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DEVICE AND METHOD FOR FORCE AND PROXIMITY SENSING
EMPLOYING AN INTERMEDIATE SHIELD ELECTRODE LAYER

FIELD OF THE INVENTION

[6001] This invention generally relates to electronic devices, and more specifically
relates to force enabled sensor devices and using sensor devices for producing user

interface inputs.

BACKGROUND OF THE INVENTION

[0002] Input devices including proximity sensor devices (also commonly called
touchpads or touch sensor devices) are widely used in a variety of electronic systems.
A proximity sensor device typically includes a sensing region, often demarked by a
surface, in which the proximity sensor device determines the presence, location and/or
motion of one or more input objects. Proximity sensor devices may be used to provide
interfaces for the electronic system. For example, proximity sensor devices are often
used as input devices for larger computing systems (such as opaque touchpads
integrated in, or peripheral to, notebook or desktop computers). Proximity sensor
devices are also often used in smaller computing systems (such as touch screens

integrated in cellular phones).

[0003] The proximity sensor device can be used to enable control of an associated
electronic system. For example, proximity sensor devices are often used as input
devices for larger computing systems, including: notebook computers and desktop
computers. Proximity sensor devices are also often used in smaller systems, including:
handheld systems such as personal digital assistants (PDAs), remote controls, and
communication systems such as wireless telephones and text messaging systems.
Increasingly, proximity sensor devices are used in media systems, such as CD, DVD,
MP3, video or other media recorders or players. The proximity sensor device can be

integral or peripheral to the computing system with which it interacts.
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[0004] Presently known input devices also have the ability to detect applied force in
addition to determining positional information for input objects interacting with a
sensing region of the input device. However, in some force/touch input devices, the
force sensing and touch sensing electrodes may interact during applied force. This
cross coupling of the force receivers and touch receivers makes it difficult to accurately
locate an input object (e.g., finger) where an input surface experiences deflection due to
an applied input object. These factors limit the flexibility and usability of presently
known force enabled input devices. A full transcapacitive image sensor is thus needed
in which the touch image remains independent of the force image during deflection of

the input surface.

BRIEF SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention provide a device and method that
facilitates improved device usability. The device and method provide improved user
interface functionality by disposing a shielding electrode layer between the transmitter
and receiver electrode layers. In this way, the effects of input surface deflection may be

effectively removed from the touch signal.

[0006] More particularly, in an embodiment the sensor stack up includes a first
layer having transmit electrodes and touch receiver electrodes, a second layer having
shield electrodes configured to render the touch image independent of applied pressure,
and a third layer having force receiver electrodes, with a compressible dielectric layer
interposed between the second and third layers. By matching the geometry of the
shield electrodes to the geometry of the touch receivers, the shield electrode layer: i)
blocks the touch receivers from interacting with the force receivers during deflection;
and ii) allows the common transmitter electrodes to interact with the force receivers

during deflection

[0607] Moreover, the shielding electrode layer may be maintained at a constant
voltage potential, for example, at a reference or system ground, using only a single

wire.
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BRIEF DESCRIPTION OF DRAWINGS

[0008] The preferred exemplary embodiment of the present invention will
hereinafter be described in conjunction with the appended drawings, where like

designations denote like elements, and:

[0009] FIG. 1 is a block diagram of an exemplary electronic system that includes an
input device and a processing system in accordance with an embodiment of the

invention;

[0010] FIG. 2 is a schematic view of an exemplary processing system in accordance

with an embodiment of the invention;

[0011] FIG. 3 is a cross section view of a force enabled touch sensor having a top
electrode layer, a bottom electrode layer, and a shield electrode layer therebetween in

accordance with an embodiment of the invention;

[0012] FIG. 4A is a top plan view of the top electrode layer of FIG. 3, showing first
subset of touch receiver electrodes and a second subset of transmitter electrodes in

accordance with an embodiment of the invention;

[6013] FIG. 4B is a top plan view of the shield electrode layer of FIG. 3, exhibiting
a geometry which generally resembles the touch receiver electrodes of FIG. 4A in

accordance with an embodiment of the invention;

[0014] FIG. 4C is a top plan view of the bottom electrode layer of FIG. 3, showing
force receiver electrodes exhibiting a geometry which generally resembles the

transmitter electrodes of FIG. 4A in accordance with an embodiment of the invention;

[0015] FIG. 5 is a schematic cross section view illustrating the electromagnetic
field lines associated with a transmitter electrode, a touch receiver electrode, a shield
electrode, and a force receiver electrode in accordance with an embodiment of the

invention;
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[0016] FIGS. 6A-6C illustrate another embodiment of the various electrode layers
shown in FIGS. 3 and 4; and

[0017] FIGS. 7A-7C illustrates a further alternate embodiment in which a top

electrode layer is deposited in a single layer.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief summary or the following

detailed description.

[0019] Various embodiments of the present invention provide input devices and
methods that facilitate improved usability. User interface functionality may be
enhanced by arranging touch receiver electrodes and transmitter electrodes in a top
layer, force receiver electrodes in a bottom layer, and interposing a compressible layer
and a shield electrode layer between the top and bottom layers to thereby make the
touch image produced by the top layer substantially or wholly independent of bending

or translation of the input surface due to applied force.

[0020] Turning now to the figures, FIG. 1 is a block diagram of an exemplary input
device 100 in accordance with embodiments of the invention. The input device 100
may be configured to provide input to an electronic system (not shown). As used in
this document, the term “electronic system” (or “electronic device”) broadly refers to
any system capable of electronically processing information. Some non-limiting
examples of electronic systems include personal computers of all sizes and shapes, such
as desktop computers, laptop computers, netbook computers, tablets, web browsers, e-
book readers, and personal digital assistants (PDAs). Additional example electronic
systems include composite input devices, such as physical keyboards that include input
device 100 and separate joysticks or key switches. Further example electronic systems

include peripherals such as data input devices (including remote controls and mice),
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and data output devices (including display screens and printers). Other examples
include remote terminals, kiosks, and video game machines (e.g., video game consoles,
portable gaming devices, and the like). Other examples include communication devices
(including cellular phones, such as smart phones), and media devices (including
recorders, editors, and players such as televisions, set-top boxes, music players, digital
photo frames, and digital cameras). Additionally, the electronic system could be a host

or a slave to the input device.

