proximity to the pointing element, which can aid the user in selecting the
particular key of the keypad 2610. In some embodiments, the particular key can include a
depressed portion (e.g., a divot) to aid the user in selecting the particular key with the
pointing element.

[0076] In addition, in some embodiments, the control logic 200 controls the
controllable skin texture surface 2606 to adjust a height of at least a second portion of the
controllable skin texture surface 2606 corresponding to at least one key of the keypad
2610 that is adjacent to the particular key in response to the sensor 2602 sensing the
proximity of the pointing element to the particular key. The second portion corresponding
to the adjacent key and the portion corresponding to the particular key can have a
different height with respect to each other. For example, in some embodiments, the
portion corresponding to the particular key can protrude higher than second portion that
corresponds to the adjacent key. In this manner, adjacent keys are moved closer in
proximity to the user, but not as close as the particular key, which aids the user in
navigating to adjacent keys more efficiently. In addition, in some embodiments, the

second portion corresponding to the adjacent key can protrude higher than the portion
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corresponding to the particular key creating a recess to aid the user in selecting the
particular key with the pointing element.

[0077] In some embodiments, the control logic 200 can control the tactile morphing
keypad 2604 to adjust visual characteristics desired and adjacent keys with respect to
cach other and other keys of the keypad. Exemplary visual characteristics that can be
adjusted include brightness, size, color, shape, font and/or any other suitable visual
characteristic. For example, the particular key can be visually enlarged with respect to the
adjacent key, which can be visually enlarged with respect to the other keys of the keypad
2610.

[0078] The sensor 2602 can sense the user navigating the keypad 2610 and the user
selecting a particular key based on a characteristic change in the tactile morphing keypad
2604. The characteristic change can be any suitable change in the tactile morphing
keypad 2604 such as a change in capacitance, a change in resistance, a change in force
applied by the user, and/or any other suitable characteristic change. In some
embodiments, the sensor 2602 senses the selected key when the characteristic change is
greater than a predetermined threshold and senses the particular key when the
characteristic change is less than the predetermined threshold.

[0079] In some embodiments, the tactile morphing keypad 2604 can provide user
feedback such as auditory feedback, tactile feedback, and/or any other suitable user
feedback when the user selects the particular key. For example, the tactile morphing

keypad 2604 can include the dome switches 1842 to provide the user feedback.
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[0080] When the user selects the particular key, the control logic 200 controls the
controllable skin texture surface 2606 to lower (or raise in some embodiments) the
protruding (or recessed) portion of controllable skin texture surface 2606 corresponding
to the particular and/or adjacent key. In addition, in some embodiments, the control logic
200 adjusts visual characteristics of the tactile morphing keypad 2604 when the user
selects the particular key.

[0081] FIG. 27 illustrates one example of the tactile morphing keypad 2604. In this
example, the tactile morphing keypad 2604 includes the controllable skin texture surface
2606, the sensor 2602, and a display 2700 for displaying the keypad 2610. As shown, the
controllable skin texture surface 2616 overlays the keypad display 2700 in this example.
In addition, as noted above, the tactile morphing keypad 2604 can include the dome
switches 1842 to provide user feedback when the particular key is selected.

[0082] The control logic 200 controls at least a portion 2702 of the controllable skin
texture surface 2606 to protrude (i.c., raise) and/or lower in response to the sensor
sensing the proximity of the pointing element to a particular key 2704 and/or selecting
the particular key 2704. For example, if the user is navigating the keypad 2610 with the
pointing element, the portion 2702 of the controllable skin surface 2606 corresponding to
the particular key 2704 protrudes (or recesses in some embodiments). However, if the
user selects the particular key 2704, the portion 2702 of the controllable skin texture
surface 2606 that is protruding (or recessed) can lower (or raise).

[0083] In some embodiments, the control logic 200 adjusts visual characteristics of

the keypad 2610. For example, if the user is navigating the keypad 2610 with the pointing
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clement, visual characteristics of the particular key 2704 and adjacent keys 2706 are
adjusted with respect to each other and with respect to other keys 2708 of the keypad
2610. In addition, if the user selects the particular key 2704 with the pointing element, the
visual characteristics of the selected key and/or adjacent keys can be further adjusted.
[0084] FIG. 28 illustrates another example of the tactile morphing keypad 2604. In
this example, the tactile morphing keypad 2604 includes the controllable skin texture
surface 2606, the sensor 2602, and a flexible display 2750 for displaying the keypad
2610. The flexible display 2750 can be any known flexible display such as an
electrophoretic display or any other suitable flexible display. As shown, the controllable
skin texture surface 2606 underlays the flexible display 2750 in this example. In addition,
the tactile morphing keypad 2604 can include the dome switches 1842 to provide user
feedback when the particular key is selected.

[0085] The control logic 200 controls at least a portion 2752 of the controllable skin
texture surface 2606 to protrude (i.c., raise) and/or lower in response to the sensor
sensing the proximity of the pointing element to the particular key 2754 and/or selecting
the particular key 2754. For example, if the user is navigating the keypad 2610 with the
pointing element, the portion 2752 of the controllable skin surface 2606 corresponding to
the particular key 2754 protrudes (or recesses in some embodiments). However, if the
user selects the particular key 2754 with the pointing element, the portion 2752 of the
controllable skin texture surface 2606 that is protruding (or recessed) can lower (or raise).

The protruding portion 2752 causes the flexible display 2750 to protrude at a
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corresponding location 2756. In addition, the control logic 200 can also adjust visual
characteristics of the keypad 2610.

[0086] FIGS. 29-31 illustrate examples of the control logic 200 adjusting visual
characteristics of the keypad 2610. FIG. 29 illustrates one example of the keypad 2610
displayed by the display 2700 when the user is not navigating the keypad 2610.

[0087] FIG. 30 illustrates one example of the control logic 2610 adjusting visual
characteristics of the keypad 2610. In this example, the sensor 2602 senses proximity of
the pointing element to a particular key 2800 based on the user input. The control logic
200 controls the display 2700 to adjust visual characteristics of the keypad 2610 in
response to the sensor 2602 sensing the particular key 2800. More specifically, the
display 2700 adjusts visual characteristics of the particular key 2800 with respect to
adjacent keys 2802. In addition, the display 2700 adjusts visual characteristics of the
adjacent keys 2802 with respect to other keys 2804 of the keypad 2610. Although not
illustrated in this example, other adjacent keys 2806 can also be visually adjusted.

[0088] In this example, the display 2700 enlarges the particular key 2800 and the
adjacent keys 2802. More specifically, the display enlarges the particular key 2800 to be
larger than the adjacent keys 2802 and enlarges the adjacent keys 2802 to be larger than
the other keys. Although the visual characteristic adjusted is size in this example, skilled
artisans will appreciate that other visual characteristics may be adjusted such as
brightness, color, font, or other suitable visual characteristics.

[0089] FIG. 31 illustrates another example of the control logic 2610 adjusting visual

characteristics of the keypad 2610. In this example, the sensor 2602 senses proximity of
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the pointing element to a particular key 2808 based on the user input. The sensor 2602
controls the display 2700 adjusts visual characteristics of the keypad 2610 in response to
the sensor 2602 sensing the particular key 2808. More specifically, the display 2700 to
adjust visual characteristics of the particular key 2808 with respect to adjacent keys 2810.
In addition, the display 2700 adjusts visual characteristics of the adjacent keys 2810 with
respect to other keys 2812 of the keypad 2610. Although not illustrated in this example,
other adjacent keys 2814 can also be visually adjusted.

[0090] In this example, the display 2700 enlarges the particular key 2808 and the
adjacent keys 2810. More specifically, the display enlarges the particular key 2808 to be
larger than the adjacent keys 2810 and enlarges the adjacent keys 2810 to be larger than
the other keys. Although the visual characteristic adjusted is size in this example, skilled
artisans will appreciate that other visual characteristics may be adjusted such as
brightness, color, font, or other suitable visual characteristics.

[0091] FIGS. 32-34 illustrate examples of the control logic 200 controlling tactile
characteristics of the keypad 2610. FIG. 32 illustrates one example of the tactile
morphing keypad 2604 when a pointing element 2900 is not navigating the keypad 2610.
[0092] FIG. 33 illustrates one example of the control logic 2610 controlling the
controllable skin texture surface 2606 of the tactile morphing keypad 2604. In this
example, the sensor 2602 senses proximity of the pointing element 2900 to a particular
key 2902 based on the user input. The control logic 200 controls the controllable skin
texture surface 2606 in response to the sensor 2602 sensing the particular key 2902. More

specifically, the control logic 200 controls at least a portion of the controllable skin
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texture surface 2606 corresponding with the particular key 2902 to protrude (or recess in
some embodiments). In addition, in this example, the control logic 200 controls at least a
second portion of the controllable skin texture 2606 corresponding with adjacent keys
2904 to protrude (or recess). Although other configurations are possible, the particular
key 2902 protrudes higher than the adjacent keys 2904 and the adjacent keys 2904
protrude higher than other keys 2906 of the tactile morphing keypad 2604 in this
example.