[0021] The input device 100 can be implemented as a physical part of the electronic
system, or can be physically separate from the electronic system. As appropriate, the
input device 100 may communicate with parts of the electronic system using any one or
more of the following: buses, networks, and other wired or wireless interconnections.
Examples include I? C, SPI, PS/2, Universal Serial Bus (USB), Bluetooth, RF, and
IRDA.

[0022] In a preferred embodiment, the input device 100 is implemented as a force
enabled touchpad system including a processing system 110 and a sensing region 120.
Sensing region 120 (also often referred to as “touchpad™) is configured to sense input
provided by one or more input objects 140 in the sensing region 120. Example input
objects include fingers, thumb, palm, and styli. The sensing region 120 is illustrated
schematically as a rectangle; however, it should be understood that the sensing region
may be of any convenient form and in any desired arrangement on the surface of and/or

otherwise integrated with the touchpad.

[0023] Sensing region 120 includes sensors for detecting force and proximity, as
described in greater detail below in conjunction with FIG. 2. Sensing region 120 may
encompass any space above (e.g., hovering), around, in and/or near the input device
100 in which the input device 100 is able to detect user input (e.g., user input provided
by one or more input objects 140). The sizes, shapes, and locations of particular
sensing regions may vary widely from embodiment to embodiment. In some
embodiments, the sensing region 120 extends from a surface of the input device 100 in
one or more directions into space until signal-to-noise ratios prevent sufficiently
accurate object detection. The distance to which this sensing region 120 extends in a

particular direction, in various embodiments, may be on the order of less than a
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millimeter, millimeters, centimeters, or more, and may vary significantly with the type
of sensing technology used and the accuracy desired. Thus, some embodiments sense
input that comprises no contact with any surfaces of the input device 100, contact With
an input surface (e.g. a touch surface) of the input device 100, contact with an input
surface of the input device 100 coupled with some amount of applied force or pressure,
and/or a combination thereof. In various embodiments, input surfaces may be provided
by surfaces of casings within which the sensor electrodes reside, by face sheets applied
over the sensor electrodes or any casings, etc. In some embodiments, the sensing
region 120 has a rectangular shape when projected onto an input surface of the input

device 100.

[0024] The input device is adapted to provide user interface functionality by
facilitating data entry responsive to the position of sensed objects and the force applied
by such objects. Specifically, the processing system is configured to determine
positional information for objects sensed by a sensor in the sensing region. This
positional information can then be used by the system to provide a wide range of user
interface functionality. Furthermore, the processing system is configured to determine
force information for objects from measures of force determined by the sensor in the
sensing region. This force information can then also be used by the system to provide a
wide range of user interface functionality, for example, by providing different user
interface functions in response to different levels of applied force by objects in the
sensing region. Furthermore, the processing system may be configured to determine
input information for more than one object sensed in the sensing region. Input
information can be based upon a combination the force information, the positional
information, the number of input objects in the sensing region and/or in contact with the
input surface, and a duration the one or more input objects is touching or in proximity
to the input surface. Input information can then be used by the system to provide a

wide range of user interface functionality.

[0025] The input device is sensitive to input by one or more input objects (e.g.
fingers, styli, etc.), such as the position of an input object within the sensing region.
The sensing region encompasses any space above, around, in and/or near the input

device in which the input device is able to detect user input (e.g., user input provided by
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one or more input objects). The sizes, shapes, and locations of particular sensing
regions may vary widely from embodiment to embodiment. In some embodiments, the
sensing region extends from a surface of the input device in one or more directions into
space until signal-to-noise ratios prevent sufficiently accurate object detection. The
distance to which this sensing region extends in a particular direction, in various
embodiments, may be on the order of less than a millimeter, millimeters, centimeters,
or more, and may vary significantly with the type of sensing technology used and the
accuracy desired. Thus, some embodiments sense input that comprises no contact with
any surfaces of the input device, contact with an input surface (e.g. a touch surface) of
the input device, contact with an input surface of the input device coupled with some
amount of applied force, and/or a combination thereof. In various embodiments, input
surfaces may be provided by surfaces of casings within which the sensor electrodes

reside, by face sheets applied over the sensor electrodes or any casings.

[0026] The electronic system 100 may utilize any combination of sensor
components and sensing technologies to detect user input (e.g., force, proximity) in the
sensing region 120 or otherwise associated with the touchpad. The input device 102
comprises one or more sensing elements for detecting user input. As several non-
limiting examples, the input device 100 may use capacitive, elastive, resistive,

inductive, magnetic, acoustic, ultrasonic, and/or optical techniques.

[0027] In some resistive implementations of the input device 100, a flexible and
conductive first layer is separated by one or more spacer elements from a conductive
second layer. During operation, one or more voltage gradients are created across the
layers. Pressing the flexible first layer may deflect it sufficiently to create electrical
contact between the layers, resulting in voltage outputs reflective of the point(s) of
contact between the layers. These voltage outputs may be used to determine positional

information.

[0028] In some inductive implementations of the input device 100, one or more
sensing elements pick up loop currents induced by a resonating coil or pair of coils.
Some combination of the magnitude, phase, and frequency of the currents may then be

used to determine positional information.
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[0029] In some capacitive implementations of the input device 100, voltage or
current is applied to create an electric field. Nearby input objects cause changes in the
electric field, and produce detectable changes in capacitive coupling that may be

detected as changes in voltage, current, or the like.

[0030] Some capacitive implementations utilize arrays or other regular or irregular
patterns of capacitive sensing elements to create electric fields. In some capacitive
implementations, separate sensing elements may be ohmically shorted together to form
larger sensor electrodes. Some capacitive implementations utilize resistive sheets,

which may be uniformly resistive.

[0031] Some capacitive implementations utilize “self capacitance” (or “absolute
capacitance™) sensing methods based on changes in the capacitive coupling between
sensor electrodes and an input object. In various embodiments, an input object near the
sensor electrodes alters the electric field near the sensor electrodes, thus changing the
measured capacitive coupling. In one implementation, an absolute capacitance sensing
method operates by modulating sensor electrodes with respect to a reference voltage
(e.g. system ground), and by detecting the capacitive coupling between the sensor

electrodes and input objects.

[0032] Some capacitive implementations utilize “mutual capacitance” (or
“transcapacitance”) sensing methods based on changes in the capacitive coupling
between sensor electrodes. In various embodiments, an input object near the sensor
electrodes alters the electric field between the sensor electrodes, thus changing the
measured capacitive coupling. In one implementation, a transcapacitive sensing
method operates by detecting the capacitive coupling between one or more transmitter
sensor electrodes (also “transmitter electrodes™ or “transmitters”) and one or more
receiver sensor electrodes (also “receiver electrodes” or “receivers”). Transmitter
sensor electrodes may be modulated relative to a reference voltage (e.g., system
ground) to transmit transmitter signals. Receiver sensor electrodes may be held
substantially constant relative to the reference voltage to facilitate receipt of resulting
signals. A resulting signal may comprise effect(s) corresponding to one or more

transmitter signals, and/or to one or more sources of environmental interference (e.g.
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other electromagnetic signals). Sensor electrodes may be dedicated transmitters or

receivers, or may be configured to both transmit and receive.

[0033] It should also be understood that the input device may be implemented with
a variety of different methods to determine force imparted onto the input surface of the
input device. For example, the input device may include mechanisms disposed
proximate the input surface and configured to provide an electrical signal representative
of an absolute or a change in force applied onto the input surface. In some
embodiments, the input device may be configured to determine force information based
on a defection of the input surface relative to a conductor (e.g. a display screen
underlying the input surface). In some embodiments, the input surface may be
configured to deflect about one or multiple axis. In some embodiments, the input

surface may be configured to deflect in a substantially uniform or non-uniform manner.

[0034] In FIG. 1, a processing system 110 is shown as part of the input device 100.
However, in other embodiments the processing system may be located in the host
electronic device with which the touchpad operates. The processing system 110 is
configured to operate the hardware of the input device 100 to detect various inputs from
the sensing region 120. The processing system 110 comprises parts of or all of one or
more integrated circuits (ICs) and/or other circuitry components. For example, a
processing system for a mutual capacitance sensor device may comprise transmitter
circuitry configured to transmit signals with transmitter sensor electrodes, and/or
receiver circuitry configured to receive signals with receiver sensor electrodes). In
some embodiments, the processing system 110 also comprises electronically-readable
instructions, such as firmware code, software code, and/or the like. In some
embodiments, components composing the processing system 110 are located together,
such as near sensing element(s) of the input device 100. In other embodiments,
components of processing system 110 are physically separate with one or more
components close to sensing element(s) of input device 100, and one or more
components elsewhere. For example, the input device 100 may be a peripheral coupled
to a desktop computer, and the processing syétem 110 may comprise software
configured to run on a central processing unit of the desktop computer and one or more

ICs (perhaps with associated firmware) separate from the central processing unit. As
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another example, the input device 100 may be physically integrated in a phone, and the
processing system 110 may comprise circuits and firmware that are part of a main
processor of the phone. In some embodiments, the processing system 110 is dedicated
to implementing the input device 100. In other embodiments, the processing system
110 also performs other functions, such as operating display screens, driving haptic

actuators, etc.

[0035] The processing system 110 may be implemented as a set of modules that
handle different functions of the processing system 110. Each module may comprise
circuitry that is a part of the processing system 110, firmware, software, or a
combination thereof. In various embodiments, different combinations of modules may
be used. Example modules include hardware operation modules for operating hardware
such as sensor electrodes and display screens, data processing modules for processing
data such as sensor signals and positional information, and reporting modules for
reporting information. Further example modules include sensor operation modules
configured to operate sensing element(s) to detect input, identification modules
configured to identify gestures such as mode changing gestures, and mode changing

modules for changing operation modes.

[0036] In some embodiments, the processing system 110 responds to user input (or
lack of user input) in the sensing region 120 directly by causing one or more actions.
Example actions include changing operation modes, as well as graphical user interface
(GUI) actions such as cursor movement, selection, menu navigation, and other
functions. In some embodiments, the processing system 110 provides information
about the input (or lack of input) to some part of the electronic system (e.g. to a central
processing system of the electronic system that is separate from the processing system
110, if such a separate central processing system exists). In some embodiments, some
part of the electronic system processes information received from the processing system
110 to act on user input, such as to facilitate a full range of actions, including mode
changing actions and GUI actions. The types of actions may include, but are not
limited to, pointing, tapping, selecting, clicking, double clicking, panning, zooming,
and scrolling. Other examples of possible actions include an initiation and/or rate or

speed of an action, such as a click, scroll, zoom, or pan.

10
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[0037] For example, in some embodiments, the processing system 110 operates the
sensing element(s) of the input device 100 to produce electrical signals indicative of
input (or lack of input) in the sensing region 120. The processing system 110 may
perform any appropriate amount of processing on the electrical signals in producing the
information provided to the electronic system. For example, the processing system 110
may digitize analog electrical signals obtained from the sensor electrodes. As another
example, the processing system 110 may perform filtering or other signal conditioning.
As yet another example, the processing system 110 may subtract or otherwise account
for a baseline, such that the information reflects a difference between the electrical
signals and the baseline. As yet further examples, the processing system 110 may
determine positional information, recognize inputs as commands, recognize

handwriting, and the like.

[0038] “Positional information” as used herein broadly encompasses absolute
position, relative position, velocity, acceleration, and other types of spatial information,
particularly regarding the presence of an input object in the sensing region. Exemplary
“zero-dimensional” positional information includes near/far or contact/no contact.
information. Exemplary “one-dimensional” positional information includes positions
along an axis. Exemplary “two-dimensional” positional information includes motions
in a plane. Exemplary “three-dimensional” positional information includes
instantaneous or average velocities in space. Further examples include other
representations of spatial information. Historical data regarding one or more types of
positional information may also be determined and/or stored, including, for example,

historical data that tracks position, motion, or instantaneous velocity over time.