[0093] FIG. 34 illustrates another example of the control logic 2610 controlling the
controllable skin texture surface 2606 of the tactile morphing keypad 2604. In this
example, the sensor 2602 senses proximity of the pointing element 2900 to a particular
key 2908 based on the user input. The control logic 200 controls at least a portion of the
controllable skin texture surface 2606 corresponding with the particular key 2908 to
protrude (or recess). In addition, in this example, the control logic 200 controls at least a
second portion of the controllable skin texture 2606 corresponding with adjacent keys
2910 to protrude (or recess). Although other configurations are possible, the particular
key 2908 protrudes higher than the adjacent keys 2910 and the adjacent keys 2910
protrude higher than other keys 2912 of the tactile morphing keypad 2604 in this
example.

[0094] Referring now to FIG. 35, exemplary steps that can be taken to control the
controllable skin texture surface 2606 defining the keypad 2610 are generally identified
at 3000. The process starts in step 3002 when the device 2600 is powered on. In step

3004, the sensor 2602 senses whether the pointing element 2900 is proximate to a
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particular key (e.g., the key the user desires to select). If the sensor 2602 does not sense
that the pointing element 2900 is proximate to a particular key, the process returns to step
3004. However, if the sensor 2602 senses that the pointing element 2900 is proximate to
a particular key, the control logic 200 controls at least one key of the keypad 2610 to
protrude (or recess) in response to the sensor 2602 sensing the pointing element 2900
proximate to the particular key in step 3006. The process ends in step 3008.

[0095] Referring now to FIG. 36, exemplary steps that can be taken to adjust visual
characteristics of the keypad 2610 are generally identified at 3100. The process starts in
step 3102 when the device 2600 is powered on. In step 3104, the display 2700 displays
the keypad 2610. In step 3106, the sensor 2602 determines whether the pointing element
2900 is proximate to a particular key. If the sensor 2602 does not sense that the pointing
element 2900 is proximate to a particular key (e.g., the key the user desires to select), the
process returns to step 3106. However, if the sensor 2602 senses that the pointing element
2900 is proximate to a particular key, the control logic 200 adjusts visual characteristics
of a first key and an adjacent second key with respect to each other and with respect to
other keys of the keypad 2610 in response to the sensor 2602 sensing proximity of the
pointing element 2900 to the particular key in step 3108. The process ends in step 3110.
[0096] Referring now to FIG. 37, exemplary steps that can be taken to control the
tactile morphing keypad 2604 are generally identified at 3200. The process starts in step
3202 when the device 2600 is powered on. In step 3204, the display 2700 displays the
keypad 2610. In step 3206, the sensor 2602 senses whether the pointing element 2900 is

proximate to a particular key of the keypad 2610. If the sensor 2602 does not sense that
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the pointing element 2900 is proximate to a particular key, the process returns to step
3206. However, if the sensor 2602 senses that the pointing element 2900 is proximate to
a particular key, the control logic 200 controls the controllable skin texture surface 2606
to protrude (or recess in some embodiments) a first and an adjacent second key in
response to sensing the proximity of the pointing element 2900 to the particular key in
step 3208. In step 3210, the control logic 200 adjusts visual characteristics of the first and
second key with respect to each other and with respect to other keys of the keypad 2610.
The process ends in step 3212.

[0097] Among other advantages, a portable clectronic device includes a tactile
morphing keypad to move a particular key closer in proximity to a user input such as a
finger or stylus, which aids a user in selecting the particular key of a keypad. In addition,
adjacent keys are moved closer in proximity to the user input, but not as close as the
particular key, which aids the user in navigating to adjacent keys more efficiently.
Furthermore, visual characteristics of the desired and adjacent keys are adjusted with
respect to cach other and with respect to other keys to aid the user in selecting the
particular key and navigating the keypad more efficiently. Other advantages will be
recognized by those of ordinary skill in the art.