[0039] Likewise, the term "force information" as used herein is intended to broadly
encompass force information regardless of format. For example, the force information
can be provided for each input object as a vector or scalar quantity. As another
example, the force information can be provided as an indication that determined force
has or has not crossed a threshold amount. As other examples, the force information
can also include time history components used for gesture recognition. As will be
described in greater detail below, positional information and force information from the

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

11
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use of the proximity sensor device as a pointing device for selection, cursor control,

scrolling, and other functions.

[0040] Likewise, the term “input information” as used herein is intended to broadly
encompass temporal, positional and force information regardless of format, for any
number of input objects. In some embodiments, input information may be determined
for individual input objects. In other embodiments, input information comprises the

number of input objects interacting with the input device.

[0041] In some embodiments, the input device 100 is implemented with additional
input components that are operated by the processing system 110 or by some other
processing system. These additional input components may provide redundant
functionality for input in the sensing region 120, or some other functionality. For
example, buttons (not shown) may be placed near the sensing region 120 and used to
facilitate selection of items using the input device 102. Other types of additional input
components include sliders, balls, wheels, switches, and the like. Conversely, in some
embodiments, the input device 100 may be implemented with no other input

components.

[0042] In some embodiments, the electronic system 100 comprises a touch screen
interface, and the sensing region 120 overlaps at least part of an active area of a display
screen. For example, the input device 100 may comprise substantially transparent
sensor electrodes overlaying the display screen and provide a touch screen interface for
the associated electronic system. The display screen may be any type of dynamic
display capable of displaying a visual interface to a user, and may include any type of
light emitting diode (LED), organic LED (OLED), cathode ray tube (CRT), liquid
crystal display (LCD), plasma, electroluminescence (EL), or other display technology.
The input device 100 and the display screen may share physical elements. For
example, some embodiments may utilize some of the same electrical components for
displaying and sensing. As another example, the display screen may be operated in part

or in total by the processing system 110.

12
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[0043] It should be understood that while many embodiments of the invention are
described in the context of a fully functioning apparatus, the mechanisms of the present
invention are capable of being distributed as a program product (e.g., software) in a
variety of forms. For example, the mechanisms of the present invention may be
implemented and distributed as a software program on information bearing media that
are readable by electronic processors (e.g., non-transitory computer-readable and/or
recordable/writable information bearing media readable by the processing system 110).
Additionally, the embodiments of the present invention apply equally regardless of the
particular type of medium used to carry out the distribution. Examples of non-
transitory, electronically readable media include various discs, memory sticks, memory
cards, memory modules, and the like. Electronically readable media may be based on

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

[0044] It should also be understood that the input device may be implemented with
a variety of different methods to determine force imparted onto the input surface of the
input device. For example, the input device may include mechanisms disposed
proximate to the input surface and configured to provide an electrical signal
representative of an absolute or a change in force applied onto the input surface. In
some embodiments, the input device may be configured to determine force information
based on a defection of the input surface relative to a conductor (e.g. a display screen
underlying the input surface). In some embodiments, the input surface may be
configured to deflect about one or multiple axis. In some embodiments, the input

surface may be configured to deflect in a substantially uniform or non-uniform manner.

[0045] As described above, in some embodiments some part of the electronic
system processes information received from the processing system to determine input
information and to act on user input, such as to facilitate a full range of actions. It
should be appreciated that some uniquely input information may result in the same or
different action. For example, in some embodiments, input information for an input
object comprising, a force value F, a location X,Y and a time of contact T may result in
a first action. While input information for an input object comprising a force value F’, a
location X’,Y’ and a time of contact T° (where the prime values are uniquely different

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

13
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information for an input object comprising a force value F, a location XY and a time
of contact T’ may result in a first action. While the examples below describe actions
which may be performed based on input information comprising a specific range of
values for force, position and the like, it should be appreciated that that different input
information (as described above) may result in the same action. Furthermore, the same
type of user input may provide different functionality based on a component of the
input information. For example, different values of I, X/Y and T may result in the same
type of action (e.g. panning, zooming, etc.), that type of action may behave differently

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

[0046] As noted above, the embodiments of the invention can be implemented with
a variety of different types and arrangements of capacitive sensor electrodes for
detecting force and/or positional information. To name several examples, the input
device can be implemented with electrode arrays that are formed on multiple substrate
layers, typically with the electrodes for sensing in one direction (e.g., the “X” direction)
formed on a first layer, while the electrodes for sensing in a second direction (e.g., the
“Y” direction are formed on a second layer. In other embodiments, the sensor
electrodes for both the X and Y sensing can be formed on the same layer. In yet other
embodiments, the sensor electrodes can be arranged for sensing in only one direction,
e.g., in either the X or the Y direction. In still another embodiment, the sensor
electrodes can be arranged to provide positional information in polar coordinates, such
as “r” and “0” as one example. In these embodiments the sensor electrodes themselves
are commonly arranged in a circle or other looped shape to provide “0”, with the shapes

of individual sensor electrodes used to provide “r”.

[0047] Also, a variety of different sensor electrode shapes can be used, including
electrodes shaped as thin lines, rectangles, diamonds, wedge, etc. Finally, a variety of
conductive materials and fabrication techniques can be used to form the sensor
electrodes. As one example, the sensor electrodes are formed by the deposition and

etching of conductive ink on a substrate.

14
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[0048] In some embodiments, the input device is comprises a sensor device
configured to detect contact area and location of a user interacting with the device. The
input sensor device may be further configured to detect positional information about the
user, such as the position and movement of the hand and any fingers relative to an input

surface (or sensing region) of the sensor device.

[0049] In some embodiments, the input device is used as an indirect interaction
device. An indirect interaction device may control GUI actions on a display which is
separate from the input device, for example a touchpad of a laptop computer. In one
embodiment, the input device may operate as a direct interaction device. A direct
interaction device controls GUI actions on a display which underlies a proximity
sensor, for example a touch screen. There are various usability differences between
indirect and direct more which may confuse or prevent full operation of the input
device. For example, an indirect input device may be used to position a cursor over a
button by moving an input object over a proximity sensor. This is done indirectly, as
the motion of the input does not overlap the response on the display. In a similar case, a
direct interaction device may be used to position a cursor over a button by placing an

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

[0050] Referring now to FIGS. 1 and 2, the processing system 110 includes a
sensor module 202 and a determination module 204. Sensor module 202 is configured
to receive resulting signals from the sensors associated with sensing region 120.
Determination module 204 is configured to process the data, and to determine
positional information and force information. The embodiments of the invention can be
used to enable a variety of different capabilities on the host device. Specifically, it can
be used to enable cursor positioning, scrolling, dragging, icon selection, closing
windows on a desktop, putting a computer into sleep mode, or perform any other type

of mode switch or interface action.

[0051] FIG. 3 is a cross section view of a force enabled touch sensor stackup 300
including a flexible insulating facesheet 302, a top electrode layer 304, and a bottom
electrode layer 306 comprising force receiver electrodes. The top electrode layer 304

comprises a first subset 314 of touch receiver electrodes and a second subset 316 of
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transmitter electrodes. A flexible insulating substrate layer 308 and a compressible
dielectric layer 310 are disposed between the top electrode layer 304 and the bottom
electrode layer 306. A rigid insulating substrate 312 underlies and supports the stackup
300. In the illustrated embodiment, the substrate layer 308 comprises a shield electrode

layer 320 sandwiched between respective insulating layers 318.

[0052] In various embodiments, the compressible dielectric layer 310 may comprise
a silicon sheet, a foam, or a rubber material which may be uniform, molded and/or
contain apertures. Alternatively, the compressible dielectric layer 310 may comprise
air, optical clear adhesive (OCA), or any other compressible medium which may be
characterized by a bending or compressible stiffness. In addition, the compressible
layer may form an array of individual compressible structures; in other embodiments,
the compressible structures may be disposed on a separate substrate which is then
coupled to either the flexible insulating substrate 308 or the bottom electrode layer 306.
Also, in various embodiments, the compressible layer may comprise a grid of
compressible structures, or other suitable shapes. In any event, the compressible layer is
configured to facilitate the local deflection of the top electrode layer 304 toward the

bottom electrode layer 306 in response to force applied to the input surface.

[0053] FIG. 4A is a top plan view of a top electrode layer 404 (generally analogous
to the top electrode layer 304 of FIG. 3), showing first subset 414 of touch receiver
electrodes and a second subset 416 of transmitter electrodes in accordance with an

embodiment.

[0054] FIG. 4B is a top plan view of a shield electrode layer 420 (generally
analogous to the shield electrode layer 320 of FIG. 3). Note that the geometry and
layout of the shield electrode layer 420 generally corresponds to and is substantially
aligned with the touch receiver electrode layer 414, except that, in an embodiment, the
shield electrodes are slightly larger than the corresponding touch receiver electrodes, as

described in greater detail below in conjunction with FIG. 5.

[0055] FIG. 4C is a top plan view of a bottom electrode layer 406 (generally

analogous to the bottom electrode layer 306 of FIG. 3). The force receiver electrodes
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406 exhibit a geometry which generally resembles the transmitter electrode layer 416 of
FIG. 4A. Further examples of force receiver electrode geometry are shown in FIGS 6-
7.

[0056] Although FIGS. 4A — 4C depict diamond shaped electrodes, it will be
understood that any desired electrode configuration may be employed, provided that the
shield electrode layer is configured to: i) provide electrical shielding between the touch
receiver electrode layer 414 and the force receiver electrode layer 406 during deflection
of the stackup 300 due to applied pressure from an input object; and ii) allow field lines
to pass through the interstices within the shield layer 420 and interact with the force

receiver layer 406 during deflection.

[0057] FIG. 5 is a close up view of a portion 500 of the stackup of FIG. 3. More
particularly, the portion 500 includes a transmitter electrode 516, a touch receiver
electrode 514, a force receiver electrode 506, a shield electrode 520, and a compressible
dielectric layer 510. In the illustrated embodiment, electromagnetic field lines 530
extend from the transmitter electrode 516 to the touch receiver electrode 514, both
above and below the common plane of the transmitter electrode 516 and touch receiver
electrode 514. Below the plane, field lines 534 which would otherwise interact with the
force receiver electrodes are captured by the shield electrode 520. Consequently, the
capacitive coupling between the transmitter electrodes 516 and the receiver electrodes
514 remains independent of and uncorrupted by the deflection of the electrode layers
due to applied pressure. Moreover, field lines 532 are allowed to freely pass from the
transmitter electrode 516 and couple to the force receiver electrode 532 during

deflection.

[0058] With continued reference to FIG. 5, note that the geometry (e.g., the size,
shape, and spacing) of the transmitter electrode 516 generally corresponds to the
geometry of the force receiver electrode 506 as well as to the spacing between
respective touch receiver electrodes 514. In this way the capacitive coupling between
the transmitter electrode 516 and the force receiver electrode 506 is substantially
unaffected by the shield electrode 520 during deflection. In addition, the geometry

(e.g., the size, shape, and spacing) of the touch receiver electrodes 514 generally
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corresponds to and is aligned with the shield electrode 520. Consequently, the touch
receiver electrodes remain electrically isolated from the force receiver electrodes during
deflection, with the result that the capacitive coupling between the transmitter electrode
and the touch receiver electrode is substantially unaffected by the presence of the

underlying force receiver electrodes during deflection.

[0059] In addition, because the shield electrode layer comprises a single voltage
node, it may be maintained at a constant electrical potential (e.g., ground) using only a

single wire 521, reducing cost and complexity of implementation.

[06060] FIGS. 6A-6C illustrate another embodiment of the present invention,
wherein the top electrode layer (not shown) is generally similar to the top electrode
layers 304 and 404 of FIGS. 3 and 4A, respectively, in that it comprises a substantially

space filling array of sensor electrodes.

[6061] FIG. 6A is a top plan view of a top electrode layer 604 (generally analogous
to the top electrode layer 304 of FIG. 3), showing first subset 614 of touch receiver
electrodes and a second subset 616 of transmitter electrodes in accordance with an

embodiment.