[0098] The above detailed description of the invention, and the examples described
therein, has been presented for the purposes of illustration and description. While the
principles of the invention have been described above in connection with a specific
device, it is to be clearly understood that this description is made only by way of example

and not as a limitation on the scope of the invention.
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CLAIMS

What is claimed is:

1. A device, comprising:

a controllable skin texture surface defining a keypad;

a sensor that is operative to sense a proximity of a pointing element to a particular
key of the keypad based on a user input; and

control logic, operatively coupled to the sensor and the controllable skin texture
surface, that is operative to adjust a height of the particular key with respect to another
key of the keypad in response to the sensor sensing the proximity of the pointing element

to the particular key.

2. The device of claim 1 wherein the control logic controls the particular key
to protrude in response to the sensor sensing the proximity of the pointing element to the

particular key.

3. The device of claim 1 wherein the control logic is operative to adjust a
height of a second key of the keypad with respect to other keys of the keypad and with
respect to the particular key in response to the sensor sensing the proximity of the
pointing element to the particular key, wherein the second key is adjacent to the

particular key.

4. The device of claim 3 wherein the particular key protrudes higher that the

second key.
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5. The device of claim 1 wherein the control logic is operative to adjust
visual characteristics of the particular key and the second key with respect to other keys

of the keypad.

6. The device of claim 5 wherein the control logic is operative to adjust the

visual characteristics by at least one of brightness, size, color, shape, and font.

7. The device of claim 3 wherein the sensor is operative to sense whether the
particular key has been selected based on the user input, the control logic is operative to
adjust at least one of the height of the particular key and the height of the second key
when the particular key has been selected, and the keypad is operative to provide user
feedback that is at least one of auditory and tactile when the particular key has been

selected.

8. A device, comprising:

a display that is operative to display a plurality of keys;

a sensor that is operative to sense a proximity of a pointing element to a particular
key of the plurality of keys based on a user input; and

control logic, operatively coupled to the sensor and the display, that is operative
to adjust visual characteristics of the particular key and an adjacent key with respect to
cach other and with respect to other keys of the plurality in response to the sensor sensing

the proximity of the pointing element to the particular key.

9. The device of claim 8 further comprising a controllable skin texture

surface, operatively coupled to the display surface and the control logic, wherein the
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control logic is operative to adjust a first height of a first portion and a second height of a
second portion of the controllable skin texture surface with respect to the other keys in
response to the sensor sensing the proximity of the pointing element to the particular key,
wherein the first portion corresponds with the particular key and the second portion

corresponds with the adjacent key.

10.  The device of claim 9 wherein the control logic controls the first and
second portions to protrude in response to sensing the proximity of the pointing element

to the particular key.

11. The device of claim 10 wherein the first portion protrudes higher than the
second portion and wherein the particular key is visually larger than the adjacent key and

the adjacent key is visually larger than the other keys.

12. The device of claim 8 wherein the control logic is operative to adjust the

visual characteristics by at least one of brightness, size, color, shape, and font.

13.  The device of claim 9 wherein the sensor is operative to sense whether the
particular key has been selected based on the user input, the control logic is operative to
adjust at least one of the first and second height when the particular key has been
selected, and the display is operative to provide user feedback that is at least one of

auditory and tactile when the particular key has been selected.

14. A method, comprising:

displaying a plurality of keys;

44



WO 2009/067572 PCT/US2008/084111

sensing a proximity of a pointing element to a particular key of the plurality of
keys based on a user input; and

adjusting a first height of the particular key and a second height of an adjacent
key in response to the sensor sensing the proximity of the pointing element to the
particular key; and

adjusting visual characteristics of the particular key and the second key with
respect to each other and with respect to other keys of the plurality of keys in response to

the sensor sensing the proximity of the pointing element to the particular key.

15. The method claim 14 wherein the first height and second height are

adjusted to protrude from the controllable skin texture surface.

16. The method of claim 15 wherein the particular key protrudes higher than
the adjacent key and wherein the particular key is visually larger than the adjacent key

and the adjacent key is visually larger than the other keys.

17. The method of claim 14 wherein the visual characteristics are adjusted by

at least one of brightness, size, color, shape, and font.

18. The method of claim 14 further comprising sensing whether the particular

key has been selected based on the user input.

19. The method of claim 18 further comprising adjusting at least one of the

first and second height when the particular key has been selected.
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20. The method of claim 18 further comprising providing user feedback that is

at least one of auditory and tactile when the particular key has been selected.
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