[0062] FIG. 6B is a top plan view of a shield electrode layer 620 (generally
analogous to the shield electrode layer 420 of FIG. 3). Note that the geometry and
layout of the shield electrode layer 620 generally corresponds to and is substantially
aligned with the touch receiver electrode layer 614, except that, in an embodiment, the

shield electrodes are slightly larger than the corresponding touch receiver electrodes.

[0063] FIG. 6C is a top plan view of a bottom electrode layer 606 (generally
analogous to the bottom electrode layer 306 of FIG. 3). The force receiver electrodes
606 exhibit a geometry which generally resembles the transmitter electrode layer 616 of
FIG. 6A.
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[0064] FIGS. 7A-7C illustrates a further alternate embodiment in which a top
electrode layer 704 is deposited in a single layer. Specifically, while electrode arrays
404 and 604 comprise “jumper” elements which ohmically isolated individual
electrodes from the first subset and the second subset, the sensor electrodes in FIG. 7A
require no jumper electrodes to determine positional information for input objects in a
sensing region of the device. The top electrode layer 704 is just one example of a single
layer sensor configuration without jumpers. Other embodiments may be found in co-
pending U.S. Patent Application Serial Number 13/740,122 (US 2013/0181943 Al)
titled “Single Layer Capacitive Imaging Sensors” assigned to Synaptics Incorporated,

the entire contents of which are incorporated herein by this reference.

[0065] FIG. 7A is a top plan view of a top electrode layer 704 (generally
analogous to the top electrode layer 304 of FIG. 3), showing a first subset 714 of touch
receiver electrodes and a second subset 716 of transmitter electrodes in accordance with

an embodiment.

[0066] FIG. 7B is a top plan view of a shield electrode layer 720 (generally
analogous to the shield electrode layer 420 of FIG. 4). Note that the geometry and
layout of the shield electrode layer 720 generally corresponds to and is substantially
aligned with the touch receiver electrode layer 714, except that, in an embodiment, the
shield electrodes may be slightly larger than the corresponding touch receiver

electrodes.

[0067] FIG. 7C is a top plan view of a bottom electrode layer 706 (generally
analogous to the bottom electrode layer 306 of FIG. 3). The force receiver electrodes
706 exhibit a geometry different from the transmitter electrode layer 716 of FIG. 7A.
The bottom electrode layer 706 comprises a plurality of sensor electrodes arranged
substantially orthogonal to the sensor electrodes 716, but is nonetheless configured for

capacitive coupling with the transmitter electrodes 716.

19



WO 2016/040468 PCT/US2015/049165

[0068] With continued reference to FIGS. 6-7 and referring again to FIG. 5, note
that the geometry (e.g., the size, shape, and spacing) of the transmitter electrodes 616
and 716, as well as the spacing between respective touch receiver electrodes 614 and
714, results in the capacitive coupling between the transmitter electrodes and the force
receiver electrodes being substantially unaffected by the shield electrode layers 620 and
720 during deflection. Consequently, the touch receiver electrodes remain electrically
isolated from the force receiver electrodes during deflection, with the result that the
capacitive coupling between the transmitter electrode and the touch receiver electrode
is substantially unaffected by the presence of the underlying force receiver electrodes

during deflection.

[0069] An input device for an electronic system is thus provided which includes: a
pliable component having an input surface and a first plurality of sensor electrodes; a
support substrate spaced apart from the pliable component; a second plurality of sensor
electrodes disposed on a second substrate; a spacing layer disposed between the pliable
component and the support substrate, the spacing layer configured to locally deform in
response to a force applied to the input surface; and a shield electrode layer disposed

between the first plurality and the second plurality of sensor electrodes.

[6070] In an embodiment, the shield electrode layer is configured to selectively
electrically isolate the first plurality of sensor electrodes from the second plurality of

sensor electrodes.

[0071] In an embodiment: the first plurality of sensor electrodes comprises a first
subset characterized by a first geometric pattern and a second subset characterized by a
second geometric pattern; and the shield electrode layer comprises an array of
conductive segments overlaying the first geometric pattern and an array of voids

overlaying the second geometric pattern.

[0072] In an embodiment, the second plurality of sensor electrodes is characterized
by a third geometric pattern which substantially overlaps the array of voids, the array of

conductive segments comprises a common voltage node.

[6073] In an embodiment, the shield electrode layer is ohmically coupled to a

source of constant voltage potential.
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[0074] In an embodiment, in response to a force applied to the input surface, a
distance between at least one electrode from second subset of the first plurality of
sensor electrodes and an electrode from the second plurality of sensor electrodes is

reduced.

[0075] In an embodiment, the first plurality of sensor electrodes comprises a first
subset and a second subset arranged in a single layer including jumpers configured to

ohmically isolate the first subset from the second subset.

[6076] In an embodiment, the first plurality of sensor electrodes comprises a first

subset and a second subset arranged in a single layer without the use of jumpers.

[0077] In an embodiment, the input device further comprises a flexible printed
circuit board (PCB) electrically connected to the first and second pluralities of sensor

electrodes, and not electrically connected to the shield electrode layer.

[0078] In an embodiment, the first plurality of sensor electrodes is configured to

detect positional information for input objects in a sensing region of the input device.

[6079] In an embodiment, the first plurality of sensor electrodes comprises a first
subset and a second subset disposed on one of: opposite sides of a first substrate; and

the same side of the first substrate.

[0080] In an embodiment, the second plurality of sensor electrodes and a second
subset of the first plurality of sensor electrodes are configured to detect force imparted

to the input surface.

[0081] In an embodiment, the shield electrode layer is configured to shield the first
resulting signal from the second resulting signal, wherein the first resulting signal
remains substantially constant in response to force applied to the input surface, and the
second resulting signal remains substantially constant in response to input object

presence in the sensing region.
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[0082] A processing system is also provided for use with an input device of the type
including a pliable component having an input surface and a first plurality of sensor
electrodes, a support substrate spaced apart from the pliable component, a second
plurality of sensor electrodes disposed on a second substrate, a spacing layer disposed
between the pliable component and the support substrate, the spacing layer configured
to locally deform in response to a force applied to the input surface; and a shield
electrode layer disposed between the first plurality and the second plurality of sensor
electrodes. The processing system is communicatively coupled to the first and second
pluralities of sensor electrodes and configured to: ~ determine a first type of resulting
signal from a first subset of the first plurality of sensor electrodes, and a second type of
resulting signal from the second plurality of sensor electrodes, wherein the first type of
resulting signal comprises effects of input objects proximate the input surface, and
further wherein the second type of resulting signal comprises effects of a force applied

to the input surface.

[0083] In an embodiment, the processing system is further configured to: determine
a proximity image and a force image from the first and second types of resulting
signals; and  determine a user interface action based on at least one of the proximity

image and the force image.

[0084] In an embodiment, the processing system is further configured to maintain

the shield electrode layer at a constant voltage potential.

[0085] In an embodiment, the processing system is further configured to: drive a
sensing signal onto a second subset of the first plurality of sensor electrodes; receive a
first type of resulting signal from a first subset of the first plurality of sensor electrodes;
and receive a second type of resulting signal from the second plurality of sensor
electrodes; wherein the processing system is configured to determine positional and
force information for an input object based on the first and second type of resulting

signals.

[0086] In an embodiment, the first type of resulting signal includes effects of an
input object in the sensing region, and the second type of resulting signal includes

effects of force applied to the input surface.
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[0087] An input device is also provided which includes: a pliable component
having an input surface and a first plurality of sensor electrodes; a second plurality of
sensor electrodes disposed on a second substrate; a spacing layer including a shield
electrode layer disposed between first and second pluralities of sensor electrodes, the
spacing layer configured to locally deform in response to a force applied to the input
surface; and a processing system communicatively coupled to the first and second
pluralities of sensor electrodes and configured to determine a first type of resulting
signal from a first subset of the first plurality of sensor electrodes, and a second type of
resulting signal from the second plurality of sensor electrodes, wherein the first type of
resulting signal comprises effects of input objects proximate the input surface, and the

second type of resulting signal comprises effects of a force applied to the input surface.

[0088] Thus, the embodiments and examples set forth herein were presented in
order to best explain the present invention and its particular application and to thereby
enable those skilled in the art to make and use the invention. However, those skilled in
the art will recognize that the foregoing description and examples have been presented
for the purposes of illustration and example only. The description as set forth is not
intended to be exhaustive or to limit the invention to the precise form disclosed. Other
embodiments, uses, and advantages of the invention will be apparent to those skilled in

art from the specification and the practice of the disclosed invention.
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CLAIMS

What is claimed is:

1. An input device for an electronic system, comprising:

a pliable component having an input surface and a first plurality of sensor
electrodes;

a support substrate spaced apart from the pliable component;

a second plurality of sensor electrodes disposed on a second substrate;

a spacing layer disposed between the pliable component and the support
substrate, the spacing layer configured to locally deform in response to a force
applied to the input surface; and

a shield electrode layer disposed between the first plurality and the second

plurality of sensor electrodes.

2. The input device of claim 1, wherein the shield electrode layer
is configured to selectively electrically isolate the first plurality of sensor

electrodes from the second plurality of sensor electrodes.

3. The input device of claim 1, wherein:
the first plurality of sensor electrodes comprises a first subset
characterized by a first geometric pattern and a second subset characterized by a
second geometric pattern; and
the shield electrode layer comprises an array of conductive
segments overlaying the first geometric pattern and an array of voids overlaying

the second geometric pattern.

4. The input device of claim 3, wherein the second plurality of
sensor electrodes is characterized by a third geometric pattern which substantially

overlaps the array of voids.

5. The input device of claim 3, wherein the array of conductive

segments comprises a common voltage node.
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6. The input device of claim 5, wherein the shield electrode layer

is ohmically coupled to a source of constant voltage potential.

7. The input device of claim 3, wherein, in response to a force
applied to the input surface, a distance between at least one electrode from second
subset of the first plurality of sensor electrodes and an electrode from the second

plurality of sensor electrodes is reduced.

8. The input device of claim 1, wherein the first plurality of sensor
electrodes comprises a first subset and a second subset arranged in a single layer
including jumpers configured to ohmically isolate the first subset from the second

subset.

9. The input device of claim 1, wherein the first plurality of sensor
electrodes comprises a first subset and a second subset arranged in a single layer

without the use of jumpers.

10. The input device of claim 1, further comprising a flexible
printed circuit board (PCB) electrically connected to the first and second pluralities

of sensor electrodes, and not electrically connected to the shield electrode layer.

11. The input device of claim 1, wherein the first plurality of sensor
electrodes is configured to detect positional information for input objects in a

sensing region of the input device.

12. The input device of claim 1, wherein the first plurality of sensor
electrodes comprises a first subset and a second subset disposed on one of:

opposite sides of a first substrate; and the same side of the first substrate.
13. The input device of claim 1, wherein the second plurality of

sensor electrodes and a second subset of the first plurality of sensor electrodes are

configured to detect force imparted to the input surface.
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14. A processing system for use with an input device of the type
including a pliable component having an input surface and a first plurality of
sensor electrodes, a support substrate spaced apart from the pliable component, a
second plurality of sensor electrodes disposed on a second substrate, a spacing
layer disposed between the pliable component and the support substrate, the
spacing layer configured to locally deform in response to a force applied to the
input surface; and a shield electrode layer disposed between the first plurality and
the second plurality of sensor electrodes, the processing system communicatively
coupled to the first and second pluralities of sensor electrodes and configured to:

determine a first type of resulting signal from a first subset of
the first plurality of sensor electrodes, and a second type of resulting signal from
the second plurality of sensor electrodes, wherein the first type of resulting signal
comprises effects of input objects proximate the input surface, and further wherein
the second type of resulting signal comprises effects of a force applied to the input

surface.

15. The processing system of claim 14, further configured to:
determine a proximity image and a force image from the first
and second types of resulting signals; and
determine a user interface action based on at least one of the

proximity image and the force image.

16. The processing system of claim 14, further configured to

maintain the shield electrode layer at a constant voltage potential.

17. The processing system of claim 15, further configured to:
drive a sensing signal onto a second subset of the first plurality
of sensor electrodes;
receive a first type of resulting signal from a first subset of the first
plurality of sensor electrodes; and
receive a second type of resulting signal from the second plurality of sensor

electrodes;
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wherein the processing system is configured to determine positional and
force information for an input object based on the first and second type of resulting

signals.

18. The processing system of claim 17, wherein the first type of
resulting signal includes effects of an input object in the sensing region, and the
second type of resulting signal includes effects of force applied to the input

surface.

19. The processing system of Claim 17, wherein the shield electrode
layer is configured to shield the first resulting signal from the second resulting
signal, wherein the first resulting signal remains substantially constant in response
to force applied to the input surface, and the second resulting signal remains

substantially constant in response to input object presence in the sensing region.

20. An input device, comprising:

a pliable component having an input surface and a first plurality of
sensor electrodes;

a second plurality of sensor electrodes disposed on a second substrate;

a spacing layer including a shield electrode layer disposed between first and
second pluralities of sensor electrodes, the spacing layer configured to locally
deform in response to a force applied to the input surface; and

a processing system communicatively coupled to the first and second
pluralities of sensor electrodes and configured to determine a first type of resulting
signal from a first subset of the first plurality of sensor electrodes, and a second
type of resulting signal from the second plurality of sensor electrodes, wherein the
first type of resulting signal comprises effects of input objects proximate the input
surface, and the second type of resulting signal comprises effects of a force applied

to the input surface.

27



WO 2016/040468 PCT/US2015/049165

116

\\1{
100"\ 12—0:: ------- /
10~ ;‘ ;

Processing :
System | <> :

130 ) ( )\130

FIG. 1
10
/
204~ 202
Determination Sensor
Module Module




WO 2016/040468 PCT/US2015/049165

216

300~\

316
AN A A i

W Flexible Insutating Facesheet / / / 302

///////// /‘314
CIAP IS IILEDINNNY 92 NN I//////////L \ A

~318
Flexible insu!a’{mg Substrate N
398{ L /////\j/\\,>/' I L L Ll L /////// /,>>>>/\> /f 320

k\\\\ﬂgm\ble Insulating Substrate\\\\\ /318

//////

10" 7 Compresssbie Dieiectnc Layer

Z i
A SLLN LSO LISl f///// /////// //////// /////// LIPS LTSS ALY

306" m Rigid insulatmg  Substrate \\\

ANV N

FIG. 3



00000000000000000000000000000

406
/|
A
z
A
<
9
FIG. 4C

J(420
X
)

O

FIG. 4A




WO 2016/040468

4/6

PCT/US2015/049165

N C—:\ 514
1

508 /] 520
TN
\ 530 510
532 506

|||-—\



WO 2016/040468 PCT/US2015/049165

5/6

L]
[{=]
)
[ %
5
(o]
2
[a4]
L=
N 5]
<
O
uﬁ-
©
S 3
T g
w T
)
©
’
3
o M vy




PCT/US2015/049165

6/6

WO 2016/040468

9.9 g4 "Old Vi9ld

911 9LL 914
\ \

//—

0L
i

hi

O e N NN Y
A e A N AN

Y
Y
AN

N

=

R NN ANNAY

B e N NN Y

$ —%

AN

2SS SN 772N 77

804

R IS

NN ANRRNNNEANSN NN

I i

OO\

A e e e NSNS N

70722
N\

1\ NN ANRNNY N

I SSSNAASS SN
NN NN 220N NS,

Z
A\

M
N
A
-

\s L
///awww ///;wwm

g
o
.

404"




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/049165

A. CLASSIFICATION OF SUBJECT MATTER
GOO6F 3/041(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOOGF 3/041; BO5SD 5/12; GO6F 3/044; GO1R 27/26; GO1R 35/00; GOGF 3/045

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: sensor, electrode, layer, shield, substrate, force, touch

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014-0062934 A1 (MICHAEL PAUL COULSON et al.) 06 March 2014 1-4,7,10-15,17-20
See paragraphs [0006]-[0011], [0099]-[0106], [0117]; claims 1, 18; and
figures 4, 6.

Y 5-6,8-9,16

Y US 2013-0271160 A1 (SYNAPTICS INCORPORATED) 17 October 2013 5-6,8-9,16
See paragraphs [0047]-[0048], [0060]; and figures 2A, 3A.

A 1-4,7,10-15,17-20

A KR 10-2013-0081556 A (KOREA RESEARCH INSTITUTIE OF STANDARDS AND SCIENCE) 1-20

17 July 2013
See paragraphs [0048]-[0051]; and figure 6.

A US 2013-0278542 A1 (PHILIP JASON STEPHANOU et al.) 24 October 2013 1-20
See paragraphs [0008], [0108]; and figure 13.

A US 2008-0316182 A1 (MIKA ANTILA et al.) 25 December 2008 1-20
See paragraphs [0011]-[0012]; and figure 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
19 February 2016 (19.02.2016) 19 February 2016 (19.02.2016)
Name and mailing address of the [SA/KR Authorized officer . -
International Application Division Sy \\\x\\*\\
¢ Korean Intellectual Property Office COMMISSIONER { oo &’3&‘

189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-472-7140 Telephone No. +82-42-481-3578

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/049165

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0062934 Al 06/03/2014 None

US 2013-0271160 Al 17/10/2013 US 2013-0271161 Al 17/10/2013

KR 10-2013-0081556 A 17/07/2013 KR 10-1349703 B1 16/01/2014

US 2013-0278542 Al 24/10/2013 CN 104364742 A 18/02/2015
US 9024910 B2 05/05/2015
WO 2013-162971 Al 31/10/2013

US 2008-0316182 Al 25/12/2008 CN 101689088 A 31/03/2010
EP 2156278 A2 24/02/2010
JP 2010-529546 A 26/08/2010
KR 10-2010-0022059 A 26/02/2010
WO 2008-155409 A2 24/12/2008
WO 2008-155409 A3 25/06/2009

Form PCT/ISA/210 (patent family annex) (January 2015)



	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 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